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PMI Science – научная платформа компании Philip Morris International (PMI)1, 
предназначенная для публикации и распространения научной информации об усилиях 
компании по разработке и оценке продуктов, которые могут снизить индивидуальный 
риск и вред для населения, связанный с употреблением табака 

 
Несколько лет назад компания Philip Morris International (PMI) вступила в эпоху 

трансформации и взяла на себя обязательства по созданию будущего без сигаретного 

дыма. Курение табака вызывает ряд серьезных заболеваний и увеличивает риск 

преждевременной смерти. Стратегии борьбы с табакокурением в большинстве стран 

сосредоточены на мерах регулирования спроса и предложения, их цель — не допустить 

появления новых курильщиков, снизить потребление табака и стимулировать отказ от 

курения. Эти меры привели к снижению распространенности курения за последние три 

десятилетия, но вряд ли они ликвидируют курение полностью.  

Основной источник проблемы известен: десятилетия научных исследований 

демонстрируют, что главной причиной болезней, связанных с курением, являются вредные 

и потенциально вредные компоненты, образующиеся в результате горения табака. Именно 

горение вызывает появление большинства вредных химических соединений, 

обнаруживаемых в сигаретном дыме. Поэтому Компания сосредоточена на разработке 

ассортимента продуктов с пониженным риском для совершеннолетних курильщиков. 

Полный переход на такую продукцию может быть значительно менее вредным, чем 

продолжение курения традиционных сигарет. 

                                                           
1 Аффилированной компанией Philip Morris International в России является ООО «Филип Моррис Сэйлз 
энд Маркетинг». 



Мы начали разрабатывать продукцию с пониженным риском почти 10 лет назад. 

В области разработки бездымных продуктов у нас уже более 4600 зарегистрированных 

патентов и более 6300 на рассмотрении. Более 400 ученых, инженеров и технических 

специалистов мирового уровня разрабатывают и проводят клиническую оценку влияния на 

здоровье человека бездымных продуктов нового поколения. 

Многоуровневый подход ФМИ к научным исследованиям: 

 основан на практиках, уже много лет применяемых в фармацевтической 

отрасли, а также на методических рекомендациях Управления по контролю качества 

продуктов питания и лекарственных препаратов США (U.S. FDA), включая Проект 

методических рекомендаций FDA по табачной продукции с модифицированным риском; 

 осуществляется с соблюдением таких международных стандартов, как Правила 

надлежащей лабораторной практики (GLP) и Правила надлежащей клинической практики 

(GCP). 

Наша программа научной оценки основывается на сотрудничестве и экспертизе в 

области химии, токсикологии, биологии, информатики, медицины, восприятия и 

поведения и включает в себя пять ступеней научной оценки наших бездымных продуктов: 

1. Разработка продукта. Подтверждение пониженного уровня образования 

вредных и потенциально вредных веществ. 

2. Токсикологическая оценка. Подтверждение пониженного уровня токсичности и 

риска в лабораторных условиях. 

3. Клиническая оценка. Подтверждение снижения вредного воздействия на 

организм и риска развития заболеваний у курильщика после переключения на 

альтернативные бездымные продукты пониженного риска. 

4. Восприятие и поведение. Оценка восприятия и поведения в отношении 

бездымных продуктов совершеннолетними курильщиками, некурящими и 

бывшими курильщиками. 

5. Долгосрочная оценка. Мониторинг безопасности и использования нашей 

продукции в реальных условиях. 

 

Мы руководствуемся высокими научными стандартами и следуем принципам 

прозрачности и открытости в научно-исследовательской деятельности. Вся информация 

о методиках и результатах исследований публикуется на нашем научном портале 

PMISscience.com, который также доступен и на русском языке.  



 
 
 
ООО «КОМПАНИЯ ХЕЛИКОН» — с 1997 года один из ведущих российских поставщиков 
оборудования, реагентики и расходных материалов для клеточной и молекулярной 
биологии, ориентированный на внедрение новейших разработок в российскую 
лабораторную практику. 
Направления деятельности: 

·   молекулярная и клеточная биология, 

·   биоиндустрия, 

·   криминалистика, 

·   ветеринария, 

·   пищевая безопасность, 

·   клиническая диагностика. 

Продуктовое портфолио включает более 70 мировых брендов, среди которых Bio-Rad, 
Beckman Coulter, QIAGEN, MGI, Eppendorf, Fluidigm, BMGLabtech, Merck, SSI и др. 

Компания имеет R&D и производственную базу и выпускает лабораторную продукцию под 
собственной маркой «Хеликон»: оборудование, расходные материалы и комплектующие 
для вертикального и горизонтального электрофореза, системы гель-документирования, 
штативы для пробирок и дозаторов и др. 

Особенностью работы с компанией является возможность бесплатного тестового 
использования некоторых видов продукции до принятия решения о ее покупке. Доставка 
и инсталляция в лаборатории Клиента осуществляется за счет Компании Хеликон. 

Наличие развитой логистической и складской сети позволяет доставлять заказы в 
кратчайшие сроки. Региональные представительства компании находятся в Санкт-
Петербурге, Новосибирске, Казани, Ростове-на-Дону и Екатеринбурге. 

Контакты: 

ООО «Компания Хеликон» 

121374, Москва, Кутузовский проспект, д. 88 

8 800 770 71 21 (бесплатно для всей России) 

+7 499 705 50 50 (в Москве) 

 

mail@helicon.ru 

www.helicon.ru 



ООО «Рош Диагностика Рус» – официальный импортер продукции Roche в России и
лицензиат компании F.Hoffmann–La Roche Ltd.

Подразделение Roche Sequencing Solutions (RSS) разрабатывает и предлагает комплексные
системы реагентов NGS пробоподготовки для широкого применения, как в научных, так и в
клинических исследованиях.

Системы реагентов KAPA для приготовления библиотек в NGS

В портфолио RSS входит полный комплект реагентов KAPA для приготовления ДНК и РНК
библиотек в NGS: ферменты и буферы для пробоподготовки; индексированные адаптеры,
совместимые с известными NGS секвенаторами; магнитные частицы для очистки НК; а
также наборы для количественной оценки готовых библиотек методом ПЦР в реальном
времени.

Панели для таргетного секвенирования KAPA TE Hyper

Таргетные панели KAPA TE Hyper основаны на гибридизации ДНК зондов с готовыми NGS
библиотеками. С помощью панелей KAPA TE Hyper Вы можете получить все интересующие
регионы в одной пробирке и исключить все остальные участки генома. Рош предлагает Вам
самостоятельно создавать свои собственные кастомные панели для обогащения геномов
любых биологических организмов, а также воспользоваться готовыми панелями, как для
клинических, так и для фундаментальных исследований.

moscow.reception1_dia@roche.com 
https://sequencing.roche.com

Тел.:+7 (495) 229-69-99 Факс: +7 
(495) 229-62-64 115114, Россия, 

Москва, ул. Летниковская, д. 2, стр. 
2, Бизнес-центр «Вивальди Плаза 

Только для научных исследований. Не для диагностики.



115230, Москва, Каширское шоссе, дом 9, корп. 3
Тел.: +7 (495) 640 4192, (499) 682 6555

E-mail: biomol@chimmed.ru
www.chimmed.ru

Амплификаторы RT – семейство приборов QuantStudio:
от QS1 до QS 12K

Цифровая ПЦР -
QuantStudio 3D 

Современная высокотехнологичная генетическая лаборатория – 
это возможность использования различных методов для 
проведения исследований: ПЦР, секвенирование CE, NGS.
Поможем подобрать оборудование, расходные материалы и 
реактивы для ваших исследований.

Генетические анализаторы – это высокое качество анализа и 
высокая степень точности, возможность прочтения длинных 
фрагментов.

• SeqStudio
• 3500
• 3500 xl
• 3730 NEW
• Ion GeneStudio S5
• Ion Torrent Genexus
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AD ASTRA: the database of Allelic Dosage-corrected Allele-
Specific TRAnscription factor binding suggests causal 

regulatory sequence variants of pathologies
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Abstract — We present a comprehensive meta-analysis of 
more than 7 thousand ChIP-Seq experiments that allowed the 
identification of more than 100 thousand allele-specific binding 
sites across human transcription factors and cell types. 
Particularly, the allele-specific binding was found at many 
regulatory variants having known associations with various 
pathologies.

Keywords — Transcription Factors, ChIP-Seq, Allele-Specific 
Binding, Allelic Dosage, Phenotypic Traits, Single-Nucleotide 
Variants, SNV, Single-Nucleotide Polymorphisms, SNP

Introduction
Sequence variants in genomic regulatory regions act as a 

source of many hereditary phenotypic traits including 
predisposition to various pathologies. Variants in promoters 
and enhancers may affect gene expression regulation at the 
transcription level by altering transcription factor (TF) 
binding. Chromatin immunoprecipitation followed by deep 
sequencing (ChIP-Seq) with enough sequencing depth allows 
detecting events of allele-specific binding (ASB) i.e. 
differential TF affinity to alternative alleles of a particular 
single-nucleotide variant, existing in a heterozygous state in a 
given cell type. However, most of the published ChIP-Seq 
data is obtained in cell types with complex aneuploidy and 
multiple copy-number variants (CNVs), complicating 
statistical assessment of ASB events due to biased read counts 
from alternative alleles arising from non-equal background 
allelic dosage (BAD, the combination of chromosome ploidy 
and CNV effects).

Results
We present a new computational approach to ASB calling 

by accounting for BAD through de novo identification of 
chromosome duplications and CNVs directly from the read 
coverage at alternative alleles in aggregated data for each 
particular cell type. We successfully validated the algorithm 
using data on copy numbers in immortalized cell lines from 
the COSMIC database. We also introduced a new statistical 
approach to estimating ASB significance accounting for the 
read mapping bias by separately assessing read frequencies at 
the reference and alternative alleles with the negative binomial 
test.

We have applied the pipeline for more than 7 thousand 
ChIP-Seq read alignments available in the GTRD database, 
identified nearly 35 million candidate single-nucleotide 
variants with coverage of no less than 10, systematically 
assessed BAD in more than five hundred of cell types, and 
found more than 100K ASB events with coverage no less than 
30 and 5% FDR.

We have annotated the ASBs by using existing public 
genotype-phenotype association databases, such as EBI 
GWAS Catalog, and ClinVar, and identified enriched 
association of ASB SNPs with different pathologies. 
Particularly, higher enrichment was detected for ASBs of 
multiple TFs, suggesting that rewiring of a regulatory network 
has greater potential to be deleterious compared to disruption 
or creation of individual regulatory sites. 
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Abstract — Subtilisin-like peptidases (SLPs) play an 
important role in digestion and host colonization of pathogenic 
fungi. Analysis of 42 fungal genomes from all major taxa of 
Ascomycota and Basidiomycota was performed. Homologs of 
enzymes from all 4 major families of SLPs were found is the 
examined genomes. The most abundant types of the SLP 
homologs found were those of kexin and proteinase K families; 
pyrolysin homologs were detected in the half of the observed 
species; in addition, several homologs of OSP family proteins 
were found. Alignments of homologous amino acid sequences 
with type SLPs indicated presence of intact conserved domains 
and active sites. Number of SLP homologs differ distinctly 
between species from different environmental niches with the 
highest variety of SLPs found in pathogenic and parasitic fungi. 

Keywords — fungal peptidases, subtilisin family

Introduction
Subtilisin-like peptidases (SLPs) form one of the two 

largest superfamilies of serine peptidases along with 
chymotrypsins. Up to date SLPs were discovered and 
characterized in both prokaryotes and eukaryotes including all 
major lineages of the latter. Fungal SLPs are a subject of a 
high interest due to their distinguished role in an infection 
process of entomopathogens and in colonization process of 
endophytic fungi. Though there are works which trace 
evolutionary history of fungal SLPs within particular fungal 
taxa, the information about the variety and distribution of 
SLPs throughout Ascomycota and Basidiomycota remains 
rather incomplete. The objective of this research is a search 
for genes of SLPs in genomes of different species of 
dikaryotic fungi (Ascomycota and Basidiomycota) and 
subsequent analysis of predicted SLP sequences.

Methods
The search for sequenced and annotated fungal genomes 

was accomplished in NCBI public database 
(https://www.ncbi.nlm.nih.gov/). Amino acid sequences of 
endophytic ascomycete Epichloё festucae SLP homologs 
were obtained by Protein BLAST service 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). E. festucae was 
chosen as a sample species for homolog search due to its well-
described 15 putative SLP gene system. The query used 
included SLPs belonging to four families: proteinase K-type 
(prtA-prtF, prtI, prtJ), kexins (kexA, kexB), oxidatively stable 
proteases or OSPs (prtL) and pyrolysins (prtG, prtH, prtK, 
prtM). Amino acid sequences of biochemically characterized 
SLPs (proteinase K from Parengyodontium album, kex2 from 
Saccharomyces cerevisiae, KP-43 from Bacillus sp. strain 
KSM-KP43 and pyrolysin from Pyrococcus furiosus) and 

information about their active sites was achieved in SWISS-
PROT database (http://www.uniprot.org/). The homologs 
with E-value lower than 1*10-20 and cover higher than 75% 
were used in subsequent analysis. Isoelectric point, number of 
amino acid residues and molecular weight were calculated via 
Isoelectric point calculator website 
(http://isoelectric.org/calculate.php) for each homolog found. 
Multiple alignment of amino acid sequences and phylogenetic 
tree building were performed via Clustal Omega service 
(http://ebi.ac.uk/Tools/msa/clustalo/). Mutations in the active 
sites of inspected SLP homologs were identified in 
comparison to the amino acid sequences of type SLPs after the 
alignment. Potential transmembrane domains of the detected 
homologs were analyzed using TMHMM Server v. 2.0 
(http://www.cbs.dtu.dk/services/TMHMM/) and potential 
signal peptides were predicted through SignalP-5.0 server 
(http://www.cbs.dtu.dk/services/SignalP). Batch CD-search 
service 
(https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi) 
was used to identify conserved domains (CDs) in analyzed 
homologs.

Results
We have analyzed 42 fungal species with sequenced 

genomes from all subphyla of Ascomycota and 
Basidiomycota (2 species of Taphrinomycotina, 4 species of 
Saccharomycotina, 27 species of Pezizomycotina, 1 species of 
Pucciniomycotina, 3 species of Ustilaginomycotina and 6 
species of Agaricomycotina). The chosen species represent 
different life forms (mycelial, yeast and dimorphic) and 
ecological niches (biotrophic and necrotrophic plant 
pathogens, xylotrophic and saprotrophic free-living fungi, 
animal parasites and nematophagous fungi, alkaliphilic fungi,
etc.).

Analyzed fungal genomes contained homologs of 
E. festucae SLPs from all four major families, some of the 
homologs were presented in several copies. Homologs of prtD 
belonging to proteinase K family, were found in genomes of 
all the species studied except Hypocrella siamensis; kexin 
homologs were found in all the species excluding Taphrina 
deformans. All examined species except T. deformans
contained 1-2 kexin homologs in their genomes; on the 
contrary, the number of prtD homologs per genome varied 
from 0 (H. siamensis) up to 19 (enthomopathogenic 
Metarhizium anisopliae) with prevalence of rich gene clusters 
in genomes of phytopathogenic and enthomopathogenic 
fungi, e.g. Magnaporthe grisea (6 homologs) and Moelleriella 
libera (12 homologs) respectively. Homologs of prtL, a 
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member of OSP family, were found only in genomes of 
M. anisopliae (2 homologs), Fusarium graminearum and 
Mycosphaerella graminicola (1 homolog). Pyrolysin 
homologs were found in genomes of 22 out of 42 species, the 
most common number of homologs was 2 genes per genome, 
the richest pyrolysin gene cluster consisting of 16 homologs 
was found in genome of plant pathogen Claviceps purpurea.

The obtained sequences of SLP homologs have the same 
active site composition as type SLPs of corresponding 
families. The conservative amino acid triad of serine 
peptidases (serine, histidine, and aspartic acid) is present in 
each discovered kexin and prtL homolog and in the majority 
of prtD and prtG homologs, which is an indirect evidence that 
these peptidases retain enzyme activity. Search for CDs shows 
that every investigated kexin homolog contains the same set 
of CDs as the type yeast kexin, namely peptidase S8 catalytic 
domain and proprotein convertase domain; this may be 
another argument for functionality of the homologs. All 
investigated homologs of pyrolysin are distinguished by an 
insertion in peptidase S8 catalytic domain, homologs of 
proteinase K demonstrate N-terminal inhibitory domain prior 
to the catalytic domain. Some SLP homologs have long 
insertions close to C-terminus, for example, kexin from 
Saitoella complicata contains about 200 extra amino acid 
residues in comparison to yeast kexin. 

Isoelectric point (pI) of the main part of detected SLPs 
ranges within pH 4,5-6. The vast majority of SLP homologs 
contain N-terminal signal peptide of 16-20 amino acid 
residues in length, which is consistent with secretory pathway 
origin of SLPs. Analysis of the fungal SLPs on the presence 
of potential transmembrane domains demonstrates that all 
obtained kexin homologs contain 1 such domain in the C-
terminus third of a sequence. On the contrary, proteinase K, 
pyrolysin and OSP families have no transmembrane domains 
and are more likely secreted to the extracellular space, where 
these enzymes might serve for nutrition. It is worth to notice, 
that pyrolysins and OSPs predominantly cleave peptide bonds 
after arginine or lysine residues while SLPs from proteinase K 
family demonstrate broad substrate specificity and are 
restricted only by carboxyl group of proline residues. Thus, 

these SLPs might form universal cleavage tandem with 
proline-specific peptidases in order to hydrolyse glutamine-
rich and proline-rich gluten proteins to non-inflammatory 
oligopeptides, which is crucial for gluten-free food industry.

Cladistic analysis of SLPs is particularly complicated due 
to multiple events of gene loss and gene cluster formation in 
some lineages. The obtained phylogenetic tree of kexin 
homologs resembles the data collected in the similar research 
from another set of fungal species [1]. There is a distinguished 
level of concordance between the both cladograms and 
modern consensus taxonomy, it is possible to outline well-
resolved monophyletic clades at least at order scale; the main 
observed disaccordance with modern taxonomy on both trees 
is clusterization of Basidiomycota fungi with members of one 
of the basal subphyla of Ascomycota, with Saccharomycotina 
fungi in this research.

Conclusions
1. Analysis of 42 fungal genomes revealed homologs of 
enzymes from all 4 major families of SLPs.
2. Kexin and proteinase K homologs were present in the vast 
majority of studied species; pyrolysin homologs are found in 
the half of observed species; homologs of OSP family 
proteins are relatively scarce throughout species of higher 
fungi.
3. The obtained homologous amino acid sequences retain 
intact conserved domains and active sites.
4. Number of SLP homologs of a particular species is mostly 
determined by ecology, not by taxonomy; the reachest variety 
of SLPs is found in pathogenic and parasitic fungi.
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Abstract — To study the potential of whole genome 
sequencing in assessing the sensitivity of the clinical isolate of 
M.tuberculosis is an important research task. The data obtained 
can be used when choosing antibiotics in the treatment of a 
patient.
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antibiotic 

Motivation and aim

Motivation
Genomic research in phthisiology allows you to get 

closer to solving complex scientific and practical problems. 
The study of molecular genetic factors of multi drug-
resistant (MDR) and extensively drug resistant (XDR) of 
M.tuberculosis is an important area of research. 

Aim
The aim of this work was to study the potential of whole 

genome sequencing in assessing the sensitivity of the clinical 
isolate of M.tuberculosis to antibiotics.

Methods
Clinical and radiological evaluation of the patient was 

performed upon admission to a medical institution, as well as 
at the stages of treatment, in accordance with the requirements 
of providing medical care to patients with pulmonary 
tuberculosis. The nature of tissue reactions was established by 
pathomorphological studies. A study was carried out on the 
lung resect with staining according to Van Gieson and 
Weigert. The nucleotide sequence of the clinical isolate of 
M.tuberculosis was studied by the method of genome 
sequencing, which is based on the principle of research by 
synthesis (pyrosequencing) using the GS Junior instrument 
(Roche, Switzerland). In addition, the following were used: 
thermal cycler for amplification of nucleic acids C1000 Touch 
with CFX96 module, Flash Gel Dock electrophoresis system, 
handheld fluorimeter Quanti-Fluor-ST, DynaMag ™ 
magnetic tripod, GS Junior Seq Reagents and Enzymes 
reagents, GS Junior Sequencing Buffers, GS Junior Packing 
Beads & Supplement CB, GS Junior Control Bead Kit, GS 
Junior Maintenance Wash Kit, GS Junior PicoTiterPlate Kit. 
Work with the data obtained as a result of the study included 
the use of comparative analysis involving information from 
international databases, and the use of nonparametric 
methods.

Results
Sequencing of the clinical isolate of M.tuberculosis from 

a patient with fibro-cavernous pulmonary tuberculosis was 
performed. The diagnosis is confirmed by culture growth 
during bacteriological examination. Concomitant pathology 
was diabetes. When a patient was admitted to the hospital, 
drug resistance to rifadin, tubazide, ethambutol, streptomycin 
was revealed, which developed three years after the diagnosis 

and irregular intake of prescribed anti-TB drugs. The length 
of hospital stay was 147 days. Treatment included valvular 
bronchial blockage, pneumoperitoneum, a course of 
capreomycin, pyrazinamide, cycloserine, ofloxacin, and 
paraaminosalicylic acid. The result of treatment is 
improvement.

Sequencing of the clinical isolate of M.tuberculosis
from this patient was carried out in two stages. This was due 
to the fact that the molecular genetic structure of 
M.tuberculosis is characterized by the presence of a large 
number of triple G-C bonds, which leads to difficulties in their 
cleavage during the reaction.

As a result of the work carried out at one of the 
intermediate stages, namely, at the stage of evaluating the 
result of emulsion PCR, after the saturation of particles for 
sequencing was carried out, it was found that the obtained 
number of particles is insufficient to identify the result and 
there is a high risk of ineffective research.

The start of the re-study with a change in the ratio of the 
starting reagents led to the proper analysis result.

The result of the work was the identified nucleotide 
sequence of the clinical isolate of M.tuberculosis belonging to 
an infected patient.

The genotype of the studied M.tuberculosis isolate 
consisted of 4.25 million bp. There were 1060 large contigs, 
4006 medium contigs. The largest contig was 39 thousand bp 
in length. The average reading length of the fragments was 
502 nucleotides. It was aligned 95,21% of all fragments 
obtained. The minimum coverage of the fragments according 
to the results of the work was to be at least 4, in our study it 
was 15, which confirms the high quality of the study, as well 
as the high reliability of the data.

To study the information obtained, we used international 
databases (ncbi, rast, blast) containing previously sequenced 
sequences of M.tuberculosis, including data on at least 15 
groups of M.tuberculosis, containing genomes from 4.20 to 
4.54 nucleotide base pairs, that encode from 3739 to 4258 
genes.

A comparison of our own data with the results of 
international databases of M.tuberculosis strains made it 
possible to establish that the studied clinical isolate had genes, 
encoding penicillin-binding proteins. The isolate was 
sensitive to penicillin.

Thus, the results of whole genome sequencing in assessing 
the sensitivity of clinical isolates of M.tuberculosis to 
antibiotics can be used in the selection of patient therapy.
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Abstract — Buffalo berry (Shepherdia arg.) is a dioecious 
plant of the Elaeagnaceae family, being widely used in 
tradicional medicine. In our work, we carried out sequencing of 
two Shepherdia plants followed by repeatome annotation. 
Tandem repeats and mobile elements including both DNA 
transposons and retrotransposons have been identified, 
classified and their genome abundancy were predicted. 
Comparative analysis of the repeatomes of male and additional 
Shepherdia plant having unknown sex revealed differences in 
several repeat families.

Keywords — shepherdia arentea, satellite DNA, mobile 
elements, 

Introduction
Buffalo berry is a dioecious plant of the Elaeagnaceae

family, it is a close relative of sea buckthorn, whose homeland 
is North America. As well as sea buckthorn, buffalo berry is 
widely used in tradicional medicine, as it is a source of useful 
elements - in the berries of buffalo berry there is a high content
of vitamin C, carotene, catechins. Among the economically 
significant signs of buffalo berry, one can note such signs as 
the ability to enrich the soil with nitrogen due to the presence 
of nitrogen-fixing bacteria on the roots and resistance to 
drought. As well as her close relative, sea buckthorn, buffalo 
berry begins to bear fruit only by the age of 5, which, together 
with dioeciousness, complicates its selection. In this regard, it 
seems relevant to study the genetics of this species, to create 
the basis for marker selection.

Methods
In our work, we performed Illumina sequencing of two 

shepherdia plants. At the first stage, we checked the quality of 
the obtained sequences using the Fastqc program [1].Adapters 
were trimmed using the Trimmomatic program [2], and then 
the trimmed sequences were checked again in Fastqc. After 
that, using the RepeatExplorer program [3], we performed a 
graph-based clustering and tandem repeat analysis of the 
sequences of two plants of Shepherdia arg. — male and 
unknown sex. The total number of input read pairs was: 
11,134,794 for male plant and 6,407,362 for the plant with 
unknown sex. In both plants, we analyzed 3 million randomly 
selected reads. The resulting consensus sequences of satellite
repeats were compared between two plants using BLASTN
program [4]. Primers were designed to detect for chromosome 
mapping using fluorescence in situ hybridization (FISH).

Phylogenetic tree
The reverse transcriptase domain of retrotransposon 

elements were extracted from the contigs assembled by 
RepeatExplorer using DANTE (Domain based Annotation of 
Transposable Elements, Neumann et al. (in press)). Sequences 
of retrotransposons Ty3 / Gypsy and Ty1 / Copia based on 
reverse transcriptase sequences were aligned by MUSCLE [5] 
and Neighbor-Joining tree was constructed for Ty3/Gypsy and 
Ty1/Copia.

Results
Using RepeatExplorer clustering of Illumina genomic 

reads for two Shepherdia plants tandem repeats and
retrotransposons were found. A deeper bioinformatics 
analysis and annotation of DNA repeats of male and unknown
sex shepherdia plants revealed 8 satellite repeats and 7 satellite
repeats, respectively.. Among Ty1/Copia retrotransposons we 
found fifteen clusters corresponding to Ale subfamilies, 
twelve clusters corresponding to Angela/ Tork subfamilies, 
three clusters corresponding TAR subfamilies, seven clusters 
corresponding Ivana subfamilies and two clusters 
corresponding SIRE subfamilies. Among Ty3/Gypsy 
retronsposons we found eleven Athila subfamilies, three 
Tekay subfamilies, one Galadriel subfamily, four CRM 
subfamilies and sixty Reina subfamilies.
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Abstract — The holothurian Eupentacta fraudatrix is a 

unique organism for studying regeneration mechanisms. It has 
been repeatedly confirmed that regeneration is only due to the 
transformation of terminally differentiated cells. In this study, 
we examined changes in gene expression during gut 
regeneration of the holothurian E. fraudatrix and found 11 TFs, 
which are candidates for the role of transdifferentiation 
regulators

Keywords — echinoderms, transdifferentiation, gene 
ontology, gene expression, RNA-seq

Motivation and aim

Motivation
It is well-known that regeneration in E. fraudatrix is only 

due to the transformation of terminally differentiated cells. In 
addition, at the histological level, this process has been well 
studied previously. However, the molecular basis of cell 
transdifferentiation mechanisms in E. fraudatrix remains 
unknown.

Aim
The morphological features of regeneration of internal 

organs and cell transdifferentiation in the holothurian E. 
fraudatrix have been well studied [1]. In order to understand, 
to a first approximation, the possible molecular processes that 
occur during transdifferentiation in holothurians, we decided 
to use RNA-seq. In this work, we tried to obtain the complete 
transcriptome and determine the differential expressed genes 
(DEGs) at the stage of active cell transdifferentiation and 
transcription factors (TFs), which are candidates for the role 
of transdifferentiation regulator.

Methods
Tissue of gut was sampled from the intact gut and on the 

third (first stage of regeneration), fifth–seventh (second stage), 
and tenth (third stage) days post-evisceration. Each sample 
was sequenced and represented in two biological replicates 
with 5 individuals, pooled together, per replicate. Then the 
clean reads were corrected and assembled using SPAdes 3.13 
software and our own Python script as described in the article 
[2]. Annotation was carried out by NR NCBI, Echinobase and 
Human Ensemble protein databases. Orthologs of human 
proteins were identified using a custom Python script that 
implements modified reciprocal method for finding the best 
hit. To identify the most likely candidates for the role of 
transdifferentiation regulators, only the TFs satisfying the 
three conditions were taken into consideration: the values of 
TPMs (Transcripts Per Kilobase Million) of the second stage 

higher than unity; the average value of LogFC (logarithm of 
fold change with base 2) of the second stage relative to the 
first and third stages more than half; the value of LogFC 
(logarithm of fold change) of the second stage relative to the 
first or third stages more than unity. The differential 
expression was evaluated for the sequences using Bowtie 
v2.3.4, RSEM v1.3.1 and DESeq2 v1.18 software. The 
enrichment analysis of biological processes and pathways was 
performed with GSEA software in accordance with the 
EnrichmentMap protocol for RNA-seq data [3]. Only 
processes or pathways containing at least one of the 11 most 
likely candidates for the role of transdifferentiation regulators 
were used. Then, results of the enrichment analysis were 
visualized using EnrichmentMap plug-ins in Cytoscape
software

Results
Transcriptomes of intestinal anlage of the three stages of 

regeneration, as well as the normal gut, were sequenced with 
an Illumina sequencer (San Diego, CA, USA). We identified 
14,617 sea urchin protein homologs, of which 308 were 
transcription factors. After analysing the dynamics of gene 
expression during regeneration and the map of biological 
processes in which they participate, we identified 11 factors: 
Ef-EGR1, Ef-ELF, Ef-GATA3, Ef-ID2, Ef-KLF1/2/4, Ef-
MSC, Ef-PCGF2, Ef-PRDM9, Ef-SNAI2, Ef-TBX20, and Ef-
TCF24. With the exception of TCF24, they are all involved in 
the regeneration, development, epithelial-mesenchymal 
transition, and immune response in other animals. We suggest 
that these transcription factors may also be involved in the
transdifferentiation of coelomic epithelial cells into 
enterocytes in holothurians.
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Abstract — Sponges are the oldest multicellular 
invertebrates (phylum Porifera); they are ecologically 
important components of marine and freshwater benthic 
environments. Associated communities of sponges include a 
variety of microorganisms: fungi, algae, archaea, bacteria and 
viruses. The aim of this study was to elucidate the genetic 
diversity of viruses in the community of Baikal endemic sponges 
Baikalospongia bacillifera using metagenomic approach. We 
have shown for the first time a high genetic, potential taxonomic 
and functional diversity of dsDNA viruses in these Baikal 
sponges. Identified viral sequences belonged to 28 viral families 
that infect a wide range of organisms. The bacteriophages of the 
Myoviridae, Siphoviridae and Podoviridae families dominated in 
the samples. The viruses of the Phycodnaviridae, Poxviridae
Mimiviridae, Herpesviridae, Baculoviridae, Polydnaviridae and 
Iridoviridae families were also the most numerous. Viral 
communities of visually healthy and diseased Baikal sponges 
were significantly different. Analysis of viral sequences has 
indicated 22 functional categories of proteins and revealed a 
wide variety of structural viral proteins and enzymes. Among 
those the genes of proteins involved in the metabolism of host 
cells were also identified. Thus, the role of viruses in sponges 
may be both in the regulation of the number and diversity and 
in the maintenance of the vital activity of their hosts and the 
associated community as a whole.

Keywords — viruses, viral diversity, metagenomics, virome, 
sponge holobiont, freshwater sponges, Lake Baikal

Introduction
Sponges are the oldest multicellular invertebrats (phylum

Porifera) that represent complex symbioses (holobionts) in 
marine and freshwater ecosystems. These unusual animals are 
active biofilters and, due to their mass distribution, they play 
an important role in the ecosystem of Lake Baikal.

The community of sponges includes various 
microorganisms – fungi, algae, archaea, bacteria and viruses; 
they also serve as food and habitat for many invertebrates. The 
number, diversity and the role of viruses in the sponge 
holobionts may be very significant; however, viruses in the 
symbiotic associations of sponges remain poorly understood 
compared to other microorganisms. The first studies of the 
genetic diversity of sponge holobiont viruses have recently 
been published and concern some species of sponges 
inhabiting reefs [1, 2] and Lake Baikal (branched sponge 
Lubomirskia baikalensis) [3]. The results of these studies 
demonstrate the high diversity and important role of viruses in 
the composition of marine and freshwater sponge 
communities.

Against the backdrop of global climate change and increasing 
anthropogenic pressure in Lake Baikal, the mass destruction 
and death of sponges is registered, starting in 2011. The 
causes of the disease are still unknown.
The aim of this work was to study the genetic diversity of 
viruses in the associated community of the Baikal endemic 

sponges Baikalospongia bacillifera (diseased and visually 
healthy) using the metagenomic approach. Sponges B. 
bacillifera – one of the most abundant in Lake Baikal, they 
have a massive globular shape.

I. MATERIALS, AND METHODS

The sponges B. bacillifera were sampled in the southern 
basin of Lake Baikal (near Bolshiye Koty, 51°54’07.5”N, 
105°06’12.0”E) at depths of 16-20 m in May 2018 using 
lightweight diving equipment. Two individuals of B.
bacillifera of 5-7 cm3 in volume were collected: one looked 
healthy (Sv2478), and another had necrosis lesions (Sv2475). 
The sponge samples were twice washed in sterile Baikal water
and thoroughly homogenized. Then homogenates were frozen
in nitrogen and transported to the laboratory. The samples 
were gently thawed, twice diluted with SM buffer (0.2 M 
NaCl; 10 mM MgSO4; 50 mM Tris HCl, pH 7.5), shaken with 
a Heidolph Multi Reax Vortex Mixer (10,000 rpm, 30 min),
and were centrifuged 400 g for 15 min followed by 16,000 g 
for 30 min. The aqueous fraction was passed through a syringe 
filter with a pore size of 0.2 μm (Sartorius) and treated with 
DNase I and RNase A enzymes (Thermo Fisher Scientific) to 
remove contaminating nucleic acids. Viral DNA was 
extracted by ZR Viral DNA kit (Zymo Research).

The preparation and sequencing of DNA libraries were 
performed in The Center of Shared Scientific Equipment 
“Persistence of microorganisms” of Institute for Cellular and 
Intracellular Symbiosis UB RAS, Russia. The paired-end 
libraries were prepared using a NEBNext Ultra II FS DNA 
Library Prep Kit for Illumina (NEB) according to the 
manufacturer’s protocol. The validation of DNA libraries was 
verified by Agilent 2100 Bioanalyzer (Agilent Technologies). 
Sequencing of the libraries was conducted on a MiSeq 
genome sequencer using MiSeq Reagent Kit v3 (2х300cycles, 
Illumina).

The primary processing (quality control and trimming) of 
the metavirome datasets (paired reads of 2x300 bp) was 
performed using the R package “ShortReads” [4]. The first (up 
to 15) and last (up to 30) nucleotides with low quality were 
removed. The sequences of less than 80 nucleotides were 
excluded from datasets.

Bioinformatic analysis of data was performed as described 
previously [3]. Briefly, taxonomic identification of viral
sequences was performed using the BLASTn algorithm [5] 
against NCBI RefSeq viral complete genomes database 
(September 2018 release). The sequence reads were 
considered ‘identified’ if they had a relative in the reference 
database with an e-value of ≤ 10-5 and bit score ≥ 50. For the 
functional annotation of viral sequences, we used the local 
Blastx application [5] and COG database [6]. The reliability 
of the difference between two B. bacillifera viral communities 
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was estimated using the chi-square test. Statistical calculations 
were performed using the R packages “vegan” and “pvclust”.

Results and discussion
The raw data contained 3 842 088 and 5 035 528 pair 

sequence reads for the samples (Sv2475) and (Sv2478), 
respectively. After quality processing of data, we have 
obtained 3 375 063 and 4 063 311 reads, ranging from 80 to 
256 bp. Of them, 97 557 and 88 517 sequences were identified 
as viral using the NCBI RefSeq viral genomes database, 
accounting for ca. 2.9 and 2.2% of datasets.

The families Myoviridae, Phycodnaviridae, Siphoviridae,
Poxviridae, Podoviridae, Mimiviridae, Herpesviridae,
Baculoviridae, and Iridoviridae were the most numerous,
represented more than 1% of the sequences and in total
accounted for more than 70% of the identified virome
sequences (Fig. 1). We did not classify the significant parts
of viral reads (21.4 and 23.9% in the samples Sv2475 and
Sv2478, respectively) at the family rank. The diversity,
richness and difference of two viral communities were
estimated using Shannon, Simpson, ACE and Chao1 indices
[7] (Table 1), rarefaction technique and chi-square test. The
rarefaction curves for the both samples reached a plateau
(data not shown).  
TABLE 1 - BIODIVERSITY AND RICHNESS INDICES FOR THE
VIROME DATASETS 

Samples Chao1/ACE Shannon 
index

Simpson 
index

B. bacillifera_Sv2475 986/986 5.26 0.98

B. bacillifera_Sv2478 973/973 5.36 0.98

A comparative analysis of the diseased and visually 
healthy sponges did not reveal significant differences at the 

family level, the composition of the families was the same, but 
their percentages varied. In general, the viral communities of 
visually healthy and diseased Baikal sponges were 
significantly different (p-value < 2.2e-16). This indicates the 
changes in the structure of microbial communities in the 
affected sponges and the propagation of microorganisms and 
viruses that are not characteristic for the normal state of the 
sponges.

The comparison of revealed viral reads with the COG 
database has indicated the 22 functional categories of proteins 
and enzymes. The most representative (more than 5%) were 
proteins of replication, recombination and repair, nucleotide
transport and metabolism, and mobile genomic elements 
(prophages and transposons). 

Structural viral proteins, as well as the enzymes involved in 
the synthesis, modification, and packaging of DNA/RNA 
(methylases, reductases, terminates, helicases, polymerases, 
etc.) were the most numerous in B. bacillifera. The proteins 
of the host metabolism (auxiliary metabolic genes, AMGs)
were also identified. The viruses, in particular 
bacteriophages, may synthesize the proteins necessary to 
maintain the vital activity of bacteria under unfavorable 
conditions. This, in turn, contributes to greater production of 
viral particles. Thus, viruses can play an important role in 
sponges by regulating the number and variety of micro- and 
macroorganisms, as well as participating in the metabolism 
and maintenance of the vital activity of their hosts. 
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Abstract — In this work, we explored two groups of proteins, 
the carbohydrate-binding lectins and enzymes of carotenoid 
metabolism, in amphipods of the Lake Baikal region based on 
the available transcriptome data. We found that different 
species possess quite similar repertoires of these proteins. The 
obtained sequence data are instrumental for further molecular-
level exploration of amphipod physiology.

Keywords — Carotenoid metabolism, immunity, lectins, 
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Introduction
The ancient Lake Baikal, located in Eastern Siberia, hosts 

a spectacular diversity of largely endemic fauna [1]. Among 
the most diverse groups of its inhabitants are amphipods 
(Crustacea, Malacostraca, Amphipoda), comprising over 350 
species and subspecies in the lake. At the same time, shallow 
gulfs of the lake and smaller water bodies in the region are 
inhabited by just one species, which is a potential invader but 
so far not found in the open part of Lake Baikal [2]. A number 
of amphipod species of the Baikal region have been used in 
ecophysiology- and ecotoxicology-, and biomonitoring-
related studies [3-6, etc.]. An important contributor to the 
changes in the physiological state of an organism is its 
immune system. Recently, next-generation sequencing data 
for Baikal amphipods became available [7, 8], and these data 
can help in the exploration of the immune system of these 
emerging model species. In this work, we focused on two 
factors important for the immune system of crustaceans, 
lectins [9] and carotenoid metabolism [10].

Materials and methods
To check the presence of transcripts encoding putative 

lectins and carotenoid metabolism enzymes, we searched the 
available transcriptome assemblies of amphipods of the 
Baikal region [7, 8] with known sequences of these enzymes 
found in other species [9, 11, etc.] using the blastx and blastp
algorithms of the ncbi-blast [12] and diamond [13] packages. 
Protein sequences were predicted with TransDecoder [14]. 
Estimation of the expression level was performed with 
Salmon [15] using a wrapper script provided by Trinity [14]. 

Results and Discussion

Lectins
Lectins are a very ancient and versatile group of proteins 

containing carbohydrate-binding domains. Members of 

different lectin subfamilies bind to various carbohydrates 
(e.g., mannosides, galactosides, sialic acids), even though the 
ranges of substrates are overlapping, have characteristic folds 
and act both inside the cells and in the extracellular matrix 
[16]. The results of the search for lectins were similar for two 
endemic amphipod species of Lake Baikal 
(Eulimnogammarus cyaneus and E. verrucosus) and a 
potential invader species, Gammarus lacustris (Table 1). 
Further exploration of the expression levels of these 
transcripts revealed a relatively high organism-level 
expression (>10 transcripts per million) only in type C lectins 
in all three species.

This result may mean that some of the type C lectins are 
expressed constitutively and/or in multiple tissue types, while 
the other types are expressed only in particular types of cells 
or only in response to infection.

TABLE I. PRESENCE OF DIFFERENT FAMILIES OF LECTINS AND 
ENZYMES OF CAROTENOID METABOLISM IN AMPHIPOD TRANSCRIPTOMES

Functional group Protein (sub)family
Number of 
identified 

transcriptsa

Lectins

C 136 / 111 / 159
S (galectin) 14 / 9 / 13
M 22 / 12 / 14
L 10 / 8 / 9
P 8 / 2 / 5

Carotenoid 
metabolism 
enzymes

CrtW (ketolase) 5 / 6 / 4
CrtZ (hydroxylase) 48 / 35 / 21
CrtS 117 / 84 / 138

a. Shown are the counts of transcripts encoding proteins similar to the reference sequences of the 
corresponding family in E. cyaneus, E. verrucosus and G. lacustris, respectively (e-value < 10-5).

Carotenoid metabolism enzymes
It is well-known that the absolute majority of animals do 

not synthesize carotenoids but need to rely on their presence 
in the food source, and crustaceans are no exception [17]. 
However, they are capable of bioconversion between 
carotenoids, mainly by oxidizing orange beta carotene present 
in their diets into dark-red astaxanthin via a cascade of four 
reactions. These reactions require two enzyme activities, a 
3,3’-hydroxylase (CrtZ) and a ketolase (CrtW). These 
enzymes have been explored in marine bacteria [18]; 
moreover, some fungi seem to possess a bifunctional enzyme 
(CrtS) [19]. Thus, we looked for the known enzymes of these 
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three groups from bacteria, fungi, and crustaceans and found 
that putative CrtZ and CrtS proteins were found in all 
transcriptomes, while CrtW proteins are much less widespread 
and diverse. It is important to note that the analysis included 
transcriptome assemblies derived from whole animals, i.e.,
including all symbiotic microorganisms, which can serve as 
the source of the identified enzymes (examples in Table 1).

Interestingly, no obvious difference between brightly 
colored deep red species and white-colored ones was found 
with this analysis. There are obviously other factors that 
contribute to the color formation, such as the level and 
composition of carotenoids, which can vary extensively 
between Baikal amphipod species [20], and carotenoid-biding 
proteins, which can form complexes of various colors [17].

Conclusion
The analysis of amphipod transcriptomes helped us 

discover many putative lectin and carotenoid metabolism 
enzyme sequences, which can be used in further molecular-
level exploration in studies of amphipods of the Baikal region. 
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Abstract — Glycosylation is the most common co-
translational and post-translational modification of proteins. 
Glycans influence the physical properties of proteins as well as 
their biological functions. Alteration in glycosylation is observed 
in many human diseases.Defining genetic factors, altering 
glycosylation, can provide a basis for novel approaches to 
diagnostic and pharmaceutical applications. Predictionof IgG 
N-glycome from total plasma N-Glycome (TPNG) will allow to 
increase the power of genetic analysisof tissue specific 
glycosylation processes.

Keywords — N-glycome, glycomics, IgG, prediction models

Introduction
The majority of human proteins are post-translationally 

modified by covalent addition of one or more complex 
oligosaccharides (glycans). Alterations in glycosylation 
processing are associated with numerous diseases, and 
glycans are attracting increasing attention both as disease 
biomarkers and as targets for novel therapeutic approaches[1]. 
Immunoglobulin G(IgG) is most abundant glycoprotein in 
human blood plasma: while total concentration of 
glycoproteins in human plasma is about 30 mg/mL, the 
concentration of IgG is about12 mg/mL [1]. The IgG is 
secreted to bloodstream by plasma cells. IgG is one of the 
most studied glycoproteins in terms of structural and 
functional aspects of glycosylation. The N-glycosylation 
patterns of IgG have been shown to be altered under various 
physiological and pathological conditions [3,4]. 

Ultra PerformanceLiquid Chromatography (UPLC) is the 
most broadly used method for measuring N-Glycome of both 
total plasma proteins and IgG. Recent advances in discovery 
of the genetic control of proteins N-Glycomeusing genome-
wide association studies (GWAS) showed substantial overlap 
between genetic control of N-glycosylation of IgG and total 
plasma glycoproteome [5-7], which, perhaps, is not so 
surprising given IgG makes about 1/3 of total plasma 
glycoproteome.

These observationscould motivate development 
ofmethods for prediction ofN-Glycome profile of IgG from 

the TPNG, as well as prediction of TPNG ex. contribution 
from IgG.The latter could increase the power of discovery of 
genetic loci, that influence glycosylation of non-IgG proteins, 
thus increasing the chances of finding regulators, working in 
tissues and cell types other than plasma cells.

Here, we aimed to characterize multivariate statistical 
relationships between N-glycome of circulating IgG and 
TPNG.

Materials and methods
To studyempirical relationships between TPNG data and 

IgG N-glycome we used TwinsUKcohort, where both TPNG 
and IgG N-Glycome profiles were measured using UPLC 
technology about 6 000 samples.TheIgG and TPNG N-
glycomeprofiles contain 24 and 36chromatographic peaks, 
correspondently. Approximately 1800 samples were set off as 
a test data set. 

We applied different linear multiple regression models to 
predict each IgG glyco-peak (IGP) from plasma glyco-peaks 
(PGPs), so we had 24 outcomes and 36 predictors:

IGPi~ PGP1 + … + PGP36 (1)

We used regression models without penalization, as well 
as with the L1 (ridge) and L2 (LASSO) penalization. 

We have also applied canonical correlation analysis.

In total, we trained 24 * 4 = 96 models.For penalized 
models, estimation of meta-parameters was performed using 
cross validation. 

The test data set was used to evaluate the prediction 
quality.The proportion of variance explained was used as a 
metric of prediction quality for specific glycans, and root 
mean square error was used as a metric for overall prediction 
accuracy. 
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Results
We proposed set of approaches that allows prediction of IgG 
N-glycome from TPNG, and evaluate. All approaches have 
shown moderate prediction power.
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Abstract — In this work we present the analysis of the 
characteristics of institutions interactions in the miRNA 
science field using the data from PubMed digital library. We 
identified the leaders of the field - China, USA -, characterized 
the interactions and described the country level features of co-
authorship. We observed that the USA were leading in the 
publication activity until China took the lead 4 years ago. 
However, the USA are the main co-authorship driver in this 
field. We have also identified the pioneers and show, that they 
are the leaders of co-authorship activity. We compare the 
publications activity patterns on the organization level, 
identifying leaders. We compare the organization interaction 
graph with the authors interaction graph, and provide 
additional insights of miRNA science field evolution.
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Introduction 
Many digital libraries appeared with the growth of the 

Internet, thus, we got an opportunity to query articles 
metadata, gather some statistics, etc. This includes 
understanding the authors/institutions activity, their 
interactions, and other characteristics. One can also prove 
that the Paretto rule for the institutions’ publication activity 
holds true [1], or that the idea spreads from one author to 
another like the virus spreads from one person to the others. 
Having this information, we can further use it to predict the 
new science field creation, popularity of the particular 
science field. In general, it can be used in social informatics. 

Now the new science field is progressing – “science of 
science” [2]. It is a trans-disciplinary field of science that 
aims to understand the evolution of ideas, choice of a 
research problem of particular scientist, etc. Without 
analyzing interactions between authors, institutions, and 
other, such field just cannot exist.

However, to do that one should know to which real 
author/institution the authors name/affiliation from the 
paper corresponds to. This disambiguation issue gets harder 
considering big datasets, such as PubMed with 3 * 107

articles. It becomes more complicated when you consider
the presence of non-affiliation data in the affiliation field,
errors in the author name/affiliation or the mixed institution 
names for different authors. E.g. if the Author1 has 
“Institute of Cytology and Genetics, Novosibirsk, Russia” 
institution and the Author2 has “Institute of Mathematics, 
Novosibirsk, Russia” institution, their resulting affiliation 
for collaborative paper might be “Institute of Cytology and 
Genetics, Institute of Mathematics, Novosibirsk, Russia”. 

In this paper, we aim to provide the solution for 
Affiliation Disambiguation problem and provide the 
analysis of the miRNA science field using the solution.

Methods and Materials

Prerequisites
The basic idea of the work is to get the groups of 

organizations mentions, which contain only mentions of one 
institution. After that we may use that information to build 
the co-authorship graph of organizations/countries, get 
static and dynamic characteristics of the science field, etc. 

So on the first step we solved the clustering problem of 
institutions names writings. In our case, the closer the 
grouping is to the ground-truth grouping (i.e. one group 
contains all and only affiliations that refer to the same 
institution), the better the clustering is. For that sake, we 
have gathered the labeled the Novosibirsk miRNA dataset 
mentioned below. 

Dataset
To conduct experiments, we have gathered two datasets 

from PubMed digital library using MEDLINE file format. 
First one is the Novosibirsk dataset, that consists of the 
preprocessed affiliations of the Novosibirsk institutions. We 
labeled this dataset to have the ground-truth affiliation 
clustering to further use it for clustering algorithm 
hyperparameters fine-tuning. You can find the additional 
information on the Novosibirsk dataset, and how we used it
to fine-tune our algorithm, in our previous paper dedicated 
to the inter-country statistics of the miRNA science 
field [3].

Second one is the miRNA dataset gathered with the 
miRNA search query and its forms (mi-RNA, miRNAS, etc) 
on the PubMed website over Title and Abstract fields. The 
data we use was gathered on 18th of November, 2019.

Clustering and similarity
After the pre-processing stage, where we remove non-

affiliation data and split the mixed affiliations, the clustering 
stage is performed. We tried different techniques for the 
clustering – K-Means and DBSCAN [4] – and different 
popular similarity functions applied to the preprocessed 
affiliations strings – Levenshtein, Jaccard, Smith-
Waterman. We also tried the KOFER algorithm [3] to find 
similarity between affiliations.

We found out that KOFER algorithm along with Dice 
[5] distance metric gives better results on the labeled 
Novosibirsk dataset; thus, we used that approach on the full 
miRNA dataset.

Results
We present the results for country level co-authorship in 

the miRNA field, as well as the organization level statistics, 
i.e. pioneer analysis, leaders, etc. Using the KOFER 
algorithm we were able to cluster the miRNA affiliations 
data. From the 530,982 affiliations we got 34,081 clusters. 
i.e. institutions.
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PubMed statistics
We got the cumulative per year number of publications 

on the PubMed digital library. We found out that the total 
number of publications added yearly to PubMed grows 
exponentially:

n(t) = e0.0492*x + 13.1902

where t – 0, 1, 2 … and 0 corresponds to the starting year 
of publication activity within the miRNA field, i.e. 2001

miRNA statisics 
The growth of the publications per year within the 

miRNA field, however, is reaching its peak, and can further 
be estimated using the models with saturation, such as log-
normal and log-logistic functions. 

Countries interactions
146 countries have publications in the miRNA science 

field. To see how countries interact, we have built the graph,
leaving only the major countries in this filed, i.e. having 
more than 500 publications.

From this graph, it is clear that the USA and China are 
the leaders in this field, actively publishing with each other. 
This graph is also almost full, however, some of the 
countries have never published together, such as Iran-Israel, 
Iran-Brazil, Turkey-Belgium.

Additionally, analyzing the plots of publications per 
year, we noticed that the USA had the rapid start in this 
field, reaching 100 publications in 2004. However, the 
growth started to reduce over time, whereas China had 
higher growth, which led to China becoming the new leader 
in 2013. The USA on the other side remained the major 
driver of the international publications, and has more than 
others publications with China, Italy, UK, Canada, 
Germany, Korea, Japan.

Organization interactions
During the 2001-2019 period, there were 88,715 

publications, 12,857 of which were international. The field 
until some time did not have much joint publications, 
however things changed in 2013. That year USA and China 
started actively publish together.

The interesting thing that the pioneers (the 
organizations, which published during the period 2001 –
2003) within this field have higher international 
publications rate than the overall rate – 6128 publications 
were published with pioneers, 2640 of which were 
international. Moreover, first four most active international 
publishers are the pioneers - University of California, 
Harvard Medical School, University of Texas MD 
Anderson Cancer Centre, Chinese Academy of Sciences. 

We observer that out of 34,081 institutions, there are 
only 1,655 organizations, for which the number of their 
mentions is higher than 50 (1% of maximum mentions of 
the leader organization - Central South University, China). 
All 46 pioneers are in this main group.

Conclusion
In this work we have managed to cluster the miRNA 

science field affiliations data using the KOFER algorithm.

Using the clustering results, we were able to get 
properties of country level interactions, see that China is 
currently the leading country in this field, however the USA 
is the biggest driver of international publications.

The pioneers, such as University of California, Harvard 
Medical School, University of Texas MD Anderson Cancer 
Centre, Chinese Academy of Sciences, play big role within 
this field, leading the international activities. The current 
organization leader of the miRNA science field is Central 
South University, China.
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Abstract — Drosophila tumor suppressor HYD is required 
for the regulation of cell proliferation, growth and 
differentiation. HYD is involved in cell processes at different 
levels: it can regulate gene expression by binding to its 
promoters, it binds to some RNA for gene silencing and it 
participates in protein degradation due to its ubiquitin-ligase 
activity. Analysis of Drosophila hyd mutants revealed that HYD 
functions depend on tissue and stage of development: 
misexpression in larval somatic tissues causes over-
proliferation, defects of meiosis and spermatid differentiation in 
spermatogenesis, and massive cell death with occasional 
germline overproliferation during oogenesis.

Keywords — ubiquitin ligase, tumor suppressor, 
overproliferation, cell death, germline and somatic tissues

Motivation and aim
The Ubiquitin-Proteasome System (UPS) is an important 

regulator of cell signaling and proteostasis, which are 
essential to a variety of cellular processes. Components of 
UPS are implicated in regulation of cell cycle progression, 
signal transduction, DNA damage response, metabolism and 
transcriptional control. E3 ubiquitin ligases play key role in
UPS functioning. Ubiquitin ligases (E3 enzymes) transfer 
ubiquitin from ubiquitin-conjugating (E2) enzymes to target 
proteins. By determing the selection of target proteins, 
modification sites on those target proteins, and the types of 
ubiquitin modifications that are formed, E3 enzymes are key 
specificity factors in ubiquitin signaling. 

One of the most interesting E3 ligases is drosophila tumor 
suppressor HYD (hyperplastic disc). It is required for the 
regulation of cell proliferation during development.
Mutations in the hyd gene result in developmental 
abnormalities that include adult sterility caused by germ cell 
defects [1]. In eye imaginal disc HYD function differs from 
what is expected for conventional tumor suppressor 
behaviour [2]. In eye disc homozygous hyd mutant clones 
induce non-autonomous overproliferation of nearby 
tissue [2].

UPS is highly conserved through evolution. Human 
orthologue of drosophila HYD – named EDD1 or UBR5 -
was identified in 1998 [3]. UBR5 expression is deregulated 
in many cancer types, amplification of UBR5 has been 
reported in human breast and ovarian cancer [4]. However, 
the mechanism by which UBR5 may contribute to tumor 
initiation and progression remains poorly defined.

Methods
To define the role of HYD in Drosophila germ line tissues 

and reveal the cause of sterility we studied the processes of 
spermatogenesis and oogenesis in drosophila hyd mutants. 
We used Bloomington Drosophila stocks: kni hyd15 e1 
/TM3, Sb1 (3718) and yw; PBac{3HPy+}hydC017/TM3, 

Sb1 Ser1 (16256) as the source of mutant hyd alleles. 
Detailed cytological analysis of oogenesis and 
spermatogenesis was performed using fluorescent and 
electronic microscopy.

Results and discussion
Analysis of spermatogenesis showed that mutations of 

this gene cause multiple cell division abnormalities in 
spermatogenesis, but do not lead to hyperplasia of both 
generative and somatic tissue [5]. In contrast, main effect of 
hyd mutations in oogenesis was massive cell death. However, 
about 5% of ovaries contained egg chambers with abnormal 
amount of germ cells – 2-4 times higher than in control (32-
or 64-cell cysts in comparing to normal 16-cells). It indicates 
1 or 2 extra rounds of cell division of mutant cystoblasts. It 
should be noted that hyd mutations did not affect somatic
follicular cells.

Thus, in different tissues mutations of hyd lead to various 
consequences: overproliferation in somatic tissues, defects of 
meiosis and spermatid differentiation in drosophila 
spermatogenesis, and massive cell death with occasional 
overproliferation during oogenesis. So, HYD functions may 
differ depending on cell context. It was shown that HYD can 
regulate gene expression at transcriptional level [6] and 
translational level, owing to its unique feature – presence of 
PABC domain, commonly found in pABP proteins, whose 
function is related to mRNA translation. Also it is known that 
mammalian EDD plays a critical role in miRNA silencing [7] 
and participates in DNA damage response [8]. Interesting, 
that E3 ubiquitin ligase activity is dispensable for EDD 
function in miRNA silencing. The PABC domain of EDD is 
essential for its silencing function.

It is clear that HYD possess many apparently divergent 
roles in multiple pathways in different tissues. Earlier studies 
have shown that tumor suppressor genes can function in 
many tissues, but only in some of them they cause 
hyperplasia [9]. Futher researches are required to better 
define the role of HYD in different cell processes.
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Abstract — Loss of muscle mass and function during long 
period of physical inactivity still remains a clinical problem for 
humanity because the significant reducing of life quality and 
increasing mortality. In recent studies global gene expression in 
atrophied and recovered skeletal muscles on different animal 
models was analyzed. However, previously whole-genome 
regulation of atrophy and following recovery at promoter and 
enhancer level has not been studied. To identify transcription 
initiation sites (TSS), and evaluate full-genome RNA expression 
at the level of individual promoters and enhancers during 
unloading and subsequent recovery in rats two types of muscles, 
"slow" (m. Soleus) and "fast" (m. EDL), were examined in rats 
in normal conditions, after 1, 3 and 7 days of hindlimb
suspension and following 1, 3 and 7 days of recovery using 
CAGE (Cap Analysis of Gene Expression) method followed by 
Illumina HiSeq 2500 sequencing. We obtained 9971 unique 
CAGE clusters, among which 6377 were promoters associated 
with genes. Differential expression of genes and their promoter 
activity were strongly varied in m. EDL and m. soleus within 
suspension-recovery time course. This study provides the first 
systematic annotation of promoters landscape and genes 
activated in "fast" and "slow" muscle types under induced 
atrophy and following recovery in rats.

Keywords — muscle atrophy, muscle recovery, gene 
expression, promoter, CAGE

Motivation and aim
Skeletal muscle represents adaptive system characterizing 

by plasticity. It is capable to remodeling in response to 
different external and internal stimuli. Mechanical unloading 
causes muscle atrophy but at the same time physical activity 
induces hypertrophy. Loss of muscle mass and function 
during long period of physical inactivity still remains a clinical 
problem for humanity because the significant reducing of life 
quality and increasing mortality. For resolving this task 
understanding molecular regulatory mechanisms of disuse 
muscle atrophy and recovery are required. In recent studies 
global gene expression in atrophied and recovered skeletal 
muscles on different animal models was analyzed. However, 
previously whole-genome regulation of atrophy and following 
recovery at promoter and enhancer level has not been studied. 
Here, for the first time we perform analysis of regulatory 
genome elements in skeletal muscles in hindlimb suspension-
recovery rat model. One of the most sensitive approaches for 
such analysis is Cap Analysis of Gene Expression method 
(CAGE), which allows determine transcription initiation sites 
(TSS) with up to one nucleotide precise, thus, evaluate the 

transcriptional activity of genes at promoter and enhancer 
level. In current study we aimed to identify transcription 
initiation sites (TSS), and evaluate full-genome RNA 
expression at the level of individual promoters and enhancers 
during unloading and subsequent recovery in rats. 

Methods
Two types of muscles, "slow" (m. Soleus) and "fast" (m. 

EDL), were examined in rats in normal conditions, after 1, 3 
and 7 days of hindlimb suspension and following 1, 3 and 7 
days of recovery using CAGE (Cap Analysis of Gene 
Expression) method followed by Illumina HiSeq 2500 
sequencing. After quality check and filtration, CAGE reads 
were mapped to the current rat genome assembly rn6 (2014) 
by using bwa and then clustered by python script. Further 
annotation of CAGE peaks, analysis of differential 
expression, and functional terms enrichment were proceeded 
through R environment. 

Results
We obtained 9971 unique CAGE clusters, among which 

6377 were promoters associated with genes. The remaining 
promoters were suggested to be unannotated transcripts, 
remotely located promoters of known genes and non-coding 
RNAs.

Differential expression of genes and their promoter 
activity were strongly varied in m. EDL and m. soleus within 
suspension-recovery time course: "slow" m. soleus has no 
significant changes of transcriptional activity up to 7 days of 
suspension, but drastically shifted during recovery, while 
"fast" m. EDL shows quick and stable response to the stress 
and fast recovery after placing in normal conditions. First 
atrophic changes were marked after 3 days of hindlimb 
suspension in soleus muscle and associated with upregulation 
of proteasome and peptidase complex genes. After the first 
day of recovery genes involved to transition between fast and 
slow fibers were activated in m. EDL. In addition, key 
transcription factors regulating the activity of specific muscle 
promoters were identified. Also enrichment of signaling 
pathways by differentially expressed genes was conducted.

This study provides the first systematic annotation of 
promoters landscape and genes activated in "fast" and "slow" 
muscle types under induced atrophy and following recovery 
in rats.
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Abstract — Annual fishes of the genus Nothobranchius from 
East Africa is a promising vertebrate model in comparative and 
ageing studies. Nothobranchius show accelerated growth and 
age-related changes at all levels of organization. The present 
work aims to compare brain transcriptome profiles of short-
lived N. rachovii with longer-lived N. korthausae and N. 
guntheri.

Keywords — Nothobranchius, RNA-seq, brain aging 

Introduction
In recent years, annual fishes of the genus Nothobranchius

have become powerful vertebrate animal models for the study 
of aging. Due to the short lifespan, Nothobranchius manifest 
changes associated with age such as skin color fade, spine 
curvature, weight loss, decline in cognitive abilities and an 
increased incidence of tumours in a few months after hatching. 
Moreover, killifish are sensitive to variations in water 
temperature, which allows easy manipulating their rate of 
aging under laboratory conditions. 

Another important aspect is that different species of the 
genus Nothobranchius show differences in life expectancy, 
making them useful for comparative ageing research [1]. It has 
been suggested that the lifespan determination in the genus 
Nothobranchius depends on the rainfall pattern in the biotope 
of origin and differences in rearing and maintenance 
conditions. Maximum lifespan for these fish have been 
observed that range from 3 for N. furzeri to 28 months for N. 
guentheri.

It is known that there are conserved features linked to brain 
aging of mammals, such reduced adult neurogenesis and 
down-regulation of synaptic and axonal proteins expression. 
For well-known short-lived teleost fish N. furzeri brain aging 
has also been shown [2]. On the other hand, significant brain 
regenerative properties and adult neurogenesis were observed 
for other teleost fish as medaka and zebrafish [3]. The aim of 
the present study was to compare brain transcriptome profiles 
of several short- and longer-lived species of the genus 
Nothobranchius.

Materials and Methods

Fish strains and maintenance
N. rachovii Biera-98, N. korthausae MI TZN 08-4, and N. 

guntheri AS were obtained from commercial supplier (Peter 
Covar, Brno) and acclimated to the Center for Precision 
Genome Editing and Genetic Technologies for Biomedicine 
at the Engelhardt Institute of Molecular Biology. To avoid the 
effects of maintenance conditions, animals were bred under 
identical conditions. Fish were kept in 2 litre tanks at 27°C 
under a 14 h: 10 h day:night regime and fed twice a day with 
Chironomus larvae

RNA isolation, library preparation and transcriptome sequencing
Total RNA was isolated from brain of male and female 

specimens aged 3 months (adult) using MagNA Pure Compact 
RNA Isolation Kit on MagNA Pure Compact Instrument 
(Roche, Switzerland) according to manufacturer’s protocol. 
RNA quantity and quality were evaluated using a Qubit 2.0 
fluorometer (Life Technologies, USA) and Agilent 2100 
Bioanalyzer (Agilent Technologies, USA). Samples passed 
quality (RIN>8) were used for subsequent experiments. 
Double stranded cDNA library was prepared by using TruSeq 
RNA Library Prep Kit v2 following manufacturer’s protocol 
from 1 mg of total RNA. Quality of prepared cDNA libraries 
were checked with bioanalyzer Agilent 2100 using High 
Sensitivity DNA chip (Agilent Technologies, USA). Then, 
libraries were normalized to 4 nM, pooled together in equal 
volumes, and sequenced on the NextSeq™500 system 
(Illumina, USA).

NGS Data Processing
About 100 million paired-end Illumina reads (2*150 bp) were 
derived for each of 3 Nothobranchius species (N. rachovii, N. 
korthausae, N. guntheri). Reads were trimmed with 
trimmomatic 0.39, and then reads were processed using 
cutadapt 2.8 to ensure the complete removal of adapters. 
Next, we performed transcriptome assembly using Trinity 
2.9.1. For this purpose, we pooled libraries. The assembled 
transcripts were analyzed for bacterial contamination using 
Kraken 2 (MiniKraken DB_8GB), and bacterial contigs have 
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been removed. Overall statistics have been calculated using 
QUAST. The completeness of the assembled transcriptomes 
was evaluated using BUSCO 4.0.5 (Vertebrata and 
Actinopterygii OrthoDB v10 datasets). The assembled 
transcripts were annotated using Trinotate 3.2.0 pipeline. 
Next, we evaluated gene/transcript expression profiles and 
calculated ExN50 statistics. For this purpose, reads were 
mapped to the assembled transcripts using bowtie2 2.4.1 and 
then transcript/gene expression levels were inferred by 
RSEM 1.3.3. The derived read counts were transformed into 
FPKM values.
Next, we tried to identify orthologous gene groups for all 3 
organisms using OrthoFinder. For this purpose, we translated 
the derived transcripts using TransDecoder and selected the 
longest ORF for each gene. The derived amino acid 
sequences and selected transcript were supplied to 
OrthoFinder. To reduce CPU time, we limited this analysis 
only to annotated genes. Finally, for each orthologous gene 
group, we compared gene expression levels (in terms of 
FPKM) between 3 organisms. Because of inevitable presence 
of the experimental biases between organisms (sequence-
dependent efficacy of PCR amplification, sequencing), only 
3-fold or greater expression level changes were considered as 
significant.

Results
The overall lengths of the assemblies varied from 393 to 

458 Mb; the total number of genes varied from 56 to 71 
thousand. From 19 to 26 thousand genes were successfully 
annotated with Trinotate. About 4% transcripts were marked 
by Kraken as contaminants. According to the results of 
BUSCO analysis, the completeness of the assemblies varied 
from 91% to 94% (Vertebrata dataset) and from 82% to 86% 
(Actinopterygii dataset; this suggests that Vertebrata dataset is 
more appropriate for Nothobranchius sp.). Using 
OrthoFinder, we successfully found orthologous groups for 
54% annotated genes (all 3 species), 84% (at least 2 species). 

Differential expression (DE) analysis showed that genes 
associated with chromatin remodeling were the most 
differentially expressed. According to the results, the genes 

CBX1A, CBX7A were up-regulated (counts per million 
(CPM)> 3, false discovery rate (FDR) <0.05) in short-lived 
N. rachovii by 8 times compared with long-lived N. guntheri
and 5 times compared to N. korthausae. We also observed the 
down-regulation of enhancer of zeste 1(EZH1) expression 
levels in N. rachovii (CPM>3, FDR<0.05) when compared to 
N. korthausae, but not to N. guntheri. The change of 
expression of these genes with age was also observed in 
human brain [4]. Pathway enrichment analysis revealed a 
difference in expression of gene associated with «Ribosome», 
«RNA processing» and «Lysosome» GO terms. We also 
found that short-lived fish had reduced expression of genes 
related to such age-associated pathways as Wnt and Noth
signaling pathways. Thus, the results obtained in the work 
might contribute to better understanding of differences in 
lifespan between species of this genus.
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Nothobranchius rachovii is a species of freshwater annual 
killifish native to Africa. This organism is an attractive model in 
aging studies because of short lifetime and rapid maturation. In 
this study, we present draft genome assembly of this organism 
based on Nanopore reads and polished with Illumina reads. We 
tested four popular Nanopore reads assemblers (Flye, 
MaSuRCA, Shasta, wtdbg2) and two polishers (Pilon and 
MaSuRCA-polish tool). We selected the best combination of 
these tools in terms of contig length and assembly completeness.

Keywords: Nothobranchius rachovii, genome assembly, 
Nanopore, 

Introduction
Nothobranchius rachovii is a species of killifish native to 

Africa (southern Mozambique). Due to very short duration of 
the rain season, the natural lifespan of these animals is limited 
to a few months and their captive lifespan is likewise short. 
Along with N. furzerii, another species from this genus, N. 
rachovii is an attractive model system for ageing and disease 
research [1, 2]. With respect to the molecular, cellular, and 
integrative traits of aging, these species show significant 
similarities to mammals, including humans [1, 2]. The 
complete genome assembly of N. rachovii still lacks.

The genome of N. furzerii, a close phylogenetic relative of 
N. rachovii [3], is abnormally enriched with tandem repeats 
(21% of its length), which has been suggested as a factor in its 
fast ageing [4]. On other hand, this complicates the genome 
assembly and make challenging to get high accuracy, 
attractive contig lengths stats and low misassembly rate.

In recent years, Oxford Nanopore Technology (ONT) 
sequencers are widely used to produce high-quality and 
inexpensive genome assemblies of various organisms, 
including those with complex genomic structure (low 
complexity, abundance of tandem repeats, pronounced 
heterozygosity, polyploidy). The field of the development of 
software for the genome assembly based on ONT reads is one 
of the fastest growing at the moment. 

In this study, we aimed to derive high accuracy genome
assembly of N. rachovii based on ONT and Illumina reads. 
For this purpose, we tested several most popular and recent 

assemblers and polishers, compared the results in terms of 
assembly completeness, contig lengths and similarity to the 
assembled genome of N. furzerii.

Materials and Methods

Sample preparation, sequencing
Genomic DNA was extracted from muscle tissue of N. 

rachovii using DNeasy Blood and Tissue Kit (QIAGEN, 
USA) according to the manufacturers instructions. To 
generate the long reads DNA library from 1 μg of high 
molecular weight DNA was performed following the SQK
LSK108 protocol (Oxford Nanopore Technologies, UK). 
Sequencing was performed on five R9.4.1 flow cells on a 
MinION (Oxford Nanopore Technologies, UK). The short-
reads was generated using HiSeq 2000 Sequencing System 
(Illumina, USA) according to manufacturer’s instructions. 
The libraries for sequencing on HiSeq 2000 System (Illumina, 
USA) were constructed using 500 ng of genomic DNA using 
the TruSeq DNA LT kit(Illumina, USA) according to the 
manufacturer’s instructions. RNA extracted from muscle 
tissue of fish was used for library construction and RNA 
sequencing (RNA-seq) on NextSeq500 System (Illumina, 
USA).

Genome assembly and annotation
First, we derived nucleotide sequences (fastq) from the 

obtained raw electrical signal intensity data (fast5) using 
Guppy and fast “flip-flop” high accuracy calling algorithm. 
Using trimmomatic we filtered out low-quality reads with 
average phred-scaled Q < 4 (no trimming has been applied). 
Next, we performed primary genome assemblies of N. 
rachovii genome (based on ONT reads) using four different 
assemblers: Flye (2.7), MaSuRCA (3.3.4), Shasta (0.4.0), and 
wtdbg2 (2.5). The derived contigs were polished by Racon 
(1.4.3) with ONT reads (2 iterations) and then polished with 
Illumina reads parallelly by Pilon (1.23) and by MaSuRCA-
polish tool (3.3.4).

At this step, we calculated assembly metrics using 
QUAST and evaluated assembly completeness using BUSCO 
(Vertebrata and Actinopterygii datasets). For the further 
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analysis, we selected only the best assembly. Additionally, we 
measured the efficacy of polishers, also by BUSCO metrics.

Next, we excluded redundant contigs (coming from 
diploidy or mis-assembled contigs) using PurgeHaplotigs tool 
(Feb 2020). At this step, we adjusted PurgeHaplotigs 
parameters in order to maximally shorten assembly length, but 
not to impair its completeness (in terms of BUSCO metrics). 
Finally, the derived pool of contigs was mapped to the 
database of bacterial genomes (MiniKraken DB) in order to 
eliminate contaminants.

The derived contigs were mapped to the reference genome 
of Nothobranchius furzerii (CCSH00000000.1) and 
indel/SNP rates were evaluated. Dotplots were generated by 
LAST and mummer. Additionally, we tried to find 
orthologous between N. furzerii and N. rachovii genes using 
OrthoFinder.

The annotation of the assembled contigs was performed by 
funannotate (1.7.0) pipeline. For this purpose, we performed 
transcriptome assembly of N. rachovii RNA-Seq reads using 
Trinity (genome-guided), and then the derived transcripts 
were mapped to the genomic contigs using minimap2. These
BAM files were transferred to the PASA pipeline 
(incorporated into funannotate) in order to train Augustus, 
snap, GlimmerHMM and pass the derived results to the 
EvidenceModeler. After filtering gene models, gene 
annotation was performed (using UniProt, BUSCO, eggNOG, 
InterProScan databases).

Results
In the present work, we performed assembly of N. rachovii 

genome using ONT reads and four assemblers. Among them, 
Flye demonstrated the best results in terms of contig lengths 
and assembly completeness. After eliminating redundant 
contigs, the genome length comprised 1183 Mb with N50 = 
7.5 Mb. The completeness of the assembly was evaluated as 
98.6% (completed/duplicated BUSCOs; Vertebrata dataset), 
95.4% (Actinopterygii dataset). Shasta gave worse results in 
terms of assembly completeness, whereas MaSuRCA lower 
N50 with comparable assembly completeness. wtdbg2 
demonstrated the worse result.

26.897 protein-coding genes have been identified in the 
assembly. There were about 1.8 alternatively spliced 
transcript variants per gene. Besides, we identified 231 tRNA 
genes. The length of mitochondrial genome comprised 21 Kb, 
contained 23 tRNAs and 13 protein-coding genes. For 19.844 
genes we did find orthologs in N. furzerii reference genome. 
The overall sequence similarity between N. furzerii and N. 
rachovii comprised 82.5% for the entire genome, 93.5% for 
coding nucleotide sequences, and 96% for the encoded protein 
sequences.

Consclusions
In this study, we present a draft genome assembly of 

Nothobranchius rachovii, a species of killifish native to 
Africa. This organism is considered at attractive model system 
for ageing and disease research. Its genome shares high 
homology to the Nothobranchius furzerii and is highly 
enriched with tandem repeats, which is thought to be one of 
the reasons for its rapid aging.
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Abstract — Kaiso is a transcription factor that is known to 
regulate cell division in different cell types, including cancer 
cells. Kaiso binds kaiso specific binding site and/or methylated 
CpG islands on the promoter region of different target genes. 
Kaiso silencing may lead to an increase or a decrease in cell 
proliferation, which is cell specific and is probably dependent on 
the methylation status of Kaiso binding sites at the target 
promoter [1]. In various mammalian cell types Kaiso was shown 
to regulate cell proliferation via its target genes of cyclins E1 and 
D1 guarding the G1 to S phase transition in cell division [1].

Keywords — kaiso; cell division; cyclins; hippocampus

Motivation and aim

Motivation
Kaiso is widely expressed throughout the brain regions, 

however its regulation of cell division in brain development 
was not investigated.

Aim
Our aim was to study the role of the transcription factor 

Kaiso in cell division in the developing mouse brain.

Methods
The study was performed on littermate C57BL/6j mice of 

WT and Kaiso knockout (KO) genotype. Using the method 
of immunohistochemistry with a cell division marker 
bromodeoxyuridine we have calculated newborn cells within 
the 24 h period in the hippocampus, cortex, striatum and 
subventricular zone of the lateral ventricles on the second day 
after birth. Using real-time PCR we have analyzed expression 
profiles of associated with cell division genes (c-myc, CCNE1
(cyclin E1) and CCND1 (cyclin D1)) in hippocampus, cortex 
and striatum at three different ages: embryonic day 16 (E16), 
postnatal day 2 (P2) and postnatal day 40 (P40).

Results
Our preliminary data showed that in the developing 

hippocampus (dentate gyrus region) there was a significant 

increase in the number of newborn cells in KO mice (17 ± 1) 
compared with the WT mice (12 ± 1 per 100 μm2; p <0,001). 
The number of newborn cells co-stained with the neuron 
marker (NeuN) was also significantly greater in KO mice (6 
± 1 per 100 μm2) compared with the WT mice (4 ± 1 per 100 
μm2; p <0,05).

In the cortex, striatum, and subventricular zone of the 
lateral ventricles, there were no significant differences 
between genotypes in the number of newborn cells.

We have performed expression profiling of genes 
associated with cell division regulation (c-myc, CCNE1 and 
CCND1) that were previously noted to be regulated by Kaiso 
in different cell types [1,2]. A significant decrease in the 
expression of the c-myc gene was shown in the hippocampus 
of KO mice at the age P2 compared to WT (KO: 2,7 ± 0,3; 
WT: 4,5 ± 0,7; p <0,05). On the mRNA level neither CCNE1
nor CCND1 expression was different between the genotypes 
in all selected brain regions and corresponding age groups.
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Abstract — Metagenomic analysis using high-throughput 
sequencing is an intensively developing approach nowadays. One of 
its problems is adequate quantification of components in 
metagenomic samples.

Keywords — food; nrITS1; metagenomics; polymerase; NGS

Motivation and aim
Metagenomic analysis using high-throughput sequencing is an 

intensively developing approach nowadays. In contrast to the 
qualitative analysis, the quantitative one still remains very 
challenging. The main factors that hamper quantitative analysis are 
differences in GC-content and length of marker regions. Our aim 
was to investigate and improve the potential of metabarcoding as 
analytic systems for quantitative identification of complex plant 
mixes used for food. In plants nrITS1 sequence length can vary 
almost twice. The percentage of the GC-composition also varies 
significantly: min10%/median/max10% were found 
48.1/58.0/67.5.

Methods
We prepared and analyzed the artificial plant mixes from leaves 

of seven cultivated plants used for food, as well as model species 
Arabidopsis thaliana. Plant species were chosen according to their 
different GC-composition (from 53% to 72,9%) and length of 
nrITS1 (from 192 to 348 bp) in order to be able to compare the 
results of the evaluation. The following species were used for the 
experiments: Oryza sativa L. (rice), Arabidopsis thaliana (L.) 
Heynh, Helianthus annuus L. (sunflower), Fagopyrum esculentum 
Moench (buckwheat), Cucurbita pepo L. (pumpkin). Equal weights 
of leaf powder were mixed, then DNA was extracted using sorbent 
purification-based Diamond DNA Plant kit (ABT, Russia). nrITS1 
barcodes were amplified (in three replicates for each mix) using 
polymerases from different vendors: Encyclo proofreading 
polymerase («Encyclo Plus PCR kit», Evrogen, Russia) and Q5 
High-Fidelity polymerase («Q5® Hot Start High-Fidelity 2X 
Master Mix», NEB, England). Libraries were constructed using Ion 
Xpress™ Plus Fragment Library Kit (Thermo Fisher Scientific) 
according to manufacturer’s instructions, including amplification 

by Platinum HiFi Polymerase. Another approach was library 
preparation using the same kit but without amplification 
(PCR-free). Further all libraries were sequenced on Ion 
Torrent S5.

Results
For the libraries prepared from DNA samples with the 

standard protocol Ion Xpress Plus the congruence with 
expected results was extremely poor for the mixes containing 
O. sativa (Table 1). O. sativa ITS1 has high GC content -
72,9%. On the other hand, the nrITS1 of F. esculentum
consists of 68,5% GC (i.e. the value is also high) but analysis
of samples containing this component showed correct results,
perhaps due to shorter length of barcode (in comparing with
nrITS1 of the other components in the same samples). We
made a series of additional experiments using fragment length
analysis of amplified libraries and showed that at least one of
the reasons for bias is inefficient amplification of extremely
high GC-rich fragments by Platinum HiFi polymerase during
library preparation. When PCR-free amplification protocol
was used the quantification, results were improved
significantly for O. sativa containing mixes. The aim of this
investigation was to check the hypothesis that GC-
composition and length of DNA-barcodes could significantly
affect quantitative identification of multicomponent plant
foods. We found that this dependence exists indeed and can
affect PCR efficiency leading to yield inaccurate results of
quantification. It may be possible to improve the interpretation
of sequencing data using optimization of experimental
protocols, additional controls [1] and through the
implementation of special algorithms that correct sample
preparation biases through correction coefficients.
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TABLE 1

Components of 
mix

GC-
composition 

(%)

Length 
(b.p.)

Q5 High-
Fidelity Hot 

Start 
polymerase, 
% of reads

Encyclo 
proofreading 

polymerase, % 
of reads

Q5 High-Fidelity 
Hot Start 

polymerase, % 
of reads (PCR-

free)

Encyclo 
proofreading 

polymerase, % of 
reads (PCR-free)

Average (SD) Average (SD) Average (SD) Average (SD)

A. thaliana

C. pepo

55,9 348 25,8(4,61) 24,87(10,9) 28,1(3,12) 33,5(6,41)

53 192 74,14(4,61) 68,27(1,15) 71,73(2,93) 66,5(6,41)

A. thaliana 55,9 348 43,76(6,28) N/A 45,27(2,02) 57,63(0,81)

F. esculentum 68,5 259 56,09(6,32) N/A 54,57(2,08) 42,4(0,87)

A. thaliana

O. sativa

55,9 348 98,3(0,45) 99,53(0,15) 58,33(8,58) 78,43(13,21)

72,9 275 1,14(0,59) 0,47(0,15) 41,5(8,42) 21,5(13,17)

H. annuus

F. esculentum

50 343 62,61(6,86) 55,17(6,78) 58,67(5,13) 63,43(15,72)

68,5 259 37,09(7,28) 44,77(6,9) 40,45(4,85) 36,57(15,72)

59,5 300 8,85(11,73) 42,07(2,5) 20,07(17,44) N/A
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Introduction
The majority of proteins undergo post-translational 

glycosylation, in which complex carbohydrates are attached to 
the surface of proteins. Effector functions of Immunoglobulin 
G are regulated by the composition of a glycan moiety, thus 
affecting activity of the immune system. Aberrant 
glycosylation of IgG has been observed in many diseases, but 
little is understood about the mechanisms behind these 
changes. Here we show that the glycan fraction of IgG is a 
complex trait under control of an interconnected set of genes 
and an intermediate link between genotype and disease. In the 
largest genome-wide association study of IgG N-
glycosylation to date (N=8,090) we found 27 associated loci 
(15 novel) and developed a data-driven network approach to 
propose how these genes form a functional network regulating 
glycosylation of IgG. From this network we confirmed in-
vitro that the transcription factor IKZF1 regulates the 
expression of glycosyltransferase FUT8, resulting in 
increased levels of fucosylated glycans. We also found strong 
in-silico evidence that RUNX1 and RUNX3 transcription 
factors, together with SMARCB1 chromatin remodelling 
protein, regulate expression of glycosyltransferase MGAT3. 
We showed that glycosylation variants supporting this 
network are pleiotropic with inflammatory and autoimmune 
diseases and expression of genes involved in regulation of 
glycosylation enzymes. This study showed new evidence that 
variation in key transcription factors coupled with regulatory
variation in glycosylation enzyme genes drives changes in IgG 
glycosylation, modifying IgG function, and has a significant 
influence on inflammatory and autoimmune diseases.
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Abstract — The gene expression levels for bacteria are 
largely determined by the efficiency of translation elongation. 
We have performed bioinformatic elongation efficiency analysis 
of NRP biosynthetic gene clusters (BGCs) obtained from 
ANTISMASH-DB using whole-genome sequences of bacterial 
genomes that are available at NCBI Genbank. The analysis has 
provided the information about distribution of nonribosomal 
peptide biosynthetic gene clusters in bacteria and their putative 
translation elongation efficiency.
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Motivation and Aim
It is hard to underestimate the crucial role that efficiency 

of gene expression plays in synthetic biology and genome 
engineering. Though being affected at several levels such as 
transcription, translation, posttranslational modification, etc., 
the gene expression levels for bacteria are largely determined 
by the efficiency of translation elongation [1]. Nonribosomal 
peptides (NRPs) constitute an important fraction of bacterial 
peptidomes acting as antibiotics, toxins, surfactants, 
siderophores, anti-tumor agents and immune response 
modifiers [2]. Biosynthesis of NRPs is dependent on particular 
enzymes - nonribosomal peptide synthetases (NRPSs), which 
are encoded by clusters of genes in bacterial genomes [3].

Methods and Algorithms
The EloE software [4] is a tool for gene ranking based on 

their putative translation elongation efficiency inferred from 
their nucleotide sequences taking into account such factors as 
codon composition, presence and stability of secondary 
structures in mRNA [1]. The obtained predicted values 
correlate with available experimental data on gene expression 
in different microorganisms [4]. Thus, EloE is useful as a 
bioinformatic tool for genome annotation that enables a 
researcher with a capacity to infer a priori estimates of gene 
expression efficiency based on whole-genome nucleotide 
sequences only. We have performed bioinformatic analysis of 
NRP biosynthetic gene clusters (BGCs) obtained from 
ANTISMASH-DB [5] using whole-genome sequences of 
bacterial genomes that are available at NCBI Genbank. The 
analysis is based on the method predicting gene translation 
elongation efficiency that is implemented in the EloE software 
[4]. Statistical and bioinformatic analysis scripts have been 
developed on Python using software library Biopython.

D.A. Afonnikov
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Institute of Cytology and Genetics, 
ICG SB RAS, Novosibirsk, Russia
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Novosibirsk, Russia

Results

The statistical analysis has revealed the taxa possessing 
genomes enriched by BGCs. The analysis of predicted 
efficiency of translation elongation has shown that while only 
6.6% NRPS genes fall into the category of high predicted 
efficiency of translation, there is a number of BGCs 
distinguished by both large absolute number of genes with 
high predicted efficiency of translation and their percentage. 
These BGCs belong to such genera as Pseudomonas, 
Staphylococcus, Corynebacterium, Streptomyces, 
Amycolatopsis, Paenibacillus, Rhodococcus and 
Burkholderia.

Conclusion
The performed bioinformatic analysis has provided the 

information about distribution of nonribosomal peptide 
biosynthetic gene clusters in bacteria and their putative 
translation elongation efficiency. Thus, the analysis of 
translation elongation efficiency is useful as a high-throughput 
technique for gene ranking in bacterial genomes, which can be 
regarded as a rough estimate of expression level for various 
groups of genes of interest.
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Abstract — Prostate cancer (PC) is one of the most common 
and socially significant oncological diseases in men. This study 
examined the transcriptome profile of the most common 
molecular genetic subtype of prostate cancer, TMPRSS2-ERG. 
As a result of bioinformatics analysis conducted on the basis of 
The Cancer Genome Atlas project data, 115 differentially 
expressed genes were identified for this study group, and in 
particular, the most over-expressing genes were identified: 
ALOX15, CACNA1D, EML6, HLA-DMB, NKAIN1, OGDHL,
PLA1A, SYT13. Enrichment pathways analysis showed that 
these genes are participants in important oncologically 
significant pathways, which emphasizes the association of this 
molecular subtype with an unfavorable prognosis for prostate 
cancer.

Keywords — TMPRSS2-ERG, TCGA, prostate cancer, 
sequencing

Introduction
Prostate cancer (PC) is one of the most common and 

socially significant oncological diseases in men. At the 
molecular genetic level, prostate cancer can be divided into 
seven subtypes, the most common among them being the 
subtype characterized by the presence of the chimeric 
transcript TMPRSS2-ERG (up to 45% of cases) [1, 2]. This 
transcript is the result of translocation between exon 1 of 
TMPRSS2 gene and exon 4 of ERG gene [2, 3]. According to 
the results of numerous studies, the presence of the 
TMPRSS2-ERG transcript is most often considered an 
important predictor of unfavorable prognosis [1, 2, 4]. The 
aim of our study is to investigate the characteristics of the 
transcriptome profile of this molecular subtype, which can 
serve as a basis for understanding the mechanisms of 
progression in prostate cancer and help in the search for 
informative prognostic markers.

Methods
The study included PC samples RNA-Seq data of The 

Cancer Genome Atlas project. The cohort was divided into 
two groups: tumors with TMPRSS2-ERG fusion transcript 
(88 cases) and TMPRSS2-ERG-free tumors (117 cases). 
Samples have appropriate ERG expression signature. 
Differential expression analysis was performed in statistical 
environment R using the EdgeR package was used. The 
Mann-Whitney test, Exact test and quasi-likelihood method 
(QLF) were used for statistical analysis. To exclude false 
positive results FDR method was used. Enrichment pathways 

analysis was performed using clusterProfiler and 
ReactomePA packages. The results were considered
statistically significant with a QLF p-value <0.05.

Results
We found out at list 115 differentially expressed genes 

between the studied groups (fig.1 – Differentially expressed 
genes TMPRSS2-ERG molecular subtype PC). Among those 
next genes are of most interest with fold-expression level more 
than 4 for TMPRSS2-ERG-positive group: ALOX15,
CACNA1D, EML6, HLA-DMB, NKAIN1, OGDHL, PLA1A,
SYT13. The following genes showing overexpression in 
TMPRSS2-ERG-positive group of samples are marked: 
ALOX15, CACNA1D, EML6, HLA-DMB, NKAIN1, OGDHL,
PLA1A, SYT13. According to the results of enrichment 
pathways analysis, these genes are participants in the 
following cancer-significant pathways in the KEGG database 
associated with the progression: Arachidonic acid metabolism 
(hsa00590), Focal adhesion (hsa04510), Mucin type O-glycan 
biosynthesis (hsa00512), Notch signaling pathway 
(hsa04330), PI3K-Akt signaling pathway (hsa04151), 
Prostate cancer (hsa05215), Sphingolipid metabolism 
(hsa00600). Thus, the results underscore the potential 
association with an unfavorable prognosis in the group of 
samples belonging to the molecular subtype TMPRSS2-ERG.
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Abstract — According to recently proposed “omnigenic 
model” the genes implicated in complex diseases determination 
can be divided into core genes and peripheral genes. Mutations 
in core genes directly affect disease development, while 
mutations in peripheral genes can only indirectly modulate 
disease risk. In this study in order to discriminate core genes and 
their major regulators, we hierarchically combine genome 
variant prioritization with the prioritization of genes and target 
tissues. 

Keywords — hierarchical prioritization, genome variant, gene 
functioning, type II diabetes 

Motivation and aim 
One of the major challenge in the interpretation of GWAS 

results is the only modest or even very weak contribution of 
important loci to the total heritability of complex diseases. 
Earlier an “omnigenic model” proposed in which genes 
implicated in complex diseases determination divided into 
core genes and peripheral ones according to the gene network 
of trait [1]. It is of big importance that modern theoretical 
investigations uncover that biological reason of modest or 
weak implication of variations in core genes to the total 
heritability of complex traits is primary rooted in strict 
negative selection on core genes [2]. Therefore, it is tempting 
to analyze GWAS data taking into consideration modern 
views on the gene network basis of complex traits and on the 
evolutionary reasons of effect sizes distribution across variants 
uncovered by GWAS investigations. 

Methods 
In order to do so, we construct pipeline composed of 

hierarchically combination of prioritizations procedures 
starting from genome variant prioritization and ending by 
target tissues prioritization. 

First, we focused on the most stable and most studied 
single nucleotide variants (SNVs) that are uniquely annotated 
starting from the NCBI dbSNP v. 150, stable SNVs (SSNVs). 
We performed a frequency and a functional filtering of the 
selected SSNVs. Frequency filtering of SSNVs was made 
using the ANNOVAR platform. 

Functional filtering of SSNVs was the following: the effect 
of each SSNVs located in the coding regions or splicing sites 
must have been thorough tested on protein structure and 
function; the effect of each regulatory SSNVs must have the 
experimental and consistent confirmation of biological 
significance. All SSNVs should be characterized by an 

evolutionary and functional conservation, located inside (and 
not between) linkage disequilibrium blocks for the Asian and 
European populations, and have well-characterized allele 
frequencies in the public databases. In order to prioritize 
selected SSNVs in each trait under analysis, we have 
developed a consistency function that takes into account the 
above described characteristics types of genome variants and 
based on nonparametric statistics and randomization 
procedures. 

Second, we prioritize genes containing SSNVs (or 
regulated by upstream regions containing SSNVs) according 
to (1) the characteristics of gene haploinsufficiency, (2) the 
gene networks related to the standardized vocabularies of 
phenotypic abnormalities from Human Phenotype Ontology 
(HPO) resource and vocabularies of medical diagnoses from 
International Classification of Diseases (ICD) v. 10, (3) the 
position of the gene in the topology of these gene networks, 
(4) the relation of the gene to the known thorough tested 
network modules of complex diseases, and (5) the pleiotropy 
of gene across various complex traits. We developed 
normalization function that reconcile the above-mentioned 
gene characteristics. 

Third, if the determination of complex disease dispersed 
through various tissues and organs, we assigned a tissue score 
based on the position of genes in the network topologies and 
on the level of their tissue-specific expression. 

In our work, we used GeneAtlas [3] as the main GWAS 
data source. We choose GeneAtlas because 1) it is the only 
resource that has largest number of SNVs ever (more than 
34M of all SNVs including imputed ones); 2) it deposited 
GWAS data for more than 650 clinical and more than 110 
normal human traits; 3) it is based on an unprecedented 
number (> 450,000) of experimentally genotyped, unrelated 
individuals. These unique GeneAtlas features allowed [3]: 
1) to obtain the highest heritability of the studied traits 
(significant reduction of the “missing heritability” artifact), 
2) to get rid of the Winner’s Curse artifact overestimating the 
strength of SNV effect size on small samples. 

Results 
A hierarchical prioritization pipeline for searching and 

prioritizing genes and SNVs associated with a risk to diseases 
was developed. We check our pipeline on wellinvestigated 
type II diabetes. Significant SNPs were selected in more than 
100 genes / regulatory regions strongly associated with type II 
diabetes, its complications and comorbid diseases (Table 1). 

NOS3  6.752  42.753  
MC4R  7.392  40.975  

TERF2IP  3.069  39.417  
NEUROG3  9.068  38.841  

TUFM  10.113  37.669  
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The use of information on the gene networks structure and 
tissue-/organ- specificity of gene expression clarifies substantially 
our initial SSNVs prioritization, however, analysis of all GeneAtlas 
traits is significantly complicated by poor compliance between 
ICD and HPO vocabularies. 

TABLE 1. THE TOP-30 LIST OF PRIORITIZED GENES ASSOCIATED WITH TYPE II
DIABETES AND RELATED TO PANCREAS FUNCTIONING 
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TAP1  3.554  33.596  
HLA-DPA1  9.605  32.237  

LIPC  4.019  23.976  
ATP2A1  5.899  23.589  
HNF1A  7.84  23.197  

DYNC2LI1  2.162  22.966  
MFF  5.807  22.501  

ANK1  6.117  21.774  
SH3YL1  5.179  21.561  
TCEA2  3.132  21.461  
ACP5  3.637  20.822  

Gene name 
Normalised 

functioning score in 
pancreas 

Composite score 

MICB  13.457  195.911  
EHMT2  5.167  180.766  
KCNK3  7.713  146.456  

AGT  6.367  119.92  
APOE  8.236  101.094  

ZFP36L2  12.935  90.303  
CTRB1  14.31  75.996  

MAP2K7  7.863  74.064  
OPRL1  3.209  62.166  
SPRY2  5.893  58.241  

REL  7.016  50.483  
HLA-DPB1  8.152  47.214  

LDLR  10.696  45.945  
HLA-C  13.271  45.123  
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Abstract — Methane is a promising carbon source for 
biosynthesis of biotechnologically useful compounds using 
aerobic methanotrophic bacteria as biocatalysts. Despite more 
than a century-long history of discovering and studying of 
methanotrophic microorganisms, knowledge of the molecular 
mechanisms of gene expression regulation by transcription 
factors in these bacteria is very limited with only a few isolated 
cases being published. Therefore, the identification of potential 
transcription factors for methanotrophic organisms and their 
target genes is not only a foreground fundamental problem in 
the research field of methanotrophy, but it is also especially 
relevant for the active development of biotechnological 
application of methane-oxidizing microorganisms. In this study 
a comparative genomics approach together with the structural 
modeling techniques were applied to reveal the TFs in the 20ZR 
genome and predict their target regulatory genes.

Keywords — Transcription factors, haloalkaliphilic, aerobic, 
methanotrophs, bioinformatics 

Introduction
Haloalkaliphilic aerobic methanotrophs, including 

Methylotuvimicrobium alcaliphilum 20ZR strain (20ZR) are 
standing out as the promising microbial “factories” in 
industrial research as new sources of enzymes and protein 
based materials that are resistant to high salt and pH levels, 
and natural producers of amino acids, sugars, and 
osmoprotectants [1-3]. Moreover, the use of modern genetic 
engineering approaches, methods of genomics and system 
biology allows to significantly expand the scope of their 
application in the production of biofuels, biodegradable 
polymers and other valuable commercial products. 

Functional annotation and search for new transcription 
factors (TFs) of 20ZR present enormous fundamental and 
applicable interest in understanding the life-cycle and 
biochemical pathways regulation. In the current work a 
comparative genomics approach together with the structural 
modeling techniques were applied to reveal the TFs in the 
20ZR genome and predict their target regulatory genes. 

Methods

Identification of potential TFs encoding in 20ZR genome
Prediction of TFs and DNA-binding proteins was carried 

out using tools that analyze the level of homology and 

similarity with known DNA-binding proteins and TFs. 
InterProScan package was applied to identify TFs and DNA-
binding domains in the set of protein sequences [4]. To 
improve the quality of putative TFs identification, a list of 
HMM models of DNA-binding protein and TF domains for 
subsequent filtering of the InterProScan results was made 
based on information from the P2TF [5] and DBD [6] 
databases. Additionally to identify putative transcription 
factors in the set of proteins with unknown function DBD-
Threader [7] and TFPredict [8] were used.

Identification of transcription factor target genes
To solve the problem of searching for TF target genes, an 

analysis of the scientific publications on transcriptional 
regulation of the genes expression of 20ZR and closely related 
groups of bacteria were carried out. The obtained set of 
regulated genes was expanded to include genes located in the 
same operons as the identified target genes. Information on the 
structure of 20ZR operons was obtained from the database of 
prokaryotic operons (Prokaryotic Operon DataBase; 
ProOpDB) [9].

In order to identify potential TF binding sites (TFBSs), 
promoter regions of 20ZR genes and their orthologs were 
analyzed using the RSAT software package [10] and 
frequency matrices of TF binding sites (PFM) from the 
PRODORIC2 [11] and RegulonDB [12] databases. 
Additionally a comparative analysis of putative 20ZR TFs and 
TFs of prokaryotes with known PFMs of TFs (DBs 
PRODORIC2 and RegulonDB) was conducted. Based on the 
obtained data on the level of homology, a consensus PFMs for 
the 20ZR TFBSs were constructed. The resulting consensus 
PFMs were used to search for potential TFBSs. The set of 
target genes under consideration will be expanded based on 
the obtained list of TFBSs.

To reconstruct 20ZR regulons based on the available 
genome-wide gene expression profiles (RNA-seq), correlation 
dependencies were analyzed and the corresponding clusters of 
coexpressed putative target genes and TFs were identified.

A structural annotation of TFs was carried out using 
homology modeling techniques, including MODELLER 
software [13]. Prediction and analysis of TFs interaction with 
target DNA fragments were analyzed using FoldX [14] and 
Rosetta molecular modeling software [15].
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Results And Discussion 
Functional and structural annotations of TFs of 20ZR were 

carried out for the first time. The comparative genomics 
approach together with molecular modeling techniques 
allowed to reveal the majority of TFs and assign its potential 
regulatory function. 

The screening for DNA binding domains in the 20ZR 
proteome allowed us to predict the new putative TFs with 
unknown function. For these proteins the potential regulons in 
the 20ZR were predicted and ranked using in silico protein-
dna binding energy estimations.

Obtained results provide essential data to reconstruct gene 
regulatory networks operating 20ZR metabolism and reveal 
their unique features for haloalkaliphilic aerobic 
methanotrophs.
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Abstract — GTRD - Gene Transcription Regulation 
Database (http://gtrd.biouml.org/) contains uniformly 
annotated and processed NGS data (ChIP-seq, ChIP-exo,
DNase-seq, MNase-seq, ATAC-seq and RNA-seq) related with 
transcription regulation. All cell types (cell lines and tissues) 
presented in the GTRD were arranged into a dictionary, linked 
with specialised ontologies (BRENDA, Cell ontology, Uberon, 
Celosaurus, Experimental factor ontology) and further linked 
with experiments in specialised databases on transcription 
regulation: FANTOM 5, ENCODE and GTEx. For integrated 
view in transcription regulation we have developed web-
interface that provides browsing, advanced search possibilities, 
an integrated genome browser and integrated reports by given 
cell type, transcription factor or gene.

Keywords — GTRD, transcription regulation, NGS, 
uniformed analysis, data integration

Introduction
Transcription regulation is a complex process that 

involves a lot of participants. There is a lot of experimental 
data of different types obtained for different cell types and 
different experimental conditions which are stored in 
different databases. 

An important task is integration of such data for a given 
cell type and experimental condition to get an integrated view 
on main events related with transcription regulation. This is 
one of the main goals of GTRD database [1].

Results
The suggested approach is shown on figure 1:

1) we are collecting and uniformly process[1] following NGS 
data:

- ChIP, Chip-exo - to identify binding regions for 
transcription factors (TFs) and their coactivators, as well as 
to identify regions with corresponding histone marks.

- DNase-seq, MNase-seq and ATAC-seq - to identify genome 
regions with open chromatin and footprints for TF binding 
sites;

- RNA-seq data where gene expression was changed by TFs 
activation or knockout to identify genes regulated by these 
TFs.

2) all cell types (cell lines and tissues) presented in the GTRD 
were arranged into a dictionary, linked with specialised 
ontologies (BRENDA, Cell ontology, Uberon, Celosaurus, 
Experimental factor ontology) and further linked with 
experiments in specialised databases on transcription 
regulation: FANTOM 5, ENCODE and GTEx [2].

3) for integrated view in transcription regulation we have 
developed web-interface:

- based on BioUML platform[3] - it provides browsing and 
displaying information, advanced search possibilities and an 
integrated genome browser;

- based on BeanExplorer technology[4] - it provides 
integrated reports by given cell type, TF or gene.
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Abstract — Bats are natural reservoirs of many emerging 
viruses and their virome can differ according to the regions. In 
this study we have found a genome fragment of Coronaviridae 
which was 99% percent identical to Alphacoronavirus 
N.las/C/Spain/2007 in bat fecal sample from Volgograd region
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Motivation and aim
Bats are natural reservoirs of many emerging viruses and 

their virome can differ according to the regions. The aim of 
this study was to analyse virome of bat fecal samples which 
were collected in Volgograd region (Russian Federation).

Materials and methods
Fecal samples from bat species (Nyctalus noctula, 

Vespertilio murinus, Nyctalus lesleri, Myotis daubentonii, 
Eptesicus serotinus, Pipistrellus kuhlii) were collected in 2016 
in Volgograd regions (Yaminsky farm, Zimnyatskiy farm) and 
transported to laboratory of Moscow State University (MSU) 
in RNAlater solution. Notably, that transportation took some 
days and no special conditions were applied. Then, extraction 
using RNeasy Lipid Tissue Mini Kit (Qiaqen, Germany), 
reverse transcription using REVERTA-L (AmpliSens, 
Russia), PCR amplification on primers described in previous 
study [1] and library preparation was performed using 
Illumina TruSeq (in house) protocol. Libraries were 
sequenced using Illumina MiSeq platform. High throughput 
sequencing data were assessed with FastQC, filtered by 

trimming using trimmomatic 0.38, assembled by SPAdes 
3.13, taxonomy of resulting contigs was identified by the 
BLASTn.

Results and discussion
For 26 samples we performed library preparation and 

sequencing on Illumina Miseq Platform. In one sample we 
have found a genome fragment of Coronaviridae which was 
99% percent identical to Alphacoronavirus 
N.las/C/Spain/2007 accession number -HQ184051.1.
Interestingly, this virus was found in a greater noctule bat 
(Nyctalus lasiopterus) in Spain in 2007 [2]. According to 
taxonomy Alphacoronavirus N.las/C/Spain/2007 does not 
relates to the aetiological agents of severe acute respiratory 
syndrome (SARS), which was identified as a 2b β-CoV, 
Middle East respiratory syndrome-CoV (MERS-CoV) is as 2c 
β-CoV or coronavirus disease 2019 (COVID-19) SARS-CoV-
2. This finding can present interest for the further study of 
virus migration in bats in different regions of Russia 
Federation.
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Abstract — EPhIMM — a computational workflow for fast 
and accurate phylogenetic inference for prokaryotic genomes 
was developed and tested on bacterial and archaeal genomic 
datasets. Source code is freely available at 
https://github.com/laxeye/EPhIMM.
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Motivation and aim

Motivation
Multiple sequence alignment (MSA) and phylogenetic 

inference are one of the most time- and resource-consuming 
operations in bioinformatical analysis. The growing number 
of complete and draft prokaryotic genomes enforces search of 
an effective computational workflow for phylogenetic 
analysis.

Aim
The aim of the study was to select and test a combination 

of bioinformatic tools for sequence search, alignment and 
phylogenetic inference, each of them could be used on a 
common PC or laptop and create a workflow for user-friendly 
phylogenetic analysis.

Methods
41 protein coding prokaryotic single copy marker genes 

that have HMM profiles were used from CheckM software 
[1]. CDS were predicted using prodigal [2] with default 
settings whether genomic sequences were used. CDS for 
marker genes were found using hmmsearch [3] with default 
setting except e-value = 1e-10 against corresponding HMM
profiles from pfam [4]. Sequences were extracted using esl-
sfetch tool from easel software package 
(https://github.com/EddyRivasLab/easel). When several 
protein coding sequences from one genome matched same 
HMM profile a sequence with lowest mean distance to all 
other sequences was selected using BioKotlin 
(https://github.com/laxeye/BioKotlin).

Three MSA tools were tested with default settings: Clustal 
Omega [5], Muscle [6] and MAFFT [7]. Columns, containing 
more than 50% of gaps were removed from the resulting 
alignments using BioKotlin. 

Three tools for phylogenetic tree inference were tested: 
RAxML [8], PhyML [9] and FastTree claimed to be several 
magnitudes faster than RAxML and PhyML [10]. LG 
substitution matrix was used for all tools. CAT approximation
with 25 and 20 rate categories for RaxML and FastTree 
respectively was used. Phylogenetic trees were visualized and 
topologies of the trees were compared using ete3 [11]. 

Bash script was written to manage transition of user data 
from one tool to another.

Three sets of high quality complete genomes (one genome 
per species) of type strains were analyzed: Bacillaceae,
Euryarchaeota and Gammaproteobacteria. Genomes of 
Staphylococcus aureus subsp. aureus DSM 20231, Sulfolobus 
acidocaldarius DSM 639 and Campylobacter fetus subsp. 
fetus NCTC 10842 were used as outgroups respectively. 
Totally 39, 117 and 332 genomes were in the first, second and 
third set respectively. Predicted protein coding sequences 
were downloaded from NCBI RefSeq Release 95.

Results
A PC with 8 GB DDR3 and Intel Core i7-4790 3.60GHz 

with Ubuntu 18.04 operating system was used to test the 
worflow. RAM usage appeared to be the main restriction: 
PhyMl required more than 8 GB on Gammaproteobacteria
dataset, while Clustal Omega was unable to perform MSA on 
all datasets, for data on time consumption see Table 1. 

Phylogenetic analysis of 117 genomes on reference PC 
took roughly 10 minutes resulting in phylogenetic tree with 
mean support value of nodes boo.

Result of the work is EPhiMM – a workflow including 
tools for protein prediction (prodigal), marker gene search and 
extraction (hmmer and easel), multiple sequence alignment 
(MAFFT) and phylogenetic tree inference (FastTree) coupled 
with helper tool (BioKotlin). EPhIMM may use nucleotide 
genomic sequences or sets of predicted proteins. The 
workflow depends on mentioned tools and Java virtual 
machine 8 which could be easily installed using Bioconda. 
Source code and documentation are freely available at 
https://github.com/laxeye/EPhIMM under MIT license.

Table 1. Phylogenetic inference based on aminoacid 
sequences 

Genomic set Bacillaceae Euryarchaeota Gammapro-
teobacteria

Genome 
count 

39 117 332

Extraction of 
marker 

genes, m:s 

0:31.2 1:27.9 4:56.5

Sequence 
alignment 
(MAFFT 

FFT-NS-2), 
m:s 

0:53.8 5:55.1 15:47.2

Sequence 
alignment 

(MUSCLE), 
m:s 

4:51.4 20:05.9 70:49.3 
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Alignment 
length, aa 

30452 39007 63616

Proportion 
of gaps in 

alignment, %

49.32 66.56 73.36

Phylogenetic 
tree 

inference 
(FastTree), 

m:s 

0:53.1 2:58.6 10:07.6

Phylogenetic 
tree 

inference 
(RAxML), 

h:m:s 

0:26:12 3:8:16 19:21:38

Phylogenetic 
tree 

inference 
(PhyML), 

m:s 

14:51.68 123:28.4 N/A
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Abstract — RNA-Seq is a widespread technique routinely 
used to reveal differentially expressed (DE) genes, splicing 
events and affected signaling pathways. Usually, RNA-Seq data 
analysis needs skills in programming and bioinformatics. We 
aimed at developing easy-to-use pipeline covering multiple 
aspects of DE analysis. Here we present RTrans pipeline aimed 
at evaluating differential gene expression, pathway enrichment, 
WGCNA co-expression analysis and visualization. It provides 
rapid analysis of read counts data including MANOVA, paired 
tests, non-parametric tests. RTrans represents a versatile 
pipeline facilitating DE analysis based on RNA-Seq and other 
quantitative data.

Keywords — RNA-Seq, pipeline, differential expression 
analysis

Introduction
RNA-Seq is a widespread technique routinely used to 

reveal differentially expressed (DE) genes, splicing events and 
affected signaling pathways. Usually, RNA-Seq data analysis 
needs skills in programming and bioinformatics. Last years, 
several pipelines facilitating transcriptome analysis have been 
developed (DEBrowser, UTAP, iDEP, Chipster, 
RNACocktail, DEapp) but there is still a need for tools that 
would be convenient in daily practice [1-6].

Hence, we aimed to develop RNA-Seq data processing 
pipeline that would satisfy several requirements: 

- include various statistical test, both parametric and
non-parametric, and multifactor ANOVA;

- be convenient to use in everyday practice, require
minimal user attention, not require filling up
numerous forms at each step of the analysis;

- quickly make several intergroup comparisons or
ANOVA analyses in one run;

- include pathway enrichment analyses across several
databases, and WGCNA;

- create interactive and flexible reports, including
heatmaps, MDS plots, enrichment maps, etc.

Methods
We present RTrans, a pipeline for analyzing gene

expression data (read counts) that aims to automate the 
analysis, minimize the needs for user attention, and parallelize 
the analyses. Before RTrans launch, users only need to fill out 
Excel workbook describing experimental design and provide 

read counts data. RTrans is written in R and Python. It is based 
on several Bioconductor packages: edgeR and DESeq 
(differential expression); clusterProfiler, topGO, 
ReactomePA (enrichment analyses); pathview, ggplot2, 
pheatmap, etc. (visualization). It includes several tests for 
differential expression analysis: quasi-likelihood F-test, 
likelihood ratio test, exact Fisher’s test for GLM (edgeR); 
non-parametric Mann-Whitney, Wilcoxon, Kruskal-Wallis 
test; Student’s test; Spearman and Pearson correlations; 
comparison of distribution densities. RTrans also considers 
samples pairing (e.g tumor-normal). Additionally, RTrans 
analyzes dependencies between gene expression and 
transcript lengths; it stratifies genes into several bins 
depending on transcript lengths and then normalize read count 
within each bin. This procedure partially eliminates the effect 
of 3’-bias coming from RIN imbalance. RTrans performs 
enrichment tests on GO, KEGG, Reactome, WikiPathways, 
Disease Ontology, DisGeNET, Network of Cancer Genes 
databases. It creates GO/KEGG-centric DE expression plots, 
heatmaps, MDS plots, Venn diagrams, enrichment maps, and 
other reports. Most of the reports generated by RTrans are 
formatted Excel workbooks.

Results
The developed pipeline aims to automate the analysis, 

minimize the needs for user attention, and parallelize the 
analyses. Before RTrans launch, users only need to fill out 
Excel workbook describing experimental design and provide 
read counts data. RTrans produces Excel-formatted 
differential gene expression reports with embedded 
sparklines/heatmaps illustrating gene expression distribution, 
pathway enrichment reports (Gene Ontology, KEGG, 
Reactome, WikiPathways, Disease Ontology, DisGeNET, 
Network of Cancer Genes databases), heatmaps, MDS plots, 
Venn diagrams, enrichment maps, GO/KEGG-centric DE 
expression plots, and other reports. RTrans represents a 
versatile pipeline facilitating DE analysis based on RNA-Seq 
and other quantitative data. The pipeline is available at 
https://github.com/gskrasnov/RTrans
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Abstract — GEO database contains a lot of different 
experiments about transcription regulation. Most part of such 
experiments (ChIP-seq, DNase-seq and Histone-ChIP-seq) for 9 
species (Homo sapiens, Mus musculus, Rattus norvegicus, Danio 
rerio, Caenorhabditis elegans, Drosophila melanogaster, 
Saccharomyces cerevisiae, Schizosaccharomyces pombe and 
Arabidopsis thaliana) were annotated and uniformly processed 
in GTRD database. Here we are describing the latest advances 
in these data annotations for GTRD database to formalise 
experimental data: hierarchical dictionaries of cell types and 
experimental factors. This approach helps us to integrate 
experimental data by cell lines (cell types and tissues) and 
experimental conditions as well as simplifies searching for 
relevant information for a user.

Keywords — GTRD, database structure, experiments 
annotation, experiments comparison

Introduction 
GTRD database contains a large number of ChIP-seq, 

DNase-seq and Histone-ChIP-seq experiments which were 
manually annotated [1]. 

Chip-seq experiment shows binding regions for 
transcription factors. DNase-seq experiment gives an 
opportunity to identify regions of open chromatin. Histone 
ChIP-seq shows a presence of different types of histones 
modifications, such as methylation, acetylation and e.t.c. It 
should be noted that results of such experiments are specific 
for cell type and experimental conditions (different 
treatments, conditions of experiment, characteristics of 
donors such as sex or age and many other).

An important task is integration of such data for a given 
cell type and experimental condition to get an integrated view 
on main events related with transcription regulation. This is 
one of the main goals of GTRD database.

To solve this task we are building a hierarchical 
dictionary which contains all cell lines, tissues and cell types 

which were described in GTRD as well as a hierarchical 
dictionary of different experimental conditions. Using this 
approach we also can compare experiments on the same cell 
lines, cell types or tissues in different databases. This is 
further development of our previous work [2].

Mаterials and Methods

Dictionary of cell types and tissues:
All cell lines, tissues and cell types which were used in 

experiments, described in GTRD, contain 2 fields that were 
used for building the dictionary [2]: 

Source - tissues or cell types from which cells were 
isolated in experiments or system, which includes this cell, if 
isolation region was not indicated; 

Сell type - cells on which experiment was made. 
First step in process of creation a hierarchical dictionary 

was to separate sources to main clusters - a global groups 
which unify different sources, souch organs, embryonic parts, 
cell lines and some other in union groups: 

Cell line - this group includes cell lines, which 
(permanently established cultures) like MCF-7 cell line, or 
cell types, which were derived from cell lines, for example 
WA09 derived fibroblasts. 

Embryo - are all cell types, which were described as whole 
embryos and this group includes a lower cluster embryonic 
cells in which presented all cell types and tissues which were 
derived from embryos, like mesendoderm, embryonic organs 
e.t.c.

Stem cell - stem cell of different stages (totipotent,
pluripotent, multipotent, e.t.c.), and all cell types which were 
derived from stem cells, for example embryonic stem cells 
derived epithelial cells.

Multicellular organism - this cluster includes all tissues 
and cell types in which were used whole multicellular 
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organism and all smaller clusters which describe different 
tissues of the organism, for example brain, spleen, bone-
marrow and many others. 

Whole organism - whole unicellular organisms, which are 
included in GTRD database, in different strains and 
developmental stages. 

Other - this cluster includes all cell types which now are 
not classified to any cluster.

Dictionary of experiments description:
Dictionary of experimental factors (ExpFactors) includes all 
factors which can influence an experiment. This dictionary is 
creating simultaneously with the process of manual 
annotation and all these factors are adding by annotator. 
Similar with cell types we also can group experimental 
factors into clusters like treatment, conditions, age e.t.c., main 
of them were described in our previous work [2]. They are 
the starting point of corresponding classification trees. Then 
we can manually specify child-parent relationships, for 
example, "doxycycline" will be parent for "doxycycline for 
45 mins".

Database structure:

Fig. 1. Fragment of GTRD database structure for hierarchical 
classification of cell types and experiment conditions

We extended GTRD database scheme for hierarchical 
classification of data presented in tables Cells (cell types) and 
ExpFactors (experimental factors):

Categories - describes classification tree where the 
clusters described above are the roots (parentID is null). 

Classification - links flat dictionary of cell types and 
experimental factors with categories tree.

Links - links Categories, Cells and ExpFactors with 
specialized ontologies: and linked it with specialized 
ontologies: BRENDA [3], Cell ontology [4], Uberon [5], 
Celosaurus [6], Experimental factor ontology [7].

Tables described above were filled semi-automatically. 
Part of information was extracted from mentioned above 
specialised ontologies which were downloaded in OBO 
format and translated into relational database. Then this 
information was checked and supplemented by annotator 
using specialized GTRD tools.

Results
Hierarchical dictionaries for all cell types and 

experimental conditions for annotated in GTRD database 
were developed. This approach helps us to integrate 
experimental data by cell types and experimental conditions 
as well as simplifies searching for relevant information for a 
user. 
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Abstract — The classical approach to analysis of polygenic 
quantitative traits assumes use of normal approximation and 
the additivity of effects. For more than a century, adult height 
served as an exemplary trait justifying this type of analysis and 
serving as a test case. We demonstrate that the classical 
approach to analysis of height has met its limits in contemporary 
large populations. In particular, we demonstrate the existence 
of weak, but highly significant non-additive interactions of 
genetic and environmental factors. In the conventional model, 
the better fit to the data that was achieved by accounting for 
these interactions came at the expense of the mean-model’s 
increased complexity. The complexity of the model could be 
reduced if log-normal approximation was used.

Keywords — height, quantitative trait, distribution, scale 
effects

Introduction
Adult height inspired the first biometrical and quantitative 

genetic studies [1,2] and is a test case trait for understanding the 
genetic component of heritability [3–5]. In statistical textbooks 
and in human genetics height serves as an example of a trait that 
is shaped by a process whereby the independent contributions of 
many genetic and environmental factors are summed up, 
resulting in a normal distribution. At the same time, results from 
anthropological and socioeconomic studies of distinct 
populations suggest that human height may be distributed log-
normally, which could imply that genetic and environmental 
factors affecting human height multiply. The aim of this study 
was to compare two height distribution approximations: normal 
and log-normal, using a large sample size.

Methods
In the first stage we used data on average male and female 

height in various populations in the world. Then we analysed 
adult height in 369,153 white British participants from the 
UK Biobank study [6]. The participants belonged to groups 
defined by place of birth and self-reported ethnicity. We 
considered sex, genotype, and residual (combining 
socioeconomic and study covariates) effects. The genotype 
was included in analysis as a polygenic height score, defined 
as the weighted prevalence of height-increasing alleles in the 
genotype according to study of Wood et al [5]. The three 
predictors were strongly associated with height in a linear 
model with sex explaining 50.8%, polygenic score explaining 

5.8% and residual predictor explaining 4.5% of height 
variance (all p-values < 10-100).

Results
We found that the standard deviation, but not the coefficient 

of variation, of mean height in populations increases with mean 
height. Also, we revealed that the linear coefficient between 
mean female and male height significantly distinguishes from 1, 
which is consistent with the multiplicative effect of sex. On 
individual-level data, we showed an increase of the effect of sex, 
polygenic score and environmental predictor with an increase of 
mean group height, the standard deviation in these groups also 
increased. Besides this, significant statistical interactions 
between sex, polygenic score, and environmental predictor were 
revealed in the linear model for height. Similar analyses for the 
logarithm of height prediction showed no evidence for any effect 
of studied predictors increases with mean height or interactions.

Conclusion
Thus, our analysis suggests that the log-normal 

approximation may be a useful alternative to the normal 
approximation in analysis of big (hundreds of thousands of 
individuals) height data, analysis of heterogeneous 
populations, and analysis of the extremes of height.
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Abstract — Organic nitriles are significant participants of 
interactions between soil living organisms, thus their synthesis 
and degradation are of interest. Using transcriptomic approach, 
we revealed a genetic cascade, realizing nitrile degradation in 
powerful nitrile degrader – Rhodococcus rhodochrous. We also 
hypothesized a genetic “network” for nitrile/amide utilization, 
connected with cobalt homeostasis.
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Motivation and aim 
Organic nitriles, both natural (mainly plant-derived [1]) 

and artificial (pesticides), are widely presented in soil. Nitriles 
are toxic, thus their detoxifying is an important part of 
interactions within soil micro- and macrobiota. 
Nitrilemediated interactions can be complex, including pest 
protection or variants of cooperation. An examples of possible 
complexity are that plant growth hormone indoleacetic acid 
can be synthesized as a result of enzymatic hydration of indole 
acetonitrile in bacteria, or, nitriles can be synthesized by 
bacteria via aldoxime dehydratase activity 

Bacteria, which considered being main degraders of 
nitriles, are able to do it using two catabolic pathways –
starting with a nitrile hydratase/amidase system (NH/AM) or 
with nitrilase [3, 4]. Known xenobiotic degraders -
Rhodococcus bacteria – are also known hosts for both 
pathways. Remarkable features of cobalt-dependent NH/AM 
system in Rhodococcus are fast, nitrile-dependent switching 
on, very high synthesis of NH/AM enzymes (up to 50% of 
soluble intracellular proteins), and very high enzyme activity 
of NH [5]. Due to this unique combination of features, 
Rhodococcus species possessing cobalt-dependent NH/AM 
system are interesting representatives of soil nitriledegrading 
community. 

A few examples of such system are known up to date, and 
its genetic regulation is poorly studied. It was only reported 
that cobalt ions and amides (products of NH activity) can 
activate transcription of NH/AM, and roles of three regulator 
genes located near NH were revealed [6]. We aim to uncover 
a more wide genetic “network” which participates in 
regulation and functioning of NH/AM system in 
Rhodococcus, and here we report a whole-genome 
transcriptomic approach to solve this task. 

Methods 
R. rhodochrous strain M8, containing NH and AM genes 

[7], was grown on four variants of glucose containing minimal 
medium, with following additions: (1) NH4Cl, (2) NH4Cl + 
CoCl2, (3) urea, (4) urea + CoCl2. The first was “blank” variant 
without activators of NH/AM, and in other cobalt/urea were 
probable independent (in 2 and 3) or cooperative (in 4) 
activators. Cells were collected at both mid-exponential and 
stationary phases of growth. Thus, 8 variants of cells were 
obtained, each as a sum of 10 independent reproducible 
growth experiments. 

Total RNAs were extracted, quality controlled, separated 
on two aliquots, and resulting 16 samples were further 
processed independently. After clean-up from ribosomal 
RNA, cDNA libraries were prepared, and further sequenced 
on Illumina HiSeq 2500 platform (at Genotek, Moscow, 
Russia). Reads were mapped on R. rhodochrous M8 genome, 
and relative transcription levels (RTL) of genes were 
calculated with DESeq2 software. RTLs were expressed in 
RPKM units, and reflects, in principle, the following ratio: 
(number of reads mapped on ORF) / (number of all reads in 
the sample * length of ORF). Differences in RTLs between 
growth conditions were calculated as fold change 
(RTL1/RTL2). 

Results general observations 
In all growth conditions, minimal RTLs within the genome 

were approx. 10, and maximal – 16 000 - 100 000 units (max. 
10 000-fold difference). RTLs of approx. 70% of genes were 
below 100, and of approx. 5% - higher than 1000 units. 
Between growth conditions, fold change of RTLs of 90-99% 
genes were lower than 10, and maximal fold change was 250. 

Growth conditions 1 (NH4
+) resulted in lowest RTLs of 

majority of genes, and in 2-4 conditions (with NH/AM 
activators) RTLs of many genes increased up to 250-fold. 
RTLs of very few genes decreased in 2-4, no more than 10-
fold (except cluster of 5 ribosomal proteins genes, which 
decreased 40-fold). Significant differences in RTLs between 
2-4 and 1 variant were observed only at exponential growth 
phase (log-phase). Data from log-phase was described below, 
if other not indicated. Variant 1 of growth conditions was 
chosen as blank not only for NH/AM RTLs comparison, but 
for comparison of RTLs throughout the genome. 
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Response of NH and AM to activators 
Of two NHs presented in M8 genome, Co-type and Fe-

type, only first transcribed at significant levels (500 – 100 000) 
and varied between growth conditions. RTLs of the last were 
below 80 and practically constant. Cobalt itself did not 
activate Co-NH, and urea itself activated it by 40fold. Co + 
urea conditions were the best for NH activation in log-phase 
(125-fold). In these conditions at stationary phase, RTL of Co-
NH remained high (1,3-fold change comparing to log-phase). 
Also, RTLs of NH were greatly higher than RTLs of all other 
genes (approx. 90 000, 10-fold higher than highest other genes 
(11 000 for cold-shock protein)). 

Of 15 available AMs, two AMs (formamidase fmd5 and 
aliphatic amidase amiE) activated too in these conditions (11 
and 25-fold). RTLs of fmd5 and amiE further increased at 
stationary phase, comparing to log-phase (5- and 1.5-fold 
change). We suggest that these AMs are involved in 
biochemical cascade with Co-NH. In it, an amide starts to 
appear at log-phase as a result of NH activity, and then AMs 
continued to degrade it to acid. 

RTLs of these AMs were relatively high (11 000 and 
3700), thus felling into 0.4% portion of highly transcribing 
genes. A portion of NH/AM transcripts in total mRNA was as 
high as 23%, indicating a high significance of this pathway to 
bacterium. Interestingly, both AMs were much more induced 
by urea, than by urea + cobalt (100300-fold versus 11-25-fold, 
correspondingly). This indicates that the AMs can be involved 
in other yet unknown biochemical cascade (s). Taking in 
account this observation, and also a presence of Fe-NH and 
several other AMs, which are silent in given conditions, we 
can suggest a multiple, intersecting and branched nitrile 
detoxifying pathway in Rhodococcus bacteria. 

Response of other genes to activators 
Cobalt itself activates to some extent many genes 

throughout the genome (5-15-fold change). A few of it seemed 
to be related to cobalt (uptake, efflux, chelation, and 
biosynthesis of cobalamin), but majority are not, including 
clusters of probable prophages. When urea is present too, the 
majority of these not related to cobalt genes are again switched 
off. We suggest that cobalt causes massive stress response, 
which is significantly decreased when NH is synthesized and 
cobalt is incorporated into its active center. 

Urea itself activates much smaller number of genes, 
among which are mainly probable genes of urea/ammonia 
transport and utilization, and, surprisingly, a cobalt-related 
genes - cobalamin biosynthesis cluster of 4 genes, including 
cobalt transporters (100-fold change), and separate cobalamin 
biosynthesis genes cbiX, cobW, cbiM (10-fold change). This 
observation can indicate possible existence of unknown 
regulation of cobalamin biosynthesis, and, also possible 
interconnection between pathways of cobalt and urea in the 
cell. 
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Abstract — The cooperative binding to genomic DNA of at 
least two transcription factors is the widespread mechanism of 
transcription regulation. Cooperating TFs are recognized 
through the analysis of co-occurrence of their binding sites. 
Recently we proposed Motifs Co-Occurrence Tool (MCOT) 
package that allowed predicting for a single ChIP-seq dataset 
composite elements (CEs), i.e. overrepresented pairs of spaced 
or overlapped motifs. Now we updated MCOT package and 
specified prediction of CEs with one of participating motifs 
possessing higher conservation than another one. Additionally, 
for each predicted CE we tested the hypothesis on the 
significance of asymmetry toward one or other motif. Hence, 
MCOT package now provides deeper insight in mechanism of 
cooperative action of TFs in gene regulation.

Keywords — chromatin immunoprecipitation, transcription 
factor binding site recognition, conservation of motifs, motifs co-
occurrence

Motivation and aim

Motivation
Tissue-, cell- and stage-specific regulation of gene 

expression is produced through multiple interactions of 
transcription factors (TFs) with respective regulatory elements 
called binding sites (BSs) or motifs. Typically, each TF 
functions in tight cooperation with other TFs [1]. One of the 
major mechanisms of TF-TF pair binding to DNA consists in 
preliminary DNA binding of one TF and subsequent binding 
to TF-DNA complex of other TF. Thus, we may expect that 
behaviour of two TF is asymmetric. Chromatin 
immunoprecipitation followed by sequencing (ChIP-seq) 
analysis becomes the gold standard for protein/DNA-binding 
annotation at the whole genome level. In particular, ChIP-seq 
approach has been widely applied for annotation of TFs 
binding sites (motifs). The standard analysis pipeline at the 
final stage proposed application of de novo motif search tool, 
e.g. [2]. We recently proposed the Motifs Co-Occurrence Tool 
(MCOT) package that allowed predicting spaced as well as 
overlapped pairs of co-occurred motifs (composite elements, 
CEs) for a single ChIP-seq dataset [3]. A specific feature of 
MCOT is the analysis of the range of conservation for each 
motif in a CE. 

Aim
In the current study, we demonstrated an example of the 

updated MCOT package application. The analysis of motifs 
conservation within pairs of co-occurred motifs allowed 
recognizing a specific type of CEs with asymmetric 
conservation toward either an Anchor or Partner motif. 

Methods
We applied MCOT package as described earlier [3]. This tool 
annotates pairs of overrepresented motifs, i.e. composite 
elements (CE). Input data of MCOT comprise the peak 

dataset in FASTA format, the nucleotide frequency matrix for 
Anchor motif (that respected to potential BSs of 
immunoprecipitated TF), and either a Partner motif or the list 
of potential Partner motifs extracted from Hocomoco human 
or mouse collections [4].
MCOT classifies CEs according to mutual orientation of 
motifs, e.g. for heterotypic CEs there are four distinct 
orientations (Fig. 1A). There are three distinct cases of mutual 
locations: Full/Partial overlaps and Spacer, consequently 
MCOT uses five computation flows (Full, Partial, Overlap, 
Spacer and Any, Fig. 1B). MCOT applies the recognition 
model of Position Weight Matrix (PWM) for mapping. For 
each hit of PWM the false positive rates (FPR) for a whole-
genome dataset of promoters, so that 
–Log10[FPR] value reflects the conservation of motif. For each 
computation flow, MCOT calculates p-values of Fisher’s 
exact tests that estimates the CE significances and the 
significance of asymmetry (Fig. 1, C-G).
We modified the original MCOT algorithm [3] to estimate the 
asymmetry within predicted CEs as follow. We classified all 
them into two classes with more conservative Anchor or 
Partner motifs (see Fig. 1, C).
{ ̶ Log10[FPRANCHOR] > ̶ Log10[FPRPARTNER]}(1a)
{ ̶ Log10[FPRANCHOR] ≤ ̶ Log10[FPRPARTNER]} (1b)
We classified the conservation of each motif within the 
ranges of 12 conservation levels, [<3.5], [3.5..3.7], [3.7..3.9] 
etc. up to [5.3..5.5] and [>5.5]. We computed the counts of 
CEs from the foreground and background datasets Obsi,j and 
Expi,j that had distinct combinations of conservation levels. 
Here indices i and j denote Anchor and Partner motifs, 
resectively.Finally, the per mille measure transforms the 
absolute CE counts to relative ones as follow: 
{1000*Obsi,j/Obs)} and {1000*Expi,j/Exp}.

Results
We illustrate calculation of CE asymmetry with the ChIP-seq 
data for FoxA2 in mouse liver [5]. In this study, besides the 
enrichment of the Anchor FoxA2 motif authors revealed its 
co-occurrence with Partner HNF1 motif. MCOT analysis 
confirmed this co-occurrence, but also found the significant 
asymmetry in predicted CEs toward Partner HNF1β motif (p 
< 2E-28 and p < 4E-17 for CEs with an overlap of motifs and 
with a spacer). Fig. 1H shows the difference between relative 
frequencies of observed and expected CEs with overlap of 
FoxA2 and HNF1β motifs (see Methods).
The recent version of MCOT package is available at 
https://gitlab.sysbio.cytogen.ru/academiq/mcot-kernel.
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Fig. 1. MCOT package basic concept (A-G) and example analysis of asymmetry within predicted CEs FoxA2/HNF1β. (H). A, B and C. MCOT 
classifies all CEs according to mutual orientation, location and conservation of two motifs; the next analysis (D and E) is subdivided on five computation 
flows (Full, Partial, Overlap, Spacer and Any), that were defined according mutual location of motifs (B). For each potential CE we compute (1) it 
significance with no respect to conservation of motifs or (2,3) two significances for co-occurred pairs with one of motifs (Anchor or Partner) with more 
conserved hits than for other one (D); The asymmetry between Anchor and Partner motifs can be significant toward one of these motifs. MCOT 
constructs 2x2 contingency tables for calculation of significance of CEs (F) and CE asymmetry (G). To compute CE significance (F), we take peaks 
with hits of both motifs and compare fractions of peaks/permuted sequences that contained CEs. To compute the CE asymmetry (G) we compile two 
lists of all CEs for peaks and permuted sequences, and compare the fractions of CEs with more conserved Anchor and Partner motifs. H. The color 
shows the difference between observed (peaks) and expected (permuted sequences) relative abundances of CEs with an overlap of Anchor FoxA2 (axis 
Y) and Partner HNF1β (axis X) motifs for ChIP-seq data from liver [5], in per mille. FoxA2 and HNF1β motifs we derived from Homer de novo motif 
search [2] and Hocomoco mouse core collection [4]
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Abstract — Genome Russia (GR) study is a national 
collaboration to expand our understanding of demographic 
history of peoples of Russia, to get deep insight into population 
genetics and to create a detailed genetic map of a country. Here 
we report analyses of matrilineal and patrilineal inheritance 
derived from whole genome sequencing data collected in the 
framework of the project. We examined sequences of 171 Y-
chromosomes and 322 mtDNA ascertained from 14 ethnicities. 
We determined haplogroups for both Y-chromosomes and 
mtDNA sequences and estimated their distribution across the 
country. We performed phylogenetic and population genetic 
analyses for mtDNA and Y-chromosomes separately and then 
compared the results to reveal genetic history of indigenous 
groups living in Russia.

Keywords — Genome Russia Project, Y-chromosome, mtDNA, 
haplogroups

Introduction
To decipher the population and demographic history of
indigenous Russian ethnicities, migratory routes, and
settlings of humankind in Russia, we analyzed mitochondrial
genomes and Y-chromosome sequences from WGS datasets
generated in the course of GR study. Phylogenetic and
population genetic analyses were performed to reveal the
maternal and paternal genetic history of the indigenous ethnic
groups in Russia. By comparing both mitochondrial and Y-
chromosomal DNA results, we inferred differences in the
genetic history of both maternal and paternal population
divergence and migration histories.

Materials and methods
We performed population genetic analyses for unrelated
individuals (243 mtDNAs and 171 Y-chromosomes) from 14
populations (Central Russians, Southern Russians, Western
Russians, Northern Russians, Adygeys, Seto, Komi,
Udmurts, Khanty, Tatars, Bashkirs, Yakuts, Kalmyks, and
Udege).
To assemble and genotype mitochondrial genomes we
applied the MToolBox v.1.1 pipeline. In subsequent analyses
we only used biallelic sites. To obtain mtDNA haplogroup
information from each individual, the mtDNA haplogroup
assignment of 322 individuals was searched by Haplogrep2
[2] using variant information generated with MToolBox as an
input and PhyloTree.org - mtDNA tree Build 17 [3,4] as a
reference. To identify Y-chromosomal haplogroups in males
we performed SNP calling, and then tested and used different
publicly available software tools e.g., AMY-tree [5], YFitter
[6], Yleaf [7], and assembled them into our own pipeline. We
then used available results from previous studies and 1K
Genome project to construct phylogenetic trees for newly
identified haplogroups in studied ethnicities.

To elucidate the population genetic status of each population,
molecular diversity indices (Haplotype diversity, mean
number of pairwise differences, number of segregating sites),
Neutrality test (Tajima’s D), and population pairwise FST for
the whole mtDNA sequences and for male-specific regions in
Y-chromosome were calculated with Arlequin v.3.5.2.2 [8].
Multi-dimensional Scaling (MDS) based on population
pairwise FST genetic distances was conducted using
‘cmdscale’ function as implemented in R.

Results
We identified mtDNA haplogroups (Macro-haplogroup, 
Major haplogroup, and Haplogroup) distribution of the 243 
individuals. Our analyses demonstrate that haplogroup 
composition of three populations, Yakuts, Kalmyks, and 
Udege was distinct from those of the remaining populations. 
Thus, macro-haplogroup M, which was mainly found in Asia 
and Siberia, is dominant in Yakuts, Kalmyks and Udege, 
while macro-haplogroup R, which was mainly found in 
Europe, is dominant in the remaining populations examined 
in the study, including ethnic Russians. Interestingly, Udege 
can be identified by a unique major haplogroup combination 
(M7, M8, and N9), which is only found in this ethnicity 
among the 14 populations analysed.

Ethnic Russians, belonging to the East Slavs ethnic group
are clustered together with Komi and Seto, the Finno-Ugric 
peoples, as revealed with the MDS plot. Surprisingly, 
according to our results, Tatars, being a Turkic nation, are 
closely related to their geographic neighbors, Khanty and 
Udmurts (the Finno-Ugric peoples), rather than to the 
members of the same Turkic language family Yakuts and 
Bashkirs. Adyghe, Kalmyk, and Udege peoples attributed to 
Circassians, Mongolic, and Tungusic language families, 
respectively, show similarity between genetic and linguistic 
distinctness. Overall, mtDNA from non-ethnic Russians is 
heterogeneous compared to the homogenous ethnic Russians.
The Y-chromosome analyses shows that while subclades of 
R1a1 and R1b1 haplogroups are common for all ethnic 
Russian populations, the central and northern Russians also 
have a significant proportion of N1a haplogroup. Other Y-
chromosomal haplogroups in Russians are less-frequent. 
Komi and Khants both have a typical Finno-Ugric N1a 
haplogroup. Adyghe people have different subclade of G2a 
haplogroup commonly encountered in the Caucasus. 
Haplogroup frequency patterns revealed in Bashkirs show 
equal distribution of J1, J2a, E1b and C. We also noticed that 
Y-chromosomal haplogroups diversity is higher in 
populations of ethnic Russians and Bashkirs as compare to 
Adyghe and Komi people.
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In this study we examined recent genetic history of mtDNA 
and Y-chromosome haplotypes in the gene pool of 14 
ethnicities from present day Russia and documented 
divergence across various populations.
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Abstract — Phosphoryl guanidine oligonucleotides (PGO) 
become essential tools for basic research in molecular biology, 
molecular diagnostics and perspective for the therapeutics. To 
determine molecular basis of the observed effects of PG 
modification on elongation efficiency we performed molecular 
dynamics simulation of Taq polymerase / PGO complexes. The 
data obtained shows most important points for the analysis of 
protein / PGO interaction and gives useful information for 
development of improved PCR analysis.

Keywords — Phosphoryl guanidine oligonucleotides, Taq 
polymerase, molecular dynamics

Motivation and aim

Motivation
Phosphoryl guanidine oligonucleotides (PGO) become 

essential tools for basic research in molecular biology, 
molecular diagnostics and perspective for the therapeutics [1-
4]. A number of problems in PCR diagnostics could be solved 
by the using of PGOs. The influence of phosphoryl guanidine 
(PG) group(s) on elongation of primers by Taq DNA 
polymerase were studied experimentally. To determine 
molecular basis of the observed effects we analyzes of Taq 
polymerase / DNA complexes using computational 
approaches.

Aim 
To determine molecular basis of the observed effects of 

PG modification on elongation efficiency we performed 
molecular dynamics simulation of Taq polymerase / PGO 
complexes.

Methods
The complex was build based on the structures PDBIDs: 

1TAQ and 5E41. Lacking fragments of protein were added in 
disordered form.

Classical full atomic molecular dynamics simulations in 
implicit solvent water model were performed using Amber 

software, ff99bsc1 force field for DNA and ff14SB - for 
protein. The data obtained was analyzed using ccptraj and 
UCSF Chimera software.

Results
A number of complexes Taq polymerase and native and 

PG-containing oligonucleotides were analyzed. All 
complexes were stable along MD trajectory (50 – 100 ns). 
Most important PG positions of different diastereomers which 
are critical for PGO elongation were determined. The data 
obtained in good agreement with the experimental results. The 
results of the study shows most important points for the 
analysis of protein / PGO interaction and gives useful 
information for development of improved PCR analysis.
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Abstract — Bacillus thuringiensis is a Gram-positive spore-
forming bacterium known for its insecticidal activities. 
Although its features of high virulence and exceptional host 
specificity are wiely known and have conditioned its use as a 
source of novel biopesticides, molecular mechanisms underlying 
these traits remain elusive and are usually attributed to its 
repertoire of proteinaceous toxins. In this work we used 
combined proteogenomic approach to dissect <>. We used three 
different strains of B. thuringiensis belonging to the var. 
thuringiensis, darmstadtiensis and israeliensis and one derivate 
of B. thuringiensis var israeliensis, which lost the ability to 
produce Cry-toxins. By using hybrid Oxford Nanopore and 
Illumina sequencing we achieved replicon-level genome 
assemblies of the studied strains which, upon annotation, 
facilitated comparison of virulence factor repertoires and 
putative reasons of virulence loss in derivate strain, Further 
application of quantitative HPLC-Orbitrap-MS and proteome 
level-comparison between vegetative and sporulating cultures 
allowed us to identify the proteins, which were differentially 
produced in the strains at each stage. While proteins 
differentially produced at vegetative stage related mostly to cell 
metabolism with few virulence factors captured, those identified 
in spores included different spore coat proteins, flotillin-like 
proteins involved in in cell differentiation, exosporium proteins 
and a wide set of virulence factors including proteinaceous Cry 
toxins. Taking together the data obtained in this study indicate 
the impact of the accessory genes produced at various stages of 
colony development on pathogenicity-associated phenotypic 
traits in strains with different host ranges. To our knowledge, 
this is the first proteogenomic study of B. thuringiensis aimed to 
compare both genomic and proteomic profiles between 
serovars.

Keywords — bacillus thuringiensis, biopesticides, toxins, 
genomics, proteomics, pathogenicity, virulence, specificity, 
nanopore, illumina, orbitrap

Introduction 
Bacillus thuringiensis, commonly referred to as Bt, is a 

spore-forming bacterium of Firmicutes phylum mostly known 
as a pathogen of various invertebrates, especially insects [1]. 
A peculiar feature of this bacterium is that, despite a vast range 
of potential hosts, specificity of particular strains is usually 
confined to a usually narrow set of invertebrate species. 
Traditinally such specificity is attributed to proteinaceous 
toxins produced either by vegetative cells (e.g. Vip and Sip 
toxins) or at the onset of sporulation, of which three-domain 
toxins are the most well-known [2]. This paradigm, however, 
does not take into account numerous auxiliary virulence 
factors, such as chitinases, metalloproteases and 
phospholipases, which emerge to gain growing attention of 
microbiologists [3]. The abundance of this factors and 
distribution of respective genes among existent Bt strains 
confounds the exploration of molecular mechanisms 
modulatin Bt host specificity. Although genomics and other -
omics techniques are being widely used in Bt studies, none of 
them have incorporated these approaches to compare 
virulence factor repertoires across strains or serovars. In this 
work we perform whole genome sequencing (WGS) of four 
Bt strains belonging to three different serovars followed by 
quantitative mass-spectrometry (MS) of respective vegetative 
and sporulating cultures. Our results indicate a set of proteins 
which may be related to specific virulence features known for 
the tested strains and patterns of their production, 
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Materials And Methods
Three virulent Bt strains belonging to darmstadtiensis 

(strain 109/25), israeliensis (strain 800/3) and thuringiensis 
(strain 800/15) serovars and an avirulent derivate of var. 
israeliensis strain were used in this work. Genomic DNA was 
extracted from vegetative bacterial cultures and sequenced 
with Illumina HiSeq X (Illumina, San Diego, CA, USA) and 
MinION (Oxford Nanopore Technologies, Oxford, UK). 
Genome assembly was performed using Flye with ON-based 
error correction was performed by four-wise launching of 
Minimap2 and Racon followed by Medaka and llumina-based 
assembly correction performed with Pilon. Quality control 
was performed using QUAST, and assembly graphs were 
visualized using Bondage. Obtained assemblies were 
annotated using Prokka with Bacillus-related protein 
seqeunces from NCBI IPG as a database. Genome-level 
contig alignment was performed using MUMmer. 

For proteomic assays, total protein fraction was extracted 
from both vegetative cells grown on LB medium and 
sporulating culture grown on T3 medium to induce spore 
formation, Qualitative proteome analysis was performed 
using electrospray quadruple mass-spectrometry coupled with 
fast performance liquid chromatography (FPLC-ESI-MS) of 
spots selected by two-dimensional difference gel 
electrophoresis (2D-DIGE). For quantitative analysis, a high-
performance liquid chromatography/Orbitrap electrospray 
mass-spectrometry (HPLC-Orbitrap-MS) was used. Resulting 
spectra were annotated using Progenesis QI and 
Perseussoftware. Acquired data were preprocessed, 
normalized and imputed at protein level using Msnbase R 
package. Differential expression was assessed by independent 
use of two R packages, limma and MsqRob. Proteome-wide 
functional annotation was performed using eggNOG v2.0 with 
subsequent over-representaion assessment in differentially 
expressed gene subsets using topGO and BOG R packages.

Results
Genomes of all four strains used in this work were 

assembled up to replicon level. Subsequent annotation 
revealed all of these strains possessed genes encoding 
chitinases, phospholipases C and CalY metalloproteases, 
while distribution of several other virulence factors such as 
ColB, NlpC and NprB were confined to particular strains. 
Also, the Cry gene repertoire for each strain was evaluated. It 

appeared that strain 800/15 bear genes for Cry1Ba1 and 
Cry1Ab12, strain 109/25 possess genes encoding Cry1Ea10 
toxin and strain 800/3 genome encodes Cry4Ba1, Cry4Aa2 
and Cry10Aa3 according to Bt Nomenclature []. 
Pathogenicity loss in the avirulent strain was attributed to the 
absence of the Cry-encoding plasmid present in the progenitor 
strain.

Qualitative proteomic assay revealed 21 differentially 
produced protein among four strains in question. Further 
quantitative HPLC-Orbitrap-MS showed that all four strains 
show similar patterns of differences between vegetative and 
sporulating cells which reflect processes underlying cll 
compaction and spore formation with a median of 20 proteins 
upregulated in vegetative cells and 30 proteins upregulated in 
spores. At the same time, interstrain comparisons at the 
respective stages pointed out differences potentially involved 
in pathogenicity phenotypes. Proteins differentially produced 
at the vegetative stage mostly involve cellular metabolism 
enzymes with only few virulence factors captured, including 
flagellins and virulence-related metalloproteases. Those 
present in the spores, however, are enriched with virulence 
determinants including Cry toxins as well as different proteins 
composing spore coat, exosporium and cellular membranes. 
Taken together, obtained data not only revealed changes in the 
B. thuringiensis proteomes associated with vegetative cells-
spore transition, but also shed light on the differences between 
the strains at both stages, which might help to better 
understand mechanisms of host specificity.
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Abstract — Genome-wide association studies have shown 
that approximately 90% of the nucleotide substitutions 
associated with diseases are located outside the coding regions 
of the genes, with about 40% occurring in regulatory regions. 
However, the molecular mechanisms by which such SNPs 
influence incidence of diseases are still poorly understood. In 
this work, we have developed a software pipeline that allows us 
to predict the potential effects of nucleotide substitutions on 
potential transcription factor binding sites (TFBSs). This 
pipeline integrates and analyzes information obtained from the 
UCSC Variant Annotation Integrator and PERFECTOS-APE
programs, and the dbSNP, Ensembl and HOCOMOCO 
databases. The operation of the pipeline was tested on two sets 
of SNPs. All of them were located in the BDNF gene regulatory 
regions in the vicinity of the SNP rs11030104 associated with 
elevated body weight. SNPs from the first set were in linkage 
disequilibrium with rs11030104 and the second set contained 
random SNPs. We found some differences in the functional 
characteristics of TFBSs and corresponding transcription 
factors identified on the basis of the analysis of these two sets of 
SNPs.

Keywords — polymorphism (SNP), transcription factor 
binding sites (TFBSs), software pipeline, obesity.

Introduction
Genome-wide association studies have shown that 

approximately 90% of the nucleotide substitutions associated 
with diseases are located outside the coding regions of the 
genes, with about 40% occurring in regulatory regions [1].
However, the molecular genetic mechanisms of the influence 
of the revealed polymorphisms on the development of 
pathologies have been studied insufficiently. Such genetic 
variants can be either causative, that is, change the functional 
activity of regulatory DNA sites (transcription factor binding 
sites), or they may mark specific haplotypes containing causal 
SNPs [1–3].

The aim of this work was to create a software pipeline to 
evaluate the potential effects of nucleotide substitutions on 
TFBSs. Functionality of the software pipeline was tested on 
nucleotide variants in regulatory regions of the BDNF gene 
associated with the development of monogenic forms of 
obesity [4]. The relevance of the chosen research object is due 

to the fact that today obesity is an extremely common disease 
in both developed and developing countries. In addition, 
obesity may increase the risk of many health problems [5].

Materials and methods
To write scripts of the software pipeline, the Python was 

used. Data on polymorphisms was obtained from dbSNP, 
Ensembl, UCSC table browser, and UCSC Variant 
Annotation Integrator program output. Weight matrix data and 
the types of DNA-binding domains of transcription factors 
(TFs) were obtained from HOCOMOCO [6]. Prediction of the 
effects of nucleotide substitutions on TFBSs was carried out 
using the PERFECTOS-APE program using the default 
settings (P-value cutoff = 5*10-4, Fold change cutoff = 4).

The set of SNPs № 1 (case) included 87 SNPs that were in 
linkage disequilibrium in the European population with the 
BDNF gene polymorphism rs11030104 associated with 
increased body weight [7]. The identifiers of these SNPs were 
extracted from the LDproxy database using the criterion 
r2>0.6. The set of SNPs № 2 (control) included 86 SNPs 
localized in the vicinity of rs11030104 polymorphism but not 
linked to it and having a minor allele frequency over 0.01. To 
compare the results of the analysis of case and control, the 
statistical chi-squared test and Kullback criterion were used 
[8]. The p-value threshold for a statistical significance was 
0.05.

Results
We have developed a software pipeline that includes two 

original Python scripts that integrate and analyze information 
obtained from the UCSC Variant Annotation Integrator and 
PERFECTOS-APE programs, as well as from the dbSNP, 
Ensembl, and HOCOMOCO databases (Fig. 1). At the output, 
the pipeline provides information on the effects of nucleotide 
substitutions on the similarity of a DNA regions with the 
TFBS weight matrices, on the positions of SNPs in the 
genome and relative to gene transcription start sites, on the 
TFs, as well as the p-values characterizing the similarity of 
pairs of sites with their matrices, its fold change, and some 
other data. 
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Fig. 1. The scheme of the software pipeline, which allows to analyze the effects of nucleotide substitutions on TFBSs

The software pipeline was tested on the case and the 
control sets of polymorphisms (see Materials and methods). 
As a result, 423 and 505 TFBSs were predicted, whose 
similarity with weight matrices changed by nucleotide 
substitutions (Table 1). According to the 1000 Genomes 
Project report [9], for SNPs located in conserved fragments of 
regulatory regions of the human genome the ratio between the 
number of nucleotide substitutions damaging the TFBSs and 
the number of substitutions leading to their occurrence is 4:1. 
Both SNPs sets showed a significant difference in the 
proportions between positive and negative effects of 
nucleotide substitutions on TFBSs in comparison with this 
ratio. In both cases, an approximately equal numbers of both 
positive and negative effects of nucleotide substitutions on the 
similarity of TFBSs with the corresponding weight matrices 
were predicted (Table 1).

TABLE 1 – RESULTS OF ANALYSIS OF SNPS EFFECTS ON TFBSS,
OBTAINED BY THE SOFTWARE PIPELINE

SNPs set

Num-
ber of 
SNPs 
in the 

set

Num-
ber of 
iden-
tified 

TFBSs

Number of TFBSs for 
which the similarity 

with the weight 
matrix has 

Number of 
TFs corres-
ponding to 
identified 

TFBSsincreased decreased
№ 1

(case) 87 423 215 208 246

№ 2
(control) 86 506 231 275 266

It was revealed that the predicted sites corresponded to 246 
and 266 transcription factors (Table 1). When comparing the 
distributions of these TFs sets by the classes of their DNA-
binding domains (DBDs), significant differences were 
identified using the chi-squared test, as well as using Kullback 
criterion. When comparing the proportion of TFs of a 
particular DBD class, significant differences were found 
between sets of TFs for the classes of Basic and Other all-
alpha-helical types of DBDs. When comparing the 
proportions of binding sites for specific TFs using Kullback 
criterion, significant differences were revealed between sets of 
TFs predicted for the case and the control sets of SNPs.

Similar results were obtained when comparing the sets of 
predicted TFBSs and TFs for the control SNPs set (on the one 
hand) and the sets of predicted TFBSs and TFs for SNPs from 

the case set that have a higher degree of correlation with 
rs11030104: r2>0.8 and r2>0.9 (on the other hand) (data not 
shown).

Conclusion
We have developed a software pipeline that takes a list of 

SNP identifiers as an input and allows us to predict the 
potential effects of nucleotide substitutions on potential 
transcription factor binding sites. The efficiency of the 
pipeline was tested on two sets of polymorphisms in the 
regulatory regions of the BDNF gene associated with obesity.
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Abstract — The Peterhof genetic collection (PGC) of yeast 
Saccharomyces cerevisiae is one of the rare examples of a large 
genetic collection established independently of reference S288C 
strain. We assembled genomes of two widely used PGC strains, 
1A-D1628 and 74-D694, using Oxford Nanopore MinION 
sequencing data. Subsequent analysis of structural variations 
showed a number of differences between PGC strains and 
S288C.

Keywords — Saccharomyces cerevisiae, NGS, Oxford 
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Motivation and aim
Saccharomyces cerevisiae is one of the most thoroughly 

studied eukaryotic model organism. Hundreds of yeast strains 
have been described in wild environment, industrial lineages, 
and laboratories throughout the world. Most of the common 
laboratory yeast strains, and, specifically, the reference strain 
S288C ascend to the so-called “Berkeley yeast”. The Peterhof 
genetic collection (PGC) of S. cerevisiae was founded 50 
years ago and it is one of the rare examples of a large genetic 
collection established independently. First PGC strains ascend 
to a distillery lineage, which is unrelated to the Berkeley yeast. 
For many years, studies of translation, prion biology, and 
other fields have benefited from PGC, and several laboratory 
strains are now widely used throughout the world.

Recently, next-generation sequencing (NGS) was applied 
extensively to study the diversity of yeast strains. To place the 
PGC into known interrelations of yeast lineages we previously 
attempted whole genome sequencing of several strains using 
Ion Torrent NGS technology [1]. This allowed the 
identification of genomic variations that caused several 
phenotypic traits in these strains, e.g., clumping phenotype, 
phenylalanine auxotrophy, nonsense suppression caused by 
defective SUP35 transcription [2], etc. The closest strain to the 
PGC progenitor, 15V-P4, was shown to differ greatly from 
other laboratory stocks. Despite the progress achieved, the 
obtained assemblies of the PGC genomes were incomplete 
and required substantial improvement.

Methods
We performed genome sequencing of two strains, 1A-

D1628, and 74-D694, using Oxford Nanopore MinION. 
Using the obtained reads we made a draft assembly that 
comprises all yeast chromosomes and mtDNA. We compared 
several long-read assemblers, with Canu showing best results. 
The obtained assemblies were polished by raw Nanopore 
signal and, subsequently, by short reads produced by Illumina 
HiSeq.

Results
The final assemblies were higly contiguous: 15 and 14 

chromosomes (out of 16) were fully assembled for 1A-D1628 
and 74-D694, respectively. 97.3% 97.8% complete BUSCO 
were discovered in 1A-D1628 and 74-D694, respectively, 
(compared to 98.0% for reference assembly) demonstrating 
high reliability of the obtained sequences. We next performed 
structural variants analysis and discovered several gross 
rearrangements, as well as multiple intergenic deletions, 
insertions and duplications in PGC genomes. All structural 
variations tested have been confirmed by PCR or Sanger 
sequencing. We also compared the number of CUP1 gene 
clusters and copper resistance of the strains. PGC strains were 
less resistant to copper, and contained less copies of the CUP1
gene, as shown by qPCR. Comparative analysis and 
annotation of the whole genome sequences are continuing.
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Abstract — Staphylococcus aureus is a Gram-positive 
bacterium that is a usual member of human body microbiota 
and can be frequently found in the upper respiratory tract and 
on the skin. It can become an opportunistic pathogen causing 
skin infections including abscesses, respiratory tract infections 
and food poisoning. Methicillin-resistant strains of S. aureus
represent one of the major sources of healthcare-associated 
infections in clinical settings. Although more than 10,000 S. 
aureus genomes are currently available in public databases, the 
lack of associated metadata usually does not allow conducting 
the studies on antibiotic resistance acquisition, epidemiological 
surveillance and the presence of virulent factors in this 
important pathogen. We have performed whole-genome 
sequencing (WGS) of 22 clinical S. aureus isolates on Illumina 
and Oxford Nanopore platforms. Isolate typing was performed 
using Multilocus sequence typing (MLST), antimicrobial 
resistance factors were revealed using both phenotypical and 
genomic studies, virulence factors and plasmids were annotated 
in genome sequences. These data will be useful for future 
epidemiological and antimicrobial resistance studies of 
S. aureus.

Keywords — NGS, pathogenic bacteria, whole genome 
sequencing, antibiotic resistance

Introduction
A number of factors determine the role of Staphylococcus 

aureus as both commensal and pathogenic bacteria. These 
include many determinants of virulence, as well as the ability 
to acquire multiple resistance to antimicrobial drugs. 
Infections caused by methicillin-resistant S. aureus (MRSA) 
have become a global problem. 

The aim of this work is to perform whole genome 
sequencing (WGS)-based genotyping and genomic 
epidemiology analysis of multi-drug resistant S. aureus
isolates including MRSA. In addition, several isolates 
obtained from the same patient were sequenced to investigate 
the optimal SNP threshold value for distinguishing close and 
distantly related isolates by their core genome comparison.

Materials and methods
WGS was performed on Illumina HiSeq platform for 22 

isolates of S. aureus including two environmental isolates 
collected from Moscow medical center, and two isolates were 
also sequenced on MinION platform (Oxford Nanopore). 
Genomic DNA was isolated with DNeasy Blood and Tissue 
kit (Qiagen) and used for paired-end library preparation with 
Nextera™ DNA Sample Prep Kit (Illumina®). For MinION 
platform, DNA was used to prepare the MinION library with 
the Rapid Barcoding Sequencing kit SQK-RBK004 and was 
sequenced on R9 SpotON flow cell. The susceptibility was 
determined by the boundary concentration method on 
VITEK2Compact30 analyzer (bioMerieux, France). 

Genome assemblies were made using SPAdes version 
3.13 [1] and Unicycler [2] (hybrid long- and short read 
assemblies). Genome comparisons were performed using 
roary [3], dnadiff and custom software. Custom annotation 
pipeline was used for MLST and spa-typing, antibiotic 
resistance gene prediction, virulence factor and plasmid 
search using corresponding versions of public databases.

results
The population of S. aureus studied was represented by 

two dominating lines (ST8 and ST22) and 5 minor lines 
including one isolate possessing a novel sequence type 
(ST5555) and having previously unknown MLST allele 
(pta_647). The isolates studied were divided into 11 Spa 
variants with prevailing Spa-type t008. Seventeen MRSA 
isolates had SCCmec IV type, and one - SCCmec V cassette.

Other common determinants of antibiotic resistance were 
genes of resistance to penicillin, macrolides and amikacin. 
The set of virulence factors in S. aureus isolates was quite 
extensive (up to 20 genes), and included both structural 
components of the cell and secreted products. Pairwise 
comparisons of core-genome composition and the number of 
single nucleotide polymorphisms (SNP) of isolates from the 
same and different patients, revealed discrepancies in number 
of SNPs and thresholds previously proposed for strain 
discrimination in literature. For example, the threshold of 15 
SNPs for distinguishing S. aureus isolates was proposed 
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earlier [4], while we have revealed up to 51 nucleotide 
mismatches between the core genomes of our isolates from the 
same patient.

Conclusions
Thus, applying WGS technology enabled us to reveal

unique genome features of S. aureus clinical isolates. Such 
features are important both from the standpoint of an increased 
level of virulence of MRSA and evolutionary changes. The 
data obtained will allow us to identify new target molecules 
for differentiation of MRSA isolates belonging to different 
genetic variants. Our results suggest that although the number 
of core-genome SNPs proves to be useful measure for 

distinguishing distant bacterial strains, more research is 
needed to establish appropriate thresholds for it.
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Abstract — Repetitive elements (REs) are both the problem 
for assembling whole genome nucleotide sequence reads and the 
enormous uncharted research field [1]. Besides, REs can be part 
of proteins that play important role in plant immunity [2].
Conifers are among ancient representatives of plants. They are 
keystone species in boreal ecosystems that greatly affect global 
climate. There are a great number of REs in the conifer genomes
[3], and most of them are still not characterized. Their role in 
species evolution and gene regulation is still largely unknown. 
The main goals of this research were de novo discovery and 
classification of REs in the genome of Siberian larch (Larix 
sibirica Ledeb.), and analysis of amino acid repeats in proteins 
expressed in different tissues and a role that they play in 
response to pathogens, especially, leucine-rich repeats (LRRs).

Keywords — Larix sibirica; Repetitive elements; Leucine-rich 
repeats

Introduction 
Repetitive elements (REs) or repeats are sequences that 

occur multiple times in genome. They can be divided into two 
broad distinct groups — tandem and interspersed repeats, 
respectively. Tandem repeats are relatively short nucleotide 
motifs repeated consecutively one after another in a head to 
tail orientation. Interspersed repeats are mainly results of 
transposable element or transposon activity, and they are 
usually nonadjacent and interspersed throughout the host 
genome [1].

Active transposons and other mobile elements can move 
and change their location in genome, and some of them, such 
as class I transposable elements or retrotransposons can create 
a new copy of itself before insertion [1], [4]. The activity of 
transposable elements is usually suppressed by a host defense 
mechanism, but they can be activated by stress factors. The 
coding genome regions are better protected from insertion of 

new repeat copies. Most of the new copies can be inserted into 
already existing genome repeats. Moreover, repeats 
themselves are very prone to mutation accumulation. These 
two factors lead to the formation of the so-called ‘genomic 
dark matter’. It is difficult to identify these genome regions, 
but they contribute significantly to the content of plant 
genomes [5]–[7].

Some repeats are used by organisms for their particular 
needs. For example, many plant proteins associated with 
disease resistance, and which function is to recognize 
pathogen molecules, have domain containing leucine rich-
repeats (LRRs). The number of leucine in the LRR regions 
and number of the LRR regions can vary both within and 
between species, which provides the specificity of pathogen 
molecules recognition. Thus, LRRs play a very important role 
in plant immunity [2].

Conifer genomes have gigantic lengths, which is not due 
to genome-wide duplication events. It was suggested that the 
main cause of the increased genome sizes is the propagation 
of repetitive DNA sequences [3]. Thus, it is very difficult to 
study conifer genomes. Nevertheless, a technological 
breakthrough in sequencing and assembly of genomes made it 
possible to analyze the genomes of some conifers (see [8] for 
review). Siberian larch has also a huge genome of ~12 Gbp, 
although it is smaller than in other conifers [9]. About 80% of 
this genome consists of REs. Here we provide data on the 
preliminary analysis of the larch repeatome, including LRRs.

Methods and Algorithms
RepeatModeler was used for de novo discovery of REs 

[10], [11]. This program is widely used in the analysis of 
repeats in the large genomes. TEclass was used for 
classification of found repeats [12]. LRRs were found using 
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HMMER package with Hidden Markov Models (HMMs) for
some LRR families from Pfam database [13], [14].

Results
In total, 1908 repeat families with a total number of 75945 

iterations were discovered and the majority of them (1424 or 
75%) were not classified by RepeatModeler based on the blast 
results. TEclass managed to classify 94% of 1908 found 
families, but 41% of 484 families already classified by 
RepeatModeler were redefined entirely differently. 
RepeatModeler is based on de novo repetition detection 
programs — RepeatScout and RECON. Since RepeatScout 
does not use all scaffolds or contigs for the analysis, but only 
a randomly selected part of them, we decided to analyse 2869 
scaffolds from a larch assembly longer than 100 Kbp. Their 
total length was 360 Mbp, which corresponds to 3% of the 
total length of the entire assembly. LRRs also were detected 
in the transcriptomes of larch tissues (autumn buds, shoots, 
sprouts, needles, and cambium). The presence of these LRRs 
was approximately the same in all tissues and no more than 
2%. LRRs in larch bud were compared with LRRs in the 
transcriptome of the Sitka spruce bud, and the number of 
LRRs in the spruce transcriptome was less than in the larch 
transcriptome (0.5% vs 0.9%, respectively).

Conclusion
REs were identified in the Siberian larch genome, and their 

preliminary analysis was performed. This study can help us 
better understand organization of large genomes, such as 
conifer genomes.

LRRs and resistance genes in transcriptomes of different 
tissues of Siberian larch were identified and analyzed. These 
sequences are associated with immune response of plants to 
biotic stress. Their study will also help us better understand 
genetic mechanisms of disease resistance in larch and other 
plants.
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Abstract — Regulation of eukaryotic gene expression is 
controlled by specific regulatory proteins transcription factors. 
Binding sites of transcription factors are called motifs. 
Conventionally, genome-wide annotation of motifs performed 
with chromatin immunoprecipitation followed by massive 
sequencing (ChIP-seq) approach. The term composite element 
(CE) implied two closely located and frequently occurred in 
genomic DNA motifs. CEs contain two overlapping or spacing 
motifs. Earlier we proposed Motif Co-Occurrence Tool 
(MCOT) package that is capable of (a) predicting CEs with both 
overlapping and spacing of motifs in a single ChIP-seq dataset; 
(b) all predicted CEs were classified by conservation of both
participant motifs. This work presents a web interface
WebMCOT for MCOT package.

Keywords — web-service, transcription factors, site binding, 
motifs

Motivation and aim
Chromatin immunoprecipitation followed by massive 

sequencing (ChIP-seq) is the most popular approach for 
experimental analysis of gene expression regulation by 
transcription factors (TFs) through mapping of their potential 
binding sites (motifs). Since TF binding conventionally is 
cooperative, the term composite element (CE) denotes the 
specific combination of two motifs that exhibit qualitatively 
new properties, thus resulting in a new pattern of gene 
regulation; the motifs participating in a CE may be 
overlapping, or separated by a relatively short spacer [1]. 

We recently developed the Motif Co-Occurrence Tool 
(MCOT) package [2] that is capable of (a) predicting CEs with 
both overlapping and spacing of motifs in a single ChIP-seq 
dataset; (b) all predicted CEs were classified to conservation 
of both participant motifs, i.e. CEs with substantial asymmetry 
between two participating motifs were also predicted. Hence, 
MCOT approach have additional advantages as compared 
with the previous tools [3, 4]. 

MCOT is console program working on Windows and 
Linux operation systems without graphical user interface 
(GUI). However, SpaMo tool for prediction of CEs with a 
spacer [3] have web-interface and service for anyone to apply 
this approach remotely, so users can use only browser. 

WebMCOT provides web-service for application of MCOT 
package.

Materials and methods
For web-service development, we use different computer 

technologies. Firstly, we make client-server architecture 
through REST API interface between client and server. HTTP 
requests and responses are compiled with JSON schema. In 
addition, the “backend” consists of two parts: web-server and 
worker. They can be on one or more host machines connected 
by Redis broker messenger.

The JavaScript language, the Vue.JS library for creating 
the user interface and the Material Design interface style form 
Google, make frontend site. Backend is made by Python 
language with Flask library for creating REST API interface 
and Celery library for running background tasks. 

The calculation kernel is written on the C++ language. 
Also R and Python scripts are developed for visualization.

Results
In this work, we developed web-service WebMCOT for 

prediction of co-occurred DNA motifs in ChIP-seq data. The 
web-service is available on the site: 
https://webmcot.sysbio.cytogen.ru. The help page was 
implemented (https://webmcot.sysbio.cytogen.ru/help). The 
screenshot of WebMCOT interface is provided in Fig. 1. Panel 
A shows the page that allows to enter input data (ChIP-seq 
peaks and motifs). The rest panels represent the main output 
data of WebMCOT. In particular, panel B shows the 
significance of various structural types of CEs (see the help 
page for details); panel C shows the distribution of mutual 
locations and orientations for predicted CEs; panel D shows 
the relative abundances of various CE types with different 
ratios of conservation of two participating motifs.
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Fig. 1. WebMCOT interface for applying MCOT pipeline. A. The application page for the input data specification (nucleotide sequences of peaks and motifs). 
B. The summary for the significances of various structural types of predicted CRs. C. Histogram of frequencies of various structural types of CEs according 
to mutual locations and orientation of motifs. D. The relative abundances of various types of CEs with different ratios of conservation of two motifs. Axes X/Y 
show the conservation of two motifs, i.e. −Log10(FPR) value (here FPR denotes the false positive rate that respects to predicted hits). The color shows the 
difference between observed (peaks) and expected (permuted sequences) relative abundance of CEs with specific conservation levels. The Anchor SPI1 and 
Partner IRF8 motifs were derived from Homer de novo motif search [5] and Hocomoco database [6]. ChiP-Seq peaks were taken from [7]. The previous study 
[8] have shown that SPI1 and IRF8 cooperate to regulate early B cell development
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Abstract — A large number of studies in organisms across 
the eukaryotic phyla have shown that DNA 5-methylcytosine 
(5mC) modification is one of many mechanisms that suppress 
gene expression. 

Keywords — zebrafish, Danio rerio, embryo, development, 
hydroxymethylation

Cytosine hydroxymethylation has been described during 
the past years; this DNA modification is increasingly 
recognized as an important component of epigenetic 
regulation in eukaryotes. 

In the present study, we investigated if 
hydroxymethylation may be involved in fish embryonic 
development and demonstrated for the first time at a genome-
wide level and single nucleotide resolution the 
hydroxymethylome changes during zebrafish (Danio rerio)
embryogenesis from one-cell stage to hatching. DNA 
hydroxymethylation was profiled by reduced representation 
hydroxymethylation profiling (RRHP), as shortly described in 
Fig. 1.

Taken together with recently published data on 5-
methylcytosine (5mC) modification events in D. rerio, our 
data unveil a new role for DNA hydroxymethylation in 
epigenetic regulation of fish embryonic development.

Fig. 1. An overview of the reduced representation hydroxymethylation 
profiling (RRHP) pipeline that has been used
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Abstract — Anhydrobiosis is survival of complete body 
desiccation, tightly linked to the ability to cope with a massive 
DNA damage. However, in anhydrobiotic midge Polypedilum 
vanderplanki this ability is not accompanied by a huge induction 
of genes of DNA reparation system which is typical for many 
other anhydrobiosis-related genes in this insect.

Keywords — anhydrobiosis, Polypedilum vanderplanki, DNA 
reparation, gene expression

Motivation and aim

Motivation
P. vanderplanki is the most complex animal able to survive
body desiccation. Its ability to cope with extraordinary DNA 
damage is an interesting phenomenon for basic science and 
may serve as a model for the development of dry preservation 
technologies.

Aim
Earlier we have shown a presence of massive DNA 

damage in P. vanderplanki, performed genome assembly and 
gene annotation in this insect [1, 2]. Here we aimed to identify 
genes of different DNA reparation systems known for 
Drosophila melanogaster and reveal what are the DNA 
reparation pathways most activated in response to desiccation.

Methods
We extended existing gene annotation in P. vanderplanki

by the additional search for genes of DNA reparation system. 
We identified orthologs of the genes of different DNA 
reparation pathways known for D. melanogaster using 
OrthoFinder 2.2.7. Gene models for identified 

P. vanderplanki orthologs were estimated using Nanopore 
reads and EST database. Using RNA-seq data, we studied the 
expression of identified DNA reparation genes in P. 
vanderplanki in response to desiccation and across different 
life stages. Employing WGCNA analysis, we also analyzed 
the membership of genes of DNA reparation system in 
different modules of the gene coexpression network.

Results
In P. vanderplanki DNA reparation genes are typically 

expressed at a lower level and are less induced in response to 
desiccation, in comparison to previously identified genes 
related to anhydrobiosis. Most of these genes are not included 
in the "key" module of gene network associated with 
anhydrobiosis. Moreover, most of them are not assigned to 
any existing module, suggesting that their regulation is 
perturbed during anhydrobiosis induction. Among different 
DNA reparation subsystems, nucleotide excision repair seems 
to be most activated since it contains highest number of genes, 
significantly upregulated on a course of anhydrobiosis.
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Abstract — We describe a method for identification of 
transcription factor binding sites (TFBS) in bacterial genome 
sequences. The method is based on two bits of information: (i) 
specific contacts between amino acid residues of DNA-binding 
domains and DNA nitrogen bases deduced from 3D structures 
of DNA-protein complexes and (ii) transcriptional units' 
organisation inferred from genome annotation. The method can 
be useful for correct application of experimentally verified 
TFBS motifs to new genomes and also for discovering TFBS 
motifs de novo. Method was verified with known Escherichia coli
TFBSs and evaluated during genome-wide TFBS inference in 
Pectobacterium spp. which showed its high efficiency.

Keywords — transcription factor binding sites; operator; 
regulon; genome annotation; motif discovery

Motivation and aim

Motivation
Current approaches to bacterial genome annotation are 

mostly restricted to coding sequences, rRNA, tRNA and in 
some cases ncRNA genes. None of the popular pipelines can 
identify regulatory elements (transcription factor binding 
sites, promoters and terminators), which makes functional 
annotation incomplete and reduces the usability of genome 
sequences.

Aim
To develop a reliable method, based on experimental data, 

for automated inference of transcription factor binding sites in 
bacterial genomes.

Methods
Transcription factors (TFs) were classified according to 

models of DNA-binding domains present in PFAM [1]. 
Protein and DNA motif searches were performed with 
hmmsearch and nhmmer from the HMMER package [2]. 
Transcription factor binding site (TFBS, also called operator) 
motif identification and comparison were done with programs 
from the MEME suite package [3]. Clustering of the 
regulatory regions to reduce redundancy was done with 
MeShClust [4]. Transcriptional terminators were identified 
with TransTermHP [5]. Pipeline glue code, regulatory region 
analysis, operon inference logic and graphical interface were 
written in Xojo and integrated into a previously developed 
SigmoID program [6].

Genome sequences of Escerichia coli K-12 substr. 
MG1655 (accession code NC_000913), Pectobacterium
atrosepticum 21A (CP009125) and P. versatile 3-2
(CP024842) were used for testing TFBS inference algorithms.

Results
Sahota and Stormo have suggested using the information 

on 3D structures of TF-operator complexes for de novo 

inference of TFBS motifs [7]. The idea is based on (i) 
conservation of positions of amino acid residues within DNA 
binding domain (critical residues) that directly contact DNA 
bases and (ii) regulation by most TFs of their own or 
neighbouring genes.

We extend this idea by attaching critical residue 
information (CR-tag) to experimentally verified TFBS 
profiles. As CR tag specifies the amino acid residues making 
specific contacts with DNA bases within an operator, TFs with 
the same CR-tag can recognise the same operators. This 
approach allows to correctly apply experimentally determined 
TFBS profiles available from such databases as RegulonDB 
and CollecTF to genomes with no experimental TFBS data. If 
a genome being analysed encodes a TF with a CR-tag identical 
to the one in an experimentally characterised TF than a TFBS 
profile for the characterised TF can be safely applied to 
finding TFBSs in the target genome.

The success of the CR-tag based approach described above 
depends on the representativeness of the motif library. Its 
current version contains over 2000 profiles and is based on 
RegulonDB and CollecTF data supplemented with a selection 
of profiles from RegPrecise and few profiles collected from 
the literature. This library appears to have profiles with CR-
tags matching about half of TFs of an average 
enterobacterium. CR-tag matches are less frequent outside 
Enterobacteriales and this frequency drops to just 1-2 % of 
total TF number for Gram-positive bacteria. However, a 
modified de novo approach to TFBS motif identification 
described below could be applied in such cases.

We have significantly improved the original de novo
TFBS motif inference algorithm of Sahota and Stormo 
(Fig. 1). Slow protein database searches were replaced with 
fast CR-tag lookup tables, regulatory region extraction was 
improved (first 50 bp of ORFs and divergons are now taken 
into the account), redundancy elimination was improved by
two clustering stages (TFs and their regulatory regions are 
both clustered and representatives of each cluster proceed to 
the next stage), motif finding with meme is run in two modes
(any number and zero or one per sequence). Finally, a
comparison step was added to aid in choosing the correct 
motif among several ones usually found. The last comparison 
step of the pipeline is especially important since it provides 
solid criteria for choosing the correct motif out of several 
possible ones. When testing the pipeline with known TFs, we 
have usually found that correct TFBS motif not only matched 
one or few other motifs for TFs from the same family with 
sufficiently low p-value, but these TFs also had similar CR-
tags. Running the improved pipeline with E. coli genome 
demonstrated that it finds known motifs for over 90% of TFs 
that respect method assumptions.
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Fig. 1. De novo TFBS inference pipeline

Complications with the generally quite efficient de novo
TFBS inference protocol may arise due to several factors: the 
absence of 3D structures of TF-operator complexes, presence 
of two DNA-binding domains in a TF (as in most TFs from 
the AraC family), indels within CR-tag region, absence of 
autoregulation (quite common in the LuxR family), the 
formation of heterodimers with other TFs and so on. To 
estimate the efficiency of the de novo protocol with a non-
model organism, we have performed a full scan of 
Pectobacterium atrosepticum genome. Out of 258 TFs found 
by hmmscan with PFAM models, 164 TFs could be used for 
CR-tag based de novo TFBS motif inference procedure. Based 
on CR-tag matches to known motifs, motif comparison and 
correspondence to motif features, typical for TF families (like 
T-N11-A pattern for LysR family, direct repeats for LysR 
family and so on) and few P. atrosepticum motifs 
characterised experimentally, correct motifs were found for 
124 (76% of the analysed, 48% of total) TFs.

We also tried to evaluate the predictive power of TFBS 
inference while looking for new regulatory circuits during 
genome-wide TFBS analysis. We scanned P. atrosepticum 
and P. versatile genomes with the de novo inferred TFBS 
profiles to find regulons controlled by each TF. Since 
pectobacteria are plant pathogens, special attention was paid 
to TFs that change their expression levels in planta according 
to available RNA-seq data [8, 9]. Few interesting observations 
from this analysis are listed below. LacI family TF binding 
site analysis combined with expression levels changes
reported by RNA-seq allowed to functionally link multiple 
beta-glucoside utilisation loci scattered across the genome; 
LuxR and OmpR family analysis revealed unexpected new 
details of quorum sensing regulation, LysR family analysis 
found new global regulator of secondary metabolism, etc. We 
are currently verifying these in silico predictions 
experimentally.

Conclusions
The method of TFBS identification described here is 

universal (can be applied to any genome sequence of any 
bacterium) and can be expected to find up to half of TFBSs 
present in a genome with minimal user intervention. We 
expect method efficiency to improve if pipeline parameters 
are fine-tuned for a particular genome and TF family and with 
a further extension of CR-tag based motif library. Our 
genome-wide TFBS inference approach is capable of 
discovering unknown regulatory circuits. We advocate its 
wide use for generating testable hypotheses for further 
experimental research of bacterial regulatory networks. 
Source code and executables of the user-friendly GUI 
application implementing the method described here are 
available from github.com/nikolaichik/SigmoID.
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Abstract — A polygenic risk score (PRS) is a value that 
reflects a person’s predisposition to a disease or any other trait 
which can (partly) be explained by genetic inheritance. PRSs are 
often used in reports provided by genetic testing companies like 
23andMe, Genotek, etc. Another way of using PRSs is to look at 
the distribution of PRS values for a group of people and 
compare them, for example, in a case-control study to find case-
dependent traits. PRS models are usually based on summary 
statistics data from genome-wide association studies (GWAS) 
and take into account the linkage disequilibrium (LD) structure.
We have created a pipeline for high performance PRS 
calculations across many traits present in the GWAS-MAP 
platform. The pipeline only requires individual-level data and 
provides the ability to select a list of traits. This pipeline will be 
helpful for scientific groups, working with large amounts of 
individual genotype data, as well as for individuals with their 
own personal genotype data.

Keywords — genome-wide association study, summary 
statistics, GWAS, polygenic risk score, linkage disequilibrium, 
singlenucleotide polymorphisms, GWAS-MAP, database

Introduction
In the standard approach, a PRS is a linear combination of 

simple linear regression effect size estimates and allele counts 
at single-nucleotide polymorphisms (SNPs) that are selected 
via marker pruning coupled with a p-value threshold. Thus, a 
PRS is the attempt to obtain a single value – the score – for 
each person and evaluate this person’s location – the risk – in 
the distribution of these values from a sample for a given 
polygenic trait. For example, for a given disease a PRS shows, 
for a given person, how large the risk of the disease is relation 
to other people [1]. Analysis of PRSs requires both genotype 
data of target individuals as well as GWAS results. GWAS 
data is needed to obtain effects sizes for further PRS 
calculation. GWAS give the marginal effect size for each SNP 
estimated by simple regression models and does not take into 
account the LD structure. Therefore, in order to construct a 
PRS model SNP effects should be re-estimated based on the 
genetic architecture. In case GWAS data is not available in the 
correct format or there are problems with evaluating the LD 
structure, the calculation PRS becomes a difficult procedure 
in terms of resources and time. We created a user-friendly 
pipeline on top of the GWAS-MAP platform [2] that 
combines all necessary pre-processing stages with the final 

PRS calculation and the ability of using data already available 
in GWASMAP. It contains basic steps such as the 
synchronization of individual-level data with summary 
statistics, the calculation of re-weighted effect estimates from 
the LD structure and the generation of the PRS. Our high 
performance pipeline also builds the distribution of polygenic 
risk scores for a sample of interest and conducts statistical 
analyses in the case of several target data groups.

Materials and methods
The GWAS-MAP platform provides access to summary 

statistics data of more than 7000 traits from different domains 
including complex traits, metabolomics, proteomics and 
lipidomics. The complete list of traits can be found through its 
web-interface called PheLiGe (https://phelige.com/). For 
reweighting the effect size we chose the SBayesR method [3]. 
This program uses a shrunk LD matrix and Markov Chain 
Monte Carlo approach for the estimation of the effects sizes. 
Two LD matrices are available in our pipeline, one obtained 
from individual data from the 1000G project European 
populations [4] and one from UK biobank data provided by 
the SbayesR tool. In addition to the standard approach for 
calculating PRS, this pipeline also allows other methods to be 
used such as the average approach in which the PRS of 
individual i is defined as:

with βj the effect size of the jth SNP, Gij the genotype of the jth 

SNP for the ith individual, and N the number of SNPs included 
in the PRS of the ith individual; or the standardization 
approach:

where indicates the standard deviation. Thus, a user is 
given the choice of model used for computing the PRS.

Results
Our PRS calculation pipeline implemented on top of the 

GWAS-MAP platform provides a quick and clear assessment 
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of target data without the need for additional processing steps. 
The program not only provides the user with the necessary 
data, but also makes it possible to easily use the large number 
of traits with which the GWAS-MAP platform is constantly 
updated. Moreover, the option for selecting different models 
to calculate the PRS makes analyses more flexible. The ability 
to conduct basic statistical analysis directly in the pipeline 
allows the user to immediately get results for new data or 
models. Thus, our pipeline is a tool that a user can access with 
a minimal set of data and nevertheless get a complete PRS 
analysis.
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Abstract — Short sequence repeats (SSR) were earlier shown 
to have length well correlated with various genomic hotspots 
including intense selection pressure, chromosome 
rearrangement, etc. We approach this by considering SSR sets 
for numerous Cyprinidae fish representatives. Analysis of 
length of SSR as well as their oligonucleotide composition 
revealed difference between domesticated vs free-living fish.
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Motivation and aim

Motivation
Genes encoding traits under strict selection pressure were 

shown to have SSR (short tandem repeats) with length well 
correlated with the quantity of the traits [2]. SSR are capable 
of rapid mutational changes known as expansions (i.e. 
trinucleotide expansions) which are connected to the rate of 
various evolutionary processes [3].

Aim
Cyprinidae representatives are characterized by complex 

polyploidy, interspecies and interphylum hybridization as 
well as massive chromosome rearrangement events [1]. Here 
we describe SSR for 28 Cyprinidae fish (including particularly 
interesting and important goldfish Carassius auratus).

Methods
SSR data were taken from FishMicrosat database [4]. For 

each set corresponding to a species we have considered 
lengths and nucleotide composition. Namely, di-, tri- and 
tetranucleotide frequency was derived. The result was 
furtherly clusterized using hierarchical Ward's method.

Results
Accordly to the hypothesis we put forward, domesticated 

fish clustered mostly together. So did the free-living species. 
The same oligo frequency dataset was analysed using 
principal component analysis (pcA). This reinforced the result 
above while also showing significant difference between the 
two clusters. Indeed, TG/CA dinucleotide presented more in 
domesticated fish with smaller amount of AG/TC 
dinucleotide. This mifht suggest the presence of specific SSR 
region with some relation to genes under evolutionary 
pressure.
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Abstract — In this work we studied the potential 
transcriptional regulators which may play role under the action 
of one of the most dangerous anthropogenic poisons - dioxins. 
Using limma, edgeR, MetaR, HOMER, Tomtom and MCOT 
bioinformatics tools for microarray and RNA-seq data 
analyzing identification of new possible cis-elements involved in 
the response of cells to dioxins was carried out.

Keywords — dioxin, AhR, transcription regulation, cis-
elements, meta-analysis.

Motivation and aim

Motivation
Dioxins, widespread environmental contaminants, cause 

disturbances in the functioning of the immune, endocrine, and 
reproductive systems; their exposure leads to developmental
pathologies in embrios and newborns (in particular cleft 
palate), cause a decrease in IQ [1-3]. The cellular receptor to 
which dioxins are bind (also being the main transcriptional 
regulator) is known. However, the effect of dioxins has a wide 
range of changes in the organism, the expression of hundreds 
of genes are changes. The mechanisms underlying this are not 
clear.

Aim
Our goal was to identify potential transcription factors (TF) 

that may be involved in the response of cells to TCDD 
(2,3,7,8-tetrachlorodibenzo-p-dioxin), in addition to those 
whose functioning has already been shown in numerous 
studies. Using microarray and RNA-seq data, as well as 
bioinformatics tools, we searched for potential cis-elements in 
genes that systematically changing expression in response to 
dioxin.

Methods
Package limma [4] for microarray and edgeR [5] for RNA-

seq datasets were used to distinguish differentially expressed 
genes (DEGs), which are changing their expression in 
response to dioxin. Two types of samples were used: TCDD-
treated cell cultures and control. False discovery rate (FDR) 

0.2 and fold-change > 1.3. Microarray and RNA-seq 
datasets were taken from GEO database. To identify 
overreprsented potential cis-elements in promoters of DEGs 
the R package MetaRE [6] and HOMER v4.10 [7] were used. 
For this the upstream regions [-1500:+1] of 19815 Homo 
sapiens genes were taken from GENCODE Release v27.
Tomtom motif comparison tool [8] was used to comparing
overrepresented sequences founded by MetaRE with known 
transcription factor (TF) cis-elements (HOCOMOCO v11 
core database with using the euclidean distance). The hits with 
an E-value <0.05 were considered as significant matches.
MCOT Toolbox [9] was used to identify composite elements,
functioning together with aryl hydrocarbon receptor (AhR).

Results
As a result of a meta-analysis of the upstream regions of 

DEGs that change expression in response to TCDD, hundreds 
of frequently occurring short (from 5 to 8 nucleotides) 
sequences were found. Using the Tomtom software package, 
an analysis of the correspondence of these sequences to the 
binding sites of known transcription factors was carried out.
According to the generally accepted concept of the TCDD 
action on cells, the main mediator is AhR, which regulates 
genes by binding to the dioxin-responsive elements (DRE) in 
DNA. However, AhR binding sites were far from first among 
the other overrepresented potential cis-elements. The most 
frequently occurred transcription factors in results of analysis 
are member of KLF ad SP families. MCOT expectedly shown 
the presence of AhR-ARNT composite elements. Besides this 
composite elements with other TFs were found, in particular 
with KLF, ZNF and E2F families members.
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Abstract — The complete genome sequence of the 
thermotolerant obligate methanotroph and a promising single-
cell protein producer Methylococcus sp. Concept-8 has been. 
determined and analyzed. The final genome assembly 
represents a circular chromosome of 3.46 Mbp. The closest 
phylogenetic relative of strain Concept-8 is the well-studied 
methanotroph Methylococcus capsulatus Bath. ANI value 
estimated for the genomes of these methanotrophs constituted 
88.39% which suggests that strain Concept-8 belongs to a new 
species of the genus Methylococcus. Both genomes contain two 
identical rrn operon copies, two operons pmoBAC encoding 
particulate methane monooxygenase and a single operon 
mmoXYBZDC encoding soluble methane monooxygenase. The 
sets of genes encoding enzymes of the C1 metabolism are also 
highly similar. In addition, we identified two prophage regions 
associated with prophages of the family Siphoviridae in the 
genome of strain Concept-8.

Keywords — methanotrophs, genome analysis, complete 
genome sequence, single-cell protein

Motivation and aim

Motivation 
Aerobic methanotrophs are a subset of methylotrophic 

bacteria that can utilize methane as a sole source of energy 
[1,2]. This unique metabolic feature is widely used for 
production of the single-cell protein (SCP). Large-scale 
industrial production of SCP from natural gas using 
Methylococcus capsulatus BSV-874 was previously 
implemented in USSR. Strain Concept-8 was obtained by 
long-term storage, selection, and purification of an industrial 
culture of Methylococcus capsulatus BSV-874. Concept-8 is 
considered as a promising producer of SCP as it demonstrates 

high growth rates and high biomass yield during growth on
methane.

Aim
The present study aimed to determine the complete 

genome sequence of strain Concept-8. We focused on 
comparison of the genome sequence of strain Concept-8 with 
that of Methylococcus capsulatus Bath in order to define 
precise phylogenetic position of these methanotrophs and 
identify shared and distinct metabolic features. In modern 
biotechnology, comprehensive genome analysis is necessary 
for defining the metabolic potential and identification of 
possible ways for the optimization of the metabolic 
capabilities

Methods
We sequenced the genome of strain Concept-8 using both 

MinION nanopore (Oxford Nanopore Technologies, Oxford, 
UK) and Illumina MiSeq technologies (Illumina, Inc., USA). 
Genome annotation was performed using Prokka [3] and 
KEGG [4]. Genome-based phylogeny was determined based 
on GTDB-Tk pipeline [5].

Results
The final hybrid assembly was a circularized chromosome 

sequence of 3.46  Mbp, with an average G+C content of 
63.0%. The closest phylogenetic relative of the strain 
Concept-8 is Methylococcus capsulatus Bath (98.7% 
similarity of the 16S rRNA gene sequences). Average 
nucleotide identity value estimated for these methanotrophs 
constituted 88.39%. This indicates that strain Concept-8
belongs to new species within the genus Methylococcus. In 
addition, we performed phylogenomic analysis using the 
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Genome Taxonomy Database and GTDB-Tk 
(https://github.com/Ecogenomics/GtdbTk). It demonstrated 
that strain Concept-8 and Mc. capsulatus Bath clustered 
together within Methylococcus group. Other closest relatives 
were represented by Methylocaldum, Methylomagnum,
Methyloterricola и Methylogaea. The compared genomes 
possess two copies of operons encoding rRNA and membrane 
methane monooxygenase, as well as one copy of operon 
mmoXYBZDC encoding soluble methane monooxygenase. 
The ability to grow on methanol is explained by the presence 
of two methanol dehydrogenases - MxaFJGIRACKLD and 
XoxF. The set of genes encoding the enzymes of C1 
metabolic pathways were also highly similar. Genes encoding 
pyrroloquinoline quinone cofactor biosynthesis proteins, 
tetrahydromethanopterin-linked and tetrahydrofolate-
mediated pathways, and NAD-linked formate dehydrogenase 
were identified. The strain Concept-8 genome encodes four 
isoforms of glucose-6-phosphate dehydrogenase and two 6-
phosphogluconate dehydrogenases/ decarboxylases that 
participate in oxidative ribulose monophosphate (RuMP) 
pathway. Mc. capsulatus Bath possesses only two isoforms 
of glucose-6-phosphate dehydrogenase and one 6-
phosphogluconate dehydrogenase. A complete set of genes 
involved in the function of the RuMP pathway for 
formaldehyde assimilation was present. Both genomes 
encode indicative serine pathway enzymes, serine-glyoxylate 
aminotransferase, hydroxypyruvate reductase and 3-
glycerate kinase, as well as malyl-CoA lyase and 
malattiokinase involved in the synthesis of glyoxylate. 
However, Concept-8 and Bath strains lack PEP carboxylase, 
one of the key enzymes of the serine pathway. Methylococcus 
sp. Concept-8 genome contains genes encoding the large 
(cbbL) and small (cbbS) subunits of ribulose-1,5-
bisphosphate carboxylase/oxygenase (Rubisco), as well as 

the cbbQ gene encoding a polypeptide with the putative 
function of Rubisco's post-translational activator. Strain 
Concept-8 possesses the enzymes necessary for the synthesis 
of glycogen: 4-α-glucanotransferase, glucose-1- phosphate 
adenylyltransferase, 1,4-α-glucan-branching enzyme, 
glycogen synthase and ADP-ribose pyrophosphatase. Similar 
cluster of genes is identified in the genome of Mc. capsulatus 
Bath. The genome of Methylococcus sp. Сoncept-8 contains 
2 regions associated with prophages of the family 
Siphoviridae. The prophage regions found in the genome of 
Mc. capsulatus Bath are also homologous to those from 
Siphoviridae viruses. However, they differ from those found 
in the genome of strain Concept-8.
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Abstract — Whole exomes for a set of patients with 
Parkinson’s disease (PD) were sequenced to conduct a genome-
wide association study (GWAS) using MAX3 test to find novel 
genomic variants associated with the disease. As a result, several 
new variants were identified.

Key words – Parkinson’s disease; GWAS; SNP

Introduction
One of the priority task of medical genetics is to discover 

the genetic basis of the etiology and pathogenesis of 
Parkinson’s disease (PD). In this work, we search for known 
disease markers among patients with confirmed diagnosis of 
PD and control group. We also conduct a genome-wide 
association study (GWAS) to identify further common 
variants that contribute to disease.

Sample preparation
A sample of 50 patients with diagnosed PD and 10 control 

individuals was acquired for the study. As a control group, we 
took examined elderly individuals with no signs of PD and for 
whom the development of this pathology in the future is 
considered as unlikely. Whole blood was withdrawn from the 
patients with further preparation for the sequencing by 
performing quality check of the libraries and sequencing them 
on Illumina HiSeq 2500 sequencer in Rapid Run mode. 
SureSelect XT Target Enrichment System kit was used 
resulting pair-end reads of 100 b.p. in length.

Data acquisition
The list of germline single nucleotide polymorphisms 

(SNPs) was obtained with Genomenal NGSWizard software 
[1]. Original fastq files were quality checked and mapped to 
the reference human genome GRCh38/hg38. For SNPs 
discovery GATK v. 4.1.3.0 software package was used with 
Best Practice guidelines applied [2]. After SNPs and sample 
quality control, we acquired genotype data from more than 
900 thousands SNPs and short indels. All of them were 
annotated by SnpEff and Annovar software systems. Among 
all SNPs we selected around 3000 SNPs appeared in PD-
associated genes. PD-associated genes were taken from 
OMIM, ClinVar and MDSGene databases. Selected SNPs 
were also analyzed with ClinVar and dbSNP databases. We 
observed two pathogenic SNPs: one appeared in LRRK2 gene 
and was found in two patients, another appeared in GLUD2 
gene and was found in three patients. It should be emphasized 
that not a single sample from the cohort with an excluded 
diagnosis had a pathogenic mutation or variant with an 

uncertain significance (VUS). Thus, the pathogenic genetic 
variants for Parkinson's disease were found for 5 out of 50 
patients.

Genome-Wide Association Studies
For further data analyses, we performed a GWAS. We 

used the MAX3 test to check the hypothesis of an association 
between Parkinson's disease and biallelic single nucleotide 
polymorphisms [3]. The MAX3 test is based on the Cochran-
Armitage trend test (CATT). The MAX3 test statistic is 
calculated as a maximum of the absolute values of CATT 
statistics for the dominant, recessive, and additive inheritance 
mode. As a result, the MAX3 test is not much inferior in 
power to the trend tests in the case of the known inheritance 
mode, and is robust if the inheritance mode is unknown [4]. 
To calculate the p-value the MAX3 test the approach proposed 
in [5] was used. To account for multiple testing, the 
Bonferroni correction for significance level was performed 
[6]. As a result, we obtained 83 SNPs in which the p-value is 
less than 1e-9, while all 10 people from the control group and 
at least 43 people with Parkinson's disease are present in the 
sample.

Data analysis
A fraction of mutations is located on chromosome 17 in 

the locus where gene KCNJ12 is located. According to 
published data, the change of KCNJ12 protein could be 
involved in PD pathogenesis [7]. In this regard, we 
additionally analyzed all SNPs from this locus. 264 mutations 
we observed, but not a single of them was reported in ClinVar 
database. Most of them were previously analyzed by some 
projects like 1000genomes, Topmed, GnomAD, ExAC and 
PAGE. This helped us to determine global alternative allele 
frequencies for SNPs. Based on this data we isolated 
suspicious SNPs with high p-values and low global alternative 
allele frequencies. We state that this combination of signs may
indicate pathogenic and associated with PD SNPs. Eventually 
we identify 10 SNPs with p-value lower than 7e-6 and global 
alternative allele frequency low than 9%.

Results and discussion
Around 10 new SNPs associated with PD and not reported 

previously were identified during the study. Since the sample 
size was small, we plan to make meta-analysis with results of 
another GWASes of PD in the future [8].
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Abstract — Vagal paragangliomas (VPGLs) are rare 
neuroendocrine tumors of the head and neck. Germline and 
somatic mutations in a number of genes are associated with the 
development of VPGLs. The MutSigCV algorithm was 
implemented in a search for genes characterized by a high 
mutation frequency in VPGLs. For this purpose, we used the 
previously obtained results of exome sequencing of 8 VPGL 
samples. Ten genes have been identified (ZNF717, MUC16, 
PKD1L2, TTN, MUC3A, MUC5AC, HYDIN, SSPO, FLG, 
OBSCN), that can potentially be involved in the development 
and progression of VPGLs. The involvement of these genes in 
the VPGL pathogenesis is shown for the first time.

Keywords — vagal paragangliomas, tumor-associated genes, 
exome, high-throughput sequencing

Motivation and aim

Motivation
Vagal paragangliomas (VPGL) that arise from the vagus 

nerve paraganglia account for about 13% of all head and neck 
paragangliomas [1]. VPGLs occur as both sporadic and 
hereditary tumors; hereditary VPGLs are often associated 
with mutations in a list of driver genes.

Aim
Earlier, we performed high-performance exome 

sequencing of 8 VPGLs [2]. Two of them didn’t possess a 
mutation in the known driver genes. To identify new genes 
that may be involved in the development of VPGL, exome 
sequencing data was analyzed using the MutSigCV 
algorithm [3].

Methods
In this work, we used previously obtained data on high-

performance sequencing of the exome of 8 samples of VPGL 
[2]. Exome libraries were prepared with Nextera Rapid 
Capture Exome Kit (Illumina, USA) [4] and sequenced on a 
NextSeq 500 System (Illumina) in paired-end mode, 76x2 
cycles. Each sample had at least 60 million reads (300× 
coverage). Sequencing data is available on the NCBI 
Sequence Read Archive (BioProject PRJNA561073).

After running the bioinformatic analysis pipeline
described in our previous paper [5] we analyzed the output 
using the MutSigCV algorithm.

Results
Using the MutSigCV algorithm, we identified 10 genes 

with a high mutation frequency for VPGL cases (q < 0.05) 
(ZNF717, MUC16, PKD1L2, TTN, MUC3A, MUC5AC, 
HYDIN, SSPO, FLG, OBSCN). Some of them (MUC16, 
MUC3A, MUC5AC, HYDIN) are associated with a wide range 
of oncological diseases. The involvement of ZNF717, 
PKD1L2, TTN, SSPO, FLG, OBSCN genes in oncogenesis 
was shown for the first time. High mutation frequency of 
HYDIN and MUC family genes has been previously shown for
carotid paragangliomas [5]. At certain loci of the 10 identified 
genes, mainly single non-synonymous mutations arise that 
lead to the impairment of the structure and function of the 
protein. 
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Abstract — We performed an in silico genome-wide analysis 
of all SNPs located within 70 bp proximal promoters in front of 
the all experimentally knowns starts of protein-coding 
transcripts from human Y chromosome within the framework 
of the current release #151 of the dbSNP database and 
GRCh38/hg38 assembly of the human reference genome, which 
are publicly available using the UCSC Genome Browser. As a 
result, we first found disruptive natural selection by male 
reproductive potential preventing underexpression of the Y-
linked proteins under this study as if self-domestication would 
have happened during the human origing and evolution that 
could cause male fertility disorders as self-domestication 
syndrome.

Keywords — reproductive potential, human, Y chromosome, 
gene, promoter, TATA box, TATA-binding protein, single-
nucleotide polymorphism, candidate SNP marker, verification

Background
In population ecobiology, the conception of reproductive 

potential define the most common vital indicator of a 
probability estimate to produce and regrow a healthy 
descendant until his/her reproductive maturity at the best 
conditions. This term associates lifespan and living conditions 
of an individual with one another, which correspond to his/her 
disease susceptibilities encoded by his/her genome and his/her 
both environment and lifestyle. Female reproductive potential 
seems to be most investigated in depth, width, and complexity 
now, whereas the male one has not subjected by equal amount 
of attention as yet. That is why, in this work we focused our 
attention on the only human Y chromosome as the male 
specific part of the human genome and, thus, predicted in 
silico candidate single-nucleotide polymorphism (SNP) 
markers of male reproductive potential within the framework 
of the current status of both reference human genome and 
variome.

Materials and methods
Using the current release #151 of the dbSNP database [1] 

and GRCh38/hg38 assembly of the human reference genome 
[2] via publicly available Web-service UCSC Genome 
Browser [3] together with our earlier created Web-service 

SNP_TATA_Comparator [4], we examined in silico all 1206 
SNPs, none of which has been characterized so far regarding 
any link to human diseases (for brevity, hereinafter: 
unannotated SNPs) within 70 bp proximal promoters of all 63 
Y-linked genes. 

Results and Discussions
As a result, we found 261 candidate SNP markers for male 

reproductive potential, which can statistically significantly 
change the binding affinity of TATA-binding protein (TBP) 
for these promoters. Among them, there are candidate SNP 
markers of spermatogenesis disorders (e.g., rs1402972626), 
pathoembryogenesis (e.g., rs28378830), adenovirus infection 
of spermatozoa leading to male infertility via spontaneous 
abortion (e.g., rs1317376848), azoospermia via testicular 
degeneration (e.g., rs1420856028), reduced sperm quality 
(e.g., rs1225019830), increased verbal IQ reducing male 
reproductive potential (e.g., rs1462000578), pediatric cancer 
(e.g., rs1483581212), as well as male anxiety damaging 
family relationships and mother’s and children’s health (e.g., 
rs187456378). 

We first selectively verified in vitro both absolute and 
relative values of the analyzed TBP–promoter affinity using 
electrophoretic mobility shift assay (EMSA), where Pearson’s 
simple linear correlation coefficients between our predictions 
and measurements were r = 0.84 (significance p < 0.025) and 
r = 0.98 (p < 0.025), respectively. Then, we found a twofold 
excess of the amount of candidate SNP markers increasing the 
TBP-promoter affinity relatively those for its decrease, 
whereas the genome-wide norm [5, 6] consists in four-fold 
excess of SNP-induced damages of TBP-promoter complexes 
in comparison with SNP-caused improvements of these 
complexes [6, 7] (p <0.05 according to binomial distribution). 
This observed difference in the SNP occurrences in the entire 
genome as a whole and on chromosome Y in particular points 
to the natural selection against deficient male-specific 
expression of proteins that are encoded by this chromosome.

Simultaneously, the occurrences of candidate SNP 
markers, which can increase and decrease male reproductive 
potential, seem to be indistinguishable (p < 0.05) as if male 
self-domestication could have happened, with its 
experimentally known disruptive natural selection, according 
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to Belyaev’s observations made during foxes domestication 
[9]. 

Finally, because there is still not enough scientific 
evidence that this could have happened, we discuss the human 
diseases associated with candidate SNP markers of male 
reproductive potential in comparison with the known 
experimental data and natural observation on differences 
between wolfs and dogs [10], boars and pigs [11] as well as 
wild and domestic ducks [12], horses [13], mice [14]. 
Summing up, we found commonly accepted prototype traits 
of anthropogenic selection associated with animal 
domestication for the majority of candidate SNP markers of 
male reproductive potential except for the only candidate SNP 
markers for suicide (e.g., rs772325955) and verbal IQ (e.g., 
rs1393008234), which could be human-specific.

Conclusions
In general, our results obtained within the framework of 

this work indicate that a decrease in the reproductive potential 
in men can be a self-domestication syndrome as a 
manifestation of destructive natural selection against a 
deficiency of proteins encoded by the human Y chromosome.
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Abstract — Prostate cancer is one of the most important 
socially significant oncological diseases in men. To select an 
effective approach to therapy, prostate cancer is stratified into 
appropriate risk groups based on criteria such as TNM status, 
Gleason score and the level of prostate-specific antigen (PSA). 
However, to optimize therapy, additional informative markers 
are necessary, and the aim of this study is to search for these 
markers at the level of genome methylation. This work included 
methylation data of prostate cancer from The Cancer Genome 
Atlas project. The cohort involved patients with high (23 cases) 
and intermediate (103 cases) risk. As a result, 1,056 
differentially methylated CpG sites were found between high 
and medium risk groups. CpG most interested sites: cg17687367 
(chr13: 79936801), cg26874611 (chr5: 168147884), cg06989693 
(chr5: 41409252), cg02226810 (chr6: 1605117), cg07736716 
(regulation regions: 85): 85 to 91 (85): 85 858: 858: 858: 85: 86: 
85: 86: 85: 86: 85: 86: 85: 86: 85: 85.

Keywords — risk group, prostate cancer, methylation, TCGA

Introduction
Prostate cancer (PC) is one of the most important socially 

significant oncological diseases in men.. When disease is 
detected the question arises as to the choice of treatment 
tactics [1]. Treatment may consist of surgery, hormone 
therapy, or both. As a rule, determination of risk group is 
based on criteria such as TNM parameters, Gleason score, 
PSA level [2, 3, 4]. Considering above criteria and risk group 
a therapeutic concept is chosen. However, in practice these 
criteria are not enough to choose a therapeutic concept [2]. 
And patients receive either excessive or insufficient therapy. 
Additional markers of diagnosis are needed to optimize the 
choice of therapy. The aim of research is to identification 
differentially methylated CpG sites as possible diagnosis 
markers PC.

Methods
This work included PC samples methylation data of The 

Cancer Genome Atlas (TCGA) project. Either high (23 cases) 
or intermediate (103 cases) risk PC cases are involved into the 
cohort. Risk groups were determinate based on TNM 
parameters, Gleason score and PSA level. Differential 
methylation analysis was performed in statistical environment 

R using EdgeR and BiSeq packages. The Mann-Whitney test, 
beta-regression and logistic regression models were used for 
statistical analysis.

Results
In this study we found out 1056 differentially methylated 

CpG sites between high and intermediate risk groups. From 
those we selected the most interested CpG sites that are in 
regulatory regions: cg17687367 (chr13: 79936801), 
cg26874611 (chr5: 168147884), cg06989693 (chr5: 
41409252), cg02226810 (chr6: 1605117), cg07736716 (chr8: 
85379411). Above CpG sites are hypermethylated in 
intermediate risk group cases. These hypermethylated CpG 
are covered by regulatory regions such as ENSR00000064172 
(promoter flank), ENSR00000776896 (enhancer), 
ENSR00000753523 (promoter flank), ENSR00000191969 
(promoter), ENSR00000332061 (transcription factor binding 
site), ENSR00000860893 (transcription factor binding site). 
The results will be used in further validation study.
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Abstract — The protection and strengthening of the 
reproductive health of mothers, children and adolescents is an 
important and priority area of health care in the Republic of 
Uzbekistan and is fully supported by state programs, the basis 
of which is the development of preventive medicine.
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Motivation and aim

Motivation
Recent decades have been marked by the rapid 

development of molecular biology and biochemical sciences, 
which contributed to the revision of previously existing ideas 
about various pathologies in the reproductive system as a 
hormone-dependent and / or iatrogenic state.

Aim 
To study the role of certain folate metabolism genes in 

predicting dysplasia of the stratified squamous epithelium of 
the cervix.

Increasingly important in the formation of pathological 
conditions and diseases is given to violations of the processes 
of remodeling of connective tissue (dysplasia), which can be 
caused by mutation of genes under the influence of exogenous 
factors: adverse environmental conditions, inadequate 
nutrition and stress [1, 4].

The course of pregnancy, childbirth and the postpartum 
period in 87.5% of cases with dysplasia is complicated by the 
generalization of connective tissue damage involving the 
reproductive system in the pathological process [2].

The above facts determine the scientific novelty and 
theoretical significance of the research work, including the 
study of the relationship between cytological, morphological, 
genetic indicators in women with intraepithelial neoplasia of 
the cervix uteri (CM). Based on a study of the polymorphism 
of folate metabolism genes in women with dysplasia of 
varying severity, their role in neoplastic processes will be 
shown.

Methods
In order to achieve the objectives, it is planned to examine 

women aged 25-49 years, divided into groups: patients with 
cervical dysplasia (CIN) of various degrees and a group that 
includes practically healthy women.

All examinations will be carried out on the basis of the 
Andijan Regional Perinatal Center in the Department of 
Gynecology, and on the basis of the scientific advisory clinic 
of Republican specialized scientific and practical medical 
center of obstetrics and gynecology and on the basis of the 
Department of Molecular Medicine and Cellular 
Technologies of the Research Institute of Hematology and 
Blood Transfusion of the MzRUz.

Results
Discussion. Despite the large number of studies aimed at 

developing methods for the early diagnosis of CMM diseases, 
treatment methods that ensure the absence or minimum 
number of complications, the carcinogenic potency of 
background CMM diseases remains unclear. This is where the 
reserve is located, which allows improving the diagnosis of 
early manifestations of precancer [3].
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Abstract — Genetic mapping of QTLs controlling the ISIAH 
hypertensive rat behavior in an open field tests evaluating 
research behavior, the level of anxiety and motor activity of 
animals was performed. The work was carried out using two 
groups of male hybrid rats F2(ISIAHxWAG) of different ages -
3-4 months (n = 103) and 6 months (n = 126) obtained by 
crossing hypertensive ISIAH and normotensive WAG rats 
whose behaviors are significantly different in all six tests in an 
open field taken in the analysis: the latency, the motor activity 
at 1-st minute of the test, motor activity on the periphery, 
grooming on the periphery, rearing on the periphery, defecation 
score. In both groups of rats, genetic loci associated with the 
studied traits of behavior were found and the common loci 
associated with both the behavioral traits and traits related to 
the hypertension development were identified. The results of our 
work suggest that genes that control behavioral patterns of 
ISIAH rats can either be closely linked to genes involved in the 
control of traits associated with the hypertensive status of these 
rats, or, in some loci, may have a pleiotropic effect on both 
behavioral traits and on the traits associated with the 
hypertensive status of ISIAH rats.

Keywords — QTL analysis, behavior, open field tests, 
hypertensive ISIAH rats

Introduction 
The increased stress sensitivity of the mammalian 

organism is associated with its special neuroendocrine status, 
which affects behavior, including motor activity, anxiety, 
changes in cognitive ability, and many other physiological 
functions, in particular, the impaired control of the blood 
pressure and development of hypertension [1-3]. The ISIAH 
rats simulating a stress-sensitive form of arterial hypertension 
are characterized by increased activity of the hypothalamic-
pituitary-adrenal and sympathetic adrenal systems, changes in 
the functions and morphology of a number of peripheral target 
organs (brain, kidneys, adrenal glands, heart), as well as 
specific behavior in unfamiliar environments [4-6]. The 
literature suggests that changes in behavior may be a condition 
concomitant to hypertension. However, the genetic basis of 
the relationship between behavior and the body’s hypertensive 
status have been poorly understood to date, and such studies 
have not been conducted on ISIAH rats before. 

The aims of current work were 1) to perform genetic 
mapping (QTL analysis) of ISIAH rat behavior in six open-
field tests evaluating research behavior, the level of anxiety 
and motor activity of animals, and 2) to identify the common 
loci associated with both the behavioral traits and traits related 
to the development of hypertension.

Methods

Animals

Two groups of male hybrid rats F2(ISIAHxWAG) of 
different ages - 3-4 months (n = 103) and 6 months (n = 126) 
obtained by crossing rats of the hypertensive ISIAH strain and 
the normotensive WAG strain were used. The behavior of rats 
from these two strains is significantly different in all six tests 
in an open field taken in the analysis: the latency, the motor 
activity at 1-st minute of the test, motor activity on the 
periphery, grooming on the periphery, rearing on the 
periphery, defecation score.

QTL analysis
QTL analysis was performed using 145 polymorphic 

microsatellite markers in the group of younger rats, and using 
149 polymorphic microsatellite markers in the group of older 
rats. The list of DNA markers and the sequence of primers 
used are given on the website of the Institute of Cytology and 
Genetics SB RAS (http://icg.nsc.ru/isiah/en/category/qtl/). 
Processing the results was carried out using specialized 
programs MAPMAKER/EXP3.0 and MAPMAKER/QTL1.1. 
Identification of common loci associated both with the 
behavior of rats and with other traits associated with the 
hypertensive phenotype of the ISIAH rats, such as blood 
pressure levels at rest and under stress, body weight, absolute 
and relative weights of target organs (kidneys, adrenal glands, 
heart), the concentration of corticosterone in the plasma at rest 
and under stress, and the concentration of norepinephrine in 
the hypothalamus was performed using a bivariate 
(multivariate) analysis in the QTL Cartographer Version 1.17 
software package, JZmapqtl (statgen.ncsu.edu). Empirical 
significant threshold values for QTLs were determined by a 
permutation test using 1000 permutations of the original data.

Results
In both groups of rats, genetic loci associated with the 

studied traits of behavior were found. In the group of rats aged 
3-4 months, statistically significant associations were found 
for such traits as motor activity at the 1st minute of the test at 
the locus on chromosome 16 (marker D16Rat58), motor 
activity at the periphery at the loci on chromosomes 2 and 16 
(markers D2Rat157 and D16Rat32*), grooming at the 
periphery on chromosome 20 (marker D20Rat30) and latent 
period on chromosome 11 (marker D11Rat50*). In the group 
of rats at the age of 6 months, the most highly reliable 
associations were found for defecation on chromosomes 2 and 
14 (markers D2Rat194* and D14Rat5*). Asterisks mark loci 
whose association with the trait is described for the first time.

90



A search for common loci showed that some loci 
associated with behavior overlap with loci associated with one 
or more of the analyzed traits characterizing the hypertensive 
status of ISIAH rats: blood pressure under stress, body weight, 
relative weight of the adrenal glands, absolute and relative 
kidney weight, plasma corticosterone concentration at rest and 
under stress, and the concentration of norepinephrine in the 
hypothalamus.

Conclusion
The results of our work suggest that genes that control 

behavioral patterns of ISIAH rats can either be closely linked 
to genes involved in the control of traits associated with the 
hypertensive status of these rats, or, in some loci, may have a 
pleiotropic effect on both behavior and on the manifestation 
of traits associated with the hypertensive status of ISIAH rats. 
The results obtained in this study can be used to determine 
candidate genes at genetic loci associated with behavioral 
patterns of hypertensive ISIAH rats.
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Abstract — The activity of ventral tegmental area (VTA) 
neurons plays a crucial role in the reward circuit, emotional and 
addictive behaviors in animals and humans. To elucidate the 
molecular mechanisms underlying the functional changes in VTA 
neurons under stress arising from social interactions, RNA-Seq 
analysis was used to compare the transcriptome profiles in the 
VTA of three groups of male mice: chronically winning mice with 
positive social experience in daily agonistic interactions, 
chronically defeated mice with negative social experience in daily
agonistic interactions, and control mice having no experience of 
agonistic interactions. The data obtained showed that both 
winning and defeated mice experience stress, however, in 
defeated animals, the repeated agonistic interactions have a 
stronger effect and cause more significant changes in the levels 
of gene transcription. Several genes have been identified that may 
be involved in the determination of alternative behavioral 
phenotypes in groups of male mice with alternative social
experience.

Keywords — ventral tegmental area (VTA), repeated agonistic 
interactions, RNA-Seq, winners and defeated mice

Introduction 
The mesocortical and mesolimbic dopaminergic pathways 

originating from the ventral tegmental area (VTA) neurons 
play a crucial role in reward circuit, emotional and addictive 
behaviors. Induction of VTA dopaminergic activity is 
associated with the development of a number of psychiatric 
disorders. Repeated positive or negative social experience in 
daily agonistic interactions can be considered as an effective
experimental approach to elucidate the molecular mechanisms 
underlying the activity of VTA neurons [1]. The repeated 
winning or defeated experience of mice leads to the formation 
of distinctive patterns of behavior which might be 
characterized as the winning mice having experience of social 
victories and developing enhanced aggressiveness, and 

defeated mice having a chronic experience of defeats and 
developing a mixed anxiety/depression-like state [2-4]. The 
current study was aimed at searching for the key VTA genes 
that may be responsible for the formation of alternative 
behaviors in winning and defeated mice exposed to the 
repeated agonistic interactions.

Methods

Animals
C57BL/6J male mice aged 10-12 weeks were used. Mice 

were kept under standard conditions with food and water 
given ad libitum. The study was approved by Scientific 
Council N 9 of the Institute of Cytology and Genetics SB RAS 
of March, 24, 2010, N 613 (Novosibirsk). Alternative forms 
of social behavior were generated as a result of daily agonistic 
interactions of male mice as described previously [3]. Three 
groups of animals were used: (1) Controls – mice without the 
experience of agonistic interactions; (2) chronically winning 
mice; (3) chronically defeated mice. VTA samples from 3 
animals of each group were collected and stored in RNAlater 
(Life Technologies, USA) at -70 C until sequencing.

RNA-Seq analysis
The frozen VTA samples were sent to JSC Genoanalytica 

(Moscow, Russia, http://genoanalytica.ru) where the RNA-
Seq analysis was performed. All samples were analyzed as 
biological replicates. The sequencing data were mapped to the 
mouse reference genome sequence GRCm38.p3. 
Cufflinks/Cuffdiff programs were run to identify the
differentially expressed genes (DEGs) in the experimental and 
control groups. Genes were considered differentially 
expressed at a false discovery rate (FDR) <5%. Only 
annotated gene sequences were used in the analysis. 
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Databases used
The Kyoto Encyclopedia of Genes and Genomes 

(http://www.genome.jp/kegg/) Pathway Database was used to 
identify the significantly (p<0.05) enriched metabolic 
pathways. To define the association of DEGs with 
behavior/neurological phenotype the Neurological 
Disease Portal (Phenotypes, Mouse) in Rat Genome Database 
(https://rgd.mcw.edu/rgdweb/portal/home.jsp?p=7) was 
employed. The functional annotation of DEGs was performed 
by the Database for Annotation, Visualization and Integrated 
Discovery gene annotation tool 
(http://david.abcc.ncifcrf.gov/). Atlas of combinatorial 
transcriptional regulation in mouse and man [5] was used to 
reveal the DEGs encoding the transcription factor genes.

Statistical methods
The obtained RNA-Seq data (in FPKM values) were 

analyzed using partial-least squares discriminant analysis 
(PLS-DA) [6] following by the Pearson correlation between 
gene expression levels and the coordinates of animals along 
the first functionally meaningful synthetic PLS-DA Axis 1. A
set of expressed genes, which were characterized by the 
highest correlation coefficients, was considered as genes 
contributing the most to inter-group differences.

Results
Analysis of gene expression in VTA from winning mice 

compared to the control revealed 44 differentially expressed 
genes (DEGs), 14 of which are known as associated with the 
behavior and neurological phenotype. Nine DEGs encode 
transcription factors. The results obtained in this comparison 
suggest an increase in the synthesis and transport of serotonin 
in VTA of aggressive mice compared to the control.

Analysis of gene expression in VTA of defeated mice 
compared to the control revealed 188 differentially expressed 
genes, 64 of which are known as associated with the 
behavior/neurological phenotype, including six DEGs 
(Camk2a, Gad2, Slc6a2, Slc6a3, Slc6a4, Tph2) known as 
associated with abnormal depression-related behavior. 28 
DEGs encode transcription factors. Based on changes in the 
level of transcription of a number of genes in VTA of defeated 
mice as compared to control ones, activation of calcium 
signaling processes, increased synthesis of GABA (gamma-
aminobutyric acid), increased synthesis and transport of 
serotonin and dopamine, and decreased transport of 
norepinephrine and glycine can be assumed.

A comparison of the DEG lists revealed 23 common genes 
that significantly changed the level of transcription in both 
winning and defeated mice compared to the control. 22 of 
these genes either increased or decreased the level of 
transcription unidirectionally in both experimental groups, 
and only one gene (Nrgn, neurogranin) changed the level of 
transcription in winning and defeated animals in different
directions with respect to the control. Accordingly, we can 
conclude that, regardless of whether the animals are winning 
or defeated, the level of transcription of a large number of 
genes in their VTA changes unidirectionally, which is 
probably the result of the reaction of the animal organism to 
social stress conditions. It can be assumed that genes whose 

expression level varies in different directions can make the 
contribution to the formation of alternative behavioral 
phenotypes in mice with alternative social experiences in daily 
agonistic interactions. One of these genes is probably the Nrgn
gene. In order to identify additional genes that changed the 
transcription level in winners and defeated mice in different 
directions, a comparative analysis of gene expression in 
winners compared to defeated animals was performed.

When comparing the level of gene expression in VTA of 
winning mice versus the defeated, 207 DEGs were 
determined. Among them, 6 genes bidirectionally changing 
the level of transcription in experimental groups of mice 
relative to the control were found. According to technology 
based on PLS-DA analysis, four of them (Six3, Ercc2, Otx2
and Nrgn) can make the maximum contribution to intergroup 
differences when comparing winning and defeated mice. 
Three of these genes Ercc2, Otx2, and Nrgn are associated 
with behavior/neurological phenotype. The most highly 
expressed of these genes are the Ercc2 and Nrgn. Gene 
Ontology analysis showed that the Ercc2 gene is associated 
with biological processes such as neurogenesis (gliogenesis), 
regulation of transcription from RNA polymerase II promoter 
(regulation of gene expression), programmed cell death, stem 
cell differentiation, response to stimulus, response to hypoxia, 
immune system development, aging, and the Nrgn gene is 
associated with biological processes such as nervous system 
development, cell-cell signaling, trans-synaptic signaling, 
behavior, cognition, regulation of signaling, learning or 
memory, learning, response to stimulus, signal transduction, 
regulation of synapse structure or activity, modulation of 
synaptic transmission, regulation of synaptic plasticity, 
associative learning, intracellular signal transduction. We 
suggest that the expression patterns of these genes may be 
involved in the determination of behavioral differences in 
mice with alternative social experiences in daily agonistic 
interactions.
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Abstract — The problem of growth regulation in mammals 

is one of the long-standing mysteries in biology. 

We found significant correlation between morpho-

physiological traits and genome distances between conserved 

elements in neighborhoods of growth-related genes Mycn, Plagl1 

and Ezh2 in mammals. Given these conserved elements may be 

regulatory as well, we propose that genome distance between 

them may evolutionary modulate gene expression of these genes 

and eventually affects phenotype. It opens intriguing prospect to 

control morpho-physiological traits of mammals (i.e. adult body 

mass or longevity) just simply editing genome distance between 

these elements. 

Index Terms — growth regulation, conserved elements, 

genome distance, morpho-physiological traits, mammals 

 

MOTIVATION AND AIM 

 Motivation 

The problem of growth regulation in mammals is one of 
the long-standing mysteries in biology [1, 2]. 

We have previously revealed strong correlation between 
morpho-physiological traits and some inter-conserved 
element distances in the neighborhoods of Mycn, Plagl1 and 
Ezh2 genes [3]. We propose that genome distance between 
regulatory elements of the growth-related genes may 
modulate gene expression of this genes and eventually affects 
phenotype. 
Aim 

Many cis-regulatory elements being conserved elements 
as well, the aim of this research was to study the relationships 
between morpho-physiological traits of mammals and 
genome distances between the conserved elements in the 
neighborhoods of the Mycn, Plagl1 and Ezh2 genes. 

  

METHODS 

 Correlation analysis 

All available genome sequences of ±50000 b.p. 
neighborhoods of Mycn, Plagl1 and Ezh2 genes of mammals 
(about 130 species) were obtained. 

 

Genome elements, preserved in each neighborhood of the 
gene, were considered to be conserved. Each conserved 
element was assigned a name, i.e. MYCN(-6893), where 
MYCN denotes gene and −6893 — genome distance in b.p. 
between gene start and the middle of the element. 

Correlation analysis of the relationships between 
interconserved element distances in the neighborhoods of the 
Mycn, Plagl1 and Ezh2 genes and morpho-physiological traits 
of mammals was carried out. 

Adult body mass, adult body length, age of maturity and 
lifespan were assessed. The trait values were obtained from 
the PanTHERIA and AnAGE databases [4, 5]. 

The relationships with the Spearman’s correlation 
coefficient greater than 0.4 and the p-value less than 0.05 were 
considered to be statistically significant. The problem of 
multiple comparisons was addressed by multiplying the 
resulting p-value by the number of comparisons according to 
the Bonferroni correction. 
Gene Ontology enrichment analysis 

The BLAST search for homologs of the conserved elements in 
the human genome was carried out. The set of genes in the 
±50000 b.p. neighborhood of the homologs was obtained. 
Gene Ontology enrichment analysis of this set of genes was 
made with the help of Panther classification system [6]. 

 

RESULTS 

Correlation 

The correlations revealed in this study (Table I) are 
generally conform to those obtained previously on the set of 
36 mammals [3]. Nevertheless, correlations are weak in spite 
of p-values being very small. It may be due to a fuzzy nature 
of morpho-physiological trait data. Strong correlation was 
revealed between EZH2(-8314)– EZH2(196) genome distance 
and age of maturity. Semilog plots of the inter-element 
distances and morphophysiological traits for the pairs of the 
topmost correlated elements are given in Fig. 1. 
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TABLE I – CORRELATION BETWEEN THE INTER-CONSERVED ELEMENT DISTANCES AND MORPHO-PHYSIOLOGICAL TRAITS OF MAMMALS 

Corr. coeff. P-value Bonferroni corrected p-

value 

Element 1 Element 2 Trait 

0.53 4.79E-10 4.79E-08 PLAGL1(79389)∗ PLAGL1(112171) Adult body 

-0.41 1.38E-05 1.38E-03 MYCN(-6893) MYCN(74) mass 

-0.40 2.08E-05 2.08E-03 MYCN(-6893) MYCN(1273)  

0.54 5.73E-09 5.73E-07 PLAGL1(79389) PLAGL1(112171) Adult body 

-0.44 1.90E-05 1.90E-03 MYCN(-25368) MYCN(1273) length 

-0.44 2.03E-05 2.03E-03 MYCN(-25368) MYCN(74)  

-0.41 7.06E-05 7.06E-03 MYCN(-6893) MYCN(74)  

0.40 1.95E-05 1.95E-03 PLAGL1(79389) PLAGL1(112171) Max 

-0.51 1.24E-04 1.24E-02 EZH2(-8314) EZH2(194) longevity 

-0.75 1.14E-09 1.14E-07 EZH2(-8314) EZH2(194) Sexual 

-0.54 1.08E-06 1.08E-04 EZH2(-8314) EZH2(1627) maturity age 

∗Elements, which overlap gene promoters, are highlighted in bold 

 

Fig. 1. Semilog plots of the inter-conserved element distances and morphophysiological trait for the pairs of the topmost correlated conserved elements in the 
neighborhoods of the Mycn, Plagl1 and Ezh2 genes. Elements, which overlap gene promoters, are highlighted in bold. Spearman’s rank correlation 
coefficent is provided for every plot with the line of best fit 
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In each plot dots appear to line up along the straight line 
suggesting that morpho-physiological traits depend 
exponentially on the inter-element distance. 
 Gene Ontology enrichment analysis 

The BLAST search for homologs of the topmost 
correlated conserved elements was made. 

Surprisingly, the promoter overlapping elements 
MYCN(74), PLAGL1(112171) and EZH2(194) were 
presented in a single copy in the genome, whereas the 
corresponding elements of the topmost correlated pair 
— MYCN(-6893), PLAGL1(79389) and EZH2(-8314) 
— were scattered across the genome. 

It suggests that elements MYCN(74), 
PLAGL1(112171) and EZH2(194) may be regarded as 
gene-specific regulatory elements, whereas elements 
MYCN(-6893), PLAGL1(79389) and EZH2(-8314) 
may represent universal regulatory elements, capable 
to control many neighboring genes. 

Gene Ontology enrichment analysis of the set of 
genes in the ±50000 b.p. neighborhood of homologs of 
elements MYCN(6893), PLAGL1(79389) and EZH2(-
8314) was made. 

It was found that ACVR1B and ACVRL1 genes in 
the vicinity of homolog of element EZH2(-8314) are 
significantly overrepresent category response to 
growth factor, GO:0070848, p =0.046. 

Thus, it suggests that element EZH2(-8314) may do 
be a regulatory sequence and control growth-related 
genes EZH2, ACVR1B and ACVRL1 along with other 
genes. 
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Abstract — We create web database JetGene that allows to 
estimate the variation of nucleotide composition, codon usage 
frequency, to study nucleotides surrounding of the start codon 
and much more. In addition beta-JetGene allows user to 
compare two samples of mRNA.

Keywords — in silico analysis, regulatory codes, motives, 
translation effectivity, comparison of two mRNA samples

Motivation and aim
The paradox of misfit between the levels of mRNAs and 

translation effectivity in the eukaryotic cells, encountered by 
researchers at every phase of organism development and 
under influence of various stress conditions at whole 
organism. Accordingly, in recent times researchers direct their 
close attention into fine mechanisms of translation.

Results
It’s known that mRNA has some regulatory codes that 

define the individual mRNA fate in translation. For such 
regulatory codes and motives discovery researchers apply 
bioinformatics analysis of different mRNA regions. With the 
purpose of such regulatory codes detection in mRNA and their 
correlation with translational efficiency we develop an 
internet resource JetGene (https://jetgene.bioset.org/). This 
web resource contains cDNA, CDS, 5’-UTR, 3’-UTR 
sequences of six kingdoms of living organisms. This should 
be mentioned that information about CDS and cDNA is 
downloaded and updated regularly from Ensembl [1]. JetGene 
has a wide toolkit and very friendly for users. JetGene allows 
make a comparative analysis of sequences, namely: (i) to 
estimate the variation of length, nucleotide composition, 
frequency of codon usage, to analyze GC-content, CpG-
islands, to study nucleotides surrounding of the start codon
and much more; (ii) to identify and define statistically 
significant representation of potential regulatory contexts at 
mRNA with different translation efficiency. It should be noted 
that the analysis could be performed both by full-length 

transcript, by interval of transcript and by coding/non-coding 
regions. Sequences that selected by researchers for analysis 
can be extract in fasta-format from JetGene. The graphical 
representation of results accompanies every phase of the 
study. Such cute detail is greatly facilitated the work of any 
user.

Fig. 1. Comparison of two mRNA samples by beta-JetGene

In addition, beta-version of JetGene 
(https://beta.bioset.org) allows user to compare two mRNA 
samples (Fig. 1) and to apply omics data for searching and 
prediction regulatory determinants of translation.

ACKNOWLEDGMENT

Supported by the Russian Science Foundation (project no. 
18-14-00026; IVG-P).

REFERENCES

[1] Yates A.D. et al. (2020) Ensembl 2020. Nucleic Acids Res. 2020 Jan 
8;48(D1):D682-D688.

97



Cryptic plasmids of alfalfa root nodule bacteria –
structural and functional diversity

Alla Saksaganskaia
ARRIAM, Saint-Petersburg, Pushkin, 

Russia
allasaksaganskaya@mail.ru

Viktoria Muntyan
ARRIAM, Saint-Petersburg, Pushkin, 

Russia
vucovar@yandex.ru

Marina Roumiantseva
ARRIAM, Saint-Petersburg, Pushkin, 

Russia
mroumiantseva@yandex.ru

Alexey Afonin
ARRIAM, Saint-Petersburg, Pushkin, 

Russia
afoninalexeym@gmail.com

Abstract — Abundance of plasmids in genomes of root 
nodule nitrogen fixing bacteria (rhizobia) is their common 
feature. Plasmids harboring genes related to symbiosis are 
usually called symbiotic plasmids, while rhizobia can contain 
differing number of cryptic plasmids, which sizes are varied 
from 7 kbp to 600 kbp. Cryptic plasmids were predicted to be 
important both for the existence of rhizobia in soil and for 
formation of effective nitrogen-fixing symbiosis with particular 
host plant. Nevertheless, assemble and annotation of such 
replicons became possible only in the postgenomic era. In this 
work a structural and functional analysis of cryptic plasmids of 
Sinorhizobium meliloti which forming symbiosis with alfalfa was 
done. Native isolates of S. meliloti were recovered from nodules 
of alfalfa plants adapted to salinized soils at the Aral Sea region. 
The sequence analysis was done for four plasmids ranging in 
size from 31.2 kbp to 453.7 kbp. A large number of ORFs of 
cryptic plasmids of S. meliloti are associated with metabolic 
processes as it was established. For the first time prophage 
sequences were identified in cryptic plasmids. Data proving that 
cryptic plasmids of native strains are related to horizontal gene 
transfer and could be essential for rhizobia fitness.

Keywords — S. meliloti, cryptic plasmids, ORFs, COGs, 
prophages, horizontal gene transfer

Motivation and aim

Motivation
Cryptic plasmids (CPs) are accessory elements of the 

multicomponent genome of α-proteobacteria forming 
nitrogen-fixing symbiosis with legumes [1]. The study of the 
functional role of nonsymbiotic CPs has got a significant 
prospect in postgenomic era. 

Aim
The aim of this work was the comparative analysis of CPs

which were obtained as a result of genome-wide sequencing 
of symbiotically active strains Sinorhizobium meliloti AK555 
and AK83 adapted to salinized area of the Aral Sea region.

Methods
Strains Sinorhizobium meliloti AK555 and AK83 were 

obtained in the frame of the INCO-COPERNICUS project 
(ICA2-CT-2001-10001). Cryptic plasmids assembly of 
AK555 was done on the basis of full-genome sequencing [2]. 
The annotation of plasmid sequences was done by using 
bioinformatics approaches (Flye, Racon, Medaka, Pilon, 
Prokka). 

Data about pSINME02 and pSINME01 of the AK83 are 
from GenBank (NC_015592.1; NC_015597.1). 

Results
The two nonsymbiotic plasmids as a result of genome-

wide sequencing of the AK555 were assembled and annotated 
by using bioinformatics approaches (Flye, Racon, Medaka, 
Pilon, Prokka). The SMd is a replicon of 31.2 kbp with 34 
ORFs and SMe is a replicon of 453.7 kbp containing 519 
ORFs. Plasmids of the strain AK83 are: pSINME02 of 70.5 
kbp and pSINME01 of 256.3 kbp. The first replicon contained 
85 ORFs and the second one 287 ORFs. 

The analysis of SMd of the AK555 revealed that 86% of 
its length showed 92% homology with nearly a half of the 
sequence pSINME02 of the AK83. But no homology was 
detected between above mentioned plasmids and other two 
plasmids SMe and pSINME01 of the both strains.

More than a half of ORFs of each examined replicons were 
characterized by COGs. In the result, all ORFs were allocated
into 4 functional groups: cellular processes and signaling (D, 
M, N, O, T, U, V, W), information storage and processing (J, 
K, L), metabolism (C, E, J, H, I, P, Q) and poorly characterized 
(R, S, X). An average portions of ORFs belonged to cellular 
processes/signaling or metabolism groups were 0.2 and 0.34, 
correspondingly, per replicon. ORFs related to metabolism
were detected on SMe, pSINME02, pSINME01, but that was
not a case for the SMd. On the SMe was detected ORF 
encoding Kup2 protein involving in K+ transport, which could 
relate to osmoadaptation process. The Kup2 is homologous to
Kup proteins encoded by other two sequences localized on the 
chromosome and megaplasmid SMa of the same strain. While 
the homology was 71 and 84%, respectively. 

On plasmids SMe and SINME01 prophage sequences of 
different sizes were detected by using PHASTER 
(https://phaster.ca/). The 2 sequences of the SMe were: 12.9 
kbp and 5.9 kbp, which were characterized as intact and 
incomplete prophages, correspondingly. On plasmid 
pSINME01 the 2 prophage sequences of a sizes 43.9 kbp and 
9.3 kbp were identified. These sequences were characterized 
as intact prophage and incomplete prophages. The analysis of 
protein-coding genes of phage related sequences revealed 
homology with sequences of phages from Siphoviridae,
Myoviridae and Podoviridae families.

Summarizing, cryptic plasmids of S. meliloti are enriched 
with ORFs related to vital metabolic processes, harboured 
phage related sequences. The fact of the homology between 
two plasmids of genetically unrelated strains evident that these 
plasmids are participating in horizontal gene transfer. Thus
nonsymbiotic plasmids of S. meliloti are essential elements of 
rhizobia fitness.
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Abstract — Exosomes are extracellular vesicles secreted by 
almost all cell types. Exosomes were isolated from different 
biological liquids: cell cultures, blood, urine, tears, saliva and 
milk. Milk is unique source of exosomes. Here we describe 
microRNA content of horse and human milk exosomes. 

Keywords — exosomes, milk, microRNA 

Motivation and aim
Exosomes are 40–100 nm diameter natural vesicles, 

containing CD9, CD63 and CD81 tetraspanins on the surface. 
It was shown that milk obtained from different sources contain 
exosomes: human, horse, bovine, rat. Horse milk is a unique 
source of exosomes since is less allergenic than bovine and 
not prion prone. Also, horse milk can be obtained in larger 
amounts than human milk.

Methods
According to the results, published by the other research 

groups, milk exosomes contain hundreds and thousands of 
proteins, mRNA and microRNA molecules. Our recent results 
show that these numbers may be significantly overestimated.

Isolation of exosomes from sediments obtained after 
ultracentrifugation with an additional step of gel-filtration
allows decreasing the number of proteins, that co-isolate with 
vesicles. Many microRNAs are described in exosomes, 
obtained from human and bovine milk. 

Results
Here we show the content of more than two dozens major 

microRNA molecules, isolated from human and horse milk 
exosomes on different stages of centrifugations, 
ultracentrifugations, before and after gel-filtration. According 
to these data, several microRNAs may be used as indicators 
of milk exosomes' purity. 

ACKNOWLEDGMENT 

The study was funded by the Russian Scientific 
Foundation (research project 187410055 to S. Sedykh) and by 
the Program of Fundamental Research of Government 
Academia (АААА-А17-117020210023-1 to Prof. 
G. Nevinsky). 

100



Novel loci associated with plasma immunoglobulin G
N-glycosylation identified by a multivariate analysis

Alexandra S. Shadrina
Laboratory of Glycogenomics

Institute of Cytology and Genetics
SB RAS, Novosibirsk, Russia

ORCID: 0000-0003-1384-3413

Gordan Lauc
Genos Glycoscience Research 

Laboratory
Zagreb, Croatia

ORCID: 0000-0003-1840-9560

Yurii S. Aulchenko 
Laboratory of Glycogenomics

Institute of Cytology and Genetics
SB RAS, Novosibirsk, Russia

ORCID: 0000-0002-7899-1575

Alexander S. Zlobin
Laboratory of Recombination and 

Segregation Analysis
Institute of Cytology and Genetics

SB RAS, Novosibirsk, Russia

Lucija Klaric
MRC Human Genetics Unit, Institute 
of Genetics and Molecular Medicine, 

University of Edinburgh
Edinburgh, United Kingdom

ORCID: 0000-0003-3105-8929

Yakov A. Tsepilov 
Laboratory of Theoretical and Applied 

Functional Genomics
Novosibirsk State University

Novosibirsk, Russia 
ORCID: 0000-0002-4931-6052 

Olga O. Zaytseva
Genos Glycoscience Research 

Laboratory
Zagreb, Croatia

ORCID: 0000-0003-3960-5157

Sodbo Z. Sharapov 
Laboratory of Glycogenomics

Institute of Cytology and Genetics
SB RAS, Novosibirsk, Russia

ORCID: 0000-0003-0279-4900

Abstract — Immunoglobulin G (IgG) is the most prevalent 
human plasma N-glycosylated protein, which makes a 
significant impact into the total plasma protein glycosylation 
profile. Glycosylation of IgG is known to affect its biological 
properties; for example, sialylation of glycans attached to IgG is 
known to have an anti-inflammatory effect, while the absence of 
a core fucose in the IgG glycan structure can increase antigen-
dependent cell cytotoxicity. The biochemical processes 
underlying protein glycosylation are well-studied; at the same 
time, little is known about biological network regulating these 
reactions. In the present study, we performed a multivariate 
analysis based on the summary statistics obtained in the 
previously published IgG N-glycome GWAS in order to discover 
new loci influencing IgG N-glycosylation patterns. We revealed 
thirty-four loci associated with the levels of plasma IgG N-
glycosylation. Of these loci, eight loci have not been reported in 
previous works. Our results significantly expand the number of 
identified IgG N-glycome-associated loci and contribute to 
understanding the mechanisms of the genetic control of 
glycosylation.

Keywords — human N-glycosylation; immunoglobulin G; 
multivariate analysis; genome-wide association study; locus

Introduction
Immunoglobulins are the most abundant glycoproteins in 

human blood plasma: while the total concentration of 
glycoproteins in plasma is about 30 mg/mL, the concentration 
of immunoglobulins is approximately 16 mg/mL [1]. Of these, 
immunoglobulin G (IgG) constitutes approximately 75%. IgG 
heavy chains carry bi-antennary glycan moieties covalently 
linked to an asparagine 297 residue. The spectrum of glycans 
attached to IgG molecules is called the IgG N-glycome. 
Glycosylation of IgG influences its effector functions and 
plays an important regulatory role in the immune system [2], 
[3]. Changes in the IgG N-glycome composition are 
associated with a number of diseases, such as inflammatory, 
infectious, autoimmune, and alloimmune diseases, and 
different types of cancer [3]. Biological mechanisms 
regulating IgG N-glycosylation are still not fully understood. 
Elucidating the genetic control of IgG N-glycome helps to 
uncover molecules and pathways involved in establishing IgG 

glycosylation patterns and facilitates research linking IgG N-
glycome and human pathologies. To date, four genome-wide 
association studies of the total plasma IgG N-glycome have 
been published [4]–[7]. The largest study was conducted by 
Klarić et al. [7], which has increased the number of known loci 
robustly associated with IgG N-glycome to 23.

The aim of our study was to further increase the statistical 
power of the analysis and reveal novel loci associated with the 
plasma IgG N-glycome traits. Our aim was achieved by 
performing a multivariate analysis using the genome-wide 
association study (GWAS) summary statistics obtained in the 
previous work [7].

Materials and methods
The discovery GWAS providing summary statistics for 

our analysis was performed in four European-ancestry cohorts 
with a total sample size of 8,090 individuals [7]. We used the 
GWAS results for 23 IgG N-glycan traits directly measured by 
ultra-performance liquid chromatography. We grouped these 
23 glycan traits into nine groups based on their general 
structural and chemical properties as described previously [5].
The following groups were constructed: galactosylation, 
monogalactosylation, digalactosylation, sialylation, 
monosialylation, disialylation, fucosylation, bisecting N-
Acetylglucosamine, and one group that combined all 23 traits 
(N-glycosylation). Multivariate analysis was performed using 
the GWAS summary statistics- based method described by 
Ning et al. [8]. The statistical significance threshold was set at 
P < 1.67e-09 (5.0e-08/(21+9), where 9 is the number of trait 
groups and 21 is the number of principal components 
explaining most of the variance of IgG N-glycosylation traits 
[4]). Calculations were performed using the MultiABEL 
package for R software environment.

Results
Multivariate analysis revealed 34 loci associated with at 

least one group of IgG N-glycosylation traits. Of these, 31 loci 
were associated with 2 or more traits groups. Median number 
of trait groups associated with the identified loci was 3 (range 
1-8). Eight loci have not been reported in previous IgG N-
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glycome studies (Ошибка! Источник ссылки не 
найден.). The number of newly identified loci constitutes one 
third of the number of loci that are already known to affect 
IgG N-glycosylation. This demonstrates the efficacy of the 
multivariate analysis methods in investigating the genetic 
architecture of complex traits. The revealed loci are likely to 
be involved in the genetic control of complex processes 
regulating general IgG N-glycosylation pathways.

ОШИБКА! ИСТОЧНИК ССЫЛКИ НЕ НАЙДЕН. – NOVEL LOCI ASSOCIATED
WITH IGG N-GLYCOSYLATION TRAITS REVEALED BY THE MULTIVARIATE 
ANALYSIS.

SNP rs 
number Chr:posa P-value Top trait groupb Nearest 

gene

rs11895615 2:26113120 5.48e-10 galactosylation ASXL2

rs1372288 3:142901537 3.74e-11 galactosylation CHST2, 
SLC9A9

rs9844068 3:196224038 3.23e-12 N-glycosylation RNF168

rs3130380 6:30279130 2.62e-12 galactosylation HCG18

rs1269852 6:32080191 1.98e-19 N-glycosylation ATF6B,
TNXB

rs1794282 6:32666526 3.85e-15 galactosylation

HLA-
DQB1 -
HLA-
DQA2

rs479844 11:65551957 7.25e-15 digalactosylation OVOL1

rs4561508 17:16848750 4.51e-11 fucosylation TNFRSF
13B

a. Chromosome: position on chromosome according to GRCh37.p13 
assembly

b. Trait group most significantly associated with the locus
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Abstract — One of the common co-translational and post-
translational modifications of human proteins is glycosylation. 
Glycosylation influences the physical properties of proteins as 
well as their biological function. Alteration in glycosylation is 
observed in many human diseases. Defining genetic factors 
altering glycosylation may provide a basis for novel approaches 
to diagnostic and pharmaceutical applications. Here, we 
conducted a genome-wide association study (GWAS) of human 
total blood plasma N-glycome measured by ultra-performance 
liquid chromatography technology in almost 10 000 samples.

Keywords — GWAS, association, N-glycosylation, glycomics, 
genetic, glycobiology, glycan

Introduction
Glycosylation – the covalent attachment of carbohydrate 

(glycan) to a substrate - is a common and structurally diverse 
post-translational modification of protein. Addition of glycans 
influences the physical properties of protein (solubility, 
conformation, folding, stability, trafficking, etc.) [1]–[3] as 
well as the biological function including protein-protein, cell-
cell, cell-matrix, and host-pathogen interactions [1], [2], [4].
Alteration in glycosylation is observed in many human 

diseases such as type 1 and 2 diabetes mellitus [5], rheumatoid 
arthritis [6], Parkinson's disease [7] and cancer [8], [9].
Glycans are considered potential therapeutic targets [10] and 
biomarkers for early diagnosis and disease prognosis [11]–
[14], making glycobiology a promising field for future clinical 
applications. Genome-wide association studies (GWAS) 
allow a hypothesis-free search of genetic variants involved in 
the regulation of glycosylation [15]. In our recent study [16]
we analyzed the genetic control of total plasma N-Glycome 
(TPNG) measured by ultra performance liquid 
chromatography (UPLC) by conducting a GWAS using up to 
3 800 samples. We found and confirmed the association of 
twelve loci with TPNG. In the present study we present results 
of the next stage, where we tripled the sample size and 
recruited up to 10 000 samples for further discovery of genetic 
control of the human blood plasma proteins N-glycosylation.

Materials and methods
Quality control of the TPNG data for 10 000 samples from 

seven cohorts: TwinsUK, EPIC, PainOmics, SOCCS, 
SABRE, QMDiab, and CEDAR was performed. As the 
number of quantified glycan traits measured by UPLC varied 
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across cohorts from 36 to 42, we applied our recently 
developed protocol that resulted in the harmonized set of 36 
glycan traits. Based on the biochemical structure of 36 original 
glycans, we computed an additional 81 derived traits leading 
to a total of 117 glycan traits. We conducted an inverse-
variance weighted meta-analysis of GWAS for 117 traits from
seven the cohorts. The discovery and replication datasets had 
sample size of 7 500 and 3 100 samples respectively. For the 
replicated loci, we performed an in silico functional 
annotation to prioritize potentially causal genes. Prioritization 
used multiple lines of evidence such as presence of predicted 
damaging variants in a gene, pleiotropic effects of glycan-
associated SNPs on gene expression and the results of 
DEPICT (Data-driven Expression Prioritized Integration for 
Complex Traits). Meta-analysis of 117 traits and seven 
cohorts as well as in silico follow up was performed using the 
GWAS-MAP tool [17], that provides researchers a “swiss 
army knife” tool for GWAS and post-GWAS analyses. An 
association was considered statistically significant at the 
genome- wide level if the P-value for an individual SNP was 
less than 5×10−8/(27+1) =1.78×10−9, where 27 is an effective 
number of tests (traits) that was estimated as the number of 
principal components that jointly explained 99% of the total 
plasma glycome variance in the TwinsUK sample

Results
We found 38 loci that were significantly associated (p

<1.79 x 10-9) with at least one glycan trait. Of the 38 loci, 12
were previously reported to be associated with plasma 
glycome composition [15], [16], 14 loci were associated with 
N-glycome composition of IgG [18]– one of the most 
prevalent N-glycoprotein in plasma, while six loci were 
known to be associated with both plasma and IgG N-Glycome.
For the 14 loci, the significant association with plasma 
glycome was demonstrated for the first time. The majority of 
loci were replicated in a combined set of replication cohorts. 
For the replicated loci we conducted an extensive in silico
functional follow up to priorities the functional genes and 
variants.
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Abstract — Chromatin immunoprecipitation followed by 
high throughput sequencing, i.e. ChIP-Seq, is a widely used 
experimental technology for the identification of functional 
protein-DNA interactions. Nowadays, such databases as GTRD, 
ChIP-Atlas and ReMap systematically collect and annotate a 
large number of ChIP-Seq datasets generated by distinct peak 
callers, including MACS2. The quality control of such datasets 
is currently indispensable, since the peak callers may produce 
different results for the same ChIP-seq experiment. We have 
performed a comparative analysis of intensively used peak 
callers with the help of two metrics that control false 
positive/negative rates. We have found that MACS2 
outperformed its competitors.

Keywords — quality control, ChIP-Seq datasets, peak caller, 
false positives, false negatives, GTRD database

Introduction
Understanding the basic mechanisms of transcription 

regulation is a big problem in modern biology. Regulation of 
transcription is a complex process in which transcription 
factors play a key role. Nowadays, ChIP-Seq experiments are 
widely used to detect protein-DNA binding in whole 
genomes. To date, several databases, such as GTRD [1], 
ChIP-Atlas and ReMap, accumulate ChIP-Seq datasets 
obtained by applying various peak callers to the primary ChIP-
Seq data. To control the quality of accumulated datasets 
distinct control metrics are used. For example, such well-
known metrics as Non-Redundant Fraction (NRF), PCR 
Bottlenecking Coefficient 1 and 2 (PBC1 and PBC2), 
Normalized Strand Cross-correlation coefficient (NSC), and 
Relative Strand Cross-correlation coefficient (RSC) evaluate 
the quality of read alignments for individual genomes. These 
metrics were developed as part of the ENCODE project [2]. 
However, these metrics do not control false positive and false 
negative rates. Recently, two quality control metrics, namely, 
the False Positive Control Metric (FPCM) and the False 
Negative Control Metric (FNCM), were developed on the 
base of the population size estimation approach [3].

Several tens peak callers have been developed to generate 
transcription factor binding regions (TFBRs) from aligned 
ChIP-Seq data. [4] However, a comparative analyses [5, 6] of 
peak callers did not reveal so far the best among them. We 
performed comparative analysis of the most popular peak 
callers – GEM [7], MACS, MACS2 [8], SISSRs [9] and PICS 

[10]. For this purpose, we used the FPCM and FNCM 
metrics, as well as 8982 TFBR datasets from the GTRD 
database. The conducted comparative analysis showed that 
MACS2 outperformed its competitors.

In this study we applied some rank aggregation (RA) 
methods for a meta-analysis of transcription factor binding 
sites (TFBSs) obtained from ChIP-seq data publically 
available in the GTRD database. Additionally, we are 
introducing a new RA method based on the Borda method 
utilizing values of FPCM and FNCM quality metrics.

Materials And Methods
To generate TFBR datasets, we used two distinct 

scenarios. According to scenario 1, see Fig. 1(A), the four 
peak callers - GEM, MACS, PICS, and SISSRs – were applied 
independently to the same ChIP-Seq set of reads aligned to the 
reference genome. Then the obtained four sets of peaks were 
merged into a final dataset. According to scenario 2, MACS 
was replaced by MACS2, and the final TFBR dataset was 
obtained by overlapping the peaks instead of merging them. 
The processes of merging and overlapping peaks are 
demonstrated in Fig. 1.

To compare peak callers, we used FPCM and FNCM 
metrics [3]. FNCM for each peak caller was defined as the 
ratio of the observed number of its peaks to the estimated 
number of genuine peaks. FNCM varies in the range [0.0; 1.0]. 
The closer the FNCM value to 1.0, the lower the false-
negative rate, and the values closer to 0.0 indicate that a large 
number of genuine peaks have been missed. FPCM was 
defined as the ratio of the observed number of orphans in the 
TFBR dataset to the estimated number of true orphans. In turn, 
orphans were defined as separate peaks that did not overlap 
with other initial peaks. If the difference between the observed 
and estimated number of orphans is insignificant, then the 
FPCM should be close to 1. Such FPCM values indicate that 
erroneously formed peaks are practically absent. However, if 
the FPCM considerably exceeds 1 (e.g., FPCM > 2.0 or FPCM 
> 3.0), then at least half or more orphans are classified as false 
positives.

105



(A)

(B)

Fig. 1. Two scenarios for peak caller comparison. (A) scenario definition; 
(B) ROC curves and AUC values in two scenarios

Results And Discussion
To obtain reliable conclusions, we performed a 

comparative analysis of 8982 human ChIP-Seq experiments 
stored in GTRD. For each experiment, we calculated two 
FPCM values, say FPCM1 and FPCM2, which corresponded 
to scenario 1 and scenario 2, respectively. In general, in 70.9%
of experiments, replacing MACS with MACS2 resulted in 
improved quality by lowering FPCM. In particular, for 
experiments PEAKS034562 (REST), PEAKS033231 
(GATA2) and PEAKS034509 (ESR1), the pair of values 
(FPCM1, FPCM2) is equal to (14.431, 1.167), (10.778, 1.132) 
and (11.514, 1.204).

We performed a direct comparison of peak callers by 
comparing their FNCM. Thus, for experiment PEAKS034562 
in scenario 1 the following FNCM values were achieved: 
MACS – 0.967, SISSRs – 0.909, GEM – 0.807 and PICS –
0.04. Hence, MACS has outperformed its competitors because 
its FNCM is maximal. Overall, in 56.1% of the experiments 
MACS showed better results, while GEM, SISSRs, and PICS 
outperformed in 18.5%, 16.2% and 9.2% of experiments, 
respectively. In scenario 2, MACS2 showed better results in 
69.5%, while GEM, SISSRs and PICS outperformed in 8.4%, 
13.9% and 8.2% of experiments, respectively.

Finally, the usefulness of transition from scenario 1 to 
scenario 2 can be confirmed by increasing the accuracy of 
identifying site motifs in the three ChIP-Seq datasets 
mentioned above. To identify the motif, we used the following 
models of position weight matrix from the HOCOMOCO 
database [11]: 

REST_HUMAN.H11MO.0.A, 
GATA2_HUMAN.H11MO.0.A, 
ESR1_HUMAN.H11MO.0.A.

Fig. 1(B) demonstrates that the transition from scenario 1 
to scenario 2 increased the accuracy of site identification. This 
increase in accuracy is in good agreement with the decrease in 
FPCM values.

Conclusions
Comparative analysis of GEM, MACS, MACS2, SISSRs 

and PICS revealed that MACS2 outperformed its competitors 
in terms of the FPCM and FNCM metrics.
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Abstract — We present the database and the high-
performance GWAS-MAP platform for aggregating, storing, 
processing and visualizing big data, namely the results of 
genome-wide and regional association studies (GWAS and 
RWAS). At the moment, we have compiled a database of human 
GWAS and RWAS, which contains more than 70 billion 
associations between genomic polymorphisms and different 
diseases, quantitative and “omics” traits. The platform and the 
database can be used in studies of the etiology of human diseases, 
in the development of predictive risk models, as well as in the 
search for candidate biomarkers, and candidate therapeutic 
targets. 

Keywords — GWAS-MAP, database, genome-wide association 
study, summary statistics, GWAS, regional-wide association study, 
RWAS, quantitative genetics 

Introduction 
The genome-wide association study (GWAS) is one of the 

main approaches for identifying the relationships between 
allelic variants of the genome and human complex traits. One 
of the most important advantages of GWAS is the agnostic 
nature of the method. The GWAS methodology has gained 
great popularity over the past decade [1]. Since 2007, the 
number of GWAS has been growing exponentially; At 
present, hundreds of original genome-wide association studies 
are published each year.

The results of GWAS are published in the form of 
summary statistics - for each single nucleotide polymorphism 
(SNP) information is provided on the frequencies of alleles 
and characteristics of the effect of the allele on the phenotype. 
For the analysis of human genomes, a GWAS assumes a study 
of associations between the character of interest and tens of 
millions of SNPs. In this regard, the results of GWAS (R-
GWAS) form big data. 

R-GWAS can be used to solve many problems - from 
research in the field of fundamental biology and genetics to 
the search for biomarkers and therapeutic effects.

While the number of R-GWAS collected by the scientific
community and their analysis methods is increasing, the use 
of this data is limited by the lack of generally accepted 

standards. In particular, researchers are faced with the 
following problems. Firstly, this is a big amount of data that 
requires the development of specialized infrastructure. 
Secondly, in addition to storing primary data, it is necessary 
to ensure their pre-processing. Thirdly, the same type of data 
is generated in different laboratories using different protocols, 
which requires an integration procedure to ensure universal 
storage. Finally, it is necessary to develop user interfaces that 
would allow non-bioinformaticians access and analyze the 
data.

To help addressing these issues, we developed the GWAS-
MAP platform for storing, processing, and analysis of R-
GWAS. The system provides an opportunity to carry out 
research that will contribute to the search for new candidate 
biomarkers and therapeutic approaches. 

Results
The GWAS-MAP consists of two data processing modules 

(integration and analysis of GWAS/RWAS results), an 
interface to the database (DB) and a web-interface (Fig. 1). 
Integration involves converting R-GWAS, collected from 
different sources, into a universal format. After integration, we 
perform QC and, if the R-GWAS passes the tests, we keep it 
in the database. 

The DB consists of two components, each controlled by 
its own DB management system (DBMS). The first 
component is managed by the Clickhouse DBMS, which 
provides us with rapid-access storage of RGWAS accessible 
via powerful and flexible interface. Each record is a vector of
parameters characterising an association between a SNP and a 
trait in a GWAS. The second component is managed by the 
PostgreSQL DBMS and contains information about the study 
design, results of analyses and other supporting information. 
To ensure convenient usage of GWAS data, the system also 
contains key information about each study, for example, date 
of publication, reference, and details of the experiment.

Currently, the GWAS DB contains in total data from 7,245 
genome-wide and 1,25 millions regional (e.g. cis-eQTL) 
association scans describing 70 billions of genotype-
phenotype associations. Tirty-six percents of associations are 
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related to complex traits, 12% are related to transcriptomics, 
4% - to metabolomics, 47% - proteomics and 1% - glycomics. 
To ensure convenient usage of GWAS data, the system also 
contains key information about each study, for example, date 
of publication, reference, and details of the experiment.

Fig. 1. GWAS-MAP platform program architecture

The system incorporates widely used methods of RGWAS 
analysis. These methods are focused on the identification of 
functional variants, genes, molecules, and traits that may be 
potential targets of (therapeutic) manipulation. In particular, 
we implemented methods of

Linkage Disequilibrium score regression - a method 
for assessing the SNP-heritability of a trait and 
calculating genetic correlations between two traits 
[2].

Mendelian randomization methods - a set of tests that 
allow hypothesising a causal relationship between a
pair of traits [3].

Summary-level mendelian randomization and 
heterogeneity in dependent instruments (SMR-
HEIDI) which helps determining whether two
different traits are controlled by the same functional 
variant in the locus or are controlled by two different 
functional variants in linkage disequilibrium. When 
used with gene expression GWAS, this can permit 
the establishment of the causal gene in a locus, which 
is not readily attained using a trait GWAS alone [4].

Dimitrieva-Georges Theta (DGT) - is an alternative 
to HEIDI. This method uses weighted correlation 
analysis to evaluate the similarity of association 
profiles based on summary statistics only. The
method may be more robust than SMR/HEIDI 
because it does not rely on availability and precise 
knowledge of the structure of linkage disequilibrium 
[5].

We also implemented meta-analysis tools that allow 
combining results of GWAS performed for the same trait. This 

module has additional QC procedure, to check that studies 
could be included in analysis together [6].

Finally, we developed a web-service “PheLiGe” 
(https://phelige.com), in order for external users to have 
access to the database. PheLiGe allows not only for scanning 
the phenome for effects of a genetic variant, but also to assess 
whether co-association of a variant with multiple traits may 
occur due to pleiotropy or the consequence of linkage. In more 
detail, in the "GWAS/cisQTL" tab, a user can search for 
specific GWAS and RWAS on multiple criteria, access 
metadata and generate interactive Manhattan plots. In the 
"Associations" tab the user can search for associations 
observed for a SNP of interest directly or via a proxy variant 
in linkage disequilibrium. The user can download the results 
and also graphically explore regional pattern of association 
around the selected SNP. Next, the user can select a “primary” 
and “secondary” regional association, that will be passed to 
the “Analysis” tab. In this tab, regional patterns of association 
are compared using the Dmitrieva-Georges weighted 
correlation method.

Conclusion
In this work, we introduced the GWAS-MAP platform, 

intended for storage and processing of GWAS and RWAS 
results. Currently, the database system contains data on more 
than 70 billion genotype-phenotype associations. The system 
interface provides a universal way of working with data, 
which allows quickly embed new analysis methods in the 
system. Users can work with the system through command 
line utilities, with the help of which they have the ability to 
download data to the system, as well as run analyzes and get 
their results. Approbation of GWAS-MAP platform is 
presented in an article on varicose veins study [7].
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Abstract — A diverse number of studies indicates that the 
hemolymph of aquatic invertebrates, apparently healthy 
invertebrates, is non-sterile. In this study we for the first time 
characterized the bacterial diversity in hemolymph of endemic 
amphipods from Lake Baikal on the example of abundant 
littoral species Eulimnogammarus verrucosus.

Keywords — hemolymph, amphipod, bacteria, Baikal 

Motivation and aim 

Motivation 
The aquatic environment contains a diverse and rich 

bacterial flora and, because of this fact, the presence of 
microbiota in the hemolymph is mostly reported for aquatic 
invertebrates [1]. Moreover, some microorganisms not only 
survive in the animal hemolymph, but also can be beneficial 
for the host [2]. Certain local microorganisms can compete 
with incoming ones and stimulate the host immune system, 
but in some cases, they can also become potential pathogens 
[3, 4]. The hemolymph microbiota, therefore, is a factor that 
must be considered when predicting the impact of negative 
environmental conditions on invertebrate populations. 
Crustaceans, in particular diverse endemic amphipods 
(Amphipoda), are one of the main ecosystem components in 
pristine Lake Baikal, but their hemolymph microbiomes have 
never been investigated using modern sequencing techniques. 

Aim 
The aim of the study was to characterize the hemolymph 

microbiome of one of the most abundant littoral amphipods in 
Lake Baikal, Eulimnogammarus verrucosus (Gerstfeldt, 
1858), by 16S rDNA amplicon meta-sequencing. 

Methods 
DNA was isolated from pooled hemolymph of adult 

amphipods caught on the Baikal shoreline from two locations 
separated by the Angara River outflow. The first group of 
animals was collected in the port Baikal in June of 2016 (2 
prepared hemolymph samples, 3 individuals per pool) and the 
second group was caught in Listvyanka village in September 
of 2016 (2 samples, 4 animals per pool). Amphipods were 
acclimated to laboratory conditions in aquaria for about a 
week. The surface of amphipod chitin was sterilized with 

ethanol before hemolymph extraction. The DNA samples 
were analyzed using a 454 GS Junior sequencer (Roche) after 
prior amplification of V4-V6 variable regions of 16S rDNA 
(500F primer: 

CCAGCAGCYGCGGTAAN; 1064R primer 
CGACRRCCATGCANCACCT). The IDTAXA program 

with the GTDB database was used for taxonomic 
classification of the obtained amplicon libraries [5]. 

Results 
Microbiomes of the analyzed hemolymph samples of E.

verrucosus were generally similar within each of the locations 
but varied in composition between the locations. In particular, 
we identified in total 29 bacterial genera, but only five of them 
were present in all samples: Acinetobacter, Flavobacterium, 
Arcicella, Polaromonas, and Pseudomonas. As the core 
components of E. verrucosus hemolymph metagenome these 
genera may deserve the main attention during further research 
on host-symbiont relationships for amphipods of Lake Baikal. 
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Abstract — Due to rapid development of the second and third 
generations of high-throughput sequencing systems, the number 
of available pathogenic bacteria genomes has increased 
dramatically in last 10 years and reached 60,000 in 2019. Novel 
software and computational pipelines are required to process 
such a huge amount of data in order to derive useful information 
from it. Here we present a pipeline combining various existing 
bacterial typing and annotation tools to create an easy-to-use 
and flexible environment for investigating the whole genomes of 
pathogenic bacteria obtained by high-throughput sequencing. 
The pipeline includes multi-locus sequence typing, antibiotic 
resistance and virulence genes’ annotation, plasmid detection 
and typing, and various other useful features.

Keywords — annotation pipeline, bacterial genome analysis, 
NGS, antibiotic resistance, genomic epidemiology

Introduction
The development of second- and third-generation 

sequencing technologies (NGS) has dramatically simplified 
and greatly lowered the cost of obtaining the whole genomes, 
especially, bacterial ones. In the field of clinical bacteriology, 
rapid and reproducible identification, typing and annotation of 
bacterial pathogens is vitally important, and, thus, NGS 
slightly becomes a commonly used practice for outbreak and 
infection transmission investigation. Although many 
computational pipelines for bacterial genome annotation are 
available, currently the need still exists for flexible tools that 
can be routinely used in clinical and epidemiological 
investigations. We have developed such a pipeline for typing 
and annotation of clinical and food poisoning bacterial 
pathogens. It can be used for scientific purposes in the 
emerging field of bacterial genomic epidemiology that 
combines the use of molecular biology, epidemiology and 
bioinformatics techniques and procedures for infectious 
disease surveillance and outbreak investigations.

Matherials and Methods
To achieve the goals set above, we have developed a set of 

custom scripts for seamless integration of various software 
tools within Linux ecosystem. The input data should include 
genome sequences (complete chromosomes or assembled 
contigs) in FASTA format. Batch processing of multiple 
genomes of the same or various bacterial species is possible; 
however, species name should be set for each group of 
organisms separately. First step of the pipeline includes 
running BLAST on ‘nt’ or other similar database locally to 
verify that genomic sequence really belongs to the organism 
of interest. If it does not, all downstream species-specific tests 
are skipped. Mixtures of different organisms are also reported.

Then MLST-typing [1] is performed if the MLST scheme 
is available for the species under study. After that, ResFinder 
[2] is called to check for the presence of known acquired 
antibiotic-resistance genes in genomic sequence. This search 
is not species-specific, so it can be performed for any bacteria. 
Next steps include searching for known virulence genes with 
VirulenceFinder [3] and detecting plasmids in input sequence 
using PlasmidFinder [4]. These programs rely on the 
databases that store the data only for some bacterial families. 
If the data for the current species is not available, these steps 
will be excluded from the pipeline.

Then additional typing is performed when it is available 
for the given species. For example, the typing schemes based 
on capsular (K, or KL) loci and oligosaccharide (O) loci are 
available for Klebsiella pneumoniae and Acinetobacter 
baumannii, SPA-typing scheme based on the sequence of a 
polymorphic variable number tandem repeat is used for 
Staphylococcus aureus etc.

Finally, the results obtained by the programs mentioned 
above are summarized and presented in concise tabular form 
for each defined group of bacteria.

Some additional processing steps including phylogenetic 
tree building are also available as optional procedures.

It is worth mentioning that the pipeline can be easily 
updated by adding new antibiotic resistance genes, virulence 
genes or plasmid sequences for various organisms to the 
existing local databases. These updates are as simple as adding 
or editing text files.

Results
The pipeline developed is routinely used in our group for 

rapid annotation of newly sequenced clinical bacterial 
isolates, mainly belonging to ESKAPE pathogen group and 
food poisoning pathogens. The combination of various typing 
schemes (MLST, cgMLST, KL, O) allows narrowing isolate 
classification and facilitates the investigations of 
antimicrobial resistance spreading within the given healthcare 
unit, hospital or even at the country or international level.

The example of main output file in tabular format is 
presented in the Table 1.
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TABLE 1 – EXEMPLARY PIPELINE OUTPUT

Sam
ple 
ID

Species MLST AR
genesa ARa Virulenc

e genes
KL-
type

N1_
49

Klebsiella 
pneumoniae ST25

aac(3)-
IIa, 

aadA1, 
strA; 
bla-

OXA-
48

Amino
glycosi

de; 
Beta-

lactam

mrkA2, 
mrkB2 KL2

N2_
56

Klebsiella 
pneumoniae ST395 fosA Fosfom

ycin
fyuA_2, 
irp1285 KL61

c. In ‘AR genes’ and ‘AR’ columns ‘;’ is used as a separator between antibiotic groups

Conclusions
We have developed a user-friendly computational pipeline 

for typing and annotation of pathogenic bacteria genomes 
including antibiotic resistance prediction, MLST-based 
sequence type assignment, typing based on capsular and 
oligosaccharide loci, virulence gene finding and plasmid 
revealing, and other useful features including phylogenetic 

tree building. It can become a useful tool for epidemiological 
and genomic studies of newly sequenced bacterial pathogens. 
The pipeline can be updated or expanded without substantial 
efforts.
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Abstract — Allelic drop-out (ADO) is a known phenomenon 
of selective allele amplification representing the potential 
problem of correct DNA diagnostics. The results demonstrate 
the incidence of ADO reducing the diagnostic yield of PCR-
based target sequencing

Motivation and aim
Allelic drop-out (ADO) is a known phenomenon of 

selective allele amplification representing the potential 
problem of correct DNA diagnostics. Both NGS and Sanger 
sequencing are PCR-based methods, Sanger sequencinq is 
used to verify NGS results. The aim of this study is to 
demonstrate the incidence of ADO reducing the diagnostic 
yield in primary cardiomyopathy genetic testing via 
semiconductor NGS and Sanger sequencing of target gene 
panels.

Methods
We have developed 3 AmpliSeq custom gene panels for 

mutational screening: “K+/Na+ ion channels”, “Desmosomal
proteins”, “Sarcomeric proteins”, contains 1049 primer pairs 
(37 genes) totally, 152 kb. About 140 probands were screened 
with at least one of these gene panels. AmpliSeq sequences 

were analyzed in silico and visually compared with Sanger 
control sequences, noting the facts of heterozygosity loss.

Results
We have detected 12 ADO cases both in Sanger (5 cases) 

and AmpliSeq (7 cases) sequencing data. All ADO events 
happened due to frequent or rare SNVs in the oligoprimer 
annealing sites and were detected due to mismatch in frequent 
SNPs zygosity nearby. Three pathogenic variants would be 
missed if were not revealed by re-sequencing with alternative 
method and alternative oligos. 

Conclusion
All PCR-based methods have a risk of ADO leading to a 

decrease of diagnostic yield of genetic testing. ADO can 
theoretically affect 1% amplicons. It seems that real scope of 
ADO might be much higher and depends on numbers of 
primer pairs. The software for ADO detection is needed.
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Abstract — Genome wide association studies (GWAS) allow 
to identify common variants associated with the trait in 
question. In order to efficiently search for the genetic 
associations we have previously developed Genome-Wide 
Association Tracks Chromosome Highway (GWATCH). The 
broad goal of the Botswana GWAS project is to identify genetic 
determinants of susceptibility and resistance to infection by 
HIV-1 subtype C among people severely affected by HIV/AIDS 
in Botswana. By conducting GWAS analysis on HIV1C 
case/control dataset consisting of 762 Tswana people (combined 
from two partly overlapping datasets of 809 microarray and 362 
WGS samples), we found several gene regions slightly below 
significance level.

Keywords — GWAS, GWATCH, HIV-1, AIDS, Botswana

Introduction
HIV-infection is a deadly chronic disease spreading across 

all continents. There are 37.9 million [32.7 million–44.0 
million] people in the world living with HIV; 35.4 million 
[25.0 million–49.9 million] people who died from AIDS-
related conditions since the onset of the epidemic several 
decades ago with the estimated 770 000 [570 000–1.1 million] 
who died in 2018 (UNAIDS, 2019). Despite the efforts and 
resources dedicated to the fight against the HIV epidemics for 
more than three decades, currently no effective vaccine or cure 
exists.

According to UNAIDS, Botswana falls into the top 3 
countries with the highest HIV prevalence in the world with 
an adult aged 15 to 49 HIV prevalence rate of 20.3 [17.3 -
21.8] (UNAIDS, 2019). Moreover, HIV-1 subtype C 
(widespread in Botswana), which accounts for over half of 
HIV-1 infections worldwide, is understudied, because most 
current studies focus on other HIV subtypes more prevalent in 
Europe and the USA. We wanted to fill this gap and to search 
for genetic factors associated with HIV-1 subtype C in 
Botswana population. 

Methods
The individuals used in this study originated from two 

primary populations that have been described in detail. One 
was a population of pregnant women (436) involved in a 
maternal transmission study; the other (373) was a population 
enrolled to identify acute or early infections. This data were 

obtained in collaboration with Harvard T.H. Chan School of 
Public Health AIDS Initiative (Boston, USA) and Botswana 
Harvard AIDS Institute (Gaborone, Botswana). These 
samples were genotyped using two technologies: 809 samples 
have microarray-based genotypes (this dataset is called BH-
IM), and 364 samples (335 of which are overlapping with 
these 809) have WGS-based genotypes. The resulting 
genotype data was used for the association tests, performed 
using PLINK logistic regression. These results were loaded 
into the GWATCH tool [Svitin et al, 2014; http://gen-
watch.org/] for further analysis and visualization.

Results
First, we were able to replicate known HIV-associated loci 

from [O’Brien 2013] (NCOR2, TRIM5, CXCL12 and several 
HLA genes). Next, we investigated the newly discovered loci 
associated with HIV-1 subtype C. Many of the top associated 
genes are known to play a role in pathways that may be 
important in HIV infection process, such as L3MBTL3, 
NEO1, CD79B, AP3B1, PTPRA and others. One of the 
identified loci (close to HCG22 gene) was also replicated in 
another dataset [Xie et al. 2016].

Conclusions
This work presents the first step towards identification of 

genetic variants associated with infection by HIV-1 subtype C 
in Botswana population. We have replicated several loci that 
have shown association with HIV in previous studies. In 
addition, we have identified several novel putative associated 
loci in such genes as NEO1, CD79B, L3MBTL3, AP3B1, 
PTPRA.
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Abstract — Creating an integrated genome-centered 
intellectual system based on highly structured databases and 
knowledge bases for modeling and interpreting human and 
virus omics. The system allows you to automatically find 
functionally significant structures (templates, motifs, epitopes) 
for genomic and proteomic data in the formation of nucleo-
protein complexes and antigen-antibody complexes, determine 
protein functions, and model spatio-temporal biochemical and 
physiological processes.

Keywords — genomics, proteomics, databases, knowledge 
bases, modeling, interpretation

Introduction
Genome-centered analysis and interpretation faces the 

challenges of storing, searching, and modeling big omics data 
(genomics, transcriptomics, proteomics, metabolomics, and 
others). This fully applies to the tasks of viral infections. When 
solving problems of virology (molecular diagnostics, 
vaccination, search for therapeutic drugs), it is necessary to 
move from big omics data to functionally significant 
molecular structures: mutations, motives, conservative 
domains, enzymes, metabolic reactions and pathways, 
physiological systems, diseases based on bioinformatics 
technologies. This approach allows us to build a complete 
picture of the biochemical and physiological processes in a 
living organism, in particular, when the human organism 
interacts with viruses.

Methods and Algorithms
The goal of this work is to create an integrated genome-

centered intellectual system based on highly structured 
databases and knowledge bases for processing omics data in 
the tasks of integrating genomic virology with the human 
genome.

Currently existing big weakly structured omics data from 
international portals (NCBI, KEGG, Ensembl, HGNC, etc.) 
with interactive data access technologies do not allow to 
effectively solve the problems of integration of genomic 
virology and the human genome. An effective solution to 
these problems can be obtained and associated with the 
creation of highly structured indexed omics databases and 
knowledge bases, followed by automatic analysis and 
interpretation of primary data based on expert systems 
technology. It is necessary to restructure primary data as much 
as possible, automate interactive scenarios, shifting them to 
intelligent expert systems.

Results
Highly structured indexed models of omics data of 

numerous viruses and the reference human genome have been 
developed [1,2], on the basis of which databases and 

knowledge bases have been created, which form the basis of 
expert systems for automatic analysis, interpretation and 
diagnosis of viral diseases.

The expert system (ES) has been created that 
automatically searches for functionally significant structures 
(patterns, motifs, epitopes) for both genomic data and amino 
acid sequences of protein in the formation of nucleo-protein 
complexes and antigen-antibody complexes.

Special filters have been developed that work both on the 
basis of Prosite patterns (https://prosite.expasy.org/) and 
arbitrary templates, allowing you to find functionally 
significant domains and define protein functions. For 
automatic operation of these filters, a special compiler has 
been developed that allows modeling various search structures 
and templates.

The ES automatically searches for mutations for the 
studied genes and proteins. ES allow efficient automatic 
analysis and interpretation of genomic and proteomic data, 
and subsequent diagnosis of diseases.

A distinctive feature of the developed ES is their 
Autonomous nature, which allows you to work autonomously 
with both the reference human genome and virus genomes 
without constantly accessing data from world portals. At the 
same time, the mode of periodic updating of omics data from 
world portals for data updating is provided.

The created ES allow us to trace deep connections, starting
from a mutation in the gene along the chain: (DNA, RNA) –
gene – information RNA – encoded protein – enzyme –
metabolic reaction – metabolic pathway – physiological 
system – disease. This view allows the medic, biologist, 
geneticist, and researcher to trace the entire depth of biological 
and physiological processes. Created databases and 
knowledge bases allow you to determine the genotype of 
humans and a virus.

For the convenience of working with the developed 
systems (databases and knowledge bases), specialists who do 
not know information technologies have developed a special 
visual dialog interface. The interface is based on simple 
graphical constructs of visual programming.

The system can also be used effectively to analyze the 
results of genomic sequencing with subsequent interpretation 
of mutations. Based on the developed filters, the most 
significant mutations and their manifestation in proteins and 
metabolic processes are identified.

Conclusion
The developed information tool systems (databases and 

knowledge bases, ES) make it possible to effectively analyze 
the primary sequences of DNA, RNA, proteins for humans 
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and viruses. The created systems proved their effectiveness in 
diagnostics, as well as in other tasks of molecular biology: 
search for motives, sites, epitopes; modeling of transcripts; 
modeling of proteins; modeling of virus strategies; obtaining 
large omics quantitative data with subsequent transformation 
into small qualitative semantic data.
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Abstract — Long non-coding RNAs (lncRNAs) play an 
important role in the control of many biological processes in the 
body, including the development of cardiovascular diseases and 
hypertension. It is believed that lncRNAs play a central role in 
the epigenetic control of gene expression, however, the 
understanding of lncRNA biological functions and interactions 
is still far from being complete. In this work, we identified the 
lncRNAs differentially expressed in the hypothalami of 
hypertensive ISIAH and normotensive WAG rats, and revealed 
lncRNA-associated differentially expressed genes (DEGs) 
related to hypertension and behavioral characteristics of ISIAH 
rats (grooming, vertical activity, hyperactivity, abnormal 
emotion/affect behavior (including abnormal response to 
novelty). The work was carried out using transcriptome 
sequencing (RNA-Seq method). Three lncRNAs (Bc1, 
RGD1562890, and Snhg4) were found, the expression of which 
differed in the hypothalami of hypertensive ISIAH and 
normotensive WAG rats. The largest number of co-regulated 
genes, both associated with hypertension and behavior, was 
found for Snhg4. These findings may be useful for further 
understanding the role of lncRNAs in regulating the protein 
coding genes and modulating processes associated with both 
hypertension and behavior.

Keywords — RNA-Seq, lncRNA, hypertension, behavior, 
hypertensive ISIAH rats

Introduction 
Long non-coding RNAs (lncRNAs) play an important role 

in the control of many biological processes in the body, 
including the development of cardiovascular diseases [1] and 
hypertension [2-5]. Although they have a central role in the 
epigenetic control of gene expression [4], the understanding 
of lncRNA biological functions and interactions is still far 
from being complete [5]. The development of NGS 
technologies, the results of which allow to identify the 
lncRNA-associated genes by calculating the correlation 
coefficient between lncRNA and mRNA expression levels [6-
7], leads to a rapid increase in the number of studies in this 
field.

ISIAH rats model the stress-sensitive form of arterial 
hypertension. They are characterized by elevated blood 
pressure, characteristic structural and functional changes in 
target organs, increased stress sensitivity under the influence 
of mild emotional stress, and specific behavior in an 
unfamiliar environment. Increased activity of the 

hypothalamic-pituitary-adrenal and sympathetic adrenal 
systems suggest a key role for the hypothalamus in regulating 
the manifestation of the above phenotypic characteristics of 
hypertensive ISIAH rats [8]. Earlier, using transcriptome 
sequencing (RNA-Seq method), we determined genes 
differentially expressed in the hypothalami of hypertensive 
ISIAH and control normotensive WAG rats [9]. The current 
work presents the results of identification of differentially 
expressed lncRNAs in the hypothalami of the same rats and 
reveals the lncRNA-associated protein coding DEGs related 
to hypertension and behavioral phenotypes of ISIAH rats 
(grooming, vertical activity, hyperactivity, abnormal 
emotion/affect behavior and abnormal response to novelty).

Methods

Animals
The work was carried out using hypertensive ISIAH/Icgn

(Inherited Stress Induced Arterial Hypertension) rats and 
normotensive WAG/GSto-Icgn (Wistar Albino Glaxo) rats at 
the age of 3 months. Rats were kept under standard conditions 
with free access to food and water. All animal experiments 
were approved by the Institute’s Animal Care and Use 
Committee. Hypothalami from 3 rats in each group were 
collected and stored in RNA Later (Qiagen, Chatsworth, CA) 
at -70oC until sequencing.

RNA-Seq analysis
The collected samples were sent to JSC Genoanalytica 

(Moscow, Russia), where transcriptome sequencing (RNA-
Seq) was performed. The details of the protocol used were 
described earlier [9 4]. The data obtained were mapped to the 
RGSC Rnor_5.0 \ rn5 reference genome. The Cufflinks / 
Cuffdiff programs were then used to reveal the differentially 
expressed transcripts. The p value cutoff for lncRNA was 
0.01. The RNA-Seq data were deposited in the NCBI Short 
Read Archive database with Accession number 
PRJNA299102.

Identification of the lncRNA-associated genes
In order to obtain the lncRNA-mRNA co-expression pairs, 

the data (RPKM values) were log transformed, centered and 
normalized. Pearson correlation analysis was conducted 
between the lncRNAs expression and the expression profile of 
the protein-coding DEGs detected in the same samples. A 
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correlation coefficient >0.7 was recognized as significant for 
the identification of the lncRNA-associated genes.

Databases used
Rat Genome Database (https://rgd.mcw.edu/) was used to 

identify the genes associated with the hypertension and 
behavioral phenotypes (behavior/neurological phenotype, 
grooming, vertical activity, hyperactivity, abnormal 
emotion/affect behavior (including abnormal response to 
novelty). Atlas of combinatorial transcriptional regulation in 
mouse and man [10] was used to reveal the DEGs encoding 
the transcription factor genes.

Results
Three lncRNAs (Bc1, RGD1562890, and Snhg4) were 

found, the expression of which differed in the hypothalami of 
hypertensive ISIAH and normotensive WAG rats (Table 1). 
The relationship between these lncRNAs and the expression 
level of protein coding DEGs associated with hypertension 
and behavioral phenotypes was calculated using the Pearson 
correlation coefficient. Among the hypothalamic protein 
coding DEGs that were associated with hypertension, one 
gene (Hyal1) associated with RGD1562890 (r = -0.73) and 12 
DEGs associated with Snhg4 were found. Among them, the 
most significant association was found with the Igfbp2 gene (r 
= 0.97), which is associated with insulin resistance in the 
development of hypertension. 

Among the hypothalamic protein coding DEGs associated 
with behavioral phenotypes, one gene (Ercc2) associated with 
Bc1 (r = 0.88), two genes (Evc and Foxg1) associated with 
RGD1562890 (r = -0.78 and r = 0.83), and 9 genes associated 
with Snhg4 were found. Among them, the most significant 
association was identified with the Igf2 gene (r = 0.88). It 
should be noted that the Ercc2 and Foxg1 genes encode 
transcription factors, and the Igf2 gene is associated with 
cerebrovascular disorders.

TABLE 1 – The lncRNAs differentially expressed in the 
hypothalami of ISIAH and WAG rats

lncRNA
Expression level in log2 

(fold_change) 
ISIAH/WAG

p_valueISIAH, 
RPKM

WAG, 
RPKM

Bc1 137705.0 98177.6 0.49 1.85E-02
RGD1562890 247.4 51.4 2.27 7.00E-04
Snhg4 11.2 34.2 -1.61 4.50E-03

Conclusion
In hypothalami of hypertensive ISIAH and control WAG 

rats, 3 differentially expressed lncRNAs and several lncRNA-
associated protein-coding DEGs were found. The most highly 
expressed lncRNA (Bc1) is likely to influence the behavior of 

ISIAH rats by regulating the expression of the Ercc2 gene, 
which encodes the transcription factor and is associated with 
abnormal emotion/affect behavior and abnormal response to 
novelty, but does not affect the regulation of genes directly 
associated with hypertension. According to our results, we can 
expect that lncRNA RGD1562890 is involved both in the 
regulation of processes associated with hypertension and in 
the regulation of behavior, in particular with hyperactivity, 
through the regulation of the Foxg1 gene encoding the 
transcription factor. The largest number of co-regulated genes, 
both associated with hypertension and behavior, was found for 
Snhg4. These findings may be useful for further 
understanding the role of lncRNAs in regulating the protein 
coding genes and modulating processes associated with both 
hypertension and behavior.
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Abstract — Tapeworms of the genus Dibothriocephalus are 
widely distributed all around the world, with some being agents 
of human diphyllobothriasis, one of the most important 
fishborne zoonosis caused by a cestode parasite. The study of 
immunological relations between plerocercoids of 
Dibothriocephalus dendriticus and its salmonid fish hosts is of 
great importance. Hereby, we carried out complete 
transcriptome analyses of whitefish Coregonus baicalensis head 
kidney. Using Blast2Go, we revealed transcripts distribution 
among categories: biological processes, molecular functions.

Keywords — whitefish, head kidney, transcriptome

Introduction
Coevolution between hosts and their parasites is predicted 

to be dynamic and rapid, mainly because fitness costs caused 
by parasites are high, parasites are ubiquitous, and they often 
evolve rapidly. The majority of parasites have evolved 
strategies to evade the immune response of their hosts. 
Tapeworms of the genus Dibothriocephalus are widely 
distributed all around the world, with some being agents of 
human diphyllobothriasis, one of the most important fishborne 
zoonosis caused by a cestode parasite. Humans can contract 
this parasite by eating raw or partially cooked fish containing 
Dibothriocephalus plerocercoids [1]. We began the study of 
immunological relations between plerocercoids of 
Dibothriocephalus dendriticus and its salmonid fish hosts. 
The aim of this study was to conduct transcriptome analysis 
of the whitefish Coregonus baicalensis head kidney.

Material and methods
Samples of whitefish head kidneys were homogenized in 

liquid nitrogen and RNA was extracted using the RNEasy 
Mini (Qiagen) kit, according to manufacturer’s instructions. 
Complementary DNA (cDNA) libraries were then prepared 
using 250-500 ng of total RNA. Illumina sequencing adapters 
were then ligated to the cDNA, which were then PCR 
amplified for 15 cycles of 98 ºC 10 second denaturing, 60 ºC 
30 second annealing and 72 ºC 30 second extension and using 
a final extension step of 72 ºC for 5 minutes. The libraries were 
then used for clusters generation Illumina NextSeq550 and 
NextSeq 550 High Output v2 Kit (300 cycles) chemistry. High 

quality reads were merged and assembled using Trinity (with 
default parameters). Open reading frames were predicted 
using Transdecoder (http://transdecoder.sf.net) with default 
parameters. Conserved domains and associated Gene 
Ontology (GO) annotation [2] were predicted using Blast2Go.

Results and discussion
For the first time, complete transcriptome analyses of 

Baikal whitefish C. baicalensis head kidney was done. In 
total, 90253643 Illumina paired-end reads were generated 
from the cDNA libraries. Using Blast2Go, we revealed 
transcripts distribution among categories: biological 

Fig. 1. Gene Ontology annotations. Classification of the C. lavaretus 
head kidney proteins in terms of molecular functions (А), biological 
processes (B), and cellular components (C).
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processes, molecular functions (Fig. 1). For biological 
processes predominant transcripts were: cellular processes 
(9%), biological regulation (8%), metabolic processes (8 %), 
and regulation of biological processes (8%). Among 
molecular functions the next transcripts prevailed: transferase 
activity (12 %), hydrolase activity (11%), catalytic activity, 
acting on protein (10%). Synapse (8%) cytosol (7%), 
bounding membrane of organelle (6%), whole membrane 
(6%), and chromosome (6%) were predominant transcripts in 
cellular components category.

Obtained transcriptome of C. baicalensis head kidney will 
be used further to search immunocompetent genes involved in 
immune response against helminth invasion. Obtained 
information on the genes will be necessary for study of 
cellular and molecular relations between cestode 
plerocercoids and fish host immune system using real-time 
polymerase chain reaction, flow cytometry or confocal 
microscopy.
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Abstract — Molecular mechanisms underlying the 
formation of rare tumors are insufficiently known. It the work, 
we performed the analysis of microRNA profiles in a rare 
neuroendocrine tumor of the head and neck, carotid 
paraganglioma (CPGL). We found four microRNAs (miR-1185-
1/2-3p, miR-431-5p, miR-504-5p, and miR-200c-3p) that are 
differentially expressed among CPGL samples studied. This is 
the first study of microRNA expression in CPGL. Obtained 
results allow a better understanding of molecular changes 
associated with the development of the tumor. 

Keywords — carotid paragangliomas, microRNA expression, 
tumorigenesis

Motivation and aim

Motivation
Carotid paraganglioma (CPGL) is a rare neuroendocrine 

tumor of the head and neck that arises from the microscopic
paraganglion at the carotid artery bifurcation. CPGL amounts 
at more than half of all head and neck paragangliomas (65%). 
According to the WHO classification 2017, CPGL is 
characterized by the variable potential to metastasis; 
biomarkers of the tumor aggressiveness have not been found. 
Paragangliomas can occur as both hereditary and sporadic 
forms. Up to 40% of paragangliomas are associated with 
germline mutations in several known genes, predominantly in 
SDHx [1]. However, due to the rarity of the disease, there are 
little data on its genetics and molecular mechanisms behind 
tumor development.

Aim
We perform a complex molecular genetic study of CPGL, 

including whole exome, transcriptome, microRNA, and 
methylome analysis [2-4]. The integration of these data allows 
a better understanding of molecular changes associated with 
the tumor development and progression, as well as identifying 
both specific hallmarks of CPGL and common features 
attributed to all paragangliomas. 

Methods
Total RNA was isolated from 48 tumor samples using the 

High Pure FFPET RNA Isolation Kit (Roche, Switzerland). 
MicroRNA libraries were prepared with the NEBNext 
Multiplex Small RNA Library Prep Kit for Illumina (NEB, 
USA) according to the manufacturer’s protocol. High-
throughput sequencing was performed on the Illumina 
NextSeq 500 System in the single-end mode with a length of 
36 bp. Bioinformatics analysis of microRNA data was carried 
out using the miRge 2.0 pipeline [5].

Results
We found a list of microRNAs that are differently 

expressed in CPGL. Four microRNAs (miR-1185-1/2-3p, 
miR-431-5p, miR-504-5p, and miR-200c-3p) were 
characterized by the highest variability in the expression 
among tumor samples studied. All these microRNA were 
previously shown to be involved in carcinogenesis.
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Abstract — Recent metagenomic studies of various 
environments revealed an enormous number of viruses, with 
hundreds of previously unknown species and even new virus 
families, and thus greatly expanded our understanding of the 
virosphere. Investigations of insect virome will provide new 
insights into ecology and evolution of viruses and their hosts. 
Colorado potato beetle is one of the most serious insect pests 
feeding on Solanaceae plants. The Colorado potato beetle 
virome has not been studied yet and, as far as we know, our 
work is the first attempt to discover viral material in DNA- and 
RNA-Seq data of L. decemlineata. We also hope that 
identification of new viruses will help to extend the arsenal of 
biopesticides.

Keywords — Colorado potato beetle, metagenomic analysis, 
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Motivation and aim
Colorado potato beetle (Leptinotarsa decemlineata from 

Chrysomelidae family) is one of the most serious insect pests 
feeding on Solanaceae plants. Originated from North America 
it became widespread worldwide and poses a significant threat 
to potato crops [1]. Besides, leaf feeding beetles transmit plant 
viruses [2,3]. Currently, new biological strategies to control 
the leaf feeding beetles are actively being developed [4–6], but 
all of them are based on either entomopathogenic fungi or 
bacteria, not viruses. However, entomopathogenic viruses are 
successfully used against Lepidoptera pests for decades [7,8]. 
The Colorado potato beetle virome has not been studied yet 
and, as far as we know, our work is the first attempt to discover 
the viral material in DNA- and RNA-Seq data of L. 
decemlineata. We also hope that identification of new viruses 
will help to extend the arsenal of biopesticides.

The main goal of this work was the identification of viral 
sequences from publicly available L. decemlineata
transcriptomic and genomic samples. 

Methods
L. decemlineata transcriptomic and genomic samples were 

taken from NCBI SRA. To minimize contamination the reads 
were filtered against UniVec database, containing the 
sequences of commonly used vectors, adapters, linkers, and 
primers, and also against human genome (GRCh38). The 
reads that were not aligned to L. decemlineata genome 
(GCA_000500325.2, Ldec_2.0, 640 Mbp) were assembled de 
novo with MetaSPAdes software [9]. Contigs with sufficiently 
high coverage were analyzed with BLAST and 
MetaGeneMark software [10]. The reads not aligned to 
reference genome were aligned to viral genomes extracted 
from NCBI RefSeq. Non-aligned reads and contigs were also 
analyzed with Kraken2 software [11].

Results

Fig. 1. Classification of reads from pooled RNA-Seq samples from 
L. decemlineata heads. The analysis was performed with Kraken2 [11].
The classification results were visualized using Pavian [12]. Only viral reads 
are shown

As it was expected, the most frequently found sequences 
belonged to common insect viruses of Iridoviridae, 
Baculoviridae and Iflaviridae families (Fig. 1). We were able 
to find whole genome sequences of several plant viruses: 
Potato virus S, Potato virus Y, Grapevine virus, Ligustrum 
virus. It was found that some genes predicted with 
MetaGeneMark probably belonged to Bracovirus genus. 
Further examination of Colorado potato beetle reference 
genome revealed numerous long fragments of Bracovirus 
genomic sequences (over 25,000 bp in total). Bracoviruses 
belong to Polydnaviridae virus family associated with 
parasitoid wasps. This is a very interesting family of viruses 
as they help to suppress the immune responses and alter the 
growth, the metabolism and endocrine system balance of wasp 
hosts [13]. Bracoviruses are also involved into horizontal gene 
transfer and they were shown to integrate into genomes of 
wasp hosts [14]. We analyzed 18 more Coleoptera genomes 
and found that Colorado potato beetle genome was the fourth 
most enriched with bracoviral sequences. As far as we know, 
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this is the first report of a polydnavirus found in 
Chrysomelidae species. However, this fact is not surprising as 
there is a wasp Edovium puttleri known to parasitize on 
Colorado potato beetle eggs [15] and it was even proposed as 
a potential biocontrol agent. We have also found a number of 
long contigs with relatively high reads coverage that we 
couldn’t identify yet.
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Abstract — Genetic correlations between phenotypic traits 
are widely observed phenomena. Many groups of traits have a 
significant level of shared genetic background. In this work, we 
suggested a new method for extraction of shared genetic 
component for genetically correlated phenotypic traits. We 
applied the method to GWAS results for anthropometric traits.

Keywords — shared heredity, anthropometry, GWAS.

Introduction
In the era of large sample sizes available for genome wide 

association studies (GWAS), it becomes clear that a 
remarkable number of human traits and diseases are highly 
genetically correlated. In other words, many groups of traits 
have a significant level of shared genetic background. There 
is a big temptation to be able to study this background thought 
analysis a new aggregate trait that approximates shared 
heritability of the studied traits. 

Materials and methods
We propose a new strategy to the SNP-based association 

analysis of multiple genetically correlated traits. This 
approach focuses on a linear combination of the traits by 
maximizing of heritability explained by SNPs associated with 
all the traits (named as ‘shared’ SNPs). The first step is to 
decompose a matrix of genetic correlations between traits into 
two matrices so that one of them is explained by shared SNPs, 
while the other represents the genetic correlations formed by 
the unique genetic background of each trait. We compared 
several matrix decomposition techniques, including eigen-,
CUR-, and NMF- decompositions. Maximum quality was 
achieved when we used a method that minimizes absolute 
values of trait-trait correlations explained the unique genetic 
background. The second step allows us to analytically 
estimate the linear combination weights of traits by 
maximizing their shared heritability explained only the shared 
SNPs. Finally, in the last step, GWAS for analyzing shared 
heredity is performed as a linear combination of single-trait-
level GWAS summary statistics.

To assess this method we used GWAS data from such 
widely studied anthropometry traits as weight, BMI, waist 
circumference and hip circumference. Data for 
anthropometric traits was downloaded from 
http://www.nealelab.is/uk-biobank. In the first step, we found 

coefficients of linear trait combinations that maximizes the 
shared heredity between them. In the next step, we used the 
estimated coefficients to construct GWAS summary statistics 
for shared heredity. The significant threshold was set as 5×10-

8. The SNPs were considered from one locus if they were 
located within 1000kb from top associated SNP. Using 
Fisher’s exact test we found significant enrichment of top 
significantly associated SNPs with combined trait among top 
SNPs associated with all traits. 

Results
We tested our method on simulated data using different 
scenarios. In each scenario, we randomly generated the 
correlation matrix component explained by the non-shared 
SNPs, using parameters w (0,1) (the contribution of each
trait to shared heritability) and e (0,1) (variance of random 
variables that determine correlations caused by a unique 
genetic background). Besides, we formed the matrix 
explained by the shared SNPs, using w. In each scenario, 
10,000 repeats were performed. For each repeat, we tested the 
generated matrices for compliance with the definition of a 
valid correlation matrix. For small and moderate e, and 
moderate or large w, the mean difference between the 
observed and expected w was very small (0.0041 ± 0.0008).

In analysis of real data, we found 729 loci significantly 
associated with common genetic component (shared 
heredity) for the anthropometric traits. Among them, 28 loci 
are not significantly associated with any of the original traits 
and may be considered as new.
We estimated the enrichment of SH loci among the loci that 
are significantly associated with all individual traits versus 
loci that were not significant with all individual traits at the 
same time. The significance of enrichment was p=2.3×10-32.
We plan to apply this method for such genetically correlated 
traits as plasma lipid levels and several psychiatric disorders.
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Abstract — The incidence of Listeriosis in recent years is 
constantly increasing. So, in highly developed countries it ranges 
from 0.3 to 1.5, while in Russia - only 0.04%[1]. Moreover, the 
indicators in Moscow and St. Petersburg exceed those in the 
whole country by 4 times, which is explained by the different 
quality of clinical and laboratory diagnostics. Moreover, 
mortality due to complications of listeriosis infection can reach 
30% [2]. Therefore, the fact of contamination of food products 
with listeria is of great concern. In this case, the strains of the 
species L. monocytogenes, L. innocua, L. ivanovii, L. grayii, L. 
seeligeri, L. welshimeri are most often distinguished. And if 
earlier it was believed that representatives of the species L. 
monocytogenes possess the largest set of pathogenicity factors, 
then the possibilities of molecular and bioinformatics research 
methods provide a reliable picture with respect to other 
representatives of the genus Listeria, in particular L. innocua.

Keywords — Listeria, listeriosis, sequencing

Motivation and aim

Motivation
The incidence of Listeriosis in recent years is constantly 

increasing. Moreover, mortality due to complications of 
listeriosis infection can reach 30%. Therefore, the fact of 
contamination of food products with Listeria is of great 
concern.

Aim
To study the pathogenic potential of strains of L. innocua.

Methods
The research material was 11 strains of bacteria of the 

genus Listeria isolated from food (ready-to-eat and semi-
finished products: 7 strains of L. monocytogenes and 3 strains 
of L. innocua), as well as 1 strain of L. monocytogenes from a 
patient with listeriosis. The classic bacteriological method, 
mass spectrometric, molecular (genome-wide sequencing), 
bioinformatic analysis of genetic data were used in the work.

Results
An analysis of the Listeria genomes showed that bacteria 

of the species L. innocua have in their genome a number of 

virulence genes characteristic of representatives of the species 
L. monocytogenes: clpC, which encodes the production of
endopeptidase, prfA, which is responsible for the production 
of listeriolysin A, inlJ_1 and inlJ_2, which encode the 
production of protein internalin — an inducer of phagocytosis.

In addition, a plasmid with the ebrB gene characteristic of 
strains with multi-resistant properties was found in one strain 
of L. innocua isolated from a chicken semi-finished product. 
Moreover, the founded plasmid is derived from L.
monocytogenes, and this species was also isolated from the 
same semi-finished product. All L. innocua strains had 
antibiotic resistance genes: from 20 to 30 for each strain. They 
included genes responsible for resistance to β-lactam 
antibiotics, fluoroquinolones, aminoglycosides, tetracyclines, 
macrolides, that is, to those groups of antibacterial drugs that 
are used in the treatment of listeriosis infection.

The results of phylogenetic studies showed a close 
relationship between the genomes of bacteria of the species L.
monocytogenes and L. innocua. Therefore, the proximity of 
bacteria in food products, in places of their storage and 
transportation, can lead to faster transfer of genetic 
information from representatives of one species to another. At 
the same time, strains of L. innocua acquire pathogenicity and 
antibiotic resistance factors, which allows them to become 
hazardous to human health along with strains of the L. 
monocytogenes species. Therefore, further study of virulence 
markers in other representatives of the genus Listeria is 
necessary for therapeutic and anti-epidemic measures in foci 
of infection.
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Abstract — An excess dosage of the genes at the whole 
chromosome can lead to a disturbance of the epigenetic 
background of the entire genome. We analyzed the DNA 
methylation of several genes that are important for normal 
embryogenesis in miscarriages with aneuploidy and normal 
karyotype.

Keywords — DNA methylation, miscarriage, trisomy 16

Motivation and aim

Motivation
Trisomy of chromosome 16 is the most common 

aneuploidy among human miscarriages. Potentially, a 
supernumerary chromosome may affect the genome-wide 
methylation and disrupt the expression of genes necessary for 
normal embryo development. Previously, we analyzed the 
genome-wide methylation in chorionic villi in miscarriages 
with trisomy 16 using the Infinium HumanMethylation27 
BeadChip (Illumina). A significant increase in DNA 
methylation was found for the 90 genes (deltaB>0.15) in 
miscarriages with trisomy 16 compared to induced abortions 
with normal karyotype.

Aim
We suggested that abnormal methylation in certain genes 

may be common for miscarriages with aneuploidy of various 
chromosomes.

Methods
Methylation of the individual gene promoters was studied 

by targeted bisulfite massive parallel sequencing in chorionic 

villi in 48 miscarriages with aneuploidy karyotype (26 with 
trisomy 16 and 22 with other autosomal trisomies and 
monosomy of the X chromosome), 8 miscarriages with 
normal karyotype and 7 induced abortions.

Results
We assessed the methylation level in promoters of two top 

differentially methylated genes (deltaB>0.20) - ANKRD53 
and GATA3. Methylation of the CpG sites of these genes did 
not differ in miscarriages with normal karyotype compared 
with induced abortions. Miscarriages with trisomy 16, but not 
miscarriages with other aneuploidies, had higher levels of 
DNA methylation in ANKRD53 (for 5 from 40 analyzed 
CpG-sites, p<0.05) and GATA3 (for 49 from 171 analyzed 
CpG-sites, p<0.05) genes. GATA3 gene encodes transcription 
factor, which is a key regulator of trophoblast differentiation, 
and imbalance of its expression can lead to aberrant 
trophoblast invasion. ANKRD53 is involved in spindle
dynamics and nucleus integrity in mitosis. Thus, abnormal 
expression of these genes can dramatically affect embryonic 
development and lead to mosaic karyotypes that are often 
observed in cases of trisomy 16.
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Abstract — We developed pipeline for integrative 
application of various de novo motif search tools to massive 
sequencing data. While traditional position weight matrices 
(PWMs) neglect dependencies between positions of motifs, the 
‘short-range interactions’ markov models BAMM/InMode 
permit only local dependencies, the ‘long-range interaction’ 
model SiteGA allows dependencies between arbitrary positions. 
The massive analysis of ChIP-seq data have shown that the 
models BAMM/InMode and PWMs recognized similar and 
significantly overlapped peaks; but the notable fractions of 
peaks predicted by SiteGA model were not predicted by other 
models. 

Keywords — chromatin immunoprecipitation, transcription 
factor binding site recognition, short- and long-range 
dependencies between nucleotide positions in binding sites

Motivation and aim
Regulation of eukaryotic gene expression achieved 

through compound interaction of various transcription factors 
(TFs). Development and massive application of next 
generation sequencing technologies for mapping of TF 
binding sites (BS) in genome, in particular ChIP-seq, provides 
an opportunity to study gene expression regulation in detail. 
Widely applied approach of TFBS prediction, the position 
weight matrix (PWM) relied on a relatively short motifs and 
proposed the additivity of various positions within potential 
TFBS [1,2]. Recently, to supplement the verification of 
potential BSs in ChIP-seq data with PWMs, various 
approaches that taking into account intra-motifs dependencies 
were applied for wide-genome application, e.g. BaMM [3] 
and InMode [4]. These approaches use the markov models 
(MMs), which neglect the additivity assumption through the 
concept of the order of markov chain, i.e. a short distance for 
a given position that may contain other dependent nucleotides. 
Typically, the order of MM is changed from one to five, that’s 
way MMs may be referred as to as ‘short-range interaction’ 
models.

In this study, we proposed new ‘long-range interaction’ de 
novo motif search model SiteGA that takes into account 
dependencies between arbitrary positions of sites. SiteGA 
approach combined discriminant analysis and genetic 
algorithm to construct a site model [5]. To compare our 
approach with traditional PWMs and BAMM/InMode 
models we developed the integrated pipeline for ChIP-seq 
data verification with multiple de novo motif search models. 
The aim of our research does not consist in a performance 
comparison between various complementary motifs 
recognition tools, rather, we tested whether alternative tools 
actually capable predicted structurally different motifs.

Methods
Earlier, the training of SiteGA model for the aligned 

sequence dataset defined an individual as a set of N locally 
positioned dinucleotides (LPD) frequencies [5]. SiteGA 
optimized the LPD set with genetic algorithm (GA), i.e. the 
final LPD set is the top-scoring result of the evolution of the 
population of individuals. The original SiteGA approach [5] 
required the same length W of all sequences from the training 
set; each LPD was defined by location [s, e] within the whole 
site [1,W] and dinucleotide type d, 1 ≤ d ≤ 16, for each LPD. 
For each LPD 1 ≤ s,e < W and 0 ≤ s-e ≤ 5. In the de novo 
SiteGA version we preserved the length of model W and the 
fitness function for an individual [5]. Since any de novo motif 
search works with peaks of various lengths {Ln} (W ≤ Ln, 1 
≤ n ≤ N, N is the number of peaks), we added to the definition 
of individual the leftmost position and orientation on of the 
site W in a peak. Besides earlier applied mutation and 
recombination operators that changed location or dinucleotide 
type of each LPD within the site [1, W], de novo model added 
in GA implementation new mutation and recombination 
operators. New mutations can move a position or orientation 
of the window W in a peak. New recombination allows an 
exchange between two individuals that have sites in n-th and 
m-th peaks in certain positions/orientation. For de novo 
SiteGA models we chose the same site length W = 30 nt 
according to previous analysis [5].

We applied the standard cross-validation method to 
estimate the accuracy of the models. As a result ROC curve 
represents the dependence between True Positive and False 
Positive rates (TPR and FPR, respectively). The thresholds for 
all models was chosen uniformly with the fixed FPR value. As 
described earlier [6], FPRs were estimated as probabilities of 
hits for the respective human/mouse whole-genome dataset of 
upstream regions of human/mouse protein coding genes of 
length 2 kb. Peaks were classified according to 
presence/absence of predicted hits of various models. All 
supported methods (estimation of model accuracy, 
determination of the model threshold, classification of peaks) 
were implemented in the python programming language.

Results
The new pipeline was developed based on the PWM 

(ChIPMunk, [7]), InMoDe, BaMM and SiteGA models 
combined with supported methods to search TFBS in ChIP-
seq data. The pipeline includes several main steps: 1) training 
models; 2) estimating models accuracy; 3) calculating models 
thresholds; 4) recognition of potential sites in peaks; 
5) classification of peaks according the presence of sites and 
their overlap within a peak sequence.
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Totally, we took over 100 ChIP-seq datasets from the 
Cistrome database (http://cistrome.org/, [8]) in analysis. We 
revealed that each model among all tested (PWM, InMoDe, 
BaMM, SiteGA) able to verify specific peaks that do not 
verified by any other models. The typical results of pipeline 
application for NR3C1 ChIP-seq dataset (GEO: 
GSM1122535, CistromeDB: 37598, cell type: epithelium) are 
shown in Fig. 1.

Fig. 1. The Venn diagram of the number of peaks containing predicted sites 
of sole models, as well as those containing predicted sites of various 
combinations of two, three and all four models. The diagram is drawn 
with eulerr [9]. ChIPseq dataset for NR3C1 we extracted from [8]. 
Totally, the ChIP-seq dataset consisted of 4000 peaks
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Abstract — Free-living flatworm Macrostomum lignano is a 
novel model organism that provides a genetically tractable 
experimental system to specifically study the interplay between 
regulation of regeneration and cancer. Here, we tested two 
chemical carcinogens (MMS and CsA) and short wavelength 
ultraviolet irradiation (UVC) in M. lignano in order to identify 
genes and molecular pathways underlying carcinogenic 
response in this flatworms. For the first time, sensitivity of M. 
lignano to hard UV was evaluated, and it was shown that the 
worm can easily tolerate sterilization-level doses of higher than 
100 mJ/cm2. Using differential gene expression analysis based 
on generated RNA-Seq data, common and individual patterns of 
M. lignano transcriptional response to the induced 
carcinogenesis by the tested stimuli were determined. This 
allowed us to select promising candidate genes for functional 
studies using RNAi knock-down screens and for determination
of their role in stem cells regulation under regeneration and 
homeostasis in M. lignano.

Keywords — Macrostomum lignano, flatworms, 
carcinogenesis, RNA-Seq, ultraviolet

Introduction 
The restriction of regeneration is thought to evolve as a 

measure against cancer. However, highly regenerative 
flatworms do not have cancer, suggesting that they evolved 
some other regulatory mechanism to keep their cells under 
control while allowing the process of regeneration. Free-living 
regenerative flatworm Macrostomum lignano is a novel model 
organism that provides a genetically tractable experimental 
system to specifically study the interplay between regulation 
of regeneration and cancer [1]. Here, we studied changes in 
transcriptional profile in M. lignano which occur upon 
treatment by both chemical and physical carcinogenic factors 
to identify genes which have the most impact on stem cell 
regulation and proliferation control in this flatworm.

Methods and Algorithms 
Worms were treated separately by two chemical 

carcinogenic compounds for 24 h: genotoxic 
methylmethansulfonate (MMS, 0.5 mM) and non-genotoxic 
cyclosporin A (CsA, 0.2 μM), concentrations of which were 
determined previously [2]. For a physical carcinogenic 
factorworms were exposed to short wavelength ultraviolet 
irradiation (UVC, 254 nm, 100 mJ/cm2) and allowed to 
recover for 1h or 6h. Each of the treatments, as well as intact 
controls, were done in four biological replicates. Total RNA 
was isolated from the samples and used for RNA-Seq library 
preparation using the Smart-3SEQ protocol [3]. The libraries 
were sequenced on the Illumina NextSeq500. Raw reads were 
processed by TrimGalore and mapped to Mlig_3_7 genome 
assembly using STAR (v.2.5.4b). Differential gene expression 
(DE) analysis was performed with edgeR [4], setting FDR 
threshold to 0.001.

Results
Sensitivity of M. lignano to UVC was studied for the first 

time. It was determined that the animals can handle UVC 
doses higher than 100 mJ/cm2 (close to the sterilization of 
viral particles) without noticeable phenotype and lethality. A 
total of 20 RNA-Seq libraries were obtained, sequenced and 
analysed in this study. MDS analysis in edgeR supported good 
separation and clusterization of all the libraries according to 
the treatments applied with an exception of the CsA-treated 
samples, suggesting that CsA treatment has limited effect on 
transcriptional changes. Summary on the DE analysis is 
shown in Table 1. We assumed that M. lignano genes 
responsible for carcinogenesis regulation should be 
upregulated upon the treatments. To further narrow the search, 
we focused only on upregulated DE genes, which are specific 
to the worm’s stem cells (neoblasts) and progenitors (Table 2). 
Overlapping these lists resulted in the final list of 30 candidate 
genes, which are being further experimentally investigated.

TABLE 1. SUMMARY OF THE DE ANALYSIS. FDR < 0.001

Treatment Number of 
upregulated 
genes

Number of 
downregulated 
genes

MMS 1633 2560

CsA 31 6

1h post UVC 2037 1063

6h post UVC 3252 2048
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TABLE 2. NUMBER OF DE GENES UPREGULATED IN M. LIGNANO STEM CELLS

Cell type MMS 1h post UVC 6h post UVC

Only neoblasts 108 27 34
Neoblasts and 
progenitors 306 101 144

Conclusion
The obtained data lay the foundation for the development 

of comparative genomics among Macrostomum species. The 
list of promising candidate genes for further functional studies 
of molecular mechanisms underlying carcinogenesis and 
regeneration control in M. lignano was obtained.
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Abstract — Alterations of spatial contacts of chromatin may 
lead to developmental disorders and cancer. We have recently 
shown that 3-dimensional genomic contacts could be predicted 
in normal and rearranged genomes using epigenetic 
information. Here we describe an extension of this algorithm, 
characterized by more accurate and higher-resolution 
predictions, and its web implementation which allows 
researchers and clinical doctors to generate patient-specific 
predictions of genome architecture.

Index Terms — Hi-C, chromatin organization, CTCF, RNA-
seq, epigenetic mechanisms

Motivation and aim

Motivation
It was recently shown that chromatin contacts could be 

predicted using widely-available epigenetic information and 
machine-learning methods [1]. These predictions could be 
used to dissect molecular mechanisms which connect 
chromosomal rearrangements with human diseases, and thus 
could provide useful resource for clinical genetics. However, 
the majority of the developed predictive algorithms are not 
available as a stand-alone or online software; therefore, their 
usage in clinics is limited. Moreover, the resolution of these 
algorithms is often low, thus estimation of the clinical 
significance of changes in 3D-genome architecture is 
challenging.

Aim
We aimed to extend our recently developed computational 

tool, 3DPredictor, to predict chromatin contacts at high 
resolution (1kb). Moreover, we aimed to develop a web 
application that allows to predict genome organization in 
normal and rearranged genomes, for researchers and clinical 
doctors who are not experienced in bioinformatics.

Methods
We used ML-based algorithm detailed in [1] to train 

models and predict chromatin 3D organization. Training 
datasets which high-resolution prediction required were taken 
from [2]. For web service development we used the following 
tools:

- Front-end: PureCSS framework, PHP

- Back-end:

- Pipeline: Bash script

- Preprocessing CTCF data: gimmemotifs [3]

- Preprocessing RNA-seq data: Python3 script

- Hi-C map: Juicer Tools [4]

Results
We showed that prediction can be significantly improved 

by training algorithm on higher resolution data. Also, we made 
a web service which performs prediction of chromatin 
3Dstructure for a region of interest. Trained models for 
H. sapiens and M. musculus at 1- and 5-kb resolutions are 
provided. Web3DPredictor is hosted on the ICG server1. Both 
source code and trained models could be obtained on GitHub 
to deploy local server elsewhere.
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Abstract — Despite that mussel is an important object of 
mariculture and can play the role of an ecosystem bio-indicator, 
the study of the effect of hypoxia on these mollusсs is limited 
only by biochemical and RT-PCR experiments for individual 
genes (enzymes). There is no data on changes in the expression 
profile of all genes based on RNA sequencing. At the same time, 
an understanding of physiological processes requires 
comprehensive studies based on the study of the expression of 
all genes in target tissues. At this work, the transcriptomes of the 
gills of Mytilus galloprovincialis exposed to hypoxic stress (DO 
0.3 mg/l) for 24h were sequenced using Illumina technology for 
the first time. The raw reads assembled into 255,302 transcripts 
with an N50 value of 1,273 nt. A total of 65 transcripts that 
differed in abundance in the hypoxia-exposed mussels were 
identified. Their putative function was assigned using BLAST. 
The data obtained will allow further large-scale studies for other 
targeted tissues and to study all aspects of the physiological 
response of M. galloprovincialis to the emerging oxygen 
deficiency in the environment.

Keywords — short-time hypoxia, Mytilus galloprovincialis, 
transcriptomic, differential expression, RNA-seq, comparative 
analyses

Motivation and aim
There is a lack of works based on transcriptomics data 

about the expression of genes in mussels hypoxia-exposed. 
Most of them are devoted to the study of changes in the 
activity of the enzymes and their concentration in various 
tissues [1-4]. Very few studies analyzing gene expression 
changes using RT-PCR methods due to the insufficient 
nucleotide sequences of the target genes [2, 5, 6], 
transcriptomics data on the influence of hypoxia is absent. 
Thus, the analysis of differentially expressed genes will
probably allow to identify new physiological processes that 
are activated in the cells of target tissues at the molecular level.

Methods
Mussels, M. galloprovincialis (shell length 56.3+/- 1.5 

mm, weight 12.7+/-2.1 g, n=16) were placed in a tank with 
seawater. Hypoxic conditions were conducted by bubbling of 
the water with nitrogen gas reaching the concentration 0.3 
mg/l. Oxygen concentration was controlled on oxygen sensor 
(Ohaus, USA). After 24 h incubation in hypoxia, gill tissue 
was obtained and RNA was extracted using Zymo Research 
Quick RNA mini extraction kit (R1050, Zymo Research). 
Total RNA was isolated from gill tissues of mussel from 
control (4 ind.) and experimental (3 ind.) group. The libraries 
were synthesized with TruSeq Stranded Total RNA Library 
Prep (20020596, Illumina) and single-end sequencing as 150 
nt reads was done on Illumina NextSeq 500 instrument.

Quality and length trimming of the reads was conducted 
using Fastp v. 0.20.0. The cleaned sequencing reads were then 
de novo assembled using Trinity v. 2.0.6 with default 
parameters. Sequence similarity and annotation of transcripts 
was performed using local BLAST v. 2.9.0+. The predicted 
protein regions were mapped to Gene Ontology (GO) and 
Pfam. GO was used to get an overview of the proportion of 
enriched GO terms between normoxia and hypoxia.

Results
Differentially expressed genes in gills during oxygen 

depletion stress were obtained based on total RNA-seq. The 
raw reads assembled into 255,302 transcripts with an N50 
value of 1,273 nt. Changes in gene expression in control 
compared to experimental groups were estimated. A total of 
65 transcripts that differed in abundance in the hypoxia-
exposed mussels were identified. The GO analysis was 
performed on the differentially expressed transcripts of 
mussels inside the control and experimental group. Besides, a 
qualitative comparative analysis was carried out on 50 
differentially expressed genes that were identified in gill 
tissues for M. galloprovincialis exposed to hypoxic stress (DO 
2 mg/l) for 24h. 

The obtained data will allow to further study in more detail 
all aspects of the physiological response of M. 
galloprovincialis to the emerging oxygen deficiency in the 
environment.
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Abstract — It is well-known that nucleic acids perform 
regulatory functions in various molecular biological processes. 
Recently, a new type of spatial organization of nucleic acids 
formed by two duplex fragments and called a TW-type 
pseudoknot (twiplex) was found. In this work we have analyzed 
human genome to find these complexes. We developed an 
algorithm for bioinformatic search on the nucleotide sequences 
which potentially can form twiplex. The belonging of the 
obtained sequences to genes, introns or exons was analyzed.

Keywords — nucleic acids complexes, algorithm, human 
genome

Motivation and aim

Motivation
One of the functions of nucleic acids is regulation of 

various biological processes. In many ways, it is determined 
by the secondary and tertiary structure. Recently, a new type 
of spatial organization of nucleic acids was discovered in the 
ICBFM SB RAS. This complex is formed by two duplex 
fragments and called a TW-type pseudoknot (twiplex). It can 
be formed by single or two DNA or RNA chain, or in DNA / 
RNA intermolecular complex.

Aim
The aim of the work is to determine the possibility of 

implementation of twiplex structures in living systems.

Methods
We developed an algorithm for bioinformatic search on 

the nucleotide sequences which potentially can form twiplex. 
The method was applied for the human genome analysis. We 
consider structures with double-stranded blocks of the length 
from 5 to 20 base pairs. Additional selection of sequences was 
carried out in order to exclude sequences forming alternative 
secondary structures.

Results
Genome regions potentially capable for twiplexes 

formation have been detected. We analyzed the belonging of 
the obtained sequences to genes, introns or exons. 
Experimental studies have begun to study the 
physicochemical and molecular biological properties of 
selected nucleotide sequences.
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Abstract — N-glycosylation of IgG affects ligand binding, 
antigen recognition and modulates immune response. IgG N-
glycome is altered in many pathological states, including 
cancers, autoimmune and inflammatory diseases. However, the 
causal relationships between diseases and IgG N-glycosylation 
traits remain enigmatic. In the current study we implement a 
Mendelian Randomization approach to study causal effect of 
IgG N-glycan traits on 12 diseases and vice versa. We have 
found limited genetic evidence that increased risk of systemic 
lupus erythematosus might lead to increased bisection of IgG N-
glycans.

Keywords — N-glycosylation, immunoglobulin G, Mendelian 
Randomization, inflammatory diseases, autoimmune diseases, 
systemic lupus erythematosus

Introduction
N-glycosylation is a post-translational modification, 

which impacts protein folding, stability, trafficking, ability to 
interact with other biomolecules, etc. The most abundant 
N-glycosylated antibody found in the blood plasma of healthy 
humans is immunoglobulin G (IgG), a major component of 
humoral immunity. Each IgG molecule has two conservative 
N-glycosylation sites in the fragment crystalizable region, and 
up to 20% of IgG molecules also exhibit N-glycans attached 
to the fragment antigen-binding domain. Majority of IgG N-
glycans consist of a conserved core with two N-
acetylglucosamine (GlcNAc) antennae, and may contain core-
fucose, bisecting GlcNAc, and antennary galactosylation and 
sialylation. The structure of attached N-glycans affects the 
affinity of IgG to its ligands, antigen-binding and modulates 
immune response [1, 2]. IgG N-glycosylation profile is highly 
heritable [3], and a number of genetic variants showed 
association with IgG N-glycosylation features [4]. At the same 
time, N-glycosylation of IgG is altered in various 
physiological and pathological conditions, like ageing, cancer, 
inflammatory and autoimmune diseases [5].

It is still unclear, whether the lack or increase of some 
N-glycan structures on IgG is a risk factor for some diseases, 
or if it is the disease progression that leads to the changes in 
the IgG N-glycome. In this study we applied the two-sample 
Mendelian Randomization (MR) approach to investigate the 
causal relationships between IgG N-glycosylation traits and 
12 inflammatory, autoimmune, cardiovascular and 
neurodegenerative diseases using summary statistics from 
publically available and in-house genome-wide association 
studies (GWAS).

Materials and Methods

Participating Cohorts
Diseases were included in the analysis based on the 

following criteria: 1) publically available GWAS summary 
statistics; 2) change of IgG N-glycosylation in the disease 
observed in a large-scale glycomic case-control study. 
Summary statistics for the IgG N-glycosylation traits were 
obtained from the studies of 8 cohorts of European ancestry: 
CROATIA-Korcula, CROATIA-Vis, ORCADES, TwinsUK, 
EGCUT, FINRISK, VIKINGS and CROATIA-Korcula2 [4, 
6]. Following meta-analyses were performed: CROATIA-
Korcula, CROATIA-Vis, ORCADES, TwinsUK (N=8090, 
further on referred to as the 8K cohort); 8K, EGCUT and 
FINRISK (N = 9190, 9K cohort); EGCUT, FINRISK, 
VIKINGS and CROATIA-Korcula2 (N=3147, 3K cohort).

Two-sample MR Analysis
Two-sample MR was performed using “TwoSampleMR” 

R package [7]. The causal effect estimate was obtained as an 
inverse variance weighted meta-analysis of ratios of exposure 
effect size and outcome effect size for each of the instruments. 
We performed three rounds of the analysis: in the discovery 
round we were testing causal effects in all possible pairs of 
IgG N-glycosylation traits and diseases in both directions; in 
the following two rounds of sensitivity analysis we were 
trying to replicate the causal effect of systemic lupus 
erythematosus (SLE) on bisection of IgG N-glycans (IgG_B) 
observed in the discovery round.

Discovery Round
To estimate causal effects of IgG N-glycosylation traits on 

diseases, we selected genetic variants that were 1) 
significantly associated with IgG N-glycosylation in both 
[4,6]; 2) the association was replicated in the 9K cohort (p-
value < 5e-08). As exposure we used only summary statistics 
for the 56 traits that had a least 2 significant instruments. As 
outcomes we used publically available summary statistics for 
the 12 diseases. To test the causal effect of diseases on IgG N-
glycosylation, as instruments we used independent genetic 
variants with associated p-value < 5e-08 from corresponding 
disease summary statistics. As outcomes we used summary 
statistics of 86 IgG N-glycosylation traits in the 8K cohort.

Sensitivity Analysis of the SLE Effect on IgG_B
To perform sensitivity analysis for the causal effect of SLE 

on IgG_B, as instruments we used a refined set of 36 genetic 
variants associated with SLE [8], excluding outliers identified 
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with the MRPRESSO package for R [9]. As outcomes we 
have used summary statistics for IgG_B in the 8K cohort 
individuals in the first round of sensitivity analysis, and in the 
3K cohort for the second round.

Results
We performed MR analysis in both directions, testing 

causal effects of IgG N-glycosylation traits on the risk of 12 
diseases and vice versa. On the discovery stage, a signal 
related to the casual link of SLE on bisection of IgG N-glycans 
(IgG_B) survived after the correction on multiple testing. The 
causal effect was estimated as 0.131 standard deviation units 
of IgG_B per log odds units of SLE (p value = 2.24e-09). To 
confirm the detected casual signal we performed two rounds 
of sensitivity analyses. In the first round, where a refined set 
of genetic variants was used as instruments, the causal effect 
was confirmed with p-value of 1.24e-05. However, in the 
second round of sensitivity analysis, where the summary 
statistics for IgG_B from the 3K cohort were used, the causal 
effect of SLE on IgG_B was completely lost. The results of all 
MR rounds for SLE as exposure on IgG_B as outcome are 
shown in Table 1. In conclusion, the observed genetic support 
for causal relationships between IgG N-glycosylation is 
limited and further studies of the regulation of IgG N-
glycosylation are required.

TABLE 1 – CAUSAL EFFECT OF SLE ON BISECTION OF IGG N-GLYCANS 
ESTIMATED BY MENDELIAN RANDOMIZATION

Analysis round # of 
SNPs

SNP 
selection beta se p-value

Discovery 33 Clumping 0.13 0.022 2.2e-09
Sensitivity 1 36 Literature 0.12 0.028 1.2e-05
Sensitivity 2 35 Literature -0.03 0.045 0.49
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Abstract — Unfortunately, the most ready-made tools for 
serotype determination are limited to genome E. Coli only. 
However, there is a problem due to the low accuracy of
О-antigen cluster identification in the genome. Pipeline, which 
was created due the work, solves this problem and can be used 
to find and annotate a cluster of genes in genome of the most 
gram-negative bacteria.

Keywords — O-antigen, genome assembly, annotation of 
genome, pipeline

Motivation and aim

Motivation
O-antigen is a polysaccharide, the major component of the 

outer bacterial membrane. O-antigen biosynthesis is encoded 
by genes, which are often clustered. Despite the simplicity of 
the cluster structure, its identification in microbial DNA is still 
a problem.

It is well known, that in the structure of O-antigen there 
are specific sites of binding to antibodies of the host 
organism, the interaction with which leads to the emergence 
of an immune response to infection. We are interested in the 
way these sites are organized. Unfortunately, the most ready-
made tools for serotype determination are limited to genome 
E. Coli only. Therefore, we started to build our own tool.

Aim
Our goal is to create a pipeline that will automate the 

search, assembly, filtration and annotation of a cluster of 
genes responsible for the synthesis of O-antigen, for most 
gram-negative bacteria.

Methods
We used Python programming language, Snakemake 

workflow management system, BLAST and NCBI databases 

Conda package manager and few custom scripts to create 
pipeline.

To run the pipeline raw sequence reads or assembled 
genome is needed.

The main stages of data processing:

Assessing the quality of input data, removing adapters and 
optical duplicates;

Genome assembly using SPAdes and Unicycler;

Checking for contamination and plasmids;

Removal of contaminants and plasmids, if any;

Annotation by Prokka and eggNOG;

Functional annotation, extraction of genes involved in O-
antigen biosynthesis;

Abstract of operons containing genes involved in O-
antigen biosynthesis taking into account possible assembly 
errors and contigs breaks.

We are currently annotating O-antigens of all gram-
negative bacteria available in the NCBI database. The 
resulting information will be used to improve the existing 
Pipeline.

Results
The created pipeline significantly saves time for 

serotyping gram-negative bacteria. Additionally, it can be 
used in the detection of outer membrane components related 
to both virulence of microorganisms and symbiotic interaction 
between bacteria and plants.
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Abstract — Physical exercise training induces profound 
molecular genetic adaptations in skeletal muscle cells. The 
adaptation is ensured by instant/transient activation of 
signaling pathways in the muscle cells eventually resulting in 
an alteration of both global metabolic network fluxes and 
expression of various genes. Despite the experimentally based 
efforts to disentangle the complexity of the muscle adaptation 
network caused by multiple interactions and intersections on 
signaling, metabolic and genetic regulatory levels, the 
quantitative and mechanistic contribution of each component 
of the signaling cascades on downstream genetic regulation 
processes has not been fully elucidated. Data-driven 
mathematical models provide a rigorous way to analyze and 
understand such intricate biological systems. Herein a novel
integrated mathematical model linking intracellular
metabolism, Ca2+-dependent signaling pathway and 
downstream transcription regulation of early and late response 
genes in human skeletal muscle during and after acute exercise 
developed in BioUML platform has been presented.

Keywords — mathematical model, skeletal muscle, physical 
exercise, Ca2+-dependent signaling pathway, RNA sequencing, 
regulation of expression, BioUML

Introduction
Skeletal muscle comprises about 40 % of total body mass 

in adult lean humans and plays a crucial role in the control of 
whole-body metabolism and exercise tolerance. Regular low-
intensity exercise (aerobic or endurance training) strongly 
induces adaptive changes in skeletal muscle which are 
increased vascular and mitochondrial density, oxidative 
capacity and improve fat and carbohydrate metabolism. 
These adaptations lead to an enhancement of muscle 
endurance performance and reduce the risk associated with 
the morbidity and premature mortality of chronic 
cardiovascular and metabolic diseases [1; 2]. 

It is worth to note, although advancement in the 
development of high-throughput experimental techniques 
and generation of diverse omics data for human skeletal 
muscle during endurance exercise enabled to unveil key 
participants of the cellular response and adaptation [3-7], the 
system understanding of signaling-metabolic pathways 
relationships with downstream genetic regulation in 
exercising skeletal muscle is still elusive. As a 
complementary theoretical counterpart to the experimental 

investigation of molecular mechanisms underlying the 
skeletal muscle adaptation to the endurance training, a 
detailed mechanistic mathematical model provides a 
powerful in silico tool to quantitatively investigate signal 
transduction pathways and corresponding molecular 
mechanisms orchestrating gene expression dynamics during 
an exercise [8-11].

Methwods

Model reconstruction
We have previously developed a multi-compartmental 

mathematical model describing the dynamics of intracellular 
species concentrations and fluxes in human muscle at rest 
and intracellular metabolic rearrangements in exercising 
skeletal muscles during an aerobic exercise on a cycle 
ergometer [10]. As an initial model, we have used a complex 
model of energy metabolism in the human skeletal muscle 
developed by Li and coauthors [8]. We have proposed a 
modular representation of the complex model using BioUML 
platform [12]. To reconstruct the coupled signaling-gene 
expression regulation networks in SBGN standard [13] and 
build corresponding detailed mechanistic models we 
employed BioUML platform too [12]. The processes are 
distributed in two cellular compartments: signaling 
transduction pathway and translation, post-translation 
modification of the protein encoded by early response gene 
are represented in the cytosol, while the genetic regulation 
processes are located in the nucleus. The modular models of 
Ca2+-dependent signaling pathway and AMPK isoforms 
activities induced by the muscle construction are represented 
by ordinary differential equations (ODEs).

Model validation and parameter fitting
For our model, values of the almost all kinetic parameters

were extracted from previous experimental data and 
mathematical models describing different aspects of the 
metabolic network, AMPK- and Ca2+-dependent signaling 
pathway [7-8; 14-19]. We adjusted the values of parameters 
that had not been reported in the published data to achieve 
consistency with experimental quantitative data on 
transcriptional activity PGC-1α mRNA and a time-scale 
required to reach the maximal level of PGC-1α mRNA in 
skeletal muscle after the endurance exercise as well as a 
time-scale to recover the basal level of transcriptional 
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activity at the rest [7]. To simulate the muscle adaptation to 
endurance training we used experimentally verified shift of 
Ca2+ concentration which corresponds five-fold increase of 
the parameter value during the transition from rest to the 
exercise [11]. The numerical simulations of the dynamic 
model developed as a system of ordinary differential 
equations have been conducted using VODE method 
implemented in BioUML platform [12]. Sensitivity analysis 
of the model parameters and initial values of the model 
variables were performed using default settings in the 
corresponding BioUML module.

RNAseq and proteomics data analysis
Source of RNAseq data and procedure of data selection 

has been presented in our previous publication [7]. Original 
data on diverse content of proteins in slow and fast fibres 
were extracted from the Supplementary Material of the paper 
[14]. If a protein was not presented in this data set its 
concentration was calculated in the basis of RNAseq data 
due to the fact that protein concentration correlates with 
RPKM and FPKM values. FPKM values from the RNAseq 
data were used as a basis and compared to GTEx, Average 
RPKM values data for corresponding proteins in the skeletal 
muscles extracted from The Human Protein Atlas 
(www.proteinatlas.org). As a control of the calculation's 
correctness, a protein content in the skeletal muscle cell 
estimated using RNAseq data was compared to published 
proteomics data [14]. Results of calculations for such low-
presented proteins as subunits of AMPK, Calmodulin, 
CaMKII have demonstrated similar values of the 
concentrations estimated by two approaches. According to 
this for other low-presented proteins (i.e. transcription 
factors) concentrations estimated on the basis of RNAseq 
data were used if they were absent in proteomics study.

Results
The computational model describing a gene expression 

activation elicited by upstream signaling network during the 
transition from rest to exercise in human skeletal muscle has 
been developed based on modular modeling approach [12].
In turn, exercise-induced changes in gene expression levels 
promote the metabolic adaptation of the skeletal muscle cells 
by means of an activation mechanism which enhances 
energy metabolism via transport and reaction fluxes. In order 
to the integrated model represents actual changes in gene 
expression in exercised human skeletal muscle in more 
details, we replaced the general work rate parameter on the 
concentration of Ca2+-Calmodulin complexes and 
incorporated PGC-1α–mediated transcription regulation of 
genes playing an important role in adaptation to regular 
exercise. In silico simulations demonstrate a high potential of 
the developed model to predict a proper cellular response to 
exercise based on the comparison between experimental 
measurements and simulated values of the model variables
on all hierarchical levels (metabolic, signaling and gene 
expression regulation).
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Abstract — We investigate geometric and combinatorial 
structures of phase portraits of dynamical systems 
considered as models of functioning of some circular gene 
networks. Invariant 2-dimensional piecewise linear surfaces 
constructed here allow to give full description of phase 
portraits of these models and to control their trajectories. 

Keywords — gene networks models, dynamical systems, 
phase portraits, cycles1

Introduction 
We study piecewise linear dynamical systems of the 

type

dx1/dt=f1(xn) – k1x1; dxj/dt=fj(xj-1) – kjxj; (1)

as models of circular gene networks. Here j=1,2,…n; f1, fj
are monotonic step functions either increasing, or 
decreasing, this corresponds to positive, respectively, 
negative feedbacks in the gene network. Some particular 
cases of the systems (1) are considered in [1, 2]. Let j
be discontinuity points of the functions f1, fj and Fj be their 
maximal values. We denote by Lj(x) and Γj(x), decreasing 
and increasing step functions, respectively. Our main task 
in these studies of phase portraits of such systems is 
detection of their periodic trajectories (cycles), 
construction of invariant surfaces and domains etc. in 
order to give qualitative description of trajectories of these 
systems. We assume that Fj>kj for all j, otherwise the 
system (1) does not have cycles, as it was shown in [3]. 
We say that the system (1) has the Elowitz-Leibler type 
([1]) if n=6, and f2i-1 = L2i-1, f2i = Γ2i for i = 1,2,3. Similarly, 
we say that the system (1) has the Glass-Pasternack type 
(see [2]) if f1= L1, and fj= Γj for j= 1,2,…,n.

Discretization of Phase Portraits 
Let Qn=[0,F1]×… × [0,Fn]. As in [3, 4], one can 

show that this is positively invariant domain of the system 
(1), and the point An=( n) is contained in Qn. The 
hyperplanes xj= j subdivide Qn to 2n smaller 
parallelepipeds (blocks) which we enumerate by binary 
multi-indices E=( , ,…., n) as follows: j=0 if xj≤ j for 
all points of this block; otherwise j=1. In each of these 
blocks trajectories of the system are described explicitly in 
a very simple way. We say that the block E has the 
valence if trajectories of its points leave it through 
faces of this block. 

Results

Glass-Pasternack Systems 
It was shown in [2] that the system (1) of Glass-

Pasternack type has a cycle C1 which passes through 1-
valent blocks. For n=4, we construct now an invariant 
piecewise linear surface S1 in the complement of union of 
interiors of these 1-valent blocks such that C1 and S1 have 
nontrivial link in Q4. The surface S1 has exactly with one 
vertex A4 and eight faces. Trajectories of all points of the 
surface S1 tend to A4 as t →∞.

Elowitz-Leibler Systems
We have shown in [4] that 6-dimensional system (1) 

has a cycle C2 which passes through 1-valent blocks in Q6.
Now, we construct an invariant piecewise linear surface S2
in the union of 5-valent blocks in this invariant domain. 
The surface S2 has exactly one vertex A6. Trajectories of 
all points of the surface S2 tend to A6 as t →∞. 

Gene Network with Negative Feedbacks
Consider 5-dimensional system (1) where fj = L, kj=1 

for all j=1,2,…5. Let F be maximal value of the function 
L. This system is symmetric with respect to cyclic 
permutation of the variables. We show that if F>1, and 
F2>5(F – 1) then this system has two cycles. One of them 
passes through the union of 1-valent blocks, the second 
cycle is contained in the union of 3-valent blocks. Both 
cycles generate invariant surfaces in phase portrait of the 
system. 

Conclusions
Some of these invariant surfaces compose boundaries of 
attraction basins of stable cycles in phase portraits of 
dynamical systems described above
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Abstract—Some biological networks exhibit oscillations of 
their components, to convert stimuli to time-dependent 
responses. The eukaryotic cell cycle is such a case, being 
governed by waves of cyclin-dependent kinase (cyclin/Cdk) 
activities that rise and fall with specific timing and guarantee 
its timely occurrence. Disruption of cyclin/Cdk oscillations 
could result in dysfunction through reduced cell divisions. 
Therefore, it is of interest to capture network designs that 
exhibit robust oscillations. Here I show that a minimal cell 
cycle network in budding yeast is able to autonomously 
oscillate, and that cyclin/Cdk-centered regulations sustain their 
oscillations. Moreover, I show that a novel and robust 
molecular design incorporating these regulations synchronizes 
Clb waves through transcription-mediated signaling. 

Keywords—network motifs, network dynamics, cell cycle, 
autonomous oscillations, timing, waves of cyclins, budding yeast 

INTRODUCTION 
The eukaryotic cell cycle is robustly designed, with 

molecules interacting and organized within definite network 
topologies. A transcriptional oscillator interlocks with waves 
of cyclin-dependent kinases (cyclin/Cdk) to guarantee 
execution of a timely cell cycle progression [1]. Although 
details about transcription of cyclins, the regulatory subunits 
of these kinases, are available [2], a lack of understanding 
exists about network motifs responsible for the precise 
timing of cyclin/Cdk oscillations. Here we investigate the 
robustness of molecular designs interlocking the 
transcriptional and cyclin/Cdk1 oscillators in budding yeast. 
We have recently identified a transcriptional cascade that 
regulates the relative timing of waves of mitotic (Clb) cyclin 
expression. It involves the Forkhead (Fkh) transcription 
factors (TF), which synchronize Clb appearance [3]. Here we 
aim to unravel the network motif(s) responsible for timely 
Clb/Cdk1 oscillations that interlock Clb waves through Fkh-
mediated signaling. 

METHODS AND ALGORITHMS 
An integrated computational and experimental 

framework is presented. A kinetic, ODE model of a minimal 
Clb/Cdk1 network, capturing the sequential activation and 
inactivation of waves of Clb/Cdk1 complexes and their 
inhibitor Sic1, is simulated under a quasi-steady state 
assumption, which implies a fast equilibrium of Clb/Cdk1-
Sic1 complex formation. The resulting model has a reduced 
number of parameters, allowing it to be manageable for 
comprehensive parameter scans. We apply the System 
Design Space (SDS) methodology [4,5] that scans through 

the parameter space to detect limit cycles. We then analyze 
the ability of our minimal cell cycle model to generate 
sustained oscillations in the form of limit cycles, on which 
sensitivity analysis is conducted. Subsequently, stochastic 
and deterministic robustness analyses of the network are 
performed, by testing 1024 possible (combinations of 
activatory and inhibitory) network motifs for their ability to 
generate mitotic cyclin (Clb) oscillations. Finally, the model 
is fitted to in vivo quantitative, time course data of Clb 
dynamics (Figure 1a). Robustness analyses are performed by 
testing the 1024 network motifs for their ability to fit Clb 
oscillations. 

 RESULTS 
The Clb/Cdk1 network is robust with respect to the 

formation of Clb waves. Autonomous oscillations, also 
referred to as limit cycles, are achieved by definite molecular 
designs. Specifically, a positive feedback loop (PFL) by 
Clb3/Cdk1 on CLB3 synthesis (Clb3 PFL) is found to 
improve the ability of the minimal cell cycle model to 
produce sustained Clb/Cdk1 oscillations. In addition, a 
positive feedback loop by Clb2/Cdk1 on CLB2 synthesis 
(Clb2 PFL) is found to take over this key role when the 
model takes into account the inhibition of G1/S cyclins by 
Clb2/Cdk1. Furthermore, two regulatory activations, i.e. 
Clb5 → Clb3 and Clb3 → Clb2, forming a transcription 
factor-mediated linear CLB cascade that we have recently 
discovered [3], are more frequently dominant in Clb/Cdk1 
oscillations as compared to the feed-forward Clb5 → Clb2 
regulation described earlier [6] (Figure 1b). Overall, a novel 
design is unraveled, that timely synchronize Clb oscillations. 
This design uniquely describes a molecular timer (TF) that 
relies on separate inputs (multiple Clb/Cdk kinase 
complexes) converging on a common target (TF itself). 

 

 
 

Figure 1. a) Fitting of the Clb/Cdk1 model to Clb time 
course data. b) Network motifs resulting in a limit cycle. 
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exists about network motifs responsible for the precise 
timing of cyclin/Cdk oscillations. Here we investigate the 
robustness of molecular designs interlocking the 
transcriptional and cyclin/Cdk1 oscillators in budding yeast. 
We have recently identified a transcriptional cascade that 
regulates the relative timing of waves of mitotic (Clb) cyclin 
expression. It involves the Forkhead (Fkh) transcription 
factors (TF), which synchronize Clb appearance [3]. Here we 
aim to unravel the network motif(s) responsible for timely 
Clb/Cdk1 oscillations that interlock Clb waves through Fkh-
mediated signaling. 

METHODS AND ALGORITHMS 
An integrated computational and experimental 

framework is presented. A kinetic, ODE model of a minimal 
Clb/Cdk1 network, capturing the sequential activation and 
inactivation of waves of Clb/Cdk1 complexes and their 
inhibitor Sic1, is simulated under a quasi-steady state 
assumption, which implies a fast equilibrium of Clb/Cdk1-
Sic1 complex formation. The resulting model has a reduced 
number of parameters, allowing it to be manageable for 
comprehensive parameter scans. We apply the System 
Design Space (SDS) methodology [4,5] that scans through 

the parameter space to detect limit cycles. We then analyze 
the ability of our minimal cell cycle model to generate 
sustained oscillations in the form of limit cycles, on which 
sensitivity analysis is conducted. Subsequently, stochastic 
and deterministic robustness analyses of the network are 
performed, by testing 1024 possible (combinations of 
activatory and inhibitory) network motifs for their ability to 
generate mitotic cyclin (Clb) oscillations. Finally, the model 
is fitted to in vivo quantitative, time course data of Clb 
dynamics (Figure 1a). Robustness analyses are performed by 
testing the 1024 network motifs for their ability to fit Clb 
oscillations. 

 RESULTS 
The Clb/Cdk1 network is robust with respect to the 

formation of Clb waves. Autonomous oscillations, also 
referred to as limit cycles, are achieved by definite molecular 
designs. Specifically, a positive feedback loop (PFL) by 
Clb3/Cdk1 on CLB3 synthesis (Clb3 PFL) is found to 
improve the ability of the minimal cell cycle model to 
produce sustained Clb/Cdk1 oscillations. In addition, a 
positive feedback loop by Clb2/Cdk1 on CLB2 synthesis 
(Clb2 PFL) is found to take over this key role when the 
model takes into account the inhibition of G1/S cyclins by 
Clb2/Cdk1. Furthermore, two regulatory activations, i.e. 
Clb5 → Clb3 and Clb3 → Clb2, forming a transcription 
factor-mediated linear CLB cascade that we have recently 
discovered [3], are more frequently dominant in Clb/Cdk1 
oscillations as compared to the feed-forward Clb5 → Clb2 
regulation described earlier [6] (Figure 1b). Overall, a novel 
design is unraveled, that timely synchronize Clb oscillations. 
This design uniquely describes a molecular timer (TF) that 
relies on separate inputs (multiple Clb/Cdk kinase 
complexes) converging on a common target (TF itself). 

 

 
 

Figure 1. a) Fitting of the Clb/Cdk1 model to Clb time 
course data. b) Network motifs resulting in a limit cycle. 
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Within the design, a progressive TF activation may be 

realized by the sequential activation of multiple Clb/Cdk1 
complexes. The ODE model predicts a definite Fkh 
activation pattern underlying the design motif. Experimental 
validation supports computational analyses, with the 
Clb/Cdk1-Fkh axis being pivotal for timely transcriptional 
dynamics. Specifically, dedicated kinase assays reveal that a 
progressive increase in the extent of TF phosphorylation, 
mediated by Clb/Cdk1 complexes, may be responsible for a 
timely occurrence of Clb waves. 

CONCLUSIONS 
Altogether, our integrative approach pinpoints how 

robustness of cell cycle control is realized in budding yeast, 
by revealing a novel and conserved principle of design that 
ensures a timely interlock of transcriptional and cyclin/Cdk 
oscillations. Given the evolutionary conservation of the cell 
cycle network across eukaryotes, the cyclin/Cdk network can 
be used as a core building block of multi-scale models that 
integrate regulatory modules to address cellular physiology. 
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Fig. 1. Central regulatory circuit of the gene system controlling 
drosophila mechanoreceptors morphogenesis. Arrows denote 
activation of processes (positive feedbacks), stub lines, repression 
(negative feedbacks).
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Abstract — Macrochaetes are sensor organs of the drosophila 
with a function of mechanoreceptors. An adult mechanoreceptor 
comprises four specialized cells. All these cells originate from the 
sensory organ precursor (SOP) cell. A characteristic feature of 
the SOP cell is the highest content of the proneural proteins ASC 
as compared with the surrounding cells. The accumulation of 
these proteins and maintenance of their amount in the SOP cell 
at a necessary level is provided by the gene network with the 
achaete-scute gene complex (AS-C) as its key component. The 
central regulatory circuit (CRC) controls the activity of this 
complex. The CRC activity comprises two phases differing in the 
time when they act. A specific feature of the second phase is the 
presence of PHYL protein, involved in degradation of proneural 
proteins. We propose a mathematical model for the CRC 
functioning as a regulator of the content of ASC proteins in the 
sensory organ precursor cell.2

Keywords— dynamical systems, central regulatory circuit, gene 
networks models, achaete-scute complex, mutations

Introduction 
The drosophila mechanoreceptors are the result of 

determined conversion of the ectodermal cells of imaginal 
discs into progenitor neural cells [1]. The morphogenesis of 
macrochaetes is a multistage process, where separation of the 
sensory organ precursor (SOP) cell from ectodermal cells in 
the wing imaginal disc is the basic event. Production and 
utilization of the proneural ASC proteins in SOP cell is 
controlled by a set of genes and the proteins they encode, 
which are functionally united into CRC. These genes are linked 
by positive and negative feedbacks mediated via the proteins 
and protein complexes, activating or repressing transcription of 
their target genes. In addition to AS-C, the CRC contains hairy, 
senseless (sens), charlatan (chn), scratch (scrt), and phyllopod 
(phyl) genes. The general scheme of this circuit is shown on the 
Figure 1 [2]. We propose a mathematical model for the CRC 
functioning as a regulator of the content of proneural ASC 
proteins in the sensory organ precursor cell. –

Mathematical Model
Following the general principles of construction of gene 

networks models [2-4], we consider the dynamical system for 
non-negative variables xi=xj(t), here and below i=1,2,…,6:

It is well known from experimental data that the PHYL 
protein appears in the cell in 10-12 hours later than ASC 
proteins [5, 6]. Thus the CRC functioning can be described by 
a system of delayed argument t–τ appears in the first and in the 

2 Supported by RFBR, grant 18-01-00057.

last equations on the appropriate places differential equations 
which is composed on the basis of the scheme depicted on the 
Figure 1 following general methodology of construction of 
such models.

dx1/dt=k1F1(x1,x2,x3,x5) –m1(x6(t–τ))x1 ;

dx2/dt=k2F2(x4) –m2x2;

dxj/dt=kjFj(x1) –mjxj; j=3,4,5;

dx6/dt =k6F6(x1, t–τ) –m6x6.

CRC proteins content are denoted as follows: Achaete-
Scute (ASC), x1(t); Hairy, x2(t); Senseless (SENS), x3(t);
Scratch (SCRT), x4(t); Charlatan (CHN), x5(t); Phyllopod 
(PHYL), x6(t). Content of Ubiquitin (Ub), Seven-in-absentia 
(SINA), Daughterless (DA), Exstramacrochaete (EMC), and 
Groucho (Gro) proteins almost do not vary during the 
considered process, thus we assume that they are constant.

Here, the non-negative coefficients ki reflect status of CRC 
genes: ki=1 when there is no mutation in the i-th gene and 
synthesis rate of corresponding protein is 100%; ki=0 when the 
i-th gene is mutated and there is no synthesis of corresponding 
protein at all. Positive functions Fi denote velocities of 
synthesis of CRC proteins. The positive coefficients mi
characterize velocities of CRC proteins degradation. Positive 
summand k2F2 in the second equation of the system describes 
negative feedback between SCRT and HAIRY (Figure 1).
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Software
In order to fulfill numerical experiments with the model 

described above, we have elaborated specialized software on 
the base of the language R see https://www.r-project.org and 
the package Shiny (http://shiny.rstudio.com ).

This software is realized as a client –server application:

All calculations are done on the cloud server, and the 
results are presented at https://andreyakinshin.shinyapps.io/as-
c_with_delays 

Numerical solutions of differential equations with delayed 
arguments use the package deSolve 
https://andreyakinshin.shinyapps.io/as-c_with_delays which 
was already applied to numerical modeling of other gene 
networks [2].

Numerical Results of Modeling
Results of numerical experiments with the system for 

different parameter values of this system are presented at: 

https://gist.github.com/AndreyAkinshin/fb2cae36b89838ad
5dcac706b1d232a1 

https://gist.github.com/AndreyAkinshin/a7450a9d234da67f
ee8e67ab6f4364f8 

https://gist.github.com/AndreyAkinshin/3f2c3c49a954a2c9
38c5355c1263f554 

Comparison of these results (see links above) shows that:

1. For the coefficient k1=1 the graph for content of ASC 
proteins is adequate to known experimental data. According to 
them ASC proteins content increases until the appearance of 
the PHYL protein in the SOP cell and then quickly decreases.

2. The shapes of the graphs for concentration of ASC 
proteins in the case k1=1, k1=0.66, and k1=0.645 does not 
change considerably. However, for k1=0.6 the function x1(t)
tends to zero. This corresponds to inhibition of 
mechanoreceptor’s formation. 

3. For the values of the coefficient k1 listed above, 
variations of the graphs of concentrations xi(t), i≠2, of other 
components of CRC have similar characters. 

4. The graph of the function x2(t), i.e., content of 
HAIRY, in general repeats the corresponding curve for k2=1, 
with slightly higher numerical values. This result is 
biologically reasonable, since AS-C mutants have reduced 
levels of the SCRT protein which suppresses of hairy
expression. 

Conclusions
The main goal of this investigation was to create an 

improved model of CRC functioning. The simulation results 
are in good agreement with known literature data. So, the 
model developed reflects the pattern of CRC functioning
correctly and allows to simulate not only the changes in the 
ASC content in the case of mutational changes in the 
corresponding gene, but also evaluate the contribution of these 
changes in content of other CRC proteins.
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Abstract — Computational method for recognition the 
flavivirus species, including their subtypes, is proposed, that 
based on known sequence of viral genome. The method uses 
frequency characteristics of amino acid codons in the whole 
coding sequences of polyproteins. High reliability of this method 
is supported by correct recognizing of the 15 groups from 
different species and subtypes of flavivirus genomes.
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Introduction
Flaviviruses belong to genus of arboviruses from Flaviridae 

family and they are transmitted through the mosquito and tick 
stings. Flaviviruses invade nervous system, inducing heavy 
diseases of human along with domestic and wild animals and 
birds [1–5]. Among them the most known diseases are tick-
borne encephalitis, dengue fever, yellow fever, West Nile 
fever. To identify flavivirus species or subtype the reverse 
transcription and polymerase chain reaction with further cDNA 
sequencing of viral genome are applied along with traditional 
enzyme-linked immunosorbent assay (ELISA). Nucleotide 
sequence obtained in the result is compared with other known 
viral genome sequences in the GenBank.

Flavivirus genome is represented by single-stranded RNA
of positive polarity, having length about 11 thousand
nucleotides. Sequentially arranged with each other and 
translated in the same reading frame, the genes of viral proteins 
form a whole coding sequence (CDS) of polyprotein.

In present work the 15 groups of flavivirus polyprotein 
CDSs with total number of the representatives equal to 7060 
were considered. Whole coding sequences of ten flavivirus 
species such as Bagaza virus, Japanese encephalitis virus, 
Murray Valley encephalitis virus, Powassan virus, Saint Louis 
encephalitis virus, Duck Tembusu virus, Tick-borne 
encephalitis virus, Usutu virus, the viruses of West Nile and 
Yellow fevers were analyzed. Besides, the four groups of 
polyproteins’ CDSs were separately considered for the 
subtypes of Dengue fever virus (Dengue serotype 1, Dengue 
serotype 2, Dengue serotype 3, Dengue serotype 4), as well as 
Kunjin virus which is now considered as Australian subtype of 
West Nile fever virus was distinguished in a special group. In 
all analyzed CDSs of flavivirus proteins latent triplet 
periodicity was recognized, that is referred to earlier introduced 
new type of profile periodicity [6]. As more general model, 
explaining existence of such the latent periodicity, so called the 
SHOC-model has been proposed [7]. This model is 

unambiguously characterized by random codon which is a 
random value with the meanings in triplets of the genetic code. 
Consequently, in frame of the SHOC-model for coding DNA 
sequence, where the latent triplet periodicity is observed, an 
estimate for random codon’s probability distribution may be 
obtained as a set (vector) of frequencies of the genetic codons 
occurred in this sequence. So, such the DNA sequences may be 
classified according to the types of the random codon 
distributions.

Thereby, analyzed 15 groups of the CDSs of flavivirus 
polyproteins induce a set of corresponding sampled probability 
distributions, forming a set of the points in the 64-dimentional 
space. Clusterization problem for such the points’ set, where 
each distinct cluster is characterized by only one of the species 
or subtypes of the flavivirus considered, is addressed in the 
work. Algorithm proposed in the work is based on sampled
probability distribution of the codons and it allows 
unambiguously assigning polyprotein CDS to a cluster of 
corresponding flavivirus species or subtype.

Materials and Methods
In the present work flavivirus genomes were selected from 

the GenBank release 231.0, dated April 15 2019. It should be 
noted that the introns in flavivirus genomes are practically 
absent, so flavivirus genome CDS is represented by 
uninterrupted coding sequence of polyprotein. Table I presents 
qualitative (j) and quantitative (Nj) content of the 15 groups of 
flavivirus polyprotein CDSs analyzed.

TABLE I

j Species and subtypes of flaviviruses Nj

1 Bagaza virus 18
2 Dengue serotype 1 virus 1895
3 Dengue serotype 2 virus 1412
4 Dengue serotype 3 virus 922
5 Dengue serotype 4 virus 190
6 Japanese encephalitis virus 300
7 Kunjin virus 43
8 Murray Valley encephalitis virus 14
9 Powassan virus 21

10 Saint Louis encephalitis virus 38
11 Duck Tembusu virus 110
12 Tick-borne encephalitis virus 175
13 Usutu virus 147
14 West Nile virus 1652
15 Yellow fever virus 123
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The mean value of frequency vector of the codons of the 
genetic code was calculated over all the genomes for each 
group. Such a vector unambiguously characterizes 
corresponding group, i. e. flavivirus species or subtype 
(serotype).

Question of identity with one or another group for 
flavivirus genome analyzed was solved by the following way. 
Original statistics was proposed in the work that calculates a 
distance of frequency vector for individual flavivirus genome 
from the mean values of frequency vectors for all other groups. 
Flavivirus genome analyzed was attributed to a group that 
showed minimum of distance between such the vectors. To 
prove a correctness of group choice the following additional 
procedure was used. For flavivirus genomes in each group a 
maximal distance of all corresponding codon frequency vectors 
from the mean value of codon frequency vector in the group 
was calculated. Choice of identity group was confirmed, if 
minimal distance found was no more such the maximal 
distance in the group.

Results
Method proposed in the work allows determining flavivirus 

species, if coding sequence of its polyprotein is known. This 
method was tested in recognition of 10 species and five 
subtypes of the flaviviruses with the genomes significantly 
represented in the GenBank. It was shown [8] that for 10 
species and two subtypes the method provides 100% reliability. 
Mistakes in flavivirus species recognition amount to no more 
than 0.5%. In particular, 23 genomes among 7060 flavivirus 
genomes analyzed were not recognized and it was only two 
cases of wrong species determination. 

Conclusion
New, effective and rapid method was proposed in the work 

to identify the species of flaviviruses, giving rise to heavy 
diseases of human, animals and birds, after viral genomes have 
been sequenced.

In general, application of the method proposed is not 
restricted by identifying RNA viruses only, particularly, 
flaviviruses. The method may be used for proving virus species 
from other genus and families, independently of RNA or DNA 
viruses are analyzed.

Method proposed in the work significantly simplifies a 
procedure of virus identification that is based on sequence of 
its genome, as no additional knowledge about conservative 
fragments of viral genome is needed, because alignment with 
other viral genomes from international databases is not carried 
out.
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Abstract — In this work, the problem of recognizing named 
entities in the texts of scientific articles of biological orientation 
was solved. Using a combination of machine learning methods 
allowed us to achieve high recognition quality indicators.
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Introduction
Currently, there are thousands of scientific journals in the 

world that publish research results in various fields of biology 
and medicine. Huge databases of patents are collected. The 
number of articles and patents increases exponentially over 
time. The analysis of such a huge number of experimental facts 
presented in text sources (scientific publications and patents) 
requires the use of automatic methods for extracting knowledge 
(text-mining). At the moment, most automatic methods of 
extracting knowledge are based on algorithms of computational 
linguistics and automatic text processing (Natural Language 
Processing). One of the most important tasks of modern 
computational linguistics is the task of recognizing named 
entities (Named Entity Recognition). In terms of its importance 
within this field, this task is comparable to the task of defining
parts of speech in classical linguistics.

Results
In this paper, the problem of recognizing named entities is 

solved using the corpus of scientific articles from the PubMed 
Internet resource.

The paper considers a neural network approach for solving 
the problem of recognizing named entities. Specifically, a 
multi-layer recurrent neural network consisting of the 
following layers is used:

Layer of trainable context-dependent vectors for words 
(Embeddings) [1]

Bidirectional LSTM network [2]

Fully connected layer (Linear)

In addition, classical machine learning models are used as a 
method for online verification of the neural network, which 
determines the presence of this entity in the text, which helps to 
significantly reduce the number of errors. the Russian 

The paper compares the quality of logistic regression, naive 
Bayes, random Forest [4], and gradient boosting on trees 
(XGBoosting) [3]. As a result of the research, high quality 

metrics for recognizing biomedical entities (proteins, 
metabolites, organisms, diseases, etc.) were obtained.
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Abstract— Much of our DNA is repetitive sequence 
comprised of mobile genetic elements. Cell's energy expenditures 
associated with their life cycle and containment are negligible in 
normal conditions, as human cells have evolved to coexist with 
transposable elements and use them to their advantage. In 
disease, when genome defense mechanisms are compromised, 
energy costs associated with transcription, translation and 
integration of mobile elements soar. Here we demonstrate how a 
competition between two major types of human transposons may 
determine cell fate in pathological conditions.

Keywords — retrotransposable elements, SINE, LINE-1, 
mathematical modelling, cell energy

Motivation and Aim
Throughout its life, the eukaryotic cell balances energetic 

costs of processes such as growth, division, movement, as well 
as genome maintenance, transcription and translation. Of these, 
the latter processes are the most energy consuming [1], as 
protein synthesis accounts for ~75% of total cell’s energy 
budget [2]. The bulk of our genomes (~45%) is made of 
retrоtransposable elements (rTEs), - (semi)autonomous mobile 
genetic elements, capable of propagation through the genome 
via a copy-and-paste mechanism [3]. In disease situation, when 
genome protection mechanisms are compromised, unrestricted 
TEs mobilization may introduce new gene regulatory circuits, 
lead to genome instability, spontaneous mutagenesis and lead 
to considerable expansion of translatable genome [4,5]. An 
intriguing question arises: Is it possible for a cell to run out of 
energy and cell-building materials due to unrestricted 
propagation of transposable elements and associated energetic 
burden? 

Here we present a mathematical model of a cell incapable 
of efficient protection from novel TE insertions (i.e., with 
compromised genome defense). In this model, we consider 
competition between two widespread types of rTEs, namely,
SINEs and LINEs for various cell resources (e.g., energy, 
ribosomes and proteins), as well as for proteins essential for 
transposition.

Materials and Methods
We built a mechanistic model of a cell using principles 

given in [6]. The model includes cell energy (such as ATP 
molecules), number of copies of transposable elements of both 
types, a corresponding number of transcripts, proteins ORF1p 
and ORF2p encoded by LINE-1, and, finally, the remaining 
cellular proteins and their mRNAs as variables. Since the 
processes of translation and integration of TEs are not 
instantaneous, to account for that and include dependence on 
number of available ribosomes and proteins, we also consider 
numbers of complexes mRNA+ribosome and mRNA+ORF2p 
as variables. Various parameters required by the model, 
corresponding to concentrations of molecules, reaction rates 
etc., were derived from literature sources and databases, such 
as BioNumbers [7]. Since the number of rTEs increases with 
time, this is not a steady-state model, although concentrations 
of other molecules may reach a plateau resembling a quasi-
stationary state. The system is pretty stable in this state, 
however certain cell resources may be exhausted.

Results
The coefficients of the model were varied to examine its 

behavior under different scenarios, including those where TE 
competition for energy resources and compromised genome 
defense mechanisms determine cell fate. Our numerical 
experiments demonstrate that the cell is protected from fatal 
energy deprivation, by constraints on rTE integration and 
transcription rates. Furthermore, variations in ribosome 
numbers have no effect on cell fate whatsoever. We’ve shown 
that cell survival depends on the ratio between transcription 
rates of LINE and SINE elements. Interestingly, yet another 
essential factor contributing to cell survival is a fierce 
competition between LINE and SINE transcripts for the LINE-
encoded reverse transcriptase. A complete shutdown of 
genome defense mechanisms results in strong fluctuations in 
concentration of LINE protein products, thus exhausting 
energy resources and cell-building materials.
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Aberrant genome protection triggers unrestricted 
propagation of transposable elements, however cell death or 
survival is determined by the competition between different 
types of retrotransposable elements: increased number of LINE 
transcripts is a killer, while elevated SINE activity protects the 
cell, at the cost of, perhaps, a higher mutation rate.
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Abstract — Nowadays the research on RNA interference is a 
subject of growing interest. One of the most perspective 
directions of this research is the use of bioinformatics methods to 
predict possible interactions of microRNAs with their mRNA 
counterparts, which allows to increase the accuracy and 
efficiency of their confirmation using laboratory means. In spite 
of this fact, the existing tools are unable to meet all the needs of 
molecular biology. An example of a problem currently lacking an 
appropriate solution is the study of RNA interference between 
organisms belonging to different taxonomic groups, notably, in 
parasite-host systems. Parasites utilise the host cell as a source of 
nutrients and habitat; molecular genetic profiles of both 
participants of this interaction are subject to dynamic changes. 
In this paper we present a novel algorithm for detection of 
interactions involving RNA molecules in a wide range of 
organisms. The proposed solution exceeds the existing ones in 
several characteristics and, in our view, can be broadly used in 
molecular biology and bioinformatics.

Keywords — RNA interference, microRNA, algorithm, target 
prediction, RNA

Introduction
Since the discovery of RNA interference in 1997 the 

existence of this mechanism has been demonstrated in 
numerous organisms belonging to different taxonomic groups. 
The research on this mechanism is of great significance not 
only for fundamental biology but also for its applied fields: 
medicine, veterinary science, agriculture, fisheries and forestry. 
Due to the availability of genome sequences of various 
organisms, considerably higher performance of modern 
computers and lower cost of equipment and machine time 
compared with laboratory research, experimental studies are 
often preceded by the identification of potential interactions in 
silico. Nevertheless, microRNA target prediction faces two 
converse problems. Firstly, existing tools demonstrate high 
level of errors of the second kind, which result in mRNAs that 
are in fact not valid targets for the corresponding microRNAs
being classified as their targets and, in turn, impede a further in 
vitro analysis of the microRNAs in question. On the other 
hand, the number of errors of the first kind is also high. The 
existing instruments are primarily aimed at target mRNA 
identification in humans and several model organisms, such as 
Drosophila melanogaster, Mus musculus, Caenorhabditis 
elegans, Danio rerio, etc., for which these interactions have 
been investigated experimentally; high precision of these tools 
is achieved through the use of species-specific heuristics. 
Instruments implementing more generic algorithms are 
uncommon. The most popular of them, rna22 [1], is notably 
less accurate and slow in comparison with the aforementioned 

tools [2]. Furthermore, the vast majority of such tools, 
including those implementing algorithms that have got the 
most potential for further refinement, are closed-source. Thus, 
the confluence of the aforementioned factors makes it relevant 
to develop a novel algorithm for identification of potential 
interactions between microRNAs and mRNAs that does not 
utilise information about the architectures of the genomes of 
the investigated organisms and has got acceptable accuracy 
and performance.

The proposed solution
A characteristic feature of all non-coding RNAs 

participating in RNA interference is the existence of the so 
called seed region, i.e. a short sequence of nucleotides with 
almost perfect complementarity to the corresponding sequence 
in a target mRNA. Identification of this complementary 
sequence in a genome in the first and foremost problem in 
microRNA target prediction. Thus, the problem under 
consideration is to identify all potential microRNA targets by 
locating subsequences complementary to all of the possible 
microRNA seed regions within a whole genome given as a 
single sequence or a set of sequences. Formally, given two sets 
of strings, M and G, and two integers l N and k Z,k ≥ 0
(k < l), for all substrings ri, |ri| = l of each string r = rc(m), m
M, where rc() is the function of reverse complement 
construction, it is necessary to identify in each string g G
positions of substrings gj such that DL(ri,gj) ≤ k, where DL is 
the Damerau-Levenstein distance [3].

It is worth pointing out the key differences of our approach 
from those implemented in other tools. First of all, many tools 
utilise the observation that a seed region usually includes 
nucleotides from 2 to 8 of a microRNA, which naturally leads 
to the increase in performance of such tools. However, this 
assumption is not valid for all organisms and can not be 
adopted by an architecture-independent algorithm. Oppositely, 
several algorithms expect that all microRNA targets are 
located within 3’-untranslated regions (3’UTR) of mRNAs, 
which is also not a general truth [4]. Besides, the latter 
assuption requires the genome to be annotated, which makes 
these tools inapplicable for many organisms since their 
genome sequences are lacking appropriate annotations, and 
their creation is a separate complex and laborious task. 
Moreover, some tools imply that the user provides them with a 
list of mRNAs rather than a whole genome sequence, which 
significantly reduces the complexity of search but for the same 
reason significantly narrows the range of organisms for which 
the tools can be utilised. To sum it up, for an algorithm to meet 
the requirement of being architecture-independent, it is 
inevitable to reject all the aforementioned assumptions.
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In the proposed algorithm, instead, we make use of the 
general observations. Since the length of the seed region l and 
the threshold Damerau-Levenstein distance k are typically 
small, we explicitly generate all the strings for which we 
search, i.e. we transform the set S to the set S such that:

s S si s,s S si l DL s ,si k (1)

We proceed with searching these strings using the 
AhoCorasick algorithm for multiple string search [5]. The 
choice of the Aho-Corasick algorithm has been also supported 
by the fact that the most common mode of usage of our tool is 
the simultaneous detection of targets for multiple microRNAs. 
Thus, the workflow of the proposed algorithm is as follows:

1) transform the specified set of microRNAs M to the set R 
by applying the reverse complement function to all
m M;

2) construct the set of strings to search R by generating all 
the possible permutations of all the substrings of the 
specified length l for strings r R according to (1);

3) run the Aho-Corasick algorithm to search all the strings 
from R in the set of strings G representing the genome.

It is noteworthy that the proposed approach leaves plenty 
of room for further improvement as there are no data 
dependencies between different parts of the investigated 
genome, hence the algorithm can be easily applied in parallel 
to its various fragments using a given number of computational 
nodes. Even greater performance gains can be achieved 
through the use of hardware vectorisation and parallelisation, 
such as a SIMD instruction set (e.g. MMX, SSE and AVX on 
x86/x86 64 processors or AltiVec/VMX on PowerPC), as 
well as GPU computing.

Conclusions
The present paper addresses the core problem lying behind 

the design of the string-based architecture-independent 
approach to microRNA target prediction, which is the 
detection of genome subsequence complementary to the 

microRNA seed region. We have developed an efficient 
algorithm allowing to detect these regions within a given 
genome. The algorithm has been implemented as a software 
tool; its performance has been evaluated in comparison with 
rna22. The comparison has demonstrated the significantly 
higher performance of the developed tool: on a set of 
protozoan genomes it outperforms rna22 by several orders of 
magnitude. Performance testing was conducted on a 3.40 GHz 
Intel Xeon E3-1240 v2 computer with 8 Gb of RAM under 
Ubuntu Linux 14.04 x86 64. It has shown that calculating 
targets for a single microRNA located within a single 
chromosome (constituting on average 1.5 megabases) takes 
about 20 minutes in case of our tool and from 7 to 8 hours in 
case of rna22.

Still, to be implemented as a piece of off-the shelf software 
the approach requires refinements dealing with the high level 
of errors of the second kind. Possible solutions to this problem 
include target site accessibility and free energy analyses or the 
use of machine learning. Other directions for future work 
include further performance improvement by means of 
parallelisation and vectorisation.

REFERENCES

[1] K. Miranda, H. Tien, Y. Tay, Y.-S. Ang, W. L. Tam, A. Thomson, B. 
Lim, and I. Rigoutsos, “A pattern-based method for the identification of 
microrna binding sites and their corresponding heteroduplexes,” Cell, 
vol. 126, pp. 1203–1217, October 2006.

[2] A. Oliveira, L. Bovolenta, P. Nachtigall, M. Herkenhoff, N. Lemke, and 
D. Pinhal, “Combining results from distinct microrna target prediction 
tools enhances the performance of analyses,” Frontiers in Genetics, vol. 
8, April 2017.

[3] D. Gusfield, Algorithms on strings, trees, and sequences: computer 
science and computational biology. Cambridge University Press, 2007.

[4] A. L. Riffo-Campos, I. Riquelme, and P. Brebi, “Tools for 
sequencebased miRNA target prediction: What to choose?” 
International Journal of Molecular Sciences, vol. 17, p. 1987, December 
2016.

[5] A. Aho and M. Corasick, “Efficient string matching: An aid to 
bibliographic search,” Commun. ACM, vol. 18, pp. 333–340, June 
1975.

151



Computer-assisted analysis of caspases molecular evolution 
Alexey Zamaraev

MSU, Moscow, Russia 
a-zamaraev@yandex.ru

Gelina Kopeina
MSU, Moscow, Russia

Konstantin Gunbin 
ICG SB RAS, Novosibirsk, Russia 

NSU, Novosibirsk, Russia
genkvg@gmail.com

Abstract — The functions of any protein are driven by their 
chemical and physical properties, which, in turn, are determined 
by steric and physico-chemical folding requirements. Therefore, 
it is expected that replacement of the amino acid tightly 
interacting with a large number of other amino acids is related to 
changes in the context of interactions in the protein globule. 
Recent studies of the protein evolution revealed various 
signatures of substitution asymmetry and heterotachy. Here, 
based on reconstruction of ancestral libraries we analyze the 
substitution asymmetry in the molecular evolution of caspases 
protein family characterized by huge number of molecular 
functions.

Keywords— caspases, molecular evolution, substitution 
asymmetry, ancestral libraries 

Motivation and Aim 
Up to now, the vast majority of available procedures of 

reconstruction of ancestral sequences are based on the 
symmetric single (applied to all protein sites) matrix of amino 
acid substitution rates. It seems obvious that new software 
tools for ancestral protein reconstruction, taking into account 
substitution limitations from the 3D protein structure and from 
the stability of its folding (for example, ProtASR), should be 
most useful. However, unfortunately, the experimentally 
resolved 3D protein structures are still lacking. Another way 
for substitution asymmetry accounting in the ancestral protein 
reconstruction is the construction of ancestral libraries [1]. To 
make the ancestor libraries accurate enough, it has recently 
been proposed to use the AltAll reconstruction approach. This 
approach combines all possible alternative states introduced 
into one protein, and then characterizes this protein with a set 
of these states [2, 3]. It has been shown that this approach 
significantly improves the imperfection of individual ancestral 
sequences reconstructed by Bayesian approach. 

Methods 
Multiple alignment was done using PROMALS. The best 

reversible and symmetric models of amino acid substitution 
rates were selected by IQTree v. 1.5.4 (in our case it is 
C20+G4). We adjusted initial phylogenetic tree topology using 
Metazoa species tree from TimeTree DB by the TreeFix v. 
1.1.10 software. After this, the branch lengths were re-
optimized using IQTree v. 1.5.4 and the best reversible model 
of amino acid substitution rates. Bayesian sampling of 
ancestral sequences in each internal tree node was carried out 
using PhyloBayes v. 4.1, the CAT model [4], and 6 rate 
categories of sites. In order to construct complete and truncated 
(using our modified approach, called ‘AltAll * N’) libraries of 
ancestral sequences we used AltAll * N’ procedure. Our 
procedure ‘AltAll * N’ is an iterative rewriting of all probable 
(with a posteriori probability> 0.1) alternative states in a 
consensus ancestral sequence of given tree internal node. For 
example, if there are 3 alternative states in site A and 4 

alternative states in site B of ancestral sequence (node) X, then 
we must rewrite this ancestral sequence 4 times to get 4 
alternative ancestors: a) a sequence consisting of the best states 
in A- and B-sites, b) a sequence with the second most probable 
states of sites A and B, c) a sequence with the third probable 
states of sites A and B, and d) a sequence with the third 
probable state in sites A and with the fourth probable in site B.

Substitution asymmetry during protein evolution was 
detected by analyzing deviations in the protein evolution rates 
from the reversible and symmetric model of amino acid 
substitution rates on each of the branches of the protein tree (1) 
and by a comparative analysis of the lengths of the internal tree 
branches taking into account the structure of the protein (2). (1) 
In order to solve first task, we: a) reconstructed a protein-
specific, time-reversible model of amino acid substitution rates 
using Modelestimator software; b) for each possible amino 
acid replacement on each internal node of the tree, we 
calculated d=PPa*PPb*2*NC, where PPa and PPb are the 
posterior probabilities of amino acids a and b, a b, 
NC=1/(1+e^(200*RFab)), RFab is the relative rate of ab 
substitution in the time-reversible model of amino acid 
substitution rates; c) summed d values along all sites in each 
internal tree node and calculated the natural logarithms of these 
sums (ln( d)); d) in order to identify branches with a 
maximum ln( d), we conducted nonparametric comparison 
of these values over the entire tree. (2) In order to solve second 
task, we used truncated AltAll * N libraries, particularly 
we: a) for each alternative ancestral sequence in each internal 
tree node, using the RaptorX_Property Fast software system, 
we assigned secondary structures to each amino acids, derived 
amino acid solvent accessibilities, and predicted disorder for 
each amino acid residue; b) calculated the frequency of 
changes of these measures between all alternative ancestral 
sequences of neighboring nodes residing on each internal tree 
branch; c) in order to identify branches with maximum 
structural changes, conducted nonparametric comparison of the 
abovementioned frequencies of changes across the entire tree. 

Results 
We extracted and verified 1565 Deuterostomia caspase 

proteins from NCBI GenBank. After that, we processed this 
protein set as described above.

One of the most promising observation we made is the 
finding of strict substitution asymmetry in the diversification 
of lower rodents, characterized by higher longevity comparing 
to higher rodents (Fig 1). The same evolutionary event is 
characteristic for caspase 7 in Xenopus (Fig 2). 
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Fig. 1. Selected part of caspases phylogenetic tree, containing caspase 10 of 
lower rodents. Each branch composed of 5 lines, corresponding to (from 
down to up) changes in amino acid disorder, protein secondary 
structures (3 and 8 types of secondary structure), amino acid solvent 
accessibilities, and deviations from the reversible and symmetric model 
of amino acid substitution. Black lines show terminal branches, light 
grey indicates evolution without significant deviations, while dark grey 
indicates significant deviations from expectations. 

Fig. 2. Selected part of caspases phylogenetic tree, containing caspase 7 of 
Xenopus. Same designations as in Fig. 1. 

It is of interest, that such evolutionary events are 
characteristic for the divergences of large protein clades tightly 
related with origination of large taxonomical groups, for 
example, avian caspase 6, mammalian caspase 13, etc.
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Abstract — The vast volumes of accumulated scientific 
literature on the Internet have made the task of finding the 
information that most fully corresponds to the area considered 
by the researcher one of the most critical problems. The 
developed ANDDigest tool allows performing a search in 
scientific literature, using the combination of dictionaries and 
user-provided keywords. Also, the system allows obtaining 
information about trends, reflecting a dynamic of interest to 
biological objects, recognized in texts, based on their mentions 
in PubMed.

Keywords — text-mining, ANDSystem, knowledge retrieval, 
dynamics of interest, trend analysis

Motivation and Aim

Motivation
The vast amounts of published scientific literature made 

the task of searching for the information relevant to the field 
of the researcher’s study one of the most important problems. 
Well-known search engines, such as Google Scholar, Web of 
Science, PubMed, Scopus, and others, are highly effective in 
finding documents; however, they do not allow the use of an 
ontology of the subject area [1, 2, 3]. Programs based on 
automatic text analysis provide the extraction of knowledge 
and its presentation in the form of semantic networks [4]. Of 
particular interest among them are systems providing a full 
cycle of knowledge engineering, including their automatic 
extraction, integration, presentation in the form of semantic 
networks, visualization, and analysis. Examples of such 
software products are STRING [5], Pathway Studio [6], 
MetaCore [7, 8], etc.

Aim
Earlier, we developed the ANDSystem tool [9, 10, 11, 

12] designed to implement a full cycle of engineering and
knowledge management. However, the drawback of these
systems, in contrast to universal search engines (Google and
others), is the tight attachment to their ontologies that
describe the subject area, which limits the possibilities of
expanding search queries beyond the limits of the used
ontology.

Methods
All pre-processing of the textual data, including the 

conversion, normalization, syntactic analysis, named entity
recognition, etc. performed using the text-mining module of 
ANDSystem. The associations between recognized entities 
from the ANDSystem ontology established using the 
STRING co-occurrence-based text-mining scoring scheme 
[13]. Each recognized entity presented by the trend based on 
the dynamics of its mentions in the scientific literature by 
years. The estimation of strength for each trend calculated 
using a non-parametric Mann-Kendall test [14].

Results
The developed ANDDigest system designed for the 

complex search, analysis, and graphical representation of 
information retrieved from the textual sources. The system 
allows to perform:

(1) automatic adjustment of the subject area using the
ontological description of the subject area specified in the 
form of dictionaries of objects. The current version of the 
program uses the ANDSystem ontology, which contains 
dictionaries for a wide range of fundamental molecular 
genetic entities and processes (such as proteins, genes, 
miRNAs, metabolites, drugs, biological processes, and 
diseases, etc.);

(2) an advanced search for scientific publications and
international patents and other textual documents based on 
integrated queries, with taking into account the hematology 
of the subject area and user-specified keywords;

(3) analysis and graphical representation of found
documents in the form of short descriptions – digests, 
including:

1. sorting by publication date, citing number, etc.

2. visualization of digests with a mapping of entities used
by the ontology of the subject area;

3. assessment and visualization of trends, describing the
dynamic of interest to the objects identified in 
documents, based on the frequency of their 
mentions in publications.

The web version of ANDDigest is free and available at 
http://anddigest.sysbio.ru
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Abstract — a continuous in silico model is built to simulate 
glioma Multicellular Tumor Spheroid (MTS) growth. Visco-
elastic cell aggregation and elastic Extracellular Matrix (ECM) 
represent two compressible constituents of the composite 
system. The simulations show the important role of 
compressibility effects in avascular tumor, such as 
densification of the central tumor zone with uniform 
distribution of total stress over the major MTS part. The 
model demonstrates effects of cell- cell adhesion and 
mechanical deformation of ECM scaffold on cell transport, 
generally conditioned by hydrostatic forces in cell- ECM 
composite and cell motility. Transitions between three cell 
phenotypes: proliferative, hypoxic and necrotic is triggered by 
the local oxygen concentration that is being limited by oxygen 
diffusion into spheroid from the periphery of the calculation 
domain. MTS stresses undergo sharp change within a thin 
Transition Layer on the spheroid surface, which affects 
mechanically the structure of ECM scaffold. The simulations 
demonstrate stimulating effect of this mechanical remodeling 
on glioma cell invasion.

Keywords — Multicellular Tumor Spheroid, Extracellular 
Matrix, cell- ECM stress, in silico model

Introduction
A dramatic role of cancer mechanobiology in its 

progression has been clearly demonstrated within the last 
decade [1]. The current model is built to study 
mechanobiological interplay between stress effects in 
compressible cell- ECM composite, cell- cell adhesion and 
cell phenotype transitions on glioma invasion.

Model basics
The basic model assumptions are as follows: (a) 

Spherically symmetric simulation domain contains two 
components: cells and ECM, and does not present any 
phenomenologically determined spatial subdivisions of its 
physical content into different parts; (b) the cellular 
component may include multiple voids, so being porous 
generally behaves as an isotropic visco- elastic compressible 
agglomeration; (c) ECM is isotropic, compressible, linear 
elastic, porous material. Cells proliferation and their motion 
through ECM scaffold produce elastic stresses in ECM; 
(d) cells exert attractive and repulsive forces on each other
depending on intercellular distances. The lower limit of cell
concentration in the colony is determined by the critical
distance between them. Beyond this cut-off point (Ctot < C∞)
cells cannot forcibly affect each other; the technically
maximum cell packing density Cmax determines upper cut-off
poin; (e) the total stress distribution in the composite system
follows iso-strain approximation. This intercellular force
field together with ECM stress gradients cause motion of the
cells tending to minimize the total potential energy of the
system; (f) Cell motility is modeled through their diffusion.
The diffusion rate is specific for different cell phenotypes.
Stress in cellular component σc is
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Ctot= Cp + Cm + Cn; Cp – concentration of proliferating cells; 
Cm – concentration of hypoxic cells; Cn – concentration of 
necrotic cells; Ctot = Ceq- stress equilibrium; Ctot < Ceq
generates contractile stresses and Ctot > Ceq - compression. 
KC0 is a bulk modulus of the cell aggregation at Ctot = Ceq.

The behavior of cell- ECM system is similar to thermal 
expansion. Quasi-static stress conditions are being assumed 
in the model. Strain-displacement and stress-strain relations 
[2] yield the governing equation for displacement u, resulting
from cellular dynamics as:
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, where

ν is ECM Poisson's ratio; - the inner volumetric stain 
produced by expanding cell aggregation inside the matrix
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KECM - ECM bulk modulus. Radial and tangential 
components of the strain tensor are as follows: εrr = du/dr;
εθθ= εφφ= u/r. The components of ECM stress tensor are as:
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And the total stress in ECM σECM = (σrr + 2 σφφ)/3

Iso-strain approximation gives for total stress in the 
composite system:
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Dynamics of the composite system
Transport, proliferation and phenotype transition for the 

three groups of cells are described by the equation:
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where Ci is one of the three cell phenotypes Cp, Cm, Cn;
Di are diffusion coefficients of ith type of cell: Dp, Dm and 

obviously Dn = 0; vD is drift velocity of cells for the case of 
stress-dependent ECM permeability, as per model [3]:
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where εv is ECM dilatation and M0 is mobility of cells in 
unstressed ECM. The model assumes that the cell population 
growing into ECM scaffold causes its expansion, stretching 
pores and therefore affecting its permeability and further-
mobility of invasive cells. Velocity vD is the same for all 
types of cells in the model. Si represents sources Sp, Sm and 
Sn for proliferative, hypoxic and necrotic cells 
correspondingly.
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where τp and τm are characteristic times of proliferation 
for proliferative and hypoxic cells, τpm, τmp, τn are phenotype 
transition times: proliferative to hypoxic, hypoxic to 
proliferative and hypoxic to necrotic cells correspondingly. 
The maximum carrying capacity Cq is considered here as the 
upper cut-off limit, assessed as Cmax = 8.3 × 108 cm-3 basing 
on [4]. The switch factors hpm, hmp and hnec are Heaviside 
functions of oxygen concentration triggering local cell 
phenotype transition. Oxygen is critical metabolite and the 
only nutrient in this model. Diffusion of oxygen and its local 
consumption by the cells determine the local concentration 
nox as per equation 

mmppoxox
ox Cα+Cαn

r
rD

rr
=

t
n 2

2

1

nox is oxygen concentration, Dox - diffusion coefficient of 
oxygen, αp and αm - oxygen uptake for proliferative and 
hypoxic cells correspondingly. Boundary Conditions for the 
governing equations are based on spherical symmetry that 
dictates symmetry conditions for all profiles Xi about r=0:
dXi/dr (r=0) = 0. We assume zero displacement and strain on 
the distant border of the domain r= R0:U(r=R0)= , εrr
(r=R0)= 0.

Initial conditions were set in accordance with 
experimental setup [4]. The initial spheroid radius has been 
set to R0= 2.5 x 10-4 cm and cell concentration Cinit = 8.0 x 
107 cells/cm3, along with a uniform initial distribution of 
oxygen in the domain nox(r, t=0) = 4mg/L. Rheological and 
cellular process parameters have been taken from [1, 4-6].

Results and Discussion
The simulated cell density profiles are in line with 

experimental data [4] (fig.1). Cell densities measured in the 
center cannot be explained by local cell proliferation only. 
Densification of the spheroid center takes place through its 
compression due to pressure exerted by the expanded ECM. 
The resulting cell density profile takes elongated shape by 
day 3 with extended invasive zone (Fig. 1).

Fig. 1. Calculated distribution of Ctot for day 3 of MTS growth 
corresponds well to the experimental data of [4]; Ceq= 3.5 x 108

cells/cm3. Distribution of total stress σtot / σ0 is calculated within 
iso-strain model, also its radial component σRtot / σ0 and stress in 
cellular components Ccell/Ce are shown; σ0= 100Pa

Cell- ECM interaction forms Transition Layer (TL) on 
the spheroid surface, where intercellular stress changes 
rapidly from compressive to tensile character, while the 
components of ECM stress exhibit also sharp, but opposite 
transition (fig.1). ECM reaction on MTS expansion forms 
compressive radial stress, along with circumferential tensile 
stress within (TL). This specific stress distribution within 
TL obtained in simulation should affect the structure of 
ECM scaffold. In case of randomly arrayed fibers they 
should expectedly be rearranging in front of TL, taking 
directions normal to MTS radius and align to its surface 
following traction forces inside TL. This scenario of 
mechanical collagen remodeling has been observed in vitro
in [7], where these traction forces are assumed to facilitate 
tumor invasion providing tracks through mechanical 
alignment in matrix structure. Another effect of mechanical 
ECM remodeling through matrix deformation studied 
quantitatively in the current simulations is mechanical 
modulation of matrix porosity and therefore drift velocity of 
cells vD, as shown in section III. The average effect of this 
matrix deformation resulted in increase of tumor invasion 
speed up to 20%. 
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Abstract — This study is based on in silico model and 
demonstrates how variations of Extracellular Matrix (ECM) 
stiffness may affect glioma invasive scenarios. The model 
describes cell proliferation and transport through elastic and 
compressible cell- ECM composite, including “go/grow” 
transitions determined by oxygen concentrations. Simulations 
generate invasive scenarios conditioned only by set of 
mechanical characteristics of cell-ECM composite typical for 
gliomas. Multicellular Tumor Spheroid (MTS) growing in soft 
matrix exhibits gentle cell density profile with elongated low 
density invasive zone, while rigid ECM conditions sharp edge 
of MTS and higher invasion speed. Moreover, the highest 
speed of tumor invasion is obtained at intermediate values of 
ECM stiffness, when a compact cell cluster is being formed 
instead of invasive zone as a second proliferative layer out of 
the core spheroid.

Keywords — Multicellular Tumor Spheroid, Extracellular 
Matrix, glioma invasiveness, cell adhesion, ECM stiffness, in 
silico model

Introduction
It has been found that purely mechanical characteristics 

of glioma microenvironment play pivotal role in the invasion 
process [1-4]. The importance of cell- ECM interaction and 
the role of matrix density, elasticity and porosity have 
emerged as a particularly strong regulators of migration and 
proliferation rate of malignant brain tumor cells [2,3].
Typically, the invasive properties of glioma grow up at 
increase of ECM stiffness [2-4]. Some cases however present 
exceptions, e.g. demonstrating biphasic function of rigidity-
dependence [3] or rigidity-insensitive high invasive capacity 
even in soft matrigel 3D cultures [4]. Therefore, in spite of 
general trends every case is unique regarding the behavior of 
each specific glioma cell line. The model used in the current 
study is not intended to simulate these unique cases. It does 
not take into account individual glioma cell line attributes 
and therefore cannot reproduce the variety of invasive 
patterns typically exhibited by different gloma cell lines [5]. 
Based on average glioma cell characteristics, the model 
generates “first approximation” scenarios of glioma invasion 
invariable for all glioma cell lines. These basic scenarios do 
not involve signaling regulation of glioma, but present a 
useful starting point for further analysis of every unique case. 
The in silico model describes visco-elastic dynamics of cells-
ECM composite and is capable to simulate the interplay 
between elastic cell- ECM interaction, cell- cell adhesion and 
cell phenotype transition in the frame of “go/grow” approach 
[6]. The simulations aimed at studying glioma MTS growth 
as it depends on ECM stiffness.

Model assumptions
Spherically symmetric 1D simulation domain contains 

two components: cells and ECM as constituents of a 
composite system. ECM is considered to be purely elastic 

compressible scaffold, while the compressible cell 
aggregation exhibits viscoelastic properties and also effects 
of cell-cell adhesion. The total stress distribution in cell-
ECM composite build the driving forces for cell transport. 
There are three cell phenotypes considered in the model 
following soft version of go/grow scenario [6]: proliferative 
cells that can proliferate and have low, non- zero, motility; 
hypoxic cells that have low, non- zero, proliferation rate and 
exhibit high motility, and necrotic cells, which are inert- do 
not exhibit motility and do not proliferate. Diffusion of 
oxygen towards the spheroid center from the spherical 
domain border and its local consumption determine the 
distribution of oxygen concentration along with phenotype 
transition rates. The model is formulated in more details in 
[7], including initial and boundary conditions. Model 
validation has been carried out on the results of two in vitro
studies of glioma MTS growth [1,8] and exhibited rather 
good agreement with the experimental data, see [7].

Effect of matrix stiffness
A series of MTS growth calculations have been carried 

out at variation of ECM (collagen) stiffness from EECM =
500Pa to 5kPa. All calculations demonstrate a presence of 
Transition Layer (TL) on spheroid surface, where MTS 
mechanical characteristics undergo a sharp transition. The 
sharp raise of the total stress across the transition layer
builds hydrostatic pressure gradients within this narrow area 
directed outwards across the TL. Therefore, TL represents a 
potential barrier for motile cells motion out of MTS core. 
The resulting pressure force steepens the front of cell 
density distribution, pushing back some of the motile cells 
traveling out of the core. The stress barrier of TL depends 
monotonically on ECM stiffness. So, that MTS growth in 
relatively soft collagens of EECM ~ 500Pa [8] exhibits 
typically thin TL and elongated invasive zone around the 
core spheroid with rarefied cell population in it [7,8]. The 
stiff matrix of EECM = 2.5kPa generates tenfold higher 
stresses within TL. This difference can be easily seen on 
peak magnitudes of the radial stress component σRtot/σ0
comparing TLs on Fig.1a with the data obtained in [7] for 
EECM = 500Pa. The counteraction of rigid matrix against 
expanding cell aggregation forms a sharp front at its edge 
without elongation of cell density profile into peripheral 
zone typical for soft matrixes, see [7]. The simulations show 
monotonic decrease of average spheroid size at increase of 
ECM stiffness along with growth of its expansion speed. 

Formation of subtumors
Another interesting effect of ECM stiffness variations is a 

discrete form of invasive zone obtained at EECM = 2.5kPa. 
The increase of matrix stiffness reduces concentration of 
motile cells coming through TL barrier and ultimately leads 
to contraction of invasive zone into a second narrow 
proliferative layer outside of the core spheroid (Fig.1). 
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a)

b) 

c)

d) 
Fig. 1. Formation of Subtumor days 2, 3 and 5 of MTS growth at 
elevated matrix stiffness EECM = 2.5kPa: (a) stress distribution for 
day 2 including total stress in cells-ECM composite σtot,
intercellular stress distribution σcell and radial component of the total 
stress σRtot.; σ0= 100Pa; (b,c,d) radial cell density distributions for 
proliferative cells Cp, hypoxic Cm, necrotic Cn and total cell density 
Ctot; Ceq= 3.5 x 108 cells/cm3. Distribution of oxygen concentration is 
also shown on these graphs; the dotted line ncr shows the threshold 
of O2 level for proliferative–to-hypoxic cell phenotype transition,
n0 = 4 mg/L;

By day two shown on the figure, the major part of the 
main proliferative layer is located in the area of oxygen 
shortage and undergoes cell phenotype transition, while 
another small layer is formed out of the main one. Cell- cell 
adhesion and rigid matrix keep this layer compact instead of 
elongated invasive zone typical for soft matrixes. A radial 
component of the total stress in cell- ECM system exhibits 
strong gradient on the inner side of the newly formed layer 

(fig.1a) pushing it out of the core spheroid. By day three 
(fig.1c) over 90% of the main proliferative rim turns 
hypoxic, as the oxygen level inside the core part drops below 
the transition threshold (fig.1c). By day 5, the simulation 
shows that only the newly formed distant cluster of cells is 
out of the large hypoxic area, while the core spheroid turns 
hypoxic with growing necrotic zone in its center. 
Interestingly, the MTS does not form a distant proliferative 
layer at higher ECM stiffness EECM = 5kPa forming only a 
sharp edge of the core spheroid. The tumor invasion speed in 
our simulations exhibits biphasic function of EECM with its
maximum around EECM ~ 2.5kPa, when the distant 
proliferative layers are being formed.

Conclusions
Three scenarios of glioma invasion at different ECM 

stiffness values, driven by mere mechanical principles of 
continuum and iso-strain dynamics of composite system 
have been shown in simulations. These scenarios may 
contribute into glioma variability in vivo being mediated 
within signaling feedback loop of self-consistent glioma 
regulation. 
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Abstract — There are lots of sources of information on 
metabolic networks but not so many sources dealing with existing 
mathematical models in spite of the fact that the modeling 
approach is an essential way for metabolic networks analysis. 
One of the ways to get ready-to-simulate frame models is the 
using of template approaches for mathematical model 
reconstruction, which take into account the nature of metabolic 
processes. However, building of more precise models typically 
requires reusing of existing models already adapted to 
experimental data. The aim of our research is to develop a tool 
that makes complete ready-to-simulate mathematical model for 
an input metabolic network. We present MGSGenerator 1.5 as 
the tool relied on API of existing model sources.

Keywords — Mathematical model, E.coli, API, model
generation, metabolic networks

Motivation and Aim
Mathematical modeling is widely used in microbiology 

investigations for metabolic networks analysis for the 
substance yield forecasting or adjustment appropriate 
environment conditions. In silico simulation allows us to check 
hundreds parameters for a model in a short period of time, 
depending on available computational environments.

Metabolic network reconstruction/analysis is the part of 
genome annotation steps in microbiology research. In this work 
we focus on the steps that go after. Metabolic network is the 
structural (graph) model that shows which substances interact. 
We are interested in the analysis of those interactions in time 
and in space. For the purpose, we should process structural 
model into dynamic model, which may be formalized in 
different forms. In this study we obtain Ordinary Differential 
Equation (ODE) model. One of the ways to get ready-to-
simulate frame ODE models is the using of template 
approaches based on the standard equations for various types 
of metabolic processes. However, building of more precise 
ones typically requires reusing of existing models already 
adapted to experimental data.

The aim of our research is to develop a tool that makes 
complete ready-to-simulate mathematical model for an input 
metabolic network. The tool should be able to address API of 
existing model sources.

Results
We have advanced our previous tool MGSGenerator [1] to 

generate frame models. The novel version is 1.5. The tool 
processes the following steps:

It takes structural model of metabolic network as an 
input. It decomposes network on subsystems and 
processes each of them.

Each subsystem is compared with the set of existing 
models taken from various sources. The main source 
at present is MAMMOTh database [2] containing 
mathematical models of enzymatic reaction of E. coli
adapted to experimental data.

If appropriate structure model was not found, then the 
rule-based frame mathematical model generation 
process starts.

To provide ready-to-simulate model, processes of 
substances sink and inflow are added.

Finally, we obtain SBML model that then could be 
explored by Copasi tool (copasi.org) or any other 
simulation tools supporting SBML import. 

We have tested the tool with metabolic networks of 
different size, from single metabolic pathway to the whole-
genome metabolic network.
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Abstract — Motility is one of the key factors of adaptation in 
scarce marine environments inhabited by bacteria. This 
simulation study addresses the question of how an ability for 
adaptive migrations influences the evolutionary success of a 
population in various conditions. We examined the model of 
competition of motile and sessile populations of microorganisms 
in a confined aquatic environment supplied with a periodic batch 
nutrient source and assessed the fitness of both. We studied the 
effect of such factors as nutrient concentration in a batch, batch 
period, mortality term and penalty for migration and determined 
the conditions favouring “nomad” strategy of motile population 
and those favouring “settler” strategy of sessile one.

Key words — motility; marine bacteria; agent-based modelling; 
ecological modelling

Motivation and Aim
In contrast to well-studied symbiotic gut microbiota living 

in abundant conditions, marine bacteria live in the world of 
scarce and ephemeral nutrition sources. Therefore, motility 
becomes one of the key factors of adaptation in these 
conditions. However, the advantage granted by motility comes 
with its cost and current estimates show that energy 
expenditure of various marine bacteria ranges from 2% to 50% 
of their total energy budgets [1] with different species varying 
in motility. While the processes of adaptation mediated by 
chemotaxis are relatively well-studied at the micro-scale level, 
there is a lack of understanding of how an ability for adaptive 
migrations influences the evolutionary success of a population.

Methods and Algorithms
We have used the Haploid Evolutionary Constructor 3D 

(HEC 3D) [2] software complex to build the model of 
competition of motile and sessile populations of 
microorganisms in a confined aquatic environment supplied 
with a periodic batch nutrient source. The HEC 3D allows 
creating multilayer ecological models of microbial populations 
inhabiting spatially structured environments. To describe a 
motile population capable of adaptive migrations via 
chemotaxis more adequately, the basic functionality of HEC 
3D was extended to take into account the variability in 
migration traits such as energetic cost of migration.

Results
To estimate what conditions allow the motile population to 

make use of its advantage and dominate over the sessile one, 

we have investigated a model of a community consisting of 
two microbial populations in different model scenarios 
varying such parameters as nutrient concentration in a batch, 
batch period, mortality term and penalty for migration. It 
turned out that more dynamic and scarce environments favour 
dominance of motile populations whereas rich and stagnant 
environments tend to promote the dominance of sessile 
microorganisms. Moreover, dense-dependent quadratic 
mortality is more detrimental for motile population than linear 
one. We have found out that there is a turning point in the 
migration penalty value determining whether “nomad” 
strategy of motile population is adaptive or not. However, this 
value heavily depends on such conditions as nutrient 
availability. We have also shown that even without penalties 
for migration sessile population following the “settler” 
strategy can achieve dominant position in the ecosystem via 
decreasing local nutrient availability in the nutrient source’s 
vicinity.

Conclusion
Thus, motile populations relying on local optimizing 

strategy tend to follow benign conditions and fail enduring 
stress associated with crossing the valleys of suboptimal 
nutrient availability. Though providing more adequate 
description, taking into account energetic cost of migration 
does not change the major trends in the competition between 
two types of microorganisms relying on different strategies in 
terms of motility.
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Abstract — Here we conducted a computational genome-wide 
study of the all known single-nucleotide polymorphism (SNP) of 
70 bp proximal promoters of 67 human rheumatoid arthritis 
(RA)-related genes that displayed disruptive natural selections of 
immunoactivative or immunosuppressive genes raising or 
reducing risks of RA, respectively, as if it maybe a domestication 
syndrome. That is why, we confirmed it in vivo using the genome-
wide transcriptome profiling (RNA-seq assay) of the 
differentially expressed genes (DEGs) within hypothalamus of 
adult male rats (Rattus norvegicus) of two unique outbred lines 
bred in aggressiveness and tameness as an animal model of 
human diseases (statistical significance padj < 0.025 at Pearson's 
χ2 criterion with Bonferroni's correction).

Keywords — rheumatoid arthritis, human, gene, promoter, 
TATA-binding protein (TBP) binding site (TATA box), single 
nucleotide polymorphism (SNP), candidate SNP marker, 
verification

Background
Rheumatoid polyarthritis (RA) is an autoimmune disease 

with autoantibodies (e.g., antibodies to citrullant antigens) and 
proinflammatory cytokines (e.g., TNF-α, IL-6) that are 
involved in the induction of chronic synovitis, bone erosion, 
followed by deformity [1]. Currently, it is commonly accepted 
that immunopathogenesis is mostly contributed by the 
mechanisms of the breakdown of immune tolerance to its own 
antigens that is characterized by an increase in the activity of 
T-effector cells, causing RA symptoms [2]. On the contrary, a 
low activity of regulatory cells (e.g., regulatory T-cells (Treg) 
and myeloid suppressor cells) is met in RA [3]. That is why, to 
say that it is the immunosuppressor cell deficit that is the 
central feature in RA pathogenesis [4]. It is thought that 
lifestyle and living conditions define a half of the RA risks and 
genetic susceptibility to RA do for another half [5]. 
Additionally, immune cells of adaptive memory in a given 
individual keep information on all diseases he / she survived 
that increase his / her resistance to them in future [6]. That is 
why here using our SNP_TATA_Comparator [7], we predicted 
RA-related candidate SNP markers, found regularities in their 

genome-wide frequencies, and tested them in vivo using an 
animal (rat) model of the human health.

Materials and Methods
We extracted 1834 SNPs of 70 bp promoters of 67 RA-

related genes using UCSC Genome Browser [8], dbSNP [9] 
and GRCh38/hg38 assembly of the human reference genome 
[10] as well as treated them using our
SNP_TATA_Comparator [7] as discribed elsewhere [7]. We
did the experiment in vivo on 6 adult male rats (Rattus
norvegicus) of 2 outbred lines bred (over 90 generations) for
aggressive or tame behavior under standard conditions of the
Conventional Animal Facility of ICG SB RAS (Novosibirsk,
Russia), as described elsewhere [11]. All rats came from
different litters and were unrelated, each weighing 250–270 g,
4 months old, marked by "-3" or "+3" on the rank scale from "-
4" to "+4" (i.e., maximum aggressiveness and tameness). After
their euthanasia, the biosamples of hypothalamus was prepared
and stored at -70 OC until use as approved by Interinstitutional
Bioethics Board at ICG SB RAS in line with Directive
2010/63/EU of the European Parliament and of the Council of
September 22, 2010, on protections of animals used for
scientific needs, as described in [12].With 100 mg fractions
taken from each above-mentioned hypothalamic biosample
from three aggressive and three manual rats, using an Illumina
NextSeq 550 and NextSeq® 500/550 High Output Kit v2 (75
cycles) cassettes, we sequenced through direct reading 24
barcoded RNA-Seq libraries of 75 nt fragments that lead the
total volume of 400 million reads. We processed them by our
conveyor, as: FastQC [13] → Trimmomatic [14] → TopHat2
[15] → SAMtools [16] → HTSeq [17] → DeSeq2 [18]. This
resulted in relative expression of genes mapped into the rat
reference genome rn6 in hypothalamus of tame and aggressive
rats. We verified them with our measurements of them made
by quantitative polymerase chain reaction (qPCR) in our work
[19]. Finally, among 67 genes studied, we found those whose
expression were significantly different between aggressive and
tame rats, evaluated the manifestations of them in terms of
susceptibility to RA according to the clinical markers of RA
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and, estimated the statistical significance of them with 
Bonferroni correction.

Results and Discussions
First, using the only clinical SNP marker s2276109 of RA 

[20], we tested adequacy of candidate SNP markers of this 
disease predicted by SNP_TATA_Comparator [9] Then, for 
646 SNPs in question within 27 human genes clinically 
associated with disorders comorbid to RA, we found 83 and 73 
candidate SNP markers, which can elevate (e.g., 
rs1185314734) or reduce (e.g., rs1190659847) expression of 
these genes, respectively, as well as 91 and 54 ones for the 
worsened (e.g., rs1189849606) or relieved (e.g., rs549858786) 
RA. It means the genome-wide neutral drift [21-23] towards 
susceptibility to RA in line with the common view that 
diversity of adaptive memory immune cells of a given 
individual grow with each inflammation he/she survived that 
improves his/her resistance to them, but this immune memory 
growth raises risks of impaired autoimmune tolerance (e.g., RA 
risks). Thus, by the same way we confirmed this finding in the 
case of nine genes, which are most GWAS-associated with RA 
[24], and, independently, in the case of seven 
immunoactivative genes. Cntrary, when we dealt with 24 
immunosuppressive genes, we found 64 and 111 candidate 
SNP markers aggravating and relieving RA, respectively. This 
difference between immunoactivative and immunosuppressive 
genes means disruptive natural selection as if RA could be a 
domestication syndrome. That is why, using RNA-seq assay 
we compared aggressive and tame rats, both primary 
experimental and resulting computational data of which are 
available for readers, as: “ftp://ftp.RNAseq.cytogen.ru:h3&3r” 
using “login/password: Ht3&3Rats”. It turned out that 10 
among 67 genes analyzed here are differentially expressed in 
hypothalamus of adult male aggressive versus domesticated 
rats at partial significance threshold pRNAseq < 0.05. For four 
genes Apoa1, Hbb, Hbb-b1, and Sod1, it is known that over-
and underexpression of them worsen RA, while six rest genes 
Ccr7, Ebi3, Il1b, Il2rb, Il3ra, and Il25 overexpress in tame rats 
in line with the physiological markers of the worsen RA. 
Within Pearson's χ2-criterion, it is susceptibility to RA in the 
tame rats (pχ2 < 0.005). So, padj=N*pχ2*pRNAseq=67 *0.005*0.05 
<0.025, as Bonferroni's correction. 

Conclusions
We found in silico disruptive selections of 

immunoactivative or immunosuppressive genes corresponding 
high or low risks of RA, as if it could be a domestication 
syndrome, which we confirmed at animal model of human 
health.. 
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Abstract — Group II introns are mobile elements present in 
bacteria, as well as in the eukaryotic organelles. This type of 
intron is probably the ancestor of nuclear introns. Group II 
introns have a conservative secondary structure, which 
determines their ability to self-splice. It is known that some group 
II introns have the ability to alternative splicing [1]. The 
possibility of alternative splicing of group II introns is explained 
by the fact that they can have several different variants of the 
secondary structure, each of which leads to its own splicing 
reaction. Based on the introns of group II with the secondary 
structure described in the literature, we have constructed a 
generalized model of the structure of introns of this type. In 
addition, we searched for introns corresponding to our model in 
the RFAM database and found introns with the possibility of 
alternative splicing. For the found introns, we performed an 
analysis of coadaptive nucleotide substitutions in the secondary 
structure. We also analyzed the effect of alternative splicing on 
proteins that are the product of the corresponding genes.

Keywords — intron group II, secondary structure, alternate 
splicing

Materials and Methods 

To build a model of the secondary structure of group II 
introns, we used a database of known intron structures [2]

We searched for introns with the possibility of alternative 
splicing in an open database of bacterial and eukaryotic 
introns of group II RFAM [3].

To search for a given secondary structure in genomic 
sequences, we used the Rscan program [4].

Secondary Structure Models
The secondary structure of group II introns consists of 5 

structural elements called domains. The largest of them is the 
first domain. At the first stage, for each of the intron domains, 
except 4, we built several models of the secondary structure. 
Each model generalized its domain for a group of introns with 
a similar structure. In addition to the secondary structure itself, 
described by the positions and lengths of its stems and loops, 
our model also included:

Consensus sequences for splicing sites.

The presence of tertiary interactions of introns. Among 
them are ebs1 / ibs1, ebs2 / ebs2, α-α`, β-β`, κ, ε.

In order to evaluate the quality of our models, we 
calculated the distribution of z-score of the energy for the 

secondary structure on a random sample of nucleotide 
sequences. Random sequences had the same dinucleotide 
composition as real introns. Using the obtained distribution, we 
set the threshold for the energy of the secondary structure: z-
score <= –1.48.

We used the constructed models to restore the secondary 
structure introns from the RFAM database. To do this, we 
looked for sequences that satisfy our constraints on structures, 
including constraints on tertiary interactions and the z-score 
threshold. We also analyzed the protein sequences of the fourth 
domain of the detected introns for the presence of standard RT 
motifs in them [5]. The group II introns discovered in this way 
and their secondary structures were described in [6]. In total, 
we restored the complete secondary structure of 394 eukaryotic 
group II introns. Among them, 3 introns of subtype IIB, and the 
rest IIA. 18 found introns belong to the nuclear genome, 10 to 
the mitochondrial, 127 to the chloroplast genome and 196 to 
the plastid genome.

Search for alternative splicing
Then we used the found boundaries of all domains to detect 

introns containing several valid splicing variations. Such 
introns can potentially have the ability to alternative splicing. 
On the identified candidates, we carried out an analysis of 
coadaptive nucleotide substitutions in the secondary structure 
in order to establish the most probable path of their evolution.
In addition, for introns located close to each other in the 
genome, we analyzed their interactions and mutual evolution.
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Abstract — BioUML (homepage: http://www.biouml.org, 
main public server: https://ict.biouml.org) is a web-based 
integrated environment (platform) for systems biology and 
analysis of biomedical data generated by omics technologies. 
Here we are presenting further extensions of BioUML 
platform that make it universal platform for analysis of wide 
range of biomedical data: 1) integration with Docker 
technology that allows easily pack and run existing software 
and databases; 2) integration of noVNC web client to work 
with software with rich graphic interface via web; 3) new 
integration with Galaxy and tool shed that allows reuse wide 
range of existing software for data analysis; 4) integration with 
Jupyter hub for interactive data analysis; 5) support of 
Common Workflow Language (CWL).

Keywords — BioUML, Docker, Galaxy, Jupyter notebooks, 
CWL, data analysis

Introduction
BioUML is a web-based integrated environment 

(platform) for systems biology and the analysis of 
biomedical data generated by omics technologies[1]. 
BioUML spans a comprehensive range of capabilities, 
including access to biological databases, powerful tools for 
systems biology (visual modelling, simulation, parameters 
fitting and analyses), a genome browser, scripting (R, 
JavaScript) and a workflow engine. Due to integration with 
the Galaxy platform and R/Bioconductor, BioUML provides 
powerful possibilities for the analyses of omics data. The 
plug-in-based architecture allows the user to add new 
functionalities using plug-ins. To support collaborative work 
on scientific projects, there is a central authentication and 
authorization system (https://bio-store.org). The diagram 
editor enables several remote users to simultaneously edit 
diagrams.

Results
Figure 1 demonstrates the suggested architecture of 

universal platform for analysis of wide range of biomedical 
data:

1) Uniformly packed and described computer programs for 
data analysis and visualization:
- Docker technology is used to easily pack and run existing 

software and databases;
- Doсker registry is used as repository packed software 

images;
- Common Workflow Language (CWL) and Galaxy formats 

are used to describe computer programs and parameters to 
start them.

2) Core - BioUML platform [1]. It also provides
communication with integrated tools (Galaxy, Jupyter hub, 
R, Docker, noVNC, etc.).

3) IT infrastructure where the platform was installed.

4) external resources can be used to store users data. They 
can be connected to the platform via specialised API. .
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Abstract — Human gut microbiota is essential for human 
health. Under the recent avalanche of metagenomic high-
throughput sequencing data methods for its bioinformatic 
analysis and ecological reconstruction gain particular 
relevance. In this study, we employ the trait-based ecology 
approach to create a method of computer reconstruction of the 
ecological structure of intestinal microbiota communities based 
on high-throughput sequencing data and apply it to the 
synthetic community comprised of the key representatives of 
the human gut microbiota. Using this structure allowed us to 
evaluate the abundance of respective functional groups and 
infer a knowledge about the processes associated with them. 
The developed method can be applied to analyze intestinal 
microbial communities of other related species.

Keywords — human gut microbiota, trait-based ecology, 
bioinformatics

Motivation and Aim
The microbiota of the human gut is a complex microbial 

community that plays an important role in maintaining 
human health. Despite the fact that the microbiota of the 
human gut is being studied thoroughly, at present there is no 
comprehensive picture of the ecological interactions between
its major representatives.

Since natural microbial communities consist of a large 
number of species, reconstruction of their ecological 
structures is a challenging problem. Therefore, trait-based
ecology approach could be helpful as it reduces the 
complexity of the system putting emphasis on ecological 
function rather than taxonomy. Application of this approach 
to the study of specific ecosystems requires a detailed 
understanding of the basic mass and energy flows in the 
system and the role of each functional group in these 
processes.

In our study, we have applied trait-based ecology
approach for computer reconstruction of the ecological 
structure of intestinal microbiota communities based on high-
throughput sequencing data.

Methods
For our study, we used available data on a synthetic 

microbial community, which served as a model for a core 

human gut microbiota. It consists of 14 species that 
demostrate the basic toolbox of metabolic capacities 
determining major processes in the human gut [1]. The 
ecological structure has been reconstructed using expert 
analysis of the literature and bioinformatic analysis filling
the gaps in knowledge obtained from the literature.

De novo transcripts were assembled using the Trinity 
platform [2] for working with RNA-Seq data in non-model 
organisms. The default settings for unpaired reads were used.

Trait-based ecology approach was applied to identify the 
functional groups that can be used to classify the species in 
this community taking into account major processes in the 
human gut performed by its microbiota.

Results
We have carried out an expert reconstruction of the 

ecological structure of the microbial community comprised
of key representatives of the human gut microbiota. We 
distinguish such functional groups as universal 
polysaccharide utilizers, butyrate producers, acetogens, 
sulfate reducers and mucin degraders. For each functional 
group, a set of genetic markers was determined identifying 
representatives of this group in the analyzed data sets from
the synthetic community of the human intestine [1]. We
assembled a de novo metatranscriptome and used these
markers to evaluate abundance of the functional groups in 
the community.
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Abstract — In December 2019, there was an outbreak of 
pneumonia of unknown cause in Wuhan, Hubei province in 
China. The first comfirmed case in Russian Federation was 
in March 2020. Mathematical modelling is one of the 
effective ways to prediction of the epidemiology situation in 
region. In paper we divide all population in seven group and 
apply SEIR-type model for COVID-19 epidemy. It is 
necessary to identify unknown parameters of mathematical 
model for more precise prediction of epidemic situation in 
local region as well as in whole country. The identification 
problem is formulated as a problem of minimization of misfit 
function that solved by differential evolution algorithm. 
Scenarios of COVID-19 propagation in Moscow city and 
Novosibirsk region are proposed considering quarantine 
restrictions, tested cases, confirmed and death cases, 
isolation rate.

Keywords — COVID-19, mathematical modeling, SEIR-
HCD model, inverse problem, identifiability, sensitivity 
analysis, prediction, optimization, differential evolution

MOTIVATION AND AIM

Motivation
A new outbreak of pneumonia in Russian Federation 

caused by coronavirus COVID-19 is happened in March 
2020. It is necessary to model scenarios of disease 
propagation depend on restrictive measures, isolation rate, 
social distancing, density of population and economy 
factors.

Aim
The epidemic situation is different in regions of 

Russian Federation (Moscow, Novosibirsk region, Far 
East, etc.). Earlier we have developed a mathematical 
model of HIV and tuberculosis co-infections [1] based on 
SEIR-type structure that predicted an epidemic situation of 
HIV and tuberculosis in endemic regions of Russian 
Federation. The aim of our research is to create and 
investigate mathematical model of propagation and 
prediction of COVID-19 in regions of Russian Federation 
based on identification of unknown parameters of model 
using additional measurements about confirmed, critical 
and death cases, isolation rate and passenger flows 
between cities.

METHODS

The SEIR-HCD mathematical model that divide 
population in fixed region in seven groups with conversion 
factors and described by system of nonlinear ordinary 

differential equations [2] is applied for COVID-19 
propagation. The parameter identification problem for 
model SEIR-HCD using time-dependent data of 
confirmed, critical and death cases, Yandex isolation rate 
(inverse problem) is reduced to a minimization problem of 
misfit function. Firstly, sensitivity-based identifiability 
analysis is performed to fix fewer sensitive parameters to 
measurements and avoid ill-posedness [3]. Secondly, 
differential evolution approach is applied to minimize 
misfit function and find the appropriate set of parameters 
with further prediction.

RESULTS

The SEIR-HCD mathematical models was investigated 
for Moscow city and Novosibirsk region using additional 
information about confirmed, critical and death cases, 
Yandex isolation rate from March 23, 2020. It is shown 
that probability of shutdown the ventilator of critical cases, 
infection parameter between infected and susceptible 
populations as well as recovered rate should be controlled 
by the regularization of algorithm of inverse problem 
solution. The prediction of the peak of the epidemic in 
Moscow that was in May 7 has an error in 2 days and 174 
confirmed cases using different time-data: 23.03-21.04 and 
23.03-01.05. Moreover, the error in prediction till June 20, 
2020, is less then 7%. The model scenario of COVID-19
epidemic in Novosibirsk region shows the growth of 
confirmed and hospitalized cases till the beginning of July 
2020.
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Abstract — 2,3-butanediol (2,3-BTD) is an important 
substrate for chemical production and at the same time is 
highly promising bacterial-based platform substances. 
Geobacillus icigianus is a strain of thermophilic genus 
Geobacillus, which is currently considered as the potential 
bacterial chassis that can be used in biotechnology. A genome-
scale metabolic model of the bacteria has been built using a 
computational pipeline for autogeneration with consequent 
manual curation. The current version of the model comprises 
1678 reactions, 1590 metabolites and 1316 genes and it is the 
largest known model for genus Geobacillus. In this work we 
demonstrate that Geobacillus icigianus can be potentially used 
for the production of 2,3-butanediol from different carbon 
sources, one of which is glycerol – a byproduct of chemical 
production. Furthermore, this model can be used as a 
theoretical platform to gain insight into the metabolism of the 
thermophilic bacteria and to predict more favor pathways for 
genetic modifications of Geobacillus icigianus strain in 
biotechnological goals.

Keywords — Genome-scale modeling, Geobacillus icigianus, 
2,3-butanediol, thermophilic organisms, biotechnology

Introduction
Due to the gradual depletion of fossil fuel sources, rising 

oil prices, and the aggravating environmental situation, 
which lead to the tight control of the chemical industry, a 
question of creating biological factories for the production of 
chemical substances is becoming crucial. One of the 
important substances in the chemical industry is 2,3-
butanediol (butadiene glycol-2,3). The potential of bacteria 
in production of 2,3-butanediol was shown in the early 20th 
century [1]. Moreover, the production of 2,3-BTD was 
shown for thermophilic bacteria of genus Geobacillus [2]. 
Based on published data we decided to identify this 
capability by Geobacillus icigianus - new strain of 
thermophilic bacteria [3]. To solve this issue we have been 
used a genome scale metabolic modeling approach, which 
could give an opportunity to investigate a bacterial 
metabolism [4]. 

Materials and Methods

Reconstruction of the mathematical model
The complete genome of Geobacillus icigianus strain 

was extracted from NCBI Refseq database [5]. Initially we 
re-annotated this genome by means of RAST [6]. The 
procedure was conducted using standard RAST annotation 
scheme. At the next step we used automatic generation 
pipeline which is presented in web-service Kbase [7] to 
generate a genome-scale metabolic model. Module from 
Kbase for building of genome-scale models was harnessed 
with standard parameters including gap-filling algorithm. 

Biomass equation was generated automatically and 
stoichiometrically equivalent to biomass equation of Bacillus 
subtilis. A quality of the draft model was checked out using 
Memote web service [8], which demonstrated that 
consistency of the developed model is 92%. To improve the 
model consistency, we manually curated the draft model in 
order to modify SEED [9] reaction names and ID’s on their 
equals from BIGG database [10]. We wrote a script on 
Python 3.6 using Cobrapy package and replaced all IDs 
which compose information about BIGG ID. Afterwards, we 
added boundary conditions for drain reactions which are 
necessary to describe wildtype growth of the strain. D-
Glucose (glucose) was used as the first carbon source for the 
growth and lower bound was set up equal to -17 
mmol/gDCWl/h-1 according to the published data for closely 
related species [11]. The modified GSM model of the strain 
was uploaded and analyzed via Optflux tool [12]. Flux 
balance analysis conducted in this tool using pFBA approach 
showed that growth rate on glucose, as a single carbon 
source, compose 0.5 mmol/gDCWl/h-1.

To consider the growth of the bacteria on other carbon 
sources we added exchange reactions for metabolites growth 
ability on which was shown in the published data: glycerol, 
L-arabinose and D-xylose [3]. Metabolic analysis of the 
model revealed that to consider the growth on xylose and 
arabinose some metabolic reactions, which were not 
presented in the model, are required. Analysis of the 
metabolic pathways in closely related species of genus 
Geobacillus and metabolic pathways of Bacillus subtilis in 
SEED, KEGG [13] and BIGG databases resulted in an 
addition of the next set of reactions for growth on xylose: D-
Xylose exchange, D-xylose reversible transport, 
Xylulokinase (EC: 2.7.1.17) reactions; for growth on 
arabinose: L-ribulokinase (EC:2.7.1.16) and L-ribulose-
phosphate 4-epimerase (EC: 5.1.3.4) reactions. The presence 
of all proteins encoded in the Geobacillus icigianus genome 
for this set of reactions was checked out using Blastp web-
service. Flux balance analysis for growth of the strain on 
abovementioned carbon sources was perfomed in Optflux 
tool using pFBA [14] approach too. Visualization of pFBA 
outcomes was carried out through Escher web-service [15]. 

Model modification for 2,3-butanediol production
To identify a list of reactions required for 2,3-butanediol 

production we conducted a literature analysis. It turned out 
that metabolic reactions to synthesize the substance in the 
bacteria comprise: acetolactate synthase (EC:2.2.1.6), 
acetolactate decarboxylase (EC: 4.1.1.5) and (R,R)-
butanediol dehydrogenase (EC:1.1.1.4). Acetolactate 
synthase was originally presented in the model, while other 
metabolic reactions were added using Cobrapy. Moreover, 
we needed to add (R,R)-butanediol transport и (R,R)-
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butanediol exchange reactions. The final version of the GSM 
model was uploaded into Memote web-service which 
demonstrated that the model consistency did not change 
compared to the draft model and equals to 92%.

Model analysis for 2,3-butanediol production optimization

To identify genetic modifications in order to increase 2,3-
butanediol production and simultaneously do not 
significantly reduce biomass value we used evolutionary 
optimization approach via Optflux. To conduct this type of 
the analysis we selected 5 basic simulation algorithms: 
pFBA, MiMBL [16], MOMA [17], LMOMA [18] and 
ROOM [19]. All algorithms were started with 5000 
maximum evolutionary functions and with maximum 
number modifications equal to 2. Optimization algorithm 
was chosen considering specific options of simulation 
methods. LMOMA, MOMA and pFBA simulation methods 
were run with Strengh Pareto Evolutionary Algorithm for 
reaction under/over expression. MiMBL and ROOM 
methods were initialized with Strengh Pareto Evolutionary 
Algorithm for the gene under/over expression.

Results
Thus, we generated the first GSM model for G.icigianus

using Kbase web-service and final version of the model 
includes 1678 reactions, 1590 metabolites and 1316 genes. 
Flux balance analysis of the model showed that flux 
distribution in G.icigianus differs from B.subtilis, a model 
microorganism metabolic pathways and biomass equation of 
which were employed as a template for our model at the 
building stage. For instance, there are changes in electron 
donor/acceptor reactions in the citric acid cycle (TCA); 
missed reaction PGL (EC: 3.1.1.31), which is catalyzed by 
not thermostable enzyme, and the model describes the 
metabolic feature. Moreover, simulations of the GSM model 
demonstrated that an electron donor for oxidative 
phosphorylation depends on the carbon source. Growth on 
all substrates excluding glycerol showed a presence of lactate 
and succinate as excreted compounds, and it is consistent 
with experimental data [3]. The developed model predicts 
that glucose and glycerol (0.5 mmol/gDCWl/h-1) are the 
most effective substrates for the growth, but growth on 
glycerol needs more oxygen. Furthermore, we matched built 
GSM model with published one for Bacillus subtilis
(iYO844) [19]. As a result, the growth rate of G.icigianus is 
higher than one of B.subtilis for analogous substrate uptake 
rate which corresponds to 1% glucose concentration in the 
media according to the published data [20].

Model optimization for 2,3 butanediol production
Optimization analysis of the model in Optflux tool 

indicated that all carbon substrates can be used for 2,3-BTD
production. It worth to note that MOMA and ROOM 
algorithms were not able to calculate the model. However, 
LMOMA, MiMBL, pFBA algorithms predicted glycerol as 
the most promising substrate for 2,3-BTD production by 
G.icigianus. All reaction modifications to improve the 2,3-
BTD production predicted by the algorithm somehow affect
two metabolic aspects: 1) modifications of the TCA cycle
that lead the reduction of succinate production and 2)
modifications that result in anaerobic or microaerobic growth
conditions. It is interesting that all predicted ways of the
metabolic modifications were earlier experimentally verified
for another biotechnological species [1] and for closely
related Bacillus subtilis [21].

REFERENCES

[1] Celińska, E., and W. Grajek. "Biotechnological production of 2, 3-
butanediol—current state and prospects." Biotechnology advances
27.6 (2009). 

[2] Xiao, Z., Wang, X., Huang, Y. et al. “Thermophilic fermentation of
acetoin and 2,3-butanediol by a novel Geobacillus strain”. Biotechnol 
Biofuels 5, 88 (2012). 

[3] Bryanskaya, A. V., Rozanov, A. S., Slynko, N. M., Shekhovtsov, S. 
V., & Peltek, S. E. Geobacillus icigianus sp. nov., a thermophilic 
bacterium isolated from a hot spring. International journal of
systematic and evolutionary microbiology, 65(3), 864-869, (2015).

[4] Simeonidis, E., Price, N.D. “Genome-scale modeling for metabolic 
engineering”. J Ind Microbiol Biotechnol 42, 327–338 (2015).

[5] Bryanskaya A. V. et al. “Draft genome sequence of Geobacillus 
icigianus strain G1w1T isolated from hot springs in the Valley of
Geysers, Kamchatka (Russian Federation)”, Genome Announc.. – Т.
2. – №. 5. – С. e01098-14 (2014).

[6] Aziz, R.K., Bartels, D., Best, A.A. et al. “The RAST Server: Rapid 
Annotations using Subsystems Technology”, BMC Genomics 9, 75 
(2008).

[7] Arkin, A., Cottingham, R., Henry, C. et al. “KBase: The United States 
Department of Energy Systems Biology Knowledgebase”, Nat 
Biotechnol 36, 566–569 (2018).

[8] Lieven, C., Beber, M.E., Olivier, B.G. et al. “MEMOTE for 
standardized genome-scale metabolic model testing”, Nat Biotechnol 
38, 272–276 (2020). 

[9] Devoid S., Overbeek R., DeJongh M., Vonstein V., Best A.A., Henry 
C. (2013) “Automated Genome Annotation and Metabolic Model 
Reconstruction in the SEED and Model SEED”. In: Alper H. (eds) 
Systems Metabolic Engineering. Methods in Molecular Biology 
(Methods and Protocols), vol 985. Humana Press, Totowa, NJ.

[10] Charles J Norsigian, Neha Pusarla, John Luke McConn, James T 
Yurkovich, Andreas Dräger, Bernhard O Palsson, Zachary King, 
“BiGG Models 2020: multi-strain genome-scale models and 
expansion across the phylogenetic tree”, Nucleic Acids Research, 
Volume 48, Issue D1, 08 January 2020, Pages D402–D406.

[11] Lisowska, B., “Genomic analysis and metabolic modelling of
Geobacillus thermoglucosidasius NCIMB 11955”, Thesis, 
Department of Biology & Biochemistry of University of Bath, (2016).

[12] Rocha, I., Maia, P., Evangelista, P. et al. “OptFlux: an open-source 
software platform for in silico metabolic engineering”, BMC Syst
Biol 4, 45 (2010).

[13] Kanehisa M. et al. “The KEGG database”, Novartis Foundation 
Symposium. – Chichester; New York; John Wiley; 1999, 2002. – С.
91-100.

[14] Lewis NE, Hixson KK, Conrad TM, et al. “Omic data from evolved
E. coli are consistent with computed optimal growth from genome-
scale models”. Mol Syst Biol. (2010).

[15] Zachary A. King, Andreas Dräger, Ali Ebrahim, Nikolaus 
Sonnenschein, Nathan E. Lewis, and Bernhard O. Palsson. “Escher: A 
web application for building, sharing, and embedding data-rich 
visualizations of biological pathways”, PLOS Computational Biology 
11(8), (2015).

[16] Brochado AR, Andrejev S, Maranas CD, Patil KR. “Impact of
stoichiometry representation on simulation of genotype-phenotype
relationships in metabolic networks”, PLoS Comput Biol. 2012.

[17] Segrè D, Vitkup D, Church GM. “Analysis of optimality in natural 
and perturbed metabolic networks”, Proc Natl Acad Sci U S A. 2002.

[18] Becker, S., Feist, A., Mo, M. et al. “Quantitative prediction of cellular
metabolism with constraint-based models: the COBRA Toolbox”, Nat 
Protoc 2, 727–738 (2007).

[19] Shlomi, Tomer et al. “Regulatory on/off minimization of metabolic 
flux changes after genetic perturbations.” Proceedings of the National 
Academy of Sciences of the United States of America vol. 102,21 
(2005).

[20] Oh, You-Kwan, et al. "Genome-scale reconstruction of metabolic 
network in Bacillus subtilis based on high-throughput phenotyping 
and gene essentiality data." Journal of Biological Chemistry 282.39
(2007).

[21] Li, L., Zhang, L., Li, K. et al. A newly isolated Bacillus
licheniformisstrain thermophilically produces 2,3-butanediol, a 
platform and fuel bio-chemical. Biotechnol Biofuels 6, 123 (2013).

170



Integration of transcriptomics data into a genome-scale 
metabolic model of the methanotrophic bacterium 

Methylotuvimicrobium alcaliphilum 20ZR

Mikhail A. Kulyashov
BIOSOFT.RU, LLC 

Novosibirsk State University
Institute of Cytology and Genetics

SB RAS, Institute of Computational 
Technologies SB RAS Novosibirsk, 

Russia
m.kulyashov@mail.ru

Semyon K. Kolmykov 
BIOSOFT.RU, LLC

Institute of Computational Technologies 
SB RAS, Institute of Cytology and 

Genetics SB RAS, Novosibirsk, Russia
semyonk@developmentontheedge.com

Ivan S. Evshin
BIOSOFT.RU, LLC

Institute of Computational Technologies 
SB RAS, Novosibirsk, Russia

ivan@developmentontheedge.com

Tamara M. Khlebodarova
Kurchatov Genomics Center, 

Institute of Cytology and Genetics
SB RAS, Novosibirsk, Russia 

tamara@bionet.nsc.ru 

Nikita V. Ivanisenko 
Kurchatov Genomics Center,

Institute of Cytology and Genetics
SB RAS, Novosibirsk, Russia

n.ivanisenko@gmail.com

Ilya R. Akberdin
BIOSOFT.RU, LLC

Institute of Cytology and Genetics SB 
RAS, Novosibirsk State University 

Novosibirsk, Russia
akberdinir@gmail.com 

Abstract — Aerobic methane-oxidizing bacteria or 
methanotrophs have the unique ability to grow on methane as 
their sole source of carbon and energy. The main metabolic 
steps of the methane utilization by microorganisms have been 
identified and well-studied to date. However, a detailed 
understanding of molecular genetic mechanisms that provide 
an adaptive response at the level of transcription regulation to 
various growth conditions, high and low pH, temperature, and 
salinity is still elusive. To solve the issue we have conducted a 
detailed theoretical study of the molecular mechanisms of gene 
expression regulation in the bacterium Methylotuvimicrobium 
alcaliphilum 20ZR (hereinafter 20ZR) based on the integration 
of original omics data into genome-scale metabolic model of the 
20ZR.

Keywords — methane, methanotrophs, central metabolism, 
transcription, regulation, genome-scale modeling, 
Methylotuvimicrobium alcaliphilum 20ZR

Introduction
Methane is a valuable source of energy, but on the other 

hand, it is a significant global product of recyclable waste 
and one of the most dangerous greenhouse gas [1]. In turn, 
methane is a promising carbon source for biosynthesis of 
biotechnologically useful compounds using aerobic 
methanotrophic bacteria as biocatalysts, and its oxidation by 
microbial communities of methanotrophic organisms is, in 
fact, the only biological mechanism for regulation and 
reduction of its content in the atmosphere [2-4].

In last decades, laboratory isolates of new pure cultures 
of methanotrophs were discovered and obtained, including 
facultative methanotrophs, extremophilic species and 
anaerobes, which greatly expanded our ideas and knowledge 
about both the taxonomic diversity of these microorganisms 
and their physiological capabilities [5-7]. Among them, 
haloalkaliphilic aerobic methanotrophs like 20ZR are 
standing out as the most promising microbial “factories” in 
industrial research as new sources of enzymes and protein 
based materials that are resistant to high salt and pH levels, 
and natural producers of amino acids, sugars, and 
osmoprotectants [8-11]. 

Over the past two decades of intensive experimental-
theoretical studies in the field of methanotrophy outstanding 
progress has been made in understanding of mechanisms for 
methane capture from the environment by methane-
consuming bacteria, identification of key metabolic steps of 
its utilization and the impact of various factors on both 
methane consumption rate and activity of metabolic 
pathways for its bioconversion. However, detailed 
understanding of molecular regulatory mechanisms and 
diversity of regulatory relationships in molecular-genetic 
machinery of methanotrophs (metabolic systems -
transporters and donors of electrons for the first methane 
oxidation reaction; influence of the specific intracytoplasmic
membrane structure on rate and mechanisms of enzymatic 
reactions; mechanisms and ability for methanotrophic 
fermentation; the impact of quorum sensing on metabolic 
modes) has still been elusive. Elucidation of these 
fundamental principles of the methane utilization and 
bioconversion will provide economically reasonable use of 
methanotrophs in industrial biotechnology [4; 12]. 

Recent advances in high throughput experimental 
technologies and its application to investigations of 
structural-functional organization of methanotrophs 
metabolism not only resulted in significant progress in 
understanding of crucial mechanisms of the methane 
utilization by these bacteria, but also led to the establishment 
of a holistic vision of all cellular functions of methanotrophs 
on different hierarchical level of their organization (genome, 
transcriptome, proteome and metabolome levels). The latter, 
to a large extent, is due to the possibility to use modern 
methods of bioinformatics and systems biology, which allow 
ones to integrate accumulated datasets and bulk of 
knowledge on molecular-genetic systems of the methane 
bioconversion into mathematical models [13-14]. Developed 
genome-scale metabolic models for methane-consuming 
bacteria, in turn, enable both in silico predictions of features 
of metabolic systems of the methane utilization for a certain 
representative of the aerobic methanotrophs and evaluation 
of their biotechnological capabilities as a producers of value-
added target compounds [15-24]. 
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Methods

Transcriptomics data analysis
To analyze original transcriptomic data on the growth of 

M. alcaliphilum 20ZR under various cultivation conditions, 
obtained as part of a collaboration with Prof. Marina 
Kalyuzhnaya (San Diego California State University, USA), 
the already published protocol [25] has been used.

Development of the genome-scale metabolic model
Original transcriptomic data [25] have be incorporated 

into our previously developed metabolic flux model of 
Methylotuvimicrobium alcaliphilum 20ZR [20] using the 
COBRAme approach [26], which is a part of the popular tool 
for the development and analysis of genome-scale metabolic 
models, COBRApy [27].

Results
Original published transcriptomics data generated in 

different growth conditions of the methanotroph’s cultivation 
have been integrated into earlier developed genome-scale 
20ZR metabolic model [20]. It is the first attempt to integrate 
this type of experimental data into the metabolic model of 
methanotrophic bacterium. Extended version of the model 
have enabled more precise predictions for growth of the 
methanotroph, its metabolic potential as a producer of target 
biotech compounds depending on both growth conditions 
(copper and/or lanthanum presence, methane or methanol as 
a carbon source) and corresponding levels of genes 
expression.
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Abstract — Enzymatic reactions regulate а lot of processes 
in a cell. Chemical compounds such as various inhibitors, 
activators, cofactors, allosteric regulators, etc. may influence 
reaction rate. We are interested in the oscillatory processes 
that play role in the functioning of biological systems. It is 
known that oscillatory behavior frequently emerges via 
influence of the positive and/or negative feedback loops. 
Development and analysis of mathematical and computer 
models may be the tools to explore such behavior. Therefore, 
the aim of our research is to develop the technology that can 
help find potentially oscillating microbial enzymatic 
subsystems and to explore their behavior.

Keywords — mathematical model, feedback loop, oscillatory 
behavior, microbial enzymatic system

Motivation and Aim
Enzymatic reactions play an important role in metabolic 

activity of microbial cells. Series of reactions combines into 
the chain of substance modification, forming metabolic 
pathways. Often, enzymatic reaction products both may 
activation and slow down the reaction rate not only self but 
processes before or after it on the metabolic pathway. This 
influence is called positive or negative feedbacks. These 
feedbacks are responsible for complex behavior of biological 
systems functioning such as oscillations, switches etc. 

Exploring of this complex metabolic network behavior 
frequently requires mathematical and computer modeling 
approaches.

In this study, we are focused on the processes with 
oscillatory behavior. It is unclear how to highlight such 
processes in a metabolic network; what properties identify 
the oscillatory behavior in the cells as well as if some non-
oscillatory systems may become oscillatory under certain 
conditions or not.

Network reaction properties can only be fully understood 
by viewing experimental data from a theoretical perspective 
and by quantitative mathematical modelling of such 
processes. So, the aim of our research is to develop the 
technology that can highlight potentially oscillating 
microbial enzymatic reaction chains and to explore their 
behavior.

Results
We have developed the pipeline that can help find 

potentially oscillating enzymatic subsystems in metabolic 

network and to explore their behavior. The algorithm consist 
of the following steps:

The input of the algorithm receives structural (graph) 
model of a metabolic network. 

Structural model decomposition (i.e. finding of 
subgraphs) and processing analysis have performed with 
Python to get network contours that are fits to certain 
criterion. Visual analysis of the selected contours has been 
carried out with Cytoscape (https://cytoscape.org/).

For each contour, we compiled complete mathematical 
model in terms of ordinary differential equations. We have 
used the Mammoth database 
(http://mammoth.biomodelsgroup.ru) [1] on this step as 
source of adapted to experimental data set of Escherichia 
coli enzymatic reaction mathematical models (we processed 
over 300 enzymatic reaction models).

Computer simulations were performed with Copasi 
(http://copasi.org). On this step, we have selected the 
parameters of models to find oscillatory behavior.

At the end, we have found several directed circuits in the 
structural model each of which has been checked for 
potential oscillation behavior. We have shown oscillatory 
behavior of the directed circuits involved into the tryptophan 
synthesis pathway.

There are a lot of open access databases containing 
information on metabolic pathways and gene networks that 
could be used as data source for model reconstruction 
process.
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Abstract — In this paper, we extend the previous work on 
the robust pre-processing technique which allows to consider 
all available information from MRI scans by composition of 
T1, T1C and FLAIR sequences in the unique input. Such 
approach enriches the input data for the automatic 
segmentation process and helps to improve the accuracy of 
the segmentation performance. 

Keywords — Neural Network, Deep Learning, Semantic 
segmentation, Medical Imaging

Proposed method also demonstrates significant 
improvement on the multiclass segmentation problem with 
respect to Dice metrics compare to similar training / 
evaluation procedure based on any single sequence 
regardless of the chosen neural network architecture.

Obtained results demonstrates significant evaluation 
improvement while combining three MRI sequences in the 
3-channel RGB like image for considered problem of 
multiclass brain tumor segmentation. We also provide 
results of comparison of various gradient descent 
optimization methods and of different backbone 
architectures. We found that different algorithms worked 
best for different tumors, but no single algorithm ranked in 
the top for all types of tumors simultaneously. Final 
improvements on the test part of our dataset are in the 

range of 6–9% on the trained model according to the Dice 
metric with the best value of 0.949.
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Abstract — Fossil record of Earth describing the last 500 
million years is characterized by evolution discontinuity as 
well as recurring global extinctions of some species and their 
replacement by new types, the causes of which are still not 
clear. We developed a model of evolution of Earth’s biota 
based on the universal laws of living systems functioning –
self-reproduction, dependence of reproduction efficiency and 
mortality on biota density, mutational variability in the 
process of self-reproduction and selection of the most 
adapted individuals. We have shown that oscillatory 
dynamic of biota density is generated due to only these four 
factors in populations with sexual type reproduction. The 
same factors can explain such aspects of punctuated 
evolution observed in the fossil record as extinction 
catastrophes, rapid growth phases and stasis phases of 
species diversity. Therefore, both cyclic and intermittent 
dynamics of changes in the diversity of organisms with 
sexual reproduction that make up the Earth’s global 
ecosystem observed in the last 500 million years may well be 
explained solely by internal laws of self-development with no 
impact of external factors.

Keywords — fossil records, punctuated evolution, mass 
extinctions, dynamic systems, complex dynamics, modeling

Introduction 
The theory of punctuated equilibrium proposed by 

Stephen Jay Gould and Niles Eldredge in 1972 does not 
belong to strict theories [1, 2]. It is based on some 
«empirical generalizations» of a number of facts long 
noticed by paleontologists, which indicate that, in the 
course of evolution, long periods of stability when the 
main features of species remain unchanged alternate with 
short intervals of rapid qualitative changes, which are 
characterized by «sudden» disappearance of species 
followed by their replacement by new types. Authors of 
this theory [1, 2] and other researchers [3-6] have found 
quite vivid examples in the fossil record confirming the 
existence of this pattern. At present, it can be considered 
proven that the «discontinuity» of evolution at the 
paleontological level is reflected at the molecular level [7-
9]. However, there is still no understanding of the causes 
of discontinuity and uneven pace of evolution [10].

We suggested that «sudden» extinctions of species in 
different periods of the Earth’s history and their 
replacement by new types, known as global extinctions, 
are a reflection of the phenomenon of punctuated evolution 
at a planetary level. The analysis of the causes of global 
extinctions in the life history on Earth showed that 
abiogenic factors are recognized as prevailing, and the 
various sets of which explain most of the extinctions 
described in the Earth fossil record [11]. However, they 
cannot explain the periodicity of extinctions observed in 
paleontological level [12-15] and the uneven pace of 
evolution observed in phylogenetic studies [7-9]. We 
suggested that there are internal biotic causes determining 
the dynamics of the evolutionary process. Earlier, using a

minimal logistic model of the global ecosystem, we 
managed to interpret the periodicity of global extinctions 
seen in the Earth fossil record during the last 500 million 
years [16]. Discontinuity and uneven pace of evolution 
have not been investigated.

Model
We developed a frame model of the evolutionary self-

development of a large ecosystem. In general, this model is 
represented by two equations:

,

( ) ( )

W Y , 1,..., ,

W F ,

i
in i i i i

u u u

dx
= k x i n

dt
du d= p u u U
dt u dt

(1)

First equation describes self-development of a large 
ecosystem over time, where the variable x(t) is the density 
of biota consisting of n species, which is regulated by the 
by the most common laws of self-reproduction W and the 
«mortality» Y of individuals. Second equation describes 
the evolution of ecosystem parameters in general. Here, pu
is the rate constants for mutation-associated change in the 
values of the evolving parameter u and F (u) is the “fitness” 
functional that is part of the evolution equation in the form 
of its total time derivative dF (u) /dt, which differs this 
equation from similar ones used in models of population 
evolution.

We describe the self-reproduction rate of the biota by 
the classical logistic model, which assumes a simple 
positive feedback between diversity and its growth rate 
(more parents – more descendants), and negative feedback 
based on the limited ecological space available for 
reproduction:

(1 )aSx Sx
xW k k x
C

where, kaSx and kSx are the rate constants for asexual and 
sexual reproduction, parameter C has the meaning of the 
maximum possible biota density.

The specific rate of «mortality» of the biota we 
describe by the following function:

Y dk D H
where, kd denotes the specific rate of «mortality», 

which is determined by environmental conditions. The 
second addendum (D. H) sets the specific rate of 
«mortality», which is determined by the internal laws of 
the ecosystem’s functioning. Here D is the rate constant of 
«mortality» and function H determines the mechanism of 
the influence of biota density on the «mortality» of biota 
individuals. Assume that H is a bounded monotonically 
increasing function of the biota density. This assumption is 
implemented through the function:
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Model (1) allows to design ecosystems with an 

arbitrary number of species and form of interactions. 
However, to analyze the problem of evolutionary 
discontinuity, we consider an ideal ecosystem consisting of 
only one species at any moment (n=1). Let us designate it 
as “transient population”. It is also accepted that in the 
model of evolution of a “transient population” (1) two 
parameters, reproduction parameter C and «mortality» 
parameter D, are evolving. Two new parameters appear, pC
and pD, which are the rate constants for mutation-
associated change in the values of the evolving parameter 
C and D. The “fitness functional” F W, as shown earlier 
[16]. 

Results
Numerical calculations was shown that only stationary 

dynamics x(t) is observed in model (1) at kSx=0 (no sexual 
type of reproduction). At the same time, at kaSx=0 (no 
asexual type of reproduction) in model (1) for certain 
values of the parameters pC and pD undamped oscillatory 
dynamics of x(t) variation was observed. Thus, the 
oscillatory dynamic is generated due to only four factors: 
1) presence of sexual reproduction; 2) negative impact of 
population density on the rates of reproduction and 
mortality of biota individuals; 3) genetic variation caused 
by mutations that occur during replication; 4) evolutionary 
selection directed towards increasing the adaptability of the 
individuals to habitat conditions. Namely, the same factors 
can explain such aspects of punctuated evolution observed 
in the fossil record as extinction catastrophes, rapid growth 
phases and stasis phases of species diversity. 

Consider a full cycle presents a typical scenario of the 
evolutionary turn of ecosystem development, in the sense 
that qualitative properties observed over a given time 
interval are reproduced in the course of evolution. Four 
phases of the parameter x(t) evolution derived from the 
model (1) calculation are shown in Fig 1. f1 phase is 
characterized by a fast decrease in x(t) to almost zero and 
qualitatively corresponds to the degree of mass extinctions
observed on Earth at least three times: 65, 250, 370 million 
years ago (see Fig. 1c in [13]). f2 phase is characterized by 
the low x(t) value and qualitatively corresponds to the 
stages of life development that follow mass extinctions. f3 
phase is characterized by a fast increase in x(t) and 
qualitatively corresponds to the stages of explosive growth 
in the terrestrial biodiversity. f4 phase is characterized by a 
high x(t) value, which continues to increase slowly and 
qualitatively corresponds to those stages of life 
development on Earth, in which a great variety of life 
forms and a relatively low growth rate are observed. 
Usually such stages of evolution are described as stasis. In 
the model, losses and gains in species diversity inevitably 
repeat an unlimited number of times with approximately 
equal time intervals. Therefore, both cyclic and 
intermittent dynamics of changes in the diversity of 
organisms with sexual reproduction that make up the 

Earth’s global ecosystem observed in the last 500 million 
years may well be explained solely by internal laws of self-
development with no impact of external factors.

Fig. 1. Phases of x(t) parameter evolution demonstrated on the 
example of one full cycle of oscillation of its values. Red vertical 
lines indicate the boundaries of the cycle, green vertical lines 
indicate the boundaries of the phases within the cycle.
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Abstract — We consider an advanced framework for 
genome wide association study (GWAS) based on the signal 
localization. Instead of looking for single genetic markers 
associated with the phenotype we attempt to discover regions 
of genetic markers, which are associated with phenotype. We 
focus on the localization by moving sums of negative 
logarithms of p-values, which is efficient for discovery of wide 
regions of genetic markers associated with phenotype. 
Particularly, we expect the method should be efficient for 
searching genes containing a number of genetic markers, if any 
reconstruction in a gene related to a phenotype. The method is 
implemented in GWATCH software for visualization and 
interpretation results of multiple statistical tests for genome 
associations. We discuss some features of the GWATCH 
software and apply them for HIV/AIDS cohort study from 
Botswana.

Keywords— GWAS, signal localization, chi-square test

Introduction
Genome wide association study (GWAS) is one of the 

most common and important methods is genetic research, set 
up on the statistical conclusions based on the results of 
multiple statistical tests. The aim aim of the GWAS is to 
discover genetic markers associated with the observed 
feature (phenotype). Increasing the number of awailable 
genetic markers leads to increasing statistical corection that 
makes it impossible reliable discovery of the associations. 
We consider an advanced method in GWAS based on signal 
localization [1]. Instead of looking for the single genetic 
markers associated with the phenotype we attempt to 
discover regions of genetic markers, which are associated 
with phenotype. The method is not efficient for associations 
related to single markers, but it tends to be efficient when a 
sufficient number of markers associated with phenotype 
within the same region of genome. For example our method 
is expected to be efficient if any reconstruction in a gene 
containing a number of genetic markers leads to phenotype 
changing. Genome Wide Tracks Chromosome Highway 
(GWATCH) is the advanced statistical software designed to 
automate the GWAS data analysis, visualization of results 
and meta-analysis. We discuss features of GWATCH related 
to region-based association discovery with some applications 
for real data analysis.

Signal localization method 
Signal localization is quite a general methodology 

combining signal detection and signal indentification 
methods.

The signal localization framework
Let Hi, i=1,…,n be the set of null hypotheses. Introduce a 

family of localization sets W= , where each of the 
localization sets are some subsets of indices, j=1,…,k. 

The localization hypothesis holds, if all of the hypotheses 
holds. Rejection of means that there is at least 

one association (a signal) in the localization set . Note that 
if is the hypothesis of independence between the observed 
feature Y and the control variable Xi, i=1,…,n, the 
localization hypothesis is weaker than the hypothesis of full 
independence between Y and the vector , and, 
therefore, methods which are capable of testing the 
hypothesis of full independence are applicable to test the 
localization hypothesis as well, but may be more 
conservative. Choice of the localization family is rather 
variative. The methods of controlling an error in multiple 
testing remains important in the localization problem. 
Enriching the family of localization sets tightens the multiple 
testing correction, whereas selection of poor localization 
family is quite subjective in most cases, and user should 
posses a valuable arument for that choice (e.g. disjoint 
regions of successive markers of size k looks speculative, but 
selection genes as the localization setes may be natural in 
some cases). Further we use moving window localization, 
which is quite objective, and multiple testing correction does 
not exceed one from the classical GWAS. Let be a test 
statistic capable of testing the null hypothesis , be the 
corresponding p-value, i=1,…,n. It looks natural to apply 
methods of meta-analysis based on the p-values , for 
testing the localization hypothesis , j=1,…,k. Fisher and 
Tippett approaches are applicable for testing the localization 
problem.

Localization using Fisher's statistic
Usage of the Fisher's combined probability method for 

the moving localization sets with the same number of 
available markers leads to the moving average process. 
Another choice is to use moving localization windows of the 
same length. In both cases the multiple testing correction is 
comparable with one from the classical GWAS, and it cannot 
be sufficiently improved in general case. The distribution of 
the Fisher's combined test statistic for independent markers is 
well known, but if the genetic markers are in linkage 
disequilibrium the true distribution of the statistic is not 
available. The naive p-values obtained under independence 
assumption are less then the true (adjusted) ones in most 
cases of dependence. Moreover, in most of practical cases 
the naive p-values are not srtictly related to the adjusted 
ones. Using the naive instead of adjusted p-values may lead 
to false discoveries.

The distribution of the Fisher's statistic under full 
independence hypotesis can be evaluated by using random 
permutation method. The random permutation method over 
all localization windows requires a lot of computations and 
we are using the adaptive approach as discussed in [1], but 
even doing that it is unattainable to obtain all the adjusted p-
values. In order to discover the most significant regions we 
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are using the three step algorithm: (i) obtaining the naive p-
values; (ii) selecting top hits of the localization windows 
with smallest naive p-values (e.g. top 5000), or with the 
naive p-values not exceeding some fixed threshold (e.g.10-8), 
and calculating adjusted p-values for the selected localization 
windows; (iii) calibrating the smallest adjusted p-values in 
order to eliminate their bias related to the random 
permutation method.

Localization using 
In a special case of binary phenotype and binary genetic 

marker (e.g. the domonant, the recessive model or the allelic 
approach) we developed the signal localization method based 
on distribution. The chi-square test statistic for the 2×2
contingency table is actually a square of asymptotically 
normal statistic . For each genetic marker in a fixed 
localization window we calculate the asymptotically normal 
statistic and estimate the asymptotic correletion matrix 
of the random vector , where s is a size of the 
localization window. Now, using the convergence 

we obtain the adjusted p-value. Poor 
estimation quality of the correlation matrix for wide 
localization windows is an open problem of this method. For 
reasonable sizes of localization windows the method is much 
faster then the perutation one, and it allows to compute 
adjusted p-values for all the localization windows.

GWATCH statistical software
Genome Wide Association Tracks Chromosome 

Highway (GWATCH) is the interactive software designed 
for efficient computation of the multiple tests on association 
between phenotype and any genotype available, advanced 
3D visualization and automated analysis of multiple testing 
results as well as its meta-analysis [2]. The GWATCH as its 
input accepts both original genotypes and clinical data to 
calculate multiple statistical tests for further analysis, and 
pre-computed results of multiple tests supplied by the user.
In the current version only the categorical tests (combined 
exact Fisher’s test and χ2) and the linear regression model are 
implemented for multiple tests computation. Other types of 
tests should be pre-computed by user and imported into 
GWATCH. We are planning to extend the list of multiple 
tests (first of all, for GLM and survival data analysis) 
available for computation in the future.

Main features
The 3-D highway vizualization concept is implemented 

on the top of WebGL API and renders navigable 3D view of 
the SNP data, which assists user to identify regions of high 
statistical significance and, therefore, to warrant any further 
investigation. Results of different statistical tests on the 
associations for large number of SNP’s are produced and 
visualized in the form of colored 3D bars located according 
to the SNP position in genome and the type of statistical test. 
The height of a bar corresponds to the P-value for that SNP 
and test, and the color indicates the association nature 
(positive or negative), which determined by the sign of 
quantative association statistic (QAS). Genes related to 
SNP’s are displayed along the highway. Then user can 

interactively retrieve the important information on the 
selected genetic marker (SNP), generate TRAX report which 
contains explanatory analysis of the genotype-phenotype 
association and complete list of results of the statistical tests 
available for the selected marker, as well as various reports 
based on tests results in the neghbourhood of the selected 
SNP in either SVG or PDF format.

Top hits and the localization
The baseline top hits tables contains the most significant 

p-values, top values of the QAS, top mean negative log p-
values and top of the naive P-values for several types of 
localization windows. These tables are assembled 
automatically after data loading and test calculation. User 
can enrich the two last types of top hit tables by adding the 
adjusted p-values. 

Applications
Botswana has the third highest HIV prevalence in the 

world (UNAIDS, 2019). We use GWATCH software to 
identify single variants and regions of genome demonstrating 
noticable association with HIV-1 subtype C infection in a 
Botswana cohort using a combination of whole-genome 
sequencing (WGS) and microarray genotype data. The 
genetic and clinical data for two cohorts were obtained in 
collaboration with Harvard T. H. Chan School of Public 
Health AIDS Initiative (Boston, USA) and Botswana 
Harvard AIDS Institute (Gaborone, Botswana). As a result, 
we have replicated several loci that have shown association 
with HIV in previous studies [3]. In addition, we have 
identified several novel putative associated loci slightly 
below the statistical significance threshold. Applying the 
localization by moving average with the window sizes of 21, 
41, 71, 201 loci, 100Kbp and 200Kbp we obtain using the 
WGS dataset two novel putative regions associated 
significantly with the HIV-1C infection. The multiple testing 
correction is evaluated by simulations under the assumption 
of independent tests.
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Abstract — The quasi-two-dimensional model of impurity 
propagation early designed elsewhere is modified for 
transporting of allergenic plant pollen from spread forested 
areas in vicinity of a large city. The model includes 
consideration of mesoscale hydrothermodynamical processes in 
the lower atmosphere taking into account thermal 
nonuniformities of the underlying surface in the urban and 
suburban environs. The boundary conditions and the model 
coefficients are determined using the parametrization method. 
Some results of numerical calculations are presented. The 
calculations were performed using parallelized algorithms on 
the cluster supercomputer of the Vyatka State University. They 
show that, due to the action of an inhomogeneous horizontal 
temperature gradient in the lower atmosphere, vortex flows 
can be formed above populated areas.

Keywords — allergenic pollen, mathematical modeling, 
impurity propagation, high-performance calculations

Introduction
Pollen grains contained in the atmosphere have the ability 

to cause allergic diseases. An increase in the number of 
pollen allergy diseases in the second half of the 20th century 
led to growth of interest in the atmospheric transfer of pollen 
around the world. 2018 is called by World Health 
Organization (WHO) to be the year of the allergy pandemic. 
The prevalence (30-60% of the population) of allergic 
diseases (every third inhabitant of the planet suffers from 
allergic rhinitis and every tenth of bronchial asthma) turned 
allergies into a global medical and social problem. The
percentage of people suffering from allergies (mainly among 
the young people) is significantly higher in highly developed 
countries than in developing ones. The problem of allergic 
diseases spreading among children is very acute. Moreover, 
there are much fewer allergic among the villagers, while in 
Moscow every third one suffers from hay fever, in Berlin -
every fourth, in New York - every sixth. The reason is that 
allergies are caused not so much by the plants themselves as 
their pollen, which absorbs all the harmful emissions and 
polluting particles that are presented in catastrophic amounts 
in the air of the metropolis. A sharp increase in the number 
of allergic diseases (AD) occurs in April-May in conditions 
of central Russia, when the flowering of alder, birch, willow, 
maple and poplar begins. During this period, pollen 
calendars are being formed for most large cities, patterns of 
pollen content of certain plant species in the atmosphere are 
investigated, the influence of meteorological factors is 
determined, a network of permanently operating stations for 
monitoring pollen is created [1]. The well-known 
information search engine Yandex publishes daily a map of

distributions of pollen emissions of various origin in
vicinities of large cities. Yandex.Pogoda forms a special map 
for those persons who are allergic to pollen. 

Morphology of a pollen allergy
However, these distributions are not confirmed with
numerical parameters and can be considered as illustrative 
material of possible occurrences of aerosol pollen 
components. An important factor in assessing the degree of 
pollution by aerosol pollen is the knowledge of the physical 
parameters during the pollen transfer. Data for the mass 
proportion of grains of various tree species and the 
procedure of measuring them are given in [2]. Table I shows 
the data for the distribution of masses of grains and the 
corresponding proportion of the main tree species for the 
European part of Russia.

TABLE I. DISTRIBUTION OF POLLEN GRAINS ON MASS

Wood species Mass of grains
Percentage in
distribution

Fir 82,4 0,06

Spruce 63,1 0,24

Pine 15,5 0,18

Linden, oak, maple, 
elm 10,7 0,02

Aspen 4 0,1

Birch tree 3,9 0,26

Alder 3,5 0,09

Poplar 3,5 0,03

Willow 2,5 0,02

One can see that the presented data are grouped by grain 
weight in three main groups: heavy (spruce, fir and pine), 
medium (linden, oak, maple, elm) and light (aspen, birch, 
alder, poplar, willow). Taking into account the presented 
data, attention should be paid to the fact that the mass of 
allergenic pollen grains has the greatest influence on the 
transfer processes and there is a group of light fractions. It is 
the last group that represents the most dangerous impact on 
the development of AD in large cities.
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Math Model and Simulation of Problem
The statement of the problem of the transfer of pollutants in 
the form of aerosol components involves the use of a 
sequence of mathematical models built on the principle
"from simple to complex." This sequence is determined by 
the choice of modeling scale. If we define a certain, rather 
small neighborhood of the impurity distribution region over a 
finite period of time, then it is quite reasonable to use 
simplified (including stationary) models allowing exact 
solutions. But it is necessary to take into account the 
complex dynamics of the velocity and temperature fields, 
surface inhomogeneity and boundary conditions in the case 
of problems with extended geometry or with sufficiently 
powerful pollutant sources, for example, when estimating 
emissions from large industrial enterprises. In [3], [4], 
mesoscale models of the bioaerosol components transport are 
considered both for individual types of plant pollen [5] and 
in the aggregate of inert impurities [6]. The equations of 
momentum, temperature, impurities and moisture transfer are 
used for calculations [7]. In [6] the mesoscale model of the 
surface layer is used to calculate transfer of fungal mold and 
estimate its interaction with atmospheric flow moisture. This 
work presents a mesoscale quasi-two-dimensional model of 
the transfer of pollen grains of various fractions, which are 
the most common types of plant aerosol allergens: birch, 
alder, poplar, maple, willow on a micro- and mesoscale [8]. 
A finite-difference explicit calculation method was used for 
numerical implementation. The construction of a parallel 
version of the calculation algorithm was based on the 
principle of geometric decomposition of the grid domain. 

Results of Modeling
The parallel computational algorithm was implemented in 
the Fortran version of Intel Cluster Studio for Linux Open 
MP, installed on the Vyatka State University HPC Enigma 
X000 cluster supercomputer. The calculations were carried 
out on the basis of the system of equations with the initial 
and boundary conditions. The explicit difference scheme 
[3,4,7] was used on a 1000x1000 grid. In accordance with 
the theory of Monin and Obukhov [8], the coefficients of 
vertical and horizontal turbulent viscosity, thermal 
conductivity, and diffusion for mesoscale turbulent 
processes in the lower atmosphere were assumed being the 
same, namely, 2,, lDSTkm , mD 400 and 

smSTAm /400,, 2 . The wind velocity gc was varied
from 1 to 10 m/s. In most of calculations the velocity was 2-
5 m/s in this case, the temperature inhomogeneity effect on 
the wind ow in the vicinity of a heat source is most clearly 
expressed. The interaction between aerosol impurity and the 
underlying surface was taken into account on the basis of 
the information on the nonuniformities of the temperature 
and absorption coefficient distributions taken from the map 
of land utilization of the computation domain. The air 
temperature ST varied from 18o C outside populated areas to 
23o C in the city of Kirov. A minimum temperature was 
observable at the north boundary of the area. The coefficient 
of impurity absorption by the underlying surface was taken 
to be 10139.0 m outside populated areas and 

100139.0 m on their territories. Spread impurity sources 
were located on the underlying surface, on the center of the 
region under consideration (in vicinity of the city territory). 

In the calculations it was also taken that intensity of plant 
pollen sources are about 10-2 kg/m2. Distribution of 
contaminations by the wind from north-west on Fig.1 is 
presented.

Fig. 1. Distribution of concentration of pollen for “light group”
(aspen, birch, alder, poplar, willow) by the wind from north-west
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Abstract — The application of contextual and domain-specific 
pre-trained word embeddings for recognition of medical concepts 
in free-text clinical notes in Russian is considered. As it is known, 
a large amount of medical data is stored in electronic form, a 
significant part - in an unstructured form (medical history, 
extracts, description of the results of various tests). This data 
contains a large amount of useful information for the diagnosis of 
diseases. The results of the experiments showed the effectiveness 
of applying contextual language models which pre-trained on 
medical texts in the task biomedical named entity recognition.

Keywords — information extraction of medical data; medical 
text processing; biomedical named entity recognition; deep 
learning; word embeddings

Motivation and Aim

Motivation
In recent years, relevant scientific areas in medicine are: the 

transition to advanced digital, intelligent technologies, the 
creation of large-scale data processing systems, the 
development of machine learning and artificial intelligence, the 
transition to personalized medicine, high-tech healthcare and 
health-saving technologies. One of the current developing areas 
of artificial intelligence application is the analysis of medical 
data and the creation of clinical decision support systems.

There is a large amount of medical data in electronic form 
[1]. A significant part of this data is stored in an unstructured 
form (health records, discharge summaries, results of various 
tests and procedures). However, this data contains a large 
amount of information.

Medical texts are characterized with non-academic text 
style, the presence of a large number of acronyms and 
abbreviations, and incomplete sentences. One of the important 
tasks in the analysis of medical texts is the biomedical named 
entity recognition (BioNER). A large number of studies are 
devoted to this problem in the English language [2]–[4]. But 
also there are a number of works for texts in Russian [5]. This 
paper presents the application of advanced approaches of text 
processing in the task of BioNER in Russian texts.

Aim
Medical data contains important information about patients. 

Results of tests are stored mainly in a structural form. Data 
such as health histories, medical examinations reports, results 
of procedures have an unstructured form (natural language 
text). The article shows the advantage of applying contextual 
and domain-specific pre-trained deep learning language models 
in biomedical named entity recognition.

Methods
A number of approaches were considered including the 

applying of contextual versus non-contextual word 
embeddings, and pre-training on general domain texts versus 
domain-specific texts. We compared the performance of non-
contextual word embeddings such as word2vec, GloVe, 
FastText and contextual word embeddings such as ELMo and 
BERT. Also we experimented with general domain and 
domain-specific pre-training. For general domain pre-training 
we used data from the Russuan part of Wikipedia Corpus and 
Corpus of Russian news articles collected from Lenta.Ru. For 
domain-specific pre-training we used pages of Russian part of 
Wikipedia Corpus which titled medical concepts and texts of 
the clinical protocols of the Ministry of Health. To perform 
medical concepts identification we used the Bi-LSTM+CRF 
model with non-contextual and ELMo embeddings. In case of 
using BERT-based models we added a simple linear layer or 
Bi-LSTM layer for classification. For the final optimization 
and evaluation of the models, an annotated dataset was 
prepared. It contains about 1000 free-text clinical notes 
manually annotated with Brat annotation tool. For the 
evaluation we calculated precision, recall and F1 score.

Results
The paper assesses the quality of developed methods and 

models of extracting information from clinical texts in Russian. 
The use of data mining and processing techniques will allow to 
automate the solution of many medical problems arising in 
clinical practice, thus improving the quality of primary medical 
care. The results of the research show the effectiveness of using 
contextual and domain-specific pre-trained language models in 
the biomedical named entity recognition task which indicates 
the prospect of using developed models for clinical decision 
support systems.
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Abstract — A small and well-studied invertebrate, 
C. elegans, is often considered to become the first organism 
reproduced in the form of a computer simulation. However, its 
nervous system, with hundreds of different ion channels and 
thousand of connections between neurons remains too 
sophisticated for a complete reconstruction nowadays. The 
subject of our research is a small subsystem including few 
dozens of neurons, body wall muscle cells, proprioceptors and 
interactions between them, which was proved to be sufficient 
for producing backwards crawling independently of the rest 
nervous system. We present the models of all key components 
and interactions between them, as well as the software system 
for performing simulations.

Keywords — C. elegans, computational modeling, backwards 
crawling system, biomechanics, neurobiology, rhythmic activity, 
proprioceptive feedback

Motivation and aim

Motivation
In computational neurobiology it is highly important to 

know whether the model of neural activity is able to produce 
the same dynamics in the same situation in comparison with 
the real organism. For C. elegans, even in case when it is 
freely moving at natural conditions, it is possible to observe 
the time dependence of its individual neurons activity [1]. 
The system responsible for backwards crawling is an 
outstanding object for modeling and tuning of the model via 
comparison with the real experimental data.

Aim 
The purpose of this investigation is to build a detailed 

biologically reasonable simulation of the described system, 
composed of the nervous and muscular cells with quite well-
known properties and structure of the interconnections, but 
without the knowledge about how all these functions 
together, taking into account proprioception and feedback 
from the virtual physical environment. The second part to 
explore the cabability of simulated system to produce the 
expected behavior – backwards crawling – via optimization 
of the model’s electrophysiological parameters keeping them 
within biologically reasonable intervals of values.

Methods
3D physical body of C. elegans and biomechanics of its 

locomotion is simulated using our software system named 
Sibernetic [2], which is able to calculate the dynamics of 
liquid, elastic matter, contractile matter (for muscle fibers 
simulation) and elastic films (optionally impermeable to 
liquid). Sibernetic is able to function together with the 
NEURON simulation environment, aimed at biological 
neurons and neural networks modeling, performing data 

exchange to send sensory information from physical body to 
nervous system and activating signals from electro-
physiological representation of motorneurons to their 
biomechanical model.

C. elegans neurons differ from those of “more 
advanced” biological species which have spiking neurons 
interacting via action potentials – there is evidence that 
signals travelling through C. elegans nervous system 
propagate passively, in a gradual manner [3]. Previously we 
have created the basic model of the C. elegans neuron 
(within the NEURON simulator), with typical 
morphological properties and electrophysiological 
parameters responsible for passive signal propagation [4], 
defining its speed and length constant. However, there is an 
experimental evidence that some of C. elegans neurons can 
function as non-bursting oscillators – like A-class 
motorneurons, exhibiting intrinsic rhythmic activity at 
frequencies less than 1 Hz (without external stimulation) 
[5]. In contrast to C. elegans neurons, its body wall muscles 
are able to fire action potentials [6], even spontaneously.

The main types of interactions between the mentioned 
cells are the following:
1) Chemical synapses and gap junctions between neurons
2) Graded transmission at the neuromuscular junctions of 
C. elegans, encoded by post-synaptic current bursts [7] –
more frequent action potentials cause larger degree of 
muscle contraction and vice versa
3) Spatially adjacent body wall muscles are connected via 
gap junctions, which, at some degree, synchronize action 
potentials and Ca2+ transients in them [8].
4) A-class motorneurons, which were active while backward 
locomotion, possess long undifferentiated processes, 
oriented anteriorly regarding to neuron’s soma positions, 
which hypothetically function as stretch receptors [9].

Results
In addition to Sibernetic and its interaction with the 

NEURON, we’ve developed a program, which takes 
morphological data and information about the architecture of 
C. elegans neural network as an input, takes into account a 
set of parameters describing the models of muscular and 
nervous cells mentioned above, and automatically generates 
a software code written in NEURON’s built-in programming 
language. The resulting code represents a model of 
electrophysiological activity and interaction between the 
following components, for which there is an experimental 
evidence that they are enough for producing backwards 
crawling movement [5]. It includes the majority of 95 body 
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wall muscles (except those which are located in the head 
and are driven by other mechanisms) and 21 A-class 
motorneurons (VA1…VA12 and DA1…DA9, innervating 
ventral and dorsal muscles, correspondingly), which are 
distributed nearly uniformly from head to tail. In more 
details this system is described in our recent work [10].

What is currently included into the simulation:
1) The majority of 95 body wall muscles, excluding 6 of 23 
or 24 cells in each of 4 muscle quadrants, for which we 
reproduce their simple geometry and location within the 
body 
2) Motorneurons DA1...DA9 and VA1…VA12 with stretch-
receptive processes. 
3) Muscle arms from dBWML/dBWMR body wall muscles 
to DA- neurons.
4) Synaptic connections between muscle arms and DA-
neurons, connected via "Exp2Syn" NEURON’s synapse 
model.
5) Synchronization between each pair of adjacent i-th and 
(i+1)-th dBWML muscle cells via gap junctions 
6) Induced random activity of DA neurons, imitating their 
intrinsic rhythmic activity with typical frequencies.
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Abstract — In the paper, we consider the inverse modeling 
framework based on the ensembles of the adjoint equation 
solutions and apply it to the model of the antioxidant system of 
the plant cell. We use algorithms based on sensitivity operators 
to identify coefficients of ordinary differential equations of 
production-destruction type. The analysis of the sensitivity 
operator allows estimating the inverse problem solution before 
the actual solution of the inverse problem.

Keywords — inverse modeling, adjoint equations, sensitivity 
operator, production-destruction models

Introduction
In order to study complicated natural processes through 

mathematical modeling, it is necessary to take into account 
both mathematical models of the processes and the available 
measurement data collected about these processes. We refer 
to this modeling approach as inverse modeling. 

The adjoint ensemble framework allows reformulating an 
inverse model for a system of ordinary or partial differential 
equations as a parametric family of quasilinear operator 
equations with the sensitivity operators [1, 2]. These 
quasilinear equations can be both solved and analyzed by the 
appropriate mathematical methods. To analyze the 
identifiability of the inverse problem with respect to the 
model parameters, we use the aggregates of the sensitivity 

operator, analogous to the generalized sensitivities. To solve 
the inverse problem, we use a Newton-Kantorovich type 
algorithm to solve the constructed quasilinear operator 
equations. 

We consider the parameter identification problem for the 
basic model of the antioxidant system of a plant cell as an 
example of the approach application.
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Abstract — The computer model combining the circadian 
oscillator (CO) with the NAMPT/NAD+/SIRT1 system and the 
immune and inflammatory response system through the 
transcription factor NF-κB was developed. Modeling showed 
that an age-related decrease in SIRT1 activity might be one of 
the causes of malfunction of CO, which may also lead to 
disturbances in the circadian rhythms of the body as a whole. 
It is likely that age-related changes in SIRT1 activity caused by 
NAD+ depletion can contribute to the separation of metabolic 
processes and circadian rhythm, which in itself can play an 
important role in the aging process. The simulation also 
showed that a decrease in the activity of Sirt1 with age leads to 
an increase in the activity of NF-kB, which can contribute to 
the aggravation of the course of inflammatory diseases. 

Keywords — circadian clock, SIRT1, NAD+, aging, 
mathematical modeling, inflamation

Motivation and Goals 
The main function of the circadian clock is to 

synchronize the cell biological processes to adapt it to 
rhythmically changing external influences. Circadian 
disruption can cause various diseases and disorders that 
manifest during a person’s life. 

It is generally accepted that circadian clocks function due 
to transcriptional-translational feedbacks between genes / 
proteins of the core of the circadian oscillator (CO), which 
includes seven groups of genes - Clock (gene Clock and its 
homolog Npas2), Bmal (genes Bmal1 and Bmal2), Per 
(genes Per1, Per2 and Per3), Cry (genes Cry1 and Cry2), 
CK1 (genes CK1e and CK1d), Rev-erb (genes Rev-erbα and 
Rev-erbβ) and Ror (genes Rorα, Rorβ and Rorγ), which form 
oscillations with a period close to 24 hours. 

Studies of the last decade allow us to take a fresh look at 
the possible connections between the circadian rhythm and 
other functional systems of the body.

In particular, new data on the involvement of NAD+ -
dependent histone deacetylase SIRT1 in the integration of 
circadian rhythm and metabolic regulation pathways allow 
us to define the new NAD+ function as a “metabolic 
oscillator” [1]. SIRT1 is one of the metabolic sensors that 
respond to various external stimuli. 

Its deacetylating activity affects a wide range of 
substrates, among which there are both structural and 
regulatory proteins, so changes in its activity affect a wide 
variety of processes at both the cellular and systemic levels. 
Its effects may be associated with the survival and 
differentiation of cells, the development of the body and 
lifespan, metabolism, inflammation, the development of 
neurodegenerative diseases and cancer [2,3].

SIRT1 targets in the CO core can be the BMAL1 gene 
and protein, PER2 protein, as well as chromatin in the region 

of CLOCK:BMAL1 binding sites. The enzymatic activity of 
SIRT1 depends on the level of NAD+, which in this case 
acts as a co-substrate for this deacetylase. The bottleneck 
link in the biosynthesis and recycling of NAD+ is the 
enzyme NAMPT. Nampt gene expression is regulated by the 
transcription factor CLOCK:BMAL1 and exhibits circadian 
oscillations at the level of mRNA and protein. In accordance 
with this, the level of NAD+ and, therefore, the activity of 
SIRT1 also changes with a 24-hour period.

Thus, the functioning of the NAMPT/NAD+/SIRT1 
system is closely related to the cell's CO and we can be 
assumed that the interaction of CO with many biological 
systems can be carried out through this system. In particular, 
now it has been shown that the transcription factor NF-κB 
(the main regulator of the immune and inflammatory 
response) is an important regulator of the circadian clock 
which necessary to maintain the circadian rhythm both at the 
molecular and behavioral levels. The CO elements 
interacting with NF-κB are the heterodimeric transcription 
factor CLOCK:BMAL1, its subunits CLOCK and BMAL1, 
as well as histone deacetylase SIRT1.

The aim of the work was to develop a computer model 
combining the CO with the NAMPT/NAD+/SIRT1 system, 
which ensures the interaction of the circadian clock system 
with the immune and inflammatory response system through 
the transcription factor NF-κB.

Background and Methods
We reconstructed the circadian rhythm regulation gene 

network of mammals based on the annotation of 280 
scientific publications and information from databases which 
includes 55 genes, 126 proteins, 16 non-protein substances, 
439 reactions and regulatory events. 

The reconstructed gene network describes the 
interactions of a number of CO elements including 
heterodimeric transcription factor CLOCK:BMAL1, its 
subunits CLOCK and BMAL1, as well as histone 
deacetylase SIRT1 with transcription factor NF-κB, which is 
the main transcriptional regulator of the immune and 
inflammatory response systems.

The transcription factor NF-κB is the main transcriptional 
regulator of the immune and inflammatory response system. 
In most cell types, NF-κB is predominantly represented by 
the p65:p50 heterodimer [4]. The activity of the transcription 
factor NF-κB is regulated at the level of post-translational 
modification of its subunits. One of these modifications is 
acetylation of p65 with CLOCK acetyltransferase, a subunit 
of the main transcriptional regulator of the cell CO 
CLOCK:BMAL1 and deacylation of the same site with 
SIRT1 deacetylase.
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Fig. 1. Scheme of interaction of the circadian oscillator (CO) with the 
NAMPT/NAD+/SIRT1 system and the immune and inflammatory 
response system through the transcription factor NF-κB

High Bmal1 expression suppresses the activating effect 
of CLOCK on the transcriptional activity of NF-κB and is 
manifested as a decrease in the expression of NF-κB-
regulated genes [4, 5]. It is likely that BMAL1 and p65 
compete for interaction with CLOCK, which can lead to 
disruption of the circadian oscillator mechanism of the cell 
under conditions of increased activity in response to 
inflammatory stimuli (Fig. 1).

These starting points were used to build a model for the 
interaction of the circadian rhythm regulation system with 
the immune system and the inflammatory process.

Results and Discussion
We modified and expanded the mathematical model of 

mammalian CO created by Kim and Forger [6], adding the 
following subsystems to it:

• The NAMPT / NAD+ / SIRT1 pathway.

• The pathway of enhancing the degradation of PER2 after 
its deacetylation with the SIRT1 enzyme.

• The pathway of the effect of SIRT1 on the transcription of 
the gene Bmal1 and inhibition of the CLOCK:BMAL1 
function associated with the E-box through histone 
deacylation.

• The pathway of interaction of CO with the transcription 
factor NF-κB, which is the main transcriptional regulator of 
the immune and inflammatory response systems.

The extended model is presented as a system of 186 
ordinary differential equations (186 variables and 81 
parameters).

The dynamics of changes in the main components of the 
extended model are consistent with the experimental data 
that were used in the original model of Kim and Forger [6].

Modeling while minimizing the activity of SIRT1 
showed that the expression of CO genes keeps rhythm, 
however, the amplitude of oscillations and the general 
expression level of a number of genes, including Per2,
Bmal1 and Rev-erb, decreased, which is consistent with 

experimental data [7]. In addition, a decrease in the 
oscillation amplitude of the BMAL1 protein level and the 
CLOCK:BMAL1 complex, the main positive regulator of 
CO transcription, was noted.

Based on experimental data on the age-related dynamics 
of SIRT1 activity [7, 8] we included age as a parameter in 
the model. This allowed us to model age-related changes in 
the behavior of CO. Modeling revealed a decrease in the 
expression of mRNA of the Bmal1, Per2, Rev-Erbα genes 
and a prolongation of the oscillation period with age, which 
has experimental confirmation.

Our simulation also showed that the activity of NF-kB 
has a pronounced circadian character with a maximum at 6 
o’clock in the morning. An analysis of the mortality rate of 
mice depending on the dose and time of endotoxin injection
was performed in [4] where it was shown that the maximum 
mortality rate of a mouse from a pathological reaction is 
observed for endotoxin, administered at 6 a.m. - the time of 
maximum activity of NF-kB detected as a result of 
modeling.

Thus, our results indicate that an age-related decrease in 
SIRT1 activity may be one of the causes of impaired 
functioning of CO, which may also lead to disturbances in 
the circadian rhythms of the body as a whole. The simulation 
also showed that a decrease in the activity of Sirt1 with age 
leads to an increase in the activity of NF-kB, which can 
contribute to the aggravation of the course of inflammatory 
diseases. 

ACKNOWLEDGMENT 

This work was supported by project 0324–2019-0040-С-
01 from the Russian State Budget.

REFERENCES

[1] S. Imai, "Clocks in the NAD World: NAD as a metabolic oscillator 
for the regulation of metabolism and aging”. Biochim Biophys Acta. 
2010, Vol.1804(8), pp.1584-1590. 

[2] S. Masri, “Sirtuin-dependent clock control: new advances in
metabolism, aging and cancer”. Curr Opin Clin Nutr Metab Care. 
2015 Nov. Vol.18(6), pp.521-527.

[3] S.H. Cho, J.A. Chen, F. Sayed, M.E. Ward, F. Gao, T.A. Nguyen, G. 
Krabbe, P.D. Sohn, I. Lo, S. Minami, N. Devidze, Y. Zhou, G. 
Coppola, L. Gan, “SIRT1 deficiency in microglia contributes to 
cognitive decline in aging and neurodegeneration via epigenetic 
regulation of IL-1β”. J Neurosci. 2015 Jan 14;35(2), pp.807-818.

[4] M.L. Spengler, K.K. Kuropatwinski, M. Comas, A.V. Gasparian, N. 
Fedtsova, A.S. Gleiberman, I.I. Gitlin, N.M. Artemicheva, K.A. 
Deluca, A.V. Gudkov, M.P. Antoch, “Core circadian protein CLOCK 
is a positive regulator of NF-κB-mediated transcription”. Proc Natl 
Acad Sci U S A. 2012 Sep 11;109(37), pp.E2457-E2465.

[5] A.M. Curtis, C.T. Fagundes, G. Yang, E.M. Palsson-McDermott, P. 
Wochal, A.F. McGettrick, N.H. Foley, J.O. Early, L. Chen, H. Zhang, 
C. Xue, S.S. Geiger, K. Hokamp, M.P. Reilly, A.N. Coogan, E. 
Vigorito, G.A. FitzGerald, L.A. O'Neill, “Circadian control of innate 
immunity in macrophages by miR-155 targeting Bmal1”. Proc Natl 
Acad Sci U S A. 2015 Jun 9;112(23), pp. 7231-7236.

[6] J.K. Kim, D.B. Forger, “A mechanism for robust circadian 
timekeeping via stoichiometric balance”. Mol Syst Biol. 2012, Vol.8, 
p.630.

[7] H.C. Chang, L. Guarente, “SIRT1 mediates central circadian control 
in the SCN by a mechanism that decays with aging”. Cell. 2013 Jun 
20;153(7), pp.1448-1460.

[8] R.H. Wang, T. Zhao, K. Cui, G. Hu, Q. Chen, W. Chen, X-W. Wang, 
A. Soto-Gutierrez, K. Zhao, C-X. Deng, “Negative reciprocal 
regulation between Sirt1 and Per2 modulates the circadian clock and 
aging”. Sci Rep. Vol.6, 28633 (2016).

186



DOI 10.18699/BGRS/SB-2020-411 

SEIR-D for COVID-19 modelling and inverse 
problems 

Aleksei Prikhodko 
NSU, Novosibirsk, Russia 

ICMMG SB RAS, Novosibirsk, Russia 
a.prikhodko@g.nsu.ru 

 

Maxim Shishlenin 
NSU, Novosibirsk, Russia 

ICMMG SB RAS, Novosibirsk, Russia 
mshishlenin@ngs.ru 

 
Nikita Prokhoshin 

NSU, Novosibirsk, Russia 
n.prokhoshin@g.nsu.ru 

 

Sergey Kabanikhin 
ICMMG SB RAS, Novosibirsk, Russia 

ksi52@mail.ru 
 

Abstract — The work provides a mathematical description 

of SEIR-D model and numerical method for identification of 

parameters of this problem by data for Moscow and 

Novosibirsk region. We will present a qualitative and 

quantitative analysis of numerical results and an analysis of the 

obtained forecasts for the development of the COVID-19 

epidemic in Moscow and Novosibirsk region.  

Keywords — SEIR-D, COVID, coefficient inverse problem 

MOTIVATION AND AIM 

Motivation 

In 2019, a new coronavirus (COVID-19) was discovered 
in Wuhan, China, which has never been detected in humans 
before.  

Using mathematical modelling it is possible to predict the 
propagation of epidemy. 

Aim 

The aim is to calculate the scenario for the development 
of the disease in specific Russian cities. For example, we 
want to know when the incidence is expected to peak in 
particular city, when it will be possible to reach a plateau, 
and how the epidemic is expected to decline in each 
particular case. The mean control reproduction number was 
estimated in [2, 3]. In [4] the exact analytical solution of the 
Susceptible-Infected-Recovered (SIR) epidemic model was 
obtained in a parametric form. 

METHODS 
In SEIR-D, the population is divided into five groups: 

susceptible (uninfected) individuals; infected individuals 
without symptoms; individuals with symptoms; cured 
individuals; cases of the disease among the population. To 

the four traditional SEIR, D - deceased is added. This model 
described by a system of 5 nonlinear ordinary differential 
equations. Unknown model parameters are calculated by 
minimizing the cost function, using global optimization 
methods. 

RESULTS 
Mathematical model of SEIR-D based on the SEIR 

structure were analyzed, inverse problem of parameter 
refinement for Moscow and Novosibirsk region were 
formulated, and algorithms for solving inverse problems 
were developed. Scenarios for the development of the spread 
of the COVID-19 epidemic in Moscow and Novosibirsk 
region for various time periods of measurement and 
forecasting are constructed. 

ACKNOWLEDGMENT 
Supported by the RF Government 0315-2019-0005. 

REFERENCES 
[1] Daley D. J., Gani J. Epidemic modelling: an introduction. – 

Cambridge University Press, 2001. – Т. 15.) 
[2] Gumel, A.B.; Ruan, S.G.; Day, T.; Watmough, J.; Brauer, F.; van den 

Driessche, P.; Gabrielson, D.; Bowman, C.; Alexander, M.E.; Ardal, 
S.; et al. Modelling strategies for controlling SARS outbreaks. Proc. 
R. Soc. Lond. B.2004, 271, 2223–2232.  

[3] Majumder, M.S.; Rivers, C.; Lofgren, E.; Fisman, D. Estimation of 
MERS-Coronavirus reproductive number and case fatality rate for the 
Spring 2014 Saudi Arabia outbreak: Insights from publicly available 
data. PLoS Curr. 2014, 18, 6. 

[4] Harko, Tiberiu; Lobo, Francisco S. N.; Mak, M. K. (2014). "Exact 
analytical solutions of the Susceptible-Infected-Recovered (SIR) 
epidemic model and of the SIR model with equal death and birth 
rates". Applied Mathematics and Computation. 236: 184–194. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 

187



`

Parallel bias metadynamics and sketch-map dimensionality 
reduction as powerful tools to explore free energy landscapes 

of intrinsically disordered peptides
Olga Rogacheva

Laboratory of Biomolecular NMR,
SPbU, St. Petersburg, Russia

FSBRI “IEM”, St. Petersburg, Russia
o.rogacheva@spbu.ru

Omar Valsson
MPIP, Mainz, Germany

valsson@mpip-mainz.mpg.de

Olga Shamova
FSBRI “IEM”, St. Petersburg, Russia

shamova@iemspb.ru

Andrey Badanin
SPbU, St. Petersburg, Russia

a.badanin@spbu.ru

Abstract — A free energy landscape reconstruction is 
challenging even for a small intrinsically disordered peptide 
because conformational ensembles of intrinsically disordered 
peptides are heterogeneous and span numerous degrees of 
freedom. We combined two recently proposed modeling 
approaches, parallel bias metadynamics and sketch-map, to 
reconstruct and analyze the free energy landscape of the 
small peptide containing an RGD motif (HGRGDLGRLKK). 
This peptide originates from the transforming growth factor 
beta 3 proprotein and binds to the integrin aVb6 with high 
efficiency and selectivity. This makes it a promising agent for 
cancer and fibrosis drug development since integrin aVb6 is 
overexpressed in these pathological conditions. The 
simulations indicate that the peptide is mostly disordered; 
however, residues 4-7 exhibit a high percentage of the helical 
and turns structures. These residues are known to arrange in 
a helix when the peptide occupies the ligand-binding site of 
the integrin aVb6. So, the tendency of these residues to form 
helical structures in solution probably explains the high 
affinity of the peptide for the integrin. We will use these 
results in further simulations of chimeric peptides 
incorporating this peptide as a building block.

Keywords — intrinsically disordered peptides, parallel 
bias metadynamics, sketch-map, RGD-motif, free energy 
landscape

Motivation and Aim
A free energy landscape reconstruction is challenging even for 
a small intrinsically disordered peptide (IDP) because 
conformational ensembles of IDPs are heterogeneous and span 
numerous degrees of freedom. Defining stable states in this 
ensemble is also a non-trivial task. An RMSD-based clustering 
is not the best choice for IDPs since separation quality is 
achievable only at very small cutoff values. A dihedrals-based 
clustering also leads to a vast amount of different 
conformations that do not make sense, and we cannot interpret.
Bearing in mind the challenges of IDPs modeling, we 
combined two recently proposed approaches, parallel bias 
metadynamics [1] and sketch-map [2], to reconstruct and 
analyze the free energy landscape of the small peptide 
containingan RGD motif (HGRGDLGRLKK). This peptide 
originates from the transforming growth factor beta 3 
proprotein and binds to the integrin aVβ6 with high efficiency 
and selectivity [3]. This makes it a promising agent for cancer 
and fibrosis drug development since integrin aVβ6 is 
overexpressed in these pathological conditions. The knowledge 
of the free energy landscape topology of this peptide will be 
helpful when introducing modifications into its sequence or 
using it as a building block for larger chimeric peptides. All 
these modifications may shift populations of the peptide 

conformations and result in a molecule that is incapable of 
receptor binding.

Methods
We used parallel bias metadynamics and the recently 

proposed ff99SB-disp force field [4], which is equally suitable 
for IDPs and folded proteins to explore the free energy 
landscape of the proposed peptide in solution. Biased potentials 
were applied along seven collective variables, including the 
similarity of the peptide to different regions of Ramachandran 
plot and order parameters of amide NH groups [5]. We 
furthermore performed long unbiased molecular dynamics 
simulations and compared the results with ones obtained in the 
parallel bias metadynamics simulations.

Results
On the limited time scales, parallel bias metadynamics efficiently 
samples a broader range of phase space than conventional 
molecular dynamics. Although these two methods converge in 
the low-lying minima well, only parallel biased metadynamics 
reproduce populations of high-energy states. Sketch-map is a 
dimensionality reduction algorithm that we used to build a 2D 
map of all peptide backbone dihedral angles. This allowed us to 
identify clusters of conformations with the elements of secondary 
structure and to calculate their populations. The simulations 
indicate that the peptide is mostly disordered with a tendency to 
form secondary structures of helical and beta-hairpin motifs. 
Perfect alpha helices and beta hairpins are poorly populated in 
the ensemble of conformations of this peptide as their population 
does not exceed 5%. However, looking at individual residues, we 
observe that residues 4-7 exhibit a 20-50% population of helical 
and turn structures. These residues are known to arrange in a
helix when the peptide occupies the ligand-binding site of the 
integrin aVβ6. So, the tendency of these residues to form helical 
structures in solution probably explains the high affinity of the 
peptide for the integrin.
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Abstract — Mechanisms of prokaryotic radioresistance are 
an essential subject in radiation biology. We designed a 
specialized database aimed at making a comprehensive 
repository of identified radioresistant microorganisms with 
experimentally confirmed data.

Keyword s— radioresistance, database, microorganism

Motivation and Aim

Motivation
We are yet far from detailed understanding of the 

extraordinary radioresistance strategies evolved by 
radioresistant organisms. There is an increasing need to 
compile the entire data about radioresistant microorganisms 
in a centralized and organized manner for better 
understanding the mechanisms of resistance to high doses of 
ionizing radiation.

Aim
We aim to collect and to make available for the scientific 

community the most up-to-date and relevant information 
about known radiation-resistant creatures. We designed the 
first version of database of radioresistant prokaryotes, as a 
preliminary step towards the development of a 
comprehensive resource for research and biotechnological 
purposes.

Methods
Based on the available literature, we selected studies 

from peer-reviewed journals supported by robust 
experimental data. As a result, about 80 species of 
radioresistant prokaryotes were selected, and their
description formed the body of the database. 

Results
The database schema consists of six tables, allowing to 

search and to retrieve any stored biological data. Among the 
main tables is the Taxonomy table with a detailed description 
of the systematic position of each species. The Irradiation 
table contains information about the type of ionizing 
radiation that the species has been exposed to, available 
experimental D10 values and detected lethal doses. The 
Mechanisms of Resistance table stores confirmed molecular 
mechanisms contributing to irradiation endurance. The next 
table refers to cross-resistance to other types of abiotic 
stresses. The Genomes table was obtained from NCBI 
databases, and contains data of sequenced strains for each 
species with NCBI taxonomy ID numbers, assembly level, 
total genome length (Mb), percentage of GC content, gene 
and protein count, and accession numbers for GenBank and 
RefSeq assemblies. The later table provides a list of 
references. The species name is a central link for all tables in 
the database. This database of radioresistant microorganisms 
enables quick access and easy search for pertinent 
information with emphasis on irradiation procedures, 
mechanisms of protection and repair, and genome 
characteristics. We plan to expand the database, adding new 
species of radioresistant bacteria and archaea species, and to 
improve by integrating new tools into the database. Such a 
comprehensive repository could provide opportunities in 
biotechnology, bioengineering, or therapeutics for multiple 
diseases.
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Abstract — We consider a system of differential equations 
with delayed argument, which describes the interaction 
between predator and prey populations. We consider questions 
of stability of equilibrium points and study asymptotic 
properties of solutions. We describe sets of initial vector-
functions, for which solutions stabilize at infinity. We establish 
estimates of solutions characterizing the rate of stabilization. 
The results are obtained using modified Lyapunov–Krasovskii 
functionals.

Keywords — predator-prey model, delay differential 
equations, equilibrium points, asymptotic stability, estimates of 
solutions, attraction set, modified Lyapunov–Krasovskii 
functional

We consider a system of delay differential equations 
describing the interaction between predator and prey 
populations [1]:

x’(t) = x(t)(r – ax(t) – bz(t)),

y’(t) = kbx(t – )z(t – ) – (D+ )y(t),

z’(t) = Dy(t) – z(t),

where x(t) is the density of prey at time t, y(t) is the 
density of immature predator at time t, z(t) is the density of 
mature predator at time t, r > 0 is the intrinsic growth rate of 
prey, > 0 is the death rate of immature predator and > 0

is the death rate of mature predator, constant k > 0 denotes 
the coefficient in conversing prey into new immature 
predator, constant > 0 denotes the time delay due to 
gestation of mature predator, constant D > 0 denotes the rate 
of immature predator becoming mature predator. The system 
originates from predator-prey model of Lotka–Volterra type.

We consider questions of stability of equilibrium points 
and study asymptotic properties of solutions to this system. 
We describe sets of initial vector-functions, for which 
solutions stabilize at infinity. We establish estimates of 
solutions characterizing the rate of stabilization. The results 
are obtained using modified Lyapunov–Krasovskii 
functionals [2].
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Abstract — Different strains of HIV contribute differently 
to the course of the disease. For its evaluation, 1,336 HIV 
strains were analyzed. An agent model of the spread of HIV 
infection in the population has been developed. We analyzed 5 
scenarios for the development of the HIV epidemic in Russia, 
depending on the initial data. Without additional measures, 
after 10 years, the percentage of HIV patients in Russia will 
increase from 1% to 2.45%. Comprehensive measures to 
increase the use of barrier contraception, reduce the number of 
joint injections among drug users and improve the situation 
with treatment coverage can reduce the percentage of patients 
from 1% to 0.3% and prevent the emergence of new patients.

Keywords — agent-based model, prediction, simulation, 
TBP/TATA, HIV, AIDS

MOTIVATION AND AIM

The AIDS epidemic is an extreme problem that is 
relevant not only for Russia, but also for the whole world. 
According to statistics, about 1% of the Russian population 
is HIV-infected. HIV has a large number of genetic variants 
that differ in both replication and virulence. The duration of 
the incubation period and the severity of the disease in the 
active phase also depend on these factors. Currently, a large 
number of mathematical and computer models of HIV 
infection have been created that consider infection at 
different levels of biological organization: from population-
epidemiological to molecular-genetic. However, in the 
modern literature, we have not encountered models that 
combine the genetic and population-ecological levels.

METHODS

The statistical method [1] of computer prediction of the 
affinity of the TBP/TATA complex was used to assess the 
replication and virulence of various genetic variants of HIV. 
The Python programming language was used to process the 
HIV strain database and visualize the data. MAFFT and 
BioPython were used to build a phylogenetic tree. The agent 
model of the AIDS epidemic is developed in the 
C++programming language.

RESULTS

The first step was a genetic analysis of the HIV strains 
obtained from the NCBI database. Based on the analysis of 
1336 HIV strains using statistical methods for predicting the 
affinity of the TBP/TATA complex, clustering into 3 visible 
groups was obtained (Fig. 1).

Fig. 1. Groups obtained based on the analysis of 1336 HIV strains

On the phylogenetic tree, the obtained clustering was 
confirmed for two groups (Fig. 2).

Fig. 2. The phylogenetic tree of 1336 HIV strains

In the second step, an agent computer model of the HIV 
epidemic was developed and implemented taking into 
account socio-epidemic, geographical and genetic factors. 

Fig. 3. HIV agent model diagram

35 strains characteristic of the territory of Russia were 
selected from a total of 1336 strains. Using the statistical 
method of computer prediction of the affinity of the 
TBP/TATA complex, we obtained the virulence values of 
these strains and integrated them into the agent model. Using 
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the model, forecasts were made for a 10-year period of 
development of the HIV epidemic in Russia for 5 scenarios 
of initial parameters.

The following scenarios were considered:

1) Development of the current situation without 
additional measures

2) Increased use of barrier contraception + decrease in 
the share of joint injections

3) Increased use of barrier contraception + increased 
treatment coverage and decreased viral load

4) Decrease in the share of joint injections + increase in 
treatment coverage and decrease in viral load

5) Combining all 3 options - barrier contraception, 
treatment and injections.

For scenario №1, the model predicts an increase in the 
number of HIV-infected in the population by more than two 
times to 2.45%. The percentage of new HIV infections per 
year remains stable. The most effective strategy was №5, 
which suggests - 1) an increase in the proportion of men and 
women using barrier contraception to 0.8 (instead of 0.337 
for men and 0.238) 2) a decrease in the share of joint 
injections to 0.01 (instead of 0.4) and 3) increasing the 
proportion of patients using treatment to 0.9 and increasing 
the proportion of patients with reduced viral load among 
those on treatment to 0.9 (instead of 0.45 and 0.62, 
respectively). This scenario showed a 3-fold decrease in the 
percentage of HIV patients in the population from 0.97 to 
0.3% over 10 years and an almost complete halt in the 
growth of new HIV cases.

Figure 4 shows the dynamics over 10 years of the 
representation of 35 strains selected for Russia in the 
population. The most common strain MH330341 is presented 
2 times more often than the least represented MK984160.

Fig. 4. The dynamics of the representation of strains in the general 
population over time
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Abstract — We apply mathematical modeling approach to 
study mechanisms underlying the robust formation of periodic 
pattern during the Drosophila eye development. Model is fitted 
to the preliminary quantitative data - concentrations of the 
main regulators of R8 cell selection and specification. We 
analyze how biological noise propagates within the model to 
explain the molecular mechanisms responsible for noise 
buffering.

Keywords — Drosophila eye imaginal disc, quantitative gene 
expression, mathematical modeling, robustness of development

Motivation and Aim
Morphogenesis of many biological structures is 

characterized by formation of periodic patterns from nearly 
homogeneous tissues. However, mechanisms underlying the 
robustness of such patterns are still not fully clarified. 
Specification of photoreceptor cells during eye development 
in Drosophila is an interesting example of rapidly forming 
highly ordered structure. This structure is initially 
determined by the precise spatial arrangement of R8 cells 
(presumptive photoreceptors R8) in the eye imaginal disc 
during larval stage of Drosophila development. Despite large 
amount of experimental data on molecular mechanisms of 
eye disc patterning, quantitative studies were published only 
recently. The expression levels of main regulators of R8 cell 
specification showed significant variation between 
Drosophila inbred lines, sexes and species [1]. This is 
unclear, how a precise structure of spatial distribution of R8 
cells is formed despite variable levels of regulators, and what 
molecular mechanisms are involved in stabilization of this 
structure. To address these questions, we use mathematical 
modeling approach. The published modeling studies are 
formulated in terms of ‘generalized’ activators and repressors 
involved in R8 cell specification [2,3]. The objective of this 
study was to develop the approach where the mechanism of 
pattern formation is inferred as a consequence of the correct 
description of experimental data by the model. 

Methods
The preliminary dataset used for model development 

included confocal images of Drosophila eye imaginal discs 
stained for the expression of atonal, hedgehog, hairy, Delta
(Ali et al., 2019), Notch and cubitus interruptus. We used 
Hybridization Chain Reaction (HCR) technique for mRNA 
detection [4] and combined it with immunohistochemistry. 
The MrComas method was applied for quantification of gene 
expression from the confocal images [1]. Data on expression 

of other regulators of R8 cell selection and specification were 
obtained from literature.

Results
The model is based on the regulatory network which 

comprises the main factors and interactions between them 
relying on the available experimental information. However, 
the type of regulation (activation or repression) still needs to 
be clarified for some interactions. The model is formulated in 
terms of ordinary differential equations. Cell signaling is 
implemented in the model in two ways. First, transport of 
cell nonautonomous factors (e.g. Hedgehog) is described by 
the two-dimensional Laplacian operator, which is the 
diffusion operator discretized on the cell grid. Second, we 
include the Delta-Notch signaling mechanism in the model. 
We started with modification of the modeling approach 
implementing ‘switch and template’ pattern formation 
mechanism [2] and a generalized model with a short-range 
activator [3] by replacing the generalized activators and 
repressors with the real regulators of R8 cell specification. 
We fit this model to the quantitative expression data and 
analyze the resulted model behavior. The noise propagation 
in the model is estimated with the help of parameters 
characterizing the pattern regularity, which include the 
inhomogeneity index of spatial distances between the 
differentiated R8 cells, the inhomogeneity index of angles 
between photosensitive units (ommatidia), and the total 
number of ommatidia. We study perturbations of spatial 
positions of differentiating cells, as well as perturbations of 
parameter values, initial conditions, and disc geometry.

ACKNOWLEDGMENT

This study was supported by Russian Foundation for 
Basic Research (RFBR) grant 20-04-01047-a.

REFERENCES

[1] Ali S, Signor SA, Kozlov K, Nuzhdin SV. (2019). Novel approach to 
quantitative spatial gene expression uncovers genetic stochasticity in 
the developing Drosophila eye. Evol Dev. May;21(3):157-171.

[2] Lubensky DK, Pennington MW, Shraiman BI, Baker NE. (2011) A 
dynamical model of ommatidial crystal formation. Proc Natl Acad Sci 
USA. 108: 11145–11150.

[3] .Gavish A, Shwartz A, Weizman A, Schejter E, Shilo B-Z, Barkai N. 
(2016) Periodic patterning of the Drosophila eye is stabilized by the 
diffusible activator Scabrous. Nat Commun. 7: 10461.

[4] Choi, H.M.T., Beck, V.A., Pierce, N.A. (2014) Next-generation in 
situ hybridization chain reaction: higher gain, lower cost, greater 
durability. ACS Nano 8: 4284-4294.

193



`

A feedback loop enrchment analysis in gene network
of bronchial asthma and pulmonary tuberculosis interaction

Evgeny S. Tiys
Laboratory of Computer-Assisted 

Proteomics
Institute of Cytology and Genetics

SB RAS
Novosibirsk, Russia

Pavel S. Demenkov
Laboratory of Computer-Assisted 

Proteomics
Institute of Cytology and Genetics 

SB RAS 
Novosibirsk, Russia

Nikolay A. Kolchanov
Systems Biology Department

Institute of Cytology and Genetics 
SB RAS

Novosibirsk, Russia

Vladimir A. Ivanisenko
Laboratory of Computer-Assisted 

Proteomics
Institute of Cytology and Genetics

SB RAS
Novosibirsk, Russia

Abstract — Feedback loops play a key role in 
management of processes including biological processes. In 
gene networks, feedback loops are presented by directed 
cycles, that can contain positive and negative regulatory 
links. We suggest that presence of such cycles can 
characterize gene networks build for biological processes. 
Earlier we developed a web-tool FunGeneNet, which can 
estimate enrichment of biologically meaningful networks 
with functional links. Based on this work, here we show that 
the network of interactions between bronchial asthma and 
pulmonary tuberculosis are enriched by short cycles.

Keywords — gene networks, random networks, enrichment 
analysis, feedback loops

Introduction
Feedback loops are known to play important regulatory 

role in biological processes [1-5]. It is know that feedback 
loops are significantly frequently occurs in biological 
networks in compare to random ones obtained by edge 
permutation [6]. Associative gene networks are useful tool 
for integration of various types of biological information. 
Previously, we showed that networks build for biological 
processes can be distinguished from random networks by 
number of edges [7]. The question arises as to whether the 
associative gene networks build for biologically 
meaningful sets of genes can be distinguished from the
meaningless ones by the number of cycles in them? In this 
pilot work we show how to check it with a network of 
interaction between bronchial asthma and pulmonary 
tuberculosis [8] as an example.

Materials and methods
To build associative gene networks the ANDSystem 

database is used [9]. Random networks obtained as 
analyzed networks with swapped vertex labels were used 
to model biologically irrelevant networks. To faster the 
algorithm only vertices of the considered networks were 
swapped in compare to methods permuting the whole 
global network. A limitation of the swapping process is the 
following: swapped vertices have strictly the same degree 
in the global graph as it implemented in FunGeneNet [7]. 
A network of interactions between asthma and tuberculosis 
obtained earlier [8] and containing 19 genes was taken as a 
biologically meaningful network. Also we considered a 
subnetwork of this network, which is relevant to th1- and 
th2-immune responses including IL2, IL12, TNF, IFNG, 
IL1B, IL6, IL4, IL10 genes. We excluded undirected types 

of interactions from analysis before comparing the 
networks with random ones. The following types of 
interactions were considered: up- and down- regulation of 
expression, activity and degradation. Directed cycles of 
length 3 were counted in the analyzed and random 
networks. 

Results
We obtained significant differences in the number of 

cycles for both whole network of bronchial asthma –
pulmonary pulmonary tuberculosis interaction and th1-th2-
network (p<0.001). These results support us to test if other 
biologically relevant sets of genes are enriched with the 
feedback loops. We plan to check whether the sets of 
genes associated with the Gene Ontology biological 
processes contain bigger number of cycles than randomly 
chosen sets of genes.
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Abstract — Selecting and using the key miRNA features are 
crucial for the identification of miRNA sequences. These 
criteria may help us to take out junk data from the miRNA 
databases and to improve the prediction of miRNA ends in 
order to obtain more accurate forecasting of the seed-related
functions. We consider different processes of the miRNA 
identification to determine their role and influence on the 
prediction quality.

Keywords — miRNA, pre-miRNA, miRBase, MirGeneDB, 
prediction method, miRNA origin, miRNA biogenesis

Motivation and Aim
MicroRNAs constitute a large class of small non-coding 

RNAs which clearly play an important role in the biological 
regulation system. Great interest of researchers led to a rapid 
increase of both publications and annotated miRNA 
sequences in the miRBase database [1]. However, only a 
small part of them are completely described and 
experimentally validated. During the process of data 
accumulation, the number of invalid samples is inevitably 
growing. To date the miRBase contains not only the false 
positives but lacks large number of bona fide miRNAs and 
pre-miRNAs [2]. So, the existing annotations and validation 
criterias are becoming obsolete and need to be revised and 
upgraded from time to time.

Results
Each step of the work with miRNAs introduces some 

distortions in processed data, so called natural, experimental 
and computational errors.

Natural errors occur when the miRNAs are cutting by the 
Dicer and Drosha complexes and appear as the 
heterogeneous miRNA ends. However, these defects can be 
effectively corrected by exosomes’ trimming and tailing 
mechanisms. Such processes of miRNA maturation produce 
a natural noise, which (among other mechanisms) serves as 
an evolutionary driver of miRNA development and is 
involved in the creation of novel miRNAs.

Natural errors have significantly impact on the 
experimental errors. This type of errors is due to incorrect 
experimental validation of the miRNA functions. As a result, 
the miRNA database is updated with incorrect annotated 
miRNAs some of which belong to the transcriptional garbage 
(e.g. tRNAs). Other false-positive miRNAs demonstrate 
abnormal heterogeneous ends or cannot be observed in 
repeatable experiments at all (e.g. xenomiRs).

Finally, the natural and experimental errors are 
accumulated in training datasets which leading to inaccuracy 
of the computational methods. Existing computational and 
heuristic methods which predict the miRNA based on the 
criteria from different areas of knowledge about miRNAs. 
Ones predict the miRNAs by applying the evolutionary 
conservation of sequences and functions across the related
species, the sequence and structure similarity and cluster 
analysis of the miRNA locations. Other methods implement 
machine learning algorithms (Hidden Markov Models, 
Support Vector Machines, Naive Bayesian Classifiers, etc.) 
using the context-structural characteristics of the miRNA 
sequences and their precursors (pri-/pre-miRNAs). To 
improve the method’s efficiency ones add more intrinsic 
sequence features, such as oligonucleotide motifs, nucleotide 
frequencies, MFE of the precursor hairpin, conserved stems 
and loops, etc. Finally, the most costly and complex methods 
take the advantages of the next generation sequencing and 
experimental validation [3]. To increase the quality the 
prediction methods may include several criteria 
simultaneously [4].

We consider the contribution of these independent and 
combined criteria for the classification of putative miRNAs 
and on the prediction of miRNAs.

Conclusion
Results can be useful to adjust the methods either to 

predict new microRNAs or to verify already annotated ones. 
Also, the description of the significant miRNA features can 
shed light on the miRNA’s evolutionary origin and on the 
specificities of the pri-/pre-/miRNA processing and context-
structural characteristics of sequences.
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Abstract — Currently, due to the appearance of an 
increasing number of genomic, molecular, histological data, 
there is an intensive detailing of individual molecular genetic 
systems of the human body and phenotypic deviations caused 
by violations in one or more elements of these systems. At the 
same time, there is no, as such, a holistic understanding of the 
nature of the formation and course of type II diabetes, which 
includes an enough available experimental data. In this study, 
we reconstructed gene networks of transcriptional regulation, 
functional connectivity, and protein-protein interactions for 
type 2 diabetes. Information on the evolutionary age of genes 
was superimposed on the network; it was shown that the genes 
in question are predominantly “evolutionarily old”. New genes 
have been found that were not previously associated with type 
2 diabetes, such as PER1, PER3, ARHGEF4, genes whose 
homologues are associated with the onset of diabetes in mice -
CLOCK, ARNTL (encoding transcription factors) - the goals for 
subsequent experimental confirmation. Validation of gene 
networks by analysis of tissue-specific expression has shown
that most genes included in putative signal transduction 
pathways are expressed in the same tissues.

Keywords— gene networks, type 2 diabetes, SNP

Motivation and aim

Motivation
Type 2 diabetes is a multifactorial disease caused by a 

combination of genetic and environmental factors. Today, 
systems biology approaches, and in particular, network 
approaches, are powerful tools for studying multifactorial 
diseases. They are based on knowledge of the physical or 
functional interactions between molecules, usually presented 
as a network of bonds. Such networks not only report 
connections between individual nodes, but also implicitly 
organize higher-level cellular connections. In this paper, we 
consider networks of transcriptional regulation, protein-
protein interactions, functional connectivity, bringing them 
to the general value of gene networks - molecular genetic 
systems, which ensure the development of phenotypic 
properties of organisms based on genetic information.

Aim – reconstruction and analysis of the gene network of type 2 
diabetes mellitus.

Methods
Based on the analysis of literature data, as well as a 

number of databases, a sample of genes associated with type 
2 diabetes was formed. Among them, transcription factors 
(TFs) were identified, and using the Hocomoco database [1], 
TF binding sites were searched in 5’ non-coding gene 
regions from the obtained samples. Using the Orthoscape 
program [2], information was obtained on the 
philostratigraphic age and divergence index for each gene. 

Intrapopulation variability was estimated using SNP data 
from the project “1000 human genomes” [3]. Gene networks 
were reconstructed in the Cytoscape program [4] based on 
data on interactions extracted from GeneMANIA [5] and 
StringDB [6].

I. RESULTS

Evolutionary network map of functional connectivity. The bulk of the 
network genes, based on our calculations, is rather “evolutionarily old”. 

Two circuits are distinguished - signal transmission paths

After applying the previously obtained information, an 
analysis of gene networks was carried out. Regulatory 
circuits were identified, the violations in the elements of 
which can lead to disease. They contain new genes not 
previously associated with T2D, such as PER1, PER3, 
ARHGEF4, genes whose homologues are associated with the
onset of diabetes in mice - CLOCK, ARNTL (encoding 
transcription factors) [7], as well as genes that are not in the 
original sample but associated with T2D, such as PDX1,
which validates our chosen methodology.

The gene network analysis is an effective tool for a 
comprehensive theoretical study of human diseases and can 
be used not only to search for and prioritize genes associated 
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with diseases, but also to explain the molecular genetic 
mechanisms behind them.
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Abstract — Bacillus thuringiensis is a gram-positive 

bacterium, which produces very diverse class of protein toxins, 

Cry. Precise annotation of these toxins in the bacterial genomes 

is a very challenging problem due to the sequence similarity 

between different toxins can be lower than 40%. Here we 

describe a novel tool, CryProcessor, for searching Cry toxins in 

protein sequences and in raw sequencing reads. 

Keywords — Bacillus thuringiensis, Cry toxins, data mining 

Motivation and aim 
Bacillus thuringiensis is a gram-positive bacterium, 

widely used in agriculture, because it is a natural pathogen of 
insects. This species of bacteria produces very diverse class of 
protein Cry toxins, which are highly specific against particular 
species of insects. To date, more than 700 different Cry toxins 
are described, which can share less than 40% sequence 
similarity. This makes the search for Cry toxins, particularly 
the new ones, in bacterial genomes very difficult. Here we 
present a novel tool for searching Cry toxin sequences. 

Methods 
CryProcessor tool is based on several HMM for each 

domain of Cry proteins. The pipeline is written in Python3.7 
and is able to find Cry toxin sequences in the sets of protein 
sequences or in the raw Illumina reads. It also provide domain 
coordinates for found toxin sequences. Detailed information 

is available at https://github.com/lab7arriam/cry_processor. 
Web-version of the tool is accessible at 
https://lab7.arriam.ru/tools/cry_processor. 

Results 
We have tested our tool, CryProcessor in all modes with 

protein sequences of all available B. thuringiensis genome 
assemblies, and also with several SRA sequencing data. It has 
been shown to be more sensitive and fast comaparing with the 
existing analogue, BtToxin_scanner [1]. It has been also able 
precisely to predict the domain coordinates of the found 
toxins, unlike BtToxin_scanner. 
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Abstract — We assessed the dynamics of 8 genes including 
TOMM40, Apoe and six adjacent ones for overall chromatin 
marks landscape, including methylation profiles across 
ENCODE brain cell lines, and histone and ctcf marks. We 
revealed the region manifests Hi-C topology dynamics in a cell-
specific manner. Additionally, based on methylation and histone 
marks profiles we underscore competitive manner of genes 
expression implying disrupted locus wide genes expression 
balance in Alzheimer patients due to Apoe extended locus 
methylation profile alteration.

Keywords — Alzheimer disease, methylation, aging, 
chromatin, GWAS

Introduction 
As it is follows from its definition, Late Onset Alzheimeir 

Disease (LOAD) features late onset disease manifestation 
assuming some age – related processes are implicated. One of 
the factors could be well known age-related methylation 
profile alteration. Another specific to LOAD fact is the 
observation of extra high significance of SNPs, corresponding 
to Apoe Epsilon alleles, and LOAD linkage found in the 
successions of Genome Wide Association Studies (GWAS). 
That is why several recent studies [1, 2] explored association 
of epigenetic factors such DNA methylation and age and 
genotype in disease cohorts. Recent article [3] found 
significant differences in hippocampus and cerebellum 
methylation rate in TOMM40 promoter between LOAD 
patients’ samples and controls. Also, evidence reported in [4] 
that besides Apoe gene, there is a range of SNPs within 
expanded Apoe related region significantly associated with 
LOAD risk, underlining PVRL2- CLPTM1 region is 
implicated in LOAD genetic risk rate. 

Research
We scrutinized Apoe neighborhood and built the profiles 

of methylation and co-expression for 8 genes in the vicinity 
including Apoe. We observe specific pairwise correlation 
variation when comparing DNA methylation rate and 
particular gene expression. In particular, we elucidated 

complex 5’ and 3’ interplay across 8 adjacent genes region 
focused on Apoe, implying competitive expression of the 
neighbor genes depending on the methylation profile. As a 
conclusion, we report extensive cross-talk of methylation 
profile in the region, affecting the chromatin environment in 
the region, including ctcf and histone methylation marks.

Conclusion
We found that methylation profile alterations in Apoe

region drastically change the balance of expression rates in 
genes of the region.
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Abstract — Retrotransposons (RTs) can be characterized as 
assemblies of protein domains each of which can have an 
independent evolutionary fate. This led to a modular view on 
RTs evolution. An illustrative example is independent 
acquisition of additional ribonuclease H (aRNH) domains by 
distant evolutionary lineages of long terminal repeat (LTR)-RTs 
in genomes of plants and parasitic protists oomycetes and 
vertebrate retroviruses. In all the cases structures of the 
elements converged to a single ‘retroviral’ variant when the 
aRNH domain is fixed right after the original one [1, 2]. Only 
LTR RTs of the Tat clade in plants exhibit structural diversity 
with various positions of aRNH in relation to the other domains. 
However, previous study of Tat LTR-RTs diversity was mostly 
limited by flowering plants [1]. Currently, numerous genomes of 
non-flowering plants assemblies are available for the analysis, 
opening a perspective to study general tendencies in Tat LTR-
RTs evolution in distant plant taxa. We analyzed 78 genome 
assemblies of gymnosperms, ferns, clubmosses, mosses, and 
green algae. Our phylogenetic analysis revealed another 
example of convergent evolution to the ‘retroviral’ structure in 
plant LTR-RTs outside Tat, supporting its selective advantage.

Keywords — LTR retrotransposons, convergent evolution, 
ribonuclease H, RNH, Tat

Introduction 
Retrotransposons can be characterized as assemblies of 

protein domains each of which can have an independent 
evolutionary fate. This led to a modular view on RTs 
evolution. An illustrative example is independent acquisition 
of additional ribonuclease H (aRNH) domains by distant 
evolutionary lineages of long terminal repeat (LTR)-RTs in 
genomes of plants and parasitic protists oomycetes and 
vertebrate retroviruses. In all the cases structures of the 
elements converged to a single ‘retroviral’ variant when the
aRNH domain is fixed right after the original one [1], [2]. Only 
LTR RTs of the Tat clade in plants exhibit structural diversity 
with various positions of aRNH in relation to the other 
domains. However, previous study of Tat LTR-RTs diversity 
was mostly limited by flowering plants [1]. Currently, 
numerous genomes of non-flowering plants assemblies are 
available for the analysis, opening a perspective to study 
general tendencies in Tat LTR-RTs evolution in distant plant 
taxa.

Methods and Algorithms 
We implemented a standalone pipeline written in Python 

which uses NCBI RPS-BLAST and CDD to mine LTR-RTs 
sequences with aRNH in genome assemblies, automatically 
annotates domain structure of the identified elements, clusters 
them and returns non-redundant set of best-scored 
representative sequences for phylogenetic analysis. The 
phylogeny was evaluated using IQ-TREE.

Results
We analyzed 78 genome assemblies of gymnosperms, 

ferns, clubmosses, mosses, and green algae. Four LTR-RTs 
structures differing in aRNH position were identified, one of 
which with aRNH before GAG found in clubmosses is 
observed for the first time. LTR-RTs from ferns and some 
clubmosses formed a distinct cluster outside Tat, where the 
majority of elements have the ‘retroviral’ structure. The 
phylogenetic analysis demonstrated that acquisition of aRNH 
by ferns and clubmosses appears to be independent from the 
Tat clusters. Among coniferous gymnosperms all previously 
reported structures were confirmed, while in ancient Ginkgo 
biloba and Gnetum montanum LTR-RTs with the ‘retroviral’ 
and typical gymnosperm variant were found. Phylogenetic 
analysis of aRNH supports origin of the ‘retroviral’ structure 
in Tat before the split between G. biloba, G. montanum and 
flowering plants.

Conclusion
Our phylogenetic analysis revealed another example of 

convergent evolution to the ‘retroviral’ structure in plant LTR-
RTs outside Tat, supporting its selective advantage.
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Abstract — Acanthobdellida is a unique order of leech-like 
piscine parasites that are believed to occupy an intermediate 
evolutionary position between Oligochaeta and Hirudinea due to 
mosaic combination of their morphological traits. Previous 
molecular studies yielded controversial phylogenies for this 
group. Using next generation sequencing technology, we 
reconstructed mitochondrial genomes of both Acanthobdella 
peledina and Paracanthobdella livanowi. The reconstruction of 
phylogeny based on these sequences revealed the congruence of 
our results with one of the existing phylogenetic schemes. 
Pairwise distances of 2% between geographically distinct 
samples in the A. peledina lineage suggest the lack of cryptic 
diversity within this species. P-distances between representatives 
of species A. peledina and P. livanowi are 14%. Assuming the 
rate of species divergence is approximately the same for all 
annelids, the values of interspecific p-distances within 
Acanthobdellida are lower compared to those of the most studied 
Amynthas. This fact casts doubt on the validity of the genus 
Paracanthobdella. 

Keywords — mitochondrion, complete genome, Annelida, 
Acanthobdellida, phylogeny.

Introduction 
Acanthobdellida (Annelida, Clitellata) is a unique order of 

leech-like parasires that combine «archaic» traits of 
oligochaete worms with more «progressive» traits of true 
leeches (Hirudinea). Due to this combination a proposal was 
put forward that Acanthobdellida is a link in evolution from 
Oligochaeta and Hirudinea [1]. Despite the existence of an 
alternative hypothesis on acanthobdellids's belonging to 
oligochaetes, and convergent evolution of leech-like traits [2], 
the first hypothesis was more generally accepted. Early 
attempts at molecular methods application were in line with 
this suggestion and demonstrated A. peledina confidently 
clustering in between Oligochaeta and Hirudinea clades [3]. 
However, these studies were based on poor data (e.g., short 
and contaminated sequences) as was later acknowledged by 
their authors who, nevertheless, came to similar conclusions 
with newer analyses [4]. Later, the use of anchored hybrid 
enrichment technology yielded a completely different 
phylogeny, placing A. peledina deep within Hirudinea clade as 
a sister taxon to Piscicolidae group also parasitizing fish [5].

1) The taxonomy of Acanthobdellida remained 
controversial throughout the 20th century. This order was 
considered to be a typical member of subclass Hirudinea or 

an independent branch by different authors. The dispute is 
believed to be settled by Madill et al. who split Annelida into 
Oligochaeta, Acanthobdellea, Branchiobdellida and 
Hirudinea [6]. However, the question of interrelationship 
between closely related species A. peledina and P. livanowi 
remains still open. To date, there was no molecular data 
available on P. livanowi. This species, which lives in the fresh 
waters of Kamchatka [7], was discovered by Epstein as the 
only sister species to A. peledina, widely distributed in the 
Arctic. Later, V. Epstein singled out a separate family for the 
Kamchatka species.[8]. The doubts about this decision are 
still present. 

The purpose of this study was to clarify acanthobdellids' 
evolutionary position and to see for the first time the level of 
divergence between A. peledina and P. livanowi, basing on 
complete mitochondrial sequences. 

Materials and methods 
Acanthobdellids specimens were collected in the northen 

regions of Eurasia (repubics of Komi and Soha, and Irkutsk 
region) on salmon fish and preserved in 70% alcohol. Each 
individual was wiped with cotton swabs and rinsed in fresh 
ethanol to remove mucus and dissected to remove guts with its 
contents to prevent contamination by host DNA. Total DNA 
was extracted with DiaGene Cell and Tissue kit and stored in 
deionized water. DNA samples were subsequently sheared to 
300 bp size on Covaris M220 sonicator. Illumina libraries were 
prepared using NEBNext Ultra II DNA Library Prep Kit and 
sequenced with the use of Illumina NextSeq 550 Mid Output 
Kit v2.5. De-novo genome assembly was performed in MIRA 
v5.0 [9] and additionally confirmed with MitoZ [10]. The 
obtained sequences were aligned against GenBank sequences 
with MARS [9] and Muscle [11] aligners in succession. 
Bayesian phylogeny was reconstructed using BEAST2 [12] 
with parameters recommended by jModelTest 2 [13]. 

Results and discussion 
The assembled Acanthobdellida mitochondrion genomes 

were aligned against homological data of the closest taxa 
(Polychaeta, Oligochaeta and Hirudinea) uploaded from the 
GenBank.. Due to the presence of partial sequences and large 
number of indels, 8015 out of 19723 positions were excluded 
from the resulting alignment by BEAST. This did not affect 
the pairwise distances between Acanthobdellida samples,
which remained unchanged before and after exclusion: 2% 
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between all A. peledina samples and 14% between A. peledina
and P. livanowi samples. These distances are lower than 9-
20% distances between some Amynthas specimens, which 
cast doubt on the validity of the Paracanthobdella genus. The 
BI-phylogeny revealed three main lineages corresponding to 
polychaetes (P), oligochaetes (O), and leeches together with 
leech-like worms (A+H). As seen on Figure, Acanthobdellida 

formed a sister group to Hirudinea. High posterior 
probabilities of the most nodes on tree indicates high 
confidence of resulted phylogeny. Thus, our results suggest 
that the level of genetic differences between A. peledina and 
P. livanowi is insufficient to assume the existence of two 
separate genera, which is closer to Epstein's original 
classification. 
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Abstract — The poor knowledge of the glossiphoniid fauna 
of Western Siberia is a consequence of the unresolved taxonomy 
of this group. An incomplete description of the species due to the 
phylogenetic ambiguity of external morphological characters 
and high intraspecific variability complicated the identification 
of these leeches. Using molecular genetic methods in 
combination with classical morphological analysis, we proved 
the presence of 7 species of the family Glossiphoniidae in 
Western Siberia, with interspecific genetic pairwise distances 
varying from 3.7 to 18.2%. In addition to Theromyzon 
tessulatum, Helobdella stagnalis and Hemiclepsis marginata, 
previously detected in the region, four potentially new species 
(Glossiphonia sp. 1, Glossiphonia sp. 2, Glossiphonia sp. 3, and 
Alboglossiphonia sp.) were found. The results obtained for the 
Western Siberian leeches once again confirm the advantage of 
the DNA barcoding application, as one of the molecular methods 
for species delimitation, used in an integrated approach to the 
study of taxonomic composition of a fauna.

Keywords — species delimitation, mtCOI, DNA barcoding, 
leeches, Western Siberia.

Introduction 
Glossiphoniidae is a family of parasitic annelids that plays 

an important role in the environment, providing nutrition to 
aquatic vertebrates [1], being an indicator of environmental 
stress [2; 3], a regulator of the number of hydrobionts, being 
parasites of mainly mollusks [4], as well as carriers of 
helminths and blood parasites of vertebrates [3].

The history of the study of flat leeches in Western Siberia 
originates in the first half of the 20th century [5; 6; 7]. Recent 
study of the Ob River macrozoobenthos have revealed six 
species of flat leeches Glossiphonia complanata (L., 1758), 
Alboglossiphonia heteroclita (L., 1761), Glossophonia 
concolor (Apáthy, 1888), Helobdella stagnalis (L., 1758), 
Hemiclepsis marginata (Müller, 1774), Theromyzon 
tessulatum (Müller, 1774) [8]. Earlier, in the Kazakhstan part 
of the Irtysh River Basin, five species of flat leeches were 
recorded - H. stagnalis, H. marginata, G. complanata, T. 
tessulatum and Alboglossiphonia sp.; moreover, 3 distinct 
morphotypes were found within G. complanata [9]. 

The faunistic studies of flat leeches are complicated 
because of lack of distinct taxonomic system. Morphologic 
species distinctions are mainly based hard-to-detect anatomic 
details of digestive and reproductive systems structure. The 
scarcity of external morphological features and, at the same 
time, high intraspecific variability makes it difficult to 
determine the taxonomic informativity of morphological 
diagnostics.

To assess the boundaries of taxa, as well as for new species 
identification, DNA barcoding is increasingly being used 
[e.g., 10; 11; 12]. The method of DNA barcoding [13] is based 
on a comparison of the mtCOI gene fragments between 

homologous sequences, which make it possible to accurately 
identify species and stable subspecies clusters. Recent studies 
have shown that genetic barcodes successfully distinguish 
morphological species in different groups of Glossiphiniidae 
[14; 15; 16]. 

Based on the results of similar studies, we decided to use 
DNA barcoding in conjunction with classical morphological 
analysis to delimit species of flat leeches from Western 
Siberia.

Materials and methods
Biological material was collected in freshwater bodies of 

the Irtysh and the Ob Rivers Basins in 2014-2018. 
Morphological analysis of flat leeches was carried out in 
accordance with modern zoological identification keys [1,
17]. 

Molecular analysis was conducted though a standard 
phenol-free DNA extraction with subsequent amplification 
with universal mtCOI primers. Sanger’s sequencing was 
performed at the «Syntol» Company (Moscow, Russia).

Phylogeny reconstruction was carried out with the 
Tamura-Nei model using the Maximum likelihood (ML) 
method implemented in MEGA 7.0 [18].

Results and discussion
The COI-sequences of the Folmer's fragment with length 

of 709 bp were obtained for 54 flat leeches from different 
reservoirs of Western Siberia, together with the 65 closest 
homologous sequences from GenBank, were included in the 
analysis as a comparison group. Sequences of the genera 
Batracobdella and Placobdella were used as an outgroup.

Sequence analysis revealed that the Western Siberian flat 
leeches spited into 7 phylogenetic lineages (Fig. 1), genetic 
pairwise distances between which vary from 3.7% to 18.2%. 
These values exceed the threshold value for interspecific 
variability, which may indicate their independent species 
status taking into account the low level of genetic 
polymorphism (0.1-0.3 %) within each lineage. 

Basing on the COI-phylogeny (Fig. 1), it can be argued 
that 3 species, which morphologically fit the G. complanata 
description, are actually distinct species - Glossiphonia sp. 1, 
Glossiphonia sp. 2, Glossiphonia sp. 3, which indicates the 
presence of a cryptic species complex. P-distances between 
them and the G. complanata clade are 8-11 %. Nucleotide 
sequences of the Western Siberian Alboglossiphonia sp. 
formed in a separate branch, distant from representatives of 
the congeneric European fauna, with a significant genetic 
distance of 12.6%. 

The wide-spread Palaearctic species T. tessulatum, 
H. stagnalis and H. marginata are clustered according to their 
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morphologic classification. P-distances within each of these 
species-rank clusters are not higher of 0.4 %, that corresponds 
to intraspecific variability according to the DNA barcoding 
theory [13].

Thus, the use of DNA barcoding allowed us to clarify the 
species composition of the fauna of flat leeches in Western 
Siberia and to discover four new species, including a cryptic
complex consisting of three genetically distinct species, 
morphologically indistinguishable from G. complianta. Our 
study confirms the effectiveness of an integrated approach for 
taxa delimitation. We find flat leeches to be an exemplary 
object to demonstrate the benefits of the DNA barcoding 
technique.
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The genetic structure, history and signatures of selection 

were revealed using the sequenced genomes of two native 
Russian cattle breeds: the Yakut cattle and the Kholmogory. 
Twenty individuals from each breed have been resequenced 
to ~10-11x filtered coverage and combined with the genome 
sequences of two most closely related cattle breeds: 
Hanwoo and Holsten. Our combined dataset contained over 
31 million high-quality SNPs. This set has been used to 
detect copy number variants (CNVs) in the four breed 
genomes. The CNVs found in the Yakut and breed were 
enriched in genes from the gene ontology terms regulation 
of actin filament-based processes, MHC protein complex,
and antigen processing and presentation could potentially 
contribute to adaptation to local environments. There were 
299 CNVRs shared between the Yakut and Kholmogory 
breeds, of which the ACTG1 (actin gamma 1) was the most 
frequent CNVR and covered >90% of the gene. Our SMC 
analysis had demonstrated a different Ne trajectory for the 
Yakut cattle compared to the other three breeds and 
additional Chinese and Indian indicine cattle breeds, while 
the Kholmogory’s one was close to Holstein. The 
demographic history of the Yakut cattle was further 
analyzed with the TreeMix, f3 and D4 statistics and the 
RFMix. The TreeMix results indicated no admixture 
between the Yakut cattle and other cattle breeds and related 
bovinae species. While the RFMix data suggested 
introgression of indicine cattle in to the Yakut cattle 
genomes. We further looked into the Yakut genome regions 
likely being introduced from other cattle populations. We 

found that the corresponding SNP alleles often are present 
in other bovinae genomes, with very few of them were 
indicine-cattle specific. This suggests that the Yakut cattle 
could have genome regions containing ancestral alleles, 
removed from the European taurine genomes. We looked 
into the high-frequency missense mutation found in the 
Yakut cattle. Out of 48 such mutations 21 were found in the 
SPTBN5 gene. Spectrin 5 is an actin-binding gene involved 
in resistance to parasites in humans, suggesting that it could 
be related to parasite resistance in the Yakut cattle as well. 
Spectrin 5 region had the highest FST between the Yakut 
cattle and over 3000 cattle individuals from the 1000 bull 
genomes project. The only exclusive Yakut-specific 
missense change absent from any other cattle breeds and 
other bovinae species was found in the NRAP gene. 
Interestingly, the same amino acid change observed in the 
Yakut cattle was observed in the vast majority of mammals 
that enter either torpor or hibernation suggesting that this 
gene, expressed exclusively in the heart and skeletal 
muscles could be related to mechanisms of slowing 
metabolism in the Yakut cattle during the cold winter 
months. This an important step toward revealing the history, 
and signatures adaptation within the native Russian cattle 
made to facilitate application of genomic technologies to 
improve breeding procedures and to increase the 
effectiveness of genomic selection for livestock in Russia.
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Abstract — The maternally inherited bacterial 
endosymbiont of arthropods Wolbachia is deeply integrated 
into the biology of its host and can be regarded as a component 
of the host cell. There is evidence that Wolbachia contributes to 
the fitness of the host species, including the increase in heat 
stress resistance and resistance to viral infections. However, the 
exact mechanisms of this contribution, as well as Wolbachia-host 
interactions in total, remain largely unclear. In order to study 
these mechanisms we composed several Drosophila 
melanogaster lineages with the same nuclear background (wild 
type Bi90 line) and different Wolbachia genotypes in cytoplasm. 
Here we showed that the symbiont did not effect on host insect 
heat stress resistance and fertility with the exception of two 
unique Wolbachia strains: the well-known pathogenic wMelPop
strain and first discovered here wMelPlus.

Keywords —Wolbachia, Drosophila melanogaster, Heat 
stress, Stress resistance, Juvenile hormone, Fecundity.

Introduction 
The Wolbachia pipientis is a intracellular α-

proteobacterium, which is found in 40% of terrestrial 
arthropods and is one of the most common prokaryotic 
invertebrate symbionts [1]. Wolbachia is transmitted 
maternally and can manipulate the reproductive system of the 
host in order to promote its spread in the host population [2]. 
At the same time, the infection with Wolbachia can be useful 
for the host [3, 4]. Differences in phenotypic manifestations of 
infection can be associated with peculiarities of the host 
organism physiology, including the processes of endocrine 
regulation of the growth, development, and adaptation [4–6]. 
However, the mechanisms underlying Wolbachia–host 
interactions, as well as mechanisms by which Wolbachia
promotes the host organism adaptation, remain poorly 
understood.

According to the phylogeny reconstruction of full genome 
sequences, the symbiont diversity in D. melanogaster includes 
the IVI and VIII clades [7, 8]. In terms of polymorphism of 
certain genome markers the six genotypes were revealed, i.e. 
wMel, wMel2, wMel3, wMel4, wMelCS, wMelCS2 [9, 10]. 
Regarding the Wolbachia effect or its source (fly stock), 
several strains were investigated but one of them, wMelPop,
is the most interesting, especially in our discourse. Wolbachia
diversity can be reduced to unique, monophelytic wMel strain 
[11–13], which can be divided into several genotypes. The 
wMel genotype includes I-V and VIII clades and is the most 
widespread [7, 9, 14]. The wMel2 genotype belongs to VIII 

clade, wMel4 – to III clade, wMelCS and wMelCS2 belong to 
VI clade [7-9, 14]. wMelPop strain is a variant of wMelCS
genotype, which is a virulent Wolbachia variant that over-
replicates massively and shortens the lifespan of its fruit fly 
host. [15]. wMelPop is, hence, an exceptional vertically 
transmitted symbiont [16]. Here, we found the another unique 
Wolbachia strain crucially altering the host fitness but "with 
an plus sign" – increasing it. 

Results and discussion
To study the effects of various Wolbachia genotypes on D. 

melanogaster fitness, we have created a study system that 
consists of five conplastic lineages carrying the nuclear 
background of one wild-type lineage, Bi90, and cytoplasmic 
backgrounds with wMel, wMel2, wMel4, wMelCS and 
wMelPop genotype variants of Wolbachia [17]. Bi90 strain 
was established from wild-caught female of “Bishkek 2004” 
population and interbred for more than 300 generations, 
thereby it could be considered a nearly isogenic line. This 
strain was earlier characterized by Wolbachia infection 
(wMel) [9, 18, 19]. One pair of flies from Bi90 strain was 
isolated to get Bi90 branch, which was treated with 
tetracycline for 3 generations to make Wolbachia-free Bi90T
strain [4, 14] and was further used in making conplastic strains 
and as a control in experiments. Wolbachia donor strains were 
also characterized for infection (wMel2, wMel4, wMelPop and 
wMelCS) [9, 10, 20]. Two independent runs were performed 
to make each conplastic strain, and finally two strains of 
‘certain Wolbachia’-cytoplasmic/Bi90 nuclear background 
were created. 

We demonstrated that two of five investigated Wolbachia
variants promote changes in Drosophila heat stress resistance 
[17]. What is especially interesting, wMelCS genotype of 
Wolbachia increases stress resistance, whereas wMelPop
strain decreases it. wMel, wMel2 and wMel4 genotypes of 
Wolbachia do not show any effect on the survival under heat 
stress [17]. 

We also found out that the type of Wolbachia infection 
determines the effect on Drosophila melanogaster fecundity 
[21]. The wMelCS genotype of Wolbachia decreases egg 
production in infected D. melanogaster females in the 
beginning of oviposition and increases it later (from the sixth 
day after eclosion), whereas the wMelPop Wolbachia strain 
causes the opposite effect. wMel, wMel2 and wMel4
genotypes of Wolbachia do not show any effect on this trait 
compared with uninfected Bi90 D. melanogaster females [21]. 
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Thus, we found out that wMelCS genotype looks like 
“antipode” to wMelPop strain. We wondered if these 
characteristics were typical to wMelCS genotype on the 
whole, or we had run into a unique strain similar to wMelPop
only “with a plus sign”. To clarify this question we created six 
more conplastic lineages carrying the Bi90 nuclear 
background and cytoplasmic backgrounds with wMelCS
genotype of Wolbachia of different origins. 

Testing the viability under heat stress in these lineages 
carrying different wMelCS strains we showed that the one 
studied previously is truly unique: no other strain of wMelCS
genotype under study showed any effect on survival under 
heat stress. So we named this unique Wolbachia wMelCS
strain wMelPlus.

Conclusions
Based on the data obtained, we can conclude that in the 

vast majority of cases the Wolbachia endosymbiont does not 
affect the fitness of host insect in general. However, a bacteria 
variant that sharply increases or decreases host fitness can 
appear as a result of mutation.
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Abstract — The order Acipenseridae is a very interesting 
group for evolutionary genetics: all species have unique 
morphology, inter-specific hybrids are widely occurring and 
there are variations between species in ploidy levels. Most 
acipenserids are endangered due to poaching and special efforts 
are required for the maintenance of natural populations. The 
genetic studies of acipenserids are still limited, although these 
are needed for successful farming. ITS – is the DNA spacer 
located between the small subunit and large subunit rRNA 
genes. The genes encoding ribosomal RNAs are located one after 
another in tandem and are repeated several hundred times, so 
we use new generation sequencing to estimate the frequency of 
occurrence of SNPs in the genome of one organism. ITS1 and 
ITS2 are used as phylogenetic markers to study the relationships 
between highly diverged taxonomic groups [1]. Despite high 
interest to different sturgeon species, acipenserid ITS1 and ITS2 
sequences are missing in the GenBank depository, and most 
sturgeon population studies are performed using mitochondrial 
markers. Here we study the structure of ITS1 and ITS2 in 
several sturgeon species and demonstrate efficiency of these 
nuclear markers for species identification and interspecific 
hybrids confirmation.

Keywords — acipenser, phylogenetic markers, ITS, NGS, 
polyploidy, interspecific hybrids.

Motivation and aim

Motivation
ITS1 and ITS2 are phylogenetic markers, widely used for 

many species of animals, plants, fungi and bacteria, but these 
important nuclear markers have never been applied for 
sturgeons. As stugreons are paleopolyploids, their 
microsatellite analysis is complicated, and mitochondrial 
markers characterize only maternal lineages.

Aim
Here we study the structure of ITS1 and ITS2 in Acipenser 
baerii, A. ruthenus and identify SNPs specific to different 
species and their populations. Besides, we demonstrate that 
this nuclear marker facilitates identification of interspecific 
hybrids.

Methods
Primers for PCR amplification of sturgeon ITS1 and ITS2 

were designed using genome sequence of A.ruthenus.
Obtained PCR products from 21 individual were then 
sequenced on the Illumina platform. Raw sequencing data 
were preprocessed using custom pipeline followed by variant 
calling by Samtools.

Results
We generated consensus sequences of ITS1 and ITS2 for 
sturgeon species: A.baerii and A.ruthenus. We found six 
single nucleotide substitutions differentiating these two 
sturgeon species. We sequenced ITS1 and ITS2 of 
interspecific hybrids between A.baerii and A.ruthenus, and 
found that indeed there were SNPs in the sequence 
characteristic for both ITS1 and ITS2. Based on NGS data 
analysis, we demonstrated that A.ruthenus specific SNPs 
were represented in around 33% reads, while A.baerii
specific SNPs were found in 67%, which corresponds to firgt 
generation hybrids subgenome ratio (as Siberian sturgeon 
genome is twice as large as sterlet genome) (Table 1).

Table 1. The mean frequency of variant occurrence in the reads for all 
samples characteristic of ITS1 and ITS2 SNPs in two species of sturgeons 
and their hybrids
Species, 
number of 
individuals 

A. baerii*,

n=7

A. ruthenus*,

n=11

A.baerii+A.ruthenus,
n=3

number of 
chromosomes

240 120 120+60

ITS1 1934 G(0,974) A(0,025) G(0,005) A(0,995) G(0,668) A(0,332)

2454 T(0,974) C(0,025) T(0,021) C(0,979) T(0,682) C(0,318)

ITS2 2898 T(0,747) C(0,253) T(0,002) C(0,998) T(0,481) C(0,519)

2917 C(0,972) T(0,028) C(0,002) T(0,998) C(0,655) T(0,345)

3065 T(0,952) C(0,048) T(0,002) C(0,998) T(0,579) C(0,421)

3103 T(0,970) C(0,030) T(0,042) C(0,958) T(0,625) C(0,375)

*-reference allels for A.baerii and A.ruthenus are in bold. Allels from both 
parental species were detected in hybrids.
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Abstract — Mitochondrial DNA encodes 13 subunits of 
mitochondrial respiratory chain complexes. There is high mtDNA 
variability in human populations, and substantial part of it is 
regional specific. It is hypothesized that mtDNA common variants 
can be adaptive and have some effect on the mitochondrial 
function. MT-ATP6 gene is particularly variable in human 
populations in regard of missense polymorphisms. We have 
analyzed MT-ATP6 missense substitutions in the mtDNA 
haplogroups which are common for Northern Asia (Siberia).
Representatives of mitochondrial haplogroups A, D4, C4, C5, Z, 
and L (the latter as an example of a "Southern" haplogroup) were 
selected from the GenBank collection of whole human mtDNA 
sequences, and amino acid sequences encoded by ATP6 were 
analyzed. We show that amino acid variability in the ATP6 
depends on the substitutions in the roots of these haplogroups. In 
particular, Ala59Thr in combination with His90Tyr substitution 
(haplogroup A) are associated with a number of polymorphic 
amino acids in the first 60 positions of ATP6, whereas ancestral 
Ala59 variant (haplogroup D), either alone or in the combination 
with Ala20Thr substitution (haplogroups C4, C5, and Z), seems to 
have "suppressing" effect on the variability in this region. 
Comparison of the estimated "coupling values" (which reflect 
associations between amino acids in the protein) between each of 
these three positions and all amino acid positions in the 1-59 region 
has revealed that mean coupling values were comparatively higher 
for the position 20, lower for the position 59, and the lowest for the 
position 90 (p=0.0002). In contrast, for the missense substitutions 
which actually have occurred in these haplogroups, the mean 
coupling values were close to 0 at all three positions. Our results 
demonstrate possible epistatic effect of the haplogroup-defining 
missense variants in the mtDNA encoded protein.

Keywords — mitochondrial DNA, molecular phylogeny, 
adaptation

Introduction 
Mitochondrial DNA (mtDNA) is widely used in the 

population and evolutionary genetics, due to its uniparental 
inheritance and high mutation rate. In human populations, 
mtDNA variation has been extensively studied, and detailed 
intraspecific phylogeny was reconstructed and is available 
online [1]. All mtDNA haplotypes can be classified as belonging 
to different haplogroups which share common nucleotide 
substitutions. Along with silent and non-coding substitutions, 
these haplogroup-specific polymorphisms include amino acid 
changes in mtDNA-encoded subunits of mitochondrial 
respiratory chain complexes, as well as nucleotide substitutions 
in the mitochondrial rRNA and tRNA genes. Additional 
polymorphisms occur at the terminal branches of the tree. 
MtDNA variation has substantial geographic differentiation, so 
that main branches of the tree are continent-specific. It was 
proposed that not the genetic drift alone, but natural selection as 
well could contribute into the global distribution of the mtDNA 
variation [2], and that some mtDNA haplogroups might have 
slightly increased or decreased respiratory chain efficiency, 
contributing to the adaptation to climate and/or food sources [3]. 

It is possible that the sequential accumulation of mutations
along the mtDNA molecule in the course of human 
microevolution is not random, because of interactive and 
cumulative effects of several mutations, but such effects are 
difficult to estimate. The aim of our study was to search for 
possible patterns of amino acid replacements in the human 
mtDNA phylogeny, using the MT-ATP6 gene as an example.

Mеthods
For the analysis of the intraspecific phylogeny of human 

mtDNA, a data set was generated which contains all complete 
human mitochondrial genome sequences (48935 sequences) 
available in the NCBI Nucleotide database. These sequences 
were aligned to the rCRS reference sequence using bwa bwasw, 
and then a list of substitutions was obtained from the sequences. 
The detected substitutions were used for verification of the 
haplogroup using HaploGrep [4]. Sequences with low 
confidence of haplogroup affiliation (less than 0.9) were 
excluded from the analysis. Then, several haplogroups were 
chosen which had experienced expansion in Northeastern 
Eurasia (A, D4, C4, C5, Z), as well as one “Southern” 
haplogroup L3 which had expansion in Africa. For these 
haplogroups, amino acid sequences for ATP6 were translated 
from the DNA sequence data. List of amino acid replacements 
and their conservation indices and MutPred values were 
obtained using MtPhyl program [5]. In addition, estimates of 
mtDNA selection scores [6] and coupling values for amino acid 
pairs [7] were analyzed. Statistical comparisons were performed 
in the Statistica 8.0 package (StatSoft Inc.).

Results 
ATP6 protein consists of 226 amino acids. The number of 

polymorphic amino acid positions in the studied data set was 51.
Almost all sequences in all haplogroups have the “Thr112Ala”
substitution (A8860G), where Alanine is in fact ancestral state, 
because the reference sequence (rCRS) belongs to the 
haplogroup H2a2a which has Ala112Thr substitution. Also, all 
haplogroups except of the haplogroup A have Thr59Ala 
substitution (A8701G), again with Alanine being the ancestral 
allele (the Ala59Thr change had occurred in the 
macrohaplogroup N, from which macrogaplogroup R
originated, including H2a2 with the rCRS). Haplogroups C4, 
C5, Z, D4 belong to the macrogaplogroup M, which originated 
directly from L3 (the root for non-African haplogroups), therefore 
they also have this difference from the reference sequence. 
Haplogroup A belongs to N, so it has threonine in this position.
However, almost all haplotypes of haplogroup A have a different 
substitution in the same part of the protein sequence, His90Tyr 
(C8794T). Representatives of the M branches (C4, C5, Z – all 
belonging to the M8 cluster) have another replacement in the N-
terminus of ATP6 – Ala20Thr (G8584A).

The total number of polymorphic positions in each 
haplogroup should depend on its age and prevalence: the 
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probability of amino acid change is higher in the older and more 
abundant haplogroups, regardless of their adaptive significance. 
In the analyzed data set, haplogroup D4 was the most variable, 
with the coalescence time of about 26 thousand years, [8] and 
the number of the analyzed sequences (1323) was the largest. 
Analysis of the haplogroup D4 revealed 24 polymorphic amino 
acids. The coalescence time of haplotypes of haplogroup L3b 
was 12-15 thousands years ago [9], and for this cluster, 11 
polymorphic positions were observed. The least variability in 
our dataset was demonstrated for the haplogroups Z and C5, 
with the coalescence time estimated as 16.5 and 20 thousand 
years ago [8], and the number of analyzed haplotypes is 175 and 
120, respectively. Only one polymorphic amino acid was 
detected in haplogroup C5 (in addition to Ala20Thr), and in 
haplogroup Z there were 7 polymorphic amino acids. From the 
other side, the coalescence time for both haplogroups A (n=697) 
and C4 (n=570), was estimated at about 21 thousand years [8, 
10], but there was significant difference in amino acid ATP6 
variability: 22 polymorphic amino acids (in addition to 
His90Tyr) in the haplogroup A and only 4 (in addition to 
Ala20Thr) in the haplogroup C4. So, there is decreased protein 
variation in the haplogroup C4, versus the increased variability 
in the haplogroup A, despite similar age and prevalence.

When considering the pattern of the ATP6 amino acid 
sequence polymorphism in the studied haplogroups, it can be 
noted that the presence of threonine at position 59 (haplogroup 
A) compared with alanine (the remaining halpogroups) is 
associated with an increase in variability in the N-terminal part 
of the protein: in the region from position 1 to 59, there are 11 
polymorphic amino acids in haplogroup A, compared to 6 in 
haplogroup D and 3 in haplogroup C4. It should be noted, 
however, that all C4 representatives in this area have a 
replacement Ala20Thr (occurred at the root of M8 haplogroup 
which encompasses the haplogroup C). The explanation for the 
observed picture may be the adaptive effect of the Ala59Thr 
substitution, which weakens the pressure of negative selection. 
Another explanation could be interaction of this amino acid with 
the N-terminal part of the protein, i.e. the epistatic effect of
substitution in this position. An indirect assessment of epistatic 
effects can be given by the method of analysis of interactions 
published in [7]. In that study, based on a comparative analysis, 
data on the “coupling values” between amino acids at various
positions for several thousands known proteins, including the 
sixth subunit of ATP synthase, were calculated, and the results 
have been made publicly available. It was assumed that in the 
absence of interaction between amino acids, the average value 
of this index should be close to zero. Using these data, we 
selected and compared the calculated estimates of the coupling 
values of positions 20, 59, and 90 (where haplogroup-specific 
amino acid substitutions occurred in the studied haplogroups) 
with all amino acids in the N-terminal part of the protein where 
we found haplogroup-specific variability (i.e. amino acids 16-
58). The analysis of variance revealed statistically significant 
differences in the average coupling values between the three 
positions (p = 0,0002). Maximum average coupling value was 
estimated for the amino acid at the position 20, the intermediate 
value for the position 59, and the minimum for the position 90 
(Fig.1). In contrast, mean coupling values for the positions 20, 
59, 90 and actually occurred polymorphic amino acids did not 
differ from 0. Thus, the results suggest possible effect of the 
amino acid changes at the root of a haplogroup on the further 
protein variability. However, this question requires further 
research - in particular, a more complete analysis of other 
mtDNA haplogroups would allow to determine whether the 
detected association of threonine 59 with higher variability in 

the N-terminal part of the protein is preserved in the branches of 
N and R macrohaplogroups. In general, the high number of 
polymorphic positions in the ATP6 gene in the “northern” 
haplogroups D and A is consistent with the previously described 
phenomenon of high amino acid variability of ATP6 in the 
northern latitudes [2, 11]. The relatively low variability in the 
haplogroups C and Z can be associated with the presumable 
effect of the Ala20Thr substitution. 

Fig. 1. Mean coupling values for the amino acids 20, 59, and 90 with the 
amino acids 16-58 in ATP6.
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Abstract — In this project, we use aligned mitochondrial 
genomes (353 species, 40 families, 13 genes) to test the 
hypothesis that, with a decrease in body weight, the rate of 
evolution will be faster due to very neutral substitutions, and 
with an increase in body weight there will be an increase in 
the rate of evolution overdue to more radical substitutions. 
Keywords— mitochondrial DNA, mammalians, evolution rate

Introduction 
The ecological properties of species drive different 

patterns of molecular evolution. Numerous associations of 
ecological and genetic traits are especially well known for 
mammalian species - which are well characterized 
ecologically and deeply sequenced. It is known, for 
example, that small-bodied short-lived (hereafter ‘mice’) 
mammalian species have a higher rate of neutral evolution 
(i.e. accumulation of synonymous substitutions per the unit 
of time) as compared to large-bodied long-lived (hereafter 
‘elephants’) species [1]. Most likely this effect is driven by 
the different number of DNA replications of germ cells per 
unit of time (higher in mice versus elephants). Also, it is 
known that slightly-deleterious variants, opposite to the 
neutral mutations, tend to accumulate faster in elephants 
versus mice because of their lower effective population size 
which leads to stronger genetic drift. Interestingly, both 
these most common categories of mutations (neutral and 
slightly-deleterious) together very often lead to an 
approximately constant rate of molecular evolution: mice 
accumulate numerous neutral (or close to neutral) 
substitutions, while elephants accumulate more rarer and 
more deleterious variants. Here we use mitochondrial 
genomes to test the hypothesis that in physicochemical 
space “mice walk with many little steps while elephants 
with a few big ones”. 

Methods
Mitochondrial genes, which we used in this project allow 
us to analyze hundreds of mammalian species with a 
complete sequenced mtDNA and hundreds of species with 
at least 10 available within-species sequences. We plan to 
find a physicochemical metrics of mtDNA evolution to 
describe and analyze mice-specific and elephant-specific 
patterns of amino-acid substitutions.

Using codon alignment of mitochondrial genes (353 
species, 40 families, 13 genes) we generated all possible 
trios of species within each family. For each species from 

each trio, we obtained generation length as the main 
ecological factor, associated with effective population size. 
The approach is based on the relative ratio test [2]: we
compare two species B and C with different generation 
length. If species B is more long-lived as compared to 
species C we expect that the rate of neutral evolution will be 
decreased during the B-specific evolution, while the rate of 
accumulation of slightly-deleterious variants will be 
increased. To test it we use an outgroup species A to analyze 
the pattern of evolution between A-B and A-C. Finally, we 
work with different outgroups for each pair of species to 
demonstrate the robustness of the observed effects.
Additionally to comparative species scale, we analyze 
genetic polymorphisms in all mammalian species with 
sequenced al least 10 different organisms. We expect, that 
populations of large-bodied mammals would demonstrate 
an increased frequency of slightly-deleterious variants, 
segregating within the population.

Results 
Our pilot results from comparative-species scale 

demonstrate the expected trend: long-lived species tend to 
accumulate more distant amino-acid substitutions 
(estimated as increased average Grantham distance of the 
amino-acid substitutions) as compared to short-lived 
species. Currently, we use additional properties of amino-
acids to find a physicochemical signature of substitutions 
typical for shortlived versus long-lived species. Our pilot 
results from the intra-species scale also demonstrate 
expected results: an increased frequency of more deleterious 
(more biochemically distant) variants segregating in the 
long-lived species.

Discussion 
Both results emphasize relaxed purifying selection in 

long-lived species because of their low effective population 
size. Future analyses will uncover a more detail signature of 
amino-acid substitutions patterns in mammalian species 
with different generation lengths. 
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Abstract — Metagenomic analysis is a powerful tool for 
discovery of novel microbial taxa. Here we report reconstruction 
of several archaeal metagenome assembled genomes (arMAGs) 
belonging to uncultivated lineages of Euryarchaeota and 
DPANN superphylum.

Keywords — extremophiles, acidophiles, archaea, 
metagenomics.

MOTIVATION AND AIM

Motivation
Extremophilic microbial communities represent an 

inexhaustible source of novel microbial lineages, enzymes, 
mechanisms of adaptation and evolution. Recent advances in 
metagenomic analysis techniques allow us the direct analysis 
of uncultured extremophiles’ genomes and predict their
ecological niches and metabolic characteristics.

Aim
Our recent work based on NGS metabarcoding techniques 

revealed prevalence of Euryarchaeota and presence of 
DPANN archaea in the acidophilic microbial community of 
Parys Mountain mine (Anglesey Island, UK) [1]. In this study 
we aimed to acquire genomic sequences of representatives of 
earlier detected taxa.

Methods
Metagenomic analysis of acidic mine drainage (AMD) 

sediment samples was performed as described previously [2]. 
Metagenomic bins were formed using YAMB [3]. 
Completeness and contamination of bins were assessed using 
CheckM [4]. MAG quality score was calculated as genome 
completeness - 5 · genome contamination [5]. MAGs were 
annotated using RAST web-server with RASTtk pipeline [6]. 
Preliminary taxonomic assignment of MAGs was performed 
by aligning 16S rRNA gene sequences against NCBI nr/nt and 
SILVA reference databases. Multilocus phylogenetic analysis 
was performed using EPhIMM tool 
(http://github.com/laxeye/EPhIMM/) with a subset of single 
copy conserved archaeal genes [4]. Average nucleotide 
identity (ANI) was calculated using ani.rb script 
(https://github.com/lmrodriguezr/enveomics/). Functional 

annotation was made using KAAS server [7], metabolic 
pathways mapping was made using KEG Mapper [8].

Results
Of 31 reconstructed metagenomic bins eight bins were 

assigned to Archaea. Six of reconstructed archaeal bins 
satisfied the high quality MAG criterion – quality score > 50 
[5]. Four of identified MAGs were closely related to 
previously reported ‘Ca. Parvarchaeum acidophilus’ 
ARMAN-5 [9], Cuniculiplasma divulgatum [10], ‘Ca. 
Mancarchaeum acidiphilum’ Mia14 [1], and 
Thermoplasmatales archaeon E-plasma [11] (bin-24, bin-28, 
bin-31 and bin-r-1, respectively). The other two MAGs show 
significant remoteness from known genome and MAG 
sequences on the basis of phylogenetic analysis we could say 
about relatedness of bin-5 to ‘Terrestrial Miscellaneous 
Euryarchaeal Group’ and place bin-30 into cluster with 
Cuniculiplasma divulgatum and several uncultured 
Thermoplasmatales archaea such as UBA582 and E-plasma. 

TABLE 1. CHARACTERISTICS OF HIGH QUALITY ARCHAEAL MAGS

ID MAG 
size, 
Mbp

MAG 
quality 
score

Nearest cultivable archaea 
(16S identity, %)

Nearest 
genome/MAG 

(ANI, %)

bin-r-1 1.7 88.75 Cuniculiplasma divulgatum
strain S5 (93.06)

Thermoplasmatales
archaeon E-plasma 

(98.96)

bin-5 1.8 78.4 Methanomassiliicoccus 
luminyensis B10 (83.15)

-

bin-24 0.8 67.33 Methanococcus aeolicus str. 
Nankai-3 (74.63)

‘Ca. Parvarchaeum 
acidophilus’ 

ARMAN-5 (99.21)

bin-28 1.9 92.28 Cuniculiplasma divulgatum
strain PM4 (100)

Cuniculiplasma 
divulgatum strain 

PM4 (99.80)

bin-30 2.3 93.08 Cuniculiplasma divulgatum
strain PM4 (94.85)

-

bin-31 0.9 82.4 ‘Ca. Mancarchaeum 
acidiphilum’ Mia14 (100)

‘Ca. Mancarchaeum 
acidiphilum’ Mia14 

(99,99)
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Abstract – Here we compare the number and expression 
profiles of HSP-coding genes in larvae of Chironomidae family 
(Diptera), who are known for their ability to successfully combat 
abiotic stresses using wide range of behavioral, morphological 
and biochemical features. In order to perform comparative 
studies we sequenced and assembled genomes of 4 chironomids 
from different habitats and also sequenced whole-genome RNA 
of their larvae in control and stressed conditions. It was shown 
that compact genome sizes (up to 200 Mb) are typical for 
Chironomidae, while changes in size of a genome are mediated 
by elongation and shortening of introns length, as well as by 
changes in quantity and content of dispersed repeats. For all 
extremophile species under consideration species-specific gene 
expansion accompanied by formation of compact clusters in a 
genome was detected. The most amplitudinous reaction towards 
abiotic stress (desiccation) was shown by anhydrobiotic species 
Polypedilum vanderplanki (Africa). As for HSP-coding genes, it 
was noticed that genes of HSP20 and HSP70 show the most 
dramatic and universal up-regulation of expression in response 
to abiotic stress, while genes of chaperonins (HSP60) tend to be 
up-regulated in response to desiccation, but not to heat shock. 
But the most surprising notion was linked to acid-tolerant 
species Polipedilum cf. tamanigrum (Japan), because none of 
HSP-coding genes in this species showed statistically significant 
up-regulation, what may be explained by absence of special 
regulatory sequence – heat shock element (HSE) in their 
promotor regions.

Keywords – Chironomidae, stress exposure, heat shock 
proteins, desiccation, genome assembly, transcriptomics

Motivation and aim

Motivation
Most abiotic stresses – such as elevated temperature, 

desiccation or chemical stress – lead to denaturation and 
aggregation of wrongly folded proteins. In order to protect 
their proteins from aggregation and non-native folding, all 
living systems use wide range of molecular chaperones, 
including heat shock proteins (HSPs) which present the largest 
and the most evolutionary conservative class of such 
chaperones [1]. The regulation of HSPs-coding genes in 
eukaryotes is performed by specific family of transcription 
factors – heat shock factors (HSFs), which bind to special 
regulatory sequence – heat shock element (HSE) in the 
promotor region of a target gene. Until recently the most well 
studied aspects of HSP system and its role in adaptation 
among Diptera belonged to the model genus Drosophila, 
whose species differ by the level of thermal adaptation and 
thus can be a convenient object for studying adaptations to 
elevated temperatures. However, it’s well known that HSPs 

take part in the reaction towards wide range of abiotic stresses 
– not only to heat shock itself. Taken this into account, it could 
be interesting to compare features of quantitative composition, 
genome location and expression patterns of HSPs-coding 
genes in species, which are remote enough from each other to 
the evolutionary and geographic point of view, but united by 
habitation in ecological niches, linked to different extreme 
impacts. To this point of view the Chironomidae (non-biting 
midges) is considered to be one of the most perspective family 
of Diptera, because many of its species during their larval 
stage of development face need to vitality preservation in 
different extreme and unstable conditions, for what they use 
specific behavioral, physiologic and molecular-genetic 
adaptations [2].

Aim 
The development of DNA and RNA sequencing 

technologies opens up broad prospects for studying features 
of extremophiles lives on the whole-genome level. Using 
bioinformatic methods of comparative genomics and 
transcriptomics one can find new genes, predict their functions 
and study changes of expression during adaptations to extreme 
conditions. Taking this into account, the aim of the given 
study was to compare the structure of de-novo assembled 
genomes of extremophile nonbiting midges and to 
characterize HSP-coding genes and their expression under 
abiotic stresses.

Methods
In the given research three draft genome assemblies of 

extremophile Chironomidae species were performed. In order 
to investigate changes in expression levels of HSPs-coding 
genes we also sequenced RNA of larvae in different stress 
conditions – heat shock and desiccation for Australian larvae 
of Paraborniella tonnoiri, heat shock for Russian larvae of 
«Orthocladiinae acuticauda» and heat shock and ion stress 
(exposition in fresh water) for acid-tolerant larvae of 
Polypedilum cf. tamanigrum from Japan. We also performed 
brand new variant of genome assembly for unique 
anhydrobiotic African species Polypedilum vanderplanki by 
sequencing DNA of Pv11 cell line, derived from embryonic 
mass of the insect [3]. For differential expression analysis of 
genes of P. vanderplanki we used earlier sequenced libraries, 
which reflect desiccation-rehydration cycle of its larvae [4]. 
For orthogroups searching we used all predicted aminoacid 
sequences of species under consideration as well as proteins 
for 6 other Diptera.
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Results
It was found that in genomes of species, which occupy 

similar ecological niches, even if they are remote from each 
other geographically and evolutionary, specific orthogroups, 
which are either totally unique for the species or have 
significant increase in copy number, can be found. This 
observation becomes clearer in case of species, which face 
desiccation in natural habitats, even despite the differences in 
their physiological, morphological and behavioral 
adaptations. Thus, a presence of convergent evolutionary 
changes in genome structure as a result of colonization of new 
ecological niches, extreme environments of which led to 
appearance of similar molecular-genetic adaptations could be 
suggested. Another typical trait of genome structure of 
extremophile chironomids is compact clusters of paralogous 
genes, whose expression simultaneously increases after 
exposure to stress. Among the most obvious examples of this 
observation there are genes, coding for cysteine-rich secretory 
proteins of CRISP family in «Orthocladiinae acuticauda» 
genome (12 gene copies against maximum 4 in other genomes 
including model Diptera). The compact cluster structures in a 
genome are also typical for some genes, coding for small 
HSPs. In contrast to high-molecular HSPs, the number of 
these genes differs between species: from 10 copies for P. cf. 
tamanigrum till 15 copies for P. vanderplanki. It was shown 
that each extremophile species (except for P. cf. tamanigrum)
has its own specific cluster with expansion of gene copies, and 
exactly these species-specific genes show sharp increase of 
expression after stress. This allows suggesting that the 
adaptation to extreme environments by using small HSPs 
walked the path of gene expansion as well as regulation. 
Among all HSPs-coding genes those corresponding to low-
molecular HSP and HSP70 families showed the most dramatic
and universal up-regulation of expression in response to 
abiotic stresses. In contrast to other extremophile species, in 
case of desiccation-tolerant midge P. vanderplanki we noted 
up-regulation of almost each HSP-coding gene (except for 

some low-molecular HSPs). Chaperonins (HSP60 family) 
were specifically up-regulated in case of desiccation, but not 
after heat shock. But the most surprising observation was 
linked to acid-tolerant species P. cf. tamanigrum which 
showed significant up-regulation of HSPs-coding genes 
neither after heat shock nor after ion stress. In order to find a 
possible reason of this notion we performed motif enrichment 
analysis in supposed promotor regions of HSPs-coding genes, 
taking 500 random genes of each genome as a control group.
As a result we found statistically significant enrichment of 
motifs, similar to Drosophila’s HSE for genomes of 
«Orthocladiinae acuticauda», Paraborniella tonnoiri and 
Polypedilum vanderplanki, but no enrichment for 
Polypedilum cf. tamanigrum. Thus we could make a 
conclusion that all HSP system is not involved in reaction to 
heat shock in P. cf. tamanigrum, though for the present it is 
not clear, how such conservative mechanism of regulation 
could have been broken. 
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Abstract — the bacteriophage AP300 infecting 
Sinorhizobium meliloti was isolated from soil sample from
mountainous region of Dagestan, which belongs to the Caucasus 
Center for Legume Variety in the frame of the grant RSF 17-16-
01095. The AP300 genome was annotated and its similarity to 
bacteriophage vB MloP_Lo5R7ANS (NC_025431; Podoviridae
family) infecting Mesorhizobium loti strains was revealed. In the 
chromosomes of 4 strains of Sinorhizobium meliloti isolated in 
geographically different regions from soils and nodules of alfalfa 
plants, intact vB MloP_Lo5R7ANS-like prophages were 
detected. The 46.39-57.14% ORFs of AP300 and 4 prophages 
were homologous to ORFs of vB MloP_Lo5R7ANS. The 18 
ORFs from mentioned above ORFs were identified in all studied 
sequences and they were similar to those in vB 
MloP_Lo5R7ANS. The other 7.22-15.79% ORFs were 
homologous to other phages. ORFs encoding virion 
components: head, capsid, tail, virion, integrase were detected 
in soil bacteriophage AP300 and in all studied prophages 
determined in rhizobia symbionts of alfalfa.

Keywords — bacteriophage, prophage, root nodule bacteria, 
tail tubular protein A, comparative genomic research.

Motivation and aim

Motivation
Bacteriophages are genetically diverse biological objects 

which are abandoned on the Earth, occurring on average 1 * 
1031 particles [1]. Bacteriophages can cause lytic infection, 
accompanied by reprogramming of the host metabolism, 
destruction of the host cell, or can integrate into the bacterial 
chromosome in the result of lysogenic infection and 
transmitted to future generations [2, 3]. It was shown that 
phages can significantly reduce the number of strains in soil 
microbiomes as well as in rhizosphere of legume host plant, 
and affect on the cultural or symbiotic properties of 
rhizobia [4].

The specificity of phage infection toward bacterial cell is 
related to tail proteins of the bacteriophage. For example, in 
vB MloP_Lo5R7ANS the three types of tail proteins involved 
in the bacterial infection mechanism were annotated. They are 

tail tubular A protein (TTPA), tail tubular B protein (TTPB), 
and tail fiber protein (TFP). The latest protein is responsible 
for recognizing host membrane receptors and for initiating the 
infection process. The TTPA is a structural protein that is 
located in the tail of the bacteriophage. It plays an important 
role in phage adhesion on bacterial cell wall, which is a 
prerequisite for host infection. For TTP A and B, 
depolymerization activity in relation to exopolysaccharides 
of bacteria capsule was shown [6].

For Sinorizobium bacteriophages or prophages 
comparative genomic research and annotation of common 
specific proteins have not been carried out before.

Aim 
The aim of the study was a comparative genomic research 

of prophages identified in native isolates and phages 
recovered from soil in order to search common sequences 
related phage adhesion and infection.

Methods
A pure culture of the bacteriophage Sinorhizobium meliloti

AP300 was obtained by the Adam’s double-layer agar method 
from a phagolysate obtained from the soils of the mountainous 
region of Dagestan by S. meliloti L5-30 trap strain.

The genomes of the AT7-2 and Ur106 strains and the 
AP300 bacteriophage were sequenced by short reading 
method (MiSeq, Illumina, USA). Complete genomes of S. 
meliloti strains were sequenced by Nanopore sequencing 
(Oxford Nanopore Technologies, UK). Assembling to circular 
replicons and annotating genomes was performed by 
bioinformatics approaches (SPAdes, denovo assembler Flye, 
Racon and Medaka modules, Pilon software tool, Prokka 
annotation software package for bacteria). Genome sequences 
of strains of S. meliloti RU11 / 001 and AK21 were obtained 
by GenBank (NZ_CP021219.1 and NZ_CP026525.1). 
Prophages were searched on the chromosomes of S. meliloti
strains by Phaster web-server; comparative analysis was 
performed by BLASTn, BLASTp, Prosite, I-TASSER, 
SWISS-MODEL, PDBflex resources. 
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Results
The four prophages were identified in genomes of S. 

meliloti strains isolated from different geographical areas, and 
genome of bacteriophage isolated using alfalfa nodule 
bacteria were screened and sequences homologous to the 
bacteriophage vB MloP_Lo5R7ANS Mesorhizobium loti,
were revealed.

The corresponding sequences identified in AP300 phage 
was shorter (42.8 kb) then genome size of vB 
MloP_Lo5R7ANS (45.7 kb), while homologous sequences in 
prophages were ranged from 44.1 to 60.2 kb.

The GC content was: 61.02% in AP300 and in prophages 
it was ranged from 60.65 to 61.13%, in comparison with 
61.05% of vB_MloP_Lo5R7ANS. The number of ORFs was 
60 for AP-300, while vB_MloP_Lo5R7ANS contained 64. In 
cases of prophages the number of ORFs was varied from 55 
to 97. The AP-300 and vB_MloP_Lo5R7ANS genomes 
carried leucine tRNA, and the sequences of prophages were 
inserted into leucine tRNA in the chromosomes of the strains. 
The 46.39-57.14% ORFs of AP300 and prophages were 
homologous to ORFs of vB MloP_Lo5R7ANS (Evalue <1 * 
10-10). The 18 ORFs were identified in all studied sequences
and similar to those of vB MloP_Lo5R7ANS. The other 7.22-
15.79% ORFs of bacteriophage and prophages were
homologous to other phages (Evalue <1 * 10-14). For the AP300
bacteriophage and three prophages, 19-22 unique ORFs were
detected. The prophage of strain Ur106 had 45 unique ORFss,
due to the copy number of 28 ORFs (from 2 to 5), which
amounted to 46.39% of the ORFs of its entire sequence. In
studied sequences were found ORFs encoding virion
components: head, capsid, tail, virion, integrase, which were
similar to a corresponding set of ORFs in vB
MloP_Lo5R7ANS. In AP300 as well as in sequences of
prophages the enzyme endolysin were annotated, and in case
of prophage of Ur106 the transposase TRm23a was identified.

The analysis of amino acid sequences provided the next 
information that the number of ORFs encoding proteins with 
known functions was varied from 6 to 8 ORFs in studied 
sequences.

In each phage related sequences the tail tubular protein A 
(TTPA) was annotated. A comparative analysis of the amino 
acid sequences of TTPA of moderate bacteriophages and vB 
MloP_Lo5R7ANS was done in silica. The size of TTPA was 
193 a.o. in prophages, and it was 195 a.a. in vB 
MloP_Lo5R7ANS. The level of homology was 57.29% (for 
AP300, and prophages of strains RU11/001, Ur106) (I = 
57.29%, Cov = 98%, Evalue = 4 * 10-78 and 57.81-58.33% 
for prophages of strains AT7-2 and AK21). The amino acid 
sequences of the TTPA proteins of the prophages and AP-300 
lost two amino acid residues: asparagine and serine and had 
up to 88 amino acid substitutions compared to vB 
MloP_Lo5R7ANS.

In total 12 -13 different protein modification sites were 
established for studied sequences. They are: one protein 

glycosylation site in TTPA, 4 protein kinase C 
phosphorylation sites, and 5 type II casein kinase 
phosphorylation sites. It was revealed that TTPA proteins 
identified in prophages can have additional one 
phosphorylation site of protein kinase C or a site of 
modification with myristic acid, or in contract could lose up 
to two phosphorylation sites of casein kinase II and one site of 
PKC phosphorylation.

Analysis of the tertiary structure of TTPA proteins vB 
MloP_Lo5R7ANS and phage related sequences in rhizobia 
strains and in AP300 showed that the closest structural 
homologue is protein A of the tail tubule of the bacteriophage 
KP32 of Klebsiella pneumonia (pdb5MU4) (I = 34-37%, Cov 
= 94-95 %), similarity models 5MU4 and TTPA vB 
MloP_Lo5R7ANS was 54.44%, while in case of prophages it 
was higher and amounted to 56.35, but in prophage of soil 
strain AT7-2 and in bacteriophage AP300 it was 58.19%. 
Thus, we have determine the presence of sequences the 18 
ORFs related to vB MloP_Lo5R7ANS in sequences of 
prophages of all studied strains as well as in temperate 
bacteriophage AP300, while the phage-specific parts in were 
33.3-46.39%. The prophage of strain Ur106 has up to 5 copies 
of one third of the ORFs of its genome. Tail tubular protein A 
in all studied sequences has structural differences from the 
currently known TTPA bacteriophage KP32 Klebsiella 
pneumoniae (pdb5MU4), it has specific sites of post-
translational modification, which can probably determine the 
specificity of interaction with EPS of nodule bacteria of 
alfalfa.
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Abstract — Bcl-2 family protein Bax is involved in 
mechanisms of synaptic plasticity. The induction of long term 
potentiation in hippocampal slices leads to increased Bax 
expression, but the localization of these changes remains 
unclear. Bax immunoreactivity is visually detected mainly in the 
layer of pyramidal neurons and is rarely detected in S100B-
positive glial cells. However, a quantitative assessment of Bax 
colocalization with glial and neuronal markers (S100B and 
NeuN, respectively) showed that although the Bax content in 
S100B-positive glial cells is really low, the Bax neuronal somatic 
pool is not the main source of Bax protein in the hippocampus.

Keywords— hippocampus; Bax; synaptic plasticity

Introduction
Bcl-2 family proteins are the regulators of apoptosis, but 

also have other functions. The Bax protein belonging to this 
family forms a channel in the mitochondrial membrane 
through which, under stressful conditions, cytochrome c exits 
mitochondria to trigger activation of a cascade of proteolytic 
enzymes – caspases, which play, in particular, a key role in 
apoptosis [1]. This mechanism is also involved in the 
formation of glutamate N-methyl-D-aspartate (NMDA) 
receptor-dependent synaptic depression in hippocampal CA1 
field. The low frequency (1 Hz) activation of the Schaffer 
collaterals leads to the limited activation of caspases mediated 
by the Bax protein, which ultimately leads to the 
internalization of glutamate α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors and, thereby, to a 
weakening of synaptic efficiency [2]. Though, during the 
formation of long term potentiation in the synapses of the 
Schaffer collaterals on the pyramidal neurons of the 
hippocampal CA1 field, an increase in Bax expression in the 
CA1 field homogenates is observed [3]. If this increase occurs 
in neurons, this may indicate that the long term potentiation of 
synaptic connections is accompanied by the activation of 
negative feedbacks, creating conditions for limiting growth or 
increasing a predisposition to reduce the effectiveness of 
glutamatergic synapses.

A preliminary analysis of the distribution of Bax in the rat 
hippocampus showed that Bax immunoreactivity is indeed 
visually detected mainly in the layer of pyramidal neurons and 
is rarely detected in S100B-positive glial cells [4]. In the 
present work, a more detailed quantitative assessment of Bax 
colocalization with glial and neuronal markers (S100B and 
NeuN, respectively) was carried out.

Methods
Male Wistar rats (7-9 weeks old) were used in the 

experiments. After decapitation of the animal, the brain was 
placed in cold aerated saline. Immediately after isolation, 
fragments of the hippocampus were placed in 4% paraform. 
Primary anti-S100B and anti-NeuN antibodies from mouse 
and anti-Bax from rabbit, secondary goat anti-mouse IgG-
FITC and anti-rabbit IgG-DyLight594 were used. After 
immunohistochemical processing, hippocampal slices (20 

μm) were examined using a laser scanning microscope LSM 
780, ×20 lens, x/y coordinate resolution 0.83 μm/pixel. When 
analyzing Bax colocalization with cell markers, in each 
histological slice, the data obtained on the four (2 μm interval) 
most representative optical sections were summarized. As a 
minimum estimate of the background fluorescence level, a 
MIN value was taken such that at least 99.99% of the voxels 
in the scan area outside the sample had a fluorescence level 
less than MIN. The colocalization coefficients of Bax with cell 
markers were calculated at threshold Bax levels Ln, which 
were determined as follows:

Ln = MIN + n(MAX – MIN)/8

Here n = 0, 1, ..., 7, and MAX is such that no more than 
0.1% of all voxels in the scan area had a fluorescence level 
greater than MAX. Average values are presented as "mean ± 
standard deviation".

Results
The colocalization coefficient of Bax (the ratio of the 

number of colocalized voxels to the total number of Bax-
positive voxels) with the glial cytoplasmic marker S100B, as 
a rule, did not depend on the threshold Bax level and ranged 
from 0.02 to 0.05. This parameter reached its maximum value 
(0.13) in one of six samples for voxels with a maximum level 
of Bax immunopositivity (at L7 threshold). In all cases, the 
colocalization coefficients were higher than the expected 
random values.

Neuron marker NeuN is expressed primarily in the nuclei 
of neurons. In smaller quantities, it was also present in the 
cytoplasm of somata and proximal dendrites. Although 
visually the degree of colocalization of Bax and the neuronal 
marker NeuN seems rather high, the coefficient of 
colocalization of Bax with NeuN turned out to be small – no
more than 0.3. Moreover, it gradually increased with 
increasing threshold Bax level – from 0.06 ± 0.02 at L0 to 0.16 
± 0.08 at L7. Obviously, the colocalization coefficient of Bax 
with NeuN underestimates the Bax content in neurons. 
Perhaps a significant part of Bax is located in the processes of 
cells, where it exists mainly in the form of small inclusions, 
which are hardly perceived visually. However, although the 
content of Bax in S100B-positive glial cells is low, it cannot 
be ruled out that a significant amount is present in cells of 
other types, for example, in blood vessels.

Conclusion
A visual analysis of the distribution of Bax in the 

hippocampal cells is insufficient to conclude that Bax is 
predominantly neuronal. To analyze cell specificity and 
neuronal activity-dependent dynamics of Bax expression, it 
may be appropriate to use animals with neuron-specific 
cytoplasmic expression of fluorescent markers.

219



Acknowledgment
The histological preparations were examined at the Shared 

Centre for Microscopic Analysis of Biological Objects of the 
Institute of Cytology and Genetics SB RAS, the authors are 
thankful to Dr. S.I. Baiborodin for technical support.

References
[1] J. M. Hardwick and L. Soane, "Multiple functions of BCL-2

family proteins," Cold Spring Harb. Perspect. Biol., vol. 5,
a008722, February 2013.

[2] Z. Li and M. Sheng, "Caspases in synaptic plasticity," Mol. Brain, 
vol. 5, 15, May 2012.

[3] V. O. Pustylnyak, P. D. Lisachev, M. B. Shtark, "Expression of 
p53 target genes in the early phase of long-term potentiation in the 
rat hippocampal CA1 area," Neural Plast., vol. 2015, 242158, 
2015.

[4] P. D. Lisachev and M. B. Shtark, "Long-term potentiation-
associated gene expression: involvement of the tumour protein 
p53," in The Hippocampus – Plasticity and Functions, A. Stuchlik, 
Ed. London: IntechOpen, 2018, pp. 49–64.

220



DOI 10.18699/BGRS/SB-2020-140 `

Conservative mitotic localization and functions of the 
nucleolar RPF2/Non3 protein in human and Drosophila cells

Svetlana V. Maltseva
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk State University

Novosibirsk, Russian Federation

Evgenia S. Omelina
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk, Russian Federation

Julia V. Popova
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk, Russian Federation

Lybov A. Yarinich 
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk State University

Novosibirsk, Russian Federation

Alena V. Razuvaeva
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk, Russian Federation

Anastasia A. Yushkova 
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk State University

Novosibirsk, Russian Federation

Gera A. Pavlova
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk, Russian Federation

Anna A. Ogienko
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk, Russian Federation

Alexey V. Pindyurin
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk, Russian Federation

Evgenia N. Andreyeva
Institute of Molecular and Cellular 

Biology SB RAS,
Novosibirsk, Russian Federation

andreeva@mcb.nsc.ru

Abstract — The nucleolus is a non-membrane nuclear 
organelle playing a crucial role in ribosome biogenesis in 
eukaryotes. Its morphology and function are associated with 
cell growth and proliferation, as well as with cell cycle 
regulation. Besides that, a set of nucleolar proteins are also 
known to be directly involved in mitotic cell division, taking a 
part in the spindle assembly. Among them is the human RRS1 
(Ribosome biogenesis regulator 1 homolog) protein that 
function in complex with RPF2 (Ribosome production factor 
2 homolog) in the ribosome biogenesis pathway. Here, we 
report the characterization of the mitotic localization and 
function of the human RPF2 and its Drosophila ortholog, the 
Non3 (Novel nucleolar protein 3) protein. We demonstrated 
that depletion of RPF2 using siRNA specific to all its splicing 
variants leads to abnormal mitotic chromosome segregation 
in HeLa S3 cells. Similarly, the RNAi-mediated depletion of 
Non3 in Drosophila S2 cells also resulted in mitotic spindle 
defects including those in sister chromatid separation and 
segregation. Thereby, it will be possible to investigate mitotic 
functions of the RPF2 protein in Drosophila model system.

Keywords — nucleolus, RRS1, RPF2, Non3, moonlighting 
protein, mitosis, chromosome periphery, chromosome 
segregation defects

Motivation and Aim
The nucleolus is a non-membrane nuclear organelle 

playing a crucial role in ribosome biogenesis in eukaryotes. 
Its morphology and function are associated with cell growth 
and proliferation, as well as with cell cycle regulation. 
Besides that, a set of nucleolar proteins are also known to be 
directly involved in mitotic cell division, taking a part in the 
spindle assembly. Among them is the human RRS1 
(Ribosome biogenesis regulator 1 homolog) protein that 
function in complex with RPF2 (Ribosome production 
factor 2 homolog) in the ribosome biogenesis pathway. 
RRS1 localizes at the periphery of the mitotic chromosomes 
and its depletion results in impaired chromosome alignment 
in metaphase and premature sister chromatid separation [1]. 

Currently, the information about localization of the RPF2 
protein during mitosis is scarce [2] and nothing is known 
about its possible involvement in this process. However, the 
Drosophila ortholog of RPF2, the Non3 (Novel nucleolar 
protein 3) protein, was revealed to be somehow connected 
with the regulation of mitotic spindle length despite its 
exclusive localization in the nucleolus [3].

Results 
We thoroughly studied the subcellular localization of all 

annotated isoforms of the RPF2 and Non3 proteins in 
human HeLa S3 and Drosophila S2 cells, respectively. For 
that, each protein was expressed as a GFP fusion and the 
cells were analyzed by confocal microscopy. We found that 
only the longest isoform (#1) of RPF2 demonstrates specific 
localization at the chromosome periphery in metaphase. 
Both shorter isoforms (#2 and #X1) of RPF2, that lack the 
first 28 and 53 a.a. of the 190-a.a. long BRIX domain 
required for interaction with rRNAs, were found to form 
multiple aggregates dispersed between the metaphase 
chromosomes instead of covering the outer surface of 
chromosomes as the longer isoform does. Also, we were 
able to detect an enrichment of the single known isoform of 
Non3 around the metaphase plate. Next, we demonstrated 
that depletion of RPF2 using siRNA specific to all its 
splicing variants leads to abnormal mitotic chromosome 
segregation in HeLa S3 cells. Similarly, the RNAi-mediated 
depletion of Non3 in Drosophila S2 cells also resulted in 
mitotic spindle defects including those in sister chromatid 
separation and segregation. To analyze tissue-specificity of 
the phenomenon, we generated a number of Drosophila
Non3 null and hypomorphic mutations. Immunostaining 
experiments performed on diploid Drosophila tissues 
suggested that centromere chromatin assembly is likely to 
be affected in Non3 mutants. 
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Conclusion
The localization of the nucleolar RPF2 and Non3 

proteins during mitosis is similar in human and Drosophila
cells. In addition, mitotic defects observed upon depletion 
of these proteins are very similar suggesting the existence of 
functional conservation as well. Thus, Drosophila appears 
to be a relevant model system to study mitotic functions of 
the RPF2 protein.
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Abstract — Phylostratigraphic analysis allows us to 
determine the "age of the gene" - evolutionary time of its 
origin. There are different methods to calculate this age, each 
of which has its own issues. In this work, we compare several 
studies on phylostrastigraphic analysis. The correlation 
coefficient of the results of two research with different 
phylostratigraphic trees but the same method to count 
phylostratigraphic age (BLAST-based) was found to be 0.76. 
Comparison of the results of calculating the 
phylostratigraphic age by Orthoscape application (used 
KEGG as data source) and the myTAI package (used BLAST 
as data source) showed a lower corellation coefficient – only 
0.27. It is planned to continue the studying of differences in 
the results of different methods and their reasons.

Key words — phylostratigraphy; evolution; gene age; 
BLAST; KEGG; ortholog

Motivation and Aim
Phylostratigraphic analysis is a promising field of 

evolutionary analysis that allows us to determine the most 
important steps in the evolution of organisms [1]. Using this 
analysis, one can determine the "age of the gene" - the 
presumed stage of the origin of the gene in the process of 
evolution of the organism. The age of a gene is based on the 
analysis of orthologous genes and the search for the last 
common ancestor for the gene and its orthologs on the 
evolutionary tree. There are several ways to search for 
orthologous genes and their positions on that tree, the most 
popular of which is using the Basic Local Alignment Search 
Tool, https://blast.ncbi.nlm.nih.gov/Blast.cgi). Though this 
method is effective, however, it has some drawbacks [2], 
[3], which encourages the use of other tools. In particular, 
databases on orthologous genes can be used, for example, 
KEGG (Kyoto Encyclopedia of Genes and Genomes, 
https://www.kegg.jp) and EggNOG 
(http://eggnogdb.embl.de/#/app/home). In this study, we 
compare the results of using different methods underlying 
phylostratigraphic analysis.

Methods and Algorithms
We have reviewed scientific papers with published data 

on the analysis of gene age, as well as programs for this 
analysis. One of these programs is Orthoscape [4], which is 
based on the KEGG orthologs database. Yet another 
phylostratigraphic information was taken from 
phylotranscriptomic studies in particular used myTAI 
package [5], which defines orthologs and position on the 
taxonomic tree using BLAST. Phylostratigraphic ages 
resulted from the programs mentioned above, as well as 
taken from published papers, were compared, in particular, 
in terms of correlation. We have additionally reduced all the 
taxonomy data to the uniform tree, which allowed us to 
make such a meta-analysis.

Results
We have compared phylostratigraphic ages indexes of 

Arabidopsis thaliana genes taken from the publications of 
Ruprecht and co-authors [6] and Quint and co-authors [7].
Both studies used BLAST, but the authors took different 
taxonomic trees represented key evolutionary points of 
plants. Correlation coefficient for initial trees was shown to 
be 0.74 as well as 0.76 for the uniform trees. This suggests 
that the selection of key taxa in the phylostratigraphic tree 
did not significantly affect the age of genes when analyzed 
using the same method. Comparison of the results of 
calculating the philostratigraphic age of genes using the 
Orthoscape application, which uses the KEGG database as 
a source of data on orthologous genes, and the myTAI 
package, which uses BLAST, showed a significantly lower 
correlation coefficient - only 0.27, which indicates a 
fundamental difference in the result when using these 
methods. Orthoscape found significantly more young genes, 
while myTAI found older ones. This is due to separate 
groups of genes that differ significantly in age in different 
methods, for example, ribosomal genes are as old as 
possible in the first method, and as young as possible in the 
second one. This may also be due to fundamentally different 
parameters for selecting orthologs, in particular, the 
minimum identity of amino acid sequences of proteins 
encoded by genes, which is necessary for genes to be 
considered orthologs. In the future, this issue will be studied 
in more detail and various options for selecting orthologs 
will be considered and the results obtained will be 
compared.
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Abstract — Mutational processes of mitochondrial genome 
in Vertebrates remain unclear. In order to understand them 
better we obtained mutational spectra, which contain 
information about single nucleotide substitutions occurred in 
neutral within-species polymorphisms, uncovering key 
mutagens of mitochondrial DNA. Here, we analyzed 
mutational spectra of Actinopterygii and hibernating 
mammalian species and observed that frequencies of A>G 
substitutions are sensitive to temperature. 

Key words — Mutational spectrum, mitochondrial DNA, 
somatic mutations, Actinopterygii, hibernating mammals

Introduction 
The mutation process is one of the key drivers of 

evolution. By understanding the rules of mutagenesis, we 
better learn what distribution of mutations selection we can 
work with. More and more is found out about the factors
affecting the mutagenesis of the nuclear genome: there are 
many discovered specific mutational signatures of various 
exogenous (UV light, tobacco smoke ...) and endogenous 
(DNA polymerase errors, repair enzyme activity) factors. 
However, for the mitochondrial genome (mtDNA), progress 
is relatively slow: the main factors (exogenous and 
endogenous) that determine the specific rules of mtDNA 
mutagenesis are still unknown. The majority of strong 
mutagens well known for the nuclear genome (for example, 
UV-light) do not act the same for mtDNA, which makes 
mtDNA mutagenesis unique and extremely important, 
because it is associated with an understanding of selection 
process of different animal species and largely determines 
the rate of appearance of human somatic mutations. The 
global goal of our project is to understand the rules of 
mtDNA mutagenesis in vertebrates and humans. 

II. RECONSTRUCTION OF MUTATIONAL 
SPECTRA IN VERTEBRATE SPECIES

Following the idea that somatic variants in mtDNA are 
informative to trace different cellular lineages in our body 
[3] we hypothesized that mtDNA mutational spectrum, 
defined as a relative frequencies of mtDNA single-

nucleotide substitutions, may be used not only for cellular 
tracing, but may contain information about cellular features
and specific functional signatures of a given cell. 

In our recent work [1] we firstly analyzed somatic 
mtDNA mutations from human cancers and healthy human 
tissues and then focusing on mammalian species we 
analyzed polymorphic synonymous substitutions in four-
fold degenerate sites and found out that mtDNA mutational 
spectrum indeed is sensitive to several metabolic and 
ecological properties on all levels (cellular, tissue and 
organismal). We observed one universal trend: ratio of A to 
G transitions (A>G, heavy chain notation) positively 
correlates with cellular and organismal longevity. Focusing 
on mammals, we observed that the fraction of A>G is higher 
in long- versus short-lived species. This led us to propose 
that deamination of adenine (the main cause of A>G 
transitions) is more intense in long-lived (aged) oocytes, 
typical for long-lived species.

Results 
Here, we extend our analyses towards cold-blooded 

vertebrates, because substitution frequencies can be affected 
also by body parameters such as temperature [6], while first 
dataset represented only uniform species regarding 
temperature. Analyzing mtDNA mutational spectrum of up 
to one hundred Actinopterygii species (N=128) with known 
longevity (mean maturation time, Tm) and median 
temperature of environment [5] we observed that the 
frequency of A>G transitions positively correlates with 
temperature (results are robust to phylogenetic inertia), 
while the effect of longevity is only marginally significant. 
(Fig. 1) Taking into account the fact that observed 
substitution frequencies can shape specific nucleotide 
content in neutral positions we analyzed additionally 
synonymous nucleotide frequencies in more than three 
hundred (N=302) whole mitochondrial genomes of 
Actinopterygii species. As expected we observed decrease 
of A fraction with increasing temperature, which can be 
long-term result of A>G substitutions (Fig. 2).
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Altogether, we conclude that A>G is sensitive to both 
temperature and lifespan, with temperature predominantly 
shaping variation in mtDNA mutational spectrum of 
poikilotherms, while longevity is the main factor in 
homeotherms. To prove this, we compared hibernating 
mammalian species (HibDay in fig. 3), Monotremata 
species and Marsupials species (MonoMarsHG in fig. 3) 
with nonhibernating placental ones (Warm in fig. 3) 
(N=350), controlling for generation length [2, 4]. We 
observed a increased fraction of A in hibernating, 
Monotremata, Marsupial species, in line with their expected 
decreased temperature.

Multiple models were performed for all analyses to 
improve results. Taking into account that A>G is one of the 
most common transitions in mtDNA we conclude that the 
whole mtDNA mutational spectrum is associated with 
temperature and longevity. This new information should be 
taken into account in numerous ecological, population and 
evolutionary projects where mitochondrial genes are the 
most frequently used markers. 
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Abstract — Population structure is an important factor 

driving genetic changes. Comparing social (termites) and non-

social (cockroaches) insects we found the difference in their 

mitochondrial mutational spectrum: transition transversion 

ratio (ts/tv) is higher in termites compared to cockroaches 

suggesting potential influence of population structure on 

mutational patterns.  

Keywords — mtDNA, Ts/Tv ratio, termites 

Introduction  

Ts/Tv ratio in different species  

The transition transversion ratio (Ts/Tv ratio) is very 
high in human mitochondrial DNA and varies significantly 
between different species, families, and orders [1], but the 
reason for this difference remained unknown. Recently it 
was suggested that the mitochondrial mutational spectrum 
is associated with cellular and organismal longevity [2]. It 
was also shown during mutation accumulation experiments 
that the pattern of mitochondrial mutations is different in 
four model organisms [3]. So, both polymorphism data and 
mutation accumulation experiments tell us about differences 
in the mutational spectrum of mtDNA across species and 
lineages.  
Termites and cockroaches  

Termites are eusocial insects that evolved from 
cockroaches of order Blattodea. They are among the most 
abundant terrestrial organisms and play an important role in 
decomposition and nutrient recycling, as they are able to 
digest lignocellulose [4].  

Colonies of termites can range in their size from several 
hundred to millions of individuals. Fertile females of the 
colonies called "queens" can live dozens of years. It's 
especially pronounced in "higher" termites, which tend to 
have bigger colonies and more long-lived queens.  

All that makes termites the perfect object to study the 
influence of population structure and longevity on the 
mitochondrial mutational spectrum.  

Inter-species comparisons 

We collected all mitochondrial protein-coding genes for 
98 cockroaches and 402 termites species, reconstructed 
within-species phylogeny using sequences from sister 
species as outgroups, reconstructed sequences at each 

internal node, derived a list of polarized single-nucleotide 
substitutions between the nodes, and, focusing on the most 
neutral synonymous fourfold degenerate sites, counted the 
observed frequencies of twelve types of nucleotide 
substitutions.  

We calculated the Ts/Tv ratio for every species and 
found an increased ratio in termites compared to 
cockroaches (Fig. 1), that might be explained by different 
generation lengths of the compared groups. Moreover when 
we split termites into the lower and the higher ones we see 
a tendence for concordant increase in Ts/Tv from short-
lived lower termites to more long-lived higher termites.  

 

 
Fig. 1.  Ts/Tv ratio for cockroaches, lower and higher termites  

 

Discussion  
We analyzed the mutational spectrum of termites and 

cockroaches and found an increased Ts/Tv ratio in termites. 
A similar trend was previously found for mammals: long-
lived mammals have a higher Ts/Tv ratio compared to short-
lived [2]. Indeed, termite queens live longer than 
cockroaches but the presence of secondary reproductives 
and social structure make mtDNA dynamics in termites 
more complicated.  

Rising the lower boundary of Ts/Tv ratio from 
cockroaches to higher termites pushed us to another 
tempting explanation: this change can be explained by a 
change in ratio between purines and pyrimidines in nearly 
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neutral sites. This process can be driven by change in ROS 
influence. Obviously, ROS is more important, the higher the 
life expectancy of the body is. 

In addition to previous analyzes, we plan to look deeper 
into different types of mutations, we also intend to analyze 
nuclear genes to differentiate mitochondria-specific and 
common mutation patterns.
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Abstract — Problems of macro- and microevolution 
remain key problems of biology. Phylostratigraphic analysis 
became one of the most popular methods for studying 
macroevolutionary characteristic of genes. It is based on 
estimation of the divergence time among orthologous genes. 
Along with methods of microevolutionary analysis (for 
example, dN/dS ratio estimation), phylostratigraphic methods 
are increasingly included into the methodological arsenal of 
evolutionary bioinformatics. There are some software 
packages used for computational analysis of the evolution by 
using different phylostratigraphic and microevolutionary 
indices, but they require users to know some additional 
software or programming languages. Here we present 
OrthoWeb software to calculate such indices using web 
browser only.

Key words — evolution, phylostratigraphy, ortholog, gene 
network

Motivation and Aim
Problems of macro- and microevolution remain key 

problems of biology. Phylostratigraphic analysis proposed 
over a decade ago [1] became one of the most popular 
methods for studying macroevolutionary characteristic of 
genes. It is based on estimation of the divergence time 
among orthologous genes. Study of such genes may 
highlight the evolutionary age of genes and help to 
understand the evolution. Along with methods of 
microevolutionary analysis (for example, dN/dS ratio 
estimation), phylostratigraphic methods are increasingly 
included into the methodological arsenal of evolutionary 
bioinformatics. There are some software packages 
(http://apps.cytoscape.org/apps/orthoscape,[2];
https://cran.r-project.org/web/packages/myTAI,[3];
https://github.com/arendsee/phylostratr,[4]), used for 
computational analysis of the evolution by using different 
phylostratigraphic and microevolutionary indices, but they 
require users to know some additional software (like 
Cytoscape [5]) or programming languages (like R). Here we 
present OrthoWeb software to calculate such indices using 
web browser only.

Methods and Algorithms
OrthoWeb is the software to calculate evolutionary 

analysis of genes, based on evolutionary analysis 
algorithms used in Orthoscape the software previously 
developed by our group. There are two groups of indices 
implemented in OrthoWeb.

PAI
PAI (Phylostratigraphic Age Index) aims at 

macroevolution analysis. It allows finding the “gene age” 
as a supposed stage of gene origin (the stage where the 
earliest duplication of ortholog can be found). The PAI 
analysis is based on comparison of the sequences of 
proteins, coded by original gene and its orthologous genes. 
There are two ways to compare genes and orthologs:

1) By using KEGG database (Kyoto Encyclopedia of 
Genes and Genomes, https://www.kegg.jp, [6]). There are 
two main thresholds allow us to check if genes are 
orthologous or not. The first one is the identity of amino 
acid sequences (as a part from 0 to 1) and the second is the 
SW-Score (the result of the Smith-Waterman alignment 
algorithm). The genes, which values of identity and SW-
Score in compare with original genes are higher than user-
defined threshold are counted as orthologous genes. There 
is also featured threshold based on domains comparison, 
which can be used for more complex analysis. It is possible 
to specify the domains of proteins coded by analyzing 
genes.

2) By using BLAST (Basic Local Alignment Search 
Tool, https://blast.ncbi.nlm.nih.gov/Blast.cgi). This 
method based on uploading the sequence of gene into 
NCBI (National Center for Biotechnology Information) 
and analyzing it using BLAST. User can specify identity 
and score by the same way as in the method 1.

Both methods return the list of orthologous genes and 
taxonomic lineages of organisms which genes are presented. 
The phylum most remote from the root of the taxonomic tree 
(Cellular Organisms) and common for gene and every 
ortholog represents the “gene age”.
DI

DI (Divergence Index) aims at microevolution analysis. 
The index based on well-known ratio dN/dS, where dN 
shows the number of nonsynonymous substitutions and dS 
the number of synonymous substitutions. The ratio value 
above 1 indicates the evolution of the gene under positive 
Darwinian selection. The ratio close to 1 indicates that a 
gene evolves under neutral regime. The values of the ratio 
close to 0 indicate strong purifying selection acting on a 
gene.

DI is an average value of dN/dS for gene and its 
orthologs. OrthoWeb allows to choose the degree of 
relationship between organisms but usually the closest 
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organisms using in analysis (for example A.lyrata for 
A.thaliana or Hominidae’s orthologs for H.sapiens).

To count dN/dS OrthoWeb uses PAML (Phylogenetic 
Analysis by Maximum Likelihood, 
http://abacus.gene.ucl.ac.uk/software/paml.html, [7]).

Results
OrthoWeb is available for analysis of gene sets. It is 

implemented using Java language. The server part is 
implemented using Spring framework (https://spring.io), 
the client part – Webix framework (https://webix.com).

Some results obtained with OrthoWeb were present on 
[8]. Currently is available by request to author.
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Abstract — Circular RNAs (circRNAs) are long noncoding 
RNAs that play a significant role in various biological processes, 
including embryonic development and stress responses. A 
number of circRNA de novo and host gene prediction tools are 
available to date, but their ability to accurately predict circRNA 
host genes is limited in the case of low-quality genome 
assemblies or annotations.

Here we describe CircParser, a novel, easy to use and 
Unix/Linux pipeline for circular RNAs host gene and orthologue 
prediction using the blastn program and the freely available 
bedtools software. CircParser is most useful for circRNA host 
gene prediction analysis in whole transcriptomic datasets for 
low-quality assembled as well as poorly annotated genomes.

We demonstrate the prediction capacity of CircParser on a 
recently published transcriptomic data set from the wild and 
domesticated females of Nile tilapia (Oreochromis niloticus) fast 
muscle using the five most popular circRNAs in silico prediction 
tools – CIRI, CIRI2, CircExplorer2, find_circ, and circFinder 
(Fig. 1). 

The Perl implementation of CircParser is available at 
https://github.com/SharkoTools/CircParser

Keywords — circular RNAs, circRNAs, host gene, tool, Nile 
tilapa

Fig. 1. Number of circular RNAs that have been predicted by CIRI, CIRI2, 
CircExplorer2, find_circ, circFinder, and that are common between all 
prediction algorithms.

Acknowledgment
This study has received funding from the European 

Research Council (ERC) under the European Union’s Horizon 
2020 research and innovation programme [grant agreement no 
683210] and from the Research Council of Norway under the 
Toppforsk programme [grant agreement no 250548/F20]. 
Fedor Sharko was supported by the RFBR (Russian 
Foundation for Basic Research) Grant No. 19-04-00033.

230



DOI 10.18699/BGRS/SB-2020-147

Phylogenetic analysis of poxviridae genomes
using K-mer approach

Tatyana Nepomnyashchikh
SRC VB “Vector” Rospotrebnadzor, 

Koltsovo, Russia
nepom@vector.nsc.ru

Alexander Shvalov
SRC VB “Vector” Rospotrebnadzor, 

Koltsovo, Russia
shvalov_an@vector.nsc.ru

Denis Antonets
SRC VB “Vector” Rospotrebnadzor, 

Koltsovo, Russia
antonec@yandex.ru

Elena Gavrilova
SRC VB “Vector” Rospotrebnadzor, 

Koltsovo, Russia
gavrilova_ev@vector.nsc.ru

Tatyana Tregubchak
SRC VB “Vector” Rospotrebnadzor, 

Koltsovo, Russia
tregubchak_tv@vector.nsc.ru

Rinat Maksyutov
SRC VB “Vector” Rospotrebnadzor, 

Koltsovo, Russia
maksyutov_ra@vector.nsc.ru

Abstract — There is a growing interest towards alignment-
free approaches that use k-mers as genomic features. Large sizes 
of poxvirus genomes, their complex organization with repetitive 
regions and recombination sites, makes it difficult to produce 
accurate whole genome alignments especially for distantly 
related species. K-mer based trees built for 663 whole genome 
sequences were found to be in good agreement with alignment-
based ones and correspond well to currently accepted taxonomy 
and evolution of poxviruses.

Keywords — phylogenetic analysis, alignment free, k-mer 
frequency profile, poxviruses

Motivation and aim
K-mer frequency profiles analysis applied to different 

eukaryotic and prokaryotic sequences was found to be highly 
consistent with currently accepted taxonomy [1,2]. Recently, 
k-mer based methods were successively used to build a 
cladogram of RefSeq viral genomes [3], to analyze phylogeny 
of Ebola viruses and human papillomaviruses [4], influenza 
virus A [5] etc. The primary advantages of these methods are 
their low computational costs, and their ability to seamlessly 
compare highly divergent sequences, incomplete draft 
genomes sequences of different lengths, organization etc [3,
6].

Poxviruses are a family of large DNA viruses replicating 
in the cytoplasm. Poxvirus genomes contain highly conserved 
central region (~100 kbp) encoding viral proteins essential for 
RNA and DNA synthesis, protein processing, virion assembly 
and structural proteins, and highly variable terminal regions, 
bearing the genes encoding host range proteins, virulence 
factors and immunomodulators which are non-essential for 
virus growth in vitro. Despite these similarities in genome 
organization, their length varies from 139 kb in Orf virus to 
289 kbp in Fowlpox virus (FPV) and GC-content varies from 
25.3% in capripoxviruses to 65% in parapoxviruses [7]. Large 
sizes of poxvirus genomes and profound length variation, their 
complex organization with repetitive regions and 
recombination sites, makes it difficult to produce accurate 
whole genome alignments and especially for distantly related 
poxvirus species, thus we decided to use the alignment-free 
approaches and to compare the results with alignment-based 
ones.

Methods
Genome sequences were aligned with MAFFT [8] or 

Mauve software [9]. Phylogenetic analysis and dendrogram 
construction were performed with R package ape [10]. 

Dendrogram comparisons were done with R package 
dendextend [11]. K-mer frequencies analysis was performed 
with scripts written in Python programming language. 

Results
VARV genomes, including three ancient strains recently 

extracted and sequenced by German scientists, were analyzed 
with common alignment-based approach. VARV strains were 
grouped according to geographic regions and isolation times. 
Two large main groups were distinguished. The largest one 
contained African strains, in turn, isolated in a separate cluster, 
strains BSH-74, BSH-75, IND-53, NEP-73. This group also 
included IND-64, KUW-67, AFG-70, SYR-72, IRN-72, 
YUSL-72, PKN-69 strains which formed a separate clade, 
Japanese strains JPN-46, JPN-51 and Indian IND-53 New 
Delhi formed a separate cluster. The second isolated group 
was formed by GAR-66, BRZ-66, UK-52 Butler, SL-69, GUI-
69, BEN-69 and NIG-69 strains. African strains of this group 
also formed a separate cluster. Strain V563 (LT706528), 
isolated from remains about 60 years old, was attributed to the 
first, the most populated group. Strain V1588 (LT706529), 
isolated from remains about 160 years old, turned out to be 
evolutionarily closer to the second group. And the most 
ancient isolate VD21 (BK010317) extracted from almost 400 
years old mummy was found to be isolated from all “modern” 
strains, although it was more closely related to the second 
group. The trees built using the k-mer frequency profiles with 
k ranging from 3 to 9 were found to be highly concordant with 
those built with alignment-based approach, and even 
tetranucleotide composition analysis resulted in cladograms 
representing the same major groups observed in alignment-
based trees. The subsequent analysis of all collected poxvirus 
genomes with k-mer approach demonstrated a good 
agreement with current taxonomy data, even when k was set 
to 3. It was observed that cowpox viruses are the most 
heterogenic group. Camelpox was observed to be the most 
closely related to variola virus. We also captured other well-
accepted evolutionary patterns of Poxviridae family. Thus, we 
can confirm that alignment-free approaches might be a 
valuable tool for at least a preliminary phylogenetic analysis 
of large DNA viruses. Another important point was that this 
analysis can be performed in a few tens of minutes on a laptop.
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Abstract—Among parrots, there are more threatened and 
endangered species than in any other avian order. 
Exploration of these outstanding birds exhibiting advanced 
cognitive abilities is a relevant scientific problem. In this 
study, we de novo assembled 19 mitochondrial genomes from 
Illumina raw reads, integrated them with information 
obtained from related genomes, and did a phylogenetic 
reconstruction of species from Aratinga and Psittacus genera. 
Additionally, we created a Python pipeline for assembly 
mtDNA bearing tandemly repeated regions from whole 
genome sequencing data. Then we annotated genes and finally 
performed phylogenetic analysis to provide insights into the 
evolution and demographic history of the species. 

Keywords — Aratinga, Psittacus, mitochondrial DNA, 
phylogenics, parrots

Motivation and aim 

Motivation 
Since long ago, parrots (Psittaciformes) have aroused 

human attention. Attractiveness of plumages, ability to 
mimic speech and intelligence make them popular pets. 
Unfortunately, the consequence is a radical drop in their 
populations due to the extensive illegal harvest of wild birds 
in addition to habitat loss. Our work is supposed to 
contribute to a major project on genome database of 
endangered parrots, which will help to develop a method to 
recognize species prohibited for trade using PCR tests. 

Aim
We aimed to generate good-quality mitogenomes of the 

vulnerable tropical parrots from Aratinga and Psittacus
genera fort phylogenetic analysis. 

Materials and methods 
Samples for DNA sequencing were obtained from ten 

and nine different individuals of unidentified species from 
Aratinga and Psittacus genera respectively. For all samples 
sequencing was performed using the Illumina HiSeq2000 
platform in paired-end mode.

The initial QC of NGS data was performed using 
FastQC [1]. Reads were pre-processed for downstream 
analysis using in-house script tool for trimming Illumina 
adapters. 

Mitogenome assembly utilized low-coverage whole 
genome data. We attempted to reconstruct mitochondrial 
genome using de novo assembler NOVOPlasty 3.8.3 for 
organelle genomes [2], but did not succeed. The output 

contig was only 15450 bp length and did not include 2 
protein-coding genes. Assuming that the breakdown of the 
assembly was due to the inability of NOVOPlasty to 
master repeats in control region, we developed a pipeline 
to assemble mitogenomes considering this feature. 
Annotation was conducted with MITOS Annotator [3]. 

Phylogenetic tree was reconstructed using different 
combinations of mtDNA regions of our samples and other 
species from Psittaciformes (Amazona, Ara, Psittacara,
Eupsittula, Arapornis). Extracted genes were aligned using 
MAFFT [4], processed by Gblocks to remove hypervariable 
regions and concatenated. Obtained alignments were used 
to reconstruct a maximum likelihood tree with RAxML v8.2 
[5]. 

Results 
The circular assembled mtDNA size is 17,011 bp for 

Aratinga and about 16,850 bp for Psittacus. Similar to the 
existing data, we identified 13 predicted protein-coding 
genes (PCGs), two ribosomal RNA (rRNA) genes, and 22 
tRNAs and one long tandem repeat 2 kb long and located 
before control region.

Phylogenetic reconstruction revealed that the sampled 
individuals of Aratinga genus refer to Guaruba guarouba
monotypic group. For samples of Psittacus genus we 
discovered two different subspecies of Psittacus erithacus.
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Abstract — Runs of Homozygosity(ROH) are sites in the 
two homologous chromosomes that are identical by descent in 
an individual. Excess of ROHs carries a risk associated with 
various diseases. At the same time, long ROHs in healthy 
individuals are enriched with slightly deleterious variants, 
which are constantly filtered out by selection. Hence, 
distribution and length of Runs of Homozygosity is affected 
by recombination and purifying selection. Data from families 
with different levels of consanguinity allows us to access both 
these effects and their influence on highly autozygoteous 
pedigree. Understanding connections between runs of 
homozygosity, recombination and purifying selection will help 
us to better understand evolutionary processes in highly 
inbred populations. 

Keywords — Runs of Homozygosity, consanguinity, 
recombination, purifying selection, in-silico modeling

Introduction 
Human embryonic selection is extremely poorly known 

since the majority of miscarriages occur very early and there 
is no possibility to collect a representative dataset of 
miscarried samples for consequent genetic analyses. All 
such collections will be (i) biased towards late miscarriages 
and (ii) will not be able to shed light on potential selection 
during germline differentiation: formation of oocytes and 
spermatozoids. The best approach to estimate the strength 
and targets of human embryonic selection is to compare 
parental and offspring genomes (hereafter “trios”) in order 
to uncover over- or under- inherited alleles. It is rational to 
start to develop and test tools dissecting the transmission 
disequilibrium from parents to offspring using collection of 
trios with expected strong miscarriage rate - such as 
consanguineous families. 

Methods 
Consanguinity increases the risk of expression of 

deleterious autosomal recessive mutations causing a 
correlation between the coefficient of inbreeding, F [1], and 
the probability of offspring to survive. The more closely 
related the parents, the higher the mortality of the children 
[2]. Importantly, the nominal coefficient of inbreeding, F, 
derived from pedigree, approximates an expected fraction 
of loci, identical by descent, however the observed 
coefficient of inbreeding in each particular case, Fo, can 

significantly fluctuate between full siblings due to 
stochasticity in the number and position of recombination 
events during meiosis as well as random gamete fusion. For 
example, for siblings from a first cousin marriage, the 
nominal coefficient of inbreeding is 0.0625 (1/16), however 
its standard deviation is very high (0.0243), causing great 
variation in probability of survival. Thus, variation in F 
provides a material for selection inside each family and we 
expect that Fo (healthy siblings) < Fo (affected siblings) < 
Fo (expected siblings).

As a molecular metric approximating the observed 
coefficient of inbreeding, Fo, we use the portion of genome 
covered by long Runs Of Homozygosity (ROHs) [3]. Runs 
of homozygosity (ROH) - stretches of the two homologous 
chromosomes within the same individual that are identical 
by descent. Long ROH are enriched in deleterious variants 
in healthy individuals[4] and an excess of ROHs is a risk 
factor for Parkinson disease, Alzheimer disease, 
Schizophrenia, speech delay and autism and the degree of 
intellectual disability. This implies that long ROHs carry 
one severe or many mildly-deleterious recessive alleles and 
thus there is a selection force against long ROHs in the 
human population.

Datasets
Main dataset is genotype data of 50 consanguineous 

families from the study of Makrythanasis et al. [5]. 
Additionally, there is information about pedigree(the tree) 
and exomes of affected and unaffected siblings. 

All families have at least one unaffected offspring and at 
least two individuals with intellectual disability or
development delay.

Results
Using our main dataset we have performed our insilico 

pipeline and compared the total length of long ROHs in 
healthy versus affected (with intellectual disabilities, ID) 
and expected (in-silico generated) siblings. For in-silico 
kids derived randomized models for expected siblings, 
which captures distribution properties of heterozigotious 
recombination in offspring. We produced several models of 
synthetic offspring, which capture different aspects of the 
source dataset. In different models we capture 
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recombination and selection features such as different 
distribution of ROHs and different recombination rate. We 
have observed that healthy siblings are indeed characterized 
by the decreased total length of ROHs as compared to 
affected. Additionally we have demonstrated an excess of 
ROH in expected (generated in silico) versus born siblings 
(both affected and unaffected). Altogether it suggests an 
action of purifying selection against long ROHs. 

Discussion 
In this project we concentrated on the estimation of the 

strength of the short-term selection against the autozygome 
(the fraction of the genome that has been biparentally 
inherited from the same ancestor). For this,we compared the 
fractions of autozygous regions in genomes of unaffected, 
affected and theoretically expected (in silico modeled) 
siblings in each consanguineous family. Selection against 
autozygous regions manifested itself as a decrease of this 
fraction in unaffected versus affected and expected siblings. 

The strength of the decrease can depend on phenotypes 
of the affected offspring (Mendelian or complex disease) as 

well as the level of consanguinity of parents and the 
previous history of the parental consanguinity. We conclude 
that this approach is effective in uncovering the strength and 
targets of human embryonic selection and plan to extend it 
towards analysis of polygenic risk scores (PRS) of parents 
and offspring as well as analysis of new human trios. 
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Abstract — Whereas the higher fraction of the human 
genome, covered by Runs Of Homozygosity (ROHs), was 
associated with decreased height, decreased educational 
attainment and other phenotypes, the mapping position of the 
contributing ROHs was not assessed in details. Here, analysing 
genome-wide distribution of ROHs in offsprings of 100 
consanguineous families we observed a non uniform 
distribution. Using multiple linear model we demonstrated that 
this variation could be explained by (i) recombination level, i.e. 
the higher the recombination in a given region, the less the 
number of ROHs; and (ii) selection, i.e. the higher the pLI score 
(which estimates loss of function intolerance) of the embedded 
genes the less the number of ROHs. 

The observed selection component might be explained by 
elimination of carriers of homozygous recessive loss of function 
mutations in genes with high pLI. To examine the selection 
component further we stratified ROHs by age and length 
following a previously suggested classification: class A (old and 
short: < 0.6 Mb), class B (intermediate in age and length: 0.6 –
1.6 Mb) and class C (young and long: > 1.6 Mb) and rerun our 
analyses. We observed that while the distribution of all three 
classes is shaped by recombination, only the class C ROHs 
showed a strong negative relationship with pLI, suggesting that 
younger ROHs are under stronger selection. Altogether our 
results provide additional metrics (properties of affected genes, 
ROH classes), which should be taken into account inferring 
deleterious effect of ROHs in GWAS and genetic medicine.

Key words — ROH, Human genomes

Methods
Having 100 consanguineous pedigrees with genotyped 

parents and offspring we called all ROHs using default 
PLINK settings (DNA regions with at least 50 consecutive 
homozygous SNPs). Thereafter we focused on offspring 
ROHs and analyzed their distribution along the human 

genome taking into account recombination map and properties 
of embedded genes.

Results
The distribution of three classes of ROHs (short, 

intermediate, long) is highly non-uniform along human 
chromosomes (Fig 4). We hypothesized that this distribution 
is shaped by recombination, which mechanistically disrupts 
ROHs and thus decreases their abundance in the 
recombination hotspots, and by purifying selection, which 
eliminates ROHs from sensitive genomic regions with 
embedded haploinsufficient genes. Using multiple linear 
model we demonstrated that:

Coverage(ROH) ~ -2.27*RecombinationRate-
0.6*ProbabilityOfLossOfFunctionIntolerance (all p values are 
< 10-6; coefficient are scaled). Interestingly, the distribution 
of the longest ROHs (class C) demonstrates the strongest 
dependence on both recombination and LoF intolerance. We 
conclude that selection in line with recombination shapes the 
ROH distribution along the human genome.

Acknowledgment
We are grateful for the data provided to P. Makrythanasis 

(Аcademy of Athens, Athens, Greece), M. Ansar, 
S.E. Antonarakis (University of Geneva, Geneva, 
Switzerland).

References
[1] Hamamy, H. (2012) Consanguineous marriages: preconception 

consultation in primary health care settings. J Community Genet. 
3 (3): 185–92.

[2] McQuillan, Ruth, et al. (2008) Runs of homozygosity in European 
populations. The American Journal of Human Genetics 83.3, 359-
372.

[3] Pemberton, Trevor J., et al. (2012) Genomic patterns of 
homozygosity in worldwide human populations. The American 
Journal of Human Genetics 91.2, 275-292.

236



DOI 10.18699/BGRS/SB-2020-151

Candidate SNP markers of rheumatoid arthritis changing
the affinity of TATA-binding protein for the human gene 
promoters expo disruptive selection of immunoactivative

and immunosuppressive genenets that provoke and prevent 
this disorder, respectively, as if it could be a self-domestication 

syndrome
Natalya Klimova

Molecular Genetics Department 
Institute of Cytology and Genetics 

SB RAS, Novosibirsk, Russia 
klimova@bionet.nsc.ru

Dmitry Oshchepkov
Systems Biology Department 

Institute of Cytology and Genetics 
SB RAS, Novosibirsk, Russia 

diman@bionet.nsc.ru

Irina Chadaeva
Systems Biology Department 

Institute of Cytology and Genetics 
SB RAS, Novosibirsk, Russia 

ichadaeva@bionet.nsc.ru

Mikhail Ponomarenko
Systems Biology Department 

Institute of Cytology and Genetics 
SB RAS, Novosibirsk, Russia 

pon@bionen.nsc.ru

Evgeniya Oshchepkova
Systems Biology Department 

Institute of Cytology and Genetics 
SB RAS, Novosibirsk, Russia 

nzhenia@bionet.nsc.ru

academician Vladimir Kozlov 
Research Institute of Fundamental 

and Clinical Immunology
SB RAS, Novosibirsk, Russia

niiki01@online.nsk.su

Abstract — Here we conducted a computational genome-
wide study of the all known single-nucleotide polymorphism 
(SNP) of 70 bp proximal promoters of 70 human rheumatoid 
arthritis (RA)-related genes that displayed disruptive natural 
selections of immunoactivative or immunosuppressive genes 
raising or reducing risks of RA, respectively, as if it maybe a 
domestication syndrome. That is why, we confirmed it using 
the genome-wide RNA-seq of the differentially expressed 
genes (DEGs) within hypothalamus of adult male foxes 
(Vulpes vulpes) of two unique outbred lines bred in 
aggressiveness and tameness as an animal model of human 
diseases at the significance levels p < 0.0025 of Pearson's χ2-
test and p < 0.05 at Fisher's exact test independently from one 
another as well as in addition to p < 0.05 of Bonferroni's 
correction as the DEG threshold used.

Keywords — rheumatoid arthritis, human, gene, promoter, 
TATA-binding protein (TBP) binding site (TATA box), single 
nucleotide polymorphism (SNP), candidate SNP marker, 
verification.

Background
Rheumatoid polyarthritis (RA) is an autoimmune 

disease with autoantibodies (e.g., antibodies to citrullant 
antigens) and proinflammatory cytokines (e.g., TNF-α, IL-
6) that are involved in the induction of chronic synovitis,
bone erosion, followed by deformity [1]. Currently, it is
commonly accepted that immunopathogenesis is mostly
contributed by the mechanisms of the breakdown of
immune tolerance to its own antigens that is characterized
by an increase in the activity of T-effector cells, causing RA
symptoms [2]. On the contrary, a low activity of regulatory
cells (e.g., regulatory T-cells (Treg) and myeloid suppressor
cells) is met in RA [3]. That is why, to say that it is the
immunosuppressor cell deficit that is the central feature in
RA pathogenesis [4]. It is thought that lifestyle and living
conditions define a half of the RA risks and genetic
susceptibility to RA do for another half [5]. Additionally,
immune cells of adaptive memory in a given individual keep
information on all diseases he / she survived that increase

his / her resistance to them in future [6]. That is why here 
using our SNP_TATA_Comparator [7], we predicted RA-
related candidate SNP markers, found regularities in their 
genome-wide frequencies, and tested them in vivo using an 
animal (rat) model of the human health.

Materials and methods
We extracted 1939 SNPs of 70 bp proximal promoters 

in front of transcription start sites of 70 RA-related genes 
using UCSC Genome Browser [8], dbSNP [9] and 
GRCh38/hg38 assembly of the human reference genome 
[10] and, next, treated them using our 
SNP_TATA_Comparator [7]. Finally, we verified the 
obtained results using the earlier published experimental 
data on the differentially expressed genes (DEGs) of males 
tame foxes (Vulpes vulpes) as compared to males aggressive 
foxes, both artificial breeding [11]. To this end, we have 
independently applied both Pearson's χ2-test and Fisher's 
exact test using the standard package Statistica (StatSoftTM, 
Tulsa, USA).

Results and Discussions
First, using the only clinical SNP marker rs2276109 of 

RA [12] in MMP212, we tested adequacy of candidate SNP 
markers of RA-risks found by SNP_TATA_Comparator [7] 
Then, for 646 SNPs in question within 27 human genes 
clinically associated with disorders comorbid to RA, we 
found 87 and 77 candidate SNP markers elevating (e.g., 
rs1185314734) or reducing (e.g., rs1190659847) expression 
of these genes, respectively, among which 106 and 58 ones 
can worsen (e.g., rs766797386, ESR2 [13, 14]) or relieve 
(e.g., rs549858786, IL1B) RA. It means the genome-wide 
neutral drift [15-17] towards susceptibility to RA in line 
with the common view that diversity of adaptive memory 
immune cells of an individual grow with each inflammation 
he/she survived that improves his/her resistance to them, but 
this immune memory growth raises risks of impaired 
autoimmune tolerance (e.g., RA risks). Thus, by the same 
way we confirmed this result using ten genes most GWAS-
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associated with RA [18] (e.g., rs1035054020, NPY [19]), 
and, independently, using eight immunoactivative genes 
(e.g., rs56317732, IL9R [20]). Contrary, we found 66 and 
113 candidate SNP markers aggravating and relieving RA, 
respectively (e.g., rs72990754, IL1R2 [21] and 
rs546214861, TGFB2 [22]) using 25 immunosuppressive 
genes. This difference immunoactivative vs
immunosuppressive genes means disruptive natural 
selection as if RA could be a self-domestication syndrome 
[23]. That is why, we verified this consequence of our 
results using the published experimental data on DEGs in
hypothalamus of males tame foxes in a comparison with 
those of aggressive ones, both artificial breeding [11]. Three 
Npy, Tgfb2 and Il9 among these five DEGs are 
superexpressing in tame male foxes, whereas both rest Esr2
and Il1r2 are underexpressing there, all of which without 
exemptions are five clinically proven physiological markers 
of RA-susceptibility and vice versa, as cited above [13, 14, 
19 - 22]. So that, the standard 2x2-table has four values: 
NTAME;↑RA = 5, NTAME;↓RA = 0, NAGGRESSIVE;↑RA = 0, and 
NAGGRESSIVE;↓RA = 5, - which means that the association 
between tameness and RA-susceptibility is statistically 
reliable at both p < 0.0025 of Pearson's χ2-test and p < 0.05 
at Fisher's exact test independently from one another as well 
as in addition to p < 0.05 of Bonferroni's correction as the 
independent identification threshold used for of these 
DEGs. 

Conclusions
Here we studied 1939 SNPs of 70 human RA-related 

genes that resulted in 526 candidate SNP markers of RA 
pinpointing RA as a self-domestication syndrome. Finally, 
we confirmed this link between domestication and RA using 
the RNA-seq of tame vs aggressive adult male foxes [11].
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Abstract — In our study we describe the variabilities in the 
mitochondrial gene order of amphipod species. Using phylogenetic 
inference and the methods of gene order rearrangement counting 
we identify species with mostly rearranged mitochondrial genomes 
and try to explain the reasons for such variability.

Keywords — Lake Baikal; mitochondrial genomes; amphipods; 
gene rearrangement

Motivation and aim

Motivation
Gene order in the mitochondrial genomes (mt genomes) of 

invertebrates is shown to be different. The dynamics of such 
changes are usually studied by analysis of different organisms’ 
lineages. It is notable that in some animal lineages the 
mitochondrial gene order maintained the same for the long 
periods, whereas other lineages demonstrate a significant 
variation of this feature [1]. Amphipods can be a good model 
for studying mitochondrial gene order dynamics because of a 
relatively large number of species with sequenced mt genomes 
(about 100) available and due to the variability of their mt gene 
order. Recent studies showed that endemic amphipods from 
Lake Baikal possess rearranged mt genomes in comparison to 
the non-Baikalian species [1, 2, 4].

Aim
Amphipod species with currently sequenced mt genomes 

belong to different taxa and occupy different ecological niches, 
which makes it possible to assess whether mt gene order 
rearrangements correlate with ecological features of species, 
their life-history traits, time of lineage divergence, etc. For 
instance, there was shown a positive correlation between the 
rate of gene rearrangements with the level of nucleotide 
substitutions in their protein-coding genes [5, 6]. We also 
recently showed the significant acceleration in mutation rate in 
both lineages of Baikalian amphipods in comparison to species 
from gen. Gammarus [7].

There are two mechanisms of the new gene orders 
emergence: 1) an erroneous duplication of the whole mt 
genome sequence during replication by “rolling ring” 
mechanism, associated with the DNA polymerase slippage on 
specific sites or repeats, and 2) a partial tandem duplication and 
random loss (TDRL) of a certain genome region [8]. To 
measure such gene rearrangements quantitatively it is necessary 
to determine the number of mutational steps (permutations) 
from the ancestral gene order pattern to ones for the modern 

species. An ancestral gene pattern for any lineage is identified 
using phylogenetic reconstructions.

Methods
We defined an ancestral mt gene order pattern for all 

amphipods performing phylogenetic inference based on amino 
acid sequences of 13 mt protein-coding genes. To estimate 
possible scenarios of gene order changing, including the 
minimum number of elementary gene permutations, we used 
CREx and SORT2 [9, 10]. In some cases we assessed the 
changes manually by taking the number of displaced genes into 
account individually, and also counting the number of moved 
gene blocks grouped based on the proximity of their location.

Results
The analysis showed that Pancrustacean pattern (the pattern 

common for all crustaceans and insects) generally used as a 
reference in mt gene rearrangements studies [1, 3] differ from 
deduced Amphipoda pattern by the location of some tRNA 
genes. The Amphipoda pattern deduced in our study turned out 
to be the same as one for gen. Gammarus species. The 
phylogenetic analysis showed that this pattern was ancestral for 
both lineages of Baikalian amphipods. Thus the rearranged 
patterns of the majority of modern Baikalian amphipods were 
acquired during the evolutionary process in Lake Baikal. 
Notably, Baikalian amphipods from the second lineage (the one 
includes the majority of species which have very divergent 
morphological and ecological traits) possess gene order 
alteration affecting mainly tRNA gene positions. Whereas 
amphipods from the first lineage, which comprise much less 
number of species, having a smooth body and inhabiting mainly 
in shallow water, have much more complex alteration in their 
mt gene order, affecting the positions of the protein-coding and 
ribosomal genes [2]. We hypothesize that the fixation of highly 
rearranged mt genome becomes possible due to relaxed 
purifying selection in populations with low genetic diversity 
and low estimated effective population size. The shallow-water 
amphipod species in Lake Baikal could probably be more prone 
to the dramatic decrease of their population and consequently 
genetic diversity due to environmental changes in the Lake.
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Abstract — We performed a thorough analysis of 
mitochondrial (mt) genomes of amphipods with the focus on 
endemic Baikalian species. Possible causes and mechanisms 
explaining an unusually high variability in mt genomes of 
Baikalian amphipods in comparison to that of non-Baikalian 
species are discussed.

Keywords — mitochondrial genomes, amphipods, Lake 
Baikal

Motivation and aim 

Motivation
Mitochondrial (mt) genome sequences are widely used 

in evolutionary and phylogenetic studies. The architecture 
of mt genomes (i.e. their shape, length, gene order) can 
significantly vary in different organisms’ groups [1]. The 
studying of the lineages with different mt genome 
architecture can help to reveal causes and mechanisms 
leading to such diversity.

Aim
In our previous study, we sequenced mt genomes of nine 

endemic amphipod (Crustacea) species from Lake Baikal 
[2]. We further sequenced mt genomes of Holarctic species 
Gammarus lacustris and pelagic Baikalian species 
Macrohectopus branickii. Amphipods is the most numerous 
and diverse group of Baikalian animals [3]. Genetic studies 
showed that modern Baikalian amphipod diversity (about 
350 species) in the lake appeared by means of adaptive 
radiation of gammaroidean ancestors which had two 
independent invasions in the lake [3, 4, 5]. We showed that 
mt genomes of Baikalian amphipods significantly vary in 
length, gene order and gene number in comparison to the 
modern amphipods of gen. Gammarus, which are their 
nearest relatives. Thus we applied different bioinformatics 
approaches to discover the mechanisms of mt genome 
architecture diversity in Baikalian amphipods.

Methods
We had performed phylogenetic inference of amphipod

species with available mt genomes (100 species in total) 
based on amino acid sequences of their mt protein-coding 
genes [6]. The scenarios of mt gene order rearrangements 

were estimated using CREx [7]. The prediction of tRNA 
genes was made by MitFi [8]. For this analysis, we 
developed amphipod-specific models which showed a 
better performance than the default metazoan models 
implemented in MitFi. The non-coding parts of amphipod 
mt genomes were tested to contain repeated sequences and 
open reading frames. We used a custom R script to assess 
rates of molecular evolution in Baikalian amphipods and the 
group of gen. Gammarus.

Results
Phylogenetic analysis allowed us to deduce an ancestral 

mt gene pattern for both lineages of Baikalian amphipods, 
which appeared to be the same as one for species of gen. 
Gammarus group. Baikalian species show a drastic diversity 
in their mt genome lengths (from 14370 to 42256 bp.). A 
pelagic species M. branickii has the longest mt genome. The 
largest part of this genome consists of the numerous 
repetitive non-coding regions, which, presumably arose due 
to the proliferation of ribosomal genes. Mt genome 
sequences of seven out of twelve Baikalian amphipods 
species possess from one to four additional tRNA genes. 
Four species have tRNA genes that underwent to remolding 
(changing tRNA gene identity through a mutation in their 
anticodon sequences) [9, 10]. Among 88 non-Baikalian 
amphipod species, only five species have additional tRNA 
genes in their mt genomes and four of them have tRNA 
remolding cases. The frequent changes of gene number and 
order as well as other “peculiarities” in mt genomes of 
Baikalian amphipods in comparison to species of gen. 
Gammarus may be explained by the frequent sequence 
duplication and loss events happening in the former group. 
Thus we may assume that the specific environmental 
conditions in Lake Baikal allow the appearance and 
maintenance of such mt genomes without loss of species 
fitness.
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Abstract — Chloroplast genomes are highly conservative and 
plastomes of Alium specia are not an exception. We assembled 
and annotated plastomes of 12 specia from genus Allium. The 
only species with big inversion is A.paradoxa. We identified 
some regions of Allium plastomes that can possibly be under 
selection and some genes in these regions. The ycf1 gene is 
evolving at the highest rate.

Keywords— Allium, plastome, evolution

Motivation
Plastid genes are often used in plant molecular systematics 

and species identification due to their conservative sequences 
and high amount of copies in a single specimen. AtpF-H, 
matK, psbK-I, rbc ,ropC1,rpoB, trnH-psbA, and trnL-F were 
used most widely in past decade([1] and two of them – were 
selected as core plant barcodes. Nevertheless plastid genes 
code proteins, crucial for photosynthesis and should bear signs 
not only of neutral, but also of adaptive evolution.

Aim
Specia of Alium genera inhabit wide range of 

environments with various insolation, humidity, average 
temperature and other parameters, affecting photosynthesis. 
We sequenced and assembled plastid genomes of 12 Alium 
specia and tried to find signatures of natural selection in 
plastid genes.

Methods
We sequenced and assembled de novo plastomes of the 

following species: A. fistulosum L., A. macleanii Baker, A. 
moly L., A. nutans L., A. obliquum L., A. platyspathum 
Schrenk, A. pskemense B.Fedtsch., A. schoenoprasum L.,
Allium semenovii Regel, Allium tuberosum Rottl. ex Spreng., 
A. victorialis L., Allium zebdanense Boiss. & Noë. cpDNA
was extracted from living specimen with standard CTAB
protocol. DNA samples were sequenced using the Illumina
MiSeq high-throughput sequencing platform. The TruSeq
protocol (NEBNext® DNA Library Prep Master Mix Set for
Illumina, E6040, NEB reagents) was used for preparing the
genomic libraries according to manufacturer's
recommendation. PE sequences (2x250bp or 2х300bp) using

MiSeq. After the quality trimming with Trimmomatic 
sequencing reads were filtered using chloroplast genome 
sequences of A. cepa and A. sativum by Bowtie mapper. Dual 
Organellar GenoMe Annotator (DOGMA) and GeSeq were 
used for gene annotation. Alignments for evolution rate 
analysis of each region of chloroplast genome were built using 
MUSCLE. FUBAR was used for selection seeking. 
Phylogenetic trees were made with iqtree, using nucleotide 
alignment. With iqtree Partition finder were determined 3 
partitions and evolution rates were calculated independently 
for each partition.

Results
We have compared the gene order between plastomes of 

Allium species sequenced de novo and of species sequenced 
previously The general structure and gene order across all 
species show high similarity and absence of rearrangements, 
with A. paradoxum, being the only exception. This species has 
a major inversion described in our previous work We have not 
found any large inversions in any other studied species of 
Allium [2]. So we conclude that plastome of A. paradoxum 
has a very unusual structure for the genus. Several regions 
under selection within Allium plastomes were identified. The 
major region is located from ycf1 (the last gene of the IRa) to 
ycf2 (the first gene of IRb) and covers the whole SSC region 
(except only trnL). Partitions evolve with quite different speed 
from 0.16 (genes clpP
rpl2 rps7 rps12 rpl2) to 1.43 (genes psbM psbL ndhD ndhE 
ndhI ndhA). Alium plastomes are highly conservative. 
Alignment has 13 sequences with 45030 columns, 614 distinct 
patterns, 879 parsimony-informative and 1410 singleton sites. 
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Abstract — Till now the mtDNA determinants of longevity 
are poorly known. What is the biological reasons for the
effects of mtDNA structures on animal lifespan? In this study 
in order to answer this question, we correlates various mtDNA 
properties versus mammals longevity and found interesting 
answers rooted in mitochondria functional optimization.

Keywords — mtDNA anatomy, phylogenetic comparative 
analysis

Motivation and aim 
Till now the mtDNA context relation with longevity is 

poorly understood. Probably, some of these correlations are 
driven by the decreased somatic mutation rate in long-lived 
mammals, however, still there is a lack of understanding of 
the mechanisms of these correlations. There is no common 
and well established model, explaining causative effects of 
mtDNA structures on animal lifespan. To answer this 
question for each species with sequenced complete 
mitochondrial genome we need to discriminate the all 
possible anatomical mtDNA features as well as various 
nucleotide contexts and correlate these versus organisms 
longevity. 

One of the obvious determinants of longevity shortening 
is the elevated error rate in transcription and translation. The 
elevated error rate of mitochondrial proteins driven by the 
oversimplification of the translation machinery – only 22 
tRNA genes are responsible for mitochondrial protein 
synthesis [1] comparing to 41 - 55 nuclear tRNAs with 
hundreds of nuclear tRNA genes [2]. Thus, mitochondrial 
ribosome must select the correct aminoacyl-tRNAs from a 
large pool in very time-efficient manner to sustain an 
elongation rate and to prevent translation elongation 
stalling. Is such an optimization observed in nature? It is the 
second question for answer into this work. 

Methods 
At the first step, we concatenated mitochondrial protein 

alignments (generated via PROMALS3D) of 13 
mitochondrial proteins, which extracted from whole-
genome sequences of mtDNA in more than 3500 Vertebrate 
species from NCBI GenBank. At the second step, we 
selected optimal evolutionary model for protein sequences 
evolution (mtMAM, by iqtree v. 1.5.4). At the third step, we 
reconstruct final tree and optimized branch lengths using the 
species tree topology constraints (from TimeTree database; 
tree reconciliation by treefix v. 1.1.10) and optimal 
evolutionary model. The branch lengths were calculated 
based on heterotachy model implemented in iqtree v. 
1.6.beta3. 

Microsatellites across Vertebrates mtDNA were 
identified using PERF v0.2.5 [3]. After that, we calculated 
the fraction of genome covered by microsatellites. Melting, 
cruciform, or Z-state of mtDNA in Vertebrate species was 
detected using SIST software [4]. We calculated fractions of 
mitochondrial genomes characterized by these states. Using 
pqsfinder R package we extract all mtDNA sequence 
positions characterized by quadruplex properties. We 
calculated normalized fraction of quadruplexes in 
mitochondrial genome by dividing their total length by total 
mtDNA lengths and by mtDNA GC contents (quadNL). We 
sleeked for DNA triplexes by two software: triplexator [5] 
that intended to DNA-RNA triplex identification and triplex 
R package that intended to DNA-DNA triplex 
identification. After triplexes identification, we calculated 
total length of triplexes in mitochondrial genome divided by 
total mtDNA lengths and by mtDNA GC contents. Using 
the compseq software from EMBOSS v. 6.6.0 we calculated 
the observed fractions of codons for all mitochondrial 
protein coding genes. Using banana (EMBOSS v. 6.6.0) 
program we calculated average and maximum bend and 
curve of mtDNA; the btwisted program was used for 
average stacking energy per dinucleotide (SEpb), average 
bases per turn, total stacking energy, total twist, and total 
turns computation for each mtDNA. We used cpgreport 
(EMBOSS v. 6.6.0) software for calculation the fraction of 
CpG islands in mitochondrial genome normalized by 
mtDNA GC content (normCpG) and we used geecee 
software for mtDNA GC content computation. dan software 
(EMBOSS v. 6.6.0) were used for average, min, and max 
mtDNA melting temperatures (Tm) computation; we used 
“thermo” option for average dG, dH and dS computation. 
Using Biostrings R package we calculated the fractions of 
di-, tetra-, hexa- and octa-nucleotides in mitochondrial 
genomes. We normalized these fractions to the product of 
nucleotide frequencies in order to take into account possible 
nucleotide occurrence biases in mtDNA. Additionally, 
using precalculated data on various degenerate repeats types 
in Vertebrate mtDNA (ImtRDB [6]) we calculated median, 
Q1 and Q3 of repeats density per bp. 

We intersected our species list in Vertebrate tree with 
such list in the database on generation length of mammals 
[7]. In our analyses, we used GenerationLength_d variable 
from this database. We found 782 species identical in both 
lists. We performed correlation analysis between the 
genome characteristics and mammalian generation lengths 
using phylogenetic independent contrasts implemented in 
ape R package. 
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Results 
Correlation analysis between the microsatellites 

fractions in genome, the fractions of melting / cruciform / 
Z-state DNA and mammalian generation lengths did not
result in any statistically significant correlations.
Correlation between normalized quadruplexes lengths and
generation lengths found positive and statistically
significant correlation (Table 1). We did not find any
statistically significant relations in correlation analysis
between any triplex forms and mammalian generation
lengths. The observed statistically significant correlations of
codon fractions and normalized fractions of di-, tetra-, and
hexa-nucleotides versus mammalian generation lengths are
shown in Table 1. We observed that DNA bend and average
stacking energy per dinucleotide correlate significantly and
positively with mammalian generation lengths, while
average mtDNA melting temperature, average dG and dH
correlate with generation lengths significantly and
negatively (Table 1). High statistical significance and
positive sign are also characteristic for correlation of
mammalian generation lengths with GC contents, while the
normalized fraction of CpG islands correlates at lower
statistical significance with the same sign (Table 1). The
analysis of degenerate repeats density per bp shown that
only Q3 and median of complementary repeats (crQ3 and
crMd, respectively) and Q3 of inverted repeats (irQ3) have
significant negative correlations with mammalian
generation lengths.

TABLE 1. WHOLE GENOME PHYLOGENETIC INDEPENDENT CONTRASTS 
ANALYSIS. ONLY STATISTICALLY SIGNIFICANT (P<0.01) CORRELATIONS 

OF MAMMALIAN GENERATION LENGTHS WITH VARIOUS PROPERTIES WERE 
SHOWN

Properties t value & positive or 
negative relation (sign) 

p value 

quadNL 3.312  0.000969  
Bend 4.902  1.15e-06  
Tm  4.885  1.25e-06  

SEpb -4.695 3.15e-06  
dG -4.857 1.44e-06  
dH -4.468 9.05e-06  

GC content 4.071  5.15e-05  
normCpG 3.051  0.00236  

irQ3 -3.639 0.000292  
crQ3  -3.434 0.000626  
crMd  -2.611 0.0092  

Codon fractions 

CAC  4.481  8.52E-06  
CGG and GGC >4.115 <4.28E-05  
CCT and ACC >3.978 <7.59E-05  
GCC and CCG >3.655 <0.000274  

GTC 3.578  0.000367  
CCA  3.486  0.000517  
TCG  3.33  0.000908  

TCC and CCC  >3.229 <0.00129  
GTG 2.879  0.0041  
CGC  2.878  0.00411  

CGA 2.871  0.00421  
ACA 2.678  0.00755  
ATA -3.16 0.00164  

CTT and GTT  <-3.338  <0.000885  
TAA and ATT  <-3.815  <0.000147  

AAT -4.007 6.74E-05  
TAT  -4.126 4.09E-05  
TTG  -4.439 1.03E-05  

TTT and TTA <-4.446  <1E-05  
Normalized fractions of oligonucleotides 

GC  -2.960 0.00317  
TT  -2.818 0.00495  

AGCA -4.287 2.03e-05  
GCAG -4.117 4.24e-05  
CGAG -3.436 0.000622  

CGGGTG -4.894 1.2e-06  
CACGAG -4.533 6.71e-06  
TTGCAG  -3.727 0.000207  
TGATGC  -3.664 0.000265  
CTGTCA  3.459  0.000572  
CGGTGA 3.433  0.000629  
CACGTC  3.340  0.000876  
TTGCTC  -3.331 0.000906  

In is of interest that the optimization against translation 
stalling in long lived mammals is possibly achieved by two 
ways – via positive selection of codons having hydrogen 
bonds number ≥6 with anticodon and by negative selection 
of codons having <6 hydrogen bonds. It is also of greate 
interest that the optimization of mtDNA nucleotide context 
(negative selection versus C|G enriched patterns and 
repeats, positive selection on DNA Bend, Tm) enriched in 
regions with mtDNA transcriptional and translational 
functional load.
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Abstract — We hypothesized that strongly-deleterious 
mutation (hereafter ‘genetic handicap’), epistatically 
interacting with the burden of slightly-deleterious variants 
(SDV), segregating in the genome might be of great 
importance as a marker of the burden. We expect that 
handicap-carriers (individuals surviving with the genetic 
handicap) have decreased burden of SDV as compared to 
controls. Here to test this hypothesis under different 
parameter space (mutation rate, severity of SDV and severity 
of the genetic handicap, effective population size) we use SLim 
simulation environment. We conclude that the genetic 
handicap hypothesis indeed works within a broad spectrum of 
biologically meaningful parameters. 

Keywords — SDVs, epistatic interactions, genetic handicap, 
SLiM

Introduction 
All organisms harbor numerous slightly-deleterious 

variants (SDVs) in their genomes. However, the 
composition of SDVs, as well as its total effect on fitness, 
are poorly known due to extreme complexity of the system:
thousands of SDVs with very small individual phenotypic 
effects can interact with each other in various ways and with 
environment in non-additive manner, making 
reconstruction of fitness space from genome data almost
impossible. 

Taking into account widespread negative epistatic
interactions between SDVs [1] we introduced a genetic
handicap hypothesis: the healthy carrier of a severely-
deleterious variant (hereafter “genetic handicap”) is 
expected to have a decreased number of SDVs in genome
compared with the organisms without genetic handicap. If 
so, the genetic handicap can be used in evolutionary and 
population studies as a signature of genome clearance.

Recently, considering trisomy 21 as a genetic handicap 
in humans [2] we got the first empirical evidence, 
supporting our hypothesis: live-born Down Syndrome
individuals have decreased the number of SDVs compared
to control individuals. Here we computationally investigate
the genetic handicap hypothesis in more detail. 

Genetic handicap hypothesis
If the biological fitness of an organism is determined as 

a function of its mutational load, and this mutational load 
consists mainly of unconditionally deleterious mutations, 
then we expect to observe a trade-off between the presence 

of a severely deleterious mutation and the total number of 
SDVs. Using the term handicap, introduced by Amotz 
Zahavi as a marker of high genome quality of a carrier [3], 
and defined in Oxford dictionary as "a circumstance that 
makes progress or success difficult", we introduce a genetic 
handicap principle, in which an organism bearing a 
severely-deleterious mutation (hereafter a 'genetic handicap' 
in Zahavi's sense) is only fit (viable at birth) if its genome 
wide load of SDVs is sufficiently low. The rationale for this 
hypothesis is that only highly fit organisms, with a 
sufficiently low SDV load, are able to tolerate the effects of 
severely-deleterious mutations and survive. It is interesting 
to note, that our approach resembles the 'liability' introduced 
by Falconer as a single continuous normally distributed 
factor representing a mixture of environmental and genetic 
traits and determining a probability to get a complex disease 
[4].

Here, we define a genetic handicap as a severely-
deleterious mutation with very broad effect on cellular 
metabolism. The broad effect assumes that the genetic 
handicap is unlikely to be compensated / modified by a few 
conditional variants and therefore, might only be 
compensated by a genome-wide decreased load of 
unconditionally deleterious variants. In this case, we can 
approximate the total mutational load using the load of 
unconditionally deleterious mutations.

We assume here that embryonic viability is an 
important component of fitness, so that the genetic 
handicap splits the affected population into two groups: 
survivors at birth and non-survivors, thus providing a 
simple grouping of affected organisms based on their SDV 
loads. The main prediction of this hypothesis is that 
handicap-carriers have a lower number of SDVs as 
compared to controls (live-born organisms without 
handicap). Moreover, the stronger the genetic handicap 
severity, the higher the difference in loads of SDVs 
between handicap-carriers and controls is expected.

The genetic handicap model
The genetic handicap model is shown on the Fig 1. (A) 

The distributions of the number of SDVs in control (gray) 
and affected (red) populations are demonstrated. The 
genetic handicap mutation (black arrow) is a numerical 
equivalent of many SDVs. (B) Truncation selection 
eliminates all organisms with the number of SDVs higher 
than the given threshold (vertical black line) from both 
control and affected populations. (C) Handicap carriers have 
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a decreased number of SDVs (SDVs do not include the 
genetic handicap per se) compared to controls; this 
difference represents the handicap effect.

Fig. 1. The genetic handicap model

Forward based simulation using SLIM
SLiM (https://messerlab.org/slim/ ) is an evolutionary 

simulation framework that combines a powerful engine for 
population genetic simulations with the capability of 
modeling arbitrarily complex evolutionary scenarios. 
Simulations are configured via the integrated Eidos 
scripting language that allows interactive control over 
practically every aspect of the simulated evolutionary 
scenarios. The underlying individual-based simulation 
engine is highly optimized to enable modeling of entire 
chromosomes in large populations.

Fig. 2. The Mutation-Selective Balance with handicap-carriers

To test the genetic handicap hypothesis in the SLiM 
environment we followed two main steps. First of all we 
established numerous populations under mutation-selection 
equilibrium (MSE). One example of such a population 
(effective population size = 100000, genome length = 
10000, selection coefficient of each SDV is 0.01, mutation 
rate of SDV per genome per generation is 0.000001) is 
provided in Fig 2, where the blue line reflects - how the 
average number of SDV per genome of average organism 
(axis Y) is changing with generations (axis X). We can see 
that the population reaches the MSE during the first 1000 
generations. Second, we introduced an additional category 
of a mutation - the genetic handicap (coefficient of selection 
= 0.5, mutation rate = 0.000000001) and plotted the burden 
of SDV among handicap carriers (organisms surviving with 
the genetic handicap mutation) as red line (Fig 2 ) We can 
see that despite strong fluctuations, red line is located 
effectively below the blue line, confirming that handicap 
carriers indeed have decreased burden of SDV. (Fig. 2).
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Abstract — Eisenia nordenskioldi is a polymorphic 
earthworm species with two subspecies and high cryptic genetic 
diversity. We performed transcriptome sequencing for eleven 
genetic lineages of this species and built phylogenies based on 
different extracted datasets. We demonstrated that, contrary to 
previous studies, E. nordenskioldi is monophyletic, but both of 
its subspecies are polyphyletic. E. nordenskioldi was split into 
two groups of lineages, representing the northwestern and 
southeastern parts of its range.

Keywords — earthworms, Eisenia nordenskioldi, phylogeny, 
transcriptomes

Motivation and aim

Motivation
Eisenia nordenskioldi was long known to be a 

polymorphic species with multiple morphological forms and 
chromosomal races. A series of recent studies uncovered high 
cryptic DNA diversity within this species [1-2]. However, 
phylogenetic inferences using conventional approaches were 
inconclusive. 

Aim
Studies that employed a few genes or mitochondrial 

genomes failed to resolve the relationships among genetic 
lineages and subspecies constituting E. nordenskioldi [2-3]. 
Therefore, we performed transcriptome sequencing and 
extracted multigene datasets in order to elucidate phylogenetic 
relations this species.

Methods
Total RNA was extracted from live specimens; the poly-A

RNA was isolated using commercial kits and sequenced by 
IonTorrent (four specimens) and Illumina HiSeq (seven 
specimens). The obtained reads were assembled by Trinity. 

Gene and protein datasets were extracted using the 
ProteinOrtho and HaMStR programs for ortholog assignment. 
Phylogenetic trees were built using Bayesian inference and 
Maximum Likelihood algorithms.

Results
Within the studied dataset E. nordenskioldi was 

monophylic, albeit not with high statistical support. E. n. 
nordenskioldi was paraphyletic with respect to E. n. pallida.
Lineages constituting the latter subspecies did not for a 
monophyletic group. This suggests that the ancestor of E. 
nordenskioldi was pigmented, and pigmentation was 
independently lost during the evolution of the species in 
several distinct lineages. E. n. pallida is thus an artificial 
group. E. nordenskioldi was split into two groups of lineages, 
representing the northwestern and southeastern parts of its 
range.
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Abstract — A trisomy 21 (T21) is associated with high, up 
to 80% miscarriage rates. Yet the genetic component of this 
selection is unknown - why some fetuses with T21 can be live-
born, while others are miscarried. Here we hypothesize that 
genome-wide burden of slightly-deleterious variants in the 
T21 genome can affect the outcome. To test this hypothesis we 
analyze genomic data from families with live-born offspring 
with T21. In order to uncover patterns of embryonic selection 
against fetuses with T21 we need to analyze which set of alleles 
is over- or under- inherited from parents to offspring with 
T21. For this, we calculate individual predisposition of each 
member of a trio to different phenotypes (mainly different 
diseases). These genetic risks, or polygenic risk scores (PRS) 
are calculated by summing up risk alleles, that are weighted 
by effect sizes derived from GWAS analyzes. Comparing the 
PRS of parents with the PRS of offspring we can uncover 
disequilibrium in the transmission of certain risks. 
Understanding of molecular mechanisms of over- and under-
transmission of alleles is of great importance because they can 
determine the viability of T21 fetuses. Discovered in this way 
non-randomly transmitted classes of polymorphisms can help 
us to point out molecular signatures of phenotypes associated 
with T21 as well as may potentially help to find new ways of 
treatment.

Keywords — PRS, T21, Down syndrome, polymorphisms, 
slightly-deleterious variants, transmission disequilibrium

Introduction 
To date, trisomy 21 is the most common chromosomal 

abnormality occurring in humans. It is caused by a meiotic 
nondisjunction event with subsequent presence of all or part 
of the third copy of chromosome 21. Moreover, trisomy 21 
is associated with high, up to 80% miscarriage rates [1].

Down syndrome phenotypes are induced by trisomy 21, 
but they can be modified by numerous slightly deleterious 
variants located on both chromosome 21 [2] and all other 
chromosomes [3]. Here using PRS approach we try to find 
a set of alleles which can modify the effect of T21. Over-
transmitted alleles we interpret as protective ones, which 
can partially compensate the effect of T21, while under-
transmitted alleles we interpret as deleterious ones, which 
aggravate the effect of T21. 

Methods
Our main dataset is 628 genotyped trios (two parents and 

live-born DS offspring in each trio). Using all DNA 
polymorphisms, associated with 50 different traits (large-
scale studies, N > 50,000) such as body mass index (BMI), 
coronary artery disease, blood pressure, type 2 diabetes, 

etc.), we calculated a polygenic risk score (PRS) for each 
member of each trio. Below we describe step by step how 
we calculated PRS and estimated transmission of these risks 
from parents to T21 offspring. 

(i) PRS

For finding complex diseases which affect DS we first
counted polygenic risks scores. A polygenic risk score 
(PRS) is a sum of trait-associated alleles weighted by effect 
sizes estimated from a genome-wide association study.

We counted PRS in 4 different ways:

(1) without in-house strict clumping & thresholding the
number of SNPs, on a full sample, for all trios - in this case, 
the soft clumping & thresholding built-in PRSice2.2.8 was 
used;

(2) by in-house strict clumping & thresholding the
number of SNP, calculation of PRS on a complete sample, 
for all trios by simple summation of the products beta * N, 
where N is the number of alleles of the alternative genotype;

(3) by in-house strict clumping & thresholding,
calculating PRS for each triple using PRSice2.2.8 
(clumping & thresholding built into PRSice2.2.8 was 
disabled by the –no-clump option);

(4) by in-house strict clumping & thresholding,
calculating PRS on a full sample, for all triples using 
PRSice2.2.8 (the built-in clipping & thresholding in 
PRSice2.2.8 was disabled by the –no-clump option).

The highest qualitative correspondence, according to the 
variation of CliffDelta and CohenD, with the hypothesis that 
the median PRS of parents more than in children with Down 
syndrome was obtained only by using the simplest method 
(2).

It has to be said that we measured the effect size of the 
differences between the PRS distributions of parents and 
children with Down syndrome using Cliff’s Delta and 
Cohen D - all 4 methods yielded negligible differences 
between the compared PRS distributions.

In addition, it must be said that we tried to calculate the 
statistical significance of differences in the distributions of 
PRS of parents and PRS of children with Down syndrome 
using Welch t-test and U-test. Statistically significant 
(however marginally significant) differences in the 
distributions were obtained exclusively by analysis by 
method (1), however, the variations of Cliff’s Delta and 
Cohen D, not to mention PRS of children with Down 
syndrome or PRS of parents, in this case were inconsistent 
with each other.
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(ii) Transmission disequilibrium

The transmission of burden of slightly deleterious 
variants can be estimated by polygenic transmission 
disequilibrium test (pTDT) [4]. This approach allows to 
point out how various genetic variants can be over- and 
under-transmitted from parents to offspring.

Fig. 1. The concept of inheritance of slightly deleterious variants.

A-a number of slightly-deleterious variants determines whether the fetus 
with T21 will be live-born (left cup with some space) or a miscarriage 
(overflowing right cup);

B- fictional model with transmission disequilibrium, where delta is 
different from 0, PRSexp - expected RPS (based on parents’ genotypes), 
PRSobs - observed PRS (based on an offspring’s genotype);

C- results as a PRS for schizophrenia, schizotypal and delusional 
disorders, where delta equals 0, PRSexp - expected RPS (based on 
parents’ genotypes), PRSobs - observed PRS (based on an offspring’s 
genotype).

When PRSs for both parents and offspring are counted 
we compare average (mid-parent score) and/or whole 
distributions with the PRS of offspring. The contrast 
between the scores will shed the light whether genetic 
predisposition to a given phenotype was randomly 
transmitted to offspring (i. e. contrast is close to zero) or 
over- / under- transmitted.

Results
Currently, analyses of transmission of all calculated 

risks demonstrated the expected neutral inheritance from
parents to the offspring (average delta = 0), as in fig.1C. It 
is in line with the absence of strong genetic selection for or 
against the T21 during embryogenesis. This can be 
explained either by real absence of genetic selection 
(meaning that live-born or miscarried T21 can be purely 
random or depends on environment) or by the fact that we 
didn’t find yet T21 - relevant phenotype. Thus we continue 
to look for polygenic transmission disequilibrium in other 
phenotypes.

In addition to this, we plan to annotate specific targets 
of DS embryonic selection in order to point out the strongest 
genetic variants, genes and gene networks which affect 
survival probability of individuals with Down Syndrome.
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Abstract — Despite the fact that mitochondrial genome is 
streamlined, its size still varies significantly across all 
vertebrate taxa (from 15kb in Mammalia to 25kb in Reptilia 
approximately).

To uncover the driving reason of this variation we 
analyzed structures of the whole mitochondrial genomes of 
3793 Chordata species belonging to 5 taxa: Actinopterygii 
(1905 sp.), Amphibia (227 sp.), Reptilia (285 sp.), Mammalia 
(855 sp.), and Aves (521 sp.). In each of these taxa we observed 
strong positive correlation between the genome size and the 
length of non-coding region (D-loop) (all Spearman’s rho >= 
0.76, all p-values <= 2.2e-16). We assumed that some repeated 
sequences may contribute in D-loop length variation and 
looked for five types or repeats: tandem (annotated by 
Tandem Repeats Finder), direct, symmetrical, inverted and 
complementary (annotated by our own scripts). Analyzing the 
impact of the number and the length of each repeat type on D-
loop size variation we revealed that the tandem repeats is the 
main repeat types, shaping the size of the D-loop.

Keywords — Tandem repeats, recombination

Introduction 
To reveal potential associations between the abundance 

of the tandem repeats and species-specific life-history traits 
we focused on Mammals, for majority of which there is a 
high quality ecological information such as generation 
length, body mass and metabolic rate. For 434 species we 
observed a negative correlation between tandem repeats 
abundance and generation length (rho = -0.10, p-value = 
0.029) indicating that tandem repeats are more common in 
short-lived species (this correlation is robust if we introduce 
in our model GC content and PIC).

It is important to take into account not only 
presence/absence of tandem repeats and their total length 
but also properties of their motifs: length of the motif, 
nucleotide content of the motif, copy number of the motif 
(how many times it is repeated in mtDNA), the level of 
degradation (average similarity between each repeated copy 
of the motif), and so on. Using pairwise correlations and 
principal component analysis we observed several groups of 
tandem repeats, for example more GC rich motifs tend to be 

more perfect (less degraded) with more repeated copies. We 
hypothesized that some of these groups of repeats may be 
more important than others in the shaping of the correlation 
with ecological (generation length) and genetical (whole 
genome size, D-loop size) traits. Indeed we observed that 
long, GC-rich, low-degraded and many-times-repeated 
motifs correlate better with generation time.

There are three non-mutually exclusive potential 
explanations of the observed negative correlation between 
the tandem repeats abundance and generation time: (i) 
strong negative selection against tandem repeats in mtDNA 
of longlived species (within long-lived dormant oocytes)[2], 
(ii) selfish drive of tandem repeats and (iii) neutral
propagation of tandem repeats in mtDNA of species with
non-zero level of recombination.

Methods 
(i) It is known that in human postmitotic tissues (neurons

and skeletal muscles) somatic mtDNA deletions propagate 
with age leading to many age-related phenotypes. Somatic 
deletions are very deleterious and are almost never 
transmitted from mother to offspring but probably the same 
process is happening on the low scale during evolution. This 
process is expected to be more powerful in the oocyte, 
which lives long life - for example in elephants it is expected 
to be stronger than in mice (20 years within elephant oocyte 
versus 1 year in mouse oocyte). However, until now there is 
a lack of evidence, that short size of the genome is 
associated with clonal advantage. 

(ii) Tandem repeats may provide an advantage to the
host mtDNA (selfish drive)activating replication of a given 
molecule. Recently it has been shown that some tandem 
repeats may increase replication rate of the host mtDNA 
genome providing it a replication advantage [3]. 
Interestingly this process may lead to the accumulation of 
deleterious variants throughout the whole genome (and 
even to extinction of a line) since replication advantage 
overcomes some deleterious effects of the linked variants 
[3]. In this scenario, tandem repeats are active drivers of 
the increased replication rate of the host molecules.
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(iii) Tandem repeats (especially with long motifs)
may propagate better in the recombinational environment 
and thus they might be a neutral marker of the hidden 
recombination. It is commonly accepted that mtDNA of 
chordata are mainly non-recombining, maternally
inherited genome. However, numerous well-proofed 
exceptions are known from this rule. We hypothesize, that 
tandem repeats can be a marker of the low level of 
recombination, undetectable by many other methods.

Interestingly the number and the length of tandem 
repeats differ not only between species but also between 
taxa: on the average tandem repeats are more common in 
Amphibia and Reptilia while genomes of Mammalia and 
Aves are more poor in tandem repeats. It is known that 
exactly Amphibia have the highest frequency of biparental 
inheritance of mtDNA. 

Altogether we conclude that tandem repeats are markers 
of hidden and rare recombination in mtDNA of vertebrate 
species Additionally we decided to estimate the probability 
of recombination in mammalian species using 
polymorphism data. For 224 mammalian species we were 
able to find 10 different CytB sequences, aligned them and 
analyzed a probability of recombination using LDr2 
approach 
(http://www.lifesci.sussex.ac.uk/CSE/test/ld.php). After 
analyzing polymorphic data of 224 species for 33 of them 
we found some evidence of recombination (species with 
nominal p-values less or equal 0.01). Next we tested if 
recombination is associated with tandem repeats. We 
observed that among species with more than one tandem 
repeat the fraction of species with recombination is 21% (17 
out of 80) while among the species with one or less tandem 
repeats this fraction is only 11% (16 out of 128 species). The 
increased fraction of recombination among the tandem-
repeat-rich species is marginally significant (p = 0.049, 
Fisher’s odds ratio = 2.15). Interestingly, between class 

comparison showed that aves have the most frequent 
recombination (18% of species), actinopterygii - the second 
most frequent (11%) while reptilia (8%) and mammals (7%) 
are the classes with the most rare recombination detected 
(we don’t have enough amphibia species to validate it). In 
the future we plan to use several additional tests on 
recombination in order to validate the robustness of our 
findings. 

Results 
Altogether, using several lines of evidence (association 

of tandem repeats with mtDNA genome length, with 
speciesspecific generation length, with Kn/Ks and with 
recombination events) we conclude that mtDNA tandem 
repeats indeed mark very rare and very

hidden recombination. 
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Abstract — The rapid emergence and spread of Internet 
addiction in adolescent populations, combined with a rapid 
change in consumed content due to mobile access availability 
and the new access devices, are new challenges for classical 
psychology and fundamental medicine that require urgent 
solutions. The presence of the genetic component of Internet 
addiction was convincingly shown in different populations, but 
to date the specific genes involved in the mechanisms of such 
heritability have not been well identified. The aim of the study 
was to investigate the role of candidate neurotransmitters and 
to perform a population analysis of candidate genes 
polymorphisms for the Internet addiction formation. As a result 
of the analysis, 7 Internet-dependent adolescents and 39 
adolescents with a tendency to Internet-dependent behavior 
were identified. The frequencies of genotype distribution in the 
population sampling of Caucasians (n = 302) were obtained: * 
CC 59.6%, * CT 40.4%, * TT 0% (rs1800497 DRD2); * AA 
23.8%, AG 52.4%, * GG 23.8% (rs4680 COMT); * CC 37.4%, 
* CG 46.0%, * GG 16.6% (rs2229910 NTRK3). The results will 
help to open new perspectives in assessing the fundamental 
neurobiological causes for the Internet addiction and the 
personalization of therapeutic approaches in Internet 
dependent adolescents.

Keywords — adolescents, Internet addiction, gene 
polymorphism

Introduction 
Internet addiction (IA) is a relatively new psychological 

phenomenon having signs of a social epidemic, specifically 
attributed to vulnerable groups (adolescents and young adults) 
in some regions (South Korea, China, Japan). The prevalence 
of IA among adolescents varies depending on the ethnosocial 
groups studied and the diagnostic criteria used, from 1% to 
18% [1]. In Europe, therefore, the prevalence of IA among 
teenagers is 1-11%, on average 4.4%, in the USA, the 
prevalence of IA in the total sampling is 0.3-8.1%. However, 
the prevalence of IA among teenagers and young adults is 
significantly higher - 9-37.9% in Asian countries [2].

The genetic component of developing Internet addiction 
was shown by twin studies using various populations, 
however, to date, the specific genes involved in the 
mechanisms of such heritability are not exactly identified. 
Pilot studies verified some polymorphic sites of five candidate 
genes: rs1800497 (dopamine D2 receptor (DRD2) gene, 
Taq1A1 allele) and rs4680 (methionine variant of dopamine 
degradation enzyme catecholamine-o-methyltransferase 
(COMT) gene), and the association of minor alleles associated 
with low dopamine production (rs4680) and a low number of 
dopamine receptors in the prefrontal cortex (rs1800497) with 
pathological addiction to Internet games in adolescents in 
South Korea was shown to occur [3]. An exome analysis 
including a study of 83 polymorphic sites revealed a 
statistically significant association only with rs2229910 
(neurotrophic tyrosine kinase receptor type 3 (NTRK3) gene), 
perhaps also associated with anxiety, panic, depression and 
other disorders [4].

Thus, the emergence and spread of Internet addiction in 
adolescent, combined with the rapid change in consumable 
content due to the general availability of mobile access to the 
network and appearing some new access devices, pose for 
fundamental medicine some new challenges to be studied. 
This is particularly true because of the established serious 
comorbidity of IA (depression, anxiety, suicidal behavior, 
unmotivated aggression, as well as psychosomatic diseases). 
An analysis of ethnogeographic differences of Internet 
addiction, while taking into account the ethnic differences in 
the prevalence of genotypic characteristics of populations 
seems to be relevant and that is not sufficiently explored in 
modern neurogenetics of addiction in adolescents, especially 
in such a multinational country as Russia. The research results 
will help to open a prospect in assessing the fundamental 
neurobiological aspects of developing Internet addiction and 
individualised therapeutic approach in Internet-dependent 
teenagers.

Matirials and methods
The overall prevalence assessment of Internet addiction in 

adolescents of 13-18 years old living in the city of 
Krasnoyarsk was carried out using the Chen Internet addiction 
Scale Test (CIAS, S.-H. Chen, 2003) in the adaptation of V. 
L. Malygin, K.A. Feklisov [5,6] in randomly selected 
secondary schools. 233 teenagers of Caucasian origin at the 
age of 13-18 years old were surveyed (average age is 15.3 ± 
1.6), with 111 girls and 122 boys being involved in the study. 
All examined ones or their parents gave written informed 
consent to participate. DNA was isolated using salting out 
method. Genotyping of rs1800497, rs4680 and rs2229910 was 
taken on 302 DNA samples of a population sampling of 
Caucasians in the Krasnoyarsk Territory using RT-PCR.

Results and discussion
An analysis of the content - structure of Internet addiction 

among adolescents in Krasnoyarsk resulted in the 
identification of three groups of adolescents: (1) adolescents 
with no Internet addiction behavior, a control group (the 
expected frequency was 60-75%), the detected frequency 
being 80.3%; (2) adolescents with a tendency for developing 
Internet addiction/pre-addictive stage (the expected frequency 
was 20-30%), the detected frequency being 16.7%; (3) 
adolescents with Internet addiction / behavior with an internet 
abuse component (the expected frequency was 5-10%), the 
detected frequency being 3.0%. As a result of the analysis, 7 
Internet-dependent adolescents and 39 adolescents with a 
tendency to Internet-dependent behavior were identified, they 
were also paired (corresponding to gender, age and
nationality) for sampling the biological material, further DNA 
extraction and genetic screening of polymorphic genes on IA 
susceptibility. According to the literature, a methodologically 
verified study of students in 9-11 grades in Moscow using the 
CIAS, i.e. questionnaire validated by the authors, showed that 
“11.0% have some signs of Internet addiction, 42.0% abuse 
the Internet of all the adolescents examined (n = 190)". 

253



Another study by the same research group demonstrated that 
“4.25% were diagnosed as Internet addicts and 29.33% as 
Internet abusers of 1084 adolescents (the average age in the 
sampling was 15.6 years old)” [5].

We carried out a genotype test of the population sampling 
of Caucasians in Krasnoyarsk (n = 302) rs1800497 DRD2, 
rs4680 COMT and rs2229910 NTRK3. The frequencies of 
genotype distribution were obtained: * CC 59.6%, * CT 
40.4%, * TT 0%; * AA 23.8%, AG 52.4%, * GG 23.8%; * CC 
37.4%, * CG 46.0%, * GG 16.6%, respectively. The 
frequency of allelic variants of the studied SNPs corresponds
to world data on Caucasoid populations (according to 
www.ensembl.org).

Conclution 
As a result of increase in the group of teenagers, a 

comparative analysis of the distribution of polymorphic sites 
rs1800497, rs4680, rs2229910, rs25532 (serotonin transporter 
(SS-5HTTLPR) gene) and rs1044396 (nicotinic acetylcholine 
receptor subunit alpha 4 (CHRNA4) gene) is expected to carry 
out in adolescents of Central Siberia in order to identify 
candidate genes of developing Internet addiction.
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Abstract — Despite the centenary, the status of Vavilov law 
of homologous series (LHS) remains uncertain. Unlike an 
empirical rule, a law may have no exceptions. Exceptions are 
indicative of having to abrogate or to ascertain the limits of 
the law’s applicability, the latter being derivable from the 
ground on which the law stands. As the basis of the law neither 
the common ancestor heritage, nor the evolutionary 
enumeration of a limited space of possibilities satisfy this 
demand. We consider LHS as a consequence of the functional 
overlap of adaptive characters. 

Keywords — Vavilov law of homologous series, promoter, 
TATA box, composition element, coadaptive substitutions, self-
adaptive evolution.

Background
Similarity of homologous series (HS) is not weak, 

incomplete, or unexplored (in all cases, how much?) 
resemblance but an independent “third” similarity of 
characters caused by the principles of their organization1.
HS does not require, does not exclude, but does not boil 
down to the identity (homology) and/or common function 
(analogy) of the characters [1]. The law has no exceptions, 
but only abrogate (a) and ascertain (b) limits of 
applicability. If a, then the gaps in the HS are imaginary i.e. 
an observer error, a member of one HS fell into another, not 
derived from the first (α). If b, then both the exception and 
the HS are equally inferred from one cause (β). Otherwise, 
there is empirical rule, no law (γ). Logically, α and β are 
complementary, both oppose γ: (α˅β)˄¬γ. For the first time, 
Cope spoke of HS as (α˅β)˄¬γ, where a it's characters of 
genera without adaptive selection associated with 
morphogenetic dynamics which based on physicochemical 
laws; b it's characters of species that adaptive evolved only 

1Hence obligate for Vavilov HSs character transgression [1]: 
in spite of a rapid divergence of phyla, transgressing characters 
retain the shared phenotypic aspects and the way the phenotype 
varies, while the convergence preserves only the phenotype.

2The scheme that somehow underlies all modern evo-devo 
theories [3]. Since any hierarchy of characters automatically 
generates a modular organization of ontogenesis and parallelisms 
as a consequence, the problem of this scheme will not be HSs, but 
gaps which the scheme cannot deduce from an own foundation. 
For example [3] several gaps may be reduced by includ embrional 
forms in HS. But how deep can go down into embryos for it (not 
to mention that Vavilov used only postnatal characters in LHS 
[1])? The status of the law has only Stark-Zavarzin theorem [2], 
where the hierarchy is absolute, since it is given by the logical 
incompatibility of characters or their biochemistry that identic in 
adults and young.

3The same problem. Going down into embryogenesis and/or 
changing the complexity of characters by reducing them to 
sequences of biopolymers, an observer can arbitrarily get both
homology (the postgenome homology crisis [5] foreseen by 
Meyen) and developmental hourglasses [4].

when a and the selection vector coincide [2]. Thus, any 
character of genera not only limited the space of possibilities
(LSP) for characters of species, but also provided 
correlations between these characters2. However, the factual 
fuzziness of this characters’ dichotomy has reduced the 
Cope laws to γ. In editions of Law of HS (LHS) of 1920 and 
especially 1922, Vavilov [1], having put forward many 
reasons, also reduced LHS to γ. In 1935 Vavilov [1] raises 
the question of (α˅β)˄¬γ, for which he excludes from LHS 
the similarities whose reasons arise long before (i.e. popular 
today developmental hourglass and less popular common 
ancestor heritage) 3 or independently of this taxon (i.e. 
limitations by LSP or extreme physicochemical laws like 
Maupertuis principle). He continues to build only 
combinative (weak epistasis)4 HS, linking their genesis with 
centers of origin (CO)5 [1]. But the schools of Filipchenko 
and Schmalhausen, paradigmatically claiming for LHS in 
fact returned to Cope (only characters hierarchy instead its 
dichotomy)6. Is LHS the law? Are all HSs deducible from 
LHS?

Materials and Methods
We studied the phenotypic effect of mutations in the 

core and flanks of TATA boxes and composition elements 
(CEs) composed of TATA boxes with their flanking 
sequences overlapping other regulatory sites. The character 
under study was gene expression level: the service 
SNP_TATA_Comparator [2] discriminates between the 
ТВР/ТАТА affinity contribution into the gene expression 
level and the regulatory site contribution for CE as well as 
between the contributions of the TATA box core and flanks.

4 Paradoxically ignoring correlations of characters that he 
himself appreciated. Including genetic maps, but not ploidy. For 
example, he built many НSs for separate flower’s characters, but 
not one for flower’s formula as a whole [1]. This formula, as 
known now, relies on a conservative gene network-automat.

5Vavilov spoke about centers of origin [1], but neo- and paleo 
data do not confirm either the obligatory origin of a taxon in the 
center, or the supereffectiveness of the primary center for taxa’s 
adaptive radiation [6,7]. Paradoxically, according to Vavilov, for 
LHS similarity forming it is necessary that the taxon invade into 
the region of maximum environmental diversity. That is
disaccording to traditional theories [3] where similarity in 
environmental diversity is the least likely.

6According to Filipchenko [2], the hierarchy is determined by 
the time of the character appeared (from a common ancestor [3,5] 
or nearest hourglass [2,4] in the last version), to which the Modern 
Synthesis has added logical compatibility as Dobzhansky-Muller 
model [3]. According to Schmalhausen synthesis, this
compatibility is regulated by feedbacks [2] and/or trade-offs [3].
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Results and Discussions
Shown, that HSs appear due to coadaptive substitutions

regardless of common ancestor: nonhomologous mutation 
in the TATA box mutually compensate for each other when 
there is a functional overlap (FO) between the flanks and 
the core. The same is as the TATA box has a FO with CE 
sites. Being dependent only on the level of diversity (in our 
case, on mutability) and the level of FO, this evolution will 
go both in a changeable and even in an unchangeable 
environments. But in both cases it should be a subpessimal 
environment. Finally, its own self-adaptive 7 trend is 
forming. The trend starts with the substitution of homology 
for being homologous and proceeds with a coordinated 
divergence of HSs8. During such a coordinated divergence, 
the bundle of closely related phyla carrying the character 
diverge for this character into bundles, in each of which 
phyla are differently related. Any bundle is a case of 
character transgression; any one-phylum bundle appears 
as a case of classic Darwinian bifurcation, an "exception” 
(β1) to LHS, but, on the other hand, many bundles this is any 
gap in each (β2, the main “exceptions” to LHS). A trend 
continues if self-adaptation in any bundle leads to the 
dominance of only one functional contribution to the gene 
expression level. For CE either the contribution of 
TBP/TATA affinity dominates, or the contribution of the 
regulatory site 9 . Violation of the contribution symmetry 
forms the Harland scheme: major genе+gene (s)-
modifier(s) [8]. It is limit b to LHS. Since there are more 
than two modifiers and they are structurally separable, the 
aforementioned bundles coordinated divergence will 
increase, moreover, with all “exceptions”, to which gaps in 
the number of modifier genes10, their contribution/effect and 
other its parameters are added (β3+k) 11 . Bundles 
coordinated divergence will slow down with decrease in FO 
(weak epistasis, as Vavilov put it!) and will stop once FOs 

have been banned; they may be banned for 4 reasons (3 
identified for CEs): elimination of one of the characters, 
their emergent union 12 (high epistasis) or independent 
operation13. There are limits a to LHS.

Conclusions
LHS is a law. Not all HSs deducible from LHS14 but 

only HSs consisting of characters with FO.

Acknowledgments
The work supported by the budget project No. 0324-2019-
0040-C01.

References
[1] N. Vavilov. “The law of homologous series in variation” Nauka. 

1987. 260 p.
[2] V. Suslov, M. Ponomarenko, D. Rasskazov. “Homology and 

Vavilov's law of homologous series”.
http://mccmb.belozersky.msu.ru/2019/thesis/MCCMB2019/pa
ges/author.utf8.html#S. 

[3] J. Herron, S. Freeman. “Evolutionary Analysis”. Pearson. 2014. 
864 p.

[4] I. Grosse. “Entropic Hourglass Patterns and the Emergence of 
Biodiversity”. 
http://mccmb.belozersky.msu.ru/2019/thesis/MCCMB2019/pa
ges/author.utf8.html#G.

[5] J. Moore, P. Willmer. “Convergent evolution in invertebrates”.
Biol. Rev. Camb. Philos. Soc. vol. 72. pp. 1-60. 1997.

[6] N. Goncharov. “The centers of cultivated plants origin”. 
Vestnik VOGiS. vol. 11. pp. 561-574. 2007.

[7] D. Begun, M. Nargolwalla, L. Kordos. “European Miocene 
hominids and the origin of the African ape and human clade”. 
Evol Anthropol. vol. 21. pp. 10-23. 2012.

[8] S. Harland. “The genetical conceptions of the species”. Biol. 
Rev. Camb. Philos. Soc. vol. 11. pp. 81-112. 1936.

7What makes self-adaptation be different from co-adaptation 
is a symmetry: a predator and a prey do not swap their roles, but a 
contributions to expression (providing that expression is 
underway), are interchangeable: in subpessimal environment not 
only decrease, but also increase in contribution coming from one 
site favors the fixation of the mutation that compensate for this 
effect. Evolution resembles Le Châtelier's principle [2]. In severe
unchangeable environment a crucially necessary excess of the 
gene product blocks this symmetry; any gentle environment is a 
neutral [3] non-Vavilovian [1] evolution.
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Abel’s crossing of specializations). The contribution of the former 
is much larger, the contribution of the latter is significantly less 
than the average contribution for all modifier genes. Finally, 

lagging modifier genes must become neutral, pseudogenized, or 
even be eliminated if they cannot change function by Ohno model 
of Modern synthesis [3] (β(4+k) “exception”).

11Included by Vavilov to LHS in 1935 [1]. In many times used 
in synchronous criticism of LHS. Finally, it is equally excluded 
from LHS in Schmalhausen’s and Modern syntheses as 
incompatible with the Cope foundation.

12 As in advanced Ohno models duplication-degradation-
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13The fourth reason is Ukhtomsky dominante-like. Suppose 
the selection in favor of major genе supports only those modifier 
genes that enhance the phenotypic effect of major genе expression. 
Then the selection against antagonistic modifier genes is combined 
with two main contributions: for major genе and for synergistic 
modifier genes. Self-adaptation can contrasting or leveling these 
contributions. In the first case, we obtain an emergent character, in 
the last case, a death of Harland scheme after complete 
indistinguishability of these contributions.

14Besides the Cope’s HSs it will be observed series of genetic 
maps (but not ploidy), where the violation of similarity is the 
destruction of the common ancestor heritage by transposons [3], 
whose activity is weakly associated with organismal characters 
with FO.
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Twenty animals of the Baikal and Tuva native Russian 
sheep breeds have been resequenced resulting in ~17 million 
SNP identified, of which approximately 30% were absent 
from the SNPdb database at the NCBI. Analysis of the 
sequencing data has identified genome areas likely to be under 
selective pressure in these Siberian sheep populations. The 
Tuva breed showed a much larger number of areas with an 
increased fixation index (Fst) relative to the Baikal breed 
when we used as a contrast 14 sheep genomes from the UK. 
This may be due to the remote phylogenetic position of the 
Tuva breed from the European sheep. Interestingly, almost 
every region with an elevated fixation index in both breeds 
contained a protein-coding gene and about 50% of them 
contained nonsynonymous nucleotide changes with high Fst 
values, suggesting possible effect of these substitutions on the 
protein functions in these breeds. For the Tuva breed, the 
highest Fst was observed in the PPP1CC gene area, which was 
shown earlier to be involved in the process of fat storage in 
livestock. Another gene (HHIP), which affects the 

differentiation of adipocytes, is under likely selection pressure 
in the Tuva breed on chromosome 17. In the Baikal breed, the 
highest fixation index was observed in the area of the gene 
ZNF280B, the transcription factor that regulates many other 
genes. The second top significant area of the Baikal breed 
contained the RALY gene, which, as previously shown, affects 
the quality of wool in sheep. A number of other genes affect 
immunity (TARBP1 and CLSTN1) and may thus be 
associated with adaptation to local conditions. Since we were 
able to identify nucleotide variations under selective pressure 
in these two populations, these variants can be tested for 
effects in genomic selection programmes in Russian sheep 
breeds.
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Abstract — Heat shock proteins play an important role in 

protein homeostasis of cells maintaining the correct folding of 
disturbed proteins. Several lines of evidence suggest the role 
of hsp90 in buffering mutational burden in model organisms. 
Here we propose a hypothesis that hsp90 may act as a long-
term buffer of mutational load influencing species evolution. 
To prove the hypothesis we use interspecies comparison of 
expression and genomic data. 

Keywords — hsp90, mutation buffering, evolutionary 
constraints 

Introduction 
Heat shock proteins (hsp) maintain optimal folding of 

their clients - proteins, affected by environmental 
(temperature) or genetic (a load of slightly deleterious 
mutations) perturbations. In several short-term experiments 
(typically from one to several generations) it has been 
shown that hsp90 acts as a buffer of the mutational burden 
influencing the manifestation of slightly-deleterious 
variants [1–4]. Here, we propose that hsp90 may play also a 
long-term evolutionary role compensating, for example, an 
increased mutational burden in species with low effective 
population size (Ne). Thus hsp90 might be under stronger 
evolutionary constraints in low-sized versus high-sized 
populations. 

Results 
Taking into account that the number of fixed slightly 

deleterious nonsynonymous variants is higher in species 
with low effective population size [5,6], we expect that the 
expression level of hsp90 in these species is increased to 
partially compensate the high burden of slightly-deleterious 
nonsynonymous variants (SDNVs). Indeed using 
comparative species expression level data [8] we found out 
that expression level of hsp90 is the lowest in Macaque, 
which is characterized by the highest effective population 
size among other six analyzed [8] primates (Ne of macaque 

~ 80’000, Yuan et al.2012; human: 13’100-16’200; gorilla: 
28’400-56’900; chimp: 30’900-61’800; orangutan: 
42’300-84’600, data from [9]).

Analyses of hsp90 expression pattern between different 
human tissues (the highest in the ovary, GTEX portal -
https://www.gtexportal.org/) and different stages of 
mammalian development (the highest expression is 
observed at early stages of development when the most 
essential genes are expressed) [9] is in line with supportive 
role of hsp90 during the development. 

Next, we assumed that because of this potential 
compensatory role, hsp90 might be under stronger 
evolutionary constraints in low-sized versus high-sized 
populations. In order to compare the level of relaxation of 
hsp90 in different mammalian species, we performed a 
linear regression analysis with scaling of variables between 
species-specific Kn/Ks of hsp90 (using only 1-to-1
orthologs of human Hsp90) and species-specific 
generation length (which approximates the effective 
population size) of 38 mammalian species. We obtained 
weak positive correlation (slope = 0.2864, p-value = 0.05, 
R^2 = 0.082) which is in line with our expectations (Fig 
1.). In order to make the final conclusion about selection 
relaxation of hsp90 we compared the hsp90 specific slope 
with slopes of genes similar to hsp90. To derive a subset of 
genes comparable to hsp90 we performed Principal 
Component Analysis taking into account evolutionary 
characteristics of human genes such as the probability of 
being Loss of Function intolerant, haploinsufficiency [7], 
etc. as well as structural features like average exon length, 
gene length, number of transctripts, etc.
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Fig. 1. Linear regression of Kn/Ks vs Generation Length for hsp90 

We expect that the hsp90-specific slope should be less 
steep compared to other genes. Across comparable genes, 
hsp90 has one of the lowest mean Kn/Ks that emphasizes its 
high level of evolutionary constraints. However detailed 
analysis of slopes from linear regression models of Kn/Ks 
vs Generation length did not show robust signal of the 
decreased hsp90-specific slope versus the slopes of other 
genes. 

Finally, we analyzed the distribution of cis-eQTLs 
(GTEX portal - https://www.gtexportal.org/) in hsp90 
compared to a subset of similar genes (see the previous 
section). We observed that hsp90 has a significantly lower 
assessed allele frequency of cis-eQTLs than in other genes 
(Mann-Whitney test, W = 88256, p-value = 0.025). This fact 
suggests that hsp90 due to its role in homeostasis 
maintenance should keep a constant expression level and so 
it has a deficit of regulatory expression variants compared 
to other genes.

Altogether we observed several lines of evidence, 
confirming the compensatory role of hsp90 but more 

analyses are needed to confirm it’s long-term bufferisation 
effect.
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Abstract — Representatives of Infraorder Gekkota 

demonstrate relatively low chromosomal evolution and rapidly 

evolved sex chromosome systems. Using low-coverage 

chromosome sequencing, we sequenced chromosome-specific 

libraries of Gekko japonicus and putative sex chromosome of 

Hemidactylus platyurus to compare with annotated genomes of 

squamate reptiles. We found evolutionary long conservation of 

macro-chromosome and high dynamic of micro-chromosomes. 

Also, we discovered homologues synteny blocks between sex 

chromosomes of species from different infraorder. 

Keywords — Karyotypic evolution, macro- and micro-

chromosomes, sex chromosomes, Gekko japonicus 

Introduction  
Infraorder Gekkota represents a specious infraorder of 

reptiles, taking a basal position relative to a large clade of 
squamate reptiles, including snakes, iguanids, scincids, 
lacertids and anguimorphs. The infraorder is characterized by 
unimodal karyotype without macro- and micro-chromosomes. 
The ancestral karyotype is known to have consisted of 38 
acrocentric chromosomes, and modern karyotypes differ from 
it by a relatively small number of chromosomal 
rearrangements [1]. Also, geckos demonstrate the rich 
diversity of sex chromosome systems [2]. However, most 
chromosome-wide assemblies of the genome are available for 
lacertids, snakes, varanids and iguanids are still missing in 
Gekkota. Here we applied low-coverage chromosome 
sequencing to evaluate the genetic content in a representative 
of geckos – Gekko japonicus and putative sex chromosome of 
Hemidactilus platyrus to compare with annotated genomes of 
squamate reptiles and study homologous synteny blocks and 
evolutionary breakpoints regions.  

Metods  
The chromosome-specific libraries of Gekko japonicus 

were prepared from chromosome sorted with a dual laser cell 
sorter (Mo-Flo, Dako) at the Cambridge Resource Center for 
Comparative Genomics, Department of Veterinary Medicine, 
University of Cambridge, Cambridge, UK, as described 
previously [3]. Libraries were amplified and labeled using 
DOP-PCR, chromosome specificity of libraries was verified 
by FISH. To prepare chromosome-specific libraries for 

sequencing, we used TruSeq Nano DNA Low Throughput 
Library Prep Kit (Illumina). 300 bp paired-end reads were 
generated on Illumina MiSeq using the Illumina MiSeq 
Reagent Kit v3 according to the manufacturer’s instructions. 
Sequencing data were processed using the DOPseq_analyzer 
pipeline [4]. At first, the cutadapt removes of Illumina adapter 
sequences and DOP primers. The purified reads are aligned on 
the Lacerta agilis and Crotalus viridis viridis genomes to 
search for target regions and the human genome to remove 
contamination reads using BWA, low-quality alignments 
were discarded. Then, by calculation, the density of 
alignment, the identification of target regions occurs using 
DNAcopy package. 

Results 
We compared the obtained sequencing data with the 

annotated genome of Lacerta agilis (Lacertidae, Squamata) 
and Crotalus viridis viridis (Viperidae, Squamata) and found 
evolutionary long conservation of macro-chromosome along 
with high dynamics of micro-chromosomes. We refined the 
breakpoints in reptile genomes and demonstrated the 
breakpoint re-use. Also, we found homologues of the putative 
sex chromosome of Hemidactilus platyurus in the 
G. japonicus karyotype, which is not a sex chromosome. 
However, the putative sex chromosome of H. platyurus has a 
synteny block with the sex chromosome of the Noropus 
sagrey (Iguania, Squamata) and contains the RSPO1 gene. 
This result suggested that in different reptile lines, the same 
genetic material can independently be involved in the 
formation of sex chromosomes. 
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Abstract — We performed a comparative analysis of 
phylogeny, conservative sites, protein domains, and the presence 
in taxa of FMOs and BVMOs proteins. Earlier in the FMOs, the 
following protein groups were distinguished: type I FMO, type II 
FMO, YUCCAs. According to the results of our analysis, we 
propose that the type II FMO group is, in turn, divided into two 
groups: FMO IIA type and type IIB FMO. Type IIB FMO proteins 
represent a new special group in a number of parameters (site 
consensus, composition of protein domains, presence in taxa and, 
apparently, functions) significantly different from all other FMOs 
proteins and type IIA FMO proteins, in particular. While type IIA 
FMO proteins exhibit properties typical of the FMO subclass. The 
type IIB FMO protein group is likely to represent a new family of 
proteins. These proteins are of interest for biocatalysis.

Keywords — protein phylogeny; protein evolution; flavin 
monooxygenase; auxin biosynthesis; YUCCA family; conservative 
motifs

Background
YUCCA proteins are important plant enzymes involved in 

the biosynthesis of one of the key hormones, auxin. [1]. It is 
believed that these genes originated as a result of horizontal 
transfer from bacteria to plant genome [2].

YUCCA enzymes belong to the superfamily of flavin-
dependent monooxygenases (FMO), therefore, studying the 
position of the proteins of the YUCCA family within the FMO 
superfamily can shed light on the origin of the auxin 
biosynthesis pathway in higher plants.

Class B flavin-dependent monooxygenases (EC 1.14.13) 
include three subclasses: N-hydroxylating monooxygenases 
(NMOs), Baeyer – Villiger monooxygenases (BVMOs), and 
flavin-containing monooxygenases (FMOs). The YUCCA 
protein family belongs to the last subclass of FMOs [3].

In this work, a detailed analysis of the phylogeny of FMOs 
proteins was carried out, which allowed us to make an 
assumption that there are two subgroups, type IIA and IIB, in the 
type II FMO group. Subgroup IIA, but not IIB, is sister to 
YUCCA. Based on these data, assumptions were made about the 
origin and evolution of the proteins of the YUCCA family.

Materials and methods
Proteins of YUCCAs family and their closest homologues 

were extracted from NCBI database using protein BLAST with 

a threshold e-value < 1e-5. Homologs of protein YUC2 
(AT4G13260) of Arabidopsis thaliana were the BLAST queries; 
only full-size proteins were taking into account. Promals used 
for alignment reconstruction. The phylogenetic tree was built 
using Maximum Likelihood methods. Protein motifs were built 
using WebLogo (HTTPS://WEBLOGO.BERKELEY.EDU).

Results and Discussions
We have built a FMO-like (YUCs homologues) 

phylogenetic tree (as a target for the search was taken protein 
YUC2 Arabidopsis thaliana – At4G13260, e-value ≤ 1e-05) (fig. 
1). In addition to FMO proteins, Baeyer-Villiger 
monooxygenases (BVMO) were taken as outgroup. 

In the phylogenetic tree, we have identified 5 groups of 
proteins: (1) YUCCAs; (2) type II FMO (on the basis of Riebel's 
FMO classification – [4]); (3) type I FMO (on the basis of 
Riebel's FMO classification); (4) NMOs; (5) BVMOs. 
According to the results of the analysis group (2) - type II FMO 
is divided into 2 subclusters, which we called type IIA FMO and 
type IIB FMO.

Comparative analysis of conservative motifs among groups 
of FMO proteins.

All proteins of type B flavin monooxygenases (FMOs, 
NMOs and BVMOs) contain three conservative sites (fig. 1A). 
Two typical Rossman fold motives (GxGxxG/A): the first is 
FAD binding site located closer to the N-terminus and the 
second is the NADPH binding site near the middle of the protein 
[4, 5]. Between them is the FMO identification site 
(FxGxxxHxxxF/Y/W).

In the sequences of the FMOs subclass, the last amino acid 
at this site is F/Y, and that of the BVMO subclass is W. NMOs 
has lost its identification site, leaving only one central histiditis 
(xxxxxxHxxxx) [6]. In this connection, NMOs proteins are not 
included in further analysis.
A)
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B)

Conservative sites 
names

FAD binding site FAD identified site NADPH 
binding site

Site motives

GxGxxG FxGxxxHxxxY/F
K/R GxGxxG/A

i. YUCCA

ii. type IIA FMO

iii. type IIB FMO

iv. type I FMO

v. BVMOs

Fig. 1. Distribution and alignment of key functional sites of FMOs / BVMOs 
homolog proteins. A) The localization of motifs along FMO proteins is 
shown schematically (the amino acid positions in the diagram are 
indicated by the sequence AT4G13260 - Arabidopsis thaliana YUC2). B) 
The table, respectively, in columns 2-4 shows the consensus of the three 
motives in FMOs / BVMOs proteins: FMO-binding, FMO identifying and 
NADH-binding sites.

We analyzed the sequences of three functional motifs in five 
protein clusters isolated on the phylogenetic tree: YUCCAs, 
type IIA FMO, type IIB FMO, type I FMO, BVMOs (fig. 1B). 
The motives for these three sites were built using WebLogo. The 
first motive is the FAD binding site - the motif for the sequences 
of all protein groups is similar and contains 3 highly conserved 
glycines. The most interesting are the cardinal differences 
between the sequences on the one hand, type IIB FMO, and on 
the other, type I, IIA, IIC FMOs, YUCCAs in the second - FMO 
identification site - and in the third - NADPH binding site -
motives. So, in type IIB FMO sequences, in the FMO identified 
motif, in 70% of cases, instead of Y/F, histidine (H) is located, 
and in the NADPH motif, in the third position, in 75% case, 
instead of glycine (G) is asparagine (N). This suggests that type 
FMO IIB proteins may, like BVMO proteins, belong to a family 
separate from other FMOs that perform other functions than 
YUCCAs proteins, type I FMO and type IIA FMO.

Comparative analysis of domains of FMO proteins
The analysis of FMO and BVMO protein domains showed 

that type FMO IIB proteins contain an N-terminal domain of 
about 160 aa. not characteristic of either FMO-like (YUCs, type 
I FMO, type FMO IIA), nor for BVMO proteins.

Characteristic group of proteins type IIB FMO
The type FMO IIB includes proteins of bacteria, fungi, 

charophyte Klebsormidium nitens GAQ32387 protein and 4 
proteins from club moss Selaginella moellendorffii. Previously 
identified by the group Wang et. al. [7] homology of GAQ32387 
K. nitens protein with land plant YUCs proteins allowed them to 
hypothesize the earlier origin (TAA-YUCCA) of the auxin 
biosynthesis pathway already in charophytes, and not in the first 
land plant, as previously thought [2]. According to our data, 
GAQ32387 refers to type IIB FMO. An additional search for 

GAQ32387 homologs among the RNAseq sequences of the base 
1000 plant genomes revealed its close homologues among the 
red algae, lower green algae, moss, club moss, ferns, 
gymnosperms, monocots and dicots. This implies a significantly 
wider distribution of type FMO IIB proteins in plants than could 
be expected.

Conclusions
1) According to the results of our analysis, we propose the 

group protein type II FMO (according to the classification 
Riebel et al.’s [4]) divided into two groups type FMO IIA and 
type FMO IIB; 2) The type FMO IIB proteins seem to possess 
properties unique to FMO and BVMO (fig. 5), as has already 
been shown for proteins FMOe, f, g R. jostii RHA1 [8]; 3) The 
remoteness of type FMO IIB proteins and, accordingly, 
GAQ32383 K. nitens protein from YUCs on phylogeny and their 
structural and probably functional uniqueness is in favor of the 
origin of YUCs in first land plants (Yue et. al.’s [2] hypothesis), 
and not in Charophyceae (Wang et. al.’s [Wang et. al., 2014 7] 
hypothesis). 
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Abstract – The mitochondrial DNA (mtDNA) is a highly 

streamlined genome with essential role for cellular metabolism. 

To create a resource for investigation of various aspects of 

human mtDNA evolution we reconstructed global human 

mtDNA tree using 40000 complete human mtDNAs. To make 

our reconstructions robust we used several alternative models 

of nucleotide substitutions (TN92, GTR); several alternative 

approaches to reconstruct ancestral states for each nucleotide in 

each node (parsimony, empirical Bayesian approach and ML 

marginal reconstruction) and tested statistical significance of 

each internal node (SH-like approximate likelihood ratio test, 

approximate Bayes test and ultrafast bootstrap approximation). 

As a result we obtained a detailed phylogenetic tree of human 

mitochondrial genomes with more than one million 

reconstructed single-nucleotide substitutions. We confirmed 

high quality of our reconstructions, demonstrating: (i) an 

absence of stop codons on internal nodes, (ii) strong expected 

excess of C>T and A>G transitions (heavy chain notation) 

among synonymous substitutions etc. As a first task 

demonstrating utility of our tree, we reconstructed detailed 

mtDNA germline mutational spectrum (global, gene-specific 

and with nucleotide context) based on a collection of more than 

300’000 synonymous substitutions. Next we compared it with 

somatic mtDNA mutational spectrum, derived from cancer 

data. Globally, two mutational spectra were similar to each 

other, while local shifts in the frequency of several types of 

substitutions may be explained by different mutagenic 

environment between female gamete line and various somatic 

tissues. We hope that this resource will help to address 

numerous questions of human mtDNA evolution in the future.    

Keywords – Mitochondrial genetics, mutational spectrum, 

humans, tree reconstruction, ageing, cancer 

The mitochondrial DNA (mtDNA) is a highly streamlined 
genome with an essential role for cellular metabolism. To 
create a resource for investigation of various aspects of 
human mtDNA evolution we reconstructed the global human 
mtDNA tree using 40000 complete human mtDNAs. To 
make our reconstructions robust we used several alternative 
models of nucleotide substitutions (TN92, GTR); several 
alternative approaches to reconstruct ancestral states for each 
nucleotide in each node (parsimony, empirical Bayesian 
approach and ML marginal reconstruction) and tested 
statistical significance of each internal node (SH-like 
approximate likelihood ratio test, approximate Bayes test and 
ultrafast bootstrap approximation).  

As a result we obtained a detailed phylogenetic tree of 
human mitochondrial genomes with more than one million 
reconstructed single-nucleotide substitutions. We confirmed 
the high quality of our reconstructions, demonstrating: (i) an 
absence of stop codons on internal nodes, (ii) strong 
expected excess of C>T and A>G transitions (heavy chain 
notation) among synonymous substitutions etc. As a first 
task demonstrating the utility of our tree, we reconstructed a 
detailed mtDNA germline mutational spectrum (global, 
gene-specific and with nucleotide context) based on a 
collection of more than 300’000 synonymous substitutions. 
Next we compared it with somatic mtDNA mutational 
spectrum, derived from cancer data. Globally, two 
mutational spectra were similar to each other, while local 
shifts in the frequency of several types of substitutions may 
be explained by different mutagenic environments between 
female gamete line and various somatic tissues. We hope that 
this resource will help to address numerous questions of 
human mtDNA evolution in the future.  
From that reconstructed tree we pulled all of the mutations, 
annotated them and filtered out a total of 200 thousand 
synonymous four-fold degenerate substitutions from mtDNA 
and calculated the spectrum. Analyses showed the following: 
- Germline is more protected, so germline vs somatic
mtDNA mutational spectrum demonstrates decreased
chemical damage asymmetry
- Higher C>T in context of CpG profile in somatic data is a
signature of age (experimentally linked to SBS1 signature)
- Higher C>T in context of CpC in germline is a marker of
redox stress (supported by experiments on single-stranded
yeast DNA).
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Abstract — Monogeneans of Ligophorus (Platyhelminthes), 
specific parasites of the fish of Mugilidae, present comprises 60 
species based mainly on morphology. The contradictions 
between morphological and genetic (rDNA fragments) inter- vs. 
intraspecific variability is shown for some species. Six species of 
Ligophorus newly collected in the Black Sea, South China Sea 
and Sea of Japan and 80 sequences of ITS1 and 28S were 
obtained. Two species, L. satunensis and L. fenestrum, from the 
three neighboring regions of the Western Pacific (WP) have no
morphological differences but diverge from each other in 3.3–
5.8% by 28S rRNA. In contrast to this, the low intraspecific 
genetic variability (0.1–0.6% for 28S) is revealed for sympatric 
L. pilengas and L. llewellyni, distinguishing in morphology. Due 
to the different rates of divergence of species of this genus, the 
integrated morphological and genetic approach, considering the 
ecology, phylogeography and isolation of host populations, for 
the correct phylogenetic reconstruction of this genus are 
suggested.

Keywords — molecular taxonomy, Ligophorus, phylogeny, 
morphology, rDNA

Motivation and aim
The traditional taxonomy of Ligophorus spp. is based on 

the morphology of the structures of the posterior attachment 
organ and male reproductive system. Among dozens of 
articles dedicating systematics of these monogeneans, only 
five of them uses rDNA sequences to identify phylogenetic 
relationships between species. However, a lack of enough data 
on intraspecific genetic variation leads sometimes to results 
contradicting with morphology. The most species of 
Ligophorus have only two or three rDNA sequences deposited 
to GenBank. Moreover, the genetic distances between species 
varies widely, from 0.4 to 50.2 % for both ITS1 and 28S [1-
3]. 

The aim of this work is to analyze the interspecific and 
intraspecific genetic variability of Ligophorus species with 
similar morphology. 

Methods
Six species of Ligophorus newly collected in the Black

Sea, South China Sea and Sea of Japan and additional data on 
some species from GenBank NCBI are included in analysis. 
80 sequences of ITS1 and 28S from 40 specimens were 
obtained. DNA extraction was carried out using innuPREP 
DNA Mini Kit. The fragment of 28S was amplified using the 
primers U178 (5'- GCA CCC GCT GAA YTT AAG -3'; [4])
and LSU1200R (5'- GCA TAG TTC ACC ATC TTT CGG -
3'; [5]). ITS1 was amplified with the primers Lig18endF (5-
GTC TTG CGG TTC ACG CTG CT -3) and Lig5.8R (5- GAT 

ACT CGA GCC GAG TGA TCC -3) [1]. The reaction 
conditions consisted of initial denaturation at 95°C for 3 min, 
followed by 35 cycles of denaturation at 94°C for 40 s, 
annealing at 56°C for 30 s and extension at 72°C for 45 s, the 
final extension at 72°C for 4 min. PCR products were 
sequenced in both directions using the standard BigDye 
Terminator Cycle Sequencing Ready Reaction Kit and a ABI 
PRISM 3130 analyzer (Applied Biosystems Inc.). The 
obtained fragments of rDNA were aligned in the BioEdit 
software program [7]. Evolutionary analyses were conducted 
in MEGA7 [8] using a specimen of Ergenstrema mugilis from 
GenBank as a reference sequence for ITS1 (GenBank 
JN996835) and 28S (GenBank JN996800).

Results
Two species, L. satunensis and L. fenestrum, from the 

three neighboring regions of the Western Pacific (WP) have 
no morphological differences but diverge from each other in 
3.3–5.8% by 28S rRNA. Additionally, the high intraspecific 
genetic variability in this gene is revealed for L. johorensis
(2.6%) and L. kedahensis (2.8%) also from different localitis 
of WP. The same level of genetic divergence (2.7%) was 
previously observed between two morphologically very 
similar sympatric species, L. uruguayense and L. saladensis
[3]. However, inter- and intraspecific distances overlap for 
28S for L. saladensis and L. mediterraneus from different 
hosts and regions. The low intraspecific genetic variability 
(0.1–0.6% for 28S) is also revealed for sympatric L. pilengas
and L. llewellyni, distinguishing in morphologу.

The revealed contradictions between morphological and 
genetic variability indicate different rates of divergence of 
species of this genus. Thus, a comprehensive morphological 
and genetic study, considering the ecology, phylogeography 
and isolation of host populations, is necessary for the correct 
phylogenetic reconstruction of Ligophorus.

Acknowledgment 
This work is funded by a scientific theme of IBSS number 

AAAA-A18-118020890074-2, RFBR and Sevastopol project 
number 20-44-920004, and “Ecolan 3.1” of Vietnam-Russian 
Tropical Research and Technological Centre.

References
[1] Blasco-Costa I., Miguez-Lozano R., Sarabeev V., Balbuena J.A. 

(2012) Molecular phylogeny of species of Ligophorus
(Monogenea: Dactylogyridae) and their affinities within the 
Dactylogyridae. Parasitology International. 61: 619–627.

[2] Pakdee W, Ogawa K, Pornruseetriratn S, Thaenkham U, Yeemin 
T (2018). The first record of Ligophorus Euzet & Suriano, 1977 
(Monogenea: Dactylogyridae) on Crenimugil buchanani

264



(Teleostei: Muglidae) from Thailand based on morphological and 
molecular analyses. Journal of Helminthology. 93(6):752–762.

[3] Marchiori N.C., Pariselle A., Pereira Jr. J., Agnèse J.-F., Durand 
J.-D., Vanhove M.P.M. 2015: A comparative study of Ligophorus 
uruguayense and L. saladensis (Monogenea: Ancyrocephalidae) 
from Mugil liza (Teleostei: Mugilidae) in southern Brazil. Folia 
Parasitol. 62: 024. doi: 10.14411/fp.2015.024

[4] Lockyer AE, Olson PD, Littlewood DTJ. Utility of complete large 
and small subunit rRNA genes in resolving the phylogeny of the 
Neodermata (Platyhelminthes): im- plications and a review of the 
cercomer theory. Biological Journal of the Linnean Society 
2003;78:155 71. 

[5] Littlewood DTJ, Curini-Galletti M, Herniou EA. The 
interrelationships of Proseriata (Platyhelminthes: Seriata) tested 
with molecules and morphology. Molecular Phylogenetics and 
Evolution 2000;16:449 66. 

[6] Hall T.A. (1999) BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/98/NT, 
Nucleic Acids Symp. Ser. 41: 95-98. 

[7] Kumar S., Stecher G., and Tamura K. (2016). MEGA7: Molecular 
Evolutionary Genetics Analysis version 7.0 for bigger datasets. 
Molecular Biology and Evolution 33:1870-1874.

265



DOI 10.18699/BGRS/SB-2020-167

Genome and karyotype evolution after whole
genome duplication in free-living flatworms

of the genus Macrostomum
Kira Zadesenets

ICG SB RAS, Novosibirsk, Russia
kira_z@bionet.nsc.ru

Eugene Berezikov
ERIBA, Groningen, The Netherlands
ICG SB RAS, Novosibirsk, Russia

e.berezikov@umcg.nl

Nikita Ershov
ICG SB RAS, Novosibirsk, Russia

nikotinmail@mail.ru

Lukas Schärer
Evolutionary Biology, Zoological 

Institute, University of Basel, Basel, 
Switzerland

lukas.scharer@unibas.ch

Dmitry Oshchepkov
ICG SB RAS, Novosibirsk, Russia

diman@bionet.nsc.ru

Nikolay B. Rubtsov
ICG SB RAS, Novosibirsk, Russia

rubt@bionet.nsc.ru

Abstract — Whole genome duplication (WGD) is a large-
scale evolutionary transformation that took place in genome 
evolution in many taxa of existing animal species. However, 
the mechanisms underlying the early stages of genome 
evolution after a WGD event in animals has remained unclear. 
The study of genome organization of neopolyploid species 
may shed light on the processes of genome reorganization 
leading to its re-diploidization after a recent round of WGD.

Keywords — whole genome duplication, hidden polyploidy, 
karyotype instability, genome evolution, macrostomids, 
flatworms

Motivation and aim

Motivation and Aim
Earlier we uncovered a group of free-living flatworms 

in which genomes have likely undergone a recent WGD. We 
found out that karyotype instability was linked to hidden 
polyploidy in both species M. lignano (2n = 8) and its 
sibling species M. janickei (2n = 10) [1, 2]. Additionally we 
studied other species of the genus Macrostomum and 
revealed a new species (further called M. mirumnovem) with 
a highly unstable karyotype. We studied the detailed 
karyotype and genome organization in three Macrostomum
species.

Methods
To describe karyotype diversity in the Macrostomum

species (M. lignano, M. janickei, M. mirumnovem) the 
routine single-worm karyotyping was performed. The
detailed cytogenetic analyses were made using a set of 
different DNA probes (microdissected region- and 
chromosome specific DNA probes, DNA repeats, unique 
DNA fragments). Microdissected DNA probes (specific to 
regions and whole chromosomes) were generated for the M. 

lignano and M. mirumnovem chromosomes. The generated 
chromosome-specific DNA probes for the M. lignano
chromosomes were sequenced and the obtained NGS data 
were used for following bioinformatics analyses using the 
existing genome assemblies for the M. lignano genome.

Results
The detailed cytogenetic analyses using a set of different 

DNA probes (microdissected region- and chromosome 
specific DNA probes, DNA repeats, unique DNA 
fragments) revealed the peculiarities of karyotype and 
genome organization in three Macrostomum species with 
unstable karyotypes. Similar to M. lignano and M. janickei,
our findings suggest that M. mirumnovem arose via whole 
genome duplication (WGD) followed by considerable 
reshuffling of its chromosomes. The combined approach 
allowed us to explore the peculiarity of the M. lignano
genome organization, the strategy included bioinformatics 
analysis of the existed genome assemblies of M. lignano and 
NGS data for its separate chromosomes. Based on the 
obtained results, we suggest possible evolutionary scenarios
for the emergence and reorganization of the karyotypes and 
genomes of the post-WGD Macrostomum species.
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Abstract — Members of the family Trypanosomatidae are 
intensively studied because some of them are infectious agents 
of dangerous human ailments, such as Chagas disease, 
African sleeping sickness and leishmaniasis. It has been 
recently demonstrated that representatives of 4 
trypanosomatid genera of 2 subfamilies [Leishmaniinae 
(genus Novymonas) and Strigomonadinae (genera 
Angomonas, Strigomonas and Kentomonas)] harbor bacterial 
symbionts. The endosymbiont of Novymonas esmeraldas is Ca.
Pandoraea novymonadis. This symbiotic system is of 
particular interest, since none of the participants has close 
relatives involved in such relationships, indicating its 
independent and relatively recent origin. In this work, we 
have investigated genomes and proteomes of N. esmeraldas 
and Ca. Pandoraea novymonadis. We found and investigated 
factors involved in the symbiotic interactions. Biochemical 
analysis demonstrated that numerous host-encoded proteins 
were enriched in the bacterial fraction, represented by β-
oxidation enzymes, transporters, transmembrane proteins 
and others. We have found that members of this 
endosymbiotic system may be a good model to study the 
establishment and development of symbiosis between bacteria 
and protists.

Keywords — Trypanosomatidae, Novymonas, bacterial
endosymbiont, genome, proteome

Introduction
A new member of the family Trypanosomatidae, 

Novymonas esmeraldas, was discovered in 2008 in the 
vicinity of Atacames (Esmeraldas Province, Ecuador). The 
parasite was isolated from the intestine of Niesthrea 
vincentii (Hemiptera: Rhopalidae) [1]. Novymonas
esmeraldas was assigned to a new genus, which was 
identified as a member of the subfamily Leishmaniinae.

Further research documented the presence of bacterial 
endosymbionts inside N. esmeraldas cells. Phylogenetic 
analysis demonstrated that endosymbiont is a member of the 
genus Pandoraea. Pandoraea are Gram-negative rod-
shaped β-proteobacteria of the family Burkholderiaceae [2].
This was a first example of Pandoraea being the
intracellular endo, and named Candidatus Pandoraea 
novymonadis [2].

Other previously described cases of endosymbiosis in 
trypanosomatids have been limited to the representatives of 
the subfamily Strigomonadinae and Ca.
Kinetoplastibacterium spp. (Alcaligenaceae) [3]. These 
relationships appear to have been established earlier in 

evolution. These 2 endosymbiotic systems differ not only 
because of the participating members. Other distinctions 
are: i) uncontrolled division of endosymbionts in N.
esmeraldas, while strigomonadins control the division of 
their symbiotic bacteria; ii) localization of symbionts in N.
esmeraldas (vacuolar) and strigomonadins (cytoplasmic);
iii) synchronized division of symbionts in strigomonadins
resulting in the presence of one bacterium per host cell
versus multiple bacteria per host cell in N. esmeraldas.

This symbiotic system is especially interesting because
neither the protist host nor the bacterial endosymbiont have 
close relatives involved in such relationship, further
confirming their independent origin. In addition, the 
phylogenetic positions of both the trypanosomatid and its
bacterial partner suggest that their relationship was 
established relatively recently. Thus, this symbiosis system
may become a suitable model for studying the early stages 
of endosymbiosis between a bacterium and an eukaryote.

Genomic and proteomic analyses
Genomes of N. esmeraldas and Ca. Pandoraea 

novymonadis have been sequenced. A total length of N. 
esmeraldas genome is 32 Mb. A total length of Ca. P. 
novymonadis genome is 1,16 Mb, which is smaller than that 
of the free-living Pandoraea spp. (4.46–6.5 Mb), but larger 
than that Ca. Kinetoplastibacterium spp. ( 0.8 Mb) [2].

Protein fraction of protist host with endosymbiont was 
analyzed by mass spectrometry. As a result 4,620 peptides 
were detected, of which 719 were encoded by the 
endosymbiont and 3,901 by Novymonas. Among the host-
encoded proteins found in the endosymbiont fraction were
two transporters and trifunctional enoyl-CoA-
hydratase/enoyl-CoA-isomerase/3-hydroxyacyl-CoA-
dehydrogenase, and a few lipid metabolism enzymes. This 
indicates that N. esmeraldas complements the biosynthesis 
of fatty acids and -oxidation in Ca. Pandoraea 
novymonadis.

Conclusion
The symbiotic relationship between N. esmeraldas and 

Ca. Pandoraea novymonadis can serve as a model for 
studying the development of endosymbiosis in parasitic 
protists and other eukaryotes.
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Abstract — Autophagy induction promotes cell survival 
that is especially important for neurons which have a limited 
proliferative resource. Autophagy is regulated by the classical 
mTOR-dependent mechanism activated by rapamycin, and 
also via mTOR-independent pathways triggered by trehalose, 
lithium, metformin, etc. The neuroprotective effect was shown 
upon combined activation of these pathways in vitro. However, 
the possibilities of enhancing the therapeutic effect of 
autophagy activation in vivo remain unclear.

Transgenic mice of B6.Cg-Tg (Prnp-
SNCA*A53T)23Mkle/J strain with overexpression of alpha-
synuclein were used as a model of Parkinson’s disease (PD) in 
the study. In the striatum and substantia nigra, which are 
mainly affected in PD, trehalose caused an increase in 
autophagy, as measured by the expression of the autophagy 
marker LC3-II. Trehalose in combination with rapamycin 
increased LC3-II expression by two to three times in 
comparison with the action of rapamycin alone. In the frontal 
cortex no changes in LC3-II expression were observed neither 

under the action of trehalose nor with the combined treatment 
with trehalose and rapamycin. The most pronounced 
neuroprotective effect was observed upon the combined use of 
rapamycin and trehalose by the tyrosine hydroxylase 
expression in the nigrostriatal system marking the restoration 
of dopaminergic neurons. In the Rotarod test, the mice were 
tested for motor function. Animals treated with rapamycin, 
trehalose, or their combination stayed much longer on a 
rotating drum, compared to controls. Autophagy contribution 
to the therapeutic effects was confirmed by administration of 
autophagy inhibitor 3-methyladenine, which completely 
blocks the neuroprotective effects of the drugs.

Key words — autophagy, rapamycin, trehalose, mice, alpha 
synuclein, Parkinson’s disease
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Abstract — Arecoline is a naturally occurring psychoactive 
alkaloid with partial agonism at nicotinic and muscarinic 
acetylcholine receptors. Arecoline consumption is widespread, 
making it the fourth (after alcohol, nicotine and caffeine) most 
used substance by humans. However, the mechanisms of acute 
and chronic action of arecoline remain poorly understood. 
Animal models are a valuable tool for CNS disease modeling and 
drug screening. Complementing rodent studies, the zebrafish 
(Danio rerio) emerges as a promising novel model organism for 
neuroscience research. In this study, we assessed the effects of 
acute and chronic arecoline on adult zebrafish behavior and 
neurophysiology. Acute and chronic arecoline treatments 
produce overt anxiolytic-like behavior without affecting general 
locomotor activity and whole-body cortisol levels. Acute 
arecoline at 10 mg/L disrupted shoaling, increased social 
preference, elevated brain norepinephrine and serotonin levels 
and reduced serotonin turnover. As it also upregulated early 
protooncogenes c-fos and c-jun, chronic arecoline increased 
brain expression of microglial biomarker genes egr-2 and ym1, 

implicating microglial neuroimmune mechanisms in potential 
effects of long-term arecoline use. These findings suggest that 
novel anxiolytic drugs can eventually be developed based on 
arecoline-like molecules, whose integrative mechanisms of CNS 
action may involve monoaminergic and neuro-immune 
modulation. 

Keywords — zebrafish; arecoline; CNS; anxiety; genomic 
effects.

ACKNOWLEDGMENT

The study was supported by Russian Science Foundation 
grant 19 15 00053 and budgetary funding for basic 
scientific research of the Scientific Research Institute of 
Physiology and Basic Medicine (theme No. AAAA-A16-
116021010228-0).

271



DOI 10.18699/BGRS/SB-2020-171

Study of personal qualities and EEG activity in a stop 
signal paradigm in residents of northern regions

Tatiana Asakhova
NSU, Novosibirsk, Russia

t.astakhova@g.nsu.ru

Alexandra Karpova 
North-Eastern Federal University, 

Yakutsk, Russia
karpova74@list.ru

Alexander Savostyanov 
State Scientific-Research Institute of 

Physiology & Basic Medicine, 
Novosibirsk, Russia 

ICG SB RAS, Novosibirsk, Russia
NSU, Novosibirsk, Russia

alexander.savostyanov@gmail.com

Alexander Saprigyn 
State Scientific-Research Institute of 

Physiology & Basic Medicine, 
Novosibirsk, Russia
saprigyn@mail.ru

Natalya Borisova 
North-Eastern Federal University, 

Yakutsk, Russia 
borinat@yandex.ru

Sergey Tamozhnikov 
State Scientific-Research Institute of 

Physiology & Basic Medicine, 
Novosibirsk, Russia

stam@physiol.ru

Elena Afanaseva 
North-Eastern Federal University, 

Yakutsk, Russia
eb.afanaseva@mail.ru

Abstract — It is known that the adaptation to new conditions 
depends on personality traits. The results obtained showed that 
the lower level of anxiety and neurotism, the better behavioural 
control and adaptation. Also, the adaptation level is the lowest
right after the move to another place, and it grows by the time 
along with the growth of behavioral control.

Keywords — adaptation, personality traits, stop signal 
paradigm, SSP, EEG.

Aim
The aim of the study was to identify correlates of 

personality traits in the context of SSP in local people and 
migrants who live in polar or subpolar regions of the Republic 
of Sakha (Yakutia).

Methods
Four groups of young healthy people participated in the 

study: 1) people who permanently live in Novosibirsk (150 
people, 70 men, average age 23 ± 4 y.o.); 2) people who 
permanently live in Yakutsk (85 people, 39 men, 24 ± 3 y.o.); 
3) people who permanently live in the Arctic regions of
Yakutia (50 people, 21 men, 26 ± 4 y.o.); 4) labor migrants
who moved to Yakutia from the southern countries (50 people,
all men, 23 ± 2 y.o.). The examination of group of migrants
was carried out twice - immediately after the move and six
months after. Stop signal paradigm methodology was chosen
in order to observe the brain activity in conditions of behavior
control. In SSP experiment participants had to quickly press
one of the two buttons after the target signal onset (130 trials),
or suppress the movement that had already begun (33 trials).
EEG was recorded by 64 channels amplifier - Brain Products,
Germany. Event related potentials (ERP) were used as a
functional changes indicator of tasks performance. Markers of

the “Big Five” (D. Goldberg's questionnaire) were considered 
as personality characteristics indicators.

Results
The questionnaires results analysis showed differences 

between four groups of participants in terms of neurotism, 
personal anxiety, extraversion and compliance. Behavioral 
indicators of motor control were the best in local people of 
Yakutia (both groups), average for Novosibirsk and the worst 
in migrants at the first examination. The quality of motor 
control increased in the second examination. The quality of 
motor control positively correlated with indices of 
neuroticism and anxiety among the indigenous inhabitants of 
Yakutia (both groups), negatively correlated among migrants 
and didnot correlate with neuroticism among residents of 
Novosibirsk. EEG in the group of local people of Yakutia 
positively correlated between the P300 amplitude, the 
potential of readiness and the level of neurotism and anxiety, 
while migrants showed negative correlations of these 
indicators, while reliable correlation was not found in the 
participants from Novosibirsk.

Conclusion
Acute stress during adaptation to the north climate among 

migrants caused a decrease in the ability to control their 
behavior. It also resulted an increase in the neuroticism and 
anxiety. In contrast, in local Yakuts the increased neurotism 
and anxiety were associated with the increase in the ability to 
control behavior.
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Abstract — Synapse signaling manifests the key mechanism 
of signal transduction across and within brain regions. The 
advent of RNA-Seq protocol yielded a unique chance to observe 
stable states of brain region interaction modes based on synapse 
genes expression profiles. We proposed the subsets of synapse -
related genes for particular neurotransmitter types, in 
particular, monoamines (dopamine and serotonin) and 
glutamate/gaba. These include 3 types: a) vesicular monoamine 
transporters; b) monoamine transporters; c) synapse receptors. 

Upon considering 3 brain regions (dorsal striatum (STR), 
ventral tegmental area (VTA), and midbrain raphe nuclei 
(MRN)) we elucidated the specific physiological states of 9 
species in the animal stress model published elsewhere 
(Kudryavtseva et al., 2014) [1].

Keywords — animal stress model, aggression, depression, 
dorsal striatum, dopamine, serotonin.

Introduction 
The phenomenon of depression and addiction are currently 

one of the major sources of human disabilities in the world. 
Their physiology is tightly linked to the limbic system of the 
striatal system. In particular, addiction was shown to affect the 
Nucleus accumbens (NAcc) region along with dorsal striatum 
(STR) in mouse, and caudate/putamen regions in human, also 
comprising the striatum region. The dorsal striatum maintains 
supervision of motor activity and stereotypical behaviors. It is 
involved in cognitive, reward and social hierarchy 
manifestations. STR exemplifies the initiation and execution 
of movements via regulation of muscle tone, so it is one of the 
central brain regions to manifest overall behavior patterns.

The major body of STR cells is Medium Spiny Neurons 
(MSNs), which account for 95% of neural cells in STR. 
Previously, we showed that STR exhibits specific dopamine –
glutamate alternative signaling [2]. In this work we performed 
RNA-Seq based analysis in conjunction of other brain regions 
upon STR, namely, Ventral TGegmental Area (VTA) and 
Midbrain Raphe Nuclei (MRN), the major sources of 
dopamine and serotonin, correspondingly. 

Research
We compiled the synaptic related genes set to assess the 

signaling VTA<->STR, MRN<->STR. Next we performed 
Principal Component Analysis on the corresponding 
expression profiles in these regions. We elucidated that:

a) Dopamine intake is the highest in aggressive
species, and lowest in depressive ones.

b) Dopamine expression in VTA is the highest in
certain depressive species, but it’s essentially re-
uptaken back to VTA due to the low D1/D2
receptors density in the depressive STR MSNs.

c) Depressive species uptake serotonin preferably via
VTA, while MRN serotonin expression is turned
down in their dorsal striatum.

Conclusion
By means of adapted gene subset we can precisely 

interpret the signal states in synapses VTA->STR, MRN -
>STR based on the gene expression profiles. Notably, we
identified at least 2 distinct depression – like states in our
samples which are featured with distinct gene expression
profiles for a range of pathways. It may imply that for certain
cases selective serotonin reuptake inhibitor therapy may be
non-adequate due to a different etiology of the pathology,
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Abstract — The autophagy-lysosomal pathway is one of the 
main mechanisms for cleaning of brain tissue from 
“pathological” proteins that contribute to the 
neurodegenerative disorders including Parkinson’s disease (PD) 
[1]. Levels of the regulatory factor Beclin1 (encoded by gene 
Becn1) and protein LC3-II are markers of autophagy activation. 
Cystatin C (encoded by gene Cst3) have a wide range of 
biological effects [2] including the autophagy induction through 
mTOR inhibition and regulation of inflammation, a marker of 
which are chitinases (chitoriosidase encoded by gene Chit1, and 
acidic-1 chitinase encoded by gene Chia1) upon activation of 
microglial cells. The aim of the work was to study gene (Becn1, 
Cst3, Chia1, Chit1) and protein (LC3-II) expression in the brain 
in a transgenic mouse PD model overexpressing the A53T-
mutant alpha-synuclein at an early stage of the pathology 
progression (at the age of 5 months). The levels of gene
expression were determined by qPCR. Protein expression was 
estimated with immunohistochemical analysis in frozen brain 
sections. Autophagy activity was suppressed in the striatum and 
amygdala (according to LC3-II marker) and in the frontal 
cortex (according to mRNA level of Becn1) in the transgenic 
mice compared to wild-type control. No changes were found in 
the expression levels of chitinases, while the expression of Cst3
was reduced in the striatum and amygdala of transgenic mice 

that was associated with a reduced autophagy in these 
structures. This deficit in the cellular defense response may be a 
target for effective neuroprotection through therapeutic 
activation of autophagy at early stages of PD.

Keywords — autophagy, Cystatin C, alpha-synuclein, mice,
chitinase, microglia

ACKNOWLEDGMENT

The study was supported by budgetary funding for basic 
scientific research of the Scientific Research Institute of 
Physiology and Basic Medicine (theme No. AAAA-A16-
116021010228-0) and the Russian Foundation for Basic 
Research (grant No. 15-54-52029_HHC-a).

REFERENCES

[1] M. Deleidi and W. Maetzler, “Protein clearance mechanisms of alpha-
synuclein and amyloid-β in Lewy body disorders,” Int. J. Alzheimers.
Dis., vol. 2012, ID 391438, pp. 1-9, 2012.

[2] B. Tizon, S. Sahoo, H. Yu, S. Gauthier, A. R. Kumar, P. Mohan, M. 
Figliola, M. Pawlik, A. Grubb, Y. Uchiyama, U. Bandyopadhyay, A.
M. Cuervo, R. A. Nixon, and E. Levy, “Induction of autophagy by 
cystatin C: a mechanism that protects murine primary cortical neurons 
and neuronal cell lines,” PLoS One, vol. 5, ID e9819, pp. 1-12, 2010.

274



DOI 10.18699/BGRS/SB-2020-174

EEG correlates of strategies of emotional regulation 
during perception of emotional information

Andrey V. Bocharov
Laboratory of Differential 

Psychophysiology, Scientific 
Research Institute of Physiology 

and Basic Medicine, Novosibirsk, 
Russia 

Humanitarian Institute, Novosibirsk 
State University, Novosibirsk, 

Russia

Alexander N. Savostyanov
Laboratory of Differential

Psychophysiology, Scientific 
Research Institute of Physiology 

and Basic Medicine, Novosibirsk, 
Russia, Humanitarian Institute, 
Novosibirsk State University, 

Novosibirsk, Russia
Institute of Cytology and Genetics 

SB RAS, Novosibirsk, Russia

Sergey S. Tamozhnikov 
Laboratory of Differential 

Psychophysiology, Scientific 
Research Institute of Physiology 

and Basic Medicine, Novosibirsk, 
Russia 

Ekaterina A. Merkulova 
Laboratory of Differential 

Psychophysiology, Scientific 
Research Institute of Physiology 

and Basic Medicine, Novosibirsk, 
Russia 

Alexander E. Saprigyn 
Laboratory of Differential 

Psychophysiology, Scientific 
Research Institute of Physiology 

and Basic Medicine, Novosibirsk, 
Russia 

Ekaterina A. Proshina
Laboratory of Differential 

Psychophysiology, Scientific 
Research Institute of Physiology 

and Basic Medicine, Novosibirsk, 
Russia 

Gennady G. Knyazev
Laboratory of Differential 

Psychophysiology, Scientific 
Research Institute of Physiology 

and Basic Medicine, Novosibirsk, 
Russia 

Abstract — The aim of research was to study the 
relation between oscillatory dynamics during the 
perception of negative, positive and neutral sentences 
and emotional facial expressions and strategies of 
perception and processing emotional information.

Keywords — EEG, reappraisal, suppression, emotional 
sentences, emotional facial expressions

72 subjects (43 women) took part in EEG study and 
completed J. Gross questionnaire (2003). In task of the 
searching of syntax errors, the participants were needed 
to determine whether the sentence contains a syntax 
error or not in three types of emotional colored 
sentences (negative, neutral and positive).

Four types of facial emotional expressions (angry, 
neutral, sad, and happy) were used. EEG recording was 
performed using a cap with 127 electrodes. To measure 
the induced responses, event-related spectral 
perturbations (ERSP) were calculated.

“Reappraisal emotions” scale positively correlated 
with an increase in alpha spectral power in the first 200 
ms after the presentation of sad facial expressions. 
According to the Klimesch hypothesis (2011), early 
alpha oscillations in response to visual stimuli may be 
associated with inhibition, which is effective during 
initial access to a complex knowledge system. It could 
be suggested that an early increase in alpha oscillations 

in subjects who prefer a strategy of cognitive 
reappraisal of emotions could reflect a preparation for 
the perception of emotional information.

Reappraisal emotions positively correlated with an 
increase in theta rhythm in the time interval from 200 
to 400 ms after presentation of negative sentences 
which described symptoms of depression and after 
presentation of angry faces. It could be assumed that 
people who prefer the strategy of Reappraisal 
emotions, during perception of negative information, 
pay more attention to the emotional content of stimuli. 
Emotion suppression scale was positively correlated 
with ERSP of beta range after presentation of positive 
sentences which contained syntax errors. It could be 
related with a decrease of top-down control processes 
and a decrease of semantic processes during the search 
of syntax errors in positive sentences.
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Abstract — Stress early in life negatively affects the 
formation of the brain regions. We explored the effects of two 
types of stress in mice: prolonged repeated separation of pups 
from their mothers for 3h per day during the first 2 weeks of life 
(maternal separation, MS), or 24h single maternal separation on 
9th day of life (maternal deprivation, MD). RNA-seq analysis 
revealed weak transcriptome changes in prefrontal cortex of 15-
day pups but at the same time had strong delayed consequences 
on gene expression in adult mice. The observed changes were 
mainly related to genes associated with myelin sheath 
development. The direction of the alterations in 15-day pups and 
adult mice were mainly opposite.

Keywords — early life stress, RNA-seq, myelin, mice.

Motivation and Aim
Stressful events in early postnatal period have critical 

consequences for the individuals’ life and can increase later 
risk for the development of psychiatric disorders. The 
maturation of brain structures continues in the postnatal period 
in both humans and animals. Early-life stress negatively 
affects the formation of the brain regions taking part in the 
implementation of emotion, memory and cognition. 

  

The aim of our study was the investigation of the 
transcriptome profile in the prefrontal cortex both 
immediately after prolonged maternal separation and through 
a long period of comfortable life. Comparison of immediate 
and delayed effects on transcription should contribute 
significantly to our knowledge of a link between early life 
exposures and neurobiological and behavioral outcomes in 
adulthood. the prefrontal cortex 

Methods
We used two types of early life stress: prolonged repeated 

separation of pups from their mothers for 3h per day during 

the first 2 weeks of life (maternal separation, MS), or 24h 
single maternal separation on 9th day of life (maternal 
deprivation, MD). We analyzed the effects of stress on 
transcriptome of the prefrontal cortex of 15-days pups (at 24h 
after the last stress exposure) and 3 months old adult mice. To 
validate the RNA-seq results, the expression of selected up- or 
down-regulated genes were confirmed by real-time PCR.

Results
We revealed the weak effect of stress on the expression 

patterns of genes in 15-days pups: only 6 genes were 
differentially expressed in MS group to compare with 
controls. Stress early in life resulted in changes in expression
of genes whose proteins connected with myelin sheath 
development (Mag, Mobp, Mog, Mal, Plp1 and Ugt8a, all 
down-regulated). Despite weak changes in pups, 
transcriptome analysis of the prefrontal cortex in adult mice 
showed a number of differentially expressed genes in MS and 
MD groups compared to controls (648 genes in MS group and 
192 genes in MD group). In MS group the changes mainly 
occur in systems associated with the development of the 
myelin sheath, regulation of trans-synaptic signaling and 
regulation of membrane potential. All the genes that were 
changed in prefrontal cortex of 15-days pups also remained 
altered in adults, but in the opposite direction (Fig. 1). Genes, 
which were differentially expressed in MD group to compare 
with controls, relate to different systems, without significant 
overrepresentation of any one.

Plp1 Mobp Mog Ugt8 Mal Mag

Contr M M

15 - da y
A du

Fig. 1. Level of expression Plp1, Mobp, Mog, Ugt8a, Mal and 
Mag genes in adult mice and 15-day pups with history of early-
life stress. Data represent as normalized counts.
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The obtained results suggest the existence of delayed long-
term expression changes in the prefrontal cortex triggered by 
early postnatal stress. We can suggest that disturbances in 
myelination can underlie enhanced susceptibility to mental 
illness.
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Abstract— The DISC1 gene is associated with the development 
of mental disorders in humans. Currently a number of genetic 
models of psychopathologies with mutations in the gene have been 
created, including genetic lines of mice with point mutations 
DISC1-Q31L–/– (model of depression) and DISC1-L100P–/– (model 
of schizophrenia), which are available at the unique scientific 
installation “Biological collection – genetic biomodels of 
neuropsychiatric diseases” (State Scientific-Research Institute of 
Physiology and Basic Medicine, Novosibirsk). In additional, 
DISC1-Q31L–/– mice showed compulsive-like behavior, and in this 
connection was proposed to study this type of behavior in 
heterozygotes and diheterozygotes for these mutations. The work 
performed allows us to conclude that the presence of only one 
mutant allele (both DISC1-Q31L and DISC1-L100P) is not 
sufficient for the expression of compulsive-like behavior in mice. 
However, mice that combine both mutations are predisposed to 
this behavior and exhibit it depending on their sex and mother’s 
genotype: this behaviour characterise males whose mothers were 
homozygous for DISC1-Q31L mutation, and females whose 
mothers were homozygous for DISC1-L100P mutation. The 
conclusion about the influence of homozygosity and, accordingly, 
the behavior of mothers on the compulsive-like behavior of 
females and males can be verified in further experiments.

Keywords— obsessive-compulsive behavior; models of 
psychopathology; behavioral testing; DISC1; mice.

Motivation and Aim
The DISC1 gene (Disrapted-In-Schizophrenia-1) is a 

multifunctional scaffold protein that regulates many aspects of 
the development of the nervous system and is involved in 
signaling and associated with a number of human 
psychopathologies [1]. Today several lines of model animals 
with disorders in the DISC1 have been created. Of particular 
interest are mice with point mutations in the gene: Q31L, which 
model a depressive-like state, and L100P, a universally 
recognized genetic model of schizophrenia [2–4]. Interestingly,
these mutations fall into the region of deletions of the second 
and third exons studied in 2018. It was shown that this deletion 
led to an increase in performance in the test for instillation of 
marbles, which is one of the most common tests for obsessive-
compulsive-like behavior [5,6]. Our colleagues showed that 
homozygous males with the Q31L mutation, but not the L100P, 
bury more balls in the marble burying test, which is a sign of 
compulsive behavior in these mice [7]. In this regard, it seems 
promising to study this behavior on heterozygous mice DISC1-
Q31L+/–, DISC1-L100P+/– and mice combining both mutations 
(taking into account the potential influence of the genotype and, 
accordingly, the behavior of a homozygous mother). The aim of 
this study was to evaluate the compulsive behavior in DISC1-
Q31L+/–, DISC1-L100P+/– and DISC1-L100P+/–/Q31L+/– mice, as 
well as to assess the contribution of the maternal genotype.

Materials and methods
In this work we studied the behavior of mice in 10 

experimental groups: mice of two sexes and four genotypes 
(DISC1-L100P+/– (hereinafter referred to as “L100P-HET”), 
DISC1-Q31L+/– (“Q31L-HET”), DISC1-L100P+/–/Q31L+/– -
these animals were also divided into two groups depending on 
the maternal genotype: DISC1-L100P–/– ("L100P(f)/Q31L(m)") 
or DISC1-Q31L–/– ("Q31L(f)/L100P(m)"), line C57BL/6NCrl 
("WT") provided by UNU "Biological collection - genetic 
biomodels of neuropsychic diseases" (No. 493387) PhBMRI 
[8]. Mothers for L100P-HET and Q31L-HET were WT females. 
All mice were kept in vivarium PhBMRI in plastic cages 
(OptiMice Biotech AS; 34×29×15 cm), with a light mode of 
12:12 (light 6:00 am, dark 18:00 pm) at a temperature of about 
23°C. Animals received food and water ad libitum.

Testing of the obtained experimental mice at the age of about 
3 months was carried out between 9:00 and 16:00 hours. The test 
for instillation of balls was carried out in the home room 
according to the protocol [9]. The open field test was carried out 
in accordance with the description [10]; before this, the mice 
were placed in the experimental room for 30 min for habituation. 
All conditions for working with animals were observed in 
accordance with international standards (Council of the 
European Communities Directive 86/609/EES).

Results
ANOVA showed the effect of genotype-sex interaction 

[F(4,62)=3,2469; p<0.05] the number of fully buried marbles. 
Post-hoc analysis presented significant differences between the 
following groups (Fig. 1): males Q31L(f)/L100P(m) and 
females L100P(f)/Q31L(m) instilled more balls than WT mice 
of the same sex; males Q31L(f)/L100P(m) compared to females 
buried more balls, and males L100P(f)/Q31L(m), on the 
contrary, less; while males Q31L(f)/L100P(m) instilled more 
balls compared to males L100P(f)/Q31L(m)), but females 
Q31L(f)/L100P(m) burried them less than females 
L100P(f)/Q31L(m); females L100P(f)/Q31L(m) also instilled 
more balls than heterozygous females Q31L (p<0.05).

It is important to note that in this case the study of the 
behavior of the same groups of mice in open field showed no 
differences in horizontal activity (p>0.05). MANOVA showed 
the effect of sex [F(1,109)=4,2086; p<0.05] for vertical activity, 
however, post-hoc analysis revealed differences only between 
the males of Q31L(f)/L100P(m), which made more racks 
compared to heterozygous males of Q31L (p<0.05).
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Discussion
The lack of increased activity in the studied groups of mutant 

mice allows us to consider the results of the marble burying test 
to be correct for determining their compulsive-like behavior. 
Thus, the presence of a single mutation (both Q31L and L100P) 
in the heterozygous state is not sufficient for the manifestation 
of compulsive-like behavior. However, in mice with both of 
these mutations, the manifestation of this behavior depended 
both on the mother’s genotype and on sex: compulsive behavior 
was characteristic of males whose mothers were homozygous 
for Q31L mutation, and females with mothers homozygous for 
L100P. It was shown that the combination of these two 
mutations in the DISC1 gene seems to make these mice
predisposed to the appearance of certain behavioral disorders, 
including sex-dependent [11]. Since in the earlier work of our 
colleagues [7] only males were used, and maternal individuals 
were homozygous for the corresponding mutation, comparing 
the results obtained in this work, the authors hypothesize that it 
is the homozygosity of mothers for the Q31L mutation that leads 
to a compulsive-like behavior as in males DISC1-L100P+/–

/Q31L+/–, and in males DISC1-Q31L–/–. In this case, females 
with two mutations are similarly affected by the homozygosity 
of mothers for the L100P mutation, but not Q31L. This 
conclusion can be confirmed or disproved in subsequent 
experiments, where (1) compulsive-like behavior was studied in 
females homozygous for these mutations and (2) the influence 
of the mother genotype on compulsive-like behavior in mice 
heterozygous for Q31L and L100P mutations separately.
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Fig. 1. The number of buried marbles in the test for compulsive behavior in DISC1-mutant mice (mean±SEM). * - p<0.05 vs same genotype males; # - p<0.05 
vs same sex WT ; ^ - p<0.05 vs same sex Q31L-HET; & - p<0.05 vs same sex L100P(f)/Q31L(m).
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Abstract — Research of biological bases of depression is 
one of the main interests of modern neurophysiology. It is still 
unknown how complex interaction between genes correlates 
to human depression behavior. Neurobiological 
understanding of these interactions could help to reveal the 
molecular mechanisms of depression. Insight on these 
interactions is crucial for development of diagnostic and 
treatment of depression. In our research, we reconstruct 
networks of protein-protein interaction and transcriptional 
regulation as well, in attempt to create the model of complex 
interaction between environmental and genetic risk factors of 
depression.

Keywords — neurotransmitter, SNP, gene networks

Motivation and Aim
The main interest of modern neuroscience is aimed at 

studying the biological bases of individual differences in 
human behavior. The medical relevance of this topic is due 
to the fact that development of a number of neurological and 
psychiatric diseases, as well as the characteristics of their 
occurrence, are directly related to the psychological 
characteristics of individuals [1]. Many papers on the 
mechanisms of regulation of individual behavior indicate 
the important role of neurotransmitter systems in the 
mechanisms of its regulation [2]. Also recent studies 
suggest that genetic factors may be modulated by 
environmental factors [3] which makes it important to study 
the environmental influences on genetic factors of human 
behavior. In our research we chose to focus on depression 
and mental diseases as the extreme manifestations of human 
behavior. Today gene network approaches are powerful 
tools for studying genes associated with human traits. In our 
research, we are trying to identify genes, which expression 
differs in different populations, based on analysis of 
sequencing data from several human populations.

Methods
At first, we formed the set of genes associated with 

neurological diseases for which the difference in several 
human population was shown based on an analysis of 
number of specialized databases, namely SFARI Gene, 
BDgene. PsyGeNET, epiGAD, MK4MDD and HGNC. 
From these set of genes, we have reconstruct networks of 
protein interaction using web-service StringDB. Later on we 
conduct the Gene Ontology analysis of our network by 
DAVID GO web-service [4] to select list of gene associated 

with neurological disease. Based on our gene network we 
also allocated transcriptional regulation factors using 
MoLoTool web-service [5] (we used significance threshold 
pajusted <10-4, which is recommended by the web-service)
and reconstruct networks of transcriptional regulation. After 
that we build the library for targeting sequencing based on 
Roche’s SeqCap EZ kit and conducted Illumina sequencing 
experiment on more than 500 people from different 
populations. Obtained data was analyzed via tools of 
bcftools to receive the list of population-related SNP for 
further analysis and comparison with phenotypical data. 

Results 
Using the methods mentioned earlier, we identified a set 

of genes associated with anxiety behavior and set of genes 
associated with mental disorders for which the difference in 
phenotype manifestation among different human 
populations was shown. Based on this sets of genes, the 
gene networks were reconstructed. GO analysis reveals 165 
genes that were conducted in DNAseq experiment for 
further verification of our model. Transcriptional regulation 
networks revealed that our network contains 3 TF: TP53, 
SREBF2, SREBF1. From the DNAseq experiment on more 
than 500 people from various populations, we received SNP 
data unique for each population and soon we will conduct 
complex analysis of these SNP with phenotypical data of 
EEG and psychological questionnaires.
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Abstract — The mechanisms underlying individual cognitive 
functioning are complex, and genetic and epigenetic factors play 
a significant role. Considering the possible involvement of 
inflammatory pathways and synaptic plasticity in cognitive 
functioning, the present study aimed to estimate the main effect 
of BDNF, IL1B, CRP, and TNF gene polymorphisms together 
with gene-environment interactions in manifestation of 
individual differences in several cognitive abilities in young 
adults. Multiple linear regression conducted on the data 
obtained from 897 mentally healthy young adults (79% women; 
19.74±1.51 years) of Caucasian origin revealed the association 
of TNF rs1041981 A-allele and ability of 3D mental rotation, and 
general intelligence (factor “g”). Moreover, significant 
interactive effects of TNF rs1041981 and CRP rs3093077 and 
several peculiarities of childhood rearing on cognitive 
functioning were demonstrated.

Keywords — inflammation, cytokines, neurotrophic factor, 
gene association, cognitive abilities, number sense, general 
cognitive ability, working memory.

Motivation and Aim

Motivation
The study of the productivity of cognitive functions (the 

level of general intelligence, memory, spatial, mathematical, 
linguistic, etc. abilities) as an integral part of the individual 
personal potential is becoming increasingly relevant today, 
since the level of cognitive functioning is the basis of life 
success and individual self-realization. In particular, spatial 
ability, “number sense”, general intelligence are predictors of 
success in life and professional activities, for example, in 
careers in science, technology, engineering and mathematics 
(STEM), as well as chemistry, physics, anatomy, psychology 
[1].

It is known that the mechanisms underlying individual 
predisposition to individual cognitive functioning are 
complex, and genetic and epigenetic factors play a significant 
role. Therefore, the manifestation of cognitive abilities is a 
very complex process, affecting the fine regulation of gene 
expression through epigenetic changes, as well as the 
modulation of the immune, endocrine and nervous systems 
through the involvement of metabolites in the functioning of 
brain systems. Together with the involvement of synaptic 
plasticity genes (including brain derived neurotrophic factor, 

BDNF) in cognitive functioning [2], the pathways involved in 
immune function and inflammatory response, such as those 
responsible for cytokine and especially interleukin signalling
while studying cognitive abilities/deficit are of great interest 
[3]. Namely, proinflammatory cytokines including interleukin 
1 beta (IL1B) [4], C-reactive protein (CRP), tumor necrosis 
factor (TNF)) have been implicated in the pathogenesis of 
various psychiatric disorders; however, their role in cognitive 
functioning in mentally healthy individuals remains 
unsufficient. Multiple environmental factors may modulate 
gene-based inflammatory response via changes in individual 
epigenetic profile, thus resulting in individual differences in
cognitive abilities.

Aim
In accordance with “Universalist genes hypothesis” and 

considering a role of proinflammatory cytokines and BDNF 
in cognitive impairment, the present study aimed to estimate 
the main effect of BDNF, IL1B, CRP, and TNF gene 
polymorphisms together with gene-environment interactions 
in manifestation of individual differences in several cognitive 
abilities in young adults without cognitive deficit.

Methods
The study included 897 mentally healthy individuals (79% 

women; 19.74±1.51 years) of Caucasian origin (428 Russians, 
200 Tatars, 117 Udmurts, and 152 of mixed ethnicity) from 
Russia. The assessment of cognitive abilities (“number 
sense”, 3D mental rotation, general cognitive intelligence 
assessed with Raven’s progressive matrices, Corsi block-
tapping test for working memory) was conducted under the 
Battery of cognitive tests developed at International 
Laboratory for Interdisciplinary Investigations into Individual 
Differences in Learning (InLab) (Department of Psychology,
Goldsmiths, University of London) and validated at the 
Laboratory of Age Psychogenetics (Psychological Institute, 
Russian Academy of Education, Moscow). The following 
environmental parameters, which were previously reported to 
affect cognitive functioning, were estimated: birth order, 
sibship size, place of residence, preterm birth, socio-economic 
status, rearing in a complete/incomplete family, childhood 
adversity, rearing in a bilingual family, smoking, physical 
activity, weight at birth, maternal and paternal age at birth. 
The genotyping of BDNF (rs6265), IL1B (rs16944), CRP 
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(rs3093077), and TNF (rs1041981) gene SNPs was performed 
using PCR-based KASP genotyping technology on “CFX96” 
DNA Analyzer (BioRad, USA). Statistical analysis included 
multiple linear regression followed by FDR-correction for 
multiple testing (PLINK v.1.09). Genotypes and 13 
environmental parameters served as independent factors and 
cognitive abilities as dependent variable. 

Results
Statistical analysis revealed an association of TNF

rs1041981 A-allele with increased ability of 3D mental 
rotation in total sample with sex and ethnicity inclusion as 
covariates (β=1.61; P=0.003; PFDR=0.017) and among women 
(β=1.57; P=0.011; PFDR=0.043). Interestingly, subsequent 
analysis of gene-by-environment interactions (GxE) 
demonstrated that place of residence (urban/rural status) 
modulated the association of TNF rs1041981 A-allele and the 
ability of 3D mental rotation (β=-2.78; P=0.020).

With respect to general intelligence (factor “g”) we 
observed a sex-specific association of TNF rs1041981 A-
allele with increased score on factor “g” only among women 
(β=2.43; P=0.011; PFDR=0.045), while ethnicity-specific 
association was shown for IL1B rs16944 A-allele and lower 
factor “g” in Tatars (β=-5.57; P=0.004; PFDR=0.019). This 
finding seems to be congruent to those reported in elderly 
individuals without dementia [5]. It should be noted that GxE 
analysis demonstrated a modulating effect of bilingual rearing 
on the association of TNF rs1041981 A-allele and general 
intelligence (β=5.33; P=0.015). Recently we also 
demonstrated sex- and ethnicity specific effect of synaptic 
plasticity genes polymorphisms in variation in such cognitive 
trait as mathematical anxiety [6].

The GxE analysis demonstrated that paternal age at 
individual’s birth (β=1.15; P=0.008) and two-child family 
(sibship size=2) (β=-10.96; P=0.007) modulated the 
association of CRP rs3093077 G-allele with “number sense”, 
which reflects the ability to correctly place the number on the 
number-line. Recently, this SNP was proved in meta-analysis 

of depression [7], which evidence in the similar brain 
networks involved in depression and cognitive development.

In conclusion, the present preliminary study for the first 
time provides evidence that the genes involved in 
inflammatory pathways (TNF, CRP, and IL1B) may 
contribute to individual differences in such cognitive abilities 
as 3D mental rotation, general intelligence, and “number 
sense” in mentally healthy young adults. Moreover, our 
findings indicate significant interactive effects of examined 
gene polymorphisms and such environmental factors as place 
of residence, bilingual rearing, sibship size and paternal age at 
birth affecting cognitive functioning.

ACKNOWLEDGMENT 

The present study was supported by the Russian Science
Foundation (project No. 17-78-30028).

REFERENCES

[1] Nagy-Kondor R. (2017) Spatial ability of engineering students. 
Annales Mathematicae et Informaticae. 34: 113-122.

[2] Toh Y.L. et al. (2018) Impact of brain-derived neurotrophic factor 
genetic polymorphism on cognition: A systematic review. Brain 
Behav. 8(7): e01009.

[3] McCall M.K. et al. (2018) Symptom Science: Omics Supports 
Common Biological Underpinnings Across Symptoms. Biol. Res. 
Nurs. 20(2): 183-191.

[4] Tsai S.J. (2017) Effects of interleukin-1beta polymorphisms on brain 
function and behavior in healthy and psychiatric disease conditions. 
Cytokine Growth Factor Rev. 37: 89-97. 

[5] Sasayama D. et al. (2011) Association of interleukin-1β genetic 
polymorphisms with cognitive performance in elderly females without 
dementia. J. Hum. Genet. 56(8): 613-616.

[6] Kazantseva A. et al. (2020) Stress-associated cognitive functioning is 
controlled by variations in synaptic plasticity genes. Russian Journal of 
Genetics. 56 (1): 88–95.

[7] Cohen-Woods S. et al. (2018) Interaction between childhood 
maltreatment on immunogenetic risk in depression: Discovery and 
replication in clinical case-control samples. Brain Behav. Immun. 67: 
203-210.

282



DOI 10.18699/BGRS/SB-2020-179

Electroencephalographic correlates of an insight
G.G. Knyazev

State Scientific-Research Institute
of Physiology & Basic Medicine, 

Novosibirsk

A. V. Bocharov
State Scientific-Research Institute
of Physiology & Basic Medicine, 

Novosibirsk
Novosibirsk National Research State 

University, Novosibirsk

A. N. Savostyanov
State Scientific-Research Institute
of Physiology & Basic Medicine, 

Novosibirsk
Novosibirsk National Research State 

University, Novosibirsk

Abstract — It is well known, the conditional rest state 
activates the functional rest network, including the brain default 
system (DMN) and the central executive network (CEN). At this 
stage of research, it can be assumed that both the process of 
adaptation to the polar climate and new social conditions, and 
the gradual reduction of the risk of depression among migrants, 
are due to functional changes within these two brain systems, as 
well as their functional relationships among themselves. 
Hypothetically, the increased activity of CEN is associated with 
a higher level of stress associated with moving to new living 
conditions

Keywords — EEG, depression, DMN, CEN, migrants, delta-
rhythm, gamma-rhythm

Insight is a quick, sudden penetration of the solution into 
the essence of the problem, which may be accompanied by a 
feeling of "insight", or " A-ha experience." The study of 
insights in the laboratory was fraught with significant 
difficulties and the results obtained were quite contradictory.

In current study we aimed to identify the dynamics of brain 
activity in the period, preceding and accompanying the 
occurrence of insight using the distant association test (TOA) 
and EEG analysis at the level of sources of electrical activity. 
A comparison of the options for solving problems that were 
classified as “an insight” by subjects and those rated as 
“analytical” revealed a number of differences both at the 
behavioral level and at the level of brain activity.

Insight solutions were found averagely faster and were 
mostly more precise. Brain activity in solving problems in an 
analytical way did not significantly differ from brain activity 
while no solution was found, which allowed to suggest the 
presence of an analytical method in the latter case. The brain 
activity during problems solving using insights was 
significantly different from unsuccessful trails, and different 
from trails where an analytical strategy was used.

The early stages of problem solution search showed the 
differences in the delta range in the cortical areas related to the 
default system and perfomance control networks. Brain 
activity, probably associated with the occurrence of an insight 
solution in the mind, was detected in beta and gamma ranges 
in the cortical areas of the left hemisphere, which were 
involved in semantic processes and emotional responses. All 
in all, the revealed effects showed distinct differences in the 
dynamics of brain activity with insight and analytical options 
for finding a solution and testified prospects of this research 
area. 
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Abstract — In the present study six genes were analyzed by 

sequencing a cohort of patients with affective disorders. A number 

of genetic variants were found to be associated with antidepressant 

treatment response, time to recurrence of episodes, and depression 

severity. 
 

Keywords — neuregulin 1 (NRG1), serotonin 2C receptor 

(HTR2C), phosphatidylinositol-5-phosphate 4-kinase type 2 alpha 

(PIP4K2A), depressive episode, bipolar affective disorder, treatment 

response, severity, time to recurrence, genetic biomarker  
 

Introduction 
GSK3B [1], BDNF [2], NGF [3], NRG1 [4], HTR2C [5, 6], 

and PIP4K2A [7] are genes that showed some importance in the 
study of molecular etiology of psychiatric disorders. These genes 
are functionally connected. GSK3B plays a central role in the 
AKT/GSK3 molecular pathway [1]. The binding of either BDNF, 
NGF, or NRG1 to their respective receptor tyrosine kinases 
(TrkB, TrkA, and ERBB4) leads to inhibition of GSK3B via 
activation of phosphoinositide 3kinase (PI3K), 3-
phosphoinositide-dependent protein kinase1 (PDPK1) and AKT1 
[1, 4, 8, 9]. Binding of serotonin to HTR2C leads to the opposite 
effect: GSK3B activation [1]. PIP4K2A codes for 
phosphatidylinositol-5-phosphate 4kinase type 2α, a kinase that 
catalyzes the phosphorylation of phosphatidylinositol-5-
phosphate (PI5P) to form phosphatidylinositol-5,4-bisphosphate 
(PIP2) [7]. A link between PIP4K2A and GSK3B involves 
activation of potassium channels KCNQ by PIP2 and GSK3B 
(Fig. 1) [10-12]. These channels play a critical role in the 
regulation of neuronal excitability [13] and are potential treatment 
targets for manic symptoms [14].   

Study subjects. We included the following numbers of 
patients with mood disorders, diagnosed using the criteria of the 
International Statistical Classification of Diseases and Related 
Health Problems 10th Revision (ICD-10): 19 patients with 
bipolar affective disorder, 55 patients with depressive episode, 
and 41 patients with recurrent depressive disorder. As a negative 
control, 34 individuals without psychiatric disorders were also 
recruited into the study. 

Targeted DNA sequencing. Targeted next generation sequencing 
was performed using the Ion Torrent semiconductor technology 
(Thermo Fisher Scientific) at the Center “Medical Genomics” of 
the Tomsk National Research Medical Center. A custom DNA 
panel of 86 amplicons, covering 57 targets, was designed using 
the Ion AmpliSeq Designer. The targets comprised exons and 
flanking intronic regions of GSK3B, BDNF, NRG1, NGF, 

HTR2C, and PIP4K2A. 

Sequencing analysis workflow. The unmapped BAM files were 
converted to the FASTQ format using Picard tools. Quality 
control of raw sequencing data and trimming of low quality bases 
and adapters was done using FastQC and Trimmomatic. 
Discovery of variants was done using GATK. Variants were 
annotated with rsIDs listed in the Database of Single Nucleotide 
Polymorphisms build 153 (dbSNP) and the Genome 
Aggregation Database (gnomAD). In order to assure the 
extraction of reliable sequencing results, we used hard filtering 
parameters. 
Functional annotation of variants. Functional annotation of all 
discovered variants was done with ANNOVAR, SnpEff, 
HumanSplicingFinder, the GeneCards database, and the 
Genotype-Tissue Expression (GTEx) portal that lists expression 
quantitative trait loci (eQTLs) in various tissues. 
Association study. Tests under a number of statistical models – 
linear regression and various logistic regressions – were run to 
evaluate association between variants, discovered with 
sequencing, and clinical subphenotypes. 

 
Results 

Association with clinical subphenotypes 

1) NRG1:  The  allele  "del"  of 
NC_000008.11:g.32614509_32614510del is associated with 
absence of response to antidepressants among patients with 
depression. Longer intervals between episodes in the bipolar and 
cross-disorder groups are associated with the allele C of 
rs35641374. 

2) PIP4K2A: The allele A of rs61731109 is associated 
with absence of response to antidepressants among patients with 
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depression. The allele G of rs10508649 is associated with 
absence of response to antidepressants among patients with 
depression and with longer intervals between manic or mixed 
episodes among patients with bipolar disorder. 

3) HTR2C: The allele A of rs2248440 is associated with 
higher severity of depression among patients with depression. 

Functional annotation of associated variants 

1) NRG1: no obvious biological function of associated 
variants. 

2) PIP4K2A: rs61731109 and rs10508649 may affect 
splicing of PIP4K2A's transcripts; the second variant is found 
within the enhancer GH10J022572 for this gene. 

3) HTR2C: rs2248440 is an eQTL. 
 

Discussion 
Possible genetic biomarkers 

Rs35641374 and rs10508649 (NRG1 and PIP4K2A) may be 
prognostic biomarkers of time to recurrence of depressive and 
manic/mixed episodes among patients with bipolar disorder. 
NC_000008.11:g.32614509_32614510del, rs61731109, and 
rs10508649 (also NRG1 and PIP4K2A) seem to be predictive 
biomarkers of response to pharmacological antidepressant 
treatment. In particular, the allele G of rs10508649 (PIP4K2A) 
may increase resistance to antidepressant treatment and be at the 
same time protective against recurrent manic/mixed episodes. 
These results support previous data indicating a biological link 
between resistance to antidepressant treatment and mania [15, 
16]. Bioinformatic functional annotation of associated variants 
revealed possible impact for transcriptional regulation of 
PIP4K2A. In addition, the allele A of rs2248440 (HTR2C) may 
be a prognostic biomarker of disease severity among patients 
with depression. This allele decreases expression in the putamen 
of the immune system gene IL13RA2 that codes for a subunit of 
the interleukin 13 receptor. This variant is in linkage 
disequilibrium with rs6318 (previously associated with mood 
disorders and response to antidepressant therapy) that is an eQTL 
for the same gene and tissue. 
Genetic interactions suggested by this study 

1) NRG1–PIP4K2A: These genes could act in concert via 
their connections with GSK3B (Fig. 1) [1, 4, 10, 11, 13]. ERBB4 
and its ligand NRG1 play an important role in 
neurodevelopment, neurotransmission, and synaptic plasticity 
and this receptor is present on GABAergic, glutamatergic and 
dopaminergic neurons [4]. One of its functions is to promote the 
inhibitory GABA release. Thus, together with KCNQ activated 
by PIP2 [13], ERBB4 regulates neuronal excitability, an aspect 
that could be important in the pathogenesis of bipolar disorder 
[17]. 
2) HTR2C–IL13RA2: Serotonin acts upon the brain and 
peripheral immune system components, while both types of 
these components regulate the serotonin neurotransmission [18, 
19]. This connection could be the key to the observed immune 
system abnormalities strongly associated with depression [20] 
and suggests a possibility of an interaction between HTR2C and 
IL13RA2. The immune system could therefore be a biological 
factor that modulates the severity of depression [20]. 

 

 
Fig. 1. Shown are molecular interactions involving protein products of PIP4K2A 
and NRG1 found to be associated with time to recurrence of an episode in bipolar 
disorder and antidepressant treatment response 
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Abstract — It is well known, the conditional rest state 
activates the functional rest network, including the brain 
default system (DMN) and the central executive network 
(CEN). At this stage of research, it can be assumed that both 
the process of adaptation to the polar climate and new social 
conditions, and the gradual reduction of the risk of depression 
among migrants, are due to functional changes within these 
two brain systems, as well as their functional relationships 
among themselves. Hypothetically, the increased activity of 
CEN is associated with a higher level of stress associated with 
moving to new living conditions

Keywords — EEG, depression, DMN, CEN, migrants, 
delta-rhythm, gamma-rhythm.

Motivation and Aim

A. Motivation 
According to the WHO, today depression is one of the most 

common diseases worldwide, affecting more than 264 million 
people. Modern neuroscience is focused on the search for markers 
of mental illness for early diagnosis and rational treatment tactics.

B. Aim.
The aim of the study was to investigate the relationship 

between the indicators of electroencephalography in functional 
rest and predisposition to depressive disorders in labor migrants 
adapting to new climatic and social conditions (Republic of 
Sakha, Yakutia)

Methods
The experiment involved 50 young migrants and 40 

indigenous people who were not previously supervised in 
psychoneurological dispensers and were not receiving 
psychological and psychiatric care at the time of the study. All 
migrants have moved to long-term residence in Yakutia from the 
southern regions (mainly Central Asia and Africa). The migrants 
were examined twice: Immediately after the move and six months 
after a non-visiting stay in Yakutia. In addition, the participants of 
the experiment filled the psychological questionnaires of 
Achenbach and the Beck Depression Inventory for further 
evaluation of the predisposition to depression.

EEG was recorded at rest with 128 channels of NeoRec amplifier, 
Russia. The evaluation of the current source density, connectivity 
and topological features of the rest EEG networks was made in 
the sLORETA software package.

Results
When comparing the results of psychological tests 

between migrants and indigenous people, it was found that 
migrants have an increased predisposition to develop 
depression and anxiety disorder immediately after the 
move, while according to the results of testing of the 
indigenous population, this trend was not observed. 
However, in the process of adaptation to new climatic and 
social conditions, the risk of these diseases in most 
migrants is reduced, which was revealed by the results of 
the same psychological tests conducted after six months. 
The high risk of depressive and anxiety disorders was 
associated with increased spectral power and connectivity 
in the delta and gamma rhythms bands in the medial dark 
and medial prefrontal cortex. Adaptation to the polar 
climate led to a decrease in the delta and gamma of spectral 
power, which correlated with a decrease in predisposition 
to depression. 

Conclusion 
Adaptation to the circumpolar climatic conditions is 

accompanied by the functional changes in the resting-state 
brain networks that can be revealed by the EEG analyses. 
The first stage of adaptation is accompanied by an 
increased activity of the central executive network (CEN) 
that is connected with the increased risk of developing of 
anxiety disorder. In later stage of adaptation, these changes 
become less pronounced that correlates with a reduced risk 
of anxiety and depressive disorders. 
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Abstract — Autophagy is a part of the cellular protein 
quality control system and is able to suppress 
neurodegeneration via weakening pathogenic proteins 
accumulation. Meanwhile possibilities of different ways of 
autophagy induction in treatment of experimental 
neurodegeneration are poorly known. Here we used 
pharmacological models of Alzheimer’s disease (AD) and 
Parkinson’s disease (PD) induced correspondingly by 
amyloid-beta and MPTP administration in mice. mTOR-
dependent autophagy was induced by rapamycin and mTOR-
independent autophagy was activated by trehalose. Both 
drugs caused increase in autophagy (according to LC3-II
level) in the affected brain structures, namely, the striatum 
and s. nigra in PD model and the hippocampus in AD model. 
Neuronal loss was reduced according to the expression of 
tyrosine hydroxylase (PD) or neuronal density (AD). 
Neuroinflammation was sharply reduced according to IBA1 
microglial marker in the hippocampus (AD). Trehalose was 
more active than rapamycin, but the highest effect was 
achieved by their combined application. An obvious 
restoration of cognitive function in the passive avoidance test 
for memory and learning using all three treatment 
approaches has been found for both models of 
neurodegeneration. Recovery of emotional activity, as 
measured by a decrease in anxiety in AD model, was 
significant only for the combination of the drugs. 
Cytoprotective and therapeutic effects of the drugs in AD 
model were eliminated by blocking autophagy with 3-
methyladenine. Thus, a more noticeable neuroprotective 
effect is produced by trehalose in comparison with rapamycin 
while a joint activation of the mTOR-dependent and mTOR-
independent autophagy pathways, by rapamycin and 
trehalose, respectively, renders the highest impact.

Keywords — animal models, Alzheimer's disease, 
Parkinson's disease, neuroprotection, autophagy, mTOR-
dependent, mTOR-independent, rapamycin, trehalose, LC3-II, 
IBA1, passive avoidance test. 

Motivation and Aim

Motivation
Autophagy is a part of cellular protein quality control 

system and renders cytoprotective effect in aberrant 
misfolded protein accumulation occurring in 

neurodegeneration processes. Canonical mTOR-dependent 
pathway of autophagy activation induced by rapamycin is 
connected with some side effects. mTOR-independent
stimulation of autophagy started up by trehalose seemingly 
is devoided of side impacts and could be a better agonist. 
The positive effects of the drugs in neurodegeneration are 
described mostly in in vitro models [1]. 

Aim 
Here we tried to estimate neuroprotective effects of 

rapamycin and trehalose in their separate and joint 
application in two animal models of neurodegeneration, i.e. 
Alzheimer’s and Parkinson’s diseases. 

Methods
We used pharmacological models of Alzheimer’s 

disease (AD) and Parkinson’s disease (PD). The first was 
induced by intraventricular injection of amyloid-β 25-35
fragment, and the second was reproduced by systemic 
MPTP administration into mice C57Bl/6 [2]. Rapamycin 
was applied i/p in dose 10 mg/kg body weight, trehalose was 
included in drinking (2 %). Their impacts were evaluated by 
means of immunohistochemistry of autophagy marker LC3-
II, level of amyloid-β, tyrosine hydroxylase, neuronal 
density (Nissl staining), behavioral tests (“memory of fear”,
T-maze, “open field”).

Results
Both drugs caused increase in autophagy (according to 

LC3-II level) in the affected brain structures, namely, the 
striatum and s. nigra in PD model and the hippocampus in 
AD model. Neuronal loss was reduced according to the
expression of tyrosine hydroxylase (PD) or neuronal density 
(AD). Neuroinflammation was sharply reduced according to 
IBA1 microglial marker in the hippocampus (AD).
Trehalose was predominantly more active than rapamycin, 
but the highest effect was achieved by their combined 
application. An obvious restoration of cognitive function in 
the passive avoidance test for memory and learning using all 
three treatments has been found for both models of 
neurodegeneration. Recovery of emotional activity, as 
measured by anxiety in AD model, was significant only for 

287



the combination of the drugs. Cytoprotective and 
therapeutic effects of the drugs in AD model were 
eliminated by blocking autophagy with 3-methyladenine. 
Thus, a more noticeable neuroprotective effect is produced 
by trehalose in comparison with rapamycin while a joint 
activation of the mTOR-dependent and mTOR-independent 
autophagy pathways, by rapamycin and trehalose, 
respectively, has the highest impact. 
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Abstract — BDNF plays a key role in the development, 
differentiation, synaptogenesis and survival of brain neurons 
and in the processes of their adaptation to external impacts. 
Serotonergic (5-HT) system is another basic player in brain 
development and neuroplasticity. The study presents a 
comparative analysis of chronic fluoxetine treatment in 
recombinant mice differing in distal chromosome 13 fragment 
containing Htr1A gene of CBA mice strain on C57Bl6 genetic 
background. The problem here to be studied is mechanism of
BDNF and 5-HT systems` interactions in antidepressant 
insensitivity. We measured mRNA and protein levels of 
BDNF, p75NTR, TrkB, 5-HT1A and 5-HT7 receptors, levels of 
5-HT and its primary metabolite 5-Hydroxyindoleacetic acid 
(5-HIAA) in the brain structures that could have play primary 
role in mechanism of depression - frontal cortex and 
hippocampus. At the heart of the discussion are the different 
changes in BDNF system as well as in 5-HT system which 
allows us to conclude that the chronic fluoxetine injection 
increased depressive-like behavior in recombinant mice 
carrying distal chromosome 13 fragment containing Htr1A
gene of CBA mice.

Keywords — fluoxetine; BDNF; 5-HT1A; 5-HT7; mice; 
serotonin

Depression appears to be the most widespread mental 
illness on the planet and represents one of the most urgent 
threats to humanity in the 21st century. According to various 
sources, depression in the stage requiring active medical 
care affects 10% to 23% of the industrialized countries 
population, but despite a huge amount of studies, the 
mechanisms and pathogenesis of depressive disorders 
appeared to be still far from complete understanding. 
Disturbance in many neurotransmitter systems underlie the 
biochemical cause of depression. Among these a special 
place is occupied by the serotonergic, dopaminergic, 
cholinergic, GABAergic, norepinephrine systems as well as 
brain-derived neurotrophic factor system. Both BDNF and 
5-HT systems play crucial role in mechanism of 
neurogenesis and neuroplasticity and are key players in 
mechanisms of depressive disorders.

Modern antidepressants block the serotonin transporter 
(5-HTT) suppressing the reuptake of serotonin from the 
synaptic cleft. However, from 20% to 40% of patients with 
depression are resistant to this class of antidepressants. 
Moreover, chronic antidepressant treatment is required to 
effectively correct depression. A key role in the regulation 
of the functional state of the brain serotonin system is 
assigned to the serotonin 5-HT1A receptor, which, through 
negative feedback, can inhibit the secretion of serotonin and 
the activity of serotonin neurons. Over the past 20 years, a 
lot of data has been accumulated confirming the 
participation of 5-HT1A receptors in the mechanisms of 
depression and in the action of antidepressants.

Modern neurobiology is actively studying the effect of 
genetic abnormalities on drug actions, because one or 
another genetic polymorphism can dramatically change the 
response to a drug. For example, changing the structure of 
receptors or transport molecules could essentially mediate 
signal transmission or drug delivery. It has been known that 
the same genes the different genetic backgrounds can 
differentially exhibit their functions, which leads to 
ambiguous reactions of drug therapy. Of great interest and 
broad prospects in the study of this problem are recombinant 
mice, which differ by the genome with the transferred or 
modified DNA fragment.

Recombinant B6.CBA-D13Mit76C (B6-76C) mouse 
line carrying distal chromosome 13 fragment containing 
Htr1A gene of CBA on the C57Bl/6 genetic background is 
characterized by increase in postsynaptic and decrease in 
presynaptic functional responses mediated by 5-HT1A 
receptor in comparison with control B6.CBA-D13Mit76B 
(B6-76B) mouse line. The B6-76C showed decreased 
metabolism of 5-HT and increased BDNF/proBDNF ratio 
and these effects are accompanied by increased 5-HT1A 
receptor gene expression in hippocampus compared with 
B6-M76B mice. In addition to this after chronic fluoxetine 
treatment B6-76C demonstrated decreased mobility in 
forced swim test which is commonly used to evaluate the 
effectiveness of antidepressants.

The aim of this study was to estimate the effect of 
chronic fluoxetine injection (20mg/kg, 14 days i.p.) on 
mRNA and protein levels of BDNF, proBDNF, p75NTR,
TrkB, 5-HT1A receptors, its transcription factors FREUD-
1, FREUD-2 and 5-HT7 receptor, levels of 5-HT and its 
primary metabolite 5-HIAA in the frontal cortex and 
hippocampus of B6-76B and B6-76С mouse lines by using 
Western-Blot analysis, real time PCR and HPLC. These 
structures assumed to play the main role in pathogenesis of 
the depressive disorders. The data were analyzed using two-
way ANOVA followed by Fisher’s LSD post-hoc 
comparison.

The mRNA level of 5-HT1A receptor gene was 
decreased in cortex and in hippocampus in the B6-76C mice 
but not in the B6-76B mice after fluoxetine administration. 
However, 5-HT1A receptor transcription factors FREUD-1
and FREUD-2 were not altered. Chronic fluoxetine 
treatment led to decrease in level of 5-HT7 receptor gene 
expression in the cortex of B6-76C and in the hippocampus 
of B6-76B mice. The mRNA level of BDNF gene was 
increased in B6-76B in the cortex and in B6-76C in the 
hippocampus after fluoxetine treatment compared with 
control groups. No differences in p75NTR and TrkB receptors 
genes expression in cortex and hippocampus of the both 
lines were determined.
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We have also found significant changes in serotonin and 
5-HIAA upon chronic fluoxetine treatment. Decrease in
serotonin and 5-HIAA levels in the cortex of both lines and
in the hippocampus of B6-76B mice was shown. The
5HIAA/5HT ratio was not changed in all investigated brain
structures in both mouse lines after chronic fluoxetine
treatment.

Western-Blot analysis revealed intriguing changes in 
BDNF system. BDNF protein levels were significantly 
higher in B6-76C after chronic fluoxetine treatment in 
frontal cortex and hippocampus. BDNF precursor proBDNF 
protein level was lower in both lines after fluoxetine in 
frontal cortex. There no proBDNF protein changes in 
hippocampus were found. Chronic fluoxetine treatment also 
failed to affect 5-HT1A, 5-HT7 receptors protein in 
investigated brain structures and TrkB-FL, TrkB-T1 and 

p75NTR receptors protein in hippocampus. However, in 
frontal cortex TrkB-T1 was lower in B6-76B after 
fluoxetine treatment.

Thus, classic antidepressant increased depressive-like 
behavior which is accompanied by decreased the expression 
of post-synaptic 5-HT1A receptor, increased expression of 
BDNF genes and its product BDNF protein in hippocampus 
of B6-76C mice and decreased proBDNF level in B6-76C 
after fluoxetine treatment. It was found that changes in 
sensitivity of the 5-HT1A receptors results in the significant 
changes in the response to chronic antidepressant treatment.
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Abstract — Stressful events early in life alter neuronal 
plasticity of the brain regions that regulate social behavior. 
Previous works have shown that brief and prolonged separation 
of pups from their mothers leads to enhanced social behavior in 
adult female mice. In this study, we performed Egr1, Npas4, Arc,
and Homer1 gene expression level analysis in the prefrontal 
cortex and dorsal hippocampus of adult female mice after 
exposure to early life stress. Also was evaluated expression level 
of stress-related genes glucocorticoid and mineralocorticoid 
receptors (Nr3c1 and Nr3c2) as well as Nr1d1, which encodes a 
transcription factor REVERBα, which regulates sociability and 
anxiety-related behavior. C57Bl/6 mice were exposed to 
maternal separation (MS, 3 h once a day) or handling (HD, 15 
min once a day) on postnatal days 2 through 14. As adults, 
female mice behavior was analyzed by behavioral tests, on the 
day after last testing gene expression level analysis was 
performed. We found evaluation of Npas4 expression in 
prefrontal cortex and Nr1d1 both in prefrontal cortex and 
dorsal hippocampus of adult female mice of MS group, not in 
HD group. The expression of stress-related genes Nr3c1 and 
Nr3c2 was unchanged in both groups. This upregulation of 
Npas4 and Nr1d1 genes in female mice with stressful events early 
in life and enhanced social behavior may be an adaptation 
mechanism reversing possible aberrations caused by early-life 
stress.

Keywords — early life stress, gene expression, prefrontal 
cortex, dorsal hippocampus.

Motivation and Aim
Stressful events early in life alter neuronal plasticity of the 

brain regions that regulate social behavior. Molecular 
mechanisms of this alterations remain unclear. Previous work 
have shown that brief and prolonged separation of pups from 
their mothers leads to enhanced social behavior in adult 
female mice [1].

Immediate early genes are strongly involved in synaptic 
plasticity [2], their products play a role in several distinct 
processes required for long-term synaptic changes and 
memory formation [3].

The specific aim of the present study was to characterize 
the expression of immediate early genes in the prefrontal 
cortex and dorsal hippocampus of adult female mice as a 
marker of modified neuroplasticity elicited both by stress 
early in life and by previous social interaction. 

To exclude effect estrous cycle of female mice on gene 
expression level, correlational analysis between gene 
expression and serum estradiol was performed. In addition,
correlational analysis between gene expression an behavioral 
parameters was performed.

Methods
We used brief (15 min per day) and prolonged (3 h per 

day) maternal separation prosedure for 14 days. As adults, 
mice were subjected to elevated plus maze, open field, and the 
social interaction test (one test per day). After last day of test, 
mice were decapitated and trunk blood was collected. In the 
same time brains were removed, prefrontal cortex was 

dissected and snap frozen in liquid nitrogen, the rest of the 
brain was embedded in the Tissue-Tek O.C.T. Compound. 
Frozen brains were cut into coronal sections in a cryostat 
Microm HM 550. Two 150 μm sections were dissected 
according with Allen Brain Atlas (Bregma from −1.86 to 
−2.16, levels 73– 76) and dorsal hippocampus was isolated 
from slices. RNA extraction was performed with usind 
PureZOL and complementary DNA was synthesized using kit 
by Syntol in accordance with manufacturer’s 
recommendations. Gene expression level analysis was 
performed by real-time PCR, evaluation the expression of 
followed genes: Egr1, Npas4, Arc, Homer1a, Homer1b/c,
Nr3c1, Nr3c2, and Nr1d1. Serum 17β-estradiol was evaluated 
by using enzyme-linked immunosorbent assay (ELISA) kit 
following the manufacturer’s protocols. 

Results
We found that prolonged maternal separation increases 

expression level of gene Npas4 in prefrontal cortex and Nr1d1 
in prefrontal cortex and dorsal hippocampus (Fig.1),
expression level of other genes remain unchanged. 

Npas4 is a transcription factor, which controls expression 
of other genes like Arc, Egr1 and c-Fos. Usually enhanced 
Npas4 expression accompanied with upregulation of genes 
including Arc, Egr1 и Bdnf. In this study, expression of these 
genes did not exhibit significant change. Despite of lack of 
significant changes, correlation analysis revealed strong 
correlation between expression levels of genes Npas4, Arc,
Egr1 and Bdnf in prefrontal cortex. Alteration of expression 
of these genes has not found in dorsal hippocampus, as well 
as correlation in expression level. These observed changes in 
expression level suggest that the observed alterations are 
specific to the prefrontal cortex. Correlational analysis 
between expression levels of the studied genes and behavioral 
parameters revealed positive correlation between genes in 
prefrontal cortex (Npas4, Egr1, Nr3c1 and Nr3c2) and one in 
hippocampus (Homer1a) with level of social behavior. 

Nr1d1 is a gene encoding the nuclear receptor, also known 
as REVERBa, which control gene transcription. Its most 
studied function is regulation of circadian rhythm. Enhances 
expression of this gene can be related with social behavior 
through clock genes activity in prefrontal cortex and 
hippocampus. The stress response system and the circadian 
clock are closely connected.
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Glucocorticoids may influence on expression of clock 
genes due to presence of glucocorticoid response elements in 
their promoters, thus synchronization of peripheral and central 
circadian oscillators occurs. In this experiment, there is no 
alterations in Nr3c1 and Nr3c2 expression in prefrontal cortex 
and hippocampus. This corresponds to our previous results 

[4]. After stress, there was no changes in Nr3c1 and Nr3c2
expression in males, but prolonged maternal separation 
increased Nr3c2/Nr3c1 mRNA ratio in hippocampus and 
hypothalamus. For most genes, we did not detect a significant 
correlation between estradiol concentration and gene 
expression; this finding allows us to compare gene expression
levels without considering the stage of the cycle.
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Fig. 1. Effects of early-life stress on gene expression in the 
prefrontal cortex and dorsal hippocampus. Data are presented as 
mean ± SEM. HPC: hippocampus; PFC: prefrontal cortex; NC: 
no-treatment control; HD: handling, MS: maternal separation. p
< 0:05, p < 0:01 as compared with the NC group; &p < 0:1 
(tendency), #p < 0:05 as compared with the HD group (post hoc 
Fisher’s LSD test).
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Abstract — Currently functional nutrition has developed 

intensively. Functional foods enriched with biologically active 

substances are an essential part of dietary therapy. Plant 

polyphenols attract particular attention due to their multiple 

beneficial properties. This study was aimed to evaluate the 

effects of diets rich in plant polyphenols in a mouse model of 

Alzheimer’s disease (AD) induced by amyloid-beta and a 

transgenic model of Parkinson’s disease (PD) in mice of B6.Cg-

Tg (Prnp-SNCA*A53T)23Mkle/J strain with overexpression of 

human alpha-synuclein. We used two wheat lines created at the 

Institute of Cytology and Genetics SB RAS [1] that have almost 

similar genomes with the exception of a small part of 

chromosome 2A, which contains a gene regulating anthocyanin 

biosynthesis, to assess the effects of an anthocyanin-rich grain 

diet, and a concentrate of grape polyphenols “Enoant” dissolved 

in the drinking water in addition to standard chow. Mice were 

kept at those diets for five months. Mice with AD model 

demonstrated deficits in working and short-term spatial 

memory. Both grain diets prevented the development of 

disturbances in working memory but not in short-term spatial 

memory. Mice of transgenic PD model also showed deficits in 

working memory that were improved only by the grain diet with 

high content of anthocyanins. The anthocyanin-rich grain diet 

enhanced microglial activation and increased the expression of 

arginase1 marking the M2 microglia that promotes tissue 

viability and neuronal survival in the brain of transgenic PD-

like mice. Although “Enoant” did not produce significant effects 

in AD and PD models, it substantially prolonged the average life 

span in mice with natural aging. 

Keywords — functional food, wheat grain, anthocyanins, 

grape polyphenols, mice, Alzheimer’s disease, amyloid-beta, 

alpha-synuclein, Parkinson’s disease. 
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Abstract — The investigation the relationship between 
BDNF, NGF and NRG1 genotypes with remission in patients 
with MDD was made in a group of 208 patients. The study 
showed that rs3924999 of the NRG1 gene was associated with 
clinical remission, rated on the HDRS-17 scale on day 28 of 
antidepressant therapy.

Keywords — depressive disorders, brain derived neurotrophic 
factor, nerve growth factor, neuregulin 1, gene polymorphism, 
remission

Motivation and Aim

Motivation
Patients with major depressive disorder exhibit changes in 

biological biomarkers, such as neurotrophic factors, 
demonstrating that these molecules are involved in the 
psychopathology, therapy, and monitoring of major 
depressive disorder [1]. In recent years, the possibility of using 
knowledge about gene polymorphisms of neurotrophic factors 
to predict or evaluate the effectiveness of a response to therapy 
has been widely studied [2].

Aim. 
The aim of our study was to identify possible associations 

of polymorphic variants of the BDNF, NGF, and NRG1 
genes with clinical remission in patients with depressive 
disorders.

Methods
We examined 208 patients with MDD (as part of a single 

depressive episode or recurrent depressive disorder (F32 and 
F33 according to ICD-10)) aged 20 to 60 years. The severity 
of depressive symptoms was assessed using the Hamilton 
Depression Scale (HDRS-17) and the Clinical Global 
Impression Scale - Severity (CGI-S) (before and on the 14th 
and 28th days of therapy). The presence of remission was 
evaluated using the HDRS-17 scale (for the presence of 

remission, a score of 7 or less after 28 days of therapy was 
taken) and the CGI-S scale (for the presence of remission, a 
score of 2 or less after 28 days of therapy).

Genotyping of polymorphic variants rs6265 of the 
BDNF gene, rs6330 of the NGF gene, and rs3924999 of the 
NRG1 gene was performed by real-time PCR on a Step One 
PlusTM Real-Time PCR System (Applied Biosystems, USA) 
using TaqMan1 Validated SNP Genotyping Assay (Applied 
Biosystems, USA). Statistical processing of the results was 
performed using the SPSS program, version 20.0.

Results
Our study showed that rs3924999 of the NRG1 gene is 

associated with clinical remission rated on the HDRS-17 scale 
on day 28 of antidepressant therapy. In patients without 
remission, the frequency of occurrence of the AA genotype 
was statistically significantly higher (27.3%) than in patients 
who achieved clinical remission (11.6%), OR = 2.86, 95% CI 
= 1.26-6.48, p = 0.029. Thus, we can conclude that the carriage 
of the AA genotype of the polymorphic variant rs3924999 of 
the neuregulin-1 gene NRG1 is a factor preventing the timely 
formation of clinical remission in patients with depressive 
disorder receiving antidepressant therapy.
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Abstract — Accurate prediction of flowering time helps 
breeders to develop new varieties that can achieve maximal 
efficiency in changing climate. We have developed a 
methodology for construction a simulation model for time to 
flowering in which a function for daily progression of the 
plant from one to the next phenologic phase is obtained in 
analytic form by stochastic minimization. For demonstration, 
we build a simulation model for time to flowering in the 
dataset of wild chickpeas assembled recently.

Keywords — wild chickpea, simulation, climatic factors

Motivation and aim

Motivation
Chickpea (Cicer arietinum L.), which was originally 

domesticated in Southeastern Turkey, is the second most 
cultivated grain legume crop, grown in more than 50 
countries of the world. Accurate prediction of crop 
flowering time is required for reaching maximal farm 
efficiency. Several models developed to accomplish this 
goal are based on deep knowledge of plant phenology, 
requiring large investment for every individual crop or new 
variety [1-2].

Aim
Mathematical modeling can be used to make better use 

of more shallow data and to extract information from it with 
higher efficiency. Earlier we have developed a non-linear 
regression model that predicted time to flowering based on 
climatic factors averaged over different periods of time [2]. 
Here to better interpret factors’ impacts we build a 
simulation model for time to flowering that uses daily values 
of minimal and maximal temperature, solar radiation, 
precipitation and day length.

Methods

Plant material
Cultivars of chickpea, Cicer arietanum, are currently 

being improved by introgressing wild C. reticulatum 
biodiversity with very different flowering time 
requirements. The dataset consists of wild chickpea (C. 
reticulatum L. and C. echinospermum). Accessions were 
collected at 21 sites in five regions in Turkey by von 
Wettberg et al. [3] and planted in climatically distinct sites 
in Turkey (Sanliurfa and Ankara). Being grown in 
contrasting environments the phenotype data on time to 
flowering is highly diverse – time to flowering ranges from 

117 to 221 days. We build a model for samples sown in 
autumn (2174 samples). 

Climatic data
The data on climatic conditions for each day in the 

period of field experiments were taken from publicly 
available site https://rp5.ru/Weather_in_the_world and 
NASA.

Mathematical model
The analytic representation of a function for daily

progression of the plant from one to the next phenologic 
phase is build using a formal approach called Grammatical 
Evolution (GE) [4] and Differential Evolution Entirely 
Parallel (DEEP) method as stochastic minimization [5]. 
Consequently, a function is constructed as a superposition 
of arithmetic operations of expressions: X, (X - Const), 1/(X 
– Const), where X is a climatic factor and Const is a 
threshold value specific to each factor. DEEP is used to 
minimize the sum of squared differences between model 
solution and data.

Results

Model adaptation
The cross-validation and testing was performed to select 

the best and reliable model. The dataset was split into 
training, validation and test sets. The number of samples 
was 1482, 492 and 200, respectively. Optimization was 
performed with training set, then the model with a lowest 
score (18580.0) for the validation set was selected and run 
on a test set. According to Mann-Witney-Wilcoxon criterion 
the difference between mean errors for training and 
validation sets is not statistically significant (P=0.13). 
Consequently, the constructed model is validated. Mean 
deviation of the model solution from data for validation and 
test sets are 5.0 and 6.1 days, respectively. The analytic form 
of a function combines linear and multiplicative parts that is 
similar to the Soltani et al. model [1].

Impacts of climatic factors
To assess the impacts of climatic factors to the model we 

performed a permutation test with 100 permutations. The 
results are presented in Fig.1. The minimal temperature Tn

has the maximal impact to the model – over 85%, the day 
length impact is 14.37%. The impacts of maximal 
temperature, solar radiation and precipitation are almost 
negligible – 0.02%, 0.08% and 0%, respectively. Day length 
has high impact on long day plants such as wild chickpea.

296



The high impact of minimal temperature on time to 
flowering emphasizes the importance of vernalization.

The obtained results show that developed methodology 
can be used to model wild chickpea growth.
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Abstract — Analysis of repeatomes in the Cannabaceae
family was done. There were found family-specific, species-
specific and sex-specific clusters. Primers were created and 
checked.

Keywords — NGS, repeatome, plants, Cannabaceae, sex

Introduction 
Plant genomes are characterized by large amount of

repetitive DNA and this amount is known as repeatomes of 
species [1]. There are 3 major types of repetitive DNA: 
transposable elements (TE), tandem repeats (TR), ribosomal 
DNA. Transposable elements have a relatively high 
duplication rate [2]. These copies can impact on transcription, 
expression of the genes, also they can disrupt genes[3, 4, 5]. 
Thus, repeats can be very heterogeneous, in addition, they can 
be unique, low- or high-copy. They may differ in the length of 
the motifs in the genome [6]. Many families of repeats DNA 
are not yet known. Also, the role of these sites in the genome 
is not fully understood. They are known to play an important 
role in stabilization and maintenance chromosome structures, 
they are also involved in chromosome recognition and their 
correct division during mitosis and meiosis. [7]. It is shown 
that species differentiation in plants often associated with 
rapid changes in DNA-repeats [2]. Our aim in this research 
was to study of repeatomes from Cannabaceae family.

The family Cannabaceae contains at least 3 agricultural-
significant species: Cannabis sativa L., Humulus lupulus L.,
Humulus japonicus L.. Hemp’s (Cannabis sativa L.) has 2n = 
20 and female haploid genome size is 818 Mb, but male 
haploid genome size is 843 Mb [9]; these facts show us that 
Cannabis sativa L. has heterogenous X and Y chromosomes 
in such a way that Y chromosome is bigger than X. Cannabis 
sativa L. has male-determining Y chromosome [9,10,11].

There is an interesting situation with hops (Humulus). 
Common hop (Humulus lupulus L.) contains 2n = 20 with the 
XY system, but sex-determination occurs according to the 
A:X ratio [8]. Humulus japonicus L. contains XY1Y2 and the 
female plant has 2n = 16, the male plant has 2n = 17 [12]. Why 
sex determination is so different within one family?

Therefore, one of the important tasks of modern biology is 
to study repeatomes from the sex-evolution, structural 
bioinformatics and cytogenetics points of view.

Materials and methods
For the research, there were used Humulus lupulus plant 

samples from Moscow region, H. japonicus plants cultivar 
“Samurai” Gavrish, Cannabis sativa L. plant (“Zenitsa” 

cultivar) DNA were purified from leaves using the Doyle & 
Doyle method with modifications [13]. DNA libraries were 
prepared according to the instructions of commercial kits. For 
all plants, there were done one full cycle of Illumina MiSeq
sequencing.

Sequencing reads were analyzed by quality control tool 
FastQC 
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/).
Quality filtering of the resulting raw fastq reads, adaptors 
trimming, filtering out short or unpaired sequences and 
trimming reads to lengths using the Trimmomatic tool. [14]. 
Then, the two-resulting pair-term sequencing files were 
combined using the FASTQ interlacer tool, which allows you 
to automatically filter paired and unpaired sequences. A file 
with paired reads was used for further analysis.

Bioinformatic analysis of the repeatomes was carried out 
on a local server with 28 nuclear processors and 128 GB of
RAM, running the Linux operating system using 
RepeatExplorer [15]. Clusters containing at least 0.01% of all 
clustered reads were characterized using RepeatMasker [16]
using the Repbase database [17]. The determination of the unit 
of tandem repeat monomer is performed by RepeatExplorer.

Pairwise scatterplots were built in R using the ggplot2 package 
using custom scripts [18].

PCRs were done, conditions were optimized: annealing 
temperature 60°, 35 cycles.

Results
Identification of common and species-specific repeats 

were done with usage strategy of comparative clusterization
according to the following scheme: a set of Humulus lupulus
L. sequences (female + male plant) and a set of Humulus
japonicus L. sequences (female + male plant).

The majority of species-specific sequences for both 
genomes are non-classified repeats-families. And a large 
amount of known species-specific repeats related to the 
Ty3/Gypsy family(~8%). 

Finally, 88 species-specific clusters for the common hop 
and 10 species-specific clusters for Japanese hop were 
identified. The highest-copy clusters were selected as 
candidates for the creating of species-specific markers.

There were not completely sex-specific clusters. This may 
be due to several factors, for example, the number of reads 
used for analysis. We compared two different species, one can 
notice a stronger divergence of the repeating sequences for 
Humulus japonicus L., which may be evidence of an earlier 
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discrepancy between the ancestors of Humulus japonicus L. 
compared to Humulus lupulus L. As a criterion for the 
selection of sex-specific clusters, we were guided by two 
parameters: the copy number of the cluster and the difference 
in the number of sequences of the male and female genomes 
in this cluster. So, for Humulus japonicus L., 8 of the most 
replicated clusters were selected with a minimum value of the 
difference in the number of reads between the male and female 
genomes. For Humulus lupulus L. there were chosen 4 clusters 
for further work. 

Primers were created and, finally, we had 17 pairs of 
primers. We decided to check our primers with doing PCR and 
electrophoresis It was shown that most of the primers are not 
species-specific.

PCR was done and it was shown that we have 3 categories 
of primers:

1) Universal for Cannabaceae family (for both hops
and hemp);

2) Universal for Humulus lupulus and Humulus
japonicus;

3) Species-specific for Humulus lupulus L. or Humulus
japonicus L.

This research is in progress. 
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Abstract — Current draft annotations for sequenced conifer 
genomes are preliminary and limited, but provide opportunities 
for further structural and functional analysis. We attempted to 
improve the existing genome annotations by marking 5’-UTRs 
in the four conifer species Pinus taeda, Picea glauca, Picea abies
and Larix sibirica. Prediction of transcription start sites (TSS) 
was performed on the promoter sequences of genes with RNA 
or protein support using TSS prediction program TSSPlant. 
The distribution of 5’-UTR lengths from the annotations of 
several model plants was used to select the best prediction per 
gene. Frequency of TATA(A/T)A(A/T) motif in the predicted 
TSS-centered promoter regions showed a pronounced peak 
around 60 bp upstream of TSS.

Keywords — 5’-UTR, plant promoters, conifer genome, GC3

biology

Introduction
Conifers are an ancient group of plants represented by 

more than 600 species that play major role in boreal forest 
ecosystems. Due to the enormous size and highly repetitive 
nature deciphering conifer genomes takes more time and 
effort than many other plant species. In the last years several 
mega-genomes of conifer species were sequenced and 
assembled to the draft state. Their current annotations are 
preliminary and limited, but provide opportunities for 
structural and functional analysis. Understanding of 
regulatory relationships between genome elements requires 
information on promoter sequences, which are usually located 
directly upstream or at the 5' end of the transcription start site 
(TSS). Here we present our attempts to improve the existing 
genome annotations by predicting TSSs and marking 5’-UTRs 
in the four relatively recently published species Pinus taeda, 
Picea glauca, Picea abies, and Larix sibirica.

Materials and Methods

A. Genome Assemblies and Annotations
The following genome assemblies and annotations of four

conifer species were used: Pita v2_01 for Pinus taeda [1, 2], 
PG29 v3.0 for Picea glauca [3, 4], Pabies v1.0 for Picea abies 
[5], and genome assembly under GenBank accession 
NWUY0000000000 (BioProject PRJNA393226) together 
with the unpublished draft annotation data for Larix sibirica
[6].

B. Gene Filtering
To filter out possible pseudogenes and putative predicted

coding sequences that do not present functional genes all gene 
models retrieved from genomic annotations were aligned 
against the database of RNA-seq data, including ESTs and 
TSAs, of a corresponding species using hisat2 alignment 
program. To additionally verify selected gene models we 
aligned corresponding protein products to Refseq plant 
protein sequences using blastp program.

C. Transcription Start Site (TSS) Prediction
Prediction of putative TSSs was performed in the promoter

sequences of selected genes, which were defined as regions of 
-1000 and +250 bp around the start codon, using TSSPlant
program [7] and selection of the best prediction based on the
distribution of 5’-UTR lengths from the annotations of several
model plants.

D. GC3, CG-skew and Frequency of TATA motif
Nucleotide frequency analysis of promotors was

performed on TSS-centered sequences (-1000 and +200 bp 
around TSS). Frequencies of CA and TATA motifs were 
calculated with a sliding window (width = 40 bp, increment 
step = 10 bp) using stringr package for R. CG-skew of a given 
sequence was defined as a proportion (C-G)/(C+G) and 
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calculated with sliding window width of 50 bp and window 
increment step of 10 bp along the promoter sequence. GC3 was 
calculated using gene sequences with removed introns (only 
joined exons were used) and seqinr package for R.

Results
Aligning to RNA-seq, ESTs, and Refseq protein data 

allowed to retrieve 9260 evidence supported gene models for 
P. taeda, 16853 for P. glauca, 7587 for P. abies, and 23077
for L. sibirica (Table I). For these genes (both TATA and
TATA-less) TSSs were predicted using TSSPlant algorithm.
Frequency of TATA(A/T)A(A/T) motif in the predicted TSS-
centered promoter regions showed pronounced peak around
60 bp upstream of TSS (Fig. 1A). All four species have similar
GC3 distribution with the average around 0.3 and GC3 gradient
that gradually decreases after 250 bp from the start of coding
sequence (Fig. 1B). In contrast to what was observed in
A. thaliana, O. sativa, and some other plant species, CG-skew
in four conifer species exhibited distinct decline right before
the TSS (Fig. 1C).

TABLE I. SUMMARY OF ASSEMBLIES AND ANNOTATIONS

Assembly Assembly 
N50

Sum 
length, 

Gb

Number 
of genes

RNA/Refseq 
supported 

genes
P. taeda v2_01 100 218 20.43 36 732 9 260
P. abies v1.0 7 747 9.9 58 587 10 434
PG29 v3 34 405 20.8 103 694 16 839
L. sibirica 3 098 5.6 50 163 23 077

Fig. 1. Frequency of TATA(A/T)A(A/T) motif in the TSS-centered 
promoter region (A), GC3 gradient of coding sequences (B), and CG-skew 
around TSS (C).
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Abstract — Despite the reference wheat genome sequencing 
and annotation, the search and chromosome localization of 
economically valuable traits loci in the wheat genome remains 
relevant. We reported the sequence structure of the 26.6-Mb 
wheat chromosome 5BS subtelomeric region associated to leaf 
rust resistant genes through targeted sequencing. We show that 
this chromosomal region of leaf rust resistance and susceptible 
wheat lines were efficiently captured with sufficient coverage for 
the annotation of the sequenced region.

Keywords — bread wheat genome; chromosome 5BS; Lr52 
gene; targeted sequencing

Introduction
The wheat reference cultivar ‘Chinese Spring’ genome 

published by the International Wheat Genome Sequencing 
Consortium (IWGSC, 2018) and SNP markers associated with 
economically valuable genes in wheat varieties and lines will 
contribute to solving important problems in genetics and 
breeding. To date, more than 30 genes that control a number 
of morphological and quantitative traits, resistance to abiotic 
and biotic environmental factors have been mapped on wheat 
chromosome 5B. Of particular interest is the distal region of 
its short arm (5BS) which bears a number of agronomically 
important genes, including genes conferring resistance to 
fungal diseases (Lr52, LrK1, Yr47, Snn3, Pm30, H31, QTL for 
stem rust, rhizoctonia net blotch and loose smut of wheat). The 
mapping of DNA markers linked to the resistance genes on 
the 5BS reference pseudomolecule (RefSeq v1.0) allows the 
region where these genes reside to be identified. Our study 
was aimed to approbate targeted sequencing for the structure 
analysis of chromosome 5BS region with a length of about 
26.6 Mb using lines with and without the Lr52 gene.

Materials and methods
Mapping population F4 (lines from the cross LrW(52) × 

hybrid_215) was developed for chosen plants which are differ 
to resistant genes against fungal diseases located on target 
region of 5BS. We selected 5 plants with Lr52 and 5 plants 
without Lr52 according to data of KASP and SSR genotyping 
together with screening for resistance (benzimidazole (0.035 
% w/v)). Genomic DNA was isolated from the young leaves 
of individual plants using the Kleargene plant 96-well plate 
DNA extraction kit (LGC Group), following the 
manufacturer’s protocol. 

Target sequencing was performed using the SeqCap EZ 
Target Enrichment System (Roche) to enrich a 26Mb of 5B 
chromosome subtelomeric region. The Roche company 
developed probes to cover the region under study on the basis 
of the reference genome. As a result, the maximum size of 
covered regions was about 8 Mb, mainly due to repeats. The 
150-bp pairedend sequencing of the obtained library was 
performed on an Illumina NextSeq 550 platform (ICG 
SBRAS).

Results and Discussion
The wheat lines of population F4 (lines from the cross 

LrW(52) × hybrid_215) were captured with probes developed 
by Roche to cover the region under study on the basis of the 
reference genome. As a result of sequencing, an average of 
4.28 Gb and 3.51 Gb of reads was obtained for the wheat lines 
with Lr52 and without Lr52, respectively. The total size of 
data obtained was about 39 Gb. The proportions of sequences 
with Q>30 were 78.95 and 78.52 %, and the mean quality 
score Q values were 31.44 and 31.35 for the wheat lines with 
Lr52 and samples without Lr52, respectively. After 
preprocessing and quality control using the FASTXtoolkit 
utility, the reads obtained were mapped onto the studied 
region of the wheat reference genome using the BWA-MEM 
program (Li and Durbin, 2009). On average, 70% of the reads 
were not mapped, 7-9 % were mapped one time and 20% more 
than once for samples with and without Lr52. In the target 
regions, 10 wheat plants had narrow mean coverage ranges, 
40× and 48×, for the leaf rust resistant and susceptible 
samples, respectively. 

To visualize the mapping of reads to the reference genome, 
the studied region was divided into 100 bases long segments, 
each of which was assigned a different color depending on the 
sequence matching (Fig 1).
Fig. 1. Study of the gene Lr52 localization region.

Fig. 2. Example of the reads mapping to the wheat reference genome on a 
plot with coordinates 6 654 000bp - 6 956 436bp. Green areas indicate 
the coincidence of the reference genome sequences, plants with Lr52 
and 5 plants without Lr52; red color means the coincidence of the 
reference genome sequences and rust-susceptible plants without Lr52 
gene and the absence of mapped sequences in this region in resistant 
samples; white - the gaps of a reference sequence in this region. Also 
the sun180 marker, which co-segregates with the Lr52 gene is 
indicated.

The 26.6Mb region was analyzed in NCBI, Ensembl 
Plants, GrainGenes, UniProt, PlantPAN 3.0, PlantPRe, 
PRGdb, psRNAtarget, miRBase, PmiRExAt databases. In 
result about 20.000 SNP were found to be dispersed in the 5BS 
distal region About 500 candidates for major resistance genes 

sun180 
6.867.211 : 6.867.231
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with the domains NBS, CC, LRR, Tm and kinase domains 
were revealed and about 30.000 potential exones, 5.500 
putative genes and 400 miRNA were found. In the 6.6Mb –
7Mb region several microRNAs were found only in samples 
resistant to leaf rust, the sequences of which differed from the 
sequences of the reference genome and samples without Lr52
gene by SNP that are located in the miRNA stem-loop. Next, 
an automatic annotation was carried out using the FGENESH 
2.6 program, which revealed differences between the samples 
in the area with 6.85Mb – 6.86Mb coordinates. For samples 
without Lr52 gene, a potential gene is located in this segment 
and there is no coincidence in databases. In addition, samples 
with Lr52 gene contained a deletion in the 6.91Mb – 6.93Mb 
region in which samples without Lr52 gene had annotated 
TRAESCS5B02G005400 gene that encodes a protein 
including two putative kinase domains. This gene is 
homologous to wheat stem rust resistant gene Sr60 from 

Triticum monococcum and Sr60 has a deletion including the 
last two exons in Chinese Spring. So we may propose some 
versions of leaf-rust resistance mechanism.
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Abstract — Identification of genetic factors that control 
inflorescence development of important crops and study on 
their structure and functions have fundamental and practical 
importance. The obtained results showed that different genetic 
loci take part in the spikelet meristem determinacy of the 
genuine branching and false-true spike ramification wheat non-
standard morphotypes.

Keywords — wheat, non-standard spike morphotypes, 
inflorescence development, meristem identity, meristem 
determinacy

Motivation and aim

Motivation
Investigation of the structural and functional organization 

of genetic determinants of plant development is an actual 
problem of modern plant genetics and developmental biology.

Aim 
The aim of this work is to study on genetic regulation of 

wheat spikelet and floret meristem activities, namely, the 
establishing of identity and determinacy of wheat 
inflorescence meristems.

Methods
Accessions with abnormalities in spike development from 

the ICG SB RAS wheat collection served as a unique 

experimental model in this research. A set of classical and 
modern approaches of genetics and developmental biology, 
including high-throughput genotyping, light and electron 
microscopy methods and modern bioinformatic approaches 
was used.

Results
Using DArTseq genotyping, wheat chromosome maps 

(genome BBAA) were constructed, quantitative trait loci 
(QTLs) that determine the formation of non-standard spike 
morphotypes associated with abnormalities in the establishing 
of identity and determinacy of inflorescence meristems were 
identified. The formation of the false true spike ramification 
morphotype is controlled by the qshr2-2A locus of 
chromosome 2AL, and by two loci (chr.7A) with minor 
effects. It was found that, along with the wfzp-A.Bh1 gene, the
formation of additional spikelets of the wheat genuine 
branching morphotype is influenced by QTLs on 
chromosomes 7AL and 5BL. Therefore, different genetic loci 
take part in determinacy of the spikelet meristem of the 
genuine branching and the false-true spike ramification 
morphotypes.
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Abstract — EIN3 transcription factor is the master regulator 
of gene expression in response to plant hormone ethylene. The 
structure of EIN3 binding site (EBS) was determined using in 
vitro binding assays. However, the role of EBS architecture in 
EIN3 binding at the whole-genome level is poorly understood. 
Here we demonstrate that an inverted repeat of EBS with the 
overlap of the motifs is a canonical EIN3 target in the 
Arabidopsis genome. We show that this EBS architecture 
provides a more pronounced response to ethylene than either a 
single EBS or EBS repeats with a spacer. These findings can be 
used to develop a new genetic sensor for highly sensitive 
detection of ethylene signaling in Arabidopsis.

Keywords — bioinformatics, transcription factor, 
ETHYLENE-INSENSITIVE3, EIN3 binding site (EBS), ChIP-
seq, RNA-seq

Motivation and aim

Motivation
ETHYLENE INSENSITIVE 3 (EIN3) transcription factor 

is the master regulator of gene expression in response to plant 
hormone ethylene that guides plant growth under stress 
conditions. EIN3 is a transcriptional activator that binds a 
short nucleotide sequence referred to as EBS to induce 
transcription [1]. Arabidopsis thaliana reporter EBS:GUS
driven by such EIN3 binding site [2] is widely used as a sensor 
for detection of ethylene signaling. EIN3 tends to bind DNA 
as a homodimer and it has been shown recently that EBS 
inverted repeats with a spacer of 10 bp provide EIN3 binding 
in vitro with a higher affinity than a single EBS [3]. However, 
the role of EBS architecture in EIN3 functioning was not 
investigated on the whole genome level.

Aim 
Here we accomplish a systematic bioinformatics analysis 

of EIN3 bound sequences in Arabidopsis genome to shed light 
on molecular mechanisms utilized for regulation of 
transcriptional response to ethylene in plants.

Methods
We used publicly available ChIP-seq data on EIN3 

binding, RNA-seq data on ethylene-induced transcriptomes in 
Arabidopsis seedlings [4] and published DAP-seq data [5]. 
We used Homer [6] for de novo motif search in the peaks, and 
MCOT [7] for enrichment analysis of EBS repeats. 
Associations of EBS configurations with peaks and genes 
features were estimated with Fisher’s exact test. 

Results
We discovered a previously unknown EBS architecture 

that is enriched in EIN3 bound sequences to a much greater 
extent than a single EBS motif. This new configuration is a 
head-to-head inverted repeat of EBS-like sequences with 1 bp 
overlap referred to as 2EBS(-1). It is noteworthy that none of 
the EBS repeats with spaced motifs (including the one with 10 
bp spacer) was enriched in EIN3 bound sequences compared 
to a random expectation. We also demonstrated that unlike a
single EBS motif, 2EBS(-1) repeat was significantly 
associated with a sustained profile of EIN3 binding, i.e. it 
facilitated EIN3 binding regardless of the duration of ethylene 
treatment. Based on these findings we consider that 2EBS(-1)
is a canonical EIN3 binding site in A. thailana genome. We
further showed that of all EBS configurations under study only 
2EBS(-1) was significantly associated with transcriptional 
response of EIN3 targets to ethylene treatment. Moreover, it 
tended to cause a more pronounced transcriptional response 
than other EBS configurations. These findings can be used to
design a new genetic sensor for highly sensitive detection of 
ethylene signaling. Taken together, this work provides new 
insight on the molecular mechanisms utilized for regulation of 
transcriptional response to ethylene in plants.
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Abstract — The Myc2 and Ant2 genes of barley encode 
bHLH transcription factors that activate transcription of 
anthocyanin biosynthesis structural genes. It is shown, that the 
HvMyc2 and HvAnt2 genes are implicated in the pigmentation 
of barley grains. The present work aims to introduce mutations 
into the HvMyc2 and HvAnt2 genes in order to confirm their 
function in barley grain color formation.

Keywords — barley, grain color, targeted mutagenesis

Motivation and aim

Motivation
Grains of barley (Hordeum vulgare L.) can have different 

color which is directly connected to accumulation of different 
pigments. Blue and purple color are caused by accumulation 
of anthocyanins in aleurone and pericarp, respectively. In 
previous studies, candidate genes which could be responsible 
for barley grain color, were identified; the blue color of grain 
aleurone depends on the HvMyc2 gene [1] and the purple color 
of grain pericarp on the HvAnt2 gene [2]. These genes encode 
bHLH/MYC proteins which, together with the MYB and 
WD40 factors, activate structural genes of the anthocyanin 
biosynthesis pathway.

Aim
The aim of the present study is to use the Cas9/gRNA site-

directed mutagenesis system to generate barley plants bearing 
mutations in their Myc2 and Ant2 genes so as to confirm the 
functions of these genes in grain color formation and to create 
pigmented barley featuring competitive agricultural 
performance.

Methods
Putative target regions were pre-selected using online 

tools like DeskGen [3], CRISPR-P [4] and WuCRISPR [5]. A 
final selection was then made based upon modelling of the 
secondary structure of respective guide-RNAs (gRNAs) using 
RNAfold [6]. A modular vector system [7] that greatly 
facilitates complex cloning steps using IIS restriction enzymes 
was used to create cas9/gRNA transformation plasmids to be 
used for site-directed mutagenesis of the target genes. First, 

intermediate constructs were created with up to four gRNAs 
each being driven by the RNA-Polymerase III U6 promoter of 
wheat. Next, these assemblies were combined with the maize 
codon-optimized cas9 nuclease gene being under control of 
the maize Ubi-1 promoter. A protoplast assay was performed 
in order to estimate the constructs’ efficiency in triggering 
targeted mutagenesis. To this end, barley leaf mesophyll 
protoplasts were transfected with the above constructs, 
protoplast genomic DNA was isolated and deep-sequencing 
of amplicons from the target regions was performed [8]. 
Finally, the cas9/gRNA-carrying constructs were introduced 
into the p6i binary vector (DNA Cloning Service, Hamburg, 
Germany) for subsequent Agrobacterium-mediated stable 
transformation of barley using immature embryos [9]. 

Results
Two cas9/gRNA plasmids were constructed for two target 

sites of HvMyc2 gene, each containing four times the same 
gRNA. These vectors showed 58% and 76% mutation 
efficiency in the protoplast assay. Additionally, one construct 
was generated containing three gRNAs for different target 
sites in the HvAnt2 gene. All constructs are planned to be used 
for stable barley transformation and subsequent regeneration 
of plants carrying mutations in the two target genes. Barley 
accessions with colored and uncolored grains will be used as 
donor material for transformation. 

Acknowledgment 
This work is supported by the Russian Science Foundation 

(RSF) grant No. 16–14-00086 and by IPK Visiting Program 
for Scientists from Transition Countries in Europe and the 
former Soviet Union.

References
[1] Strygina K.V., Börner A., Khlestkina E.K. (2017) Identification and

characterization of regulatory network components for anthocyanin
synthesis in barley aleurone. BMC Plant Biol. 17(1):184.

[2] Shoeva O.Y., Mock H.P., Kukoeva T.V., Börner A., Khlestkina E.K.
(2016) Regulation of the flavonoid biosynthesis pathway genes in
purple and black grains of Hordeum vulgare. PloS ONE.
11(10):e0163782.

306



[3] Hough S.H. et al. (2017) Erratum to: Guide Picker is a comprehensive 
design tool for visualizing and selecting guides for CRISPR 
experiments. BMC Bioinformatics. Vol. 18, № 1. P. 202.

[4] Liu, H., Ding, Y., Zhou, Y., Jin, W., Xie, K., and Chen, L. (2017) 
CRISPRP 2.0: an improved CRISPR-Cas9 tool for genome editing in
plants. Mol. Plant. 10:530–532.

[5] Wong N., Liu W., Wang X. WU-CRISPR: characteristics of functional 
guide RNAs for the CRISPR/Cas9 system. Genome Biol. 2015. Vol.
16. P. 218.

[6] Gruber A.R. et al. The Vienna RNA websuite. Nucleic Acids Res.
2008. Vol. 36. Web Server issue. P. W70-74.

[7] Koeppel I., Hiekel S., Kumlehn J. (2019) A versatile modular vector
system for RNA-guided Cas endonucleases [abstract]. VISCEA
International Conference Plant Transformation & Biotechnology V.

03-04.07.2019. Vienna, Austria. http://viscea.org/wp-
content/uploads/2019/08/PTBT-abstract-book.pdf.

[8] Gerasimova S.V., Korotkova A.M., Hertig C., Hiekel S., Hoffie R., 
Budhagatapalli N., Otto I., Hensel G., Shumny V.K., Kochetov
A.V.,Kumlehn J., Khlestkina E.K. (2018) Targeted genome 
modification in protoplasts of a highly regenerable Siberian barley 
cultivar using RNA-guided Cas9 endonuclease. Vavilovskii Zhurnal 
Genetiki i Selektsii = Vavilov Journal of Genetics and Breeding.
22(8):1033-1039. 

[9] Hensel G., Valkov V., Middlefell-Williams J., & Kumlehn J. (2008). 
Efficient generation of transgenic barley: the way forward to modulate 
plant-microbe interactions. J. Plant Physiol. 165. 71-82. 
10.1016/j.jplph.2007.06.015.

307



DOI 10.18699/BGRS/SB-2020-194

Flowering patterns of herbaceous multi-flowered monocarpic 
shoots of Campanula sarmatica

Eduard Fomin
Systems Biology Department

Institute of Cytology and Genetics SB RAS
Novosibirsk, Russia
fomin@bionet.nsc.ru

Tatyana Fomina
Laboratory of introduction of ornamental plants

Central Siberian Botanical Garden SB RAS
Novosibirsk, Russia

0000-0003-4724-2480

Abstract — Flowering analysis of Campanula sarmatica, 
Campanulaceae family at the level of individual shoots was 
performed. It has been established that the flowering curves of 
C. sarmatica shoots are bimodal. The first peak corresponds to
the flowering of the main axis, and the second to the lateral axes
of the inflorescence. Flowering curves have noticeable
individual differences in the heights of the main peaks, due to
the difference in the number of flowers on the main axis and
lateral axes on different shoots. The found mechanism of the
formation of the curves makes it possible to extract the type of
inflorescence (botryoid or panicle) and estimate the number of
lateral axes directly from the flowering curve for any observed
shoot.

Keywords — flowering patterns, flowering model, monocarpic 
shoot, Campanula sarmatica, inflorescence, ornamental plants

Introduction
The main component of the reproductive success of a plant 

in its seasonal development is the synchrony with flowering 
and environmental conditions favorable for fertilization and 
seed setting. For plants with multi-flowered inflorescences, 
another important component of reproduction efficacy is the 
arrangement of flowers on the shoot and the sequence of their 
opening [1]. The evolutionary mechanisms underlying the 
formation of flowering patterns may be different. Most 
scientists interpret the observed flowering regularities as a 
trait of adaptation to the totality of abiotic and biotic factors 
evolved in intra- and interspecific competition [2]. 
Heterogeneous environment, climatic changes, and the 
seasonal activity of pollinators and phytophages injuring 
generative organs are considered determiners of the optimum 
flowering time. Also, the entrance to the generative phase of 
the seasonal cycle is influenced by vegetative growth 
parameters [3]. 

Studies of flowering at the organ, organismal, 
populational, or plant cenotic levels pursue different goals and 
employ different methods [4]. One of the approaches to plant 
development description involves phenological curves, which 
represent the time variations of certain traits. Flowering 
curves have gained the greatest acceptance. They reflect the 
start, mean date, maximum, duration, flowers opening 
synchrony, and asymmetry, and these parameters are 
phylogenetically contingent [5]. Most models applied to 
various plant taxa and life forms describe their phenology, 
including flowering, at the population level [6, 7].

The classical study [8] mentions that scientists give 
insufficient attention to the modeling of individual flowering. 
Although the environmental conditions modulate flowering 
timing [9], flowering phenology is determined primarily by 
genetic (physiological) factors, thus demanding research at 
the organismal level [6]. The phenology of flowering an 
individual plant is not the mere sum over its individual 

flowers; rather, it is determined by regulatory mechanisms
more complicated than at the organ level and by more intricate 
ecological relationships. If only because of the longer duration 
of the process, it is substantially influenced by the 
populational and cenotic interactions with pollinators and 
phytophages [3]. The attention to flowering modeling at the 
organismal level is also associated with the recent advance of 
automated phenotyping systems based on pattern recognition 
[10, 11]. Here we use the new nonparametric computational 
model proposed by us earlier [12] to describe the flowering of 
individual shoots, individual plants or their groups in 
multiflorous species. The model can be regarded as data-
driven statistical and/or instance-based. All structural and 
dynamic relationships in the model are numerically obtained 
by accumulation and integration of available observations, 
and these relationships are automatically rebuilt as soon as 
more data is added.

Materials and methods
The model was tested on Georgian bellflower (Campanula 

sarmatica Ker-Gawl.) from the collection of ornamental plants 
of natural flora, Central Siberian Botanical Garden, 
Novosibirsk (54˚49ʹ15.0ʺN 83˚06ʹ16.1ʺE). This species is an 
herbaceous polycarpic, which holds promise as a long-living 
perennial with lovely flowers [13]. It annually forms 36–90 
cm high reproductive shoots bearing 15–73-cm terminal 
inflorescences. The inflorescence is a one-sided leafy-bracted 
botryoid or panicle with 2nd order lateral axes, bearing 6 to 25 
flowers. The terminal flower on the main axis always opens 
first, and is accompanied by three or four flowers in the lower 
third of the inflorescence, and subsequent flowers open in a 
divergent way. Two to six flowers develop on lateral axes, not 
necessarily starting from the terminal position. The longevity 
of one flower is two to four days, and the flowering of a shoot 
lasts for about 15 days. 

Phenological observations were conducted throughout the 
flowering season, generally at three-day intervals. Phases of 
development — start (petal separation), opened flower, and 
end (corolla withering and browning) — were recorded for 
each flower on a shoot. The description of inflorescence 
structure followed modern work [14]. At the shoot level, 
flowering dynamics was traced according to the following 
phenological phases: start (opening of the first flower), 
complete flowering (about one-half of flowers open and first 
ovaries appear), and end (the last one or two flowers). The 
inflorescences were described at the end of the growth season 
on a sample of ten shoots for three years. 

The data missed in the observations were reconstructed by 
averaging over a large sample of the most probable values 
generated by the maximum likelihood method [15]. All 
nonlinear regression functions were obtained by lowess 
smoothing [16]. The modeling was done with in-house 
software written in C++ on the OS Linux platform.
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Results
To illustrate the model, we select three panicle-type observed 
shoots of C. sarmatica with increasingly complicated 
structures of their inflorescence. We show features of 
flowering on axes of various orders and how the complication 
of the structure modifies flowering curves. The fig.1 
demonstrate some of the detected dependencies. Data on axes 
of different orders are shown in different colors.

Fig. 1. Flowering curves for 1st and 2nd order axes with moving 
standard errors fi ±δfi; the total Σf and difference Δf flowering 
curves. The shoot with: (a) few 2nd order flowers; (b) few 2nd order 
axes; (c) many 2nd order axes. 

The flowering curves of observed shoots illustrate the
following features of C. sarmatica flowering:

The main axis and 2nd order axes flower asynchronously 
and form a bimodal flowering curve.

The shape of a flowering curve depends on the degree of 
inflorescence branching. The curve for one-sided leafy-
bracted botryoid or for panicle with occasional 2nd order 
flowers has a single peak. The curve for an inflorescence 
with few lateral axes and commensurable numbers of 1st

and 2nd order flowers is bimodal. 

The flowering on 2nd order axes starts when the 1st order 
axis generally withers. The intervals between the peaks 
of flowering curves of different orders may vary among 
observed shoots.

Discussion
Using the new model, we confirmed the previously 

obtained results [15] that the flowering curve of individual 
C.sarmatica shoots is bimodal. The first peak reflects the
opening of flowers on the main axis, and the second, on
lateral axes of the inflorescence. Additionally, we found that
the main variations in the flowering curve shape are
determined by two factors: the degree of inflorescence

branching and the time of transfer of flowering from the main 
axis to 2nd order axes. The former factor determines the 
amplitudes of the major peaks, and the latter, the distance 
between them. Thereby, the flowering curve for a one-sided 
leafy-bracted botryoid and for panicle with occasional 2nd

order flowers has one peak, and for a panicle with advanced 
2nd order axes, two peaks, the height of the second peak is 
related to the number of the 2nd order flowers. The latter 
makes it possible to extract the type of inflorescence 
(botryoid or panicle) and estimate the number of lateral axes 
directly from the flowering curve for any observed shoot. It 
should be mentioned that in the literature there are no 
examples of extracting any parameters of inflorescence from 
flowering curves, although the fact that the parameters of 
flowering curves are due phylogenetically was noted decades 
ago [5].

Thus, the new model does not only reproduce the natural 
variability of individual flowering and can be used to 
describe groups of individual plants in academic and applied 
research. The model allows us to discover new patterns of 
flowering, which expands our knowledge of the biology of 
individual flowering. They can be considered as phenotypic 
signs of plant life forms with multi-flowered inflorescences.
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Abstract –– Grains morphometry is an important step in 
selecting new high-yielding plants. The manual assessment of 
parameters such as the number of grains per ear and their size 
is laborious. The solution to this problem is image-based 
analysis, which can be performed using a desktop PC. The 
effectiveness of this analysis in the field can be improved 
through the use of mobile devices. We propose a method for 
the automated evaluation of phenotypic parameters of grains 
using mobile devices running the Android operational system. 
The experimental results show that this approach is efficient 
and sufficiently accurate for the large-scale analysis of 
phenotypic characteristics in wheat grains.

Keywords — grain, phenotyping, computer image analysis, 
mobile devices, Android

Introduction
Large-scale breeding experiments require processing 

substantial phenotypic data, often in field conditions and 
thus without access to desktop computers and scanners. In 
this case, a digital camera is a viable option, but the images 
must be subsequently copied to a laptop or PC.

Modern mobile devices (smartphones and Internet 
tablets) contain digital cameras with high resolution. Mobile 
devices have multicore processors with sufficient 
computational power for image processing and analysis. 
These features allow users to capture and process images 
wherever necessary. A number of applications for mobile 
devices have been developed for the morphometry of plant 
organs. Leafsnap [1] is able to identify plant species in real 
time based on their leaf images: a user takes pictures of a 
plant leaf using a mobile device and sends the images from 
the camera to a remote server where they are processed. 
Leaf Doctor [2] is another mobile application that estimates 
the percentage of disease severity based on leaf images in a 
semi-automated manner.

In this work, we present a mobile application, 
SeedCounter [3], for the Android platform that enables the 
automated calculation of morphological parameters of 
wheat grains using mobile devices "in the field” (conditions 
without computer facilities). The application estimates the 
number of grains scattered on a sheet of paper and 
morphological parameters such as the length, width, area, 
and shape indexes: circularity, roundness, rugosity, solidity.

Materials and methods
The program input is a color image of grains placed 

arbitrarily on a sheet of white paper (A4, Letter, Legal, A3, 
A5, B4, B5, or B6). We recommend minimizing any contact 
between grains. To reduce errors, users should provide the 
following conditions for image capture: the paper sheet 
should be placed on a dark background and bright side 
lighting should be avoided.

The boundaries of the paper sheet on the background 
should be parallel to the sides of the frame. The fixed size 
of the paper makes it possible to calculate the scale of the 
image and evaluate the grain sizes in metric units. The 
SeedCounter application receives images directly from the 
camera of the mobile device.

The algorithm is implemented using the OpenCV image 
processing library [4] and consists of several steps:

(1) The paper sheet is recognized as a light area of tetragonal
shape on a dark background.

(2) If the paper shape on the image deviates from
rectangular, affine transformations convert it to rectangular.

(3) Grains are identified as contours to the image fragment 
corresponding to the paper sheet.

(4) The marked watershed method [5] is used to resolve the
boundaries of seed grains that are in contact with one
another. The resulting contours are approximated by grain
ellipsoids, allowing for estimates of the size of the major and
minor principal axes corresponding to the length and the
width of the grain. SeedCounter additionally identifies the
grain image area and shape indexes. The circularity and
roundness indices show how close the shape of the contour
is to the shape of the circle.

The roughness index is defined as the ratio of the perimeter 
(Ps) of the contour to the convex perimeter (Pc):

The solidity index is the ratio of the contour area to the 
convex hull contour area:

Grain recognition algorithm implemented on the Java 
programming language.

Results
The SeedCounter mobile application for Android 

devices is free to download at the Google Play Store
(https://play.google.com/store/apps/details?id=org.wheatdb
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.seedcounter) distributed under the BSD (Berkley Software 
Distribution) license.

SeedCounter is distributed under the BSD (Berkley 
Software Distribution) license. The grain number estimation 
accuracies for different experiment series [3] are shown that 
the MAPE (mean absolute percentage error) of the estimate 
of the number of grains on the sheet is close to 2%. A more 
detailed analysis showed that the largest errors in counting 
the number of grains occur if two or more grains on the 
paper are in contact and that under poor lighting conditions, 
the algorithm does not separate most of the grains. If the 
grains on the sheet are all separated, the seed counting error 
vanishes. The accuracy of length and width estimation for 
the grains by different devices in different conditions [3] is 
shown that the grain size estimation accuracy was 
approximately 0.30 mm that is approximately 8% of the 
linear dimensions of the wheat grain.

The work supported by the Kurchatov Genomic Center, 
Institute of Cytology and Genetics, SB RAS, agreement №
075-15-2019-1662 with the Ministry of Education and 
Science.
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Abstract — The color of barley grain (Hordeum vulgare L.) 
can be caused by synthesis and accumulation of various 
pigments. Besides green chlorophyll, pigmentation of barley 
spike can also be caused by two types of phenolic compounds: 
purple or blue anthocyanins and black melanins. The chemical 
and genetic nature of anthocyanins are well-known, while the 
metabolic pathways implicating in melanin formation remains 
less understood. The aim of the study was to explore the 
interaction between metabolic processes involved in melanin, 
anthocyanins and chlorophyll formation using the precise 
genetic models – near-isogenic lines (NILs) with different 
composition of pigments. Using marker-assisted selection we 
have developed two hybrid NILs: i:BwBlpalm with chlorophyll 
deficiency and melanin accumulation and i:BwBlpAnt1Ant2
with simultaneous melanin and anthocyanin accumulation in 
grain. The analysis of these lines allows us to suggest that 
melanin biosynthesis affects plant metabolic processes 
significantly. Although melanin synthesis occurs 
chlorophyll/photosynthesis independently, it probably has an 
ability to suppress the photosynthesis in barley spike. Unlike 
that, the presence of dominant Blp allele increases the 
anthocyanins accumulation in grain pericarp.

Keywords — barley, near-isogenic lines, phenylpropanoids, 
anthocyanins, melanin, chlorophyll

Motivation and aim

Motivation
The color of barley grain (Hordeum vulgare L.) can be 

caused by synthesis and accumulation of various pigments. 
Besides green chlorophyll, two types of phenolic compounds 
are involved in pigmentation of barley spike: purple or blue 
anthocyanins and black melanins. Different genes control the 
accumulation of these pigments: the complementary genes 
Ant1 and Ant2 determine synthesis of purple anthocyanins in 
grain pericarp; the Blx genes control accumulation of blue 
anthocyanins in aleurone layer, while melanins are formed 
under control of the Blp gene in glumes and pericarp tissues 
[1]. The biochemical pathway leading to anthocyanins is well-
known, while melanin remains the less studied pigment in 
plants and the metabolic pathways involved are not clear 
enough. The comparative RNA-seq analysis between 
melanin-accumulating NIL and its parental cultivar Bowman 
have revealed the influence of the Blp locus on expression of 
more than a thousand genes. Among these, genes belonging to 
phenylpropanoid and fatty acids biosynthesis pathways were 
the most represented and upregulated in black-colored NIL 

[2]. Comparative microscopy analysis of the NILs grains at 
early, soft and hard dough developmental stages revealed the 
intracellular dark structures co-localized with the red 
autofluorescence signal of chlorophyll in cells of pericarp and 
hulls of the i:BwBlp line starting from early dough stage. 
Thus, the melanin pigments were showed to be formed and 
accumulated in chloroplasts [3]. The data served as the basis 
for studying, on one hand, the interaction between 
biosynthesis pathways of phenolic compounds – melanin and 
anthocyanins, which together can be accumulated in barley 
grain pericarp cells,– and relationships between melanin 
formation and chlorophyll synthesis (and photosynthesis), 
which together can be present in chloroplasts pericarp cells, 
on the other hand.

Aim
The aim of the study was to explore interaction between 

metabolic processes involved in melanin, anthocyanins and 
chlorophyll formation using precise genetic models – near-
isogenic lines (NILs) with different composition of pigments.

Methods
To investigate melanin/chlorophyll and 

melanin/anthocyanins interactions two hybrid NILs 
i:BwBlpalm with chlorophyll deficiency and melanin 
accumulation and i:BwBlpAnt1Ant2 with simultaneous 
melanin and anthocyanin accumulation in grain were 
developed using marker-assisted selection. The initial 
Bowman NILs i:BwBlp (NGB20470), i:Bwalm (NGB20419), 
i:BwAnt1Ant2 (NGB22213) were obtained from NordGen 
(Alnarp, Sweden). The study of metabolic pathways 
interaction was performed with comparative gene expression 
analysis, including RNA-seq approach and RT-PCR.

Results
Using microsatellite markers linked to the Alm [4] and Blp

[1] loci, the homozygote hybrid plants for these loci were 
selected from the F2 population generated by hybridization of 
i:BwBlp with i:Bwalm. The selected plants are characterized 
by partial albinism phenotype in stem node accompanying the 
chlorophyll insufficiency in pericarp and glume, and melanin 
pigmentation in grain. Inheritance of these traits in 
homozygote and stability of phenotype were checked in F3
families. Similar approach was used to create the hybrid line 
i:BwBlpAnt1Ant2 characterized by simultaneous 
accumulation of melanins and anthocyanins in pericarp 
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tissues. In this case, the intragenic markers for the Ant1 [5] and 
Ant2 [6] genes were used. The developed lines represent a 
convenient genetic model for comparative studies of 
interaction between metabolic pathways underlining pigments 
synthesis.

In the case of melanin/chlorophyll interaction, the fact of 
obtaining i:BwBlpalm line allows us to suggest 
chlorophyll/photosynthesis-independent melanin synthesis.
At the same time, the data of comparative transcriptomic 
analysis demonstrated downregulation of chloroplast genes in 
NIL accumulated melanin. Thus, it allows us to suggest the 
tendency to photosynthesis suppression in response to 
melanin synthesis.

In the case of melanin/anthocyanins pathways 
relationships, we observed the appearance of anthocyanin 
pigmentation at an earlier stage of spike development than the 
appearance of melanin pigment in i:BwBlpAnt1Ant2 line, as 
well as the increased content of anthocyanins in the spike in
the hybrid line in compared to the parental NIL. This 
observation points that the same precursor compounds are 
involved in the biosynthesis of anthocyanins and melanin. The 
comparative RNA-seq analysis of i:BwBlpAnt1Ant2 and its 
parental NILs i:BwAnt1Ant2 and i:BwBlp at the different 
stages of spike development confirms upregulation of the key 
phenylpropanoid biosynthesis genes at the early stage in all 
NILs in comparison to Bowman. However, it can be 
concluded that the presence of Blp locus significantly affects 
genes expression in barley spike and activates unique genes of 
melanogenesis.
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Abstract — In dicotyledons, RPOTmp is one of three phage-
type RNA polymerases encoded in the nucleus and transported 
to both mitochondria and chloroplasts. It was established that 
the main functions of RPOTmp are associated, however, with 
mitochondria, and not with chloroplasts. The activity of 
RPOTmp in mitochondria is manifested throughout all stages of 
plant development, where together with the main RNA 
polymerase of these organelles RPOTm, it transcribes genes 
encoding subunits of the I and IV respiratory complexes, the 
protein synthesis apparatus, as well as a number of 
mitochondrial proteins with unknown functions. The 
impairment of RPOTmp functions at the molecular level leads 
to a significant decrease in the activity of I and IV respiratory 
complexes, at the organism level, to a delay in germination, a 
number of phenotypic differences in adult plants and a 
significant delay in flowering. Many aspects of the organelle 
gene expression regulation, and in particular RPOTmp, are still 
unknown. The fact of dual localization indicates a possible role 
of this NEP in anterograde signaling. Comprehensive analysis of 
transcriptomes data of several transgenic lines obtained by DNA 
microarray method was done using the bioinformatic approach. 
Bioinformatic analysis of transcriptomic and metabolic changes 
in transgenic plants with altered RPOTmp expression is 
presented, the presumptive role of this enzyme in organelle gene 
expression regulation as well as in retrograde signaling 
regulation in plants is discussed.

Keywords — mitochondria, chloroplasts, Arabidopsis 
thaliana, transcriptome, gene expression regulation, RNAP, 
retrograde and anterograde regulation

Introduction 
It is well-known that cell organelles produce ATP and a 

number of vital metabolites which causes their importance for 
plant growth and development. Despite the fact that most of 
organelle genome was transferred to nucleus during the 
evolutional process, mitochondria and chloroplasts saved their 
own genetic apparatus. Several thousand of proteins encoded 
in nuclear and organellar DNA define organelles structure and 
function and emphasize the significance of OGE (Organellar 
Gene Expression) and NGE (Nuclear Gene Expression) 
coordination. Up to date a significant bulk of data 
characterizing chloroplast gene transcription and regulatory 
pathways that control chloroplast function obtained. On the 
other hand, mitochondrial gene expression regulation 
involving nuclear-encoded transcription factors and various 

cell metabolites is still insufficiently explored in many 
aspects. We believe that the model developed in our 
laboratory using transgenic plants of Arabidopsis with 
complementation or overexpression of RPOTmp functions, 
one of the organellar NEP (Nuclear Encoded Polymerase), 
targeting either in mitochondria or in chloroplasts, will allow 
us to identify and study factors involved in the regulation of 
OGE, or indirectly, via expression regulation of gene 
encoding this NEP, in retrograde and anterograde signaling. 

To investigate the character of transcriptome changes 
dependent on altered RPOTmp expression, we carried out 
DNA-microarray assays and performed bioinformatic 
analysis of obtained data.

Results

Analysed transgenic plants
Earlier, Arabidopsis thaliana transgenic plants with 

RPOTmp overexpression in mitochondria or chloroplasts 
were obtained in our laboratory (Tarasenko et al., 2016). Four 
sets of transgenic lines were obtained on the basis of the 
Arabidopsis wild type plants (Columbia-0), (Сol-M and Col-
P lines), and on the basis of the rpotmp mutant line with 
inactivated RPOT2 gene encoding RPOTmp, (Tmp-M and 
Tmp-P lines). The obtained transformants are characterized by 
cytoplasmic expression in their cells of recombinant RPOTmp 
containing a transit peptide for protein targeting to 
mitochondria (Сol-M and Tmp-M lines) or to chloroplasts 
(lines Col-P and Tmp-P). The Сol-M/Col-P lines and the 
Tmp-M/Tmp-P lines are characterized by RPOTmp 
overexpression or by complementation of RPOTmp functions 
respectively. 

For DNA microarray analysis, total RNA was extracted 
from 12-days old seedlings of the wild type, the rpotmp
mutant line, Сol-M, Col-P, Tmp-M and Tmp-P lines. 
Extracted DNA microarray data were used to perform a high-
throughput full-genome transcriptomic analysis of the studied 
lines in comparison with the wild-type plants. Three 
independent biological replicates were analyzed, each 
represented RNA preparations obtained from several plants of 
the studied lines.
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Data obtained 
Using multiple comparison method, 2301 genes were 

estimated as differentially expressed with p < 0.05 and lfc > 1
(all data was estimated and statistically tested using limma R 
package [1], the p-value of each gene was corrected by the 
Benjamini and Hochberg method). Among the DEG array, 61 
records were found to be annotated as transcription factors 
(TF). There were found 10 ethylene response TFs, 9 TFs with 
the MADS-box domain, 7 TFs of the WRKY family, 6 TFs 
with the MYB domain and the bHLH motif. The presence of 
two heat shock factors was observed, HSFA6A, the 
expression of which was increased in Col-P12 line and in 
Tmp-M lines, and HSF30 with reduced expression in Col-
M20 and Col-P5 transgenic lines.

To deepen our understanding of cell transcriptome 
changes caused by modified mitochondrial and chloroplast 
expression of RPOTmp, we performed co-expression analysis 
and estimated co-expression modules. RPOTmp was found to 
be located in module 1. We used INTERACTOME 2.0 [2], a 
predicted protein-protein interactions database to construct 
protein-protein interactions network (fig. 1). We found that 
RPOTmp is probably connected via AT5G52640 (HSP81.1 / 
83 / 90.1, cytosolic) with large network nodes: AT3G57150 
(putative pseudouridine synthase (NAP57), nuclear and 
cytosolic), AT3G52140 (FMT, Friendly mitochondria) and 
AT4G37910 (mtHsc70-1, mitochondrial HSP70-1). HSP90.1 
is a stress-induced (heat shock) holdase chaperone that is 
necessary for cell survival and besides is necessary for 
mediating brassinosteroid signals [3]. 

In order to find out which particular cellular processes are 
affected by modified expression of RPOTmp we carried out 
Gene Ontology and KEGG pathway analysis.

Conclusions and perspectives
In our study, it was found that the lack of functional 

RPOTmp in mitochondria (rpotmp and Tmp-P1 lines) caused 
a significant decrease in HSP90.1 expression, suggesting that 
these lines may have hypersensitivity to BRs. In the presence 
of RPOTmp in mitochondria at any level, the expression of 
HSP90.1 in our samples did not differ from the wild type.

Revealed by co-expression analysis, NAP57 and FMT 
communicate through a very large number of auxiliary 
proteins with one of the largest network node, fibrillarin 2 
(FIB2, AT4G25630), a key nucleolar protein in eukaryotes 
that binds to the C / D box of small nucleolar RNAs 
(snoRNAs), directing methylation of 2'-ribose in rRNA and 
acts as a bridge for the transfer of information from gene-
specific regulatory proteins to the RNA polymerase II 
transcription apparatus [4, 5]. Expression of FIB2 was found 
to be reduced (lfc = –0.95, p = 0.018) in Col-M15, the line 
with mitochondrial overexpression of RPOTmp.

According to Gene Ontology and KEGG pathway 
analysis, it was found that the Col-M15 line might have 
reduced rate of ribosome biogenesis. On the other hand, the 
rpotmp line lacking functional RPOTmp has reduced
expression of genes that belong to plant-pathogen interactions 
pathway and increased expression of endocytosis-associated 
genes.
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Abstract — Mobile genetic elements are widely spread across 
the genomes of plants and animals. Of them, retrotransposons 
occupy substantial part of the genome. They had a huge impact 
on host genome evolution. However, their current activity in 
plant cell is thought to be very low on both RNA and cDNA 
(mobilome) levels because multiple silencing pathways. To get 
deeper insight into the mechanisms of mobilome formation we 
carried out identification of transcribed TEs of model plant, 
Arabidopsis thaliana. Using bioinformatics and ‘wet’ 
approaches we found evidence of expression of 6 TEs of 
A.thaliana. This opens a door for further functional studies of 
how some TEs can overcome the genome defense against 
retrotransposon activity. 

Keywords — retrotransposons, Arabidopsis thaliana, 
transposable elements, retrotranscriptome, retrotranspososns 
mobility

Motivation and aim

Motivation
Repetitive elements constitute a major part of higher plant 

genome [1]. The ubiquitous class of these elements is 
retrotransposons (TEs) – mobile genetic elements, which 
move through host genome via “copy-paste” mechanism, 
including RNA transcription, reverse transcription with 
formation of cDNA and its insertion. A large number of active 
retrotransposons are suppressed by various types of 
methyltransferases like MET1, CMT3, KYP and by RNA-
directed DNA methylation (RdDM) [2]. Therefore, it is hard 
to study biological processes connected with transposable 
elements. However, while most of the TEs are silenced in the 
genomes, the recent studies showed that some of them can 
form RNAs in somatic tissues under non-stressed conditions 
raising the question of how some TEs can overcome the 
genome defense mechanisms. A.thaliana being a model plant 
provides unique set of the tools, but no TEs transcribed in 
wild-type non-stressed plants have been described so far.

Aims
The aim of our study was to detect retrotransposons 

expressed in A. thaliana WT (Col-0) and ddm1 mutant plants 
under non-stressed conditions. 

Methods

Bioinformatic analysis
Data analysis of LTR-retrotransposons expression was 

performed using proper pipeline, combined different 
programs and designed for this research.

Molecular methods
DNA was extracted by CTAB method from leaf tissue and 

exposed polymerase chain reaction.

RNA was isolated from frozen A. thaliana plants with 
Trizol reagent (Evrogen) according to applied protocol. 
Extracted RNA was treated with DNAse I (Qiagen). After 
treatment, RNA was subjected RT-PCR through special kit 
(Biolabmix).

Results
In our research, we have verified mutant lines of A. 

thaliana by target genes and rated the transcriptional activity 
of EVD retrotransposon as marker for these plants [3], [4].

We have found six active retrotransposons, which 
expressed in ddm1 and wild type plants of Arabidopsis by 
means of our bioinformatic approach and RT-PCR analysis. 
To confirm their mobility the presence of extrachromosomal 
circular DNA was analysed. The results of this work provide 
unique cases for future studying of retrotransposone evolution 
and functional activity.
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Abstract — Prediction of phenotypic trait values for a 

population is a challenge in genomic selection and 

evolutionary studies. We propose a pipeline of developed 

models, which estimates the distribution of several trait values 

for a population with known allele (SNP) frequencies. The 

pipeline consists of two parts: mtmlSEM model, which 

describes the influences of pleiotropic and single-trait SNPs 

on genetically correlated traits, and dipophen method, which 

predicts the distribution of traits in a population, based on 

mtmlSEM. As an input, the pipeline gets allele frequencies 

evaluated for a breeding population or SNP ancestral 

population. The pipeline was applied to two datasets: one 

from the breeding soybean project and the other from the 

chickpea “trade routes” project. While allele frequency in the 

breeding population can be directly calculated, for estimating 

allele frequencies in the ancestral population, we developed 

new models. 

Keywords — distribution of traits, allele frequencies, 

pleiotropic SNPs, SEM, Bernoulli random variables, population 

admixture 

INTRODUCTION 

Motivation 

Significant determinants for many phenotypic traits are 
stored in the genome. The standard way to identify genetic 
variants (SNPs) associated with phenotypic traits considers 
them independently; however, traits are often genetically 
correlated and should be considered in GWAS analysis 
simultaneously. Recent methods to cope with correlated 
traits do not separate SNPs into pleiotropic and single-trait 
effects; therefore, we propose the mtmlSEM model, which 
structures hidden biologics mechanism affecting correlated 
traits and directly searches SNPs of different effects. 

The mtmlSEM model not only allows us identifying 
SNPs associated with related phenotypic variables but also 
provides the technique to predict phenotypic traits for a new 
genotype. 

The prediction of phenotypic traits for an individual is not 
as impressive as for the whole population. For the latter, we 
propose the fast method, dipophen, to predict the joint 
distribution of several phenotypic traits. This method takes 
as input allele frequencies in a population and parameter 
estimated from any linear genotype-phenotype model (e.g., 
mtmlSEM). 

In breeding studies, the evaluation of allele frequencies for 
a given population is quite simple and requires SNP data for 
representative samples. In evolutionary studies, estimation 
of SNP frequencies in ancestral populations requires 
mathematical modeling. The problem in such modeling is 

that frequencies belong to a compositional data class (sum 
of frequencies equal to 1). Still, none of the models, which 
predict allele frequencies in populations, consider this 
compositional nature, and new, more correct models are 
required. 

Aim 

This study aims to develop the pipeline to estimate the joint 
distribution of genetically correlated traits in populations 
characterized by SNP frequency data. To reach the goal, the 
following list of tasks to develop was set: 
 genotype-phenotype model based on structural 

equation modeling, which describes the biosocial 
mechanism affecting genetically correlated traits, and 
separate SNPs of pleiotropic and single-trait effect. 

 statistical technique to estimate the joint distribution of 
the weighted sum of independent and non-identically 
Bernoulli random variables. 

 Bayesian model to estimate allele frequency in the 
ancestral population, which considers possible ways of 
dispersal of the population from the center towards 
cultivation locations. 

 

METHODS 

mtmlSEM model 

To describe genetically correlated phenotypes we proposed 
the following mtmlSEM (multi-trait, multi-locus) model 
(Fig 1A): 

𝜂 = 𝐵𝜂 + Π𝑔 + 휀 
𝑝 = Λ𝜂 + Κ𝑦 + 𝛿 

Where 𝑝 is a vector of phenotypes, 𝜂 is a vector of latent 
factors, 𝑔 and 𝑦 are SNP variables of pleiotropic and single-
trait effects, respectively; Π  and K  are matrixes of SNP 
influences on latent factors and phenotypes, respectively Λ 
is a matrix of factor loadings, Βis a matrix of relationships 
between latent factors, 휀  and 𝛿  are random errors. We 
developed an automatic algorithm to specify the model, and 
Bayesian scheme to get parameter estimates. We utilized the 
symopy package [1] and mtmlSEM model [2]. 

Estimation of the joint distribution of several traits 

A mtmlSEM model can be used to predict phenotype from 
genotype in the following manner: 

�̂� = Λ(1 − 𝐵)−1Π𝑔 + 𝐾𝑦, 
so that each phenotype is a linear combination of SNPs, 
each taking values from {0,1,2} (additive model). To 
estimate the distribution of phenotypes in a population, we 
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can use allele frequencies of 𝑔 and 𝑦 and set that random 
variable 𝑝 is: 

𝑝 = 2(Λ(1 − 𝐵)−1Π�̃� + 𝐾�̃�),
where �̃�  and �̃�  are vectors of independent Bernoulli 
random variable with population allele frequencies. To 
estimate the joint distribution of 𝑝 , we developed the 
dipophen method, which utilizes the bernmix package 
(https://github.com/iganna/bernmix). The bernmix 
package allows estimating the distribution of a linear 
combination of Bernoulli random variables based on 
Fourier transform and faster than analogs. 

Fig. 1. (A) mtmlSEM model; (B) Bayesian model to predict allele 
frequencies within clusters 

Prediction of allele frequencies of ancestral chickpea 

populations 

We utilized the chickpea genotyped landraces from 
Vavilov’s collection: landraces form ten clusters, each 
composed of geographic locations with genotypes samples. 
We examined two hypothetical dispersals of the chickpea 
population within each cluster and estimated allele 
frequencies in their centers. We hypothesized that chickpea 
was spread within a cluster along the binary path either in 
line with trade routes or by diffusion-like manner. In the 
model, the contrast between these hypotheses was reflected 
by different given covariance matrices V (Fig 1B). 
The model's important feature is the use of compositional 
data analysis in the application to allele frequency changes 
along the binary path from the center towards locations: we 
considered changes in balances between allele frequencies 
instead of direct frequencies (Fig 1B). 

RESULTS 

Soybean: breeding pairs 

We analyzed 257 soybean accessions (Glycine max) with 
known genotypes (4767 SNPs) and values of three traits: 
productivity, oil and protein contents. We transform ilr-
transformation [3] to oil and protein contents, specify the 
mtmlSEM model with one latent variable, and get 
parameter estimates. Then we tested all possible pairs of 
soybean accessions as potential breeding pairs. For each 
pair, we computed SNP frequencies in F2 and predicted the 
joint distribution of three phenotypes (Fig 2). The results 
allowed us to rank all pairs according to the probability of 
having efficient offspring in F2. 

Fig 2. Distributions of trait values in all possible homozygotes. Shades of 
blue display the density of homozygotes on scatterplots. Orange color 
denote homozygotes, which satisfy introduced thresholds: productivity 
should be higher than 170, protein content – higher than 0.43, oil content 
– higher than 0.21 

Chickpea: ancestral populations 

The chickpea dataset consisted of 421 samples genotyped 
on 2579 SNPs and phenotyped on 16 traits. Samples were 
attributed to ten geographically justified populations. First, 
we specified mtmlSEM model and obtained 5 latent 
factors, which describe correlation in 16 traits (Fig. 3). 

Fig 3. Latent factors joined to form structural part of connected SEM 
model. Dashed arrows represent relationships, which were not present is 
all training sets for directed acyclic graph obtained; Solid lanes represent 
relationships, which were found in each of 20 training sets 

Then, we tested historical hypotheses about chickpea 
dispersals and found that in 9 out of 10 populations, 
dispersals we likely occurred along with trade routes. We 
took allele frequency estimated obtained from ‘trade route’ 
hypothesis and get distributions off phenotypic traits in 
ancestral populations (centers of clusters), which were in 
line with origin of light chickpea subtype (kabuli).  
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Abstract — Wheat stem rust is a plant disease caused by 
pathogenic fungus Puccinia graminis f. sp. tritici which leads to 
significant damage of the crop. During the last decade the 
disease affected the crops in West Siberia. The plant response to 
infection is determined by the correspondence of host resistance 
(Sr) and fungus avirulence/virulence (Avr/vr) genes. We first 
characterized the West Siberian population of wheat stem rust: 
the probable sources of infection were traced, the race 
composition and main avirulence genes were defined. Four 
fungal lines with contrasting patterns of Avr genes were selected 
for whole genomic sequencing.

Keywords — bread wheat, stem rust, Avr gene, Sr gene, 
genome sequencing

Motivation
The interaction of bread wheat Triticum aestivum L. (2n = 

6x = 42) and stem rust Puccinia graminis f. sp. (forma 
specialis) tritici is a promising model for the study of "plant 
host - pathogen" coevolution. This model can elaborate the 
genetic basis of plant immunity response and pathogenesis, 
and is also relevant for breeding requirements. During the last 
decade the extensive outbreaks of stem rust occured at the 
West Siberia region [1]. Plant breeding for immunity to stem 
rust requires the extensive data on genetic characteristics of 
pathogen population. Our study is dedicated to analysis of 
West Siberian local population of fungal pathogen P. graminis
f. sp. tritici.

Methods
To describe the population we applied the methods of 

phytopathology and molecular genetics. Initially, we collected 
the samples of stem rust originated from Novosibirsk, Omsk 
and Altay regions during the wheat vegetations of 2017-2019 
years. Totally we obtained the 94 single pustule isolates 
(genetically homogeneous lines) that are maintained in 
laboratory conditions.

Results
First, we identified the type of life cycle for the local 

(Novosibirsk) stem rust population. The fungus P. graminis
can realize complete (sexual) or partial (asexual) life cycles. 
In case of complete cycle, the barberry (Berberis) plant is used 
as alternate host on which the sexual process is carried out [2].
We compared the genotyping profiles for 11 molecular SSR-
markers (simple sequence repeats) of 60 rust samples 
collected from wheat, barberry and wild grasses [3, 4, 5]. 
Processed using the PAST3 program, SSR profiles obtained 

from barberry and wild grasses were clustered in the same 
group and the samples from wheat to distinct one. Therefore, 
sexual life for P. graminis f. sp. secalis through barberries and 
wild grasses and asexual life cycle for wheat stem rust 
P. graminis f. sp. tritici were supposed for local in the
Novosibirsk region.

Then, we evaluated the avirulence genes (Avr)
polymorphisms and the race composition of local population 
of stem rust. The infection types of single pustule isolates P.
graminis f. sp. tritici were tested on special set of rust 
resistant/susceptible wheat lines (Pgt differential set, AAFC 
Cereal Research Centre, Canada). In the Novosibirsk region,
we identified one predominant race TKRPF and the minor 
races differing for 1-3 genes. The cluster analysis (PAST3, 
Multivariate Software) of the samples originated from 
Novosibirsk, Omsk and Altay regions demonstrated that there 
are two independent pathogen subpopulations presented in 
Omsk and Altay regions sharing the races at the contact area 
of Novosibirsk region. Thus, wheat stem rust in the 
Novosibirsk region is not endemic but carried by wind from 
both neighboring regions. This is confirmed by the previous 
conclusion that barberry is not a source of infection for wheat 
crops in the Novosibirsk region.

We postulated the profiles of the avirulence/virulence 
(Avr/vr) genes and their allelic states in local Novosibirsk 
population. The 51 single pustule isolates obtained in 2017, 
2018 were twice tested by virulence to wheat lines with Sr
genes (Pgt differential set), and the data were processed with 
the PAST3 program. The most of P. graminis f. sp. tritici
isolates were virulent to lines with resistance genes Sr5, Sr9a, 
Sr9g, Sr10, Sr38, SrMcN, and avirulent to lines with Sr24, 
Sr30, Sr31. Also we found the changes in the frequencies of 
some reaction types on lines with Sr6, Sr7b, Sr8a, Sr9b, Sr9d, 
Sr9e, Sr11, Sr17, Sr21, Sr36, and SrTmp genes that could be 
used for tracing the dynamics of virulent/avirulent types in 
Novosibirsk region. That way, we state the presence of the 
avirulence genes in local P. graminis f. sp. tritici population: 
AvrSr6, AvrSr7b, AvrSr8a, AvrSr9b, AvrSr9e, AvrSr11, 
AvrSr17, AvrSr21, AvrSr24, AvrSr30, AvrSr31, AvrSr36, 
AvrSrTmp.

As a result of the foregoing we characterized the West 
Siberia (in particular local Novosibirsk population) for the 
first time. The data obtained in the study let us select the four 
single pustule isolates with contrasting patterns of Avr genes 
for further genomic analysis. We performed the whole 
genome Illumina sequencing for 4 samples in two replications 
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each at the NextSeq550 capacity of Core Facility of Genomics
Investigations (Institute of Cytology and Genetics SB RAS) 
and obtained from 14,8 to 26 millions of pair end reads (2х150 
bp), that corresponds to coverage of 50Х and higher. Although 
the reference sequence of P. graminis f. sp. tritici is now 
publicly available, the studies of fungal Avr genes structure 
are at the ongoing stage: proposed numerous candidated for 
pathogen effector genes [5, 6, 7]. The whole genomic 
sequencing of isolates (lines) with different Avr spactra, 
further data processing (de novo assembling, reads mapping 
to reference sequence) and comparative genomic analysis will 
enable us to develop the molecular SNP (single nucleotide 
polymorphism) and SSR (simple sequence repeat) markers
either for fast efficient pathogen monitoring at the local area 
or for using in study of interaction "host plant - pathogen" 
model.
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Abstract — The study of daily oscillations of the wheat 
transcriptome, the identification of both the core circadian genes 
and the genes of metabolic pathways under the influence of daily 
rhythms is the main topic of this work.
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Motivation and aim

Motivation
Plant circadian rhythms coordinate such physiological 

processes as growth, transition to flowering, photosynthesis, 
response to stress, metabolism and phytohormone signal 
transduction under the daily and seasonal changes in 
environmental conditions [1]. Such concurrence has a positive 
effect on plant growth, development and their adaptability. 
Genes regulated by circadian rhythms include genes for CO2
assimilation, starch accumulation/degradation in leaves, and 
storing nutrients (lipids and fatty acids) in seeds [2]. Thus, a 
large part of the plant transcriptome is controlled by circadian 
rhythms, which play an important role in the daily regulation 
of plant physiological processes.

Transcriptome analyses of the circadian mechanisms and 
its influence on various metabolic processes were performed 
for such plants as Arabidopsis, Chinese cabbage and soybeans
[3]–[5]. The genes of the central oscillator are conservative 
and their interactions are very similar in different plant 
species, nevertheless, there are species-specific differences. In 
addition, in most plant species, the genes of metabolic 
pathways affected by circadian rhythms are investigated very 
poorly. 

Aim
Common wheat is an allopolyploid (genome AABBDD), 

so the presence of homoeologous genes in the genome can 
greatly affect the functioning and regulation of circadian 
rhythms. Literature analysis and the search in the databases 
did not find studies exploring the daily expression of the wheat 
transcriptome, information about the daily expression of the 
genes and their interaction is practically absent.

Methods
To identify genes that demonstrate rhythmic changes in 

expression during the day, we used the Chinese Spring variety 

transcriptome data obtained at four points during the day (0, 
3, 9, 16 hours from the moment the light is turned on). Every 
timepoint was presented by a three biological replicates.

After preprocessing and quality control using the FASTX-
toolkit utility the obtained reads were mapped
onto the wheat reference transcriptome using Bowtie 
software. Kallisto v0.42.3 software on default parameters was 
used to quantifying abundances of transcripts and the trimmed 
mean of M-values (TMM)-normalized fragments per kb of 
Transcripts Per Million (TPM) reads mapped for each 
transcript. To identify rhythmically expressed genes, we 
applied the JTK-CYCLE circadian transcript analysis 
software.

Results
System analysis of the daily wheat transcriptome let us to 

identify genes expressed by the circadian type, and metabolic 
pathways under their control. It was shown, that significant 
part of the transcriptome is under the control of daily rhythms, 
and the expression of these genes can vary greatly depending 
on time. We detected some prominent expression patterns, 
characterized by peaks in different time points, and described 
genes underlying these patterns. We analyzed enrichment of 
gene ontology terms of different patterns and described major 
metabolic pathways in every group.
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Abstract — Site-directed mutagenesis provides ample 
opportunity for reverse genetics, which allows us to establish 
a relationship between a gene and its function. In the present 
study, the role of the HvWIN1 barley (Hordeum vulgare) gene 
in the formation of epicuticular wax was identified by taking 
a targeted knockout approach using RNA-guided Cas9 
endonuclease technology.

Keywords — barley, Hordeum vulgare, genome editing, 
Cas9, gRNA, epicuticular wax

Introduction
Reverse genetics is a set of approaches aiming to 

establish a relationship between a gene and a trait. As its 
starting point, this strategy has a gene with an unknown 
function and finds out how a change in the structure or 
activity of the gene affects the phenotype. The use of novel 
methods facilitating site-specific mutagenesis opens up new 
prospects for solving the problems of reverse genetics. One 
of the directions in this area is the use of the Cas9/gRNA 
system to study the functions of regulatory genes. In the 
present work, the poorly studied HvWIN1 barley (Hordeum 
vulgare) gene, which encodes a transcription factor 
associated with resistance to biotic stress, was chosen as the 
target [1]. This gene belongs to the large family of plant-
specific APETALA2/Ethylene-responsive factors 
(AP2/ERF) which play important roles in the regulation of 
many processes, including growth, development and stress 
response. In the present study, the targeted knockout of the 
HvWIN1 gene has led to phenotypic abnormalities. 
Normally, starting from the booting stage, the surface of the 
flag leaf sheath of barley is covered with a well-visible wax 
layer. Mutants exhibit a recessive phenotype of epicuticular 
wax deficiency. To reveal the role of the transcription factor 
HvWIN1 in the processes of epicuticular wax formation, a 
comparative microscopic, biochemical and transcriptome 
analysis of win1 mutants vs wild- type plants was 
performed.

Materials and methods
Primary (M1=T0) barley mutants (cv. «Golden 

Promise») were obtained by targeted knockout of the 
HvWIN1 gene using the Cas9/gRNA system. Three T-
DNA-free mutant lines harboring different homozygous 
mutations in the HvWIN1 gene were selected in the M4 
generation. The ultrastructure of the wax deposited at the 
plant's surface was studied using scanning electron 
microscopy. In addition, the biochemical composition of the 
epicuticular layer was evaluated using gas chromatography 
coupled with mass spectrometry. In order to identify genetic 
mechanisms of phenotype formation, a comparative 
transcriptome analysis of leaf blades and leaf sheaths of 
win1 mutant and wild-type plants was performed.

Results
Microphotographs and wax measurements showed that 

mutant plants and wild-type plants accumulate similar 
amounts of epicuticular wax on their leaf blades. By 
contrast, leaf sheath epicuticular wax of mutant plants 
differs remarkably from that of the wild-type in both total 
amount and composition. In particular, the amount of β-
diketones is significantly reduced in mutants. An analysis of 
transcriptome data revealed that the mutation leads to a 
decrease in the activity of 326 genes and an increase of 292 
in the leaf blade and a decrease of 63 and an increase of 967 
in the leaf sheath. Among the genes showing reduced 
expression in the mutants were those previously known to 
be associated with the synthesis of epicuticular wax 
components. Among the genes that increased their 
expression in mutants, many are associated with cell wall 
biogenesis, modification and organization as well as with 
various responses to stresses, including pathogen attack and 
impact of reactive oxygen species. Additionally, many 
genes have been assigned to the gene ontology terms 
"extracellular space" and "cell membrane".
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Conclusion
The nature of the mutant phenotype and the data of 

comparative transcriptome analysis suggest that the 
transcription factor HvWIN1 normally regulates the 
formation of the cuticular layer at the surface of leaf sheaths 
of upper barley leaves.
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Abstract — A method for recognition and morphometry of a 
wheat spike based on the analysis of 2D digital images has been 
developed. The proposed approach showed high accuracy for 
determining the qualitative and quantitative characteristics of 
the spike. An analysis of the obtained characteristics of five 
species of wheat showed that they are divided into three main 
clusters characterizing the spike shape.

Keywords — image analysis, pattern recognition, 
morphometry, spikes of wheat

Motivation and aim

Motivation
The shape and structure of the spike are one of the most 

important characteristics of cereals associated with their 
economically valuable qualities such as productivity, lack of 
fragility of the spike and ease of threshing. Studying the genes 
that control these characters will allow to purposefully create 
new varieties with improved characteristics in terms of yield, 
ease of threshing and resistance to environmental factors [1]. 
However, the complexity of research in this area is due to the 
polyploidy of the wheat genome [2] and the need to obtain 
phenotypic data from thousands of plants. For example, in the 
work of Boden et al. [3] to identify loci associated with the 
structure of a spike (inflorescence), more than 13 thousand
spikes were analyzed.

Aim
We recently developed method for morphometry of the 

wheat spike [4] for analysis of the shape of spikes based on 
the 2D image analysis. 

We apply our algorithm for analysis of the five species of 
wheat: Triticum aestivum, Triticum spelta, Triticum 
compactum, Triticum sphaerococcum, Triticum antiquorum. 

Methods
We propose a wheat spike recognition method based on 

digital image analysis. Digital images are acquired in two 
variants: a spike on a table (one projection) or fixed with a clip 
(four projections). The method identifies spike and awns in the 
image and estimates their quantitative characteristics (area in 
image, length, width, circularity, etc.). Models of sections, 
quadrilaterals, and radial model are proposed for describing

spike shape. Parameters of these models are used to predict 
spike shape type (spelt, normal, or compact) by machine 
learning. 

Results
This method makes it possible to extract several traits 

associated with spike shape, its awns, and color 
characteristics. The proposed approach has shown high 
performance in identifying the image regions pertaining to the 
spike and its awns. Several models are proposed for describing 
the shape of wheat spike. 

The mean error in spike density prediction for the images 
in one projection is 4.61 (~18%) versus 3.33 (~13%) for the 
parameters obtained using four projections. F1 measure in 
automated spike classification into three types is 0.78 using 
logistic regression (one projection) and 0.85 using random 
forest method (four projections).

The analysis of the obtained characteristics of five wheat 
of wheat showed that they are divided into three main clusters 
characterizing the linear dimensions of the spike, area 
projected by the spike and the shape of the spike contour.
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Abstract –– Auxin has a crucial influence on genes 
expression. In this work, we show that transcriptional activity of 
an auxin-sensitive gene MAKR4 (MEMBRANE ASSOSIATED 
KINASE REGULATOR 4) depends on the composite elements in 
its upstream regulatory region. Analysis of such elements could 
clarify the understanding of the regulation of this gene and other 
auxin-sensitive genes.

Keywords –– MEMBRANE ASSOCIATED KINASE 
REGULATORS, lateral roots, auxin, Arabidopsis thaliana

Introduction 
Genes of MEMBRANE ASSOCIATED KINASE 

REGULATORS family play an important role in plant 
morphogenesis. One of the family members, MAKR4, is 
implicated in lateral root formation. MAKR4 was shown to
convert the prebranch sites into regular lateral organs [1]. It is 
assumed that the accumulation of MAKR4 on the plasma 
membrane of pericycle cells triggers the processes which 
leads to the formation of a lateral root.

In the promoter region of MAKR4 auxin-associated cis-
elements were predicted (Auxin Response Elements, AuxRE). 
Some of these were predicted to bind ARF transcription 
factors (AUXIN RESPONSE FACTORS) and some -
transcription factors from other families (non-ARF). Possibly, 
these proteins together provide auxin response of MAKR4.
ARFs are known to form homodimers and heterodimers with 
each other and transcription factors from other families [2,3]. 
The interaction of ARFs and potential partner-proteins in 
regulation of transcriptional response to auxin could explain 
formation of the complex MAKR4 expression pattern in 
Arabidopsis thaliana.

Results
The predicted AuxREs in MAKR4 upstream 

regulatory region were annotated with a variety of 
bioinformatics tools. 

We obtained homozygous reporter lines of Arabidopsis 
thaliana plants with GFP expressed under the intact promoter 
of MAKR4, as well as under promoter versions with mutated 
predicted cis-elements. 

The expression pattern of GFP was studied with 
fluorescence microscopy in the control plants and after three-
hour auxin treatment. Arabidopsis lines with an intact MAKR4
promoter had a significant increase in the expression level of 
GFP. In Arabidopsis lines with mutated predicted cis-
elements (AuxRE or non-AuxRE), a significant increase in the 
expression of GFP did not occur. Lines with two or three cis-
elements mutated at the same time had a low level of GFP 
expression and, thus, did not posess response to auxin.

Analysed cis-elements in MAKR4 upstream regulatory 
region have an impact on the auxin-mediated gene expression.
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Abstract — New scientific program of genomic screening of 
the Nikita Botanical Gardens plant collections targeted at 
comprehensive description of their molecular diversity in close 
connection with morphological, physiological and others 
phenotype features has started. Strategic goal is to develop and 
implement advanced molecular approaches for plant 
biotechnology, breeding, propagation, and conservation routine 
works. Two whole-genome sequencing projects to produce a 
high quality assembly of the reference genomes of the common 
fig Ficus carica L. (Moraceae) and Crimean endemic species 
Heracleum ligusticifolium M. Bieb. (Apiaceae) are in progress. 
Several hybrid assembly approaches using combined data sets 
with long and short reads obtained by Oxford Nanopore 
MinION and Illumina NextSeq550 instruments are tested to 
create accurate and well-resolved reference genome. The first 
versions of the reference genomes of F. carica cultivar
‘Sabrutsiya Rozovaya’ and H. ligusticifolium were made, and 
their annotations are performing. Subsequent improvement and 
development of the primary genome assemblies up to "pan-
genome" rank will be carried out using advanced 
bioinformation approaches and computational tools by 
assimilation of new sequenced genomes and transcriptomes of 
the model species taken from the NBS-NSC collections and from 
nature biotopes as well. Such integrative reference genome 
construction will provide an important resource both for 
advanced molecular breeding and fundamental researches in 
plant biology and ecology based on genomic approaches using 
F. carica and H. ligusticifolium as model species.

Keywords — NGS technologies, hybrid genome assembly, 
Ficus carica, Heracleum ligusticifolium

Introduction
Modern next-generation sequencing technologies (NGS) 

provide new opportunities for plant genomics research and 
allow to advance in the field of biotechnology and molecular 
breeding. Despite a wide range of the targets, methodologies 
and tools, high quality genome assembly is a key requirement 
for a successful implementation of the projects associated with 
whole-genome studies [1]. Additionally, some issues, for 
example in the field of molecular breeding, require obtaining 
the most complete information about intraspecies genetic 
diversity (the so-called "pangenom") or the genomic 
architecture of the genus ("superpangenom"). The number of 
plants with a well annotated genome is currently limited to a 
few dozen of model and / or economically valuable species 
which significantly limits the use of advanced genomic tools 
for genotyping, targeted search of quantitative trait locus 
(QTL) and realization of molecular breeding methodology in 
general [2]. Development of high-throughput NGS 
technologies was accompanied by a constant decline of 

analysis cost. And now they are already affordable for 
comprehensive scientific researches, so the global screening 
of plant genomic diversity is on the agenda.

The Nikita Botanical Gardens (NBG) is one of the oldest 
scientific and breeding centers in Russia with thousands of 
species and cultivars of plants that are grown as ex situ as in 
vitro conditions. The NBG plant collection incorporates 
extensive gene pool of garden, essential-oil, ornamental and 
other valuable crops, as well as wild plants, including rare and 
endemic species. Scientific researches based on these 
collections have been ongoing for more than 150 years. 
Various biotechnological methods of plant propagation and 
conservation have been used for the past three decades. 
Regular molecular-genetics investigations were started a few 
years ago and several projects are underway. Genotyping of 
the valuable crops, phytopathogens analyzing, development of 
new breeding approaches with searching for QTL and marker 
selection consist the main applied purposes. In addition, 
studies in the field of functional genomics are started. Entire 
transcriptomes for several plant species were sequenced to 
investigate the molecular mechanisms of plant adaptation to 
various stress factors, as well as cell regulation of somatic 
embryogenesis and regeneration based on analysis of 
differential gene expression. All these studies are integrated in 
the framework of scientific program of genomic screening of 
the NBG-NSC plant collections targeted at comprehensive 
description of their molecular diversity in close connection 
with morphological, physiological and others phenotype 
features. Strategic goal of the program is to develop and 
implement advanced molecular approaches for plant 
biotechnology, breeding, propagation and conservation 
routine works. Creation of high-quality reference genomes is 
the key stage for the subsequent successful implementation of 
the project aims.

Modeling plant species
Two whole-genome sequencing projects to produce high 

quality assembly of the reference genomes of the common fig 
Ficus carica L. (Moraceae) and Crimean endemic species 
Heracleum ligusticifolium M. Bieb. (Apiaceae) have started. 
Common fig is one of the most important subtropical fruits 
used in food, cosmetic, and soap industries as well as in 
medicine. The NBG has a large F. carica collection which 
includes 267 cultivars and hybrid forms. A special research 
program aimed at a comprehensive description of the genetic 
diversity of the common fig collection, including sequencing 
of the key cultivars, genotyping of the collection, QTL 
analysis of the valuable horticultural traits are forming. 
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Heracleum is the largest genus of the Apiaceae family 
with a broad spectrum of phytochemistry and biological 
activities but without any whole-genome sequencing data. 
H. ligusticifolium possesses a number of unique adaptive 
properties, including those associated with somatic 
embryogenesis, which ensure the successful survival of this 
endemic species within a highly restricted distribution area 
under the extremely adverse environmental conditions. To 
date assembling of the high-quality reference Heracleum
genome is the most critical step to advance molecular 
researches not only for the Crimean endemic 
H. ligusticifolium but also for the genus as whole. Deciphering 
the biochemical pathways caused by stress and the targeted 
search for specific genes involved in adaptive reactions are the 
main tasks for the future investigation after the creation and 
subsequent annotation of the H. ligusticifolium genome.

Results
Leaves of microshoots in F. carica cultivar ‘Sabrutsiya 

Rozovaya’ and in H. ligusticifolium cultured in vitro were 
used to high molecular weight DNA isolation using GeneJET 
Genomic DNA Kit by standard protocol. The entire genomes 
have been sequenced using Oxford Nanopore MinION and 
Illumina NextSeq550 instruments as well. The genomic data 
were preliminary assembled in Canu v.1.8 software package. 
Oxford Nanopore technology allows to get extremely long 
reads, but such readings are known for having too high error 
rates. Whereas accurate short-reads sequencing by Ilumina 
does not allow to resolve genome regions with high repeated 
and duplicated sequences, especially in the complex and 
polyploid plant genomes. A hybrid assembly using combined 
data sets with long and short reads is a promising approach to 
create an accurate and well-resolved reference genome [3]. 
Several workflows including pipelines for a haplotype-
resolved de novo genome assembly have been tested. 

Assessment of assembly genome quality in terms of 
contiguity, accuracy, and completeness was done. As a result, 
the first versions of the reference genomes of F. carica 
cultivar ‘Sabrutsiya Rozovaya’ and H. ligusticifolium were 
made, and their annotations are performing. Subsequent 
improvement and development of the primary genome 
assemblies up to "pan-genome" rank will be carried out using 
advanced bioinformation approaches and computational tools 
by assimilation of new sequenced genomes and 
transcriptomes of the model species taken from the NBS-NSC 
collections and from nature biotopes as well. Such integrative 
reference genome construction will provide an important 
resource both for advanced molecular breeding and 
fundamental researches in plant biology and ecology based on 
genomic approaches [4] using F. carica and H. ligusticifolium
in our laboratory as model species.

Acknowledgment
The studies are done at the Kurchatov Genomic Center –

NBG-NSC of the RAS and supported by the grant № 075-15-
2019-1670 of the Ministry of Science and Higher Education 
of the Russian Federation. 

References
[1] Bailey-Serres J. et al (2019) Genetic strategies for improving crop 

yields. Nature. 575(7781): 109–118. doi:10.1038/s41586-019-1679-0.
[2] Yuan Y. et al. (2017) Improvements in Genomic Technologies: 

Application to Crop Genomics. Trends in Biotechnology. 35 (6): 547 
– 558.

[3] Jung H. et al. (2019) Tools and Strategies for Long-Read Sequencing 
and De Novo Assembly of Plant Genomes. Trends in Plant Science. 
doi:10.1016/j.tplants.2019.05.003

[4] Usai G. et al. (2020) Epigenetic patterns within the haplotype phased 
fig (Ficus carica L.) genome. Plant J. doi:10.1111/tpj.14635

327



DOI 10.18699/BGRS/SB-2020-206

Amyloidogenic properties of the beta-barrel proteins
and their involvement in storage of nutrients in plant seeds

and bacteria virulence
A.A. Nizhnikov

Laboratory for Proteomics of Supra-Organismal Systems, All-Russia Research Institute for Agricultural Microbiology (ARRIAM), 
Podbelskogo sh., 3, Pushkin, 196608 St. Petersburg, Russia

Faculty of Biology, St. Petersburg State University, 199034 St. Petersburg, Russia
lab7@arriam.ru

Abstract — Amyloid proteins are known to be involved in a 
number of lethal diseases in humans and perform various vital 
functions in archaea, bacteria and eukaryote. Here we present 
recent findings of previously unknown amyloids of plants and 
symbiotic root nodule bacteria and discuss their physiological 
roles and association with formation of beta-barrel structures.

Keywords — amyloid, plant, seed, protein, fibril, root nodule 
bacteria

Amyloids are proteins capable of forming highly ordered 
protein fibrils with characteristic structure called cross-beta. 
These fibrils are of significant interest due to their 
involvement both in various incurable pathogeneses in 
humans and different vital functions in archaea, bacteria and 
eukaryotes. Despite their significance, amyloids have not been 
identified in plants (with exception of several proteins capable 
of forming amyloid fibrils in vitro [1]) and symbiotic bacteria. 
We have started our studies of plant and symbiotic bacteria 
amyloids with prediction of potentially amyloidogenic 
proteins in the proteomes of these organisms. Large scale 
studies performed on the proteomes of all land plants with 
annotated genomes and more than 80 species of bacteria 
belonging to the order Rhizobiales have revealed strong 
enrichment with amyloidogenic regions predicted by Waltz 
[2] and SARP [3] algorithms of the plant seed storage proteins 
containing evolutionary conservative Cupin-1 domain [4] and 
various virulence factors of Rhizobiales [5]. Further 
experimental analyses of the structural properties of the 
predicted functional groups of plant and bacterial proteins 
performed by our laboratory with collaborators have 
confirmed amyloid properties of the RopA and RopB outer 
membrane protein of the Rhizobium leguminosarum root 
nodule bacterium [6] and Vicilin seed storage protein of 
garden pea, Pisum sativum L. [7] representing the first to our 

knowledge examples of amyloid proteins that are formed 
under physiological conditions in symbiotic bacteria and 
plants, respectively. Notably, despite evolutionary distance, 
amyloid proteins of plants and root nodule bacteria have 
exhibited an unusual example of structural convergence being 
capable of forming beta-barrel structures. Probable biological 
functions of plant and root nodule bacteria amyloids, their 
structural properties and interrelations between beta-barrel 
and amyloid formation are discussed.
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Abstract –– Auxin is a key phytohormone which controls 
various aspects of plants growth and development. Basic 
mechanism of auxin signal transduction was broadly studied; 
however, it is not sufficient to explain the variety of auxin-
mediated transcriptional responses. We proposed a hypothesis 
that upstream regulatory regions landscape provide the 
diversity of auxin responses. 

Keywords –– cis-regulatory elements, differentially expressed
genes, transcription, auxin, Arabidopsis thaliana

Introduction 
Phytohormone auxin regulates plants growth and 

development in a specific manner. Auxin responses are 
implemented via auxin response factors (ARFs) which bind to 
TGTC-containing auxin response elements (AuxREs) in 
upstream regulatory regions of auxin-responsive genes. 
However, the signaling beyond ARF-dependent response in 
largely unknown. Non-ARF transcription factors were shown 
to be involved in auxin-mediated processes regulation [1], but 
systematic study of the phenomena is still required [2]. 

Meta-analysis of biological data is widely used nowadays 
to perform systematic study of different cases. It can be 
applied to the big data in omics, like transcriptome, 
metabolome and proteome profiles, etc. Nowadays thousands 
of transcriptomes are publicly available, many of these study 
the same phenomena providing the material for the 
identification of cis-regulatory elements associated with 
differential expression of genes under specific conditions. 
Prediction of cis-regulatory elements associations, in turn, 
leads to the investigation of potential transcription factors 
related to the process of interest.

Results
We developed an R package metaRE which provides 

search for the cis-regulatory elements of a particular structure 
enriched in the promoters of differentially expressed genes in 
response to a stimulus [3]. Meta-analysis of multiple 
expression profiles provides identification of cis-elements 
associated with gene up- or down-regulation in response to a 
stimulus. Meta-analysis of 21 auxin-induced transcriptome 

datasets was performed to search for single and bipartite 
elements enriched in upstream regulatory regions of 
Arabidopsis auxin-responsive genes [3]. A list of cis-
regulatory elements associated with auxin up- and down-
regulation in early or late response was identified. 
Interestingly, the most highly overrepresented cis-elements 
were bHLH- and bZIP- binding sites and AT-rich sequences. 
For 40 genes driven by the regulatory regions with predicted 
bipartite elements auxin-inducibility was supported by qPCR. 
Functionality of six predicted bipartite cis-elements was 
studied on reporter lines which genomes contain GFP driven 
by intact promoters of genes and promoters with mutated 
predicted bipartite elements. Functionality of four predicted 
bipartite elements was confirmed. Two of these are located in 
the upstream regulatory region of one gene in close proximity 
forming cis-regulatory module. We experimentally identified 
interactions of this regulatory module with transcription 
factors and tested interactions of these with ARF1 and ARF5 
proteins. 

Diversity of single and bipartite AuxREs was described 
and annotated. For some of the predicted cis-elements relation 
to auxin transcriptional regulation was shown first time. 
Mechanism underlying two bipartite elements functionality 
was studied in more detail.
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Abstract –– Genes specifically expressed in only limited 
number of tissues can serve as biomarkers for these tissues and 
have important functions in development. In this work, we 
provide the analysis of specifically expressed genes in vascular 
tissues of Arabidopsis thaliana. Since these genes have mostly 
unknown functions, this methodology can shed light on 
functional annotation for new regulators of tissue development. 

Keywords –– Specifically expressed genes, differentially 
expressed genes, transcription, vasculature, Arabidopsis thaliana

Introduction 
As a result of the increase in the accuracy, next generation 

sequencing technologies allow now studying not only 
differentially expressed genes (DEGs) but also so-called 
specifically expressed genes (SEGs) that are not transcribed in 
one or more tissues but have reads in others [1]. SEGs are 
becoming widely used in medical research as highly specific 
and sensitive biomarkers [2], [3], [4]. Also recognition of 
SEGs starts to be an important issue in developmental biology.
Here we have elaborated the methodology for identification of 
SEGs using RNA-Seq datasets taken from overlapping tissue 
domains. The methodology was applied to distinguish and 
study SEGs in the secondary vasculature of Arabidopsis 
stems.

In Arabidopsis, the primary vasculature consists of 
bundles where cambial stem cells (fascicular cambium) 
intervene xylem and phloem, transporting water and nutrients, 
respectively (reviewed in [5]). In secondary vascular 
development, interfascicular cambium forms between 
primary bundles generating altogether with the fascicular 
cambium the continuous cylinder of vascular cambium, which 
produces xylem and phloem, inward and outward, 
respectively, similar to wooden plants.

Vascular tissues have specific markers for the following 
(in some cases partly overlapping) domains: PXY/TDR, 
PHLOEM INTERCALATED WITH XYLEM/TDIF 
RECEPTOR for proximal cambium and the part of 
differentiating xylem [6]; SMXL5, SMAX1-LIKE 5 for distal 
cambium and differentiating phloem [6], [7]; APL, 
ALTERED PHLOEM DEVELOPMENT for differentiated 
phloem [8]; VND7, VASCULAR RELATED NAC 
DOMAIN PROTEIN 7 for differentiating xylem vessels [9], 
[10], and NST3, NAC SECONDARY WALL THICKENING 

PROMOTING 3 for xylem fibers [11]. Fluorescent reporters 
driven by the promoters of these markers were employed in 
fluorescence-activated nucleus sorting followed by RNA 
sequencing [12]. We used these data for the identification of 
SEGs.

Results
The raw datasets were preprocessed to calculate FPKM 

values and estimate the threshold for the presence/absence of 
transcription. Among 32650 genes transcribed in the 
vasculature – 84% were expressed in all vascular tissues and 
16% were not expressed at least in one tissue and belong to 
SEGs. Comparison of these two gene groups shows that 
ubiquitously expressed genes are mainly known genes or 
members of known families, whereas 57% of SEGs encode 
unknown and hypothetical proteins and non-coding RNAs. 
Identification of these genes as SEGs in our study and 
description of their specific expression domains in the 
vasculature can be one of the first steps in their functional 
annotation. Also, markers for specific domains were predicted 
among known genes including microRNAs and genes 
involved in hormonal pathways.

Acknowledgment
This work was supported by RFBR-DFG 19-54-12013.

References
[1] Tao, X., Gu, Y. H., Wang, H. Y., Zheng, W., Li, X., Zhao, C. W., & 

Zhang, Y. Z. (2012). Digital gene expression analysis based on 
integrated de novo transcriptome assembly of sweet potato [Ipomoea 
batatas (L.) Lam.]. PloS one, 7(4).

[2] J Tang, Q., Zhang, Q., Lv, Y., Miao, Y. R., & Guo, A. Y. (2019). 
SEGreg: a database for human specifically expressed genes and their 
regulations in cancer and normal tissue. Briefings in bioinformatics, 
20(4), 1322-1328.

[3] Lv Y, Lin SY, Hu FF, Ye Z, Zhang Q, Wang Y, Guo AY. (2019). 
Landscape of cancer diagnostic biomarkers from specifically expressed 
genes. Brief Bioinform. Dec 8. pii: bbz131. 

[4] Zhang, Q., Liu, W., Liu, C., Lin, S. Y., & Guo, A. Y. (2018). SEGtool: 
a specifically expressed gene detection tool and applications in human 
tissue and single-cell sequencing data. Brief Bioinform, 19(6), 1325-
1336.

[5] Fischer, U., Kucukoglu, M., Helariutta, Y., & Bhalerao, R. P. (2019). 
The dynamics of cambial stem cell activity. Annual review of plant 
biology, 70, 293-319.

330



[6] Shi, D., Lebovka, I., Lуpez-Salmerуn, V., Sanchez, P., & Greb, T. 
(2019). Bifacial cambium stem cells generate xylem and phloem during 
radial plant growth. Development, 146(1).

[7] Wallner, E. S., Lуpez-Salmerуn, V., Belevich, I., Poschet, G., Jung, I., 
Grunwald, K., Sevilem I, Jokitalo E, Hell R, Helariutta Y, Agustí J, 
Lebovka I, Greb T. (2017). Strigolactone-and karrikin-independent 
SMXL proteins are central regulators of phloem formation. Current 
Biology, 27(8), 1241-1247.

[8] Bonke, M., Thitamadee, S., Mahonen, A. P., Hauser, M. T., & 
Helariutta, Y. (2003). APL regulates vascular tissue identity in 
Arabidopsis. Nature, 426(6963), 181-186. 

[9] Kubo, M., Udagawa, M., Nishikubo, N., Horiguchi, G., Yamaguchi, 
M., Ito, J., Mimura T., Fukuda H. & Demura, T. (2005). Transcription 
switches for protoxylem and metaxylem vessel formation. Genes & 
development, 19(16), 1855-1860.

[10] Yamaguchi, M., Mitsuda, N., Ohtani, M., Ohme-Takagi, M., Kato, K., 
& Demura, T. (2011). VASCULAR-RELATED NAC-DOMAIN 7 
directly regulates the expression of a broad range of genes for xylem 
vessel formation. The Plant Journal, 66(4), 579-590.

[11] Mitsuda, N., Iwase, A., Yamamoto, H., Yoshida, M., Seki, M., 
Shinozaki, K., & Ohme-Takagi, M. (2007). NAC transcription factors, 
NST1 and NST3, are key regulators of the formation of secondary walls 
in woody tissues of Arabidopsis. The Plant Cell, 19(1), 270-280.

[12] Shi, D., Jouannet, V., Agusti, J., Kaul, V., Levitsky, V., Mironova V., 
Sanchez, P. & Greb, T. (2020). Tissue-specific transcriptome profiling 
of the Arabidopsis thaliana inflorescence stem reveals local cellular 
signatures. bioRxiv.

331



DOI 10.18699/BGRS/SB-2020-210

Meta-analysis of transcriptome data clarified hormonal 
regulation of cold stress response in Arabidopsis thaliana L.

Nadezda Omelyanchuk 
Institute of Cytology and 

Genetics SB RAS 
Novosibirsk, Russia
nadya@bionet.nsc.ru 

Yana Sizentsova
Institute of Cytology and 

Genetics SB RAS 
Novosibirsk, Russia

sizentsova.yans@gmail.ru

Victoria Mironova
Institute of Cytology and 

Genetics SB RAS,
Novosibirsk State University,

Novosibirsk, Russia
kviki@bionet.nsc.ru

Abstract –– Low positive temperatures not only have 
damaging effects on plants in various climate from tropics to 
temperate zones but also provide acclimation to freezing for 
many plant species. It is why cold stress response is an actual 
topic for a wide range of experiments, including whole-genome 
studies. The results of these experiments are diverse and, in 
many cases, even contradictory. A meta-analysis of whole-
genome data is a useful approach to distinguish between the 
robust effects of low temperature itself and the influence of 
particular experimental conditions. Here we applied meta-
analysis to transcriptome data sets on cold stress response in the 
model plant species Arabidopsis thaliana, to find out changes in 
plant hormone metabolism and signaling accompanying this 
process. We identified that cold stress dramatically changes the 
plant hormonal status. Here we discuss the dynamics of the 
changes for each hormone.

Keywords –– cold stress, phytohormones, transcriptome, meta-
analysis, Arabidopsis thaliana

Introduction 
Cold stress greatly limits geographic distribution of 

agricultural crops. Plants from temperate zones have evolved 
a number of mechanisms to cope with chilling and freezing 
stresses, including delay in germination and flowering timing, 
inhibition of growth etc. Plant hormones are key 
intermediators between changes in environment and plant 
developmental reaction to them. Nevertheless, our knowledge 
on hormonal input into reaction to low positive temperature is 
enough patchy [1]. For instance, the role of auxin, the major 
regulator of plant growth and development, has not been 
studied in response to cold, although cold has been shown to 
increase expression of auxin-regulated genes and increase 
auxin accumulation. Brassinosteroids involvement in plant 
growth and development during cold stress in also unclear. 
One of the main reasons for this are intensive cross-talks 
between hormones themselves and their involvement in 
reactions to other environmental stimuli. The meta-analysis of 
many transcriptome experiments (microarrays and RNA-seqs) 
helps to exclude the differences triggered by variations in 
experimental design and to highlight the most robust pattern 
for involvement of hormones in cold response. 

materials and Methods
We compiled a list of publically available datasets on cold 

stress response in Arabidopsis thaliana (40 datasets in total). 
Microarray raw data was processed using RMA algorithm 
implemented in the Bioconductor affy [2] and limma [3]
packages. RNA-Seq data pre-processing and TMM 
normalization was done using edgeR package [4]. As a result, 
we compiled two matrixes for all 40 datasets with information 
about DEGs: (1) with log2FC and (2) False discovery rates 

(FDR). To compare the datasets we applied PCA and 
hierarchical cluster analysis using stats R package [5]. 

Then we selected the genes that robustly activated or 
inhibited in response to cold stress over a number of datasets 
(the threshold was calculated by binomial test). 

Functional enrichment analysis was done using 
DAVID v6.8 [6].

Results
Firstly, we performed functional annotation of the robustly 

up or down-regulated genes in either early, late or very late 
response. Among the overrepresented GO categories we paid
especial attention to those associated with hormonal 
metabolism and signaling. The results are summarized on the 
figure 1. Functional annotation showed that pathways of 
almost all hormones were activated at early stage of cold stress 
except auxin and citokinin pathways. Citokinin metabolism 
and signaling were only activated at very late stages of cold 
stress, whereas auxin signaling was both up- and down-
regulated.

Fig. 1. Functional annotation results for early, late and very late cold 
response in Arabidopsis thaliana. Only GO terms associated with 
hormonal control are shown.

As Gene Ontology is rather incomplete and redundant, we 
compiled a list of genes mediating synthesis, degradation, 
conjugation, transport and synthesis of main plant hormones 
to better understand the gene expression changes in hormone 
pathways. We analyzed which of them robustly regulated by 
cold in early, late or very late response. The analytical results 
are summed up below.

In the early phase of response to the cold stress, abscisic 
acid, brassinosteroid and ethylene signaling increases whereas 
jasmonic acid and auxin signaling, in opposite, decreases. In 
the late phase fine-tuning of these signaling occurred, which 
means that each of these pathways has at least one upregulated 
component along with at least one suppressed. For most of 
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hormones, fine-tuning of signaling continues in the very late 
phase, where solely auxin and gibberellin signals increase and 
decrease, respectively. Cytokinin and salicylic acid signaling 
starting correspondingly from the early and late phases of cold 
response have only “fine-tuning” mode of regulation. Similar 
to salicylic acid, gibberellin signaling begins from the late 
phase.

Many of these changes in signaling may come from the 
changes in biosynthesis, degradation and/or conjugation and 
distribution of hormones. First, in the early phase, cold 
activates biosynthesis of abscisic and jasmonic acids, 
ethylene, gibberellin and auxin, and then in the late phase 
cytokinin biosynthesis is increased. While at the early phase, 
only activation of hormone biosynthesis takes place at later 
stages suppression (brassinosteroids) and fine-tuning 
(abscisic, jasmonic and salicylic acids and gibberellin) are 
switching on. Ethylene biosynthesis was activated, fine-tuned 
and suppressed at the early, late and very late phases, 
respectively.

Both degradation and conjugation are processes leading to 
decreasing of the hormone level. Degradation and/or 
conjugation starts in the early phase for abscisic acid, 
brassinosteroids and cytokinin, and later is inhibited for 
brassinosteroids and fine-tuned for abscisic and jasmonic 
acids, cytokinin and auxin. At the early phase of cold 
response, changes in metabolism occur for all hormones under 
study except salicylic acid, which react to cold later.

Thus, with some exceptions, cold activates hormone 
metabolism and/or signaling at the early phase of cold 
response fine-tuning them at the later stages possibly mainly 
due to intensive crosstalk between signaling and metabolic 
pathways of various hormones.
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Abstract — Flax is grown for seeds in many countries. 
Depending on the ratio of fatty acids, seeds are used in 
pharmaceutical, food, feed, or polymer production. It is known 
that genes of FAD3 family responsible for the desaturation of 
linoleic (LIO) into linolenic (LIN) fatty acid and some alleles of 
these genes are associated with a certain composition of flax oil. 
However, the development of the marker-assisted selection of 
flax is complicated due to a lack of methods for the identification 
of these polymorphisms. In the present study, we used 84 flax 
cultivars/lines with diverse content of LIO and LIN to search for 
fatty acid associated SNPs and then developed HRM-based 
system for identification of these SNPs that can increase the 
efficiency of breeding by obtaining pure improved cultivars with 
the targeted LIO and LIN content.

Keywords — Flax, fatty acids, FAD, LIN, LIO

Motivation and aim

Motivation
Flax (Linum usitatissimum L.) is grown for seeds in many 

countries. Linolenic (LIN), linoleic (LIO), and oleic (OLE) 
fatty acids are the main in flax oil, and depending on the ratio 
of these acids, seeds are used in pharmaceutical, food, feed, or 
polymer production. Flax genotypes differ in oil composition, 
and the breeding of cultivars with the particular content of 
LIN, LIO, and OLE is necessary. It is known that genes of 
FAD (fatty acid desaturase) family play a key role in the 
synthesis of fatty acids. FAD3 genes are responsible for the 
desaturation of LIO into LIN, and some alleles of these genes 
are associated with a certain composition of flax oil [1]. 
However, the development of the marker-assisted selection of 
flax is complicated due to a lack of methods for the 
identification of DNA polymorphisms affecting the fatty acid 
content in flax seeds. Besides, cultivar heterogeneity could 
result in the presence of genotypes with different alleles of 
FAD genes and diverse oil composition in individual flax 
cultivar, and molecular markers for these genes can be useful 
to increase the cultivar purity.

Aim
The purpose of our study was to develop a test system for 

the identification of SNPs (single nucleotide polymorphisms) 
associated with the fatty acid composition of flax oil.

Methods
For the present study, we used 84 flax cultivars/lines with 

diverse content of LIO and LIN in oil. Seeds were obtained 
from the Institute for Flax (Torzhok, Russia). DNA was 
extracted from flax seedlings using a CTAB protocol. For 
identification of SNPs, which are associated with fatty acid 
composition, deep sequencing of FAD3A and FAD3B was 
performed on MiSeq (Illumina, USA) as described earlier [2]. 
VarScan [3] and freeBayes [4] variant callers were used for 
the identification of polymorphisms in the studied genes. 
Spearman’s and Kendall’s rank correlation coefficients 
between the content of LIO and LIN and polymorphisms in 
FAD3A and FAD3B genes were calculated. For identification 
of SNPs that were associated with oil composition, primers for 
the HRM (high-resolution melting) analysis were designed 
and PCR (polymerase chain reaction) conditions were 
optimized. HRM was performed on a Rotor-Gene Q real-time 
PCR cycler (Qiagen, Netherlands). Reaction mix contained 1x 
Taq Turbo buffer (Evrogen, Russia), 400 nM of each primer 
(Evrogen), 250 μM dNTPs (Evrogen), 1x EvaGreen (Biotium, 
USA), 1U of HS Taq DNA polymerase (Evrogen), and 40 ng 
of DNA. The following PCR program was used: 95°C for 10 
min followed by 40 cycles of 95°C for 15 s and 60°C for 60 s. 
All reactions were performed in three technical replicates. 
Then, HRM analysis with the ramp from 65°C to 85°C rising 
by 0.1°C each step was conducted. For data analysis, Rotor-
Gene HRM software was used.

Results
In the present study, deep sequencing on the Illumina 

platform was used to identify polymorphisms in FAD3 genes 
in the representative set of 84 flax cultivars and lines. As a 
result, 300+300-bp reads with an average coverage of 300x 
enabled accurate assessment of SNPs in FAD3A and FAD3B
genes taking into account cultivar and line heterogeneity. For 
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FAD3A and FAD3B genes, 91 and 62 polymorphisms were 
identified, respectively. Correlation analysis revealed 
polymorphisms in FAD3 genes that were associated with the 
ratio of fatty acids in flax oil. All except one of the samples 
with low LIN and high LIO had both the tryptophan to stop 
codon substitution in FAD3A and the histidine to tyrosine 
substitution in FAD3B, while all cultivars and lines with high 
LIN and low LIO had not these mutations. Samples with only 
one of the two mutations had medium content of LIN and LIO. 
The rest low-LIN sample contained another mutation in 
FAD3A resulting in arginine to stop codon substitution that 
was inherent only to this cultivar from the analyzed collection. 
Based on data on these three polymorphisms of FAD3 genes, 
controlling the LIN/LIO ratio, an HRM-based test system for 
the determination of linolenic acid content in flax seed was 
developed. Primers specific to conservative regions were 
designed taking into account all polymorphisms identified by 
us and other researchers. The HRM analysis with the pre-
amplification method was used to get melt curves for the 
samples that were used for deep sequencing. Temperature 
shift in sample melt curves for three analyzed SNPs in 
homozygous and heterozygous states was distinguished 
clearly that enabled screening of flax for identification of 
associated with LIO and LIN content polymorphisms. 

Molecular markers for the fatty acid composition of flax oil 
can increase the efficiency of breeding by obtaining pure 
improved cultivars and are necessary for the development of 
the marker-assisted selection of flax cultivars with the targeted 
LIO and LIN content.
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Abstract — In the genomic analysis of trees, species 
belonging to the Populus genera serve as model objects. In our 
work, we performed genome sequencing of male and female 
plants of Populus x sibirica that is widespread in the Moscow 
region. To achieve high-quality de novo assemblies, we used a 
combination of two platforms, namely Oxford Nanopore and 
Illumina for obtaining long reads and high-accuracy short 
reads, respectively. In total, using a MinION sequencer, we 
obtained 18 Gb with average N50 of 25 kb for each genotype,
whereas, using a HiSeq 2500 instrument, from 36 to 52 million 
pair-end 125+125 reads were obtained for male and female 
plants. The Shasta assembler provided the best results for the 
assemblies: the N50 values were about 0.5 Mb and the integrity 
was over 95% according to BUSCO. The analysis of high-
quality genomes of male and female P. x sibirica trees provides 
an opportunity to reveal the genes associated with poplar sex 
that will facilitate the specification of its sex-determination 
mechanism.

Keywords — Populus, de novo genome assembly, Nanopore, 
Illumina, pure high-molecular-weight DNA

Motivation and Aim

Motivation
Poplar is a model object for genetic studies in trees [1]. In 

recent studies on the genetics of sex of the genus Populus,
associated with sex polymorphisms were found and the areas 
of their localization in the genome were identified. However, 
many issues related to sex determination in poplar species 
have not yet been resolved, including the identification of the 
key genes and mechanisms that are involved in sex 
determination. P. × sibirica is one of the most common 
poplars in the Moscow region, but to date, there is no reference 
genome assembly for it. High-quality genome assemblies of 
male and female plants of P. x sibirica provide the opportunity 
to compare the results with previous studies of genetically 
different poplars and to suggest the mechanism of its sex 
determination.

Aim
This work aims to obtain high-quality assemblies of the 

genomes of male and female trees of P. × sibirica using a
combination of Oxford Nanopore platform with long reads 
and Illumina with high-accuracy reads for further 
identification of genes that play a key role in determining the 
sex of poplar plants and to reveal the molecular mechanisms 
of their action.

Methods

Plant material
Leaves were collected from male and female trees of P. x

sibirica grown in different areas of Moscow. Young half-open 
leaves were gathered in the period of poplar bloom for the 
proper sex identification.

DNA extraction
For DNA extraction and purification, P. x sibirica leaves 

with a mass of 0.2 g were triturated in the mortar with liquid 
nitrogen. Then, we added 4 ml of the Carlson lysis buffer (100 
mM Tris-HCl pH 9.5 (VWR Life Science, USA); 2% CTAB 
(VWR Life Science); 1.4 M NaCl (Scharlab, Spain); 1% PEG 
8000 (PanReac AppliChem, Germany); 20 mM EDTA 
(Promega, USA)) that was prewarmed to 65℃ and 
supplemented with 12 μl of β-mercaptoethanol (BioRad, 
USA) and 0.04 g of PVP K30 (PanReac AppliChem). The 
homogenate was incubated in a "Gnom" thermostat (DNA 
Technology, Russia) at 65℃ for 1 hour, with stirring every 10 
min. Next, an equal volume of chloroform (Acros Organics, 
USA) was added to the homogenate, stirred on a Thermolyne 
Maxi Mix III Type 65800 shaker (Thermo Fisher Scientific, 
USA) at 800 rpm for 10 min, followed by centrifugation on a 
5418R microcentrifuge (Eppendorf, Germany) using the 
following parameters: 10000 g, 10 min, 40℃. The aqueous 
phase was transferred to a clean tube with the addition of 0.2 
volume of 5x CTAB buffer (5% CTAB, 350 mM EDTA) and 
incubated at 65℃ for 10 min. After that, an equal volume of 
chloroform was introduced, stirred on a shaker for 10 min, and 
centrifuged with the following parameters: 10000 g, 10 min, 
40℃. The aqueous phase was transferred to a clean tube with 
the addition of 0.1 volume of 5x CTAB buffer and incubated 
at 65℃ for 10 min. After that, an equal volume of chloroform 
was introduced, stirred on a shaker for 10 min, and centrifuged 
with the following parameters: 10000 g, 10 min, 40℃. The 
aqueous phase was transferred to clean tubes with the addition 
of 2 volumes of the buffer for DNA precipitation (1% CTAB, 
50 мМ Tris-HCl pH 8.0, 10 мМ EDTA) and incubated at 
room temperature for 1 hour. It was then centrifuged at 10000 
g for 15 min at room temperature. Next, the supernatant was 
collected gently without disturbing the precipitate. The DNA 
pellet was air-dried for 5 min, dissolved in 2 ml of prewarmed 
to 60℃ G-buffer from the Blood & Cell Culture DNA Mini 
Kit (Qiagen, USA), and incubated at 60℃ for 10 min. To the 
DNA sample in the G-buffer, 4 μl of RNase A (100 mg/ml; 
7000 units/ml; Qiagen) were added and incubated at 37℃ for 
30 min. To this, 25 μl of proteinase K (> 600 mAU/ml; 
Qiagen) were introduced and incubated at 50℃ for 40 min. 
Further, DNA was purified according to the Blood & Cell 
Culture DNA Mini Kit (Qiagen) protocol. To the DNA 
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elution, 0.7 volume of isopropanol was added, stirred until 
DNA strands appeared and neatly wrapped them around a 
glass rod. Then the DNA was transferred to a tube containing 
a DNA dilution buffer (Evrogen, Russia) and incubated at 
50℃ for 60 min. The DNA quality and concentration were 
evaluated on a NanoDrop 2000C spectrophotometer (Thermo 
Fisher Scientific). The DNA concentration was also evaluated 
on a Qubit 2.0 fluorometer (Life Technologies). The 
assessment of DNA length and control of the absence of RNA 
were performed by electrophoresis in a 0.8 % agarose gel 
(Lonza, Switzerland).

DNA library preparation and sequencing of genomes on the 
Illumina platform

DNA was fragmented on a S220 ultrasonic homogenizer 
(Covaris, USA), and 1 μg of fragmented DNA was used to 
prepare the library using the NEBNext Ultra II DNA Library 
Prep Kit for Illumina (New England Biolabs) according to the 
manufacturer's protocol with the size selection of adaptor-
ligated DNA of about 600 bp. The quality and concentration 
of DNA libraries were evaluated using a 2100 Bioanalyzer 
instrument (Agilent Technologies) and a Qubit 2.0 
fluorometer (Life Technologies), respectively. The resulting 
DNA libraries were sequenced on a HiSeq 2500 instrument 
(Illumina) with a read length of 125+125 bp.

DNA library preparation and sequencing of genomes on the 
Oxford Nanopore platform

To remove short DNA fragments (up to 10 kb), the Short 
Read Eliminator Kit (Circulomics, USA) was used. Then, the 
DNA sample was diluted to a concentration of 60 ng/ml in a 
final volume of 50 μl of DNA dilution buffer (Evrogen) and 
further purified with AMPure XP beads (Beckman Coulter, 
USA) in a ratio of 1:0.7 (sample:beads).

Preparation of the libraries was performed using the SQK-
LSK109 Ligation Sequencing Kit (Oxford Nanopore 
Technologies, UK) for 1D genomic DNA sequencing. Minor 
modifications were introduced to the recommended protocol 
for library preparation by increasing the incubation time to 20 
min at 20°C at the step of combined recovery of DNA using 
the NEBNext Ultra II End Repair/dA-Tailing Module (New 
England Biolabs) and NEBNext FFPE DNA Repair Mix 
(New England Biolabs). Besides, the incubation time at the 
step of ligation was increased to 60 min. Sequencing was 

performed on MinION (Oxford Nanopore Technologies) with 
a FLO-MIN-106 R9.4 flow-cell (Oxford Nanopore 
Technologies).

Results
We developed and optimized the method of obtaining pure 

high-molecular-weight genomic DNA from young poplar 
leaves needed for Nanopore sequencing. According to this 
protocol, we extracted the DNA of the following quality: 
А260/280 ratio laying in the range of 1.77-1.80 and А260/230 
being in the range of 1.7-2.3. The obtained proximity of 
concentration values measured with Qubit and Nanodrop 
served as an additional criterion of DNA purity. The high 
DNA length (more than 50 kb) and the absence of RNA were 
confirmed by electrophoresis. After the sequencing of 
prepared DNA libraries on a MinION instrument, we received 
18 Gb with average N50 of 25 kb for each genotype, whereas 
using a HiSeq 2500 instrument, from 36 to 52 million of pair-
end 125+125 reads for male and female plants. The initial 
genome assembly was performed for the Nanopore data using 
Shasta, wtdbg2, and Flye tools. Then, these assemblies were 
consequently polished by Racon (Nanopore data) and Pilon 
(Illumina data). The Shasta assembler provided the best 
assembly results: N50 parameter of the assemblies was about 
0.5 Mb, while the integrity was over 95% according to 
BUSCO. The combination of long reads from Nanopore and 
short high-accuracy reads from Illumina allowed us to achieve 
a high-quality genome assembly of male and female plants of 
P. x sibirica. Besides, the protocol of pure high-molecular 
DNA extraction from poplar leaves was developed for further 
sequencing of material on the Nanopore platform. The 
analysis of high-quality genomes of male and female Populus
x sibirica species provides one with an opportunity to reveal 
the genes associated with poplar sex that will facilitate the 
specification of its sex-determination mechanisms.
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Abstract — Flax (Linum usitatissimum L.) is an 
agriculturally important plant that has a wide range of 
applications in industry, and the direction of cultivar 
application is determined by its genetic characteristics. The 
present work aimed to obtain high-quality sequences of flax 
genomes and transcriptomes for genetically diverse cultivars 
and lines, which have breeding value and different direction of 
use. Six cultivars/lines (LM98, #3896, Diplomat, Atlant, 
Universal, Alizee) were selected for the present work. We have 
developed an optimal method for the extraction of pure high-
molecular-weight DNA from flax plants and performed genome 
and transcriptome sequencing. From 6 to 10 Gb was obtained 
for each of the studied flax cultivars/lines on the Oxford 
Nanopore platform and 20-25 million reads on the Illumina 
platform. Transcriptome sequencing of different flax tissues was 
also performed. Genome assembly using Flye resulted in the 
N50 value from 200 kb to 1 Mb depending on the genotype. 
Genome annotation was then performed. The obtained genome 
assemblies are the basis for molecular genetic studies in flax and 
allow assessment of the differences in L. usitatissimum
cultivars/lines at the genome-wide level.

Keywords — flax, genome assembly, transcriptomes, 
Nanopore sequencing

Motivation and aim

Motivation
The data on the nucleotide sequences of whole genomes 

and transcriptomes are the basis for molecular genetic studies 
in plants, including the analysis of gene expression, 
polymorphism assessment, development of molecular 
markers of economically valuable traits, progress in genome 
selection, and the use of CRISPR/Cas genome editing 
technologies. The revolution in DNA sequencing technologies 
that took place in recent decades allowed us to take a study of 
plant genomes and transcriptomes to a new level and to 
determine the genome sequences for thousands of genotypes 
of various species, as well as to resequence genomes for 
different genotypes of the same species [1]. However, as the 
number of sequenced plant genomes increases, it becomes 
clear that there are differences between genotypes of a single 

species in both single nucleotide polymorphisms and copy 
number of genes, the presence of extensive 
insertions/deletions and genome-specific loci, some of which 
are associated with economically valuable traits [2-5]. 
Therefore, representative sets of samples should be analyzed 
to obtain comprehensive data concerning genomes and 
transcriptomes within the studied species. For the present 
study, such agriculturally important plant as flax (Linum 
usitatissimum L.) was chosen. Flax seeds are the richest source 
of omega-3 fatty acids, which reduce the risk of cancer and 
cardiovascular diseases, and lignans, which have antibacterial, 
antifungicide, antioxidant, and anti-carcinogenic activity, and 
also contain easily digestible proteins, dietary fiber, vitamins, 
and minerals. Flax fiber is used in the production of high-
quality textiles, medical devices, and composite materials. 
Thus, flax has multiple using in different areas and the 
direction of cultivar application is determined by its genetic 
characteristics.

Aim
The aim of the present work was to obtain high-quality 

sequences of flax genomes and transcriptomes for genetically 
diverse cultivars and lines, which have breeding value and 
different direction of use.

Methods
When choosing flax genotypes for comparative analysis of 

genomes and transcriptomes, we took into account their 
genetic differences, resistance to the most harmful stresses, 
namely the Fusarium oxysporum fungus and adverse soil 
acidity, and other economically significant characteristics, 
such as yield, oil composition, fiber quality. As a result of joint 
research with the Institute for Flax (Torzhok), 6 cultivars/lines 
were selected (LM98, #3896, Diplomat, Atlant, Universal, 
Alizee) that differ in valuable traits and are of interest for use 
in creating improved varieties. To obtain a high-quality 
assembly of flax genomes, an approach was chosen using a 
combination of two sequencing platforms, one of which 
(Oxford Nanopore) allows for reads of large length but 
insufficient accuracy, and the other (Illumina) – for high-

338



precision but short reads. For sequencing on the Oxford 
Nanopore platform, an important task was the isolation of 
high-quality DNA. We tested numerous approaches, and as a 
result, developed an optimal method for the extraction of pure 
high-molecular-weight DNA from flax. The method was 
based on obtaining the maximum yield of high molecular 
weight but not very pure DNA with the DNA-EXTRAN-3
(Synthol) kit and the further purification, including 
precipitation with CTAB containing buffer and the using of 
ion-exchange columns from the Blood & Cell Culture DNA 
Mini Kit (Qiagen). HiSeq 2500 (Illumina) and MinION 
(Oxford Nanopore) were used for sequencing genomes of six 
selected flax cultivars/lines. NextSeq (Illumina) was used for 
sequencing the transcriptomes of the roots and shoots of 7-
day-old seedlings, leaves and stems of 6-week-old plants, as 
well as flowers of LM98, #3896, Diplomat, Atlant, Universal, 
Alizee cultivars/lines (in total, 30 cDNA libraries). For 
genome assembly, Shasta, wtdbg2, and Flye were used. The 
polishing of assemblies was performed using Racon and 
Pilon, and funannotate was used for genome annotation.

Results
From 20 to 25 million reads with a length of 250+250 bp 

was obtained on the Illumina platform for each of the studied 
flax cultivar/line (LM98, #3896, Diplomat, Atlant, Universal, 
Alizee), which after trimming corresponded to 20-25-fold 
coverage of the flax genome, and from 6 to 10 Gb was 
obtained on the Oxford Nanopore platform, which 
corresponds to 15-25-fold genome coverage. From 6 to 16 
million reads with a length of 86 bases were received as a 
result of transcriptome sequencing of the roots and shoots of 
7-day-old seedlings, leaves, and stems of 6-week-old plants, 
as well as flowers of LM98, #3896, Diplomat, Atlant, 
Universal, Alizee cultivars/lines. Three different assemblers 
(Shasta, wtdbg2, and Flye) were compared to select the 
optimal strategy for flax genome assembly. The best results 
were shown by Flye. Then the polishing of assemblies was 
performed in two stages – using Nanopore reads (Racon) and 

using Illumina reads (Pilon). The N50 value ranged from 200 
kb to 1 Mb, depending on the genotype, which is a good result.
The completeness of the assemblies was more than 90% 
according to BUSCO metrics. The key point for the assembly 
quality was the length of the Oxford Nanopore reads – a lower 
output of reads but of a larger length allowed achieving a 
better quality of genome assembly. Using funannotate, 
genome annotation was performed. The obtained genome 
assemblies are the basis for molecular genetic studies in flax, 
allows one assessment of the differences in L. usitatissimum
cultivars/lines at the genome-wide level, and lay the 
foundation for the development and introduction of marker-
assisted and genomic selection of flax and its genome editing. 
Based on transcriptome sequencing data, gene expression was 
also evaluated in different tissues of six sequenced 
cultivars/lines, and genes with the most significant differences 
in expression between flax genotypes with different 
characteristics were revealed that is important for identifying 
associations between gene expression and phenotype.
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Abstract — The miRNA binding sites with mRNA of genes 
encoding C2H2, ERF, GRAS transcription factors (TFs) were 
identified for Arabidopsis thaliana, Oryza sativa and Zea mays. 
The free energy (ΔG) of interaction of miRNA with mRNA 
target genes, the maximum of free energy (ΔGm), the ratio 
ΔG/ΔGm, and location of the potential binding sites were 
calculated using MirTarget program. In mRNA of C2H2, ERF, 
GRAS genes of all studied plants, miRNA binding sites were 
located in the protein-coding part (CDS) and 5’-untranslated 
region (5’UTR). The ath-miR5658-5p, ath-miR5021-5p, osa-
miR2102-5p, osa-miR5075-3p had binding sites in mRNA of 
three studied families, with the value of ΔG/ΔGm from 91% to 
98%. The miR171a-3p had binding sites in mRNA GRAS 
transcription factors family of all studied plants, with the value 
of ΔG/ΔGm equal 100%. The nucleotide sequences of ath-
miR171a-3p, osa-miR171a-3p, and zma-miR171a-3p were 
similar, and their quantitative characteristics of interaction with 
mRNA of LOC_Os02g44360.1, GRMZM2G037792_P01, and 
AT2G45160.1 genes, were also similar. The obtained results 
indicate the dependence of expression TF of C2H2, ERF, GRAS 
families on miRNA.

Keywords –– miRNA, mRNA, gene, binding site, plant, 
transcription factor

Introduction 
Most plant target miRNAs are transcription factors (TFs) 

that are involved in the regulation of plant growth and 
development. Studies have shown that miRNAs are able to 
regulate a range of biological processes in plants, such 
as: regulation of flower shoots and seeds, formation of 
nodules, development and responses to environmental stresses 
[1-3]. miRNAs and TFs provide combinatorial gene 
regulation that includes a variety of functions that can later be 
used to improve crop yields. Therefore, it was important to 
identify A. thaliana, O. sativa, Z. mays miRNAs that bind to 
mRNA of C2H2, ERF, GRAS transcription factors families.

Materials and methods 
The nucleotide sequences of A. thaliana, O. sativa, 

Z. mays miRNAs were downloaded from miRBase
(http://mirbase.org, release 22.1). The nucleotide sequences of
genes of the C2H2, ERF, GRAS family were obtained from
Plant Transcription Factor Database v4.0
(http://planttfdb.cbi.pku.edu.cn) and NCBI GenBank
(http://www.ncbi.nlm.nih.gov). A search for the miRNA
target genes was performed using the MirTarget program.
This program defines the following binding characteristics:
the start of the miRNA binding site on the mRNA; the location
of the miRNA binding site (5'UTR, CDS, 3'UTR); the

interaction free energy (∆G, kJ/mole), the ΔG/ΔGm value (%) 
[4]. The MirTarget program found hydrogen bonds between 
adenine (A) and uracil (U), guanine (G) and cytosine (C), G 
and U, A and C. The numbers of hydrogen bonds in the G-C, 
A-U, G-U and A-C interactions were found to be 3, 2, 1 and
1, respectively.

Result
The search of interaction of 428 A. thaliana, 738 O. Sativa, 

325 Z. mays miRNAs with mRNA of C2H2, ERF, GRAS 
transcription factors genes was completed. Using the 
MirTarget program, we found miRNA binding sites in the 
protein-coding region (CDS) and 5’-untranslated region 
(5’UTR). Table presents the quantitative characteristics of 
plant miRNAs interaction with mRNA of the C2H2, ERF,
GRAS TF genes. The ath-miR5658-5p, ath-miR5021-5p, osa-
miR2102-5p, osa-miR5075-3p had binding sites in mRNA of 
three studied families. The targets for ath-miR5658-5p were 
mRNA of AT1G34370.1 (C2H2), AT1G44830.1 (ERF), and 
AT5G59450.1 (GRAS) genes, with the value of ΔG/ΔGm 
equal 96% and 94%. The mRNA of AT1G34370.1 and 
AT5G59450.1 genes contain binding sites for ath-miR5658-
5p located in the 5'UTR with the free energy of interaction 
(ΔG) equal -98 kJ/mole. The mRNA of AT1G44830.1 gene 
bound to ath-miR5658-5p in the CDS. The ath-miR5021-5p 
had binding sites in the mRNA of AT1G02030.1 gene of 
C2H2 family, AT1G22810.1 gene of ERF family and 
AT4G37650.1 gene of GRAS family with ΔG/ΔGm ratio of 
93% or more. The osa-miR2102-5p and osa-miR5075-3p can 
interact with the free energy (ΔG) more than -109 kJ/mole, 
which indicates a strong binding to mRNA of 
LOC_Os09g38610.1, LOC_Os06g10470.1 (C2H2), 
LOC_Os04g32790.1, LOC_Os04g32790.1 (ERF), 
LOC_Os12g04380.1, LOC_Os06g40780.1 (GRAS) genes. 
All detected osa-miR2102-5p, osa-miR5075-3p binding sites 
were located only in the CDS. ath-miR414-5p, ath-miR867-
5p, ath-miR171a-3p had binding sites in mRNA of 
AT5G14010.1, AT1G53170.1, AT2G45160.1 genes with free 
energy from -98 kJ/mole to -113 kJ/mole and ΔG/ΔGm value 
equal 92% and 100%. It should be noted that nucleotide 
sequences of ath-miR171a-3p, osa-miR171a-3p were 
identical, and their quantitative characteristics in mRNA of 
AT2G45160.1 and LOC_Os02g44360.1 genes were the same: 
the location of the miRNA binding site (CDS), the free energy
of interaction (ΔG) -113 kJ/mole, the ΔG/ΔGm value of 
100%. This indicates a strong miRNA interaction with the 
mRNA. Length of zma-miR171a-3p was less by one 
nucleotide, and was different by free energy binding in mRNA 
of GRMZM2G037792_P01 gene, while the ΔG/ΔGm value 
remained the same (100%). These genes belong to the GRAS 
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transcription factor family in A. thaliana, O. sativa, Z. mays.
The zma-miR159e-5p bound in the CDS mRNA of 
GRMZM2G060206_P01 ERF TF family gene, and 
GRMZM2G146018_P01 GRAS TF family gene. The 
remaining zma-miR390a,b-5p, zma-miR169o-3p, zma-
miR166n-5p, zma-miR160f-5p, zma-miR529-5p, zma-
miR394a,b-5p had one target in the mRNA of 
GRMZM2G114660_P01, GRMZM2G105224_P01,
AC211702.2_FGP002 (C2H2), GRMZM2G474326_P01,
GRMZM2G060876_P01 (ERF), GRMZM2G024973_P01
(GRAS) genes, respectively. Discovered binding sites were 
located in the CDS mRNA target genes, with the ΔG/ΔGm 
value equal or greater than 90%. 

Conclusion
The presence of miRNA binding sites with strong 

interaction in mRNA of C2H2, ERF, GRAS TF genes of 
A.thaliana, O. sativa, Z. mays was shown. All binding sites of
these miRNAs were located in the CDS and 5'UTR of mRNA
target genes. The predicted miRNA binding sites with mRNA
of target genes important for the regulatory mechanisms of
miRNA in the process of plant growth and development.
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TABLE - CHARACTERISTICS OF MIRNA BINDING SITES IN MRNA OF C2H2, ERF, GRAS TF GENES OF A.THALIANA, O. SATIVA, Z. MAYS

Gene miRNA Start of site, nt Region ΔG, kJ/mole ΔG/ΔGm, % Length, nt
C2H2 family

AT1G34370.1 miR5658-5p 154 5'UTR -98 96 21
AT1G02030.1 miR5021-5p 987 5'UTR -91 93 20
AT5G14010.1 miR414-5p 449 CDS -98 92 21

LOC_Os09g38610.1 miR2102-5p 229 CDS -117 96 20
LOC_Os04g39520.1 miR5809-3p 66 CDS -113 96 20
LOC_Os06g10470.1 miR5075-3p 158 CDS -115 93 21

GRMZM2G114660_P01 miR390a,b-5p 484 CDS -108 93 21
GRMZM2G105224_P01 miR169o-3p 1023 CDS -102 92 20

AC211702.2_FGP002 miR166n-5p 9 CDS -104 91 21
ERF family

AT1G22810.1 miR5021-5p 22 5'UTR -96 98 20
AT1G44830.1 miR5658-5p 133 CDS -96 94 21
AT1G53170.1 miR867-5p 143 5'UTR -93 92 21

LOC_Os02g54050.1 miR11343-3p 304 5'UTR -100 96 21
LOC_Os04g32790.1 miR2102-5p 810 CDS -113 93 20
LOC_Os04g32790.1 miR5075-3p 340 CDS -113 91 21

GRMZM2G474326_P01 miR160f-5p 525 CDS -108 91 21
GRMZM2G060876_P01 miR529-5p 760 CDS -100 90 21
GRMZM2G060206_P01 miR159e-5p 583 CDS -102 89 21

GRAS family
AT2G45160.1 miR171a-3p 1304 CDS -113 100 21
AT4G37650.1 miR5021-5p 374 CDS -93 96 20
AT5G59450.1 miR5658-5p 119 5'UTR -98 96 21

LOC_Os02g44360.1 miR171a-3p 1397 CDS -113 100 21
LOC_Os12g04380.1 miR5075-3p 1311 CDS -117 95 21
LOC_Os06g40780.1 miR2102-5p 662 CDS -110 91 20

GRMZM2G037792_P01 miR171a-3p 1280 CDS -106 100 20
GRMZM2G146018_P01 miR159e-5p 585 CDS -106 93 21
GRMZM2G024973_P01 miR394a,b-5p 2039 CDS -98 90 20
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Abstract — With food, a huge variety of biological material 
gets into the human digestive tract, which the body uses for life 
support. The variety of food material entering the 
gastrointestinal tract, especially at the molecular level, cannot 
be distinguished from endogenous metabolites and these 
exogenous compounds can significantly alter the body's 
metabolism. Such compounds include plant miRNAs, which are 
indistinguishable from endogenous human miRNAs in
physicochemical properties. It is necessary to clarify the degree 
of influence of exogenous plant miRNAs on the expression of 
human genes, since it is not known in advance what 
consequences can occur when plant miRNAs enters the human 
body. A huge amount of research does not allow experiments 
with all human genes and all plant miRNAs, so we have studied 
the effect of wheat and maize miRNAs on human genes using 
computer methods. As a result of studying the binding of 125 
tae-miRNAs and 325 zma-miRNAs to mRNAs of 17508 human 
genes it was revealed that 158 genes were targets for 52 tae-
miRNAs and 51 genes for 11 zma-miRNAs. Binding sites in the 
mRNA of human genes were located in 5'UTR, CDS, 3'UTR.

Keywords — miRNA, mRNA, binding site, gene regulation, 
plant, wheat, maize, human

Introduction 
Recently, publications have appeared about the ingestion 

of exogenous miRNAs into the human body. Plant miRNAs 
that enter the human body along with food are able to 
penetrate the tissues and affect some metabolic pathways. 
These extracellular miRNAs are stable and involved in 
intercellular interactions [1]. Wheat and maize are the most 
actively cultivated crops worldwide. It is imperative to learn 
how plant miRNAs can affect the human body and how these 
miRNAs can be useful or harmful. The MirTarget program 
used by us with high efficiency determines the quantitative 
characteristics of the interaction of plant miRNAs with human 
mRNAs.

Materials and metods
Nucleotide sequences of the mRNAs of human genes were 

obtained from NCBI (http://www.ncbi.nlm.nih.gov). 
Nucleotide sequences of wheat and maize miRNAs were 
downloaded from miRBase v.22 (http://www.mirbase.org/). 
The miRNA binding sites in mRNA of 17508 human genes 
were predicted using the MirTarget program, which defines 
the free energy of interaction miRNA and mRNA (∆G, 
kJ/mole), as well as the localization of binding sites and 
schemes of nucleotide interactions between miRNAs and 
mRNAs [2, 3]. The ratio of ΔG/ΔGm (%) was determined for 
each binding site, where ΔGm is equal to the free energy 
binding of miRNA with its full complementary nucleotide 
sequence. 

Results and discussion
We found that among 325 miRNAs of Z. mays only 11 

miRNAs were able to bind to mRNA of human genes. These 
miRNAs interacted with mRNA of 51 different genes. The 
zma-miRNA binding sites in the mRNA of human genes were 
located in 5'UTR, CDS, 3'UTR. The largest number of target 
genes had miR529-3p. The miR529-3p interacted with mRNA 
of ATP6V0A4, BZRAP1, CHD2, CNGA2, GRM4, HCLS1,
HIVEP2, IGFN1, LMO7, LRRC73, LRTOMT, LTB4R, MAP7,
MLL, NUDC, PDE4B, POMC, SOX9, TCEB3, TMEM181
genes with the value of ΔG/ΔGm from 91% to 94%. The 
miRNA binding sites in mRNA of 13 genes were located in 
CDS, four sites in 5'UTR and 3'UTR. The miR162-3p and 
miR11969-5p had binding sites in the mRNA of four and six 
target genes, respectively. The binding sites of these miRNAs 
were located only in CDS and 3'UTR. The rest miRNAs 
(miR827-3p, miR529-5p, miR162-5p, miR1432-5p, 
miR11970-5p, and miR11969-3p) had only one target genes, 
with the value of ΔG/ΔGm more than 88%. In the group of 11 
miRNAs, there were four miR-3p/miR-5p pairs that belong to 
the same pre-miRNA (miR529-3p/5p miR482-3p/5p, 
miR162-3p/5p miR11969-3p/5p). The characteristics of the 
binding sites for miR482-5p and miR482-3p were found for 
eight and nine mRNA target genes, respectively. Some of the 
above mentioned 17 genes involved in the development of 
diabetic retinopathy (ROBO4) [4], papillary thyroid 
carcinoma (CDKN1C) [5], myeloid leukemia (FAM168A) [6], 
hypogonadotropic hypogonadism (FGF17) [7], pancreatic 
and gastric cancers (SLC44A4) [8], breast cancer (ATP2A3)
[9], lung cancer (LARP1) [10]. The binding sites of these 
miRNAs were located at 5'UTR, CDS and 3'UTR, and the free 
binding energy was а -96 kJ/mole and -98 kJ/mole.

As a result of the studies, binding sites were established 
between the wheat miRNAs and the mRNA of human genes 
involved in the development of various diseases. Binding sites 
were found for 52 miRNAs with mRNAs of 158 genes with a 
ΔG/ΔGm value of 88% or more. The binding sites of the 
studied miRNAs were located at 5'UTR (9%), CDS (63%) and 
3'UTR (28%) mRNA. The highest number of binding sites 
with high affinity was detected in CDS and 3'UTR mRNA of 
target genes. Data analysis showed that genes ADARB2, 
ADCY6, ALPK3, ANO4, BMS2, EDEM1, ERICH1, FNIP2, 
KIRREL3, NGB, PAQR6, TJP3,RICH1, RLBP1, SMARCC2, 
UBE2K, UNG were targets for miR408-3p, with free energy 
from -108 kJ/mole to -113 kJ/mole and ΔG/ΔGm value from 
91% to 95%. Therefore, miR408-3p can regulate a significant 
number of genes and further study is required. The miR10521-
5p, miR1118-5p, miR1124-3p, miR1129-5p, miR1134-3p, 
miR1138-3p, miR164-5p, miR5086-5p, miR9652-5p, 
miR9655-3p, miR9661-5p, miR9773-3p, miR9780-3p, 
miR9781-3p bound to mRNA of four or more target genes. 
The functions of the identified target genes were diverse.
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The figure shows the interaction schemes of tae-mir408-
3p, zma-miR529-3p, and zma-miR482-3p with different 
regions of mRNA (5'UTR, CDS, 3'UTR) of human genes. The
interactions between miRNA and mRNA show the role of 
noncanonical G-U and A-C pairs in increasing the free energy 
of interaction between miRNA and mRNA.

Fig. 1. - Schemes of the interaction of tae-miRNA and zma-miRNA with 
mRNA human genes

Note: The upper and lower nucleotide sequences of mRNA and 
miRNA, respectively. The bold type indicates the nucleotide of non-
canonical pairs U-G; A-C.

It should be noted that miRNA binding sites with mRNAs 
of target genes had the same ΔG (kJ/mole) and ΔG/ΔGm (%) 
values for each miRNA: for tae-mir408-3p and mRNA of 
ADARB2, ANO4, FNIP2, TJP3 genes ΔG equal 110 kJ/mole, 
ΔG/ΔGm equal 93%; for zma-miR529 and mRNA of 

ATP6VOA4, CHD2, MAP7, MLL, PDE4B genes ΔG equal -
106 kJ/mole, ΔG/ΔGm equal 94%; for zma-miR482-3p and 
mRNA of ATP2A3, CSF1, LARP1, LMBRD2, PTER,
STK32A, TMCO5A, TTC25 genes ΔG equal -96 kJ/mole, 
ΔG/ΔGm equal 92%.

Conclusion
Thus, the consumption of wheat and maize in food not 

only provides the human body with energy, but also their 
miRNAs are involved in the regulation of gene expression, 
affecting human metabolism. The miRNAs significantly 
affect many genes, so plant miRNAs can be regulators of 
human gene expression.
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Abstract — Basic mirror symmetry is found, for all three 
types of genomes (bacterial, chloroplasts and mitochondria). 
The patterns are arranged by the formally identified fragments 
of a genome, of the same length converted into triplet frequency 
dictionaries. Prevalent pattern for all genome types looks like a 
three ray star with the fragments gathered into the clusters. 
Some deviations and violations of the typical pattern are 
observed and discussed.

Keywords — nucleotide sequence, triplet, frequency, 
clustering, order, GC-content

Motivation and aim

Motivation
It is well-known that various fragments of a genome differ 

each other in their role in inherited information processing. 
We investigated the reciprocal problem of the impact of those 
functional difference onto the structurally determined 
difference of the formally identified fragments of a genome. 
We concentrated on single chromosome genomes (bacteria, 
chloroplasts and mitochondria).

Aim 
The aim of this work is to compare the patterns revealed 

through the distribution of formally identified fragments of a 
genome into the triplet frequency space, in terms of the 
symmetry (or asymmetry) of that former.

Methods
We used two-step transformation of a genome to reveal the 

inner structuredness. Firstly, each genome was covered with a 
set of (overlapping) tiles. Each tile is a subsequence of the 
given length L ; they located along a genome with the step 
T . We used 603L and 11T ; it is important that the 
length L is odd and divisible by 3, and the step T is 
indivisible by 3. Each tile is labeled with so called relative 
phase index. The index marks up the tiles in terms their 
functional role to be found within a genome, according to an 
annotation.

To determine the index, we traced the location of the 
central nucleotide at the tile. If the central nucleotide falls 
within a non-coding region, it takes index value j . When the 
central nucleotide falls within a coding region (regardless the 
inner exon-intron structure of a gene), then the index value is 
0, if the remainder of the division of the distance (defined in 
nucleotides number) from the start position of a coding region 
to the central nucleotide of the tile position by 3. 
Correspondingly, the index value is 1 and 2, if the remainder 
is equal to 1 or 2. These phase indices are determined for the 
leading strand. Reciprocally, the indices take values j , 0
, 1 or 2 , for the genes located at the ladder strand. 
Obviously, the remainder and the distance to the central 
nucleotide of the tile must determined from the “end” of the 
annotated fragment, since any gene bank stores a singly 
strand, only.

As soon, as each tile is labeled, it must be converted into a 
triplet frequency dictionary )(nWI , where I is the index 
value, and n is the location of the tile along a genome. Hence, 
a genome is transformed into an ensemble of the points in 63-
dimensional metric space with Euclidean metrics; we 
eliminated a triplet from the analysis, since the sum of all 64 
frequencies yields 1. It should be stressed that the frequency 
dictionary contains the triplets counted with the reading frame 
shift equal to 3; in other words, the count of the triplets 
corresponds to the translation reading frame shift; such design 
revealed the difference between the coding and non-coding 
regions, as well as the genes located in leading and ladder 
strands.

Practically, the triplet with the least standard deviation 
determined over the entire ensemble was excluded and the 
motivation is apparent: it contributes least of all into 
separability of the points. These were the triplets GGG for 
bacteria, GCG for chloroplasts and ACT for mitochondria. 
Also, for each tile GC-content has been calculated, as well as 
the genome-wide one.

Next, we studied the inner structure of the ensemble, 
through the analysis of the distribution of those points in the 
metric space provided by frequencies, and principal 
components [1]. We used freely distributed software 
VidaExperts [2, 3].

The inner structuredness has been studied for a family of
a single chromosome genomes, among them are bacteria 
genomes (168), chloroplast genomes (789) and mitochondria 
genomes, both animal (463) and plant (45).

Results
Examination of structure produced by the distribution of 

the tiles converted into triplet frequency dictionary exhibits 
four-cluster pattern for greater part of genomes. This is a star-
like pattern with three rays comprising the tiles of the specific 
phase indices. Remarkable fact is that outer parts (rays) of the 
star are comprised with the tiles laid at the coding regions; the 
inner cluster comprises the tiles belonging to non-coding 
regions of a genome. The interlocation of the tiles follows the 
symmetry composition: the first (core) ray comprises the tiles 
of 2 and 2 indices; two other rays incorporate the tiles of 
0 and 1, and 0 and 1 phase indices. The central core of 
the pattern is occupied with j phase tiles.

The most common fact is that two sets of clusters 
corresponding to three indices and determined over the 
leading strand and the ladder one, reciprocally, mirror each 
other. Mirroring here means that the phase index runs the 
circuit over the cluster clockwise, for leading strand, and 
counter clockwise, for ladder strand.

This pattern is absolutely typical for chloroplast genomes: 
no exclusions have been found in the analysis of 798 entities. 
It should be noticed that chloroplast genomes indeed have 
some extra cluster; that latter comprises the tiles covering the 
area of very densely located tRNA genes in a genome. These 

344



tiles have extremely high local GC-content, thus gathering 
into an individual cluster. The profiles of GC-content along 
chloroplast genomes could be seen in [4].

Chloroplasts Bacteria Mitochondria

Fig. 1. Typical patterns observed for three types of genomes, see explanations in text.

Bacterial genomes exhibit diverse variety of patterns. 
Meanwhile, it should be said that three-ray pattern is typical 
for GC-reach and GC-poor bacterial genomes. Middle level 
GC-content bacterial genomes may have various patterns, 
among them is that one shown in Fig.1. Greater majority of 
genomes shows the three-ray star-like pattern, with the tiles 
falling into non-coding regions located in the center of the 
pattern, and the rays comprising the tiles indexed as described 
above.

The most unexpected and significantly less structured 
patterns exhibit mitochondrial genomes. To begin with, there 
is tremendous difference between animal and plant 
mitochondrial genomes, in terms of the clustering. 

Fig.1. shows the examples of the patterns to be observed 
for the genomes of various origin. Upper row of figures 

presents the clustering observed in the projection of the second 
and the third principal components. Coloring in these pictures 
corresponds to the relative index phases: j is brown, 0 and 

0 are blue and pink, 1 and 1 are green and violet, 2
and 2 are orange and yellow. For any genome with mirror 
symmetry the phases 2 and 2 always form a cluster; for 
other patterns there might be some other combinations.

Lower row in Fig.1 shows GC-content distribution, over 
the pattern. That latter is shown in the first and the second 
principal component projection. Coloring represents the local 
values of GC-content of each tile, changing in rainbow order 
from red (the greatest GC-content) to violet (the lowest GC-
content).
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Abstract –– The functioning of the root stem cell niche depends 
on the auxin maximum formed and maintained by auxin transport 
and local biosynthesis. The auxin maximum is located in the 
quiescent center (QC), which separates the mitotically active 
proximal and distal root meristems. Transcription factor 
WUSCHEL HOMEOBOX (WOX5) expressed in QC controls stem 
cell maintenance. In WOX5-overexpression line 35S::WOX5-GR 
we recorded increase in auxin biosynthesis through TAA1
upregulating and changes in PIN-mediated auxin transport. 
Altogether it leads to auxin redistribution between proximal and 
distal root meristems. We show with mathematical modeling that 
increasing TAA1 expression is sufficient to trigger auxin 
redistribution. Numerical simulation results reproduce wild type 
and WOX5 overexpressing columella phenotypes. Key role of 
auxin biosynthesis was support with L-kynurenine (the 
competitive inhibitor of TAA1 activity) treatment for 48h, which 
partially restored the wild type phenotype in 35S::WOX5-GR line. 
Our model predicts formation of “quiescent domain” by actively 
dividing columella stem cells and columella stem cell daughters 
that was proved by 3D image analysis of root tips with traced cell 
cycle events.

Keywords –– RAM, auxin, WOX5, mitotic activity, 
mathematical model, image analysis, iRoCS toolbox, EdU

INTRODUCTION 
Root apical meristem contains a stem cell niche where a 

quiescent center (QC) promotes maintenance of the adjacent 
stem cells (initials) [1]. The distal part of the root stem cell 
niche consists of the columella stem cells (CSCs) producing 
daughters (CSCDs) further differentiating into columella 
(central root cap) cells (DCCs). WOX5 (WUSCHEL-
RELATED HOMEOBOX 5) transcription factor is the QC 
signal maintaining the columella stem cells as a part of the 
distal meristem [2]. Auxin concentration maximum in the QC 
is also required for maintenance of the adjacent stem cells, 
including CSCs, and for differentiation of CSC daughters [3]. 
Tian and co-authors proposed and provide some evidence that 
WOX5 modulates auxin biosynthesis in the QC [4]. Recent 
work shows that WOX5 acts mainly in the QC and WOX5 
mobility was not required to inhibit CSC differentiation [5].
However, mechanisms underlying this modulation and impact 
of this regulation on stem cell functions are not fully 
understood. Here we demonstrate that WOX5 activates the 
first step of auxin biosynthesis and this is very important for 
functioning of root stem cells, because disturbance in this 
regulation (e.g. in the case of WOX5 overexpression) violates 
root stem cell renewing and differentiation. 

METHODS

We create 1D hybrid computation model of auxin 
distribution in columella cells. In the model cell growth, active 
and passive auxin transport between cells, and substances
degradation are described by continuous functions, but 
transitions between the cell cycle states are discrete events, 
which are depend on auxin concentration in the cell.

Recently, iRoCS toolbox was developed [6] for annotation 
of the root tip organization in three dimensions. Together with 
the refined experimental procedure for detection of cell cycle 
progression [7], it provides an unprecedented potential to 
study the mechanism of cell cycle regulation in an entire 
organ. Here, using these techniques, we analysed the 
distributions of the key cell cycle events – DNA replication 
and mitosis in the root tips of 35S::WOX5-GR line.

RESULTS
We observe in 35S::WOX5-GR overexpression transgene 

upon DEX treatment that columella stem cell daughters do not 
undergo normal differentiation. We notice that during 48 
hours of DEX treatment almost all rows of differentiated 
columella cells are detached but small cells in the enlarging of 
upper columella part do not have starch granules and look 
similar to the wild type CSCs. This means that CSC 
descendants occurred just after DEX activation of WOX5 
expression do not undergo differentiation, but activate mitotic 
cell cycle progression.

We show that WOX5 modulates TAA1-mediated auxin 
synthesis and PIN-mediated auxin transport in root apical 
meristem. We hypothesize that modulation TAA1-mediated 
auxin synthesis results in observed changes in columella
phenotype of WOX5 overexpression line.

We developed 1D computational model of auxin 
distribution in columella with growth and division of cells. 
Using the mathematical modeling approach we showed that 
WOX5-dependent upregulation of TAA1-mediated auxin 
synthesis are sufficient to reproduce all other changes 
observes in the 35S::WOX5-GR plant roots. Incubation of L-
kynurenine (the competitive inhibitor of TAA1 activity) 
provides partially recovery the wild type columella phenotype 
of WOX5 overexpression line. So, we can conclude that the 
main role of WOX5 gene for auxin distribution is modulation 
of TAA1-mediated auxin synthesis. 

Moreover, numerical calculations predict that active cell 
divisions occur only in the lower part of columella while the 
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cells in the upper part of columella remain quiescent in 
35S::WOX5-GR transgenic line. 3D image analysis of cell 
cycle events distribution in the root tip confirms the model 
prediction.
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Abstract — Molecular markers were used to analyze the 
mitochondrial genome of the alloplasmic lines of wheat 
containing the nuclear genome of the hexaploid wheat T.
aestivum against the background of the cytoplasm of tetraploid 
wheat T.dicoccum. Eight lines showed patterns of PCR and 
CAPS markers corresponding to the species T. aestivum,
indicating the substitution of the mitochondrial genome of T.
dicoccum during backcrossing with hexaploid wheat. In the D-
N-05 line, the rps19 and orf256 gene markers corresponded to 
the parental species T.dicoccum. This line is promising in terms 
of studying the mechanisms of fertility restoration in hybrids 
with CMS. Also, using molecular marker, the nuclear gene 
Dreb-1, which is a regulator of drought tolerance, was analyzed 
and it was shown that line D-41-05 had an introgression of this 
gene from the B genome of T. dicoccum, which may lead to the 
previously established increased drought tolerance of this line.

Keywords — alloplasmic lines, common wheat, mitochondrial 
genome, drought resistance, gene 

Introduction
In connection with the task of increasing the genetic 

diversity of the main cereal crop, common wheat, T. aestivum
L. (2n = 42; BBAADD), alloplasmic lines, in which the
nuclear genome of this species combines with the cytoplasm
of an alien species as a result of remote hybridization and
subsequent backcrossing with common wheat, are of great
interest. Despite backcrossing, the nuclear genome of such
lines may contain multiple introgressions of the maternal
genome resulting from recombination. This may be important
for breeding, in particular, for the selection of forms with high
resistance to stress factors, both biotic and abiotic [1]. Nuclear
cytoplasmic interactions, in particular, the influence of the
mitochondrial genome, also make a great impact to the
phenotypic variability, fertility, and viability of hybrids [2].
The modes of variability of both the nuclear and cytoplasmic
genomes in the process of remote hybridization are still poorly
understood.

Earlier, fertile alloplasmic wheat lines were obtained at the 
Institute of Plant Biology and Biotechnology of Kazakhstan. 
The results of preliminary experiments showed the resistance 
of some lines to increased salt concentration, as well as to 
water deficiency [3]. This work is aimed at analyzing the 
peculiarities in the organization of the mitochondrial genome 
of these lines, as well as the search for genes associated with 
various manifestations of drought tolerance, and the study of 
their organization and expression.

Materials and Methods
As a material we used 9 fertile alloplasmic wheat lines 

obtained from crossing (♀) T. dicoccum Schrank (2n = 28; 
BBAA) x (♂) T. aestivum L. cv. Mironovskaya 808. Total 

DNA was isolated from 7-day old seedlings according to 
standard technique with sodium bisulfite.

Mitochondrial genome analysis
PCR markers of the following genes were taken for the 

analysis of mtDNA of alloplasmic lines: 1) orf256 - chimeric 
reading frame near the cytochrome oxidase gene (associated 
with cytoplasmic male sterility (CMS) [4]; 2) nad6-
mitochondrial gene encoding NADH-ubiquinone 
oxidoreductase (subunit 6); 3) rps19-p-pseudogene encoding 
a ribosomal protein [5]. PCR products were separated on a 2% 
agarose gel with the addition of ethidium bromide. The gel 
was photographed using GelDoc XR (BioRad, England). The 
orf256 PCR product was excised from the gel, purified using 
a kit (QIAGEN, Germany) and sequenced using a bigdye 
terminator v3.1 cycle sequencing kit (Applied Biosystems, 
USA). Sequencing products were analyzed at the Collective 
Use Center “Genomika” of the SB RAS. Additionally, in the 
case of orf256, a CAPS marker was used, namely: the PCR 
product was digested with Taq I restriction endonuclease 
(Sibenzyme, Novosibirsk) followed by electrophoresis on a 
2% agarose gel.

Analysis of the drought resistance regulator gene Dreb-1
In this work, the marker of the Dreb-1 gene described in 

[6] was used. PCR products were analyzed on a 2% agarose
gel. To confirm the single-nucleotide substitution specific for
the T. dicoccum Dreb-B1 gene, PCR products were digested
with restriction endonuclease BstF5I (Sibenzyme) followed
by electrophoresis in agarose gel. A 635 bp fragment specific
for T. dicoccum was excised from the gel and sequenced as
described above.

Results and Discussion
Analysis of the mitochondrial genome of 9 alloplasmic 

wheat lines using molecular markers for the 3 above genes 
showed that 8 lines predominantly inherit the type of male 
parent mtDNA. These lines showed the patterns of PCR 
products and a CAPS marker identical to those of T. aestivum
(Mironovskaya 808). Consequently, the restoration of fertility 
of alloplasmic recombinant lines (T. dicoccum) –T. aestivum
correlates with the substitution of DNA sequences targeting T. 
dicoccum mtDNA. An exception is the D-N-05 line, in which 
the patterns of PCR markers for the rps19 and orf256 genes 
corresponded to the parental species T.dicoccum.
Interestingly, the orf256 sequence in this line has 100% 
homology with the analogous sequence of the CMS line of T. 
timopheevii (♀) x T. aestivum (X56186), however, unlike the 
latter, the D-N-05 line is fertile. In the future, we plan to 
identify genes of fertility restoration within the nuclear 
genome of the D-N-05 line. 

As previously shown, the greatest drought tolerance is 
characteristic of the lines D-d-05b, D-b-05, D-41-05 [3]. The 
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Dreb (Dehydration responsive element binding) family of 
genes are related to the very important regulatory genes that 
affect the tolerance to different abiotic stress factors including 
drought [7]. Using markers for one of the genes of this family, 
Dreb-1, we showed that in the nuclear genome of the drought-
tolerant line D-41-05 there is a copy of the Dreb-B1 gene (Fig. 
1), which has a single nucleotide substitution characteristic of 
the sequence of Dreb-B1 T. durum [6], the tetraploid wheat 
species closest to T. dicoccum. Thus, it can be assumed that 
the increased drought tolerance of the D-41-05 line is 
associated with introgression of the T. dicoccum gene Dreb-
B1 in the genome of common wheat. In the future, we plan to 
analyze the expression of Dreb-B1 under the influence of 
drought in alloplasmic lines differing by drought resistance.
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Abstract — Golden potato cyst nematode (GPCN) Globodera 
rostochiensis is one of the major potato pathogens, and has a 
sophisticated mechanism of interaction with roots of the host 
plants. Resistance of cultivated S. tuberosum forms to GPCN 
infestation is commonly based on specific R genes introgressed 
from natural populations of related varieties. In this research, 
RNA-seq is implemented in order to investigate R genes 
composition of two S. tuberosum varieties with contrasting 
resistance to GPCN, and transcriptomic response to infestation 
is studied.

Keywords — transcriptomics, RNA-seq, potato, nematode, 
defensive response

Motivation and Aim

Motivation
S. tuberosum is a major crop cultivated worldwide and

providing a substantial amount of calories in both human food 
and cattle feed. GPCN is a quarantine pest found responsible 
for yield losses that can range from 19% to 90%, depending 
on potato cultivar. Protection of plants against potato cyst 
nematodes commonly involves the usage of nematicides or 
trap crops. However, many chemical nematicides are either
toxic or have low efficiency.

Alternatively, introduction of R genes associated with 
nematode resistance is used to protect crops. Main source of 
such genes are natural populations of Solanum species. For 
example, R genes conferring strong resistance to the 
pathotype Ro1 of GPCN were introgressed from South 
America originated species: the H1 gene from the Solanum 
tuberosum subsp. andigenum and Gro1–4 gene from the 
Bolivian species S. spegazzinii.

In Russia, GPCN occurs locally in some regions of the 
European part, southern Siberia, and the Far East. Coupled 
with importance and wide usage of potato in agriculture in 
Russian Federation, this facilitates the search for new genes 
associated with GPCN resistance of S. tuberosum, which 
makes creation of new resistant varieties possible.

Aim
This research aims to investigate transcriptomic response 

of two S. tuberosum cultivars to GPCN infestation. The 
cultivars used in this study are contrasting in resistance to 
GPCN. Resistance to nematode infestation is mediated 
through HR-response and programmed cell death that is 
commonly connected to NBS-LRR type receptors [1] Thus, 

one of the main objectives of such transcriptome investigation 
was to identify R genes, and more specifically, NBS-LRR 
genes, associated with GPCN resistance specific to the 
resistant line for further investigation and introgression in 
potato through conventional breeding or other 
biotechnological approaches. At the same time, sets of genes 
differentially expressed between two cultivars at different 
time stages and after inoculation with GPCN cysts and control 
treatment with water were identified, and functional 
annotation of DEGs was performed in order to study general 
transcriptomic response of S. tuberosum to nematode 
infestation.

Methods
In order to study specifics of plant-nematode interaction 

and defense mechanisms, two accessions of S. tuberosum – k-
11291 (collected in Peru) and k-9836 (from Bolivia) – were 
selected. Accession k-9836 is susceptible to GPCN, while k-
11291 is highly resistant, but contains no DNA markers of 
Gro1-4 and H1, commonly associated with resistance to the 
nematode. RNA-seq was performed in order to study 
transcriptome of the two plant cultivars. Total RNA was 
collected collected before inoculation (0 hours), 24 and 72 
hours after inoculation with G. rostochiensis (pathotype Ro1).
For each genotype, three infected and three control (water-
inoculated) plants were taken, which gives us a total of 30 
mRNA samples. Illumina NextSeq 550 platform was used for 
sequencing of 2x150 reads.

After libraries filtering, short reads were aligned to the S. 
tuberosum reference genome using STAR maps. Differential 
expression search was performed with EdgeR package, and 
Gene Ontology terms enrichment analysis was carried out.

Additionally, de novo transcriptome assembly was 
performed using Trinity assembler, and obtained
transcriptomes were searched for R genes through NBS and 
LRR domain prediction. Assembled transcriptome was 
aligned to the reference genome with aid of BLAT aligner in 
order to identify novel transcript. hmmscan utility from 
HMMER package was implemented for domain structure 
prediction of transcripts, and NLR-parser software was used 
to specifically identify transcripts containing NBS and LRR 
domains associated with plant immunity and defense 
responses.
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For a set of specific genes of interest, qRT-PCR expression 
quantification was performed in order to validate predicted 
differential expression.

Results
Functional annotation of DEGs revealed a strong 

difference in transcriptomes dynamics in the roots of resistant 
and susceptible S. tuberosum varieties in response to 
nematode infestation. While susceptible variety’s response to 
GPCN cysts inoculation was similar to the response to simple 
water treatment performed as a control, and included 
activation of genes associated with cell cycle and mitosis, 
resistant variety’s response to GPCN was quite different and 
included up-regulation of genes associated with stress 
response, and activation of peptidase inhibitor- and 
glycosylase-encoding genes.

De novo transcriptome assembly revealed a number of 
transcripts with no annotation in reference transcriptome that 
are actively expressing in the resistant line. Namely, a contig 
was identified that has no homology to the annotated genome 

sequence of S. tuberosum nor has any presence in the 
transcriptome of the susceptible potato variety, and at the 
same time has NBS and LRR domains. This contig is a 
promising molecular marker of nematode resistance and can 
further be implemented in engineering of new agriculturally 
important varieties of potato.
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Abstract — In the present study, the components of the gene 
regulatory network governing the anthocyanin and 
proanthocyanidin biosynthesis in barely grain and leaf sheath 
were identified based on comparative mapping and 
transcription analysis approaches. The regulatory relationships 
between the genes were established using unique barley 
anthocyanin/proanthocyanidin mutants and near-isogenic lines.

Keywords — anthocyanins, proanthocyanidins, structural and 
regulatory genes, regulatory loops, Hordeum vulgare L.

Motivation and aim
Phenolic compounds are plant secondary metabolites with 

important functions in plant physiology and adaptation [1]. 
They are synthesized in various parts of the plant through 
phenylpropanoid biosynthesis pathway and different branches 
of flavonoid biosynthesis pathway. In barley (Hordeum 
vulgare L.), the application of the grain is dependent on the 
phenolic composition. For example, proanthocyanidins (also 
known as condensed tannins) are undesirable in barley 
cultivars used in malt production as they cause chill haze 
reducing beer quality [2]. In contrast, anthocyanins that can 
accumulate in aleurone layer and pericarp and cause blue and 
purple color of grain, respectively, are promising functional 
food ingredients and are desirable in cultivars for human 
consumption [3]. More information is required to fully 
understand how to manage the content of phenolic compounds 
in the barley grain. Two groups of genes control the 
biosynthesis of phenolic compounds: structural genes that 
encode enzymes of the pathway, and regulatory genes that
encode MYB, bHLH or WD40 transcriptional factors (TFs). 
The TFs form complexes that activate transcription of the 
structural genes in a tissue-specific manner [4].

The aim of the current study was to identify the 
components of the gene regulatory networks underlining 
synthesis of phenolic compounds in barley grains and to study 
regulatory relationships between them in the course of 
synthesis of anthocyanins and proanthocyanidins.

Methods
A set of barley mutants with lesion in anthocyanin and/or 

proanthocyanidin biosynthesis and Bowman near-isogenic 
lines (NILs) differing in anthocyanin pigmentation of grain 
and leaf sheath were used in the study. The barley lines were 
obtained from NordGen (Alnarp, Sweden). Nucleotide 

sequences of the candidate genes for the Ant1, Ant2, Ant 5,
Ant13 loci were determined by Sanger sequencing of the 
corresponding mutants, NILs and their parental cultivars. 
Expression of the anthocyanin biosynthesis genes in grain and 
leaf sheath was explored by qRT-PCR.

Results
The regulatory function of the Ant1 (mapped to 

chromosome 7HS), Ant2 (2HL) and Ant13 (6HL) loci on 
anthocyanin biosynthesis were suggested based on the 
previous studies of the anthocyanin/proanthocyanidin-less 
barley mutants [5]. Comparative mapping data allowed us to 
assign molecular functions to the loci. The Ant1 gene encodes 
a MYB-like TF, required for the activation of expression of 
the anthocyanin biosynthesis structural genes in leaf sheath 
[6,7], while the Ant2 gene encodes a bHLH-type TF that is 
required together with Ant1 for the activation of the 
anthocyanin biosynthesis in grain pericarp [8]. Ant13 encodes 
a WD40 TF. SNPs leading to stop codons and amino acid 
substitutions were identified in the ant13 mutants. In the case 
of the Ant1 and Ant2 genes differences in promoter regions 
were identified and were assumed to prevent expression of the 
recessive alleles of these genes in non-colored grain pericarp. 
Bowman and its purple-grained NIL with dominant alleles of 
the both Ant1 and Ant2 genes were used to create new lines 
with different combinations of the dominant and recessive 
alleles of these genes [8]. Expression analysis of the structural 
genes in the obtained NILs revealed that the transcription of 
the structural gene Ans that encodes anthocyanidin synthase is 
strongly dependent on the dominant alleles of the both Ant1
and Ant2 genes. As the analysis of the anthocyanin-less 
mutants demonstrated that the Ant1, Ant2 and Ant5 loci 
controlled together the reaction of conversion of 
leucoanthocyanidins into anthocyanidins catalyzed by ANS 
[5], the Ans gene was suggested as a candidate gene for the 
Ant5 locus. Sequencing of the Ans gene in a set of ant5
mutants and parental cultivars revealed the SNPs causing stop 
codons and amino acid substitutions destroying the protein 
function.

The regulatory relationships between the Ant1 and Ant2
genes were established. Transcription of Ant2 was up-
regulated in the presence of a dominant allele of Ant1 and
transcription of Ant1 was increased in the presence of a 
dominant allele of Ant2. The data suggested existence of a 
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positive regulatory loop between the two genes. The present 
study is the first report on interaction between the 
anthocyanins regulatory genes in monocot plant species.
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Abstract — The Vavilov seed bank contains numerous 
landraces collected nearly hundred years ago, before intensive 
breeding of most crops, and thus is a potential reservoir of 
historic crop adaptations. Here we analyze the genomes of 407 
of Vavilov's original landraces, sampled from major historic 
centers of chickpea cultivation and secondary diversification. 
We performed GWAS to find associations between VIR’s 
chickpea accessions and phenotypic data obtained in Kuban 
experimental station of VIR in 2017 under infectious 
conditions. To find out the effects of infectious conditions on 
phenotypic traits, the data was subjected to AMMI and GGE 
biplot analyses.

Keywords — chickpea (Cicer arietinum L.), GWAS analysis, 
candidate genes, АММI, GGE biplot

Motivation and Aim
The Vavilov seed bank contains numerous landraces 

collected nearly hundred years ago, before intensive 
breeding of most crops, and thus is a potential reservoir of 
historic crop adaptations. The expanded diversity of these 
early collections likely contains ‘genetic gems’ with the 
potential to enhance modern breeding efforts [1]. Here we 
analyze the genomes of 407 of Vavilov's original landraces, 
sampled from major historic centers of chickpea cultivation 
and secondary diversification.

Earlier we have performed Genome-wide association 
study (GWAS) to find associations between VIR’s chickpea 
accessions and phenotypic data obtained in Kuban 
experimental station of VIR in 2016. GWAS analysis 
identified a large number of genome intervals and potential 
gene candidates that may affect important agronomic traits. 
In 2017 the phenotypic data was obtained in Kuban 
experimental station of VIR under infectious conditions. 
GWAS analysis was performed with phenotypic data 
obtained in 2017 and AMMI (Additive Main effects and 
Multiplicative Interaction) and GGE (Genotype plus 
Genotype-Environment interaction) biplot analyses were 
performed to determine the effect of genotype, environment 

and their interaction for phenotypic traits measured both in 
2016 and 2017 under different infectious conditions.

Methods
Genotyping by sequencing (GBS) of VIR’s 407 

chickpea accessions from different countries identified 
56,855 segregating single nucleotide polymorphisms 
(SNP). For these SNP calls we implemented inclusion 
criteria: minor allele frequency (MAF) more than 3%, 
genotype call-rate more than 90%. 2,579 SNPs passed all 
filters and remained for further analysis. We performed 
GWAS to find associations between VIR’s chickpea 
accessions and phenotypic data obtained in Kuban 
experimental station of VIR in 2017 under infectious 
conditions. To find out the effects of infectious conditions 
on phenotypic traits, the data was subjected to AMMI and 
GGE biplot analyses.

Results
GWAS analysis identified three SNPs on chromosomes 

2, 7 and 8, respectively, significally associated with days 
from begginning to end of flowering under infectious 
conditions. SNP on chromosome 8 was also detected in
previous GWAS analysis performed with phenotypic traits 
obtained in 2016 and with specific climatic variables at 
collection sites [2]. This SNP is a strong candidate marker 
for future selection. The results indicated that AMMI and 
GGE biplot analyses are informative methods to evaluate 
the effects of infectious conditions on phenotypic traits.

ACKNOWLEDGMENT 

Supported by the RSCF (16-16-00007).

REFERENCES

[1] Plekhanova E. et al. (2017) Genomic and phenotypic analysis of 
Vavilov's historic landraces reveals the impact of environment and 
genomic islands of agronomic traits. Sci. Rep. 7:4816. doi: 
10.1038/s41598-017-05087-5.

[2] Sokolkova A.B. et al. (2020) Signatures of ecological adaptation in 
genomes of chickpea landraces. Biofizika. 65(2): 1-4.

354



DOI 10.18699/BGRS/SB-2020-222

Analysis of agronomic traits of mungbean (Vigna radiata)
accessions from the World Vegetable Gene Bank (Taiwan)

Alena Sokolkova
Peter the Great St. Petersburg 

Polytechnic University, St. Petersburg, 
Russia

alyonasok@yandex.ru

Margarita A. Vishnyakova
Federal Research Centre All-Russian 
N.I. Vavilov Institute of Plant Genetic 

Resources (VIR), St. Petersburg, Russia
m.vishnyakova@vir.nw.ru

Chau-Ti Ting
National Taiwan University, Taipei 

106, Taiwan
ctting@ntu.edu.tw

Marina Burlyaeva
Federal Research Centre All-Russian 
N.I. Vavilov Institute of Plant Genetic 

Resources (VIR), St. Petersburg, Russia
m.burlyaeva@vir.nw.ru

Roland Schafleitner
World Vegetable Center, Shanhua, 

Tainan 74199, Taiwan
roland.schafleitner@worldveg.org

Sergey V. Nuzhdin
University of Southern California, 

Program in Molecular and 
Computational Biology, Dornsife 

College of Letters Arts & Sciences, Los 
Angeles, CA 90089 USA

snuzhdin@usc.edu

Maria G. Samsonova
Peter the Great St. Petersburg 

Polytechnic University, Department of 
Applied Mathematics, St. Petersburg, 

Russia
m.g.samsonova@gmail.com

Eric von Wettberg
University of Vermont, Department of 
Plant and Soil Science, Burlington, VT 

05405, USA
eric.bishop-von-wettberg@uvm.edu

Tatjana Valiannikova
Kuban Branch of Federal Research 

Centre All-Russian N.I. Vavilov 
Institute of Plant Genetic Resources 

(VIR), Krasnodar region, Russia
fitolaka61@yandex.ru

Cheng-Ruei Lee
National Taiwan University, Taipei 

106, Taiwan
chengrueilee@ntu.edu.tw

Abstract — The World Vegetable Gene Bank, in Taiwan, 
houses a unique genebank of mungbean. Here we analyze the 
genomes of 293 accessions that represent the major market 
classes. GWAS analysis conducted on phenotypic data 
obtained in Astrakhan experimental station of VIR in 2019 
and multi-environmental GWAS analysis with phenotypic 
data obtained in different locations and time periods (Taiwan 
1984, Taiwan 2018, India 2016, Kuban 2018, Astrakhan 2019) 
identified a large number of genome intervals and potential 
gene candidates that may affect important agronomic traits. 
To find out the effects of different climatic conditions on 
phenotypic traits, the data was subjected to AMMI and GGE 
biplot analyses. Phenotyping the mini-core collection of 
mungbean in different climatic locations can estimate 
phenology traits such as maturation. Uncovering SNPs for 
these traits will speed breeding efforts for production of 
mungbean suitable for cultivation in temperate regions.

Keywords — mungbean (Vigna radiata), GWAS analysis, 
candidate genes, АММI, GGE biplot

Motivation and aim

Motivation
Vigna radiata is important Asian pulse crop, important 

as dried seeds, sprouts, and in the green form as vegetables. 
With good heat and drought tolerance, this crop is often 
grown as summer pulses in contrast to winter pulses such as 
chickpea and lentil, making it important for food security 
and nutritional diversity in many parts of Asia. The World 
Vegetable Gene Bank, in Taiwan, houses a unique genebank 
of mungbean [1]. Here we analyze the genomes of 293 
accessions that represent the major market classes.

Aim
Earlier we have performed Genome-wide association 

study (GWAS) to find associations between accessions of 
the mini-core collection and phenotypic data obtained in 
Kuban experimental station of VIR in 2018 under stress 
weather conditions. GWAS analysis identified a block of 
four SNPs within the region of strong linkage associated 
with maturation in stress weather conditions in which genes 
encoding zinc finger A20 and AN1 domain stress-
associated protein are located. SAPs are known to prevent 
the loss of yield caused by environmental stresses [2]. In 
2019 the phenotypic data was obtained in Astrakhan 
experimental station of VIR. GWAS analysis was 
performed with phenotypic data obtained in 2019. 
Previously, the mini-core collection has been grown in 
common field plots in several locations, including Taiwan 
(1984, 2018), and India in 2016. Multi-Environmental 
GWAS analysis was performed with phenotypic data 
obtained in different locations and time periods and AMMI 
(Additive Main effects and Multiplicative Interaction) and 
GGE (Genotype plus Genotype-Environment interaction) 
biplot analyses were performed to determine the effect of 
genotype, environment and their interaction for phenotypic 
traits measured under different climatic conditions.

Methods
Genotyping by sequencing (GBS) of the mini-core 

collection’s 293 mungbean accessions from different 
countries identified 8,466 segregating single nucleotide 
polymorphisms (SNP). For these SNP calls we 
implemented inclusion criteria: minor allele frequency 
(MAF) more than 3%, genotype call-rate more than 90%. 
5,041 SNPs passed all filters and remained for further 
analysis. We performed GWAS to find associations 
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between mungbean accessions and phenotypic data 
obtained in Astrakhan experimental station of VIR in 2019 
and multi-environmental GWAS analysis with phenotypic 
data obtained in different locations and time periods 
(Taiwan 1984, Taiwan 2018, India 2016, Kuban 2018, 
Astrakhan 2019). To find out the effects of different climatic 
conditions on phenotypic traits, the data was subjected to 
AMMI and GGE biplot analyses.

Results
GWAS analysis conducted on phenotypic data obtained 

in Astrakhan experimental station of VIR in 2019 and multi-
environmental GWAS analysis with phenotypic data 
obtained in different locations and time periods (Taiwan 
1984, Taiwan 2018, India 2016, Kuban 2018, Astrakhan 
2019) identified a large number of genome intervals and 
potential gene candidates that may affect important 
agronomic traits. The results indicated that AMMI and GGE
biplot analyses are informative methods to evaluate the 

effects of different climatic conditions on phenotypic traits. 
The mini-core collection of mungbean established by the 
World Vegetable Center is a valuable resource for 
mungbean breeding. Phenotyping of this collection in 
different climatic locations can estimate phenology traits 
such as maturation. Uncovering SNPs for these traits will 
speed breeding efforts for production of mungbean suitable 
for cultivation in temperate regions.
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Abstract — Currently functional nutrition has developed 
intensively. Functional foods are a valuable addition to existing 
dietary therapy. Such products are enriched with biologically 
active substances. Anthocyanins attract particular attention due 
to multiple beneficial properties including antitumor activity. 
Here we used two wheat near-isogenic lines created at the 
Institute of Cytology and Genetics SB RAS [1] that have almost 
similar genomes with the exception of a small part of 
chromosome 2A, which contains the Pp3/TaMyc1 gene 
regulating anthocyanin biosynthesis, to assess the effect of an 
anthocyanin-rich grain diet on the development and metastasis 
of the Lewis lung carcinoma (LLC), as well as the accompanying 
immune response in C57BL/6 mice. Mice were kept at a grain 
or standard diet for four month prior tumor transplantation. A 
decrease in the number of metastases in the lungs and the size of 
the tumor in the groups at a grain diet, regardless of the content 
of anthocyanins, was revealed. However, the highest percentage 
of animals without metastases was observed at an anthocyanin-
rich grain diet. The LLC transplantation caused a significant 
increase in plasma levels of pro-inflammatory cytokines (IL-6

and LIF) in mice at a standard diet, but not in animals at grain 
diets. Thus, the anthocyanin-rich diet helps to reduce the 
severity of the tumor process. The antitumor effects of grain 
diets are probably mediated by modulation of signaling 
pathways associated with IL-6 cytokines.

Keywords — functional food, wheat grain, anthocyanins, 
tumor, metastasis, mice, immune, cytokine.
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Abstract — MtWOX9-1 gene was shown to stimulate somatic 
embryogenesis in vitro in Medicago truncatula. To understand 
its functions in this process, we performed transcriptomic 
analysis of MtWOX9-1 overexpressing calli, as well as expression 
correlation analysis. As a result, we obtained a list of possible 
MtWOX9-1 targets during somatic emyryogenesis. Now we are 
checking these possible targets using ChIP-seq analysis.

Keywords — somatic embryogenesis, transcription factors,
Medicago truncatula

Motivation and Aim

Motivation
Somatic embryogenesis (SE) is the development of 

embryo-like structures from somatic plant tissues. SE in vitro
is widely used for plant propagation and transformation; 
therefore, the search for SE stimulators and revealing of the 
mechanisms of their functioning are very important for 
biotechnology. 

Aim
Previously, we have shown that transcription factor 

MtWOX9-1, belonging to the WOX family, can stimulate SE 
in the Medicago truncatula callus culture. In this research, 
transcriptomic analysis of highly embryogenic calli with 
MtWOX9-1 overexpression was performed. 

Methods
We used RNA from transgenic calli with MtWOX9-1

overexpression and wildtype calli of R-108 line as a control to 
perform trancriptomic analysis. During bioinformatics 
processing of transcriptomic data, we used Trimmomatic for 
deleting adapter sequences (Bolger et al., 2014), HISAT2 for 
alignment with the reference genome (Kim et al., 2015), 
Stringtie for counting reads (Pertea et al., 2015), DESeq2 for 
the search for differentially expressed genes (Love et al., 
2014), GSEABase for gene enrichment analysis (Morgan et 
al., 2019) and WGCNA for gene correlation networks search 
(Langfelder, Horvath, 2008).

Results
It was shown that MtWOX9-1 overexpression led to the 

activation of several groups of genes, including genes related 
to cell division, tissue differentiation, and seed development. 
Among enriched GO groups, we found several gene sets, 
related with repressive epigenetic changes. Using Medicago 
Truncatula Gene Expression Atlas, we also identified a group 
of genes encoding for transcription factors, that were both 
coexpressed with MtWOX9-1 in different plant organs and 
differentially expressed in our samples. These genes are 
putative targets of MtWOX9-1, and they may act in the same 
pathway with this regulator during SE. Now we are checking, 
if MtWOX9-1 binds indeed to these targets, using ChIP-seq 
analysis.
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Abstract — Non-brittle rachis 1 (Btr1) gene involves in 
regulation of the brittle/ non-brittle spike trait, which is one of 
the key domestication traits in Triticum species. In this study 
genetic variability of Btr1 genes from di- and tetraploid wheat 
species and Aegilops speltoides, which is donor of B-genome for 
polyploid wheat species, were investigated.

Keywords — Triticum, Aegilops, spike morphology, brittle 
rachis, Btr1 gene

Motivation and aim

Motivation
The Non-brittle rachis 1 (Btr1) and Non-brittle rachis 2

(Btr2) genes are known to control important agriculture trait 
in barley, namely the formation of a non-brittle rachis [1]. 
Homologues genes Brt1 and Btr2 were recently described for 
wheat species [2,3]. It was shown that one non-synonymous 
substitution in the coding region of Btr1-A gene (A119T) 
leads to non-brittle rachis formation in accessions of diploid 
einkorn wheat Triticum monococcum [2,4]. The investigation 
of Btr1-A gene variability in polyploid wheat revealed 
allele which possess the loos-of-function deletion 2bp in 
length within the coding region [3, 4]. All poliploid wheat 
species studied so far possess the above mentioned 
deletion in Btr1-A.
Aim

In the present study we investigated genetic variability of 
Btr1 genes from di- and tetraploid wheat species and Aegilops 
speltoides, which is B-genome donor of polyploid wheats, in 
order to clarify the phylogenetic relationships between 
Triticum and Aegilops genera.

Methods
Germplasm of di- and tetraploid wheat species and Ae. 

speltoides were grown under standard greenhouse conditions. 
Brittle/ non-brittle spike trait was determined visually. List of 
wheat accessions analyzed in this study is presented in Table 
I. Total DNA was isolated from 100 mg of leaves using the 
Wizard® Genomic DNA Purification Kit (Promega)
according to the manufacturer’s protocol. The whole genome 
sequences (WGS) of Triticum dicoccoides (LSYQ02000006), 
Triticum aestivum (OETA01178479) (B-genome) were used 
to design genome-specific primers to amplify Btr1-B and 
Btr1-S genes from tetraploid wheats and Ae. speltoides. The 
primer pair Btr1-BF/ Btr1-BR 5'-
GACGAGCTTGACCTCCCATGAG -3'/ 5'-
GTGCGAATCGCTACTCCATC -3' amplified partial 
upstream and downstream parts and coding region Btr1-B and 
Btr1-S genes. For PCR amplification of the same Btr1-A
region primers Btr-A1-F/ Btr-A1-R were used [5]. PCR was
performed in 20 μl volume containing 20 ng of genomic DNA, 

10 mM Tris-HCl (pH 8.9), 1 mM (NH4)2SO4, 1.5 mM MgCl2,
200 μM dNTPs, 0.5 μM primers, and 0.25 U of Taq DNA 
polymerase. PCR products were separated by agarose gel 
electrophoresis and purified using a QIAquick Gel Extraction 
Kit (QIAGEN). For all wheat accessions purified PCR 
products were sequenced. Sequencing reactions were 
performed with 20 ng of the PCR product and ABI BigDye 
Terminator Kit on an ABI 3130XL Genetic Analyser (Applied 
Biosystems) in SB RAS Genomics Core Facility 
(http://www.niboch.nsc.ru/doku.php/corefacility). Nucleotide 
and amino acid sequences alignments were performed using 
AliView v. 1.18.1 [6]. Phylogenetic analysis of sequences was 
performed with the IQ-TREE 1.6.11 program [7].

WHEAT AND AEGILOPS ACCESSIONS USED IN THE STUDY AND THEIR
PHENOTYPES

Species Accession Phenotype

Triticum monococcum L. PI 289599 Non-brittle rachis

T. urartu Thum. ex Gandil. IG-44829 Brittle rachis

T. boeoticum Boiss. к-40118 Brittle rachis
T. dicoccoides (Körn. ex 
Asch. & Graebn.) Schweinf. PI 467027 Brittle rachis

T. dicoccoides (Körn. ex 
Asch. & Graebn.) Schweinf. PI 66841 Brittle rachis

T. dicoccum (Schrank) 
Schuebl. к-7500 Brittle rachis

T. dicoccum (Schrank) 
Schuebl. к-327430 Brittle rachis

T. karamyschevii Nevski KU190 Brittle rachis

T. turgidum L. к-16156 Non-brittle rachis

T. durum Desf. к-17784 Non-brittle rachis

T. durum Desf. к-17787 Non-brittle rachis

T. turanicum Jakubz. к-15993 Non-brittle rachis

T. polonicum L. к-39297 Non-brittle rachis

T. polonicum L. к-17893 Non-brittle rachis

T. aethiopicum Jakubz. 18999 Non-brittle rachis

T. carthlicum Nevski к-7106 Non-brittle rachis

T. araraticum Jakubz. к-30258 Brittle rachis

T. araraticum Jakubz. к-31628 Brittle rachis

T. timopheevii (Zhuk.) Zhuk. к-29537 Brittle rachis

T. timopheevii (Zhuk.) Zhuk. к-29540 Brittle rachis

Aegilops speltoides Tausch Ae-352 Brittle rachis

Ae. speltoides Tausch к-1596 Brittle rachis
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Results
We obtained the Btr1 (Btr1-A and Btr1-B) and Btr1-S

sequences for 14 wheat species and Ae. speltoides,
respectively (Table I).

For diploid wheat accessions the length of the Btr1-A
sequences obtained were 902 bp. In the case of tetraploid 
wheat accessions, the length of the gene sequences was 899 
bp. There were 1 bp deletion in the upstream and 2 bp deletion 
in the coding region of the Btr1-A gene compared with 
diploids. According to the comparative analyzes, the Btr1-A
gene sequences of T. monococcum (PI 289599), T. urartu (IG-
44829) and T. boeoticum (k-40118) were identical with 
sequences presented previously [2]. Deletion of 2 bp in the 
Btr1-A coding region of 11 tetraploid wheat species studied 
was identical to hexaploid wheats [3, 5]. This deletion formed 
a premature stop codon and resulted in a non-functional 
protein [3].

Nucleotide sequences of Btr1-B and Btr1-S genes were 
detected for the first time. For all tetraploid and Aegilops 
accessions analyzed the length of the Btr1-B and Btr1-S
sequences were variable. This varialibility was caused by 
poly-(GA) track in promoter region of the genes. No indels in 
coding region were detected.

We conducted phylogenetic analysis of Btr1 genes from 
di- and tetraploid wheat species and Ae. speltoides. The data 
obtained allowed us to clarify the phylogenetic relationships 
between Triticum and Aegilops genera.
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Abstract — Bread wheat (Triticum aestivum L.) is the most 
important crop in the world. It provides about 20% of the total 
calories consumed by humans. For a long time, wheat selection 
was mainly based on phenotypic traits of the shoot, but the roots 
were given little attention. As a result, the root system of modern 
wheat varieties has weakened. Therefore, the study of genetic 
control of wheat roots development is an urgent issue. In this 
study, sequencing of RNA libraries from roots and coleoptile of 
Russian spring variety “Saratovskaya, 29” was performed. De 
novo transcriptome was assembled. 31,488 up-regulated, 35,851 
down-regulated and 18,040 roots-specific transcripts were 
found. The subsequent analysis of genes with differential 
expression will allow choosing the candidate genes for 
development of wheat varieties with resistant root system.

Keywords — wheat, roots, transcriptome, RNA-seq

Introduction
In the middle of 20th century dwarf wheat varieties were 

obtained, and this event was named the “Green revolution”. 
These varieties had strong, short stem, dark-green erected 
leaves and were able to produce a large amount of yield under 
nitrogen fertilizers [1]. But growing population size and 
climate changes require an increase in grain production not 
only in well-fertilized, but also in nutrient-poor soils. 
Therefore, there is necessity in second green revolution, and 
its source can be roots [2].

Hidden underground, roots perform functions crucial 
for the plant organism life, such as water acquisition, 
supply of nutrients and anchoring. Despite that, roots were 
out of attention of breeders throughout the history of cereal 
plant breeding. This has led to the weakening of the roots 
of modern varieties compared to their ancestors. Research 
shows that the root system of modern wheat varieties may 
not be able to adequately supply water and nutrients for 
developing seeds [3]. 

A convenient method to study the genetic control of roots 
development is transcriptome profiling using high- throughput 
RNA sequencing (RNA-seq). The method allows us to 
evaluate gene expression across the entire genome, as well as 
to find specific genes responsible for roots development that 
will be used in the future during marker-assisted selection of 
wheat varieties with resistant root system.

The aim of the current study is revealing differentially 
expressed genes between the root and shoot transcriptomes of 
allohexaploid wheat using RNA-seq analysis and identifying 
root-specific genes involved in the wheat root system 
development.

Materials and Methods

Plant material and RNA sequencing
RNA was extracted from 4-days roots and coleoptiles of 

seedlings of Russian spring wheat cultivar “Saratovskaya 29” 
in three biological replicas. One sample contained roots or
coleoptile from six different plants. Sequencing was 
performed using Illumina NextSeq 550 platform in Institute of 
Cytology and Genetics SB RAS, 75-bp reads was obtained.

In silico analysis of RNA libraries 
De novo assembly of transcriptome was performed using 

Trinity software. To evaluate quality of obtained 
transcriptome Transrate software was used. Quantification of 
reads was performed using Salmon software. To obtain 
different expressed transcripts edgeR package was used. For 
functional annotation Transrate, AgriGO and BlastKOALA 
services were used. 

Results

De novo transcriptome assembly and evaluating
In our study, for the first time, de novo transcriptome of 

the Russian spreeing variety “Saratovskaya 29” was 
assembled. In the de novo assembly, 94.2% of conserved 
monocotyledonous plant genes were found, as well as 112,934 
open reading frames, which is close to the number of reading 
frames in the annotated reference transcriptome (119,267 
open reading frames). This metrics indicate a high quality of 
the obtained transcriptome.

Differential expand specifically expressed transcripts
67,339 (50% of the total) differentially expressed 

transcripts were found, of which 31,488 were up-regulated in
the roots, and 35,851 were down-regulated. Root-specific 
expression was found in 18,040 (13%) transcripts.

Functional annotation
The analysis of saturation of gene ontology terms revealed 

that the most common products of differentially expressed 
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genes are membrane proteins and proteins associated with 
phosphorylation. These proteins are probably root-specific 
receptors and regulatory proteins responsible for root 
development.
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Abstract — Silverleaf nightshade is a noxious invasive weed 
that grows in open habitats in dry forests and scrublands. It 
became an invasive weed in many countries. In some cases, it is 
very difficult to identify the Solanum elaeagnifolium as 
individual species. In this work DNA markers were designed for 
detecting unique SNPs for identification of S. elaeagnifolium 
Cav.

Keywords — Solanum elaeagnifolium Cav., Solanum, 
chloroplast genome, SNP

Motivation and Aim

Motivation
Solanum is the largest genera in the Solanaceae family, 

containing more than 1,400 species that may belong to cultural 
(S. melongena L., S. lycopersicum L., S. tuberosum L.) and 
weed plants (S. nigrum L., S. elaeagnifolium Cav., S. 
carolinense L., S. rostratum Dunal, S. triflorum Nutt. et al.). 
One of the invasive weed species is silverleaf nightshade (S. 
elaeagnifolium Cav.). In the first time the species was 
described by Cavanilles in 1794 from plant specimens grown 
in the botanical garden of Madrid. Solanum elaeagnifolium
occurs in both North and South America, and is a harmful 
invasive weed in dry areas worldwide. It has become 
adventive on almost all continents and has received the status 
of a quarantine facility in Australia, Canada, Georgia, 
Moldova, Ukraine, the EAEU. In the Russian Federation, this 
species is absent, but there is a risk of penetration with 
imported seed and food materials. 

Silverleaf nightshade characterizes by highly variable 
morphological traits (shape of leaf, pubescence, etc.), and this 
variability has led to much synonymy, so in recent years, 

most researchers have adopted a broad interpretation of the 
species. 

Aim 
The aim of this work was to study on the DNA 

polymorphism of chloroplast intergenic spacers of wild 
species of the genus Solanum, and design DNA markers for 
identification of S. elaeagnifolium Cav. a quarantine weed 
species.

Methods
The study was performed on 130 plant samples from the 

genus Solanum, including S. elaeagnifolium Cav., which were 
represented by 32 samples. The samples for this research were 
collected in different regions word wide, where silverleaf 
nightshade grow (Argentina, Mexico, Kenya, Japan, Vietnam, 
Morocco, etc.), and supplemented by herbarium samples 
(USA, Australia, Paraguay, etc.). The matK gene and non-
coding regions of the chloroplast genome (trnL-trnT, ndhF-
rpl32) were Sanger-sequenced and used for further DNA 
marker design.

Results
This study detected high intraspecific and interspecific 

variation in some chloroplast regions, and identify SNPs 
unique to S. elaeagnifolium Cav. DNA markers that detect 
these SNPs were designed. The work will be continued 
towards the design more species-specific primers and create a 
test system that allow the identification of quarantine species 
of the genus Solanum.
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Abstract — Organelle genomes are an important tool to 
investigate domestication, distribution and microevolution of 
plant species. However, they have found limited use in cereal 
intraspecific studies so far. In the present study, organelle 
genomes of wild (Hordeum vulgare subsp. spontaneum) and 
cultivated (H. vulgare subsp. vulgare) barley samples were 
sequenced. We conducted the NGS of isolated chloroplast and 
mitochondrial DNA mixtures. This non-trivial approach 
allowed to obtain both genomes for each sample but required 
some specific steps in the data processing. Comparative analysis 
of obtained sequences revealed more than 100 polymorphic sites 
in the chloroplast genome, including new intraspecific SSR-
markers, and more than 20 polymorphisms in the mitochondrial 
genome. We also carry out the phylogenetic analysis of these 
genomes. Chloroplast and mitochondrial DNA trees were 
consistent with each other, indicating the presence of two large 
clades containing both wild and cultivated samples. Our results 
conform with a hypothesis of several domestication centres of 
barley. They also provide direct evidence of a higher rate of 
nucleotide substitutions in the chloroplast genomes as compared 
to that of mitochondria on a microevolution scale. The revealed 
high level of variability of chloroplast genomes makes it possible 
to use them for intraspecific barley differentiation.

Keywords — barley, NGS, chloroplast genome, mitochondrial 
genome, phylogeny, intraspecific variability

Motivation and Aim
The barley substituted lines collection was created to study 

nuclear-cytoplasmic interactions. It is a suitable object for 
investigating the diversity of organelle genomes within 
Hordeum vulgare species, due to the presence of samples 
bearing the cytoplasmic genomes from a wide range of wild 
and cultivated barley.

In the present study, we performed the NGS of chloroplast 
(cp) and mitochondrial (mt) DNA of 10 wild barley samples 
(substituted lines with organelle genomes from Hordeum 
vulgare subsp. spontaneum) and 7 cultivar barley samples (5 
cultivar varieties and 2 substituted lines with organelle 
genomes from H. vulgare subsp. vulgare).

The study aimed:

Evaluate the diversity of organellar genomes within 
the Hordeum vulgare species; 

Estimate the prospects of using cp and mt genome 
sequences for intraspecific barley identification;

Re-evaluate the phylogenetic structure of H. vulgare
species using complete cp and mt genome sequences of the 
presented set of wild and cultivar barley samples.

Methods
The study sample contained 5 barley cultivar varieties 

(Vezha, Roland, Vizit, Sobolyok, Maresi) and 12 substituted 
lines whith cp and mt genomes from H. vulgare subsp. vulgare
(varieties Atlas and Himalaya) and H. vulgare subsp. 
spontaneum (wild samples W1, W3, W4, W8, W9 from 
Israel). All the substituted barley lines were obtained by seven 
backcrossings (BC7).

Organelle DNA of 3-days barley seedlings was extracted 
by phenol-chloroform method from the cp fraction, obtained 
by differential centrifugation method [1]. Such fraction 
usually contains an admixture of mt DNA. This fact allows 
simultaneous sequencing both cp and mt genomes from one 
sample but requires to consider areas of homology between 
these genomes during NGS data processing.

NGS of obtained DNA samples was performed with 
MiSeq System (Illumina Inc., SanDiego, CA, USA), using 
NexteraXT library preparation kit and MiSeq Reagent Kits v.3 
and v.2. The NGS data processing algorithm was specially 
optimized for cpDNA and mtDNA mixtures with taking into 
account the presence of wide homology areas within the 
genomes and between them. Complete cp (NC008590) and mt 
(AP017301) genome sequences of H. vulgare subsp. vulgare
were used as references. The algorithm was tested on artificial 
Illumina reads synthesized with ART set of simulation tools. 
The processing included following steps: the raw reads 
trimming (Trimmomatic); aligning the reads to the "double" 
reference, containing full sequences of cp and mt barley 
genomes (Bowtie2); obtaining mapping statistics (bash 
scripts, BCFtools); visualization of the alignment (Tablet); 
generating the VCF (Variant Call Format ) files (Samtools); 
filtering of the VCF files (VCFlib)[2]. The resulted VCF files 
contained all the polymorphic loci of the cp and mt genomes 
of each sample. Complete FASTA sequences of these 
genomes were generated on the base of these files.

The phylogenetic analyses of the complete cp and mt 
genomes was carried out with Bayesian statistics methods 
(MrBayes) using the GTR (General Time-Reversible) model. 
The analyses involved sequences obtained in the study (17 cp 
and 17 mt sequences), as well as accessible in NCBI complete 
sequences of barley cp (NC008590, KC912688) and mt 
(AP017300, AP017301) genomes. Сomplete cp genome 
sequences of H. jubatum (KM974741) and H. bulbosum
(KY636105) were used as outgroups for the cp tree. There 
were no accessible complete mt genome sequences of other 
barley species. So we used Roland(W9) as an outgroup for the 
mt genome phylogeny because this sample extremely differed 
from the others both in cp and mt genomes.
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Results
We obtained and published in the NCBI GenBank 

database complete sequences of 17 cp and 17 mt genomes of: 
10 samples of Hordeum vulgare subsp. spontaneum
(substituted lines Roland(W1), Roland(W3), Roland(W4), 
Roland(W8), Roland(W9), Vezha(W3), Vezha(W8), 
Vizit(W3), Vizit(W4), Vizit(W8)) – NCBI accession numbers 
MN171376 – MN171392; 7 samples of Hordeum vulgare 
subsp. vulgare (cultivars: Vezha, Roland, Vizit, Sobolyok, 
Maresi; substituted lines: Roland(Atlas), Roland(Himalaya)) 
– NCBI accession numbers MN127966 – MN127982. 

The comparative analysis of 22 complete cp genome 
sequences of barley (17 obtained and 5 previously published) 
revealed significant variability of this genomes within H. 
vulgare species. There were detected 107 polymorphic loci: 9 
INDELs, 79 SNPs and 19 polymorphisms of SSR regions. The 
vast majority of cp genome polymorphisms lied outside the 
coding sequences, but there were 20 SNPs detected in 
genes.Among them, there were 6 amino acid substitution-
causing mutations in genes of maturase K protein, translation 
initiation factor 1 protein, RNA polymerase beta' subunit and 
NADH dehydrogenase subunits K and 6. Synonymous SNPs 
were located in genes of RNA polymerase alpha and beta’’ 
subunits, ATP synthase CF1 alpha subunit, photosystem I 
P700 chlorophyll apoprotein A1 and NADH dehydrogenase 
subunits 1, 4 and 7. 

The analysis of mt genomes included 19 complete mt 
genome sequences of barley (17 obtained and 2 early 
published). The variability of mt genomes was noticeably 
lower than that in cp: we detected only 22 SNPs and 1 INDEL. 
There were 4 acid substitution-causing mutations: 2 SNPs in 
the ribosomal protein small subunit 4 gene and 2 SNPs in 
ribosomal protein S3A pseudogene.

The phylogenetic analysis involved 21 complete cp 
genome sequences (8 H. vulgare subsp. vulgare, 11 H. 
vulgare subsp. spontaneum and 2 outgroups) and 19 complete 
mt genome sequences (8 H. vulgare subsp. vulgare, 11 H. 

vulgare subsp. spontaneum). Roland(W9) showed the 
maximum number of differences from the other samples in the 
comparative analysis: 20 unique polymorphisms of cp 
genome and 10 of mt genome. So, this sample formed a 
separate clade on the cp phylogenetic tree and also was used 
as an outgroup in the mt genomes phylogeny.

The phylogenetic trees for both cp and mitochondrial 
genomes subdivided on two big clades (Fig. 1). Both clades 
contained as wild (H. vulgare subsp. spontaneum), as 
cultivated (H. vulgare subsp. vulgare) barley samples. These 
results indicated the presence of at least two centres of H. 
vulgare subsp. vulgare origin and conformed with the 
prevailing hypothesis of several domestication centres of 
barley. [3].

These results became the starting point for a broader study 
of the intraspecific diversity of chloroplast and mitochondrial 
genomes of H. vulgare. At the present moment, we are 
conducting NGS of other substituted lines from our collection 
and also for some cultivars and wild samples of barley from 
different countries. We hope to present the new results at the 
conference.
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Abstract — The role of hippocampus in varied neural 
processes is well known; however, hippocampus is not a uniform 
structure. Our results demonstrated differences in gene 
expression between dorsal and ventral hippocampus in foxes. 
The expression of CYP26B1 in dorsal hippocampus is increased 
in tame foxes relatively to aggressive ones. 

Keywords— dorsal hippocampus, ventral hippocampus, adult 
neurogenesis

Motivation and aim

Motivation

Hippocampus is one of the brain structures that regulate 
stress, emotions, memory and cognitive functions. Moreover, 
hippocampus is also responsible for adult neurogenesis. It 
has been shown previously that tame foxes have decreased 
stress-response and increased adult neurogenesis in 
hippocampus [1,2]. Stress-response and neurogenesis may be 
interrelated [3,4]. However, when searching for the 
molecular mechanisms of these processes and their 
interrelation in hippocampus, it is important to consider that 
dorsal and ventral hippocampus are functionally distinct 
structures with its longitudinal axis being organized along a 
gradient [5,6]. Particularly, it is often supposed that ventral 
hippocampus is responsible for stress and emotions, while 
dorsal hippocampus plays its role in cognitive functions and 
memory.

Aim

The aim of this study was to test whether hippocampal 
longitudinal differences by gene expression were present in 
red foxes (Vulpes vulpes) and to compare the expression of 
genes between tame and aggressive foxes.

Methods
For the analysis dorsal and ventral hippocampus tissues of

male foxes (7-8 months old) were used. Gene expression was 
evaluated using RT-qPCR analysis. CANX gene was used as 
a reference gene. Mann-Whitney non-parametric test was used 
for pair-wise comparison.

Results
Of the genes studied, the gene expression in dorsal 

hippocampus is increased relatively to ventral hippocampus 
for CYP26B1, CADM2 and KCND2 genes. Conversely, in 
ventral hippocampus the gene expression in increased 

relatively to dorsal hippocampus for NTS, NR2F2, ADRA1A,
TRHR, and CPNE2 genes (all cases p<0.001). No significant 
difference was found for KCND3 gene.

In addition, the expression of CYP26B1 gene was 
demonstrated to be increased significantly in the dorsal 
hippocampus in tame foxes relatively to aggressive ones 
(p<0.01).

The data obtained conform to the results shown for rodents 
except for the two genes: NTS gene expression is increased in 
ventral hippocampus in foxes but in dorsal hippocampus in 
rats [7] and KCND3 gene expression difference is 
demonstrated in mice but not in foxes [8].

CYP26B1 is an enzyme responsible for degradation of 
retinoic acid, which is one of the important participants in the 
neurogenesis process. The found difference in CYP26B1 gene 
expression in dorsal hippocampus indicates the role of retinoic 
acid pathway in the mechanism of elevation of adult 
neurogenesis in tame foxes. However, the absence of this 
difference in the ventral hippocampus indicates, perhaps, 
more complex causes of changes in neurogenesis.
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Abstract — As previously observed, highly significant 
GWAS related SNPs are regularly clustered with other 
associated SNPs, implying haplotype mediated mode of 
association. We compiled a set of enriched GWAS SNPs 
‘hotspot’ regions and worked out a strategy to elucidate 
population specific haplotype spectra. We present several 
regions in demonstrating specific effects of these haplotypes. In 
particular, there is an elevated genetic drift rate in allele 
frequencies. Asian populations demonstrate the highest 
homogeneity in haplotype variation, while European 
populations often fix a unique allele not present in other 
populations, and usually maintaining deleterious effect, at least 
considering BMI trait. Also, the regions are non-randomly 
resided in open chromatin nuclear compartments, and manifest 
Hi-C interactions in a range of cases.

Keywords — GWAS, SNP, association, obesity, selective 
sweep, continental populations, 1000G

Introduction
The need for GWAS SNPs annotation remains an 

acute task in the course of elucidating the casual variants 
invoking disease pathology and trait manifestation. Many
tools have been created for that task: GwasRap, FUMA, 
SNAP (Nishizaki, Boyle, 2017 [1]). Once the majority of 
GWAS SNPs reside in non-coding regions, the major 
approach for elucidating SNPs functional impact on trait 
currently results in employing many data repositories, such as 
DNA variation sources based on 1000 Genomes Project, 
International HapMap Project, annotations of functional 
elements [2], and conservation information derived from 
multiple species alignments [2,3]. Chromatin state markers 
(DNAse accessibility profiles, histone marks landscape, Hi-C
maps, etc) are employed by such programs as FunciSNP, 
Haploreg, GWAS3D [1]. 

One of the crucial factor of disease related locus is 
its rapid evolution rate including selection sweeps [4]. It can 
be assessed by tracing the locus structure dynamics in the 
course of evolution of modern continental supergroups (EAS, 
SAS, EUR, AFR). For example, Hapmap project delineates 
the haploblock structure for each particular supergroup [3]. 
But the methods for qualitative/quantitative comparison of 
these cannot be immediately found. We implemented a 
pipeline to elucidate the most drastic differences between 
supergroups haploblock structures based on automated 
selection of the most discriminative GWAS SNPS (evoTAG 
SNPs) for these. Consequently, based on haploblock 
dynamics we were able to reconstruct evolutionary events 
underlining the current alleles structure in the locus. 

Research
We constructed the pipeline for extracting the maximal 

population specific variance SNPs within GWAS hotspots. 
Based on the methodology we present the analysis of 7 
GWAS SNPs hotspot loci with quite rapid fixation of the 
disease associated SNPs. The proposed method may help in 
elucidating the casual SNPs, as well as it underscores high 
disease risk populations across supergroups.

Conclusion
Intriguingly, but expectedly, when we applied the pipeline to 
the region of chromosome 1 we found that the most 
informative SNPs from 455 total in the region are 6 GWAS 
annotated. It underscores the adequacy and utility of the 
method 
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Motivation and Aim
Highly virulent gram-negative bacterium Yersinia pestis,

the causative agent of plague, is one of the most outstanding 
example of pathogens that caused huge damage to the health 
of mankind. Our molecular investigations showed that strains 
of medieval biovar (phylogenetic branch 2.MED) are the most 
common in the natural foci of plague with different 
geographical landscapes and occupy about 80 % of the 
territory of the natural foci of CIS [1]. 

In the 18th-19th centuries, numerous outbreaks of plague 
with high mortality rates were registered in the Caspian-Sea 
region, Russia. Our research prove that since 1912, outbreaks 
in the Northern Caspian-Sea region were caused by strains of 
medieval biovar. We identified 3 Y. pestis strains, which were 
isolated in this region and formed the previously unidentified 
phylogenetic branch 2.MED4. The strains of branch 2.MED4 
have high virulence and epidemic significance and can cause 
plague in animals and humans [2, 3]. 

This information determines the importance of further 
research of 2.MED4 strains. In this regard, it is important to 
establish their place in the evolutionary scheme of medieval 
biovar, to determine their role in plague outbreaks in the 
Caspian-Sea region, and to assess the possibility of their return 
to these territories. The aim of this study was to identify the 
specific molecular-genetic features of Y. pestis strains of the 
phylogenetic branch 2.MED4 and to develop a method for 
their identification by PCR.

Methods and Algorithms
High-performance sequencing was carried out using Ion 

PGM system (Life technologies). Ion Torrent Suite software 
3.4.2 and Newbler gsAssembler 2.6 were applied for data 
processing. For compara-tive SNP-analysis and phylogenetic 
reconstruction bioinformatics programs (Wombac 2.0, 
jModelTest, PAUP 4.0, PhyML 3.1, MEGA X, FigTree 
1.4.3.) were used. Fragment sequencing was performed using 
the ABI PRISM 3500XL platform (Applied Biosystems, 
USA).

Results
We performed comparative SNP-analysis of 3 Y. pestis

stains of branch 2.MED4. We found 10 SNPs, which specific 

to this branch and developed a method for SNP-genotyping of 
these strains by PCR. We explored 26 Y. pestis strains from 
the plague foci of the Caspian-Sea region by PCR and found 
and found 5 more Y. pestis strains of branch 2.MED4. 

We have sequenced and carried out complex analysis of 
molecular-genetic and phenotypic properties of 5 Y. pestis
strains of the previously unidentified phylogenetic branch 
2.MED4. 

According to the complex analysis of phenotypic and 
genetic properties, all strains are typical of medieval biovar of 
Y. pestis. According to PCR-/SNP-genotyping and 
phylogenetic analysis, all of 5 Y. pestis strains belong to 
phylogenetic branch 2.MED4, as well as 3 previously 
identified strains.

Our results may be useful for a retrospective analysis of 
plague outbreaks and for identifying patterns of evolution of 
medieval biovar in the Caspian-Sea region in the 18th-20th 
centuries.

Conclusion
We have sequenced and analyzed 8 Y. pestis strains of the 

previously unidentified phylogenetic branch 2.MED4. We 
found 10 marker SNPs, specific to this branch and developed 
a method for SNP-genotyping of these strains by PCR. The 
data obtained can be used to improve the methods of 
molecular-genetic identification of Y. pestis and to determine 
patterns of evolution and distribution of medieval biovar in the 
natural plague foci of the Caspian-Sea region.
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Abstract — The serotonin (5-HT) system of the brain plays 
an important role in controlling various behaviors due to the 
wide variety of serotonin receptors. The 5-HT7 receptor is of
great interest because it is involved in the pathogenesis of 
depressive disorders. Mice of ASC (Antidepressant Sensitive 
Catalepsy) line with genetic predisposition to depressive-like 
behavior were obtained in the Laboratory of Behavioral 
Neurogenomics of ICG SB RAS (Novosibirsk). In this work, the 
effect of adenoassociated virus (AAV)-mediated overexpression 
of the 5-HT7 receptor gene in the midbrain on the behavior and 
brain serotonin system in ASC mice was comprehensively 
studied. The ASC mice with overexpression of 5-HT7 receptor 
gene showed the decrease in depressive-like behavior in the 
forced swim test compared to control group. The introduction 
of a vector construct with the 5-HT7 receptor gene affected the 
expression of the gene encoding the 5-HT7 receptor itself, only 
in the midbrain. The overexpression of 5-HT7 receptor gene in 
midbrain led to an increase in the serotonin metabolism index 
in the cortex, hippocampus, and midbrain of mice, without 
affecting serotonin levels. The results indicate the effect of 
overexpression of the 5-HT7 receptor gene on the behavior and 
serotonin system of the brain in ASC mice with a genetic 
predisposition to depressive-like behavior.

Keywords — serotonin brain system; 5-HT7 receptor; mice; 
depressive-like behavior; vector construct; overexpression; gene

Introduction
Currently, an increasing number of people suffer from 

various psychopathologies. According to World Health 
Organization, about 25% of the global population suffer from 
depressive disorders. Thus, at the moment, the problem of 
finding therapeutic agents and antidepressants for the 
treatment of diseases of this type is very urgent. It is known 
that currently existing antidepressants do not have high 
enough effectiveness, and also have a number of side effects. 
Thus, when creating new medicines in this direction, first of 
all, the task is to increase their effectiveness and reduce the 
possible side effects of their use.

The serotonin system of the brain plays an important role 
in controlling various behaviors, including pathological ones, 
due to the large number of types of serotonin receptors and 
their wide distribution in the brain [1]. The 5-HT1A receptor 
is involved in mechanisms of response to stress, depression, 
anxiety, and aggression. Also, 5-HT1A receptors located 
presynaptically regulate the functional activity of the 
serotonin system of the brain by the mechanism of negative 
feedback [2]. 5-HT2A receptors are involved in the 
mechanisms of development of a number of mental disorders, 

including depression and schizophrenia, and are also an 
important link in the mechanisms of action of antidepressant 
agents [3].

The 5-HT7 receptor is of great interest and has been 
studied relatively recently. The 5-HT7 receptor is associated 
with various physiological and pathophysiological processes, 
including circadian rhythms, thermoregulation, and 
depression [4]. It was found that it can influence the 
regulation of the serotonin system of the brain, so its study is 
a promising direction today. Modern literature suggests that 
there is a dependence of the presynaptic 5-HT1A receptor on 
5-HT7 receptors, which, forming dimer complexes with it, 
lead to functional inactivation of 5-HT1A receptor [2]. This 
is a completely new and crucial role of the 5-HT7 receptor 
and its interaction with the 5-HT1A receptor allows us to take 
a new look at the problem of the mechanism of depression 
and the action of antidepressants of the serotonin reuptake 
inhibitor group.

It is important to select adequate animal models for the 
study of psychopathological conditions. Mice of ASC 
(Antidepressant Sensitive Catalepsy) line obtained in the 
Institute of Cytology and Genetics SB RAS (Novosibirsk) 
demonstrate pronounced depressive-like behavior and 
dysfunctions of immune system, which is also observed in 
depressed patients. Thus, ASC mice meet all the necessary 
criteria for a laboratory model of depression.

Manipulating the expression of certain genes is a 
promising area of study and treatment of psychopathologies. 
This approach is carried out using vectors that ensure delivery 
of genetic material to the cells of the body and its expression. 
Recombinant adenoassociated viruses are one of the most 
promising delivery vectors in gene therapy and neurobiology. 
Their most important advantages are: non-pathogenicity, low 
immunogenicity, tropicity to most cells and tissues, as well 
as high efficiency of transduction and long time of gene 
expression in vivo without embedding in the host genome. 

Purpose of work was to study the effect of overexpression 
of the 5-HT7 receptor gene in the midbrain on the behavior 
and brain serotonin system in mice with a predisposition to 
depressive-like behavior.

In accordance with this, the following tasks were 
formulated:

1) to investigate the effect of overexpression of the 5-HT7 
receptor gene on behavior in the open field and forced swim 
tests in ASC mice;

2) to study the effect of overexpression of the 5-HT7 
receptor gene on the level of mRNA genes encoding key 
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elements of the serotonin system in various brain structures 
of ASC mice;

3) to evaluate the effect of overexpression of the 5-HT7 
receptor gene on level of 5-HT and and their metabolite 5-
HIAA in different brain structures of ASC mice.

Materials and Methods
Experiments were conducted on adult three-month-old 

male mice of the ASC line (Antidepressant sensitive 
catalepsy), (n=30) with genetic predisposition to depressive-
like behavior. This line was obtained in the Laboratory of 
Behavioral Neurogenomics of Institute of Cytology and 
Genetics (Novosibirsk) by selection for high predisposition 
to catalepsy from the population of backcrosses between the 
cataleptic CBA and noncataleptic AKR strains.

The animals were divided into 3 groups: the first group of 
mice (Control) received a buffer into the midbrain (a solvent 
for the vector construct), the second group of mice 
(AAV_HTR7_eGFP) received the actual construct with the 
target gene, and the third group of mice (AAV_eGFP) 
received the vector construct inserted without target gene.

Behavior was evaluated in the open field and forced swim 
tests six weeks after the introduction of vector constructs.

The mRNA levels of genes were determined using real-
Time PCR. The level of brain serotonin and their metabolite 
5-HIAA were measured using HPLC (high-performance 
liquid chromatography).

Data were expressed as average values with an error of 
average (x± Sx). All groups were compared using single-
factor analysis of variance (one-way ANOVA) followed by 
multiple comparison using the Fisher post-hoc test.

Results
In mice that were injected with a construct with the target 

gene, an increase in the mRNA level of 5-HT7 receptor gene 
in the midbrain was detected, compared to animals of the 
AAV_eGFP (p<0.001) and buffer (p<0.001) groups. These 
data suggest that the viral construct introduced to the animal 
effectively serves as a vector and the plasmid with the target 
gene is actually transcribed in neurons. 

One-way ANOVA showed the effect of 5-HT7 gene 
overexpression in the forced swim test (p<0.05). There was a
significant increase in the mobility of mice from the 
experimental group compared to the control group (p<0.01) 
and the AAV_eGFP group (p<0.05), which indicates a 
decrease in level of depressive-like behavior in ASC mice 
with 5-HT7 gene overexpression.

The brain 5-HT level was not differed between all groups. 
In mice that received a viral construct with the target gene, an 
increase in the level of 5-HIAA in the cortex was detected, 
compared to animals from the AAV_eGFP group (p<0.01). 
Also, the significant increase in the 5-HIAA level in
hippocampus was found in animals with 5-HT7 gene 
overexpression compared to the control group (p<0.001) and 
the AAV_eGFP group (p<0.001). Moreover, the animals of 
the experimental group showed an increase in the serotonin 
metabolism index, defined as the ratio of 5-HIAA/serotonin, 
compared to the control group (p<0.01) and the AAV_eGFP 
group (p<0.05) in all the studied brain structures. 

The data indicate that the 5-HT7 gene overexpression in 
midbrain led to more intense functioning of the brain 
serotonin system and this was accompanied by decrease in 
depressive-like behavior in ASC mice.

ACKNOWLEDGMENT

The study was supportet by Russian Science Foundation 
(grant number 19-15-00025).

REFERENCES

[1] J. G. Hensler (2012) Serotonin, In: S.T. Brady editor: Basic 
neurochemistry principles of molecular, cellular, and medical 
neurobiology. 8th ed. Academic. Waltham. MA.: 300–322. 

[2] N. K. Popova, E. G. Ponimaskin, V. S. Naumenko (2015) Сross-talk 
between 5-HT1A and 5-HT7 receptors: role in the autoregulation of the 
brain serotonin system and in mechanism of antidepressants action. 
Russian Journal of Physiology. 101(11): 1270—1278.

[3] B. Dean (2003) The cortical serotonin 2A receptor and the pathology 
of schizophrenia: a likely accomplice. J. Neurochem. 85: 1–13.

[4] P. B. Hedlund (2009) The 5-HT7 receptor and disorders of the nervous 
system: an overview. Psychopharmacology (Berl). 206(3): 345‒354.

371



Genetic structure of breeding pigs of Large White,
bred in Russia

Getmantseva L., Bakoev S., Kostyunina O., Traspov A., Prytkov Yu., Bakoev N.
Federal Science Center for Animal Husbandry named after Academy Member L.K. Ernst

Dubrovica, Russia
ilonaluba@mail.ru

Abstract — This paper presents a study of the genetic 
structure of breeding pigs of Russia, belonged to a Large White.
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In recent decades, the global commercial pig industry has 
led to significant business consolidation. Mergers and 
acquisitions of small genetic centers have resulted in a limited 
number of remaining international breeding companies [1].
Consequently, the breeding lines belonging to these 
companies also experienced a high degree of consolidation. In 
the Russian Federation, the Large White represent 54.1% of 
pigs [2]. The aim of the work is to study the genetic structure 
of the breeding pigs of the Russian Federation, which belong 
in the Large White breed.

The main companies supplying genetic material to the 
world market of pigs are Dan AvI (Denmark), Genesus 
(Canada), PIC (Great Britain), Hypor (Holland), Nucleus 
(France), Hermitage Genetics (Ireland). In our work, we 
investigated pigs from three Selection Genetic Centers (Farm) 
of Russia. The population of these Farms formed in 2012-
2014 by imported genetics of different companies and further 
improved in accordance with its own strategy. The pigs from 
Farm1 came from Nucleus (France), Farm 2 - Dan AvI 
(Denmark) and Farm 3 - Hermitage Genetics (Ireland).

The study was on Large White pigs (n=53) from three 
Farms of Russia: Farm 1 (n=25), Farm 2 (n=16) and Farm 3 
(n=12). Genome DNA extracted from sample (ear plucks) by 
a set of reagents DNA-Extra-2 (OOO Syntol, Russia). 
Genotyping of animals was performed using GeneSeek GGP 
Porcine HD (San Diego, USA), including 68540 SNPs. The 
functions of the NAM package [3] used to impute missed 
values using the machine-learning algorithm Random Forest. 
As a result, 46845 SNPs left for further analysis. The Principal 
Component Analysis (PCA) method in Plink v.1.9 [4], the 
ggplot2 package [5], Admixture 1.3 [6] and Ancestry Painter 
[7] were using the estimation of the population structure. 

The results of the study showed a clear division into three 
clusters of Large White breed (Figure 1). Each cluster 
corresponded to a specific Farm. Can be clearly identified the 
genetic structure of the companies: Nucleus (France), Dan 
AvI (Denmark) and Hermitage Genetics (Ireland) from the 
data obtain. Among the groups studied, the most consolidated 
population is determined in Farm 3 based on Irish genetics. In 
Farm 1 and 2, along with the prevalence of French and Danish 
genetics, respectively, we can note the presence of a fraction 
of the genome of different origin, which is probably due to 
breeding work aimed at improving the breeding stock of pigs 
and possible formation of their own genetic structure.

Fig. 1. Genetic structure of breeding pigs of Large White, bred in Russia
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Abstract — The serotonergic pathway, including the 

neurotransmitter serotonin and its cognate transporter 

protein (5-HTT), is known to influence a wide range of 

individual behavioral traits and cognitive abilities. The 

serotonin transporter 5-HTT is encoded by a single gene 

SLC6A4. Polymorphisms in SLC6A4 has been associated with 

a wide variety of neurological and psychiatric disorders 

including increased risk of post-traumatic stress disorder, 

higher likelihood for depression, obsessive-compulsive 

disorder (OCD), increased hostility and criminal 

behavior. All diseases associated with SLC6A4 are complex 

disorders, caused by the interplay of various genetic and 

environmental factors. It has been shown that genes 

associated with complex diseases exhibit strong signatures of 

purifying selection compared to non-disease-causing genes. 

Purifying selection, in several cases, is associated with 

background selection, where alongside the deleterious alleles, 

the linked neutral (or even slightly beneficial) alleles are 

purged away from the genome. The majority of the genetic 

variations are rare, arose recently, and are highly ancestry-

specific. In this project we aimed to investigate the population 

genetic variation of the serotonin transporter gene (SLC6A4), 

focusing on the Single Nucleotide Polymorphisms (SNPs). We 

further aimed to assess whether any modern-day human 

population show strong signature of natural selection 

for SLC6A4 and has significantly differentiated from the rest 

of the world for this gene, employing 2504 individuals around 

the globe available in 1000 Genome project Phase III data.  

Keywords — Polymorphism in SLC6A4, Ancestry specific 

variation of natural selection, Signatures of natural selection 

Methods  
Data collection The lists of SNPs, present in SLC6A4, 

were curated from SNPedia and UCSC genome browser. 
25 SLC6A4 SNPs, associated with several 
neuropsychological disorders, were obtained from SNPedia 
and all 147 annotated SNPs of SLC6A4 were obtained from 
UCSC genome browser. Whole genome data in the form of 
VCF files were obtained for 2504 individuals around the 
world from 1000 Genomes Project database. Populations 
were broadly classified into five ethnic groups: Americans 
(AMR), Europeans (EUR), Africans (AFR), East Asians 
(EAS) and South Asians (SAS). File conversions and 
manipulations were performed using VCFtools v.0.1.13, 
PLINK v1.9 and EIGENSOFT v7.2.1. Clustering of 
populations based on SLC6A4 SNPs The fine population 

structure of the modern-day humans obtained from 1000 
Genomes, based on SLC6A4 SNPs was delineated using 
Principal Component Analysis (PCA) implemented in 
PLINK v1.9 using --pca command. The two most 
informative PCs are discussed and plotted in R 
v3.5.1. Detection of signature of natural selection on 
SLC6A4 Cross population extended haplotype 
homozygosity (XP-EHH) algorithm 
(http://hgdp.uchicago.edu/Software/) was used for 
detecting the genetic imprint of recent positive selection by 
analyzing long-range haplotypes in global human 
populations obtained from 1000 Genomes. Due to 
unavailability of updated genetic map information 
pertaining to the distance between two loci (in centimorgan, 
cM) and recombination rate for each locus (cM/Mb) for 
Human Genome Assembly GRCh38, we could not employ 
all SNPs for XP-EHH analysis. Out of the 25 disease-
relevant SNPs and all annotated 147 SNPs of SLC6A4, 20 
and 38 SNPs respectively could be used for XP-EHH 
analysis. Identical by Descent (IBD) analysis Populations 
that have higher IBD sharing for a particular DNA segment 
can be considered to be under strong and resent selection 
pressure for that genomic area. Here, IBD sharing was 
calculated using Pi-Hat statistic implemented in PLINK 
v.1.9 employing all 147 SNPs of SLC6A4.  

Results  
Principal Component Analysis (PCA) PCA performed 

on all 147 SNPs of SLC6A4 depicted clear and more distinct 
clustering between Africans (red dots) and the rest of the 
world along PC1. Additionally, discernible separation 
among non-Africans was observed along PC2. East Asians 
(green dots) were found to be present in distinct cluster from 
other non-African populations. Detection of signature of 
natural selection on SLC6A4 For disease-relevant SNPs of 
SLC6A4, long areas of positive XP-EHH scores was 
observed among the non-African populations suggesting a 
recent selective sweep. The highest XP-EHH scores were 
found among East Asians indicating SLC6A4 is under 
strong selection among people belonging to this ethnic 
group. Similar to the disease-associated SNPs of SLC6A4, 
the rest of the SNPs were also found to be under strong 
selection especially among East Asian populations with 
significantly high positive XP-EHH scores compared to 
Africans. Overall, XP-EHH analysis indicated that SLC6A4 
has likely undergone a strong selective sweep among the 
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East Asians in the recent past. Identical by Descent (IBD) 
analysis Supporting XP-EHH results, the maximum 
number of individuals with the highest IBD sharing 
(Pi-Hat = 1) belong to East Asians (53.4%), distantly 
followed by the native Americans (18.7%). The IBD 
analysis corroborated that SLC6A4 has likely undergone a 
strong recent selective sweep among the East Asians.  

Discussion  
In this study we aimed to assess the ancestry specific 

variation of signatures of natural selection on SLC6A4. To 
this end, we obtained the whole genome data of 2504 
individuals around the world available in 1000 Genomes 
Project database. We grouped these 2504 individuals into 
five broad ancestry categories: Native Americans (AMR), 
Europeans (EUR), Africans (AFR), East Asians (EAS) and 
South Asians (SAS). We found that SLC6A4 has likely 
undergone a strong selective sweep among East Asians in 
the recent past. East Asians also had the highest IBD sharing 
for SLC6A4, further indicating to be under strong and resent 
selection pressure for this genomic area. Recently, Lam et 

al. identified five SNPs in SLC6A4 (rs140700, rs4251417, 
rs6354, rs25528, rs25531) that are likely associated with 
depression (Lam et al., 2018). However, likely because of 
the ancestry of the participants (French), they only found 
nominally significant association between these variants 
and depression. Our XP-EHH results indicated minimal 
selection pressure on populations of European ancestry 
compared to East Asians. The XP-EHH scores for the 
candidate SNPs for depression (rs140700, rs4251417, 
rs6354, rs25528) was found to be significantly higher 
among East Asians (1.49, 0.61, 1.42 and 1.37 respectively) 
compared to Europeans (0.69, -0.17, 0.59 and 0.54 
respectively). Our results indicate that the candidate SNPs 
for depression are under strong evolutionary constraint 
governed by purifying selection among East Asians. The 
evolutionary constraint on SLC6A4 is highly ancestry 
specific and likely appeared after the divergence between 
East Asians and Europeans ~41,000 years ago. Despite not 
generating any additional genotyping data, our study can 
help to extend the current knowledge about the association 
between SLC6A4 and neurophysiological disorders. 
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Abstract — The existence of 5-HT2A-TrkB heteroreceptor 
complexes both in vitro and in vivo was shown for the first time. 
Also was found that the chronic activation of 5-HT2A receptor 
with agonists has decreased the total as well as membrane TrkB 
protein level indicating downregulation of TrkB receptors.

Keywords — 5-HT2A, TrkB, agonists, DOI, TCB-2, 25CN-
NBOH, co-immunoprecipitation, expression, heterodimerization

Motivation and aim

Motivation
Cross-talk between the brain-derived neurotrophic factor 

(BDNF) and serotonin 5-HT2A receptors was demonstrated 
in the number of studies [1]. At the same time an exact 
mechanism of modulation of BDNF system through 5-HT2A 
receptors is still unknown. BDNF performs its functions using 
tropomyosin receptor kinase B (TrkB). And these receptors 
may be one of the possible targets. The existence of a 
heteroreceptor complex between the 5-HT1A and FGFR1 
(FGFR1 belongs to the receptor tyrosine kinase superfamily) 
receptors [2] suggest a possible similar complex between 5-
HT2A and TrkB receptors.

Aim 
The aim of present study was to investigate the presence 

of 5-HT2A-TrkB heteroreceptor complexes in cell cultures as 
well as mouse brain tissues.

Methods
Adult males of C57Bl/6 mice were treated with mixed 5-

HT2A/2C agonist DOI or selective 5-HT2A agonists TCB-2
or 25CN-NBOH (1 mg/kg, i.p., 14 days). Expression of TrkB 
receptors was assessed by real-time RT-PCR and Western blot 
analysis in the frontal cortex, hippocampus, midbrain and 
striatum. Murine 5-HT2A cDNA was cloned into the 
pcDNA3.1(+) donor plasmid (Invitrogen) with HA-tag. 
TrkB_mEGFP was a gift from Ryohei Yasuda (Addgene 
plasmid #83952; http://n2t.net/addgene:83952; RRID: 
Addgene_83952). Mouse N1E-115 neuroblastoma cells from 
the American Type Culture collection (ATCC) were grown in 
Dulbecco's modified Eagle's medium (DMEM) containing 
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin 
at 37 °C under 5% CO2. Co-immunoprecipitation and 
immunoblotting in N1E-115 cells co-expressing HA-
tag_HT2A and TrkB_mEGFP receptors were performed as 

described [3]. Co-immunoprecipitation from brain 
homogenates was performed according to [4] with 
modification.

Results
TrkB mRNA level was reduced after 25CN-NBOH in the 

midbrain and was elevated after TCB-2 in the striatum. All of 
used drugs significantly decreased the TrkB total protein level 
in the midbrain and membrane TrkB protein level in the 
midbrain and striatum as well. This looks like desensitization 
of TrkB receptors. Using co-transfection of NIE-115 cells 
with 5-HT2A and TrkB receptors followed by co-
immunoprecipitation the presence of heteroreceptor 
complexes was shown. Later using co-immunoprecipitation 
we have found the presence of 5-HT2A-TrkB heteroreceptor 
complexes in the midbrain and striatum of intact mice that was 
agreement with the data from chronic 5-HT2A receptor 
activation. Thus, for the first time the heterodimerization 
between 5-HT2A and TrkB receptors was found. This 
phenomenon might underlie the downregulation of TrkB 
receptors after chronic activation of 5-HT2A receptor with 
agonists.
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Abstract — For the first time it was found that AAV-
mediated CDNF overexpression in the dorsal hippocampus of 
rats can impaired formation of cued fear memory which was 
accompanied by increase in CREB1, c-Fos and 5-HT1B receptor 
mRNA level.
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Motivation and aim

Motivation
CDNF is considered as a protective factor for the brain 

dopaminergic neurons and has recently entered clinical trials 
as an agent against Parkinson’s disease [1]. However, the role 
of CDNF in the regulation of various forms of behavior 
outside locomotor activity remains unclear. There are some 
evidences on the implication of CDNF in the formation of 
spatial memory [2]. It is necessary to establish whether CDNF 
is involved in the regulation of other forms of memory, e.g. 
fear memory.

Aim 
The aim of present study was to investigate the effect of 

hippocampal CDNF overexpression on the cued fear memory 
and neuroplasticity related genes expression in rats.

Methods
We have constructed the pAAV-Syn(0.5)-CDNF_EGFP 

plasmid and used AAV-mediated gene delivery to induce 
overexpression of CDNF in the hippocampal neurons of adult 
males of Wistar rats. Four weeks after stereotactic delivery of 
AAV-CDNF into dorsal hippocampus the fear conditioning 
was performed. On the training day 1 rats were placed in a fear 
conditioning apparatus for 3 min prior to three presentations 
of auditory cues (80 dB white noise, 30 s), each co-terminating 
with a foot shock (1.0 mA, 2 s.) and spaced 60 s apart. After 
the last shock, the animals remained in the chambers for an 
additional 3 min. Cued fear memory was assessed by exposing 
the animals to the same context in the presence of tone 
presentation but without foot shocks on the day 2, 4 and 6 after 
training. The time spent by each rat freezing was measured. 
Expression of neuroplasticity-related genes (Bdnf, Creb1, c-
Fos, Ark, Trkb, Ngfr, Htr1a, Htr1b, Htr2a and Htr7) was 
assessed by real-time RT-PCR.

Results
We have found that CDNF overexpression impaired cued 

fear conditioning that was reflected in significantly low total 
time of freezing as well as freezing time before, during and 
after tone presentation on the second, fourth and sixth days 
after training. It should be noted that freezing in experimental 
and sham-operated animals was not differ on the first training 
day. The mRNA levels of Creb1, c-Fos and Htr1b genes were 
significantly increased in the hippocampus of rats with 
overexpression of CDNF. mRNA levels of another 
investigated genes were unchanged. Thus, for the first time we 
have demonstrated that endogenously overexpressed CDNF 
can negatively regulate the cued fear memory formation 
involving key transducers of synaptic plasticity CREB1 and c-
Fos. 5-HT system also might be affected by CDNF.
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Abstract — The evolution of humans was influenced by 
environmental conditions, particularly when they left Africa. 
Exploration of the genetic variations in the populations 
leaving in extreme climates will lead to better understanding 
of molecular-genetics mechanisms of adaptation. In the 
current study we investigated the genome-wide data of 
Khahty, Mansi, and Nenets people for signatures of selection 
using the population branch statistic test and revealed strong 
signals located in a cluster of alcohol dehydrogenase 1 genes. 
We hypothesize that it can be due to the limited diversity of 
food intake the indigenous people of the Northern Ural and 
Siberian experience. 

Keywords — adaptation, diet, extreme climates, polygenic 
selection 

Motivation and aim

Motivation
Human populations evolved in the tropics and spread all 

over the climatic zones after they left Africa. Humans 
adapted to environmental pressures via phenotypic and 
genetic mechanisms. Knowing the genetic variants involved 
in adaptive processes can uncover the targets for producing 
the beneficial phenotypes [1]. There are habitats with 
exceptional heat, cold, ultraviolet light, or low ambient 
oxygen. The adaptation to extreme conditions can be of 
more apparent manifestation on the genomic level and thus 
more easily detected.

Exploration of genetic variations in populations became 
available last decade on unprecedented level with 
genotyping by DNA-microarrays and high throughput 
sequencing.

The genotypes of 200 individuals from ten indigenous 
Siberian populations have been scanned for positive 
selections with iHS, XP-EHH, and PBS tests [2]. The 
authors reported the loci associated with genes involved in 
energy metabolism, vascular smooth muscle contraction, 
and DNA damage response against UV radiation. The other 
researches [3] revealed the polygenic selection related to fat 
metabolism in the exome sequence data from Nganasans 
and Yakuts that was consistent to adoption to a fat-rich 
animal diet.

We are interested in studying of the neighboring regions 
with extreme climate. One of such habitats is the arctic and 
subarctic Transuralic regions. In the Polar Ural the winter 
lasts nearly seven months and temperature frequently drops 
below minus 40 degrees of Celsius.

These regions are home to Udmurts, Mari, Komi, Mansi 
and Khanty people. The indigenous populations of the Polar 
Urals are the Nenets and Samoyedic peoples. The genetic 
variations in these populations are not yet studied 
appropriately. Their genome-wide data on single nucleotide 
polymorphisms are quite promising for searching for 

genomic «footprints» of natural selection driven by extreme 
conditions. 

Aim 
The aim of the research was to search for signals of 

natural selection in the genome-wide microarray data of 
Khanty, Mansi and Nenets peoples with the use of 
Population Branch Statistics (PBS). The goal was divided 
into the following tasks: create a pipeline to estimate the 
PBS values from the genotypic data given in Plink binary 
format; validate the pipeline using public research data; 
count the PBS values for Khanty, Mansi, and Nenets 
peoples; and interpret the genetic signals of selection in 
terms of biological processes. 

Methods
Following the Cardona et al. [2] we developed our own 

bioinformatics pipeline to estimate the PBS from the 
genotypic data obtained with DNA-microarrays. Firstly, we 
applied this pipeline to the data sets of the above mentioned 
authors who deposited them into NCBI GEO with accession 
number GSE55586. We estimated the PBS in 100 kb 
windows across the genome and found that the top 1% of 
windows obtained by us to be in good agreement with those 
of published previously. Then we applied the pipeline to 
estimate the PBS for Khanty, Mansi, and Nenets peoples. 
The collection of samples, DNA extraction and genotyping 
procedures for these populations were described previously 
[4]. The data consisted of 42 (Khanty), 37 (Mansi) and 41
(Nenets) unrelated individuals. CEU population from 
HapMap III project [5] and a group of Vietnamese people 
from the study by Cardona et al. [2] were used as outgroup 
samples during PBS calculations. The number of common 
SNPs left consisted of 450467 (Khanty-CEU-Viet), 445231 
(Mansi-CEU-Viet), and 434777 (Nenets-CEU-Viet).

For each 100 kb window we identified the maximum 
PBS value but tightened the outlier detection by choosing 
top 0.1% of such windows. They were further annotated by 
intersecting with the genomic coordinate of genes using 
Ensembl gene annotation GRCh37.87 [6]. The intersection 
was made with bedtools 2.29.2 [7]. The selected genes were 
further tested for overrepresentation in MSigDB v.7.1 
[8].The sets of genes from Gene Ontology and KEGG were 
used in the tests.

Results
We developed a pipeline to estimate the PBS values and 

validated it using the data published previously. The 
application of this pipeline to Kanty, Mansi, and Nenets 
populations resulted in 26 top ranked windows all over the 
genome for each tested population. The analysis in MSigDB 
revealed the genes that are overrepresented in GO:0042572 
process, which relates to retinol metabolism. These are 
ADH1A, ADH1C, ADH1B, and PLB1 (FDR = 1.65E-04) 
in the case of Khanty and ADH1A, ADH1C, ADH1B, and 
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ADH6 (FDR = 7.13E-05), in the case of Nenets. The genes 
ADH6, ADH1A, ADH1B, and ADH1C intersect two 
adjacent windows starting at genomic coordinates 
chr4:100100000 and chr4:100200000, which have the PBS 
values within 0.1% of the top values.

Retinol is one of the three substances of vitamin A. The 
vitamin A can be effective antioxidant that prevents or 
improves disease conditions caused by oxidative stress [9]. 

The indigenous people of Khanty-Mansi Autonomous 
Okrug (e.g., khanty) were found to have lower content of 
vitamin A in comparison with those who arrived into this 
region [10].The authors of this research believe low level of 
vitamin A can result from inadequate intake. The variety of 
food resource is limited. The product reach of vitamin A 
(butter, milk, eggs, cheese, green and yellow vegetables and 
fruits) are almost absent in the diet of indigenous people of 
Khanty and Mansi. The only source of this vitamin for them 
is fish fat. 

Thus one can assume that the people from Northern Ural
and Western Siberia are adopted to low level of vitamin A 
and high PBS values annotated with the genes related to the 
metabolism of retinol can reflect such adoption on the 
genetic level.
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Abstract — The data on mtDNA variability (complete cyt b
gene) in M. agrestis in the Cis-Urals, the Southern, Middle, 
Northern Urals, and Western Siberia obtained for the first time 
expand significantly the geography of investigations of the 
species genetic diversity. Analysis of the genetic variability of the 
field vole with the inclusion of new data does not contradict 
present views on the genetic structure of the species but reveals 
genetic heterogeneity of populations within the Eastern 
subclade, which has not been considered previously. To clarify 
the genetic structure of the wide-ranging Eastern subclade of M. 
agrestis (from Norway to Lake Baikal), further studies of the 
species in Northern Eurasia are necessary.

Keywords —Microtus agrestis, genetic variability, cytochrome 
b, Northern Eurasia

Motivation and Aim

Motivation
The field vole is a widespread Palearctic species, ranging 

from Western Europe eastwards to Lake Baikal in southeast 
Siberia [1]. Due to its wide distribution the species is an 
excellent model for studying genetic variability. Variation of 
mtDNA based on cyt b data in M. agrestis has been relatively 
well-studied [2-6]. However, there are almost no data on the 
central part of Northern Eurasia, namely on the Urals and 
adjacent areas. Geographical location of the Ural region 
determines the diversity of its climatic conditions and the 
uniqueness of its fauna, comprising both the European and 
Asian elements as well as widespread species of mammal.

Aim 
The aim of the study was to analyze mtDNA variability in 

the field vole in the Urals and adjacent territories based on cyt 
b data and to determine the position of M. agrestis from the 
studied territory in the phylogeographic structure of the 
species.

Methods 
Total genomic DNA was isolated by the method of salt 

extraction from muscle tissue specimens fixed in 96% ethanol.
PCR and subsequent sequencing of the cyt b was carried out 
with primers L7 and H6. The chromatograms were analyzed 
using the BioEdit v. 7.2.0 (4.30.2013) software program. 
Sequence alignments were carried out in MEGA v. 6. 
Construction of phylogenetic trees using Bayesian inference 

(BI) was carried out in MrBayes v. 3.2.2. Assessment of 
nucleotide diversity was performed in the Arlequin v. 3.1 and 
DnaSP v. 5.10 software programs.

Results 
In order to analyze mtDNA variability, complete cyt b

(1140 bp) is sequenced from 33 samples of M. agrestis from 
13 localities in the Cis-Urals, the Southern, Middle, Northern 
Urals, and Western Siberia. 23 haplotypes are identified, all of 
them are original and have not been described previously. For 
comparative analysis, a total of 373 haplotypes of M. agrestis
are used including our data and 350 haplotypes from 
GenBank. M. arvalis (n=2), M. rossiaemeridionalis (n=2), M. 
socialis (n=2), M. kirgisorum (n=2) are used as an out-group.

Based on phylogenetic tree constructed using Bayesian 
inference (BI) three main clades are recognized: South, 
Portugal, and Northern clade. The Northern clade is 
widespread and differentiated into 6 subclades. Newly 
obtained results correspond with the data from previous 
studies [4, 6]. All haplotypes sequenced for M. agrestis in the 
Urals and adjacent territories are included in the Eastern 
subclade of the Northern clade. 

The Eastern subclade differentiation has not been 
previously considered despite the significant area of its
distribution (from Norway to the eastern boundary of the 
species range), including regions with different physical, 
geographical and environmental conditions, geological 
history. Analysis of the genetic variability of the species with 
the inclusion of new data from the Cis-Urals, Urals and 
Western Siberia indicates genetic heterogeneity within the 
Eastern haplogroup of the field vole. The two major 
haplogroups are revealed in the Eastern subclade of the 
Northern clade (BI not less than 0,70). One haplogroup 
(Northern European group) includes haplotypes from 
Norway, Finland, and Karelia, and another haplogroup (Ural-
Western Siberia group) includes haplotypes from the Urals 
and Western Siberia. Nucleotide diversity obtained for these 
two haplogroups suggests their recent expansion. 

The data on mtDNA variability (complete cyt b gene) in 
M. agrestis in the Cis-Urals, the Southern, Middle, Northern 
Urals, and Western Siberia obtained for the first time expand 
significantly the geography of investigations of the species 
genetic diversity. Analysis of the genetic variability of the 
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field vole with the inclusion of new data does not contradict 
present views on the genetic structure of the species, but 
reveals the genetic heterogeneity of populations within the 
Eastern subclade, which was not previously considered. To 
clarify the genetic structure of M. agrestis within the wide-
ranging Eastern subclade (from Norway to Lake Baikal), 
further studies of the species in Northern Eurasia are 
necessary. 
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Abstract — Brain serotonin (5-HT) and brain-derived 
neurotrophic factor (BDNF) are principal players in the 
mechanisms of brain and behavioral plasticity. Here we 
investigated the effect of chronic (6 weeks) consumption of 
10% alcohol on the principal elements of BDNF (BDNF, 
proBDNF, p75 and TrkB receptors) and 5-HT (5-HT, 5-
HIAA, tryptophan hydroxylase-2 (Tph-2), 5-HT transporter 
(5-HTT), 5-HT1A, 5-HT2A and 5-HT7 receptors) systems in 
the brain of C57Bl/6 mice. BDNF mRNA level in the midbrain 
and BDNF protein level in the hippocampus were lowered in 
ethanol-treated mice. The increase in proBDNF protein level 
in the midbrain, cortex, and amygdala and the increase of p75 
receptor protein level in the midbrain were revealed after 
ethanol exposure. Alcohol intake reduced the protein level 
and increased the activity of Tph-2, the key enzyme for 
serotonin biosynthesis in the brain, and increased the main 5-
HT metabolite 5-HIAA level and 5-HIAA/5-НТ ratio as well 
as 5-HT7 receptor mRNA level in the midbrain. In the cortex, 
5-HT2A receptor protein level was reduced, and 5-HIAA/5-
HT ratio was increased. Alcohol-induced changes in BDNF 
and 5-HT systems were revealed in the midbrain where the 
majority of the cell bodies of the 5-HT neurons are localized, 
as well as in the cortex, hippocampus and amygdala. Our data 
allow suggesting that BDNF/5-HT interaction contribute to 
the mechanism underlying chronic alcohol-induced 
neurodegenerative disorders.

Keywords — alcohol consumption, brain serotonin system, 
brain-derived neurotrophic factor, mice

Brain serotonin (5-HT) and brain-derived neurotrophic 
factor (BDNF) are principal players in the mechanisms of 
brain and behavioral plasticity. The brain 5-HT system is 
involved in the regulation of wide range of physiological 
functions and different kinds of normal and disordered 
behavior. The incredible polyfunctionality of 5-HT is 
mediated by 14 different 5-HT receptor subtypes expressed 
in the mammals. In its turn, BDNF is crucially involved in 
the mechanisms of growth, development, functioning of the 
nervous system and in the response to stressful events. 
BDNF is notable by structural and functional complexity. 
Mature BDNF is produced by proteolytic cleavage of 
precursor, proBDNF. BDNF precursor proBDNF is 
biologically active inducing oppose to the mature BDNF 
effects via p75 receptor. Whereas mature BDNF plays 
crucial role in the neurogenesis promoting cell survival and 
differentiation via TrkB receptors, BDNF precursor via p75 
initiates receptors apoptosis. Accumulating evidence 
indicates the cross-talk between 5-HT and BDNF systems 
and the crucial role of this interaction in the regulation of 
brain functioning.

The aim of the present study was to investigate the effect 
of chronic alcohol consumption on the principal elements of 
BDNF (BDNF, proBDNF, p75 and TrkB receptors) and 5-
HT (5-HT, 5-HIAA, tryptophan hydroxylase-2 (Tph-2), 5-
HT transporter (5-HTT), 5-HT1A, 5-HT2A and 5-HT7 
receptors) systems in the brain of C57Bl/6 mice. 

Experiments were carried out on C57BL/6j mice. Mice 
were treated with 10% (w/v) ethanol solution in drinking 
water (one bottle without choice) for a period of six weeks.
mRNA levels were assessed using quantitative real-time 
RT-PCR technique. Protein levels were estimated by 
Western-Blot analysis. High Performance Liquid 
Chromatography was applied for 5-HT and its metabolite 5-
hydroxiindol acetic acid (5-HIAA) quantification as well as 
for Tph2 activity estimation. The data were analyzed using 
one-way ANOVA followed by Fisher’s LSD post-hoc 
comparison.

The chronic alcohol consumption induced reduction of 
BDNF mRNA level in the midbrain and BDNF protein level 
in the hippocampus. However, it failed to affect the 
expression of gene encoding TrkB receptor as well as TrkB-
FL and TrkB-T1 receptor protein levels. At the same time, 
the increase in proBDNF protein level in the midbrain, 
frontal cortex, and amygdala and the increase of p75 
receptor protein level in the midbrain raphe nuclei area were 
revealed after ethanol exposure. Chronic alcohol intake 
reduced the protein level and increased the activity of Tph2, 
the key enzyme for serotonin biosynthesis in the brain. 
These changes were accompanied by increased 5-HIAA 
level and 5-HIAA/5-НТ ratio as well as 5-HT7 receptor 
mRNA level in the midbrain. In the frontal cortex, 5-HT2A 
receptor protein level was reduced, and 5-HIAA/5-HT ratio 
was increased. 

These data showed adverse impact of alcoholization on 
the BDNF system linked with pro-apoptotic effect of 
alcohol-induced proBDNF and p75 receptor activation. 
Pronounced alcohol-induced changes in both BDNF and 5-
HT systems were revealed in the raphe nuclei area of the 
midbrain where the majority of the cell bodies of the 5-HT 
neurons are localized. Our data allow suggesting that 
BDNF/5-HT interaction contribute to the mechanism 
underlying chronic alcohol-induced effects.
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Abstract — Whereas the higher fraction of the human genome, 
covered by Runs Of Homozygosity (ROHs), was associated with 
decreased height, decreased educational attainment and other 
phenotypes, the mapping position of the contributing ROHs was 
not assessed in details. Here, analysing genome-wide 
distribution of ROHs in offsprings of 100 consanguineous 
families we observed a non uniform distribution. Using multiple 
linear model we demonstrated that this variation could be 
explained by (i) recombination level, i.e. the higher the 
recombination in a given region, the less the number of ROHs; 
and (ii) selection, i.e. the higher the pLI score (which estimates 
loss of function intolerance) of the embedded genes the less the 
number of ROHs. 

The observed selection component might be explained by 
elimination of carriers of homozygous recessive loss of function 
mutations in genes with high pLI. To examine the selection 
component further we stratified ROHs by age and length 
following a previously suggested classification: class A (old and 
short: < 0.6 Mb), class B (intermediate in age and length: 0.6 –
1.6 Mb) and class C (young and long: > 1.6 Mb) and rerun our 
analyses. We observed that while the distribution of all three 
classes is shaped by recombination, only the class C ROHs
showed a strong negative relationship with pLI, suggesting that 
younger ROHs are under stronger selection. Altogether our 
results provide additional metrics (properties of affected genes, 
ROH classes), which should be taken into account inferring 
deleterious effect of ROHs in GWAS and genetic medicine.

Methods
Having 100 consanguineous pedigrees with genotyped 

parents and offspring we called all ROHs using default 
PLINK settings (DNA regions with at least 50 consecutive 
homozygous SNPs). Thereafter we focused on offspring 
ROHs and analyzed their distribution along the human 

genome taking into account recombination map and properties 
of embedded genes.

Results
The distribution of three classes of ROHs (short, 

intermediate, long) is highly non-uniform along human 
chromosomes. We hypothesized that this distribution is 
shaped by recombination, which mechanistically disrupts 
ROHs and thus decreases their abundance in the 
recombination hotspots, and by purifying selection, which 
eliminates ROHs from sensitive genomic regions with 
embedded haploinsufficient genes. Using multiple linear 
model we demonstrated that:

Coverage(ROH) ~ -2.27*RecombinationRate-
0.6*ProbabilityOfLossOfFunctionIntolerance

(all p values are < 10-6; coefficient are scaled). 
Interestingly, the distribution of the longest ROHs (class C) 
demonstrates the strongest dependence on both recombination 
and LoF intolerance. We conclude that selection in line with 
recombination shapes the ROH distribution along the human 
genome.
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Abstract — The early postnatal period is critical for the 
development of the central nervous system and can 
predetermine subsequent behavioral patterns, so stress at this 
age can lead to long-term consequences in adulthood. In our 
work, we investigated effects early life stress on myelination. We 
assessed the expression of the genes associated with the myelin 
sneath (myelin basic protein - Mbp, myelin-associated 
oligodendrocyte basic protein - Mobp, proteolipid protein 1 -
Plp1, proteolipid in compact myelin – Mal, myelin 
oligodendrocyte glycoprotein – Mog, choline-specific 
glycerophosphodiester-phosphodiesterase – Enpp6, UDP-
glucuronosyltransferase – Ugt8a) in frontal cortex of mice. The 
greatest difference in the level of expression was found between 
groups with a maternal deprivation and a maternal separation 
from mothers: significant changes were shown for the Enpp6, 
Mal, Ugt8a genes and one of the Mobp gene transcripts. This 
may indicate a different extent of exposure to stressors. We can 
conclude that the stress in the early postnatal period affects the 
myelination process and can lead to impaired transmission of 
nerve impulses. 

Key words — effects of stress; brain; myelination; mice; pups

Motivation and Aim
The early postnatal period is critical for the development 

of the central nervous system and can predetermine 
subsequent behavioral patterns, so stress at this age can lead 
to long-term consequences in adulthood. Thus, on animal 
models has been shown that a maternal separation (3 hours) 
pups from their mothers leads to interruption in the continuity 
of interaction with the mother and causes severe stress in the 
pups. Upon reaching adulthood in such animals, an increase 
in sensitivity to stress, increased anxiety and a number of 
cognitive disorders (deterioration of spatial memory, ability to 
recognize objects, etc.) are observed. A previous study of a 
transcriptome of the prefrontal cortex of 15 day old pups 
showed that this stress leads to a change in the expression of a 
large number of genes. Among them, a cluster of genes 
associated with the formation of the myelin sheath of axons 
was isolated. The aim of this work was to study the change in 
the expression of Mbp, Mobp, Plp1, Mal, Mog, Enpp6, Ugt8a
genes associated with the formation of the myelin sheath of 

neurons in the prefrontal cortex of 15 day old male mice under 
the influence of early postnatal stress. In addition, the effect of 
stress on physiological (animal weight, adrenal gland weight) 
and biochemical (blood corticosterone level) parameters was 
evaluated.

Materials and Methods

Materials
To obtain experimental offspring, female mice (28 

animals) were planted with males in the ratio of 3 females to 
1 male. There were 6 to 9 pups in the litter. Two types of early 
postnatal stress, conducted from PND2 to PND14, were used 
in the study: maternal separation of the pups from their 
mothers (3 hours a day daily, MS) and a maternal deprivation 
(for a day, MD). The control group did not separate from 
mothers. The pups were separated daily from 13 to 16 
hours. On the 15th day of life, animals were killed by 
decapitation, blood was collected, the prefrontal cortex was 
isolated and frozen in liquid nitrogen. The adrenal glands 
were isolated and weighed. RNA was subsequently 
isolated from frozen tissue samples, and complementary 
DNA was synthesized based on it.
Methods

A TaqMan probe-based real-time PCR to evaluate gene 
expression was used. We evaluated the expression of the main 
myelin sheath genes: Mbp - encodes a protein that is the main 
component of the myelin sheath of oligodendrocytes and 
Schwann cells in the nervous system, Mobp - encodes the 
main oligodendrocyte protein associated with myelin 
(evaluated using two pairs of primers covering all known gene 
transcripts), Plp1 - encodes a proteolipid protein, which plays 
an important role in the formation and maintenance of the 
multilayer structure of myelin, Mal - encodes a proteolipid 
involved in myelin biogenesis. In the studied groups of 
animals, body weight and organ index of the adrenal glands 
were evaluated. The organ index was calculated by the 
formula: OI = adrenal gland weight / body weight * 100%. 
The level of corticosterone was measured in the blood serum 
of pups on PND 15 by ELISA. 
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Results

The effect of stress on the physiological characteristics of pups
The stress factor did not significantly affect the body 

weight of the pups. However, stress during the first two 
weeks of life had an effect on the relative weight of the 
adrenal glands: in the MD group, in comparison with the 
MS group, the organ adrenal gland index was significantly 
reduced in pups. The level of corticosterone did not differ 
significantly between different experimental groups, 
however, in mice from the MS group there was a tendency 
(p <0.073) to lower levels compared with the control 
group.

The effect of stress on gene expression in the frontal cortex
Analysis of gene expression in the frontal cortex 

showed a significant increase (p = 0.038) in the expression 
level of the Mal gene in the MD group compared to the 
MS group and a tendency to increase (p = 0.053) compared 
to the control group. The Mobp gene is characterized by 
the presence of many alternative transcripts. Since the 
gene structure does not allow choice of primers covering 
all isoforms, we estimated the expression level using two 
pairs of primers. One pair covers the transcripts Mobp-
201, 202, 204, 206, 207, the second pair is specific only 
for the transcript ENSMUST00000174193.7 (Mobp-204). 
For the first pair of primers of the Mobp gene, the analysis 
of PCR-RT data did not reveal significant differences 
between the experimental groups (p> 0.05), however, the 
change in the expression of its transcript 
ENSMUST00000174193.7 was significantly reduced
(p = 0.03) in the MS group compared with the MD group. 
For the Ugt8a gene, a tendency towards an increase in the 
expression level (p = 0.07) in the MD group as compared 

with the control was revealed, and a significant increase in 
the expression level of the Ugt8a gene in the MD group 
compared to the MS group (p = 0.04). Analysis of Enpp6
gene expression showed that in the MD group the 
expression level is higher compared to the control (p = 
0.02) and the MS group (p = 0.011). Analysis of the 
expression of the Mbp, Plp1, and Mog genes did not show 
significant differences in the expression level between the 
groups. 

The greatest difference in the level of expression was 
found between groups with a maternal deprivation and a 
maternal separation from mothers: significant changes were 
shown for the Enpp6, Mal, Ugt8a genes and one of the Mobp
gene transcripts. This may indicate a different extent of 
exposure to stressors. We can conclude that the experience of 
early stress affects the myelination process and can lead to 
impaired transmission of nerve impulses.
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Abstract—De novo neurogenesis in the adult mammalian 
retina very limited. Thereby the structural and functional 
features formed during the period of maturation and 
formation of retina can have long-term effects on the further 
ontogenesis of the tissue, however, the mechanisms of these 
disorders remain unclear. Using model of premature aging 
OXYS rats we investigated the early histopathological 
changes during postnatal retinal neurogenesis. OXYS rats 
spontaneously develop a retinopathy similar to age-related 
macular degeneration (AMD). AMD is a complex 
neurodegenerative disease resulting in a loss of central vision 
in the elderly. Ganglion, horizontal, and amacrine cells are 
born in the embryonic phase of rat developmen. Quantitative 
analysis showed decreasing amacrine cells in OXYS rats as 
compared Wistar rats (control). At the age of P0 and P1, the 
number of ganglion and horizontal cells increased in OXYS 
rats as compared Wistar rats. Bipolar neurons, 
photoreceptors and Müller glia are born postnatally. We did 
not find changes in Muller cells. The number of 
photoreceptor's nuclei per column in Wistar rats increased at 
the age of P10 and decreased at the age of P14. In OXYS rats, 
maximum of number of nuclei per column accounted for age 
of P14 and then decreased. The number of rod bipolar 
neurons gradually increased by age of P14 in Wistar rats and 
P10 in OXYS rats. Our results indicating an alteration of 
retinal formation in OXYS rats during the postnatal period, 
which may contribute to the early development of their signs 
of AMD.

Keywords— neurogenesis, retina, AMD, OXYS rats, Wistar 
rats 

Introduction 
The retina is a delicate neural tissue responsible for light 

signal capturing, modulating, and passing to mid-brain. The 
adult vertebrate retina comprises six major cell classes 
derived from a common progenitor cell, only one of which, 
the Müller cell, is a glial cell. It is important that the 
mammalian neural retina, however, like many other regions 
of the central nervous system, lacks any significant 
regenerative potential to replace lost neurons after 
retinogenesis is complete. Consequently, any damage 
leading to the death of the light sensing photoreceptor cells 
or their support cells, either through injury or disease, 
typically leads to permanent visual impairment. But our 
understanding of human eye development is very limited, 
especially the contribution of impaired retinogenesis in 
development of retinal degeneration.

The retinal neurons include cone and rod photoreceptors 
and horizontal, amacrine, bipolar, and ganglion cells. There 
is evidence to suggest that ganglion, horizontal, amacrine, 
and early-born cone photoreceptor cells originate froma 
common pool of intermediate progenitors (EBPs). Bipolar, 
Müller, and late-born photoreceptor cells share a pool of 
common intermediate progenitors (LBPs) [1]. In rat and 
mouse EBPs arise from E10 to P4 and peak at E16, while 

LBPs appear from E13 to P10 and peak at P2. Retinogenesis 
is complete at P20 in rodents. 

Understanding the programs underlying the 
developmental process not only will provide insights into 
how each individual cell type is formed and what function 
it may have, but also will give clues on how to treat retinal 
diseases in the future such as age-related macular 
degeneration (AMD). AMD is a complex 
neurodegenerative disease resulting in a loss of central 
vision in the elderly. Here, we used a suitable genetic 
experimental model of AMD is senescence-accelerated 
OXYS rats, which spontaneously develop a phenotype 
similar to human age-related disorders including AMD-like
retinopathy. Retinopathy that develops in OXYS rats 
already at a young age corresponds (in terms of clinical 
manifestations and morphological characteristics) to the dry 
atrophic form of AMD in humans. Nonetheless, 
neovascularization develops in some (~ 10–20%) of these 
rats with age. The clinical signs of AMD-like retinopathy 
appear by the age of 3 months in 100% of OXYS rats 
against the background of a reduction in the transverse area 
of the RPE, impairment of choroidal microcirculation, and 
retinal thinning. The progression of these abnormalities in 
OXYS rats until the age of 10 months is accompanied by a 
significant reduction in thickness of the photoreceptor cell 
layer and a decrease in the number of photoreceptor cell 
nuclei of the outer nuclear layer, especially in the central 
part of the retina [2]. 

We aimed to give a detailed qualitative and quantitative 
description on the early histopathological changes in the 
postnatal development retina of OXYS and Wistar rats (as 
control) and compare our results with previous studies 
dealing with the senescence-accelerated OXYS rats.

Methods
All procedures of the present study were performed in 

concordance with the ARVO statement for the Use of 
Animals in Ophthalmic and Vision Research and were 
approved the Institutional Review Board of the Institute of 
Cytology and Genetics, according to The Guidelines for 
Manipulations of Experimental Animals. The study was 
carried out on OXYS and Wistar (control) rats in the 
critical days of postnatal retinal neurogenesis: 0, 1, 3, 5, 7, 
10, 14, 20. We used standard techniques of 
immunohistochemistry and TUNEL assay [3]. 

Results 
By immunohistochemistry using the specific antibodies 

carried out a comprehensive assessment of cell populations 
differentiating in the postnatal period into photoreceptors, 
Müller cells, amacrine, ganglion, bipolar and horizontal 
neurons and also evaluated the dynamics of apoptosis using 
the TUNEL assay. 
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Müller glia cells were analysed using antibodies against 
cell type specific cytoskeletal elements: vimentin and 
nestin. Nestin is an intermediate filament protein that is 
known as a neural stem/progenitor cell marker. It is 
expressed in undifferentiated CNS cells during 
development. Vimentin immunoreactivity throughout the 
whole depth of the retina of OXYS and Wistar rats was 
maximum in P0 and was gradually decreased with age. 
Double labelling with anti nestin revealed a similar 
pattern of immunoreactivity in radial cell processes 
throughout the retina, which colocalized with vimentin 
immunoreactivity. Comparing sections of OXYS and 
Wistar rats during postnatal retinal development, we did not 
find any qualitative or significant quantitative changes in 
Vimentin and Nestin labelling.

Recoverin is a protein in rods that regulates rhodopsin 
phosphorylation in visual transduction and enhances visual 
sensitivity. In the OXYS and Wistar retinas, strong 
recoverin immunoreactivity was detected in putative 
differentiating photoreceptors, localized to the apical 
surface of the neuroblast layer (NBL) and in sparse cells 
found deeper in the inner NBL (bipolar cells). Recoverin 
staining was seen throughout the developing outer nuclear 
layer (ONL) in rat retina. In the ONL, nuclei are typically 
arranged in columns on well oriented sections. Recoverin-
labelled nuclei formed in well-organized columns starting 
on the fifth postnatal day in OXYS and Wistar rats. 
Therefore, we counted the average number of recoverin-
labelled nuclei per column. In Wistar rat’s retina the 
recoverin-labelled layer was well-formed at the age of P5
whereas in OXYS rat’s retina – at the age of P7. 
Quantitative analysis showed increasing the number of 
nuclei per column in Wistar rats at the age of P10 and 
decreased at the age of P14. In OXYS rats, we observed a 
similar trend but the period time was altered. Therefore, the 
maximum of number of nuclei per column accounted for 
age of P14 in OXYS rats and then the number of nuclei per 
column decreased (at the age of P20). It is important that 
average number of recoverin-labelled nuclei per column 
was greater in Wistar rats than OXYS rats at the age of P5 
and P7. However, this parameter was greater in OXYS rats 
than Wistar rats at the age of P10, P14 and P20. Besides the 
photoreceptors both the ON and OFF cone bipolar cells can 
be labelled with recoverin antibody. Average number of 
recoverin-labelled bipolar neurons gradually increased by 
age of P14 in Wistar rats. In OXYS rats this parameter was 
drammaticaly increased by age of P10 and then decreased. 
We proposed that this phenomenon associated with 
adaptive mechanisms.

Parvalbumin stains dominantly AII amacrine cells, 
along with a few wide field amacrine cells, a population of 
bipolar cells and a few cells in the ganglion cell layer [4]. 
The AII amacrine cells is one well-characterized subset of 
glycinergic amacrine cells [5]. Regarding AII positive 
amacrine cell populations, we detected a weakly staining 
intensity for parvalbumin labelled cells before P3 in OXYS 
and Wistar rats. After P3 parvalbumin labelled cells are 
characterized by strongly immunoreactivity and distinctly 
morphology in both rat strains. Quantitative analysis 
showed decreasing parvalbumin labelled cells in OXYS rats 
as compared Wistar rats at the all ages (P0-P20). 

The antibody against calbindin, a calcium binding 
protein involved in calcium transport, stains horizontal cells 
and a few cells in the INL and GCL under control conditions 
[4]. We observed a weakly staining intensity for calbindin 

labelled cells before P5 in OXYS and Wistar rats. After P5 
calbindin labelled cells are characterized by strongly 
immunoreactivity and distinctly morphology in both rat 
strains. In Wistar rats we detected no significant difference 
in horizontal cells at the all ages. In OXYS rats average 
number of calbindin labelled cells was greater that than in 
Wistar rats at the age of P0. At the age of P1, number og 
horizontal neurons dramatically decreased. After P0 
significant difference between OXYS and Wistar rats is not 
observe. 

In next step we used anti-NeuN antibody as a marker for 
ganglion cells. Our results showed that NeuN was strongly 
expressed in ganglion and displaced amacrine cells in the 
GCL and weakly expressed in amacrine cells and horizontal 
cells in the INL in OXYS and Wistar rats. The average 
number of NeuN-positive cells decreased in the age of P7 
in Wistar and OXYS rats. We detected increasing number 
of NeuN labelled ganglion cells in OXYS rats at the age of 
P0 and P1 as compared Wistar rats. 

A TUNEL analysis of retinal cryosections showed a 
higher apoptosis activity (especcialy P7, P10 and P14 days) 
in OXYS rats, which indicates an enhanced reduction of 
neurons. 

Summary, we obtained the first results indicating a 
alteration of retinal formation in OXYS rats during the 
postnatal period, which may contribute to the early 
development of their signs of AMD.

Conclusion
Thus, using senescence-accelerated OXYS rats, which 

spontaneously develop AMD-like retinopathy, we obtained 
the first results of a study of the contribution of changes in 
neurogenesis in the retina during the postnatal period to the 
early development of AMD-like retinopathy in OXYS rats. 
We hypothesize that the histological features presented in 
OXYS rats during postnatal neurogenesis could underlie the 
functional and structural alterations and can have long-term 
effects on the further ontogenesis of the tissue. 
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Abstract — Freshwater sponges play an important role as 
filtrators in lake ecosystems. Endemic Baikal sponges make up 
the bulk of the lake benthos biomass. Events of mass diseases 
and death of sponges occur on Lake Baikal for the last decade. 
Due to high morphological plasticity, there is a lack of clear 
criteria for the species identification of Baikal sponges. 
However, the development of such criteria is very important for 
population structure studying purposes and determination of 
the recoverability of populations. In this work, we first assessed 
the suitability of the 5'-terminal fragment and the I3M11 
fragment of the COI gene for population studies of endemic 
Baikal sponges, and also examined alternative markers for such 
studies. It is shown that in the Lubomirskia baikalensis samples, 
collected in different basins of Lake Baikal, only two different 
haplotypes were found, which indicates the unsuitability of this 
fragment for population studies. As an alternative, we propose 
to use microsatellite markers, which have successfully shown 
themselves both in studying the structure of populations of 
marine and freshwater sponges. Currently, work is underway to 
study the population structure of Baikal endemic sponges using 
microsatellite markers.

Keywords — Sponges, population genetics, molecular 
markers, Baikal endemics, Porifera

Motivation and aim

Motivation
Sponges are ancient multicellular animals leading an 

attached lifestyle. They are widespread throughout the planet, 
inhabiting marine and freshwater bodies. According to the 
method of nutrition, the sponges are filtrators, which 
contribute to the increased sensitivity of the sponges to 
contaminants. Thus, sponges are bioindicators of the state of 
aquatic ecosystems. Freshwater sponges that live in the 
ancient rift lake Baikal, formed a bouquet of endemic species 
that have features that clearly distinguish them among 
freshwater cosmopolitans [1; 2]. Such features include the 
absence of gemmules and a long life cycle, which, 
undoubtedly, should affect the structure of populations of 
endemic species. Unfortunately, genetic structure of Baikal 
sponges still remains unknown.

Aim 
A study of the population structure of sponges will make 

it possible to understand the causes of their mass disease and 
death; for marine sponges, such studies have been 
successfully conducted. In recent years, a process of mass 
disease and death of endemic sponges occurs on the lake 
Baikal [3]. Similar events were noted in some marine 
ecosystems. As shown [4], changes in the sponge population 
structure are observed precisely in places where their mass 
death was previously noted. Thus, the study of the population 
structure of Baikal endemic sponges will allow us to study the 
influence of sponge diseases on their population structure at 
the genetic level. Genetic markers successfully used for 

population genetic studies of sponges are the COI gene and 
microsatellite markers [5; 6]. Moreover, population analysis 
using COI is successfully used in the study of sea sponges [7], 
but there is no such data on freshwater sponges, and 
microsatellite analysis is used both in the study of sea sponges 
[8] and freshwater sponges [9, 10]. 

Methods
Baikal sponge samples were collected by SCUBA diving 

during expedition in 2018 in the southern, middle and northern 
basins of Lake Baikal. Samples were fixed in 70% ethanol for 
morphological and molecular analysis. Total genomic DNA 
extraction was performed using the CTAB method. The 
standard 5’-end fragment of COI was amplified with primers 
previously described by Folmer et al. (1994) (C_1538F: 5’-
GGTCAACAAATCATAAAGATATTGG-3’) and
(C_1539R:5’-TAAACTTCAGGGTGACCAAAAATC A-3

), which amplifed a fragment of 632 base pairs (bp). The I3-
M11 fragment was amplifed using primers developed by us 
(forward primer 5’-GCTGGAGGAGGAGACCCAAT-3’) 
and (reverse primer 5’-TGGAAATCCGAATACCGTCTCG-
3’). PCR was carried out in a 20-μl volume of the reaction 
mixture under the following conditions: preheating to activate 
the polymerase 2 min at 94 °C, followed by 35 cycles of DNA 
denaturation at 94 °C for 30 s, annealing at 50 °C for 30 s, and 
elongation at 72 °C for 45 s, followed by final elongation of 8 
min at 72 °C. Each PCR reaction was purifed by 
electrophoresis in a 0.8% agarose gel, followed by extraction 
by freezing and thawing. Sequencing of the PCR products was 
carried out at the service laboratory “Syntol” (Moscow, 
Russia).

Results
In this work we analyzed 8 samples L.baikalensis species, 

collected in the Northern, Middle, and Southern hollows of 
Lake Baikal. During the sequence analysis for the 5’-terminal 
fragment of the COI, no differences were found among 8 
samples, and for the I3M11 fragment, 2 haplotypes differing 
by 1 nucleotide were detected. The maximum p-distance value 
was 0.2%, the average value was 0.04%. Values obtained for 
intraspecific variability indicate the unsuitability of the COI 
gene for analysis of the population structure of Baikal endemic 
sponges. Although this gene has been successfully used for 
population-genetic studies of sea sponges [7]. The reason for 
the lower variability of the COI gene in Baikal endemic 
sponges compared with marine sponges could be the later 
formation of the L.baikalensis species. An alternative way to 
study the population structure of freshwater sponges is 
microsatellite analysis since it is successfully used both for 
studying marine [4; 8] and freshwater sponges (Ephydatia 
fluviatilis) [9; 10]. Analysis of the population structure of 
endemic Baikal sponges using microsatellite markers is being 
carried out for the first time now.
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Abstract — The new era of large NGS comes to Belarus. With 

the quite fast production of big data in wet labs, the problem of 
processing and analysis it raises up. We as a young 
bioinformatics group faced the necessarily recycling data for 
system analysis versus routine clinical investigations on the 
presence of pathogenic variants. According to the type of data, 
we chose the population genetics field. After the common 
variant calling from enlarged clinical exomes NGS Illumina 
data, we expect to get plausibly infers for the Belarusian 
population using generally known types of analysis. The 
obtained already PCA plot shows the distinction of Belarussians 
from other 1000G populations. 

Keywords — population genetics, targeted NGS 

Motivation and Aim 
Motivation 

Currently 200 enlarged clinical exomes are being 
sequenced within the institute, and we, a recently assembled 
bioinformatics group, would like to utilize the data for our 
own project. We see the restrictions of the data: the sample 
count, small number of variants, their distribution across the 
genome, the limitation to exonic variations, and the sample 
consists only of people with Mendelian diseases. 
Nevertheless, this will be the first systematically obtained 
genomic big data for Belarusians. 
Aim 

We plan to: a) Use this cohort for phasing and to impute from 
this cohort to other smaller data [1]; b) Visualize the 
distinction between Belarusian from other 1000G populations 
via PCA plot [2]; c) Conduct a GWAS. Half of the cohort have 
CAKUT, the other cardiomyopathies. The diseases seem to be 

Mendelian, but the rate of pathogenic's mutation finding is not 
high [3]; d) Infer a demographic history [4]; e) Make 
admixture with ancient populations [5]. We are considering 
obtaining microarray data for the cohort and mixing it with 
clinical exome data in way of enlarging it. 

Methods 
The targeted Illumina NGS is being carried out by using 

xGen® Exome Research Panel v1.0 (around 20000 genes). 
The analysis was made on received at the moment samples. 
The last pipeline includes the further steps: a) preprocessing: 
trimmomatic (cutting), bwa (aligning), samtools/picard 
(converting, marking, sorting), b) variant calling for clinical 
purposes: samtools/varscan2, freebayes, gatk 4 haplotype 

caller (calling), bcftools – (filtering, merging callers’ results), 
annovar (annotating). c) variant calling for popgen purposes: 
freebayes, bcftools. Obtained cohort vcf-file was imputed and 
phased by shapeit, beagle, eagle in order to compare these 
tools. Also, the Michigan Imputation Server was tested. 
Finally, the pca plot was done by using smartpca from 
eigensoft. The input file for it was converted by plink. 
Currently, all our pipelines have been written on bash or 
Snakemake. 

 
Fig. 1. A PCA plot was made from a subset of 1000G (36 samples in each population; chr 12 13 18 19) 
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Results 
We tested our pipelines on 36 obtained yet samples and 

GIAB sample. By launching phasing/imputation tools, we 
found out the complexity of direct results’ comparison of such 
tools due to the process of haplotype's assignment during their 
work. We’re waiting for other samples to explore more 
aspects of the Belarussian population genetics. The first pca 
plot shows the relation of Belarusians to other nations Fig. 1. 
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Experimental Animal Division of RIKEN BioResource 
Research Center (BRC) has been designated since 2002 as 
the core facility of mouse resources in the National 
BioResource Project (NBRP) of Japan, and collected, 
preserved and distributed mice as a model system to 
understand human biology and disease mechanisms. We 
have so far collected over 9,000 mouse resources generated 
by Japanese scientists and made the mice available in high-
quality to 1,490 organizations around the globe. One of our 
important challenges is ensuring the quality of genetically-
modified mice created by many scientists with various 
methods including genome editing. We have conducted a
strict genetic quality control program for the artificially 
mutated alleles prior to distribution. To disseminate among 

biomedical researchers high-quality mouse resources, we 
have participated in the International Mouse Strain 
Resource (IMSR) and Asian Mouse Mutagenesis & 
Resource Association (AMMRA). In addition, we have 
participated in the International Mouse Phenotyping 
Consortium (IMPC) to contribute for creation of 
comprehensive catalogue of mammalian gene functions.
We have launched since April 2019 a new web corner to 
facilitate use of our models for gene functional analysis and 
human diseases in addition to “Mouse of the Month”. We 
are willing to collaborate with wider scientific community 
including clinical researchers and continue our resource
infrastructure operation under the founding principles of 
“Trust, Sustainability, and Leadership”.
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Abstract — Recent research connected sleeping problems 
and infertility in women. Sleep-wake behaviors of humans 
and Drosophila melanogaster demonstrate similarity in 
responsiveness to thermal stress. Moreover, studies of 
dysgenic crosses of fruit flies revealed possibility of inducing 
sterility in female intra-specific hybrids exclusively in one of 
two cross directions and only by exposing hybrids to thermal 
stress. Such facts motivated us to utilize this fruit flies’ model 
of temperature-sensitive sterility for examining inter-
relationship between deleterious effects of thermal stress on 
fertility, survival, and circadian patterns of locomotor activity 
and sleep. In three identical pilot experiments, these patterns 
were documented in 285 hybrids kept for, at least, five days in 
constant darkness at 20°C and 29°C. Additionally, the 
rhythms of 30 hybrid females of the 70th generation were 
tested. Sleep-wake patterns in females with temperature-
induced sterility (progeny of Canton-S females crossed with 
Harwich males) significantly differed from the patterns in 
three other (fertile) crosses (males born from the same 
parents and offspring obtained by crossing in opposite 
direction). However, a lower rather than higher sensitivity of 
infertile females to thermal stress was revealed, and it 
persisted over generations. Unlike three other crosses, 
infertile females did not demonstrate such typical for flies and 
humans’ responses to heat as night sleep disturbance and 
delay of the evening peak of activity. An elongated “siesta”
was the only typical response common for this and opposing 
female cross. Data on survival of 2000 flies indicated that 
survival rate of female hybrids of the 1st and 70th generations 
was the highest compared to the rates of parent strains and 
hybrid males. Future research of fruit flies’ models of 
reproductive health might be purposed on exploring sleep 
patterns not only in their relation to developmental sterility 
but also in their relation to acute deleterious effect of thermal 
stress on fertility.

Keywords— infertility, reproductive health, sleep disorders, 
circadian rhythm, thermal stress, fruit fly model

Introduction
Relationship of infertility with circadian and sleep 

disturbances appears to be rather complex. Consequently, it 
is not well established so far. Complicating the issue is a 
question of whether circadian and sleep disturbances are the 
results of infertility, causes of infertility, or whether the 
relationship between them is one of reciprocal nature [1]. 
This makes difficult the therapeutic targeting both female 
reproductive function and sleep disorders. To answering the 
question of plausibility of causal relationship, it appears to 
be essential to understand genetic and environmental causes 
of association between infertility and disruptions of the 
fundamental circadian and sleep regulation mechanisms. 

Given the complexity and limitations of human studies, 
the fruit fly, Drosophila melanogaster, is an ideal model 

organism for dissecting relationships between genes, 
environment, sleep-wake behavior, and various diseases 
[2]. It might, in particular, provide a powerful and rapid 
platform to study the mechanisms underpinnings the 
associations between environmental stress, infertility, and 
sleep-wake disturbances. Hot ambient temperature belongs 
to the most powerful natural factors causing the profound 
disturbances of the human sleep-wake cycle. For instance, 
a much stronger annual rhythmicity of sleeping problems 
was reported by both newcomers and native residents of a 
region with hot summer temperature as compared to people 
living at higher latitudes who are seasonally exposed to 
extremely long and short photoperiod with mostly cold 
rather than hot air temperatures [3]. The experimental 
research indicates that fly’s sleep-wake pattern might be 
reorganized by heat in a way that is very similar to human 
sleep-wake pattern response to an increase of ambient 
temperature, i.e., nighttime sleep and daytime activity 
usually decrease whereas daytime sleep and early night 
activity usually increase during exposure to thermal stress 
[4]. On the other hand, Drosophila melanogaster can 
additionally serve as a model of temperature-sensitive 
agametic sterility that was originally called gonadal 
dysgenesis sterility [5]. Dysgenesic phenomena can occur 
exclusively in one of two cross directions and only due to 
cultivation under elevated temperature (reviewed in [6]).
Therefore, the effects of thermal stress on the circadian 
rhythms in sterile female hybrids might be compared with 
the effects on these rhythms in the reciprocal (fertile) female 
hybrids. Consequently, the major aim of our pilot study was 
to utilize this fruit fly model of temperature-sensitive 
infertility for delineating possible causal link between the 
deleterious effects on fertility and sleep-wake behaviors 
imposed by such environmental factor as hot temperature. 
The hypothesis was that the circadian patterns of locomotor 
activity and sleep might be more dramatically disturbed by 
thermal stress in infertile rather than fertile crosses.

Methods

Hybrids and Conditions
In order to create hybrid females showing intra-specific 

paternal-maternal hybrid gonadal dysgenesis, females of 
Canton-S strain were crossed with males of Harwich strain, 
and F1 hybrids were maintained at high air temperature (i.e., 
eggs were hatched, larvae were reared, and newly emerged 
flies were kept permanently at 29 °C). The reciprocal 
(fertile) female hybrids and fertile hybrid males served as 
three control crosses cultivated in the same environmental 
condition. During three different seasons, all flies were 
cultivated at 29 °C until age of, at least, 5 days in the 
laboratory to perform three experimental studies of their 
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circadian patterns of locomotor activity and sleep. 
Additionally, female hybrids of two cross directions were 
reproduced for 70 generations at room temperature. In the 
4th season they serve two more controls for the experimental 
study of circadian patterns of F1 female hybrids.

Sleep Recordings
To document circadian rhythmicity and sleep, flies were 

placed individually in glass locomotor-monitoring tubes. 
The measurements were obtained simultaneously for equal 
in size subsamples of flies kept in constant darkness at either 
20°C or 29°C during, at least, 5 days. Locomotor activity 
was monitored in 1-min bins using the Drosophila Activity 
Monitoring System ("Trikinetics", Waltham, MA, USA). 
Sleep events were defined as 5 consecutive minutes of 
absence of any locomotor activity [7]. Parameters of 
locomotor activity and sleep were calculated using data 
acquisition software package (www.trikinetics.com). 
Number of beam breaks and duration of sleep episodes were 
summed on 30-min intervals of 5-day record to draw 
illustrations and to perform statistical analyses with the
SPSS23.0 statistical software package (IBM, Armonk, NY, 
USA). The first day data were excluded, whereas the 
following 30-min estimates of activity or sleep were 
averaged on 4 24-h intervals to obtain measurements at each 
of 48 time points constituting the 24-hour cycle (Fig. 1). 

Fig. 1. 24-hour time courses of sleep in hybrid females of opposing cross 
directions (females from Harwich strain and males from Canton-S strain 
and females from Canton-S strain and males from Harwich strain). F1 and 
F70: crosses of either the 1st (a) or 70th generation (b) kept under either 
low (20°) or high air temperature (29°)

Survival Rate
We also examined differences in survival rate under 

thermal stress in two parent strains and their F1 or F70 
offspring of two cross directions. Flies were placed in tubes 
and kept at 29°C. Food was replaced with intervals of, at 
least, 2 days and dead flies were removed and counted. In 
total, 2000 flies from 100 tubes were counted and mortality 
analysis was performed using the Kaplan–Meier estimator.

Results
As expected, sterility was found only in F1 females from

one of two cross directions: when females from Canton-S
strain were hybridized with males from Harwich strain. 
Moreover, the deleterious effect was found only when eggs 

were hatched, larvae were reared, and newly emerged flies 
were permanently kept at 29°C. The main reason for 
sterility of this female cross was under-development of 
ovaries.

The crosses demonstrated significant difference in 24-h
sleep-wake cycle, and in its response to thermal stress. For 
example, only fertile F1 females (i.e., progeny of Harwich 
females crossed with Canton-S males) responded to an 
elevated temperature by 1) a decrease of night sleep (an 
insomnia-like symptom), 2) a shift of the second activity 
peak from evening to early night hours, and 3) an increase 
of daytime sleep duration (it is typical for males under any 
temperature). In contrast, sterile F1 females demonstrated 
only one - the latter - response (see Figure 1, a). The same 
differences in sleep pattern and its stress response were also 
found in F70 females (see Figure 1, b). Longevity analyses 
yielded significant differences in survival rate indicating 
that female F1 or F70 offspring of any cross direction were 
significantly better survivals than females from any of two 
parent strains and any males.

Discussion
Given the complexity of human reproduction system 

and numerous limitations imposed on human studies, a fruit 
fly model was used to investigate the possible association 
between the predicted effects of thermal stress on the sleep-
wake cycle and fertility. Although no evidence was 
provided for a causal link between temperature-induced 
sterility and insomnia-like symptoms in females born from 
females of Canton-S strain and males of Harwich strain, the 
circadian sleep patterns and their responsiveness to thermal 
stress were found to be significantly dependent upon cross 
direction. This dependence was observed in intra-specific 
hybrids of any sex and persisted in females over 
generations. Future studies of fruit fly models of 
temperature-sensitive infertility might be focused on testing 
possibility of association between the acute rather than 
developmental thermal effects on fertility and sleep-wake 
patterns.
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Abstract — We developed a prototype of a platform for 
aggregation, storage and analysis of the results of genome-
wide association scans of different economically important 
ovine traits.
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Introduction
Sheep breeding is one of the most important branches of 

agriculture. Currently, the most popular product of sheep breeding 
is mutton. For this reason, the modern market demands the breeds 
or breed types of sheep characterized by good viability, high 
growth rate, good meat qualities, ability to effectively use feed. 
The solution of the problem of production of pedigree sheep of 
competitive quality (both on the domestic and world markets) can 
only be achieved through the shift of selection to a qualitatively 
new level - from selection by phenotype to the selection at the gene 
and genomic level. Genome-wide association studies (GWAS) is 
a modern, agnostic, data-driven method for identifying QTL 
associated with different traits. The results of genome-wide 
association studies (RGWAS) are an example of big data that 
further can be used to build models of marker-assisted and 
genomic selection and identification of candidate targets for 
genomic editing. However, the extraction of new knowledge from 
big data requires its aggregation and the construction of 
infrastructure for its storage, access and processing. In the context 
of RGWAS for economically important traits o f ovines, this 
highly relevant problem has not been solved yet.

Aim: to implement a prototype of a platform for aggregation, 
storage and analysis of the results of genome-wide association 
scans (RGWAS) of different ovine traits.

Materials and methods
For searching and filtering papers we used PubMed 

(https://www.ncbi.nlm.nih.gov/pubmed/) and Google Scholar 
(http://scholar.google.com). We restricted our search to papers 
published in English, in peer-reviewed journals since 2013. We 
chose 2013 as a year when the first biggest GWAS (n>200) for 
sheep was published [1]. We used a few keyword combinations 
which included word related to the organism (sheep/ovine/Ovis 
aires) and word related to the type of study (GWAS). For 
example, one of the keyword combinations was “sheep GWAS”. 
For each keyword combination, we manually screened and 
selected for further consideration top 20 most relevant papers. 

Further, for each study, we have checked the information about 
the full RGWAS availability. If it was publicly available we have 
downloaded it. In other cases, we have collected the emails of 
corresponding authors and contacted them with the request for the 
full RGWAS.

We used GWAS-MAP platform [4] to consolidate and store 
ovine RGWAS, and the PheLiGe web-interface to present and 
visualize data. First, RGWAS are converted into useful format 
and check correspondence between rs_id and chromosome 
position based on the reference, and harmonize effect alleles. 
Second, data should pass quality control (QC). QC contains three 
steps: соmparing allele frequency between RGWAS and 
reference data, check effect size distribution, and check that 
reported p-values correspond to z-scores. If QC is fine, RGWAS 
are saved in the database. For data storage and manipulations on 
GWAS-MAP platform we use two database management 
systems, ClickHouse, to store harmonized RGWAS and 
PostgreSQL for metadata storage. We also present web-interface 
PheLige to provide user-friendly access to the database and 
visualize data by interactive plots.

Results
Using 3 different keywords combination (sheep GWAS, 

ovine GWAS, ovis aries GWAS) we found 86 relevant papers 
(including duplicates). Next, all papers were manually curated 
and filtered by relevance. We selected the most relevant studies 
that led to the final list of 38 publications. About half of the papers 
described traits related to meat productivity and growth. Other 
traits were related to wool production, milk production, and some 
body composition traits (such as root, fat tail, ear size, etc.). Only 
two studies made the full RGWAS publically available [2,3]. For 
other studies we have contacted corresponding authors for the 
data access.

Next, we made the LD reference for sheep based on 96 
animals (18 Romanov breed sheep, 6 Katahdin breed sheep, 10 
argalis, 48 F1 hybrids Romanov sheep and argali, 14 F1 hybrids 
Romanov sheep and Katahdin sheep) that were genotyped by 
Infinium® HD SNP Bead-Chip (Illumina Inc., San Diego, CA, 
USA). The LD reference contains information about 523578 non-
monomorphic SNP.

We have implemented a prototype of a platform for 
aggregation, storage and analysis of RGWAS of ovine traits. The 
platform is accessible via public (web-based) and private (ssh-
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based) interfaces. At the moment, the database contains 
21 millions of associations.
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Abstract — We performed the search of new loci 
associated with meat productivity and carcass traits in sheep 
using novel multivariate approaches. We found 4 new loci 
associated with traits of interest and added more than 30 loci 
to our previously published database.
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Introduction
Sheep breeding is one of the most important branches of 

agriculture. Currently, the most popular product of sheep 
breeding is mutton. For this reason, the modern market 
demands the breeds or breed types of sheep characterized by 
good viability, high growth rate, good meat qualities, and 
ability to effectively use feed. The solution of the problem of 
production of pedigree sheep of competitive quality (both on 
the domestic and world markets) can only be achieved 
through the shift of selection to a qualitatively new level -
from selection by phenotype to the selection at the gene and 
genomic level. Genome-wide association studies (GWAS) is 
a modern, agnostic, data-driven method for identifying QTL 
associated with different traits. Identification and mapping 
of genes that affect phenotypic variability in economically 
important quantitative traits, determining the growth, 
development and reproductive potential of animals. 
Unfortunately, today we don’t have a full picture of QTLs 
and genes associated with traits of interest. Filling the gap in 
our knowledge can be done by performing new GWAS on 
these traits or reprocessing previously obtained results of 
GWAS (such as published summary statistics) using novel 
powerful methods. One of the method to do reprocessing of
GWAS results is MANOVA (Multivariate ANalysis Of 
VAriance). This method allows to find new loci associated 
with traits of interest using summary statistics. This project 
focused on application existed methods of multivariate 
analysis for searching for new loci associated with meat 
productivity and carcass traits in sheep.

Materials and methods
For this project, we used summary statistics from 

previously published GWAS for 56 traits associated with 
meat productivity and carcass traits in sheep.[1] We 
performed multivariate analysis for 8 new multivariate 
traits formed from 48 univariate original traits. Each 
multivariate trait is a combination of several univariate 
traits grouped based on the similarity effect on the organism. 

The results of multivariate analysis have greater power that 
regular univariate analysis and usually depicts loci with high 
level of pleiotropicity between this group of traits. We used 
the adapted MANOVA method for z-statistics from 
Stephens et al. 2013 [2]. Number of SNPs in analisys was 
more than 450000. The locus was defined as +-250000 bp 
from top SNP. We considered locus significantly associated 
in univariate analysis if its p-value was < 0.05/(Nsnp*48) and 
in multivariate analysis if its p-value was < 
0.05/(Nsnp*(48+8)). We considered locus as new if it didn’t 
present in our previously published database.

Results
We found 4 new loci associated with one multivariate 

trait related to weight: rs402280290, rs418394153, 
rs420734786 and rs193632759. These top associated SNPs 
were missense variant (rs193632759), intron variant 
(rs420734786) and two - interegenic variants 
(rs402280290 and rs418394153). The nearest genes were 
LOC105603262 (rs402280290), SETBP1 (rs418394153), 
DOCK8 (rs420734786) and MASP1 (rs193632759). In 
addition, we found 39 new loci which were associated with 
multivariate and/or univariate traits and were not presented 
in our database contained loci associated with meat and 
growth traits for sheep. [3] As a result of this work we 
found new loci associated with traits of interest and add 
these new loci in our database. This information can be 
useful for further association studies and preliminary 
estimation of genetic variability for economically 
important traits in different breeds.
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Abstract — The circadian temporary organization of the 
dynamic processes occurring at the level of the cellular 
compartment of the immune system ensures their clear time 
sequence, the optimal ratio of cellular elements in organs and 
tissues at any given time/ Any pathological process leads to 
biorhythmological disorders of varying severity, which begin at 
the very early stages of the disease, when clinical signs are not 
yet manifested. However, in the literature there is very little
information about the daily biorhythms of the immune system 
in violation of its functions, in particular, in the chronic 
inflammatory process. We found that with inflammation in the 
thymus, spleen and lymph nodes, the nature of the diurnal 
fluctuations in the content of large, medium and small 
lymphocytes, monocytes / macrophages, CD8 +, CD25 + cells 
changes. Thus, with the development of inflammation in the 
uterine mucosa in rats, desynchronosis in the immune system is 
observed. This allows us to talk about the need to take into 
account circadian rhythms in the diagnosis and treatment of 
inflammatory diseases.

Keywords — inflammation, circadian rhythm, thymus, 
spleen, lymphatic nodes, CD4+ and CD8+ lymphocytes

Introduction 
The circadian temporary organization of the dynamic 

processes occurring at the level of the cellular compartment of 
the immune system ensures their clear time sequence, the 
optimal ratio of cellular elements in organs and tissues at any 
given time [3]. Any pathological process leads to 
biorhythmological disorders of varying severity, which begin 
at the very early stages of the disease, when clinical signs are 
not yet manifested [2]. The study of biorhythms of indicators 
of the morphofunctional state of immunocompetent cells, their 
cytokine-producing activity and ability to respond to 
regulatory factors is of great importance for elucidating the 
mechanisms of immunopathological processes. However, in 
the literature there is very little information about the daily 
biorhythms of the immune system in violation of its functions, 
in particular, in the chronic inflammatory process. 

Methods and Algorithms
In female Wistar rats, a model of experimental 

endomyometritis was created [1]. On the 13th day after the 
induction of inflammation, rats were sacrificed by decapitation 

under ethinal anesthesia at 10.00 and at 20.00. Thymus, 
spleen, inguinal, iliac and para-aortic lymph nodes were 
removed. In lymphoid organs, the percentage of CD8 + and 
CD25 + lymphocytes were determined by flow cytometry with 
FITC-labeled monoclonal antibodies (BD Pharmingen) using 
a FACSCalibur flow cytometer (Becton Dickinson). In smears 
from a cell suspension of lymphoid organs stained by the 
Romanovsky-Giems method, the percentage of various cell 
forms — large, medium, small lymphocytes, and monocytes / 
macrophages — was determined. Statistical processing was 
performed using the STATISTICA6 software package.

Results
In intact female Wistar rats, the percentage of large, small, 

CD25 + cells and monocytes / macrophages was increased in 
the thymus at 10.00 h compared to 20.00 h, the percentage of 
CD8 + cells were reduced. In the morning, a higher content of 
large and small lymphocytes and CD25 + splenocytes was 
noted in the spleen. The percentage of monocytes / 
macrophages was increased at 20.00 h. Morning-evening 
differences were revealed in all lymph nodes for the 
percentage of secondary lymphocytes (Table 1).

With inflammation morning-evening differences were 
revealed only for the percentage of large and medium 
thymocytes. In the spleen for large lymphocytes and CD25 + 
splenocytes an “inversion” of diurnal fluctuations was found, 
and for the percentage of monocytes / macrophages a decrease 
in the difference between morning and evening values was 
found. Significant diurnal fluctuations in the percentage of 
medium and small lymphocytes disappear in the paraortic 
lymph nodes, but morning and evening differences for the 
content of CD8 +, CD25 + cells and monocytes / macrophages 
appear. In the inguinal lymph nodes, the morning and evening 
differences in the content of middle lymphocytes are leveled, 
but they appear for the percentage of large, small lymphocytes 
and CD8 + cells. Significant diurnal fluctuations in the 
percentage of large lymphocytes, CD8 + cells and monocytes 
/ macrophages appear in the iliac lymph nodes. Daily 
variations in the content of middle lymphocytes are inverted 
(Table 1).
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TABLE I. DAILY VARIATIONS IN THE CELLULAR COMPOSITION OF THE 
LYMPHOID ORGANS OF FEMALE RATS INTACT AND ON THE 13TH DAY OF THE 
DEVELOPMENT OF EXPERIMENTAL ENDOMYOMETRITIS (M ± SE)

Cells (%) Int. 10.00 h Int. 20.00 h
Inf. 
10.00 
h

Inf. 
20.00 
h

Thymus

Large lymphocytes 25,32±
2,21

14,51±
1,87*

21,2 ± 
1,02

13,3 ±
1,93*

Middle 
lymphocytes

21,81±
2,22

40,52±
3,01

17,6 ±
1,43

34,1 ± 
2,59*

Small lymphocytes 58,24±
1,28

31,25±
0,26*

54,2 ± 
2,02

41,8 ± 
3,81

CD8+ 48,12±
0,11

69,45±
0,08*

59,6 ±
0,08

70,1 ±
0,07

CD25+ 9,21±0,0
3

4,35±
0,01

6,13 ±
0,02

5,41 ±
0,01

Monocytes/macrop
hages

4,52±0,1
2

1,12±
0,02*

3,2 ± 
0,54

1,1 ±
0,03

Spleen

Large lymphocytes 5,81±0,1
3

2,45±
0,08*

1,0 ±
0,54

6,2 ±
0,43*

Middle 
lymphocytes

4,87±0,1
4

9,48±0,9
5

5,3 ±
2,07

10,1 ±
1,02

Small lymphocytes 88,45±
2,05

65,14±
1,02*

89,0 ±
1,77

79,2 ±
1,65

CD8+ 38,51±
1,02

54,25±
0,47

45,4 ± 
0,09

49,9 ±
0,09

CD25+ 7,54±0,0
1

3,28±0,0
01*

4,01 ±
0,001

6,46 ±
0,01*

Monocytes/macrop
hages

2,45±0,0
5

6,48±0,0
8*

3,2 ± 
0,81

5,2 ±
0,96*

Paraortal lymph node

Large lymphocytes 8,45±1,2
4

6,74±2,1
4

9,1 ±
0,73

5,6 ±
0,71

Middle 
lymphocytes

18,36±
1,05

8,64±
0,98*

11,2 ±
1,93

9,9 ±
1,02

Small lymphocytes 32,14±
1,52

69,87±
0,18*

46,0 ± 
2,57

63,1 ±
1,93

CD8+ 39,18±
0,87

43,87±
5,25

45,2 ± 
0,38

37,6 ±
0,74*

CD25+ 2,57±0,0
1

3,12±0,0
5

4,01 ±
0,11

2,83 ±
0,03*

Monocytes/macrop
hages

6,14±1,2
4

8,36±2,7
8

5,4 ±
0,08

9,1 ±
0,03*

Lymph node inguinal

Large lymphocytes 8,69±1,3
2

7,54±2,1
2

9,6 ±
0,74

4,0 ±
0,94*

Middle 
lymphocytes

20,87±
1,24

10,14±
1,47*

18,7 ±
1,05

12,5 ±
1,12

Small lymphocytes 58,78±
3,01

54,21±
2,14

36,8 ±
2,95

56,71 ±
1,03*

CD8+ 39,18±
2,01

45,11±
3,58

42,8 ±
0,56

34,8 ±
0,08*

CD25+ 4,16±0,0
3

3,87±1,0
2

5,61 ±
0,06

4,21 ±
0,03

Monocytes/macrop
hages

15,25±
1,21

22,15±
3,45

12,3 ±
0,78

7,5 ±
1,01

Iliac lymph node

Large lymphocytes 2,24±0,1
4

4,12±2,2
5

1,3 ±
0,05

3,2 ±
0,09*

Middle 
lymphocytes

9,51±0,1
4

4,25±0,0
2*

2,9 ±
0,57

9,2 ±
0,31*

Small lymphocytes 65,13±
3,24

59,25±
1,12

51,9 ±
2,07

68,1 ±
1,12

CD8+ 29,15±
0,14

32,12±
1,25

39,7 ±
0,38

41,5 ±
0,18*

CD25+ 3,12±0,0
4

1,25±0,0
2

5,16 ± 
0,08

5,73 ±
0,06

Monocytes/macrop
hages

10,41±1,
12

6,15±2,8
7

13,0 ±
0,95

3,1 ±
0,07*

Note: Int. - intact, Inf. - inflammation, * - significant differences from 
10.00 h of the corresponding group (p<0,05; Mann-Whitney test)

Conclusion
With the development of inflammation in the uterine 

mucosa in rats, desynchronosis in the immune system is 
observed. This allows us to talk about the need to take into 
account circadian rhythms in the diagnosis and treatment of 
inflammatory diseases.
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Abstract — Pelvic organs prolapse in women is very 
inconvenient age-dependent pathology. One of the causes of 
pelvic organs prolapse is considered so called undifferentiated 
dysplasia of connective tissue being genetically determined 
change in the morphogenesis of connective tissue. The aim of 
this work was to study heparanase expression in pubocervical 
fascia of menopause women with pelvic organ prolapse. As 
shown heparanase protein content was significantly up-
regulated in cellular compartment of pubocervical fascia in 
patients with pelvic organs prolapse and prominent 
undifferentiated dysplasia of connective tissue degrees.

Keywords — pelvic organs prolapse, undifferentiated 
dysplasia of connective tissue, endoglycosidase, pubocervical 
fascia, menopause women 

Motivation and Aim 
Pelvic organs prolapse (POP) in women is very 

inconvenient age-dependent pathology. The incidence of 
women with POP in USA and other countries is reaching up 
to 50% in patients aged 80 years [1]. The understanding of 
POP's pathophysiology is important for prevention and 
treatment. Presumably POP deals with so called 
undifferentiated dysplasia of connective tissue (UCTD). 
UCTD is genetically determined change in the morphogenesis 
of connective tissue due to abnormalities of fibrillogenesis and 
non-fibrillar extracellular matrix (ECM). In POP it was known 
the expression changes mainly focusing on the genes/proteins 
of collagen, elastin, matrix metalloproteinases (MMPs) and 
their tissue inhibitors [2]. Besides MMPs the ECM also 
contains at least one's more enzyme involved in connective 
tissue remodeling, which has an endoglycosidase activity and 
is named heparanase (HPSE). The aim of this work was to 
study HPSE expression in pubocervical fascia of menopause 
women with POP.

Methods and Algorithms 
This study was performed on 150 women 60,7±7,73 years 

old with POP, the diagnosis was based on the POP 
Quantification (POP-Q ISC, 1996). The average duration of 
menopause was 10,9±9,1 years. Women with malignances 
and/or active/latent urinary tract infection were excluded. All 
150 patients were suitable for POP-Q III-IV (Ва) and 

underwent primary scheduled treatment using vaginal access 
surgery; also in all cases the informed consent of the patient 
to the examination and treatment of POP was taken in 
accordance with the directives of the European Community 
(86/609 / EEC) and the Helsinki Declaration, in compliance 
with the «Ethical Principles for Scientific Medical Research 
with Human Participation» and in accordance with the «Rules 
of Clinical Practice in Russian Federation». Patients were 
divided into 2 representative by age and by POP's severe 
groups, depending on the UCTD degree. The 1st group 
consisted of 48 women with mild degree of UCTD. The 2nd 
group consisted of 102 women with moderate and severe 
degree of UCTD. Phenotypic manifestations of UCTD were 
evaluated on the basis of physical examination and ultrasound 
study of the heart and pelvic organs, focusing on pathological 
renal mobility. The minimal manifestations of UCTD 
included joint hypermobility, mild skin striae and/or myopia. 
Their combination with signs of the «MASS phenotype» 
(mitral valve prolapse, additional heart chords, scoliosis, and 
so on) were interpreted as moderate and severe degree of 
UCTD [3]. Surgical samples of the pubocervical fascia were 
fixed in 10% buffered formalin solution. For 
immunohistochemistry, 5-mkm sections of formalin-fixed,
paraffin-embedded tissue sections were deparaffinized and 
antigens were retrieved in sodium citrate buffer (10 mM 
sodium citrate, 0,05% Tween-20) at 95-98°C for 20 min. The 
rabbit polyclonal anti-HPSE (Abcam, cat. № ab85543,1:100) 
primary antibodies were used. For negative control, the 
primary antibodies were replaced by 5% bovine serum. 
HPSE-immunostaining patterns were visualised using 
Histostain-Plus 3rd Gen IHC Detection Kit (ThermoFisher 
Scientific). The sections were counterstained with 
Hematoxylin and observed by light microscopy using Axio 
Scope.A1 microscope with the camera AxioCam MRc5 and 
software ZEN blue for the quantitative analysis of 30 images 
per group with magnification 40x10 (Zeiss, Oberkochen, 
Germany). Statistical processing of the results was performed 
using the statistical software application package 
STATISTICA v.6.0. A value of p < 0,05 was considered to 
indicate a statistically significant difference.
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Results
An analysis of the incidence of clinically polymorphic 

symptoms and diseases inherent to the UCTD in 150 women 
of 1st and 2nd groups have revealed the genital prolapses and 
hernia as universal UCTD manifestations in first-line relatives 
of 40% and 49% cases, respectively. In women of the 2nd 
group, varicose veins occurred in 79,4% comparing 33,3% 
cases in the 1st group. And in contrast to the 1st group, in the 
2nd group, the biliary dyskinesia was detected in 45% of 
women, and heart rhythm and conduction disturbances were 
revealed in 48% ones. The investigation a hypothesis on a
potential negative effect of HPSE content on the POP 
pathogenesis, the dense fibrous connective tissue of 
pubocervical fascia was studied with emphasis on the intra-
and extracellular endoglycosidase localization. HPSE protein 
content was significantly up-regulated in cellular 
compartment of pubocervical fascia of the 2nd group with 
prominent UCTD degrees compared with the 1st one: the 

average area of total positive immunostaining products 
amounted as 2,4±0,6 mm2 versus 1,3±0,5 mm2 (p < 0,01). 

Conclusion 
HPSE known as heparan sulfate cleaver and active 

participant in different pathological processes such as 
inflammation and tumorigenesis may affect the ECM 
properties of pubocervical fascia and should serve as new 
molecular marker of UCTD and POP.
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Abstract — The identification of causative miRNAs in 
colorectal cancer is unclear due to a lack of understanding of 
how specific miRNAs affect biological pathways and 
consequences of disease development. The miRNA is a class of
nano-sized non-coding RNAs that regulate many mRNAs, and 
mRNA can be related to many miRNAs, which make them 
suitable for diagnosis purposes. Therefore it is required to 
identify candidate genes of colorectal cancer and to what extent 
they can interact with miRNA. To determine the important 
miRNAs biding sites in genes, involved in the development of 
colorectal cancer, there were used the MirTarget program. The 
paper presents the results of studying the characteristics of the 
interaction of miRNAs with mRNAs of 135 candidate genes 
involved in the development of colorectal cancer. The binding 
sites of 446 miRNAs have in 113 mRNA of genes at 5'UTR, CDS, 
and 3'UTR. Found miRNA binding sites with overlapped 
nucleotide sequences (clusters). The research results are useful 
for the development of methods for early diagnosis of this 
disease.

Keywords — miRNA, mRNA, genes, colorectal cancer

Introduction 
Colorectal cancer is one of the three most common 

oncological diseases worldwide and has a high mortality rate 
[1-2]. The complexity of early diagnosis of the disease lies in 
its polygenic nature. Colorectal cancer is accompanied by a 
change in the concentration of miRNAs, which can alter the 
expression of candidate genes related with the disease. The 
effect of miRNA on cancerogenesis is described, however it 
has not been established which target genes these miRNAs can 
directly affect [3-4]. The purpose of this study was to identify 
the interactions between human miRNAs and 135 colorectal 
cancer candidate gene mRNAs.

Materials and Methods
The nucleotide (nt) sequences of 135 colorectal cancer 

candidate genes were downloaded from GenBank 
(http://www.ncbi.nlm.nih.gov). The nucleotide sequences of 
2,565 miRNAs were taken from miRBase, and 3,707 miRNAs 
from a previous study [5]. The quantitative characteristics of 
these interactions were determined using the MirTarget 
program created in our laboratory [6-7]. This program defines 
the start of miRNA binding sites in mRNA; localization of 
binding sites in 5’-untranslated region (5'UTR), protein coding 
region (CDS), and 3’-untranslated region (3’UTR); free 
energy of interaction (∆G, kJ/mole) and scheme of miRNA-
mRNA nucleotides (nt) interaction. The ΔG/ΔGm (%) ratio 
was calculated for each binding site, where ΔGm is equal to 
the free energy of miRNA interaction with fully 
complementary nucleotide sequence.

Results
The binding sites of 446 miRNAs in 113 candidate gene 

mRNAs were determined considering their expression. 
Significant differences were found in the characteristics of the 

miRNA interactions in the 5’UTR, CDS and 3’UTR of mRNA 
candidate genes. The features of the miRNA binding sites 
have been established depending on their location in the 
5’UTR, CDS and 3’UTR. The miRNA binding sites with 
overlapping nucleotide sequences that form clusters were 
identified. This organization of binding sites leads to 
compaction and competition between miRNAs for binding in 
the cluster. The most effective associations between miRNAs 
and candidate target genes, which are proposed as markers for 
the development of methods for the early diagnosis of 
colorectal cancer, are determined. Studying the interactions 
between miRNAs and mRNAs was carried out with colorectal 
cancer candidate genes with RPKM (Reads per kilo base per 
million mapped reads) expression values up to ten and greater 
than ten, considering the localization of miRNA binding sites 
in the 5`UTR, CDS or 3`UTR. The adequate prediction of 
miRNA binding sites in target gene mRNAs is a key problem 
for studying the role of miRNAs in the regulation of gene 
expression.

Characteristics of miRNA interactions with 5`UTR 
mRNAs of candidate colorectal cancer genes.

Five binding sites in 5'UTR in mRNA of DCC gene was 
revealed. The mRNA of FMNL3 gene was target of four 
miRNAs, three of them forms the cluster of binding sites from 
51 nt to 77 nt with an average ∆G value equal to -124 kJ/mole. 
ID01310.3p-miR and ID03332.3p-miR forms a cluster of 
binding sites in mRNA of KRAS gene in position from 17 nt 
to 60 nt. SMAD2, SMAD4 and SOCS6 genes had binding sites 
for miRNAs were located along the entire length of the 5'UTR 
mRNA of genes without overlapping nucleotide sequences. 
The miR-6786-5p and ID03064.3p-miR binding sites in the 
mRNA of the SMAD7 gene overlap on seven nucleotides, 
which makes simultaneous binding of these miRNAs 
impossible. ID03064.3p-miR has the advantage of binding to 
mRNA, since it has a large free interaction energy compared 
to miR-6786-5p. mRNA of CD44 and CTNNB1 were a targets 
of two miRNAs for each, that contain independent from each 
other binding sites that not overlap their nucleotide sequence. 
ID00894.5p-miR and ID02781.3p-miR forms a cluster of 
binding sites in mRNA of CDH1 gene from 57 nt to 79 nt. The 
mRNA of FN1 gene had miRNA binding sites that were 
located in 5'UTR and CDS. These binding sites did not 
overlap, and each miRNA could independently bind to the 
mRNA of the FN1 gene. mRNA of GSTP1 gene was target 
only of two miRNAs (ID00267.3p-miR and ID03331.3p-
miR), that form a cluster from 77 nt to 113 nt with an average 
free energy of interaction equal to -122 kJ/mole. miR-6789-
5p, ID01675.5p-miR and ID02822.5p-miR forms cluster of 
binding sites in mRNA of HIF1A gene from 54 nt to 89 nt with 
an average ∆G value equal to -127 kJ/mole. miR-6789-5p in 
this cluster have a prevalent chance to take this binding site 
because of higher free energy of interaction equal to -132 
kJ/mole and ∆G/∆Gm value equal to 90%. The mRNAs of 
SFRP2, STAT3 and TGFBR1 genes had clusters of miRNA 
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binding sites. ID01777.3p-miR, ID00849.3p-miR and 
ID01545.3p-miR forms cluster of binding sites in mRNA of 
ZEB1 gene from 1 nt to 28 nt with an average ∆G equal to -
116 kJ/mole. 

Characteristics of miRNA interactions with CDS 
mRNAs of candidate colorectal cancer genes.

mRNAs of ADAMTS4, BCL2, BIRC5, CYP1B1, 
DNMT1, ESR1, KSR1, MSH6, PIK3CG, SMAD7 and
TNFRSF4 genes had binding sites only for two miRNAs in 
CDS. 21 miRNAs form a cluster of binding sites n mRNA of
GSK3B gene. The GSK3B gene mRNA included a cluster of 
binding sites ranging from 3 nt to 38 nt, with an entire length 
of 36 nt and an average ΔG of -126 kJ/mole. These 22 binding 
sites have a total length equal to 750 nt, which is 20 times 
larger than the cluster length. The formation of these clusters 
of binding sites in the GSK3B gene 5'UTR indicates the 
greater ability of this gene for compaction, which causes 
competition between the given miRNAs for the binding site. 
The mRNA of ONECUT2, PIK3CA and TCF4 also found big 
cluster of binding sites. These binding sites did not overlap
and each miRNA could independently bind to mRNA of 
given genes. ID01242.3p-miR, ID00306.5p-miR and miR-
511-5p had binding sites in mRNA of ADAMTS5 gene. 
mRNA of OGG1 gene was target of three miRNAs, two of 
which form the cluster of binding sites from 443 nt to 462 nt. 
CDS mRNA of POLD1 gene contain binding sites for five 
miRNAs, among them, ID03114.3p-miR and miR-629-3p
forms a cluster of binding sites from 1069 nt to 1094 nt with 
an average ∆G= -112 kJ/mole. Three miRNAs had binding 
sites in CDS mRNA of POLE gene. mRNA of ALDH2 gene 
contains four miRNAs binding sites, three of them form a 
cluster in position from 153 nt to 191 nt with an average ∆G 
value equal to -115 kJ/mole. Four miRNAs had binding sites 
in mRNA of CDH1 gene. miR-6798-5p, miR-3909 and 
ID02852.5p-miR had binding sites in mRNA of COL3A1 
gene. mRNA of ERBB2 gene have a cluster of binding sites 
from 3815 nt to 3838 nt with an average ∆G = -116 kJ/mole. 
mRNA of HMGB1 gene was target of three miRNAs, two of 
which forms a cluster from 746 nt to 770 nt. ID01524.3p-miR 
and ID03238.3p-miR form a cluster of binding sites in mRNA 
of MTA1 gene from 406 nt to 444 nt with an average ∆G = -
115 kJ/mole and also have binding sites for ID01593.5p-miR 
and ID01702.3p-miR in CDS. ID00645.5p-miR and miR-
6752-5p form a cluster of binding sites in mRNA of MUC1 
gene from 507 nt to 531 nt with an average ∆G = -114
kJ/mole. mRNA of SEPT9 gene was target of three miRNAs, 
two of which form a cluster of binding sites from 1350 nt to 
1381 nt. SFRP2, THBS2 and VEGFA had binding sites for 
two miRNAs.

Characteristics of miRNA interactions with 3`UTR 
mRNAs of candidate colorectal cancer genes

The miR-1273g-3p and miR-1273d had binding sites in 
mRNA of ALOX15 gene in 3'UTR. These binding sites did not 
overlap, and each miRNA could independently bind to this 
mRNA. The mRNA of FMNL3 gene was target of four 
miRNAs. The mRNA of KRAS gene was a target of four 
miRNAs, two of which form a cluster of binding sites from

3163 nt to 3176 nt with an average ∆G value equal to -115
kJ/mole. Five miRNAs had binding sites in mRNA of MTAP 
gene, and among them ID01836.5p-miR and miR-1285-5p
form a cluster of binding sites in position from 2530 nt to 2566 
nt with an average ∆G = -112 kJ/mole. mRNA of BCL2L1
gene was a target of two miRNAs in 3’UTR. miR-1273c and 
miR-1273g-3p form a cluster of binding sites in position from 
3251 nt to 3291 nt. miR-619-5p has a binding sites in mRNA 
of ERBB3 gene. Previously we investigated the variation of 
nucleotide sequences of these two miR-619-5p binding sites 
in the 3’UTR of mRNAs of ERBB3 gene in orthologs [8]. It is 
found that the binding site with 100% score contains highly 
conserved nucleotide sequence 
GGCTCATGCCTGTAATCCCAGC of miR-619-5p binding 
sites. The mRNA of FASN and GREM1 contains by two 
binding sites for miRNAs in 3’UTR. ID00791.5p-miR and 
miR-6829-5p forms a cluster of binding sites in MTA1 gene 
from 2360 nt to 2392 nt with an average ΔG= -116 kJ/mole. 
Four miRNAs had binding sites in mRNA of PIK3CG gene. 
The miR-1277-5p had three binding sites that does not overlap 
in mRNA of VEGFA gene.

Conclusion
It was found that miRNA binding sites in mRNA of target 

genes were located in all mRNA regions. Clusters of miRNA 
binding sites have been identified in some genes. The obtained 
results show that the interaction of the miRNAs with mRNAs 
can serve as the basis for the selection of associations for the 
diagnosis of colorectal cancer.
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Abstract — The eQTL SNP in exon 8 of the MLH1 gene –
rs1799977, may affect the methylation level of the promoter 
region of the same gene. When studying both the effects of 
methylation level and individual SNPs on the formation of 
phenotypic variability in humans and the risk of developing 
pathological conditions, it is necessary to use a integrated data 
analysis approach.

Keywords — MLH1, SNP, CpG-sites, methylation level

Motivation and Aim
DNA methylation is one of the most studied epigenetic 

mechanisms regulating the transcriptional activity of 
chromatin. Through methylation/demethylation of DNA, a 
number of fundamental biological processes are regulated, so 
the study of methylation profiles in different tissues, in 
different pathologies, in dynamics in ontogenesis, etc., is 
currently actively carried out. DNA methylation levels are 
known to be sensitive to a wide range of external influences 
(diet, drug intake, level of physical activity, and various 
environmental factors). But in addition, DNA methylation 
may also depend on structural variations of the genome. 
Several studies have shown that the level of DNA methylation 
depends, for example, on cis-localized regulatory SNP [1]. 

In this work, a pilot study of the methylation level of the 
studied regulatory regions of the MLH1 gene versus 
genotypes was conducted for one of the SNP eQTL in the 
gene. MLH1 encodes one of the miss-match repair system 
proteins, involved in many biological processes. Methylation 
of DNA in the region of the MLH1 gene, has variable 
character and significantly changes in response to various 
substances. The significance of methylation level changes is 
proved in oncogenesis [2]. A direct relationship between an 
increase in the level of methylation of the MLH1 gene and a 
decrease in expression at the mRNA level has been 
proven [3].

Studing of the dependence of the he methylation level of 
the promoter region MLH1 gene with genotypes on the 
regulatory exonic SNP of the same gene.

Methods
Methylation was studied in leukocytes of peripheral blood 

of 22 patients with atherosclerosis of carotid arteries (stenosis 
level >70%) and 14 healthy individuals (stenosis level <28%). 
The groups examined are comparable by sex and age, 
represented by Russian residents of Tomsk. Informed 
agreement on the purpose and possible risks of the study was 
signed by all participants.

The MLH1 gene promoter was studied, which is the 
“coast” of the CpG-island (within ± 2000 bp from the CpG-
island), capturing also a fragment of exon 1 of the EPM2AIP1
gene (GRCh37/hg19; chr 3: 37033249-37033762). 

The genotyping rs1799977 was performed by SNaPshot 
analysis using Multiplex Kit and Primer Focus kit SNaPshot® 
("Applied Biosystems," USA), on the ABI Genetic Analyzer 
3730 platform. The analysis of the CpG-sites of the MLH1 
gene promoter was performed using the bisulfite method 
sequencing using the technology of high-performance mass 
parallel sequencing (massive parallel sequencing, MPS) on 
the MiSeq platform (Illumina, USA); Bisulfite DNA treatment 
was performed using the EZ DNA Methylation Kit ("Zymo 
Research," USA); DNA library preparation for MPS - Nextera 
DNA Flex Library Prep Kit ("Illuminina," USA) [4]. The 
study was conducted on the basis of the Center for the 
collective use of scientific research equipment and 
experimental biological material “Medical genomics” at the 
Research Institute of Medical Genetics, Tomsk Scientific and 
Research Center, RAS. 

Bioinformatic processing of the results was carried out 
using the BWA-Meth programs (for mapping readings) 
[https://github.com/brentp/bwa-meth], MethylDackel (for 
extracting information on methylation of CpG-sites), as well 
as in software methylKit package in the environment R. The 
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coverage level of CpG-sites with read sequences ranged from 
300 to 1100 (with an average reading level of 900). The 
methylation level of the CpG-site was determined as the 
percentage of readings corresponding to methylated cytosine 
residues relative to all readings of cytosine at a given genome 
position.

Non-parametric tests Kruskall-Wallis, Wilcoxon and 
Mann–Whitney were used for differentially methylated CpG-
sites. Statistically significant differences with achieved level 
of statistical significance p<0.05 were considered, of false-
positive control results was carried out by the method of 
Benjamin-Hochberg.

Results
In the regulatory region of the MLH1 gene, 9 CpG-sites 

were analyzed (site coordinates on chromosome 3 (according 
to assembly GRCh37/hg19): chr3: 37033323-37033662). The 
"pattern" of methylation of CpG-sites in the studied region of 
the MLH1 promoter was similar in all samples: the 2nd (chr3: 
37033373) and 5th (chr3: 37033562) CpG-sites with a 
methylation level reduced relative to other CpG-sites flanked 
areas with higher methylation. This "pattern" approximately 
repeated the shape of the distribution density of the modified 
histone H3K27Ac sites in different cell lines.

Significant (p<0.03) associations of methylation level with 
genotypes in rs1799977 were recorded for all analyzed CpG-
sites, the differences being more pronounced in the control 
group. In all cases, carriers of genotype AG had higher levels 
of DNA methylation (on average about 10%) than carriers of 
genotype AA. Only one of those examined (from the group of 
patients with atherosclerosis) was a carrier of the GG 
genotype, its methylation level of all sites being higher than
that of carriers of other genotypes. Single observation cannot 
make a clear conclusion about the effect of the genotype on 
the level of DNA methylation. However, this fact is worth 
noting because it is consistent with the general trend of the 
level of CpG-site methylation depending on the number of G 
alleles in the genotype of the surveyed (AA<AG<GG). 

When comparing DNA methylation levels between groups 
of patients and healthy individuals, no statistically significant 
differences were detected, either in general or taking into 
account genotypes. At once, for all the studied CpG-sites, AA 
genotype carriers in the control group had lower methylation 
levels than patients, while AG genotype carriers in the control 
group had higher methylation levels than patients. Thus, 
differences in DNA methylation levels in healthy individuals 
with different genotypes in rs1799977 significantly exceed 
those in atherosclerosis patients (5-13% for different sites,
p = 0.00004).

How the methylation level of the promoter region of a 
gene (chr3: 37033249-37033762) is associated with 
genotypes for rs1799977 - a missense substitution in exon 8 
(chr3: 37053618), remains unclear. There are two possible 
explanations for this fact. First, the studied SNP may be in 
linkage disequilibrium with any SNP in the regulatory region 
of this gene. Indeed, rs4647200 is resided in the region of the 
studied CpG-sites (chr3: 37033462). Analysis of bisulfite 
sequencing data revealed 4 heterozygous and one 
homozygous carrier of rare allele G by rs4647200 (all in the 
group of patients with atherosclerosis only). When analyzing 
bisulfite sequencing data, 4 heterozygous and one 
homozygous carriers of the rare G allele were identified by 
rs4647200 (all in the group of patients with atherosclerosis 
only). There is linkage disequilibrium between the markers 
rs4647200 and rs1799977 (D'= 1.000, r2 = 0.377). Second, 
according to the "GeneHancer" database, both the promoter 
region of the MLH1 gene and rs1799977 are located in the 
sites of interaction with the transcriptional factor LRRFIP2 
[http://www.genome.ucsc.edu/], which may cause of 
functional linkage between them. The findings are new 
information and require further study.

Thus, a pilot study found that rs1799977 in the exon 8 of 
the MLH1 gene could have an effect on the methylation level 
in the promoter region of the same gene. This, in turn, 
indicates the relevance of using an integrated approach in the 
analysis both the effects of methylation levels and individual 
SNPs on the formation of phenotypic variability in humans 
and the risk of developing of pathological conditions.
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Abstract — The immobilized subtilisins are bacterial 
proteinases with a high thrombolytic activity, capable of 
improving peripheral blood circulation by dissolving the blood 
clot and reducing manifestations of endothelial dysfunction. 
This article presents the materials of the effect of immobilized 
subtilisins on performance heart indicators in the experiment.
The action of these proteinases was studied on a model of 
isolated rat heart according to Langendorff. Indicators of heart 
rate (HR), pressure developed by the left ventricle (LVP), heart 
efficiency (HE) were selected for registration. It was shown when 
adding the immobilized subtilisins, an increase of the left 
ventricular contraction force and a decrease in a heart rate were 
observed. The results indicate that immobilized subtilisins have 
positive inotropic and negative chronotropic effects.

Keywords — immobilized subtilisins, isolated heart, heart rate, 
left ventricular pressure, heart efficiency

Introduction
Currently, the diseases of the circulatory system are an 

highly important problem and a cause of death worldwide. The 
largest percentage among them is coronary heart disease, 
including angina pectoris, myocardial infarction and sudden
cardiac death. As a result of this, the search of effective 
pharmacological preparations for the correction and treatment 
of cardiovascular diseases is an urgent area. 

The proteolytic enzymes have been used by humans for 
many centuries, but their scientifically reasoned use began in 
the early twentieth century after the publication of 
fundamental works by E. Fisher. The proteolytic enzymes can 
be obtained from plant materials (e.g., papain), from animal 
raw materials (e.g., trypsin), or from microorganisms. The 

subtilisins are proteolytic enzymes from the class of 
hydrolases, belong to the class of serine proteases and they are 
classified according to genera in accordance with the 
homology of the amino acid sequence. The name subtilisin 
comes from the fact that most of these enzymes are produced 
by the bacteria Bacillus subtilis. The possibility of the clinical 
use of subtilisins has been studied quite actively in recent 
years, and studies show their effectiveness not only for the 
treatment of thrombosis, but also for the prevention of 
cardiovascular diseases [1, 2]. 

There is no data in the literature about the effect of 
subtilisins on heart function. There are various models for 
experimental studies in the cardiology. One of the relevant 
models is a perfusion of isolated rat heart according to 
Langendorff. This model allows to explore and study in detail 
the physiological and biochemical processes in the heart as 
well as external influences on it in the absence of neurogenic 
and humoral factors [3–6].

The purpose of this work is to study the influence of 
immobilized subtilisins on the performance indicators of 
isolated rat heart according to Langendorff.

Materials and Methods
The experiments were performed on male Wistar rats 

weighing 250-300 g. An hour before the experiment, the 
animals were intraperitoneally injected with heparin (500 units 
per rat). After decapitation, the heart was quickly removed and 
placed in a container with perfusion solution at t = 0 °C. A 
cannula was inserted into the aorta and connected to a 
perfusion system. A perfusion was performed through the 
coronary vessels under a constant pressure of 70 mmHg. The 
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modified Krebs-Henseleit buffer was used as a perfusate. The 
composition of the modified buffer solution Krebs – Henseleit 
is shown below (Table 1). 

TABLE 1. THE COMPOSITION OF THE MODIFIED BUFFER SOLUTION KREBS-
HENSELEIT FOR PERFUSION OF ISOLATED RAT HEARTS

We used a carbogen (95% O2 and 5% CO2) for heart 
saturation and conducted a constant monitoring of pH (7.4). 
The constant solution temperature was 37.5 ° C. To register 
the pressure developed by the left ventricle, an incision was 
made in the left atrium behind the appendage, then a latex 
balloon was injected through it, subsequently filled with 
perfusion solution to the required volume and connected to a 
digital pressure sensor. The balloon was introduced first into 
the cavity of the atrium, and then through the mitral valve into 
the cavity of the left ventricle. The frequency and rate of 
contraction were recorded. The heart efficiency (HE) was 
defined as the product of the pressure increase to the frequency 
of contractions per minute. 

The number of animals in the study group was 7. Each 
selected heart worked for at least 15 minutes without 
recirculating of the perfusion solution until the constant 
amplitude and frequency rates were established. Then, the 
investigated component was introduced into the perfusion 
solution, and the heart worked without recirculation for 40 
minutes. The work presents data that is obtained at 5, 10, 20, 
30, 40 minutes of perfusion in the presence of the studied drug. 
The results will reflect the maximum values of performance 
indicators at the 20 minutes of perfusion. A record of the 
isolated heart working is shown in Figure 1. The studied 
preparation of immobilized subtilisins is a pharmaceutical 
substance of the drug Trombovazim (Producer AO SCPB, 
Novosibirsk, Russia). 

Fig. 1. Record of Isolated Rat Heart Working

The studied component was added to the perfusion 
solution in 4 concentrations: 150 IU/L, 300 IU/L, 600 IU/L 
and 1200 IU/L. The initial indicators of the functioning rat 
heart differed among themselves, therefore, the changes under 
the influence of the investigated component were evaluated in 
percent in relation to the initial indicators - "Control". The 
obtained data were subjected by the statistical analysis using 
the program StatPlus 2009 Professional (USA). The statistical 

significance of the results was evaluated using Student's t-test 
for related samples (before and after administration of the test 
drug) at a significance level of p <0.05.

Results
A. Study with a dose of 150 IU/L. The heart rate 

significantly decreased, starting from 20 minutes of perfusion 
and was 7% in relation to the initial data. In the presence of 
subtilisins, the maximum increase of the LVP index was noted 
at the 20 minutes of perfusion by 32% compared with the 
initial values. The evaluation of the heart efficiency (HE) 
showed a significant increase by 17% at the 20 minutes of 
perfusion. The data are summarized in Fig. 2.

Fig. 2. Perfomance indicators of isolated rat heart, when adding 150 IU/L 
of immobilized subtilisins (M±m), * - p<0,05 against the control.
Note. Grey column – control (Krebs-Henseleit), lilac column – experiment 
(Immobilized subtilisins); HR – heart rate, LVP – left ventricular pressure, 
HE – heart efficiency.

B. Study with a dose of 300 IU/L. The heart rate 
significantly decreased, starting from 20 minutes of perfusion, 
and was 5% in relation to the control. During perfusion with 
subtilisins the maximum increase of the LVP index was 
observed at the 20 minutes of perfusion by 36%. The 
evaluation of the heart efficiency (HE) showed a significant 
increase by 30% at the 20 minutes of perfusion. The data are 
summarized in Fig. 3.

Fig. 3. Perfomance indicators of isolated rat heart, when adding 300 IU/L 
of immobilized subtilisins (M±m), * - p<0,05 against the control.
Note. Grey column – control (Krebs-Henseleit), lilac column - experiment 
(Immobilized subtilisins); HR – heart rate, LVP – left ventricular pressure, 
HE – heart efficiency.
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C. Study with a dose of 600 IU/L. The heart rate 
significantly decreased by 10% in relation to the initial data at 
20 minutes of perfusion. There was a maximum increase in the 
rate of LVP index at 20 minutes of perfusion by 22%, 
compared with the control. The evaluation of the heart 
efficiency (HE) showed a significant increase by 18% at the 
20 minutes of perfusion. The data are summarized in Fig.4.

Fig. 4. Perfomance indicators of isolated rat heart, when adding 600 IU/L of 
immobilized subtilisins (M±m), * - p<0,05 against the control.
Note. Grey column – control (Krebs-Henseleit), lilac column – experiment 
(Immobilized subtilisins); HR – heart rate, LVP – left ventricular pressure, 
HE – heart efficiency

Study with a dose of 1200 IU/L. The heart rate was 9% in 
relation to the control at the 20 minutes of perfusion. The LVP 
index increased by 25% at 20 minutes of perfusion and 
relative to the control. The evaluation of the heart efficiency 
(HE) showed a significant increase by 20% at the 20 minutes 
of perfusion. The data are summarized in Fig. 5.

Fig. 5. Perfomance indicators of isolated rat heart, when adding 1200 
IU/L of immobilized subtilisins (M±m), * - p<0,05 against the control.
Note. Grey column – control (Krebs-Henseleit), lilac column - experiment 
(Immobilized subtilisins); HR – heart rate, LVP – left ventricular pressure, 
HE – heart efficiency.

Consclusion
The studies have shown that immobilized subtilisins have 

a direct effect on the heart muscle. The immobilized subtilisins 
increase the force contraction of the left ventricle and reduce 
the heart rate. There are observed positive inotropic and 
negative chronotropic effects with perfusion of immobilized 
subtilisins, most pronounced at a dose of 300 IU/L These 
circumstances have a scientific and practical interest, since a 
combination of positive inotropic and negative chronotropic 
effects establishes a more economical mode of heart function. 
The immobilized subtilisins have great prospects using in 
cardiology.
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Abstract — Obesity is a serious problem in modern society, 
this being the reason for intensive search for drugs to its 
correction. Fibroblast growth factor 21 (FGF21) is considered 
as a promising candidate for the development of anti-obesity 
drugs: it reduces adiposity and increases insulin 
sensitivity. Preclinical studies of the pharmacological action of 
FGF21 were conducted only in males. The objective of this study 
was to investigate the effect of FGF21 administration on taste 
preferences and carbohydrate and lipid metabolism in male and 
female mice with diet-induced obesity. Influence of FGF21 
administration to obese male and female mice on body weight, 
glucose and lipid metabolism and choice between standard and 
high-fat diet was studied. It was shown that despite the 
significant sex differences in metabolic indices found in mice 
with diet-induced obesity, the administration of FGF21 had an 
equal beneficial effect on carbohydrate and lipid metabolism in 
mice of both sexes. In addition, exogenous FGF21 increased the 
attractiveness of a balanced standard food compared to a high-
fat diet in both male and female mice. These data expand the 
prospects for the use of FGF21 for pharmaceutical purposes.

Keywords — fibroblast growth factor, obesity, taste 
preferences, sex differences

Introduction
Obesity has become one of the main threats to human 

health. A food abundance and overeating caused by the 
preference for high-calorie fatty foods, along with a decrease 
in physical activity are the main factors contributing to the 
widespread prevalence of obesity. An intensive search for 
drugs to correct obesity is ongoing. Fibroblast growth factor 
21 (FGF21) is considered as a promising candidate for the 
development of anti-obesity drugs. In laboratory models, 
monkeys, and humans, administration of FGF21 was shown 
to reduce body weight and improve blood lipid profile [1]. In 
experimental animals, FGF21 has an antidiabetic effect: it 
increases insulin sensitivity and lowers blood glucose [2]. Of 
special interest is the recently discovered ability of FGF21 to 
influence taste preferences: the administration of FGF21 
reduces the intake of sweets and increases the intake of 
proteins, is of particular interest. Preclinical studies of the 
pharmacological action of FGF21 were conducted only in 
males. However, sex differences in metabolism are so 
pronounced that NIH recognized sex as an important 
biological variable that must be considered when conducting 
preclinical studies. The objective of this study was to 
investigate the effect of FGF21 administration on taste 
preferences and carbohydrate and lipid metabolism in male 
and female mice with diet-induced obesity.

METHODS
C57BL/6J mice were housed in SPF vivarium of the 

Institute of Cytology and Genetics under a light regime of 13 
h light and 11 h darkness, with ad libidum access to water and 
food. Obesity was induced by the addition of a high fat diet 
(HFD, D12492, protein 24.4%, fats 34.6%) to a standard diet 
(SD, protein 19%, fats 3.3%). Obese mice aged 7-8 months 
were placed in the Pheno-Master cells and provided with HFD 
and SD. After two days of adaptation, body weight, fat and 
lean mass were measured in all mice and the mice were 
divided into control and experimental groups: for 7 days, the 
mice of control group received subcutaneous daily injections 
of phosphate-buffered saline (PBS), the mice of experimental 
group received recombinant mouse FGF21 (1 mg / kg) 
dissolved in the PBS. BW, motor activity, and intake of FHD 
and SD were measured daily. One day after the last injection, 
mouse fat and lean masses were measured again, then mice 
were sacrificed by decapitation and blood and liver samples 
were collected to analyze biochemical blood parameters and 
gene expression in the liver. Seven males and five females 
were administered with PBS, and seven males and five 
females were administered with FGF21.

Results
In control groups, both calorie intake (ANOVA, P<0.001) 

and consumption of HFD (ANOVA, P <0.05) were higher in 
females than in males, and there were no sex differences in 
motor activity. At the same time, the rate of obesity 
development was lower in females: in females, the proportion 
of fat was lower (ANOVA, P <0.05), and the relative weight 
of lean mass was higher (ANOVA, P <0.05) than in males. 
Administration of FGF21 reduced body weight (ANOVA, 
P<0.001) and the relative proportion of fat (ANOVA, P=0.05) 
with no effect on calorie intake in both males and females 
(Fig. 1a). Although FGF21 did not affect total calorie intake, 
it affected the choice between SD and HFD: regardless of sex, 
it increased the consumption of SD (ANOVA, P<0.001) and 
reduced the consumption of HFD (ANOVA, P<0.001) (Fig. 
1c, d). This FGF21 effect on food preference enhanced in the 
course of experiment (ANOVA, P<0.05). In control groups, 
females and males differed in many hormonal and metabolic 
blood parameters: the blood levels of cholesterol (ANOVA, 
P<0.001), insulin (ANOVA, P<0.001) and leptin (ANOVA, 
P<0.001) were lower, and level of adiponectin (ANOVA , 
P<0.001) was higher in females than in males. These 
differences can be associated with the influence of sex steroids 
or with different degree of 
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adiposity in females and males or with both this factors. 
FGF21 unidirectionally affected the metabolic parameters in 
males and females: it lowered cholesterol (ANOVA, 
P<0.001), glucose (ANOVA, P<0.05) and insulin (ANOVA, 
P<0.01) levels in the blood (Fig. 1b). A decrease in blood 
glucose and insulin levels suggests that FGF21 enhances 
insulin sensitivity, which is consistent with results previously 
obtained in males [3]. 

Significant sex differences in liver gene expression were 
observed: expressions of gene encoding insulin receptor 
(InsR), genes involved in the activation of fatty acid synthesis 
(Acca (ANOVA, P<0.001), Accb (ANOVA, P< 0.05)) and 
oxidation (Pgc1a (ANOVA, P<0.05), Ppara (ANOVA, 
P<0.05)) were higher in females. Probably, the level of basal 
metabolism was higher in females than in males. This 
assumption may explain the mismatch between calorie intake 
and the degree of adiposity in males and females. 
Administration of FGF21 unidirectionally affected gene 
expression in the liver: it reduced the expression of genes 
encoding fatty acid synthase (Fasn (ANOVA, P<0.05)) and 
pyruvate kinase (Pklr (ANOVA, P<0.05)) in mice of both 
sexes. A decrease in the expression of these genes is possibly 
associated with a decrease in the level of insulin and glucose 
in the blood, since insulin and glucose activate the expression 
of Fasn in the liver [4], and glucose activates expression of the 
pyruvate kinase gene via activation of ChREBP. A decrease 
in the expression of lipogenic genes in the liver and a decrease 

in the consumption HFD can contribute to a decrease in blood 
cholesterol levels under FGF21 administration.

Conclusion
Despite the significant sex differences in metabolic indices 

found in mice with HFD-induced obesity, the administration 
of FGF21 had an equal beneficial effect on carbohydrate and 
lipid metabolism in mice of both sexes. In addition, exogenous 
FGF21 increased the attractiveness of a balanced standard 
food compared to a high-fat diet in both male and female mice. 
These data expand the prospects for the use of FGF21 for 
pharmaceutical purposes, since they indicate the ability of this 
drug to correct obesity not only via the influence on metabolic 
processes, but also due to mental shifts in taste preferences in 
favor of eating healthy balanced foods.
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Abstract — Prognosis of the HIV/AIDS infection is an 
important problem of molecular medicine. Since there were
described a number of changes similar to autoimmune processes 
in patients with HIV/AIDS, such changes might be new markers 
for disease prognosis. 

Keywords — exosomes, milk, microRNA 

Motivation and aim
HIV-infection is a viral disease, causing an immune 

deficiency. In patients with HIV/AIDS there were described a 
number of changes similar to autoimmune processes. An 
important problem of HIV/AIDS research is the prognosis of 
infection. As it was previously shown, autoimmune processes 
damage the nervous systems, and one of the markers of these 
processes are catalytic antibodies and bispecific antibodies. 
Such antibodies in vitro can hydrolyze neurospecific 
substrates.

Methods
Antibodies hydrolyzing neurospecific substrates were 

described in the blood of healthy donors, patients with 
systemic lupus erythematosus (SLE) and multiple sclerosis 

(MS). Proteolytic IgGs hydrolyze myelin basic protein and 
oligodendrocytic peptide. We have shown that sera of 
HIV/AIDS, SLE and MS patients contain autoantibodies 
against histones and myelin basic protein. 

Results
Here we show the results of research of natural bispecific 

catalytically active antibodies isolated from the blood of 
HIV/AIDS patients. Also, we compared the level of the 
protease activity of antibodies with the stage and 
characteristics of the pathological process. Interestingly, the 
pathological processes in HIV/AIDS are similar with such in 
MS and SLE. The development of new methods for 
diagnosing the patient’s condition, the effectiveness of 
therapy, and also predicting disease outcome in the future can 
be used for personalized therapy and improving the patient’s 
quality of life.
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Abstract — Development of malignant tumor accompanied 
endogenous intoxication of an organism having a mixed nature, 
in particular due to dysfunction of organs detoxification and 
excretion damaging effect of tumor metabolism. The active 
process of moving toxic and biologically active substances 
formed during tumor progression from the primary focus by 
blood and lymph flow leads to damage of distant organ. The aim 
of this work was to identify structural changes in the liver and 
kidney under the conditions of modeling distant tumor growth. 
For modeling tumor growth, hepatocarcinoma-29 (G-29) cells 
were used. G-29 cells were injected into the muscle of the right 
thigh of CBA mice [1]. The material for research was collected 
after 3, 7, 13, and 30 days of the experiment. The structure of 
the liver and kidney was studied by the method of light and 
electron microscopy. Both destructive and compensatory 
changes in the liver and kidney were revealed in conditions of 
distant tumor growth. In the liver, a decrease a size of 
hepatocytes and concentration of organelles, as well as 
development of autophagy, as a mechanism for maintaining 
intracellular homeostasis, were noted. In the kidney at the early 
stages of the development of the tumor growth, structural signs 
of filtration barrier disorde were shown. Subsequent 
development of compensatory hypertrophy of podocytes and 
glomerular capillary endothelium, as well as autophagy in the 
epithelium of the proximal nephron were noted

Keywords — hepatocellular carcinoma, liver, kidney, 
destructive and compensatory changes

Introduction
Cancer patients often suffer from fatigue, a complex 

syndrome associated with loss of muscle mass, weakness and 
depressed mood. Cancer-related fatigue can be detected 
during diagnosis, manifest during treatment, and persist for 
many years after treatment. Cancer-related fatigue adversely 
affects quality of life, limits functional independence, and is 
associated with decreased survival rates for cancer patients. 
There are currently no effective treatments for fatigue 
associated with cancer, as the pathophysiology of this 
syndrome is poorly understood. One of the causes of cancer-
related fatigue is the fact that the development of a malignant 
tumor is accompanied by endogenous intoxication of the 
body. Development of malignant tumor accompanied 
endogenous intoxication of an organism having a mixed 
nature, in particular due to dysfunction of organs 

detoxification and excretion damaging effect of tumor 
metabolism. The active process of moving toxic and 
biologically active substances formed during tumor 
progression from the primary focus by blood and lymph flow 
leads to damage of distant organ. The aim of this work was to 
identify structural changes in the liver and kidney under the 
conditions of distant tumor growth.

Methods and algorithms
An experimental study was conducted on CBA male mice 

weighing 18-20 g. The animals were kept on a standard diet 
with free access to water and food. Work with animals was 
carried out in accordance with the "Rules for the work using 
experimental animals." In the experiment, 2 groups of animals 
were used. Group 1 included intact mice (n = 5); group 2 -
animals, with the development of the tumor process (n = 20). 
Hepatocarcinoma-29 cells (G-29) were used to simulate tumor 
growth. G-29 cells were suspended in 10-fold volume of 
saline and injected 0.1 ml of intact animals in the right thigh 
muscle [1]. The material for research was collected after 3, 7, 
13, and 30 days of the experiment. Animals were removed 
from the experiment by the cranio-cervical dislocation 
method. For electron microscopy studies, liver and kidney 
fragments up to 1 mm3 in size were fixed in a 4% solution of 
paraformaldehyde prepared on Hanks medium, fixed for 1 
hour in a 1% solution of OsO4 in phosphate buffer (pH = 7.4), 
and were dehydrated in increasing ethyl alcohol concentration 
and concluded in epon (Serva, Germany). Semi-thin sections 
with a thickness of 1 μm were prepared from the obtained 
blocks on a Leica UC7 / FC7 ultratome (Germany / 
Switzerland), stained with toluidine blue, studied under a 
LEICA DME light microscope, and the required tissue 
sections were selected for examination an electron 
microscope. Ultrathin sections with a thickness of 70-100 nm 
were obtained from the selected material, contrasted with a 
saturated aqueous solution of uranyl acetate and lead citrate 
and studied using a JEM 1400 electron microscope (Center for 
Collective Use, Federal Research Center for Cytology and 
Genetics, Siberian Branch of the Russian Academy of 
Sciences). Morphometric analysis was performed using 
ImageJ computer software (Wayne Rasband, USA). The 
average value (M) and standard deviation (SD) were 
calculated using Microsoft Excel software (Microsoft, USA). 
The significance of differences between the studied 
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parameters was determined using the Statistica 6.0 software 
(StatSoft, USA) using the Mann-Whitney U-test at a 
confidence level of 95% (P <0.05).

Results
Hepatocarcinoma-29 is an extremely aggressive 

transplantable cell line. Upon implantation of 
hepatocarcinoma-29 cells into the thigh region of 
experimental animals, tumor cells quickly replaced muscle 
fibers. By 13 days of the experiment, a tumor node was 
formed, and by 30 days after implantation, mature tumor 
tissue appeared, having a kind of liver beams surrounded by 
“sinusoids” [2]. As a result of invasion of tumor cells and 
damage to membrane structures, there was an increase in the 
level of secondary products of lipid peroxidation in muscle 
tissue: on day 7 - 2.1 times, on day 13 - 1.4 times relative to 
control values [3], which could have a toxic effect on the liver 
and kidneys. The liver, as the central organ of detoxification 
and metabolism, is most susceptible to the toxic effects of 
malignant products. In the dynamics of tumor growth, there 
was a decrease volume density of mitochondria, endoplasmic 
reticulum, lipid inclusions and an increasing volume density 
of lysosomal structures. The development of intracellular 
autophagic degradation of cytoplasmic organelles was 
revealed. In autophagosomes, fragments of cytoplasm, 
glycogen rosette, mitochondria, fragments of the endoplasmic 
reticulum with ribosomes were observed. The data obtained 
indicate that in conditions of distant tumor growth in the liver, 
non-selective autophagy develops to maintain intracellular 
hepatocyte homeostasis, as well as energy and trophic 
homeostasis of the body. In the early stages development of 
the tumor process, destructive disorders in the kidney were 
noted, indicating a violation of the renal filter - a decrease in 
the number of fenestra of glomerular capillary 
endotheliocytes, an increase in the thickness of the glomerular 
membrane, fusion of the legs of podocytes. Starting from 13 
days of tumor development, compensatory processes were 
noted in the structure of nephron components. Podocyte 
hypertrophy was identified: the concentration of organelles in 

the cytoplasm of podocytes and the number of cytopodia were 
increased. A decrease in the thickness of the glomerular 
membrane and an increase in the height of the glomerular 
capillaries were observed. Аutophagy in epithelium of the 
proximal part of nephron was noted.

Conclusion
The development of both destructive and compensatory 

changes in the liver and kidney in conditions of distant tumor 
growth was revealed. In the liver, a decrease a size of 
hepatocytes and concentration of organelles, as well as 
development of autophagy, as a mechanism for maintaining 
intracellular homeostasis, were noted. In the kidney at the 
early stages of the development of tumor growth, structural 
signs of a disorder of the filtration barrier are shown, 
subsequent development of compensatory hypertrophy of 
podocytes and glomerular capillary endothelium, as well as 
autophagy in the epithelium of the proximal nephron were 
identified. 
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Abstract — Neurobiology is a rapidly developing field of 
modern science. New research technologies allow researchers to 
actively intervene in the work of the whole brain and local 
neural networks. A true understanding of the fundamental 
principles of the brain functioning is possible only by 
combination of systematic approach in the analysis of complex 
behavior and detailed information on neuronal functions. 
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The central issue in neurobiology remains the 
understanding of how the activity of single neurons, combined 
into distributed neural networks, provides animals with the 
ability to adapt to rapidly changing environmental conditions 
using a specific behavioral pattern. Adaptive behavior can be 
observed in simply organized living beings who lack a highly 
developed nervous system, but have the opportunity to feel 
changes in the physical or chemical properties of the 
environment, as well as the ability to actively change position 
in space. 

Considering the case of the evolution of the visual system, 
it was shown that the principle of “division of labor” underlie 
evolutionary changes [1]. As a result specialized cells 
emerging in the functional space between the sensitive part of 
the nervous system and motoneurons that provide response to 
the stimulus. An "interneuronal explosion" gave the nervous 
system the capabilities of a finer analysis of changes in 
environment, but at the same time it complicated the life for 
modern neurobiologists who risk being buried under the 
rubble of experimental data.

Currently, neurobiology dominated by an interventionist 
approach, which involves active intervention in the brain 
function. It opposed by a systematic approach, whose 
defenders propose a deeper analysis of animal behavior [2]. 
This polarization in modern brain research is associated with 
the progress of sophisticated scientific technologies that 
provide modern neuroscientists with a wealth of data.

The development of computer technology has given new 
life to classical brain research methods. The technique for 
recording extracellular potentials, which was invented about 
100 years ago, is used today to record the activity of a large 
number of single neurons simultaneously. Over the years, the 
study of the properties of single neurons has been a key 
research technology in the works that were awarded two times 
by Nobel Prize. A study of the properties of neuron detectors 
in the primary visual cortex of a cat’s brain and the place cells 
in a rat’s hippocampus has enriched an understanding of 
fundamental principles organizing the work of the whole 
brain.

Currently, chronically implanted multiple microelectrodes 
or special matrices can be used in conjunction with brain 
activity imaging methods, which makes it possible to 
determine the degree of involvement of the activity of 
individual cells in the functioning of distributed neural 
ensembles. Long-term registrations provide an opportunity to 
observe plastic changes in the activity of nerve cells associated 
with the acquisition of experience and learning. Special value 
this method has for the long-term registration of neurons in 
experiments connected with the studies of the relationship 
between neuronal activity and the analysis of sensory 
information. In this case formation of the internal 
representation of environmental objects can be investigated 
[3]. In our experiments we have shown that the prototype, the 
“averaged image” that forms in specialized parts of the brain, 
can play a central role in recognition of faces. Thus, updated 
classical methods can still provide researchers with valuable 
experimental data. Moreover, methodological approaches 
tested in animal experiments can become the basis for creating 
safe and reliable invasive brain-machine interfaces that will 
provide the ability to restore impaired brain functions of 
patients [4].

Along with classical methods, new approaches also 
appear. Some time ago, the idea began to circulate in the 
research environment that a true understanding of brain 
functions is possible by detailed description of all its 
connections. Currently, active work is underway to create a 
digitalized description of neural networks with a resolution 
level of a single synapse [5]. Connectoms allow to accurately 
describe the ultrastructure of the brain, but they are extremely 
time-consuming and requires large amounts of computing 
power. The main problem is that at the conceptual level we 
still do not have an understanding for algorithms that will 
allow us to move from structure to function. Given that at all 
levels of the organization, the nervous system demonstrates an 
amazing ability for constant changes, a detailed “snapshot” of 
the structure can have only limited value for understanding of 
fundamental principles of the brain function. 

Strengthening the position of the interventionist approach 
in neurobiology has become possible in connection with the 
development of genetic and molecular methods. Genome 
sequencing becomes available for different model organisms, 
which allows to purposefully introduce new information into 
them, affecting the functional properties of neurons. The 
optogenetic approach uses the full power of bioinformatics for 
targeted transfection of subpopulations of neurons [6]. 
Subsequent local light exposure of nerve tissue gaves 
researchers the possibility to change the functionality of 
neural networks. Optogenetic experiments not only shed light 
on the fundamental aspects of the brain function, but also 
allow to restore its lost performance [7]. 
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Artificial intelligence has two possible points of 
application in modern neurobiology. In some labor-intensive 
research technologies, it can be a working tool for solving 
specific problems. Automated analysis of the results of 
structural and functional brain imaging becomes more 
efficient when using artificial intelligence. The combination 
of artificial intelligence with the collective work of a large 
number of proofreaders forms a unique symbiosis of a person 
and a computer program in which both sides get advantages 
[5]. On the other hand, understanding the basics of natural 
neural ensembles will allow us to implement this knowledge 
into the functional architecture of artificial neural networks, 
which will become the basis for creating new assistive 
technologies that increase the efficiency of human activities. 
While research in the field of artificial intelligence is based 
more on a mathematical apparatus, an important task for 
neurobiology could be to provide this direction of science with 
content [8].

Successes in various fields of neurobiology in the context 
of the general development of knowledge about living things 
allow us to look to the future with optimism. However, it is 
extremely important to remember that only a systematic 
approach to the analysis of the entire array of experimental 
data will allow us to achieve such an understanding of the 
brain, which in the future will allow us to “repair” it.
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Abstract — It is well-known that oxidative stress may 
contribute to the increased risk of cardio- and cerebrovascular 
diseases. The aim of our study was to analyze the level of 
methylation of antioxidant-related genes (MPO, TXNRD1, 
GCLM, GSTP1) in patients with coronary artery disease (N=45), 
cerebral stroke (N=30) and healthy controls (N=83). DNA
methylation level was evaluated by bisulfite pyrosequencing. 
Analysis of coronary artery disease revealed a significant 
decrease in methylation level for all genes, however, the most 
significant differences were found for GCLM (P=3.63×10-8) and 
MPO (P=3.83×10-7). An analysis of cerebral stroke revealed 
decrease in methylation levels in all genes except TXNRD1; the 
most significant differences were observed for GSTP1
(P=9.43×10-6) and MPO (P=5.25×10-11). Molecular-genetic and 
epigenetic mechanisms of the involvement of redox-homeostasis 
genes in the development of common cardio- and 
cerebrovascular diseases are discussed.

Keywords — oxidative stress, DNA methylation, coronary artery 
disease, cerebral stroke

Motivation and Aim
Cardio- and cerebrovascular diseases (CCVD) is the most 

common cause of morbidity and mortality worldwide. 
Previous investigations have found that oxidative stress may 
contribute to the increased risk of CCVD via a variety of 
mechanisms, including endothelial dysfunction, smooth 
muscle cell contraction, inflammatory process, lipid 
peroxidation, activation of metalloproteinases etc [1]. It is 
noteworthy that epigenetic studies of genes involved in 
regulation of vascular redox homeostasis are single. 

The aim of the study was to analyze weather the 
methylation of antioxidant-related genes may contribute to the 
increased risk of coronary artery disease and cerebral stroke. 

Methods
Genomic DNA was isolated from their peripheral blood 

leukocytes. Then, bisulfite DNA conversion was performed. 
To assess the status of DNA methylation, the promoter regions 
of the TXNRD1 genes (3 CpG-sites), GSTP1 (2 CpG-sites), 
GCLM (4 CpG-sites), and 4-6 exons of the MPO gene (3 CpG-
sites) were selected. DNA methylation status was determined 
in the blood leukocytes of healthy individuals (N=83) and 
patients with common cardio- and cerebrovascular diseases 
(coronary artery disease (N=45) and cerebral stroke (N=30)). 
All patients with coronary artery disease (CAD) and cerebral 

strike (CS) had a history of arterial hypertension. DNA 
methylation level was evaluated by bisulfite pyrosequencing 
using a PyroMark Q24 (Qiagen). To compare the methylation 
level of CpG-sites, the Mann-Whitney U test was used in 
SPSS Statistics v23.

Results
A comparative analysis of the methylation level revealed 

pronounced differences between CVD patients and healthy 
individuals. Analysis of coronary artery disease revealed a 
significant decreasing in methylation level for all genes, 
however, the most significant differences were found for 
GCLM (P=3.63×10-8) and MPO (P=3.83×10-7). An analysis of 
cerebral stroke revealed decrease in methylation levels in all 
genes except TXNRD1; the most significant differences were 
observed for GSTP1 (P=9.43×10-6) and MPO (P=5.25×10-11)
(Table 1). 
Table 1 - A comparative analysis of methylation of genes (the region average 
value) in patients with various cardiovascular phenotypes and in healthy 
controls

Phenotypes

Genes

Control CAD Control CS

GSTP1

Me
(Q0,25
-0,75)

4.3
[3.5; 6.7]

3.6
[2.6; 5.7]

4.4
[3.6; 7.1]

2.7
[2.3; 3.9]

Padj 0.01* 9.43×10-6*

GCLM

Me
(Q0,25
-0,75)

7.8 
[5.3;10.1]

3.4
[2.7; 4.7]

7.9 
[5.3;10.3]

5.8
[4.1; 7.1]

Padj 3.63×10-8* 0.004*

TXNRD1

Me
(Q0,25
-0,75)

4.0 
[3.0; 5.2]

3.1
[2.5; 3.7]

4.1
[3.0; 5.2]

4.2 
[3.0; 5.5]

Padj 0.0002* 0.78

MPO

Me
(Q0,25
-0,75)

35.4
[30.3;
42.6]

26.5
[24.5;
32.3]

35.6
[30.4;
42.6]

24.3
[19.8;
27.8]

Padj 3.83*10-7* 5.25*10-11*

Padj- P-level after adjustment for multiple comparisons;
Note: Bold indicates differences between the groups

However, DNA methylation levels of studied genes, 
except MPO, varied within low ranges (% of methylated 
cytosines <10%). Analyzed region of MPO is located in CpG-
island, and according to JASPAR database, contains motifs 
for several transcription factors (E2F6, TFDP1, NHLNH2, 
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and others). ChIP-seq based data from ENCODE strongly 
supports existence of E2F6 binding site, which could be 
impaired by abnormal DNA methylation in blood cells of 
patients with CCVD.

Conclusion
We found significant differences in the level of DNA 

methylation of redox-homeostasis genes between healthy 
individuals and patients with common cardio- and 

cerebrovascular disease (coronary heart disease and cerebral 
stroke).
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Abstract — Establishing a genetic diagnosis of hearing loss is 
of great importance for clinical evaluation of deaf patients and 
for estimating recurrence risks for their families. Mutations in 
the SLC26A4 gene are a common cause of hearing loss in many 
regions of the world. This study presents the results of the first 
molecular genetic analysis of the SLC26A4 gene sequence 
performed in patients with hearing loss of unknown etiology 
belonging to indigenous peoples of Southern Siberia - Tuvinians 
(the Tyva Republic) and Altaians (the Altai Republic). Contrast 
differences of the SLC26A4 pathogenic contribution to the 
etiology of hearing impairment were revealed: 28.2% for 
Tuvinians and 4.3% for Altaians. Both known and novel 
pathogenic variants as well as a wide range of polymorphic 
variants were found in the SLC26A4 gene sequences of examined 
patients. High frequency of mutation c.919-2A>G in Tuvinians 
is probably due to the founder effect.

Keywords — hereditary deafness, SLC26A4, molecular 
diagnostics, indigenous peoples of Southern Siberia

Introduction
Hereditary hearing loss is a rare monogenic disease with a 

unique high heterogeneity of genetic control. To date, about 
160 genetic loci and 100 different genes associated with 
nonsyndromic hearing loss have been identified. Establishing 
a genetic diagnosis of hearing loss is of great importance for 
clinical evaluation of deaf patients and for estimating 
recurrence risks for their families. Mutations in the GJB2 gene 
have the most pathogenic contribution to development of 
isolated hearing loss in many populations, but there are 
significantly less data on the pathogenic contribution of other 
genes associated with hearing impairments. Mutations in the 
SLC26A4 gene (solute carrier family 26, member 4; 7q22.3, 
OMIM 605646) are the second most frequent cause of 
hereditary hearing loss, after mutations in the GJB2 gene, 
accounting for ~ 10% of all hereditary hearing impairment 
cases at least in some Asian populations [1, 2] making 
SLC26A4 gene testing essential for the establishment of 
genetic diagnosis of hearing loss. 

The SLC26A4 gene consists of 21 exons and encodes 
transmembrane protein pendrin (780 amino acids) - a
multifunctional anionic transporter that is mainly expressed in 
the inner ear, thyroid, and kidneys. Mutations in SLC26A4
lead to recessive nonsyndromic hearing loss (DFNB4, OMIM 
600791) usually accompanied by the abnormalities in the 

inner ear structures such as the enlarged vestibular aqueduct 
(EVA) etc., which can be detected by computed tomography 
of the temporal bones, and some forms of Pendred syndrome 
(PDS, OMIM 274600) which combines hearing loss and 
goiter [3, 4]. 

At present, there is no sufficient experimental information 
on the pendrin structure and precise molecular mechanisms 
underlying function of this protein. Moreover, no systematic 
genotype–phenotype correlations have been made so far in 
deaf patients having hearing impairment presumably 
associated with SLC26A4 mutations. Taking also into account 
a large physical size of the SLC26A4 gene, the development 
of routine SLC26A4 molecular diagnostics for hearing 
impairments is a nontrivial task. 

About 260-500 pathogenic SLC26A4 variants associated 
with hearing impairments, according to different sources 
(ClinVar, https://www.ncbi.nlm.nih.gov/clinvar/; the Human 
Gene Mutation Database, http://www.hgmd.cf.ac.uk/ac/; the 
Deafness Variation Database, 
http://deafnessvariationdatabase.org/), are currently revealed 
in patients in different populations worldwide but there are 
still many regions where the SLC26A4 contribution to 
deafness remains unknown.

Previously, we found that the proportion of deafness due 
to the mutations in the GJB2 gene in deaf patients belonging 
to indigenous peoples of Southern Siberia reaches to 22.3% 
among Tuvinian patients (the Tuva Republic) and 15.1% 
among Altaian patients (the Altai Republic) [5]. However, the 
cause of hearing loss remains unclear for significant part of 
patients in these regions.

The aim of this study is to investigate the SLC26A4 
pathogenic contribution in deafness in Tuvinian and Altaian 
patients with hearing loss of unknown etiology.

MATERIALS AND METHODS
Analysis of the SLC26A4 complete sequence including all 

21 exons and flanking regions was performed by Sanger 
sequencing in the group of patients who were negative for the 
mutations in the GJB2 gene (171 out of 220 Tuvinian patients 
and 61 out of 93 Altaian patients). To investigate the inner ear 
abnormalities, computed tomography of the temporal bones 
(CT) was conducted in patients with detected SLC26A4
mutations. Analysis of the carrier frequency of SLC26A4
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mutations was performed in the ethnically matched samples 
of unrelated healthy individuals (157 Tuvinians, 218 
Altaians). Several bioinformatics prediction tools (PolyPhen-
2; PROVEAN; FATHM; MutationAssessor; etc.) were 
applied for evaluation of pathogenicity of novel SLC26A4
variants. Two-tailed Fisher’s exact test with significance level 
of p<0.05 was applied to compare allele frequencies between 
patients and controls.

RESULTS
A molecular genetic analysis of the SLC26A4 gene was 

performed in patients with hearing loss of unknown etiology 
belonging to indigenous peoples of Southern Siberia:
Tuvinians (the Tyva Republic) and Altaians (the Altai 
Republic). Both known: c.170C>A (p.Ser57Ter), c.919-
2A>G, c.2027T>A (p.Leu676Gln), c.2034+1G>A, 
c.2168A>G (p.His723Arg) and novel (c.1545T>G 
(p.Phe515Leu), c.1717G>T (p.Asp573Tyr) pathogenic 
recessive variants as well as a wide range of benign variants 
were found in the SLC26A4 sequences of patients. Probable 
pathogenicity of novel SLC26A4 variants was established by 
bioinformatics prediction tools, and for variant c.1545T>G 
was confirmed by its segregation with hearing loss revealed 
by the analysis of patient’s pedigrees. Significantly higher 
pathogenic contribution of the SLC26A4 gene in deafness
(estimated by the presence of biallelic recessive SLC26A4 
mutations) was found in Tuvinian patients (28.2%) in contrast 
to Altaian patients (4.3%) (p<0.05) (Table 1). 
TABLE I. SLC26A4 GENOTYPES FOUND IN EXAMINED
PATIENTS

SLC26A4 genotypes Tuvinian 
patients (n=220)

Altaian patients 
(n=93)

Homozygous and compound heterozygous SLC26A4 genotypes
c.[919-2A>G];[919-2A>G] 30 -
c.[2027T>A];[2027T>A] 4 -
c.[2168A>G];[c.2168A>G] - 2
c.[170C>A];[170C>A] 1 -
c.[919-2A>G];[2027T>A] 14 2
c.[919-2A>G];[1545T>G*] 8 -
c.[170C>A];[919-2A>G] 3 -
c.[919-2A>G];[2034+1G>A] 1 -
c.[1545T>G*];[2027T>A] 1 -
Total 62 (28.2%) 4 (4.3%)
Heterozygous SLC26A4 genotypes
c.[919-2A>G];[?] 9 -
c.[170C>A];[?] 1 -
c.[1545T>G*];[?] 1 -
c.[2027T>A];[?] 1 1
c.[1717G>T*];[?] - 1
Total 12 2

* - novel variant

Additional investigation of the SLC26A4 gene sequence is 
necessary to perform in group of deaf patients with 
monoallelic SLC26A4 mutations (Table 1). The enlargement 
of vestibular aqueduct (EVA) (varying from 1.5 mm to 5.1 
mm) was revealed in most patients homozygous or compound 
heterozygous for SLC26A4 mutations who passed CT (n=27). 
To note, the degree of EVA was characterized by sufficient 
intra and interfamily variability.High frequency of mutation 
c.919-2A>G in Tuvinians (69.9% of all mutant alleles 
detected in patients and carrier frequency reaching to 5.1% in 
Tuvinian control sample) is probably due to the founder effect.

CONCLUSION
This is the first study to address the SLC26A4 mutations 

contribution in deafness in indigenous populations of 
Southern Siberia. Contrast differences in the proportion of 
deafness caused by the SLC26A4 mutations were revealed in 
Tuvinians and Altaians despite of related ethnicity and 
geographically close territories of residence of these 
indigenous peoples of Southern Siberia. Novel data on 
spectrum and prevalence of pathogenic and benign variants of 
gene SLC26A4 in Siberian populations significantly 
contribute to the SLC26A4 allelic diversity worldwide.
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Abstract — In a previous study using a new bioinformatic 
approach based on Chip-Seq data with antibodies against 
various transcription factors and histone modifications, ChiA-
PET, RNA-seq and ICGC data, 32 potentially regulatory single 
-nucleotide polymorphisms (rSNPs) were associated with 
colorectal cancer. In this study, a functional analysis of 6 of these 
polymorphisms was performed using EMSA and the luciferase 
reporter system. These nucleotide substitutions have been 
shown to alter the binding of nuclear extract proteins and 
influence the expression of the reporter gene.

Keywords — regulatory SNP (rSNP), gene expression,
Electrophoretic Mobility Shift Assay (EMSA), luciferase assay

Introduction
Determining the molecular basis of genetic predisposition 

to various diseases is a fundamental task of medical genetics. 
Recently the main research area is to establish an association 
between variants of nucleotide sequences and a particular 
pathology, and the main tool is a Genome-Wide Association 
Studies (GWAS). However, the study of associations does not 
distinguish the polymorphism actually involved in pathology 
from the marker one (linkage disequilibrium) [1]. Moreover, 
GWAS does not provide information about the functionality 
of these variants. So the molecular mechanisms of pathology 
development remain unknown [2]. This is especially true for 
SNPs located in non-coding regions, whose share in GWAS-
associated variants is about 90%. The functional interpretation 
of these polymorphisms is the most difficult task [3, 4].

To understand the molecular sense of GWAS- associated 
polymorphisms, different annotations are used. For example, 
transcription factor binding motifs, histone modifications, 
promoter, enhancer and super enhancer landscape in the 
genome extracted from different functional genomics 
databases, such as JASPAR, HOCOMOCO, ENCODE and 
etc. In addition, alternative approaches to search for regulatory 
polymorphisms (rSNPs) are being developed, for which the 
primary goal is to determine the functionality of genetic 
variants. For example, our laboratory has developed a 
bioinformatic approach that allows to detect rSNPs. This 
approach is based on the analysis of data on allelic asymmetry 
of chromatin protein and transcription factors binding and 
allelic asymmetry of gene expression. As a result, about 1,500 
rSNPs were identified. Using data from the ICGC 
(International Cancer Genome Consortium), 32 rSNPs were 
associated with colorectal cancer (CRC) [5].

The aim of the present study was to study the functional 
significance of 6 polymorphisms from these 32 (rs590352 
G>C, rs11542583 A >G, rs3829202 T>C, rs78317230 T>C, 
rs2072580 A>T, rs4796672 C>T) using EMSA and luciferase 
reporter system.

Materials and Methods
Cell cultures

Human hepatoma cells HepG2, erythromyeloblastoid
leukemia cells K562, cervical cancer cells Hela were 
cultivated in DMEM/F12 medium (GIBCO) with 10% fetal 
bovine serum (Thermo Scientific HYCLONE). Colorectal 
adenocarcinoma cells Caco2 were cultivated in DMEM/F12 
medium (GIBCO) with 20% fetal bovine serum. Growth 
medium contained 100 units/ml penicillin, and 100 mg/ml 
streptomycin (Sigma). Growth conditions were 5% CO2 at 
37°C. Confluence of the cell layer was controlled regularly 
and cells were passaged at about 80% confluence to preserve 
optimal growth conditions. 

Isolation of nuclear extract proteins from HepG2, Caco2, K562, 
HeLa cell lines 
All manipulations were performed on ice; centrifugations 

were performed at 12000 rpm and 4°C. 5×105 cells were 
washed in 1ml ice-cold of PBS. Pellet was resuspended in a 
volume of hypo-osmotic lysis buffer (0,3 М sucrose; 2% 
Tween 40; 10 mМ Hepes-KOH pH 7.9; 10 mМ KCl; 1.5 mM 
MgCl2; 0.1 mM EDTA; 0.5 mМ DTT). Cell lysate was 
overlaid on 1 ml of 1.5 M sucrose buffer (1.5 М sucrose; 10 
mМ Hepes-KOH pH 7.9; 10 mМ KCl; 1.5 mM MgCl2; 0.1 
mM EDTA; 0.5 mМ DTT) and centrifuged for 10 min. 
Nuclear pellet was resuspended in 1 ml of low-salt wash 
buffer (10 mМ Hepes-KOH pH 7.9; 10 mМ KCl; 1.5 mM 
MgCl2; 0.1 mM EDTA; 0.5 mМ DTT) and centrifuged for 30 
sec. Washed nuclear pellet was resuspended in 50 μl of high-
salt extraction buffer (20 mМ Hepes-KOH pH 7.9; 420 mМ
NaCl; 1.5 mM MgCl2; 0.2 mM EDTA; 0.5 mМ DTT; 25% 
glycerol). Following 20 min of extraction, the sample was
centrifuged for 20 min and the supernatant was retained as 
nuclear proteins. All buffers contained Protease Inhibitor 
Cocktail (100X) (Sigma). Nuclear extract proteins
concentration was measured using a Pierce BCA Protein 
Assay Kit (Thermo Fisher Scientific).

420



Electrophoretic Mobility Shift Assays
For each of both alleles of SNPs forward and reverse 

oligonucleotides were synthesized by BIOSSET Ltd. 31 bp 
DNA-probes were obtained by annealing. 

Kinase reaction was conducted for 30 min at 37 °C in 30 
μl reaction mixture contained 300 ng DNA-probe, 3 μl 10х Т4
polynucleotide kinase buffer (SibEnzime); 35х104 Bq [γ -
32Р] ATP; 5 active unit of Т4- polynucleotide kinase 
(SibEnzime) with following inactivation for 15 min at 65 °C. 
The nuclear extract was incubated with sheared salmon sperm 
DNA (1 μg of DNA per 7 μg of total protein) for 15 min at 
0°C. After that 4 μg of extract was added to the probes which 
contain 50 pM of labeled oligonucleotide. After incubation at 
room temperature for 15 min the mixture was subjected to 
electrophoresis in 4.5% PAAG in 0.5×TBE (89 mM Tris-
borate, 89 mM H3BO3, 2 mM EDTA) at 4°C. Electrophoresis 
was conducted for 45 min at a voltage of 10 V/cm. Then glass 
plates containing polymerized gel were treated with fixing 
solution (20% ethanol, 10% glacial acetic acid), dried and 
scanned with a PharosFX system. Two to three independent 
replicates were performed for each EMSA experiment.

Plasmid constructs
Choice of vector depended on location of polymorphism 

in the gene. So, for SNPs located in the promoter regions, a 
promoter-less plasmid was used, and for SNPs in the protein-
coding regions, a plasmid with a minimal promoter was used. 
For each of both alleles of rs11542583 and rs590352 localized 
in first exons (COG8 and ATXN7L3B respectively) forward 
and reverse single, double and triple oligonucleotides were 
annealed. The size of the single insert was 31 bp, double insert 
– 62 bp, and triple – 93 bp. Then oligonucleotides were cloned 
into a linearized pGL4.23[minP/luc]. For rs2072580 (-200bp 
upstream of SART3 TSS) and rs78317230 (-200bp upstream 
of U2AF2 TSS) the DNA fragments (~ 500-bp) containing 
promoter regions were amplified using the DNA samples from 
patients homozygous for both alleles at first [6]. Then 
amplicons were cloned into a linearized pGl3-Basic. All 
constructs were confirmed by DNA sequencing.

Luciferase reporter assay
HepG2 cells were used for luciferase analysis. The 

plasmids under study were co-transfected with pRL-TK using 
Screen FectA (Incella GmbH, Germany). Luciferase activity 
was measured 24 h after transfection using the dual-luciferase 
reporter assay kit (Promega, USA). Relative light units from 
firefly luciferase were normalized to renilla luciferase activity. 
Differences in gene expression between plazmids carrying 
alternative alleles were determined using t-test. All 
experiments were conducted at least in technical and 
biological triplicates.

Results
Using EMSA, it was shown that all nucleotide 

substitutions G>C (rs590352), A>G (rs11542583), (T>C) 
rs3829202, T>C (rs78317230), A>T (rs2072580), С>T 
(rs4796672) change the pattern of nuclear extract proteins 
binding. This happens at least for one of cell lines. For 
example, in the case of rs78317230 DNA-probes containing T 
allele (Fig.1A) or C allele (Fig.1B) bind nuclear proteins 
differently. In Fig.1C one can see, that in contrast of 
weakening some bands, others are intensified and new ones 
appear. Also, this electrophoregram illustrates that DNA-
probes bind nuclear extract proteins of K562 and HepG2 more 
actively in comparison to Caco2 and protein binding pattern 

(band position and intensity) for each cell line is unique. These 
data may indicate in tissue specific effects. 

a

b

c

Fig. 1. a – nucleotide sequence of DNA-probe contaning allele T 
rs78317230; b – nucleotide sequence of DNA-probe contaning allele 
C rs78317230; c – EMSA results: *** – free DNA-probes; red 
arrows – intensification/ appearance of bands in the case of T allele; 
yellow arrows – intensification of bands in the presence of C allele. 

As another example, result of EMSA for rs2072580 
T>A is presented (Fig.2C). There are bands (red arrows in 
Fig.2C) that indicate that nuclear extract proteins of HepG2 
and Caco2 are bound better with DNA-probe containing A 
allele. As for the nuclear extract proteins of K562, there are 
bands demonstrating the better binding to both DNA-probes 
carrying the A (red arrow) or T (yellow arrow) alleles 
(Fig. 2C).

a

b

c

Fig. 2. a – nucleotide sequence of DNA-probe contaning allele A 
rs2072580; b – nucleotide sequence of DNA-probe contaning allele T 
rs2072580; c – EMSA: *** – free DNA-probes; red arrows – intensification/ 
appearance of bands in the case of A allele; yellow arrow – appearance of 
bands in the presence of T allele. 
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Reporter constructs containing Luciferase gene were 
created for 4 (rs590352, rs11542583, rs78317230, rs2072580) 
of 6 polymorphisms. They were of two types: the first type are 
constructs based on the plasmid with minimal promotor, 
because SNPs (rs590352, rs11542583) are located in exon. 
Constructions of this type included 3 subtypes - these are 
constructions with a single insert, double and triple. 
Constructions of the second type are constructs based on 
promotor-less plasmid, because SNPs (rs78317230, 
rs2072580) are located in the promoter region 

It was shown that all studied nucleotide substitutions 
influenced the expression of the reporter gene. So, in the case 
of inserting the promoter region of U2AF2 containing allele 
C (rs78317230) the expression of the reporter gene was 
increased in comparison to allele T (Fig.3A). In the case of 
inserting the SART3 promoter region with the allele T 
(rs2072580) the expression of the reporter gene was 
decreased in comparison to allele A (Fig.3B.) As for 
rs11542583, in the case of single and double inserts with A 
or G allele there was no significant difference in luciferase 
expression. However, increase of expression was indicated 
with triple insert of A allele (Fig.3C). Substitution G>C
(rs590352) in the case of double and triple oligonucleotide 
inserts leads to reduced luciferase gene expression.

a b

с

Fig. 3. Effect of nucleotide substitutions on reporter gene expression:
a – normalized expression of firefly luciferase in the presence of T allele 
(blue column) or C allele (orange column) rs78317230; b – normalized 
expression of firefly luciferase in the presence of A allele (blue column) or 
T allele (orange column) rs2072580; c – normalized expression of firefly 
luciferase in the presence of single, double and triple insert with A allele 
(blue column) or G allele (orange column); n=3, * – p<0.05.

Thus, based on the results of EMSA and the 
luciferase reaction, it can be proposed that the studied 
polymorphisms can affect the expression of the genes to 
which they relate. 2 polymorphisms (rs590352 and 
rs11542583) are located in the the protein-coding regions of 
the genes (ATXN7L3B and COG8 respectively) and are 
synonymous substitutions. ATXN7L3B reduces the activity 
of the SAGA complex that realizes cotranscriptional 
modifications of histones participating in the regulation of 
gene expression [7]. COG8 is a component of the conserved 
oligomeric Golgi complex and is involved in intracellular 
membrane trafficking and glycoprotein modification. KLF6 
gene (rs3829202) encodes a member of the Kruppel-like 
family of transcription factors. It is a transcriptional activator, 
and functions as a tumor suppressor. KRT15 (rs4796672) 
encodes a member of the keratin gene family, coding for 
intermediate filament proteins of epithelia [8]. According to 
literature, a considerable increase in the KRT15 is observable 
in hepatocellular carcinoma [9], squamous cell carcinoma in 
non-small cell lung cancer [10], a subset of urothelium 
cellcarcinomas [11], and cervical cancer [12]. U2AF2 
(rs78317230) encodes the U2AF large subunit which is 
necessary for splicing. SART3 (rs2072580) encodes a 
multifunctional protein involved in splicing and transcription 
regulation [13]. Thus, the listed genes encode proteins that 
perform important functions, therefore expression change of 
these genes can lead to serious consequences. 

Conclusions
As a result, it was shown that all single nucleotide 

substitutions (rs590352 G>C, rs11542583 A>G, rs3829202 
T>C, rs78317230 T>C, rs2072580 A>T, rs4796672 C>T) 
affect the binding of nuclear proteins. This indicates their 
regulatory potential. For 4 polymorphisms (rs590352, 
rs11542583, rs78317230, rs2072580), it was confirmed in the 
luciferase reaction.
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Introduction
Obesity is now a leader among noncommunicable 

diseases. Calorie overload induces the obesity development, 
and the preference and availability of sweet and fat foods 
contribute to obesity spread. It was shown that prenatal and 
early postnatal conditions affect the susceptibility to obesity 
and may influence on taste preferences [1], however, the 
mechanisms mediating maternal effects on taste preferences 
in offspring are unknown. The adipose tissue hormone leptin 
may be one of the factors mediating maternal influence on 
offspring phenotype. It was shown that an increase in the level 
of leptin in the blood of pregnant mice counteracts the 
development of diet-induced obesity in the offspring [2, 3], 
and the programming leptin effects may be different in the 
offspring of different sexes. It is not known whether the 
beneficial programming effect of maternal leptin on the 
susceptibility to obesity is associated with its effect on taste 
preferences. The aim of this study was to evaluate the effect 
of leptin administration to pregnant mice on metabolic 
phenotype, the rate of diet-induced obesity and taste 
preferences in offspring of different sexes.

Methods
C57BL/6J mice were housed under a 12:12-h light-dark 

regime and were provided ad libitum access to commercial 
mouse chow and water. The females were mated with the 
males at 12-15 weeks of age and were housed individually 
from the day a copulatory plug was detected (gestational day 
0, GD0). The females received subcutaneous injections of 
recombinant murine leptin (2.0 μg per g BW) during 3 days 
of pregnancy (GD11, GD12, GD13). Female body weight 
(BW) and food intake (FI) was measured daily during all 
period of pregnancy. At birth, the pups were weighed, and the 
litters that contained more than seven pups were reduced to 

seven pups. The pup BWs on postpartum days 1, 7, 14, 21, 
and 28 were measured. On postpartum day 28, one male and 
one female from each litter were separated from their mothers 
and housed individually, and their BWs and FI were measured 
once a week until the age of 10 weeks. During this period, all 
animals were fed a standard chow diet ad libitum. From the 
age of 10 weeks the mice began to receive sweet biscuits and 
lard in addition to the standard chow. This mixture mimics the 
cafeteria diet and potentiates the rapid development of obesity 
in mice [5]. Mouse BWs and consumption of biscuits, lard and 
standard chow were measured over the course of 10 weeks. At 
the end of the experiment, the animals were sacrificed by 
decapitation, and samples of liver were collected to measure 
gene expression.

Results
Leptin administration to pregnant mice reduced their FI by 

18-20%, and did not affect their BWs and fetal viability, as 
average litter size in females treated with leptin or saline did 
not differ. Leptin administration did not affect the weight of 
pups during lactation, but had an impact on BW and FI in 
female offspring on a standard diet, and in male offspring on 
a sweet and fat diet. Beginning from the age of 8 weeks (the 
age of sexual maturation), the females born to leptin-treated 
mothers consumed less standard food and gained less weight 
than the female born to saline-treated mothers (repeated 
measures ANOVA, P <0.05). However, female offspring did 
not differ in the rate of development of diet-induced obesity, 
and the body weight differences observed previously were 
maintained when female offspring consumed sweet and fat 
food. Leptin administration did not affect FI and BW in male 
offspring on a standard diet, and decreased the rate of weight 
gain on sweet and fat diet (repeated measures ANOVA, P 
<0.05), Fig. 1. These results are consistent with previous 
reports [2, 3] indicating the protective effect of maternal leptin 
on susceptibility to diet-induced obesity in mouse offspring.
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Fig. 1. Influence of leptin administration to pregnant mice on body weight changes during standard and fat and sweet diet feeding (A), and on taste preferences (B) 
in male and female offspring. B – Calorie intake per day from fat (lard), sweet (biscuits), and standard pelleted chow and total intake. Male and female mice born 
to saline- and leptin-treated mothers were fed with standard diet until the age of 10 weeks and with high-calorie fat and sweet diet after that during 10 weeks. The 
results are presented as an arithmetic mean ± SE. *P<0.05 between males and females born to leptin-treated mothers, Post Hoc Duncan test

When fed a sweet and fat diet, males and females differed 
in the taste preferences: females consumed less standard 
pelleted chow and more sweet biscuits than males (ANOVA, 
P <0.05). Leptin administration to pregnant mothers reduced 
the consumption of sweet biscuits in offspring of both sexes 
(ANOVA, P <0.05), but did not significantly affect the calorie 
intake (Figure 1B). The results suggest that programming of 
taste preferences may be one of the mechanisms mediating the 
influence of maternal leptin on susceptibility to obesity in 
progeny, however, this issue requires further study, since no 
maternal effect on the energy intake has been found.

In the offspring of saline-treated mothers, sex differences 
in the liver expression of Fgf21 gene were observed. Fgf21 
mRNA level was higher in males, which is in line with the 
data obtained earlier in mice with diet-induced obesity [4, 5]. 
Leptin administration to pregnant mice reduced the level of 
FGF21 mRNA in male offspring, and sex differences in Fgf21 
expression disappeared. FGF21 is one of the potent regulators 
of carbohydrate and lipid metabolism and insulin sensitivity. 
The results suggest that maternal leptin can differently effect 
the metabolism of male and female offspring via sex-specific 
programming of FGF21function.

Conclusion
Increased level of leptin during pregnancy can be a factor 

that reduces the risk of diet-induced obesity in offspring of 
both sexes, but the mechanisms mediating programming 
effect of leptin can vary in offspring of different sexes. The 
long-lasting effect of maternal leptin on offspring taste 

preferences and liver FGF21 expression may be one of the 
reasons for its beneficial effect on the susceptibility to obesity 
in offspring.
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Abstract — Mineralization of hydrogels, or 3D polymer 
networks containing entrapped water, is considered desirable 
for applications in bone regeneration. We will present several 
strategies to mineralize hydrogels, including addition of pre-
formed mineral particles, enzymatic mineralization and 
incorporation of calcium-binding substances. 
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Motivation and aim
Biomaterials for bone regeneration have predominantly 

been fabricated from inorganic substances such as various 
forms of calcium phosphate (CaP), e.g.hydroxyapatite, 
tricalcium phosphate and brushite. CaP materials are 
mechanical stable and bioactive, i.e. they form a direct bone 
with surrounding bone tissue. However, such pure CaP 
materials have certain drawbacks. They are brittle, difficult to 
handle in granulate form and difficult to shape in block form. 
Furthermore, the incorporation of biologically active 
substances is not easy. 

Hydrogels are highly hydrated three-dimensional polymer 
networks that are formed by crosslinking of polymer chains in 
solution. Hydrogels have been widely used as vehicles for 
drug delivery and are being used increasingly as biomaterials 
for tissue regeneration. As their main component is water, they 
have many advantages over pure inorganic materials. Firstly, 
the incorporation of water-soluble biologically active 
substances to promote tissue growth (e.g. growth factors) or 
to combat infection (e.g. antibiotics) is straightforward. 
Secondly, they are much less brittle. Thirdly, they can be 
implanted in a minimally invasive manner by injection, as 
they can undergo gelation, i.e. the transition from liquid to 
solid, after injection. However, their main disadvantage also 
stems from the fact that the mail component is water: 
hydrogels are mechanically weak. In order to combine the 
advantages of inorganic and hydrogel biomaterials, attention 
has recently been focused on the development of composites 
on the basis of mineralized hydrogels.

Methods
Several strategies have been tried [1]. The most common 

strategy is the addition of preformed inorganic particles to the 
polymer solution before gelation, after which the particles 
remain entrapped in the crosslinked polymer network. Ideally, 
the particles can be distributed homogeneously in the 
hydrogel. The gelation process can be induced by addition of 
inorganic particles. For example, the addition of bioactive 
glass particles to a solution of the anionic polysaccharide 
gellan gum results in hydrogel formation due to release of ions 
from the particles [2]. In other words, the particles serve as an 
“ion-delivery system” to provide homogeneous gelation. 
Another strategy is to promote precipitation of the inorganic 
phase in the hydrogel by increasing the concentration of ions. 
This can be achieved biomimetically using the enzyme 
alkaline phosphatase (ALP) which is responsible for the 

mineralization of bone tissue in vivo by cleaving phosphate 
ions from organophosphate and thus increasing the local 
phosphate concentration, which in turn promotes CaP 
precipitation [3]. Yet another strategy is the incorporation of 
calcium- or phosphate-binding molecules in the hydrogel, in 
order to increase local ion concentrations and promote CaP 
precipitation. Once such biomolecule is polydopamine, which 
binds calcium ions [4]. An added flexibility of mineralized 
hydrogels is the possibility of manipulation of either the 
hydrogel phase, or the inorganic phase, or both. For example, 
in the case of a hydrogel mineralized with CaP, the inorganic 
phase may be modified by incorporation of magnesium in 
order to promote adhesion and proliferation of bone-forming 
cells [5], or by incorporation of zinc in order to endow 
antibacterial activity [6]. Alternatively, the hydrogel phase 
may be modified by incorporation of biologically active 
molecules such as polyphenols, which both bind calcium ions 
and exhibit antibacterial activity [7].

Results
All the aforementioned strategies have been successfully 

applied to mineralize hydrogels in previous work [1-8]. More 
recently research in our group has focussed on a novel 
material commonly used in food industry, namely whey 
protein isolate (WPI), which can be combined with particles 
to improve mechanical properties and cell behaviour [9-11].
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Abstract — Current prospective study identifies variation of 
N-glycosylation patterns in total blood plasma associated with 
chronic back pain.
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Introduction
Low back pain (LBP) is one of the most prevalent and 

disabling health problems worldwide, incorporating different 
pain syndromes [1]. One of the probable causes of LBP is 
local inflammation,. Inflammatory reactions have been 
reported to be associated with alterations in N-glycosylation 
of several serum glycoproteins [2] and total blood plasma 
protein [3]. Given that glycans modify the protein structure 
and affect their function [4], changes in glycosylation are 
implicated in the pathogenesis of different diseases and may
be considered as biomarkers in some [5–8].

Our previous retrospective case-control study identified an 
association between total plasma N-glycome and chronic LBP 
(CLBP) [9]. The current prospective study addresses the 
question of temporal variation of total plasma N-glycome in 
the development of CLPB and whether plasma N-glycome 
can serve as a predictive biomarker for CLBP.

Subjects and methods
Clinical samples and data

The sample comprised 1,114 Europeans recruited at 
baseline (T0) when they experienced a serious episode of 
acute LBP and followed-up at 3 months (T1). Total sample 
size was 1,085 people at T0 and 549 people at T1. For n=520 
participants data were obtained at both time points.

Blood samples and clinical data were collected in five 
centers located in the United Kingdom, Belgium, Croatia (2 
centers) and Italy in the EU FP7 PainOmics project [10, 11].

Glycan profiles were measured for 39 original glycan traits 
and summarised into 14 derived traits. Cases and controls 
were defined according to presence or absence of LBP at T1:
those who reported LBP at T1 were considered to have 
evolved into CLBP. Information about pain type (spontaneous 
or after injury), probable pain generator and neuropathic pain 
was also collected.

Statistics
The analysis was carried out in each center cohort 

separately followed by the meta-analysis. For each cohort, 
glycan profiles were adjusted for age, sex and body mass 
index (BMI) and the inverse rank-transformation to normality 
was performed. Case-control comparisons were performed 
using generalized linear model. To estimate the predictive 
power of total plasma N-glycome we calculated the area under 
the ROC-curve, AUC value. Meta-analysis of the results was 
performed using metaphor v2.1.0 R package. Paired t-test was 
applied to detect alterations in glycan levels between T0 and 
T1 in cases and controls; the results were meta-analyzed using
metap v1.1 R package. Additionally, we ran canonical 
correlation analysis to obtain correlation matrices within and 
between cases and controls in each cohort for both time points.

We checked for pain generator effect using ANOVA and 
repeated all the analyses in the subsets of data split by different 
pain generators and pain types. Some tests were also run on 
principle components of glycan level traits and neuropathic 
pain data. All the analyses were performed in R programming 
language in RStudio, R versions 3.5.3 and 3.6.1. Significance 
was taken as p-value<0.05 and correction for multiple testing 
was 0.05/14 0.00357.

Results
1. We addressed three questions: 1) is there a difference 

between cases and controls at T0?; 2) is there a 
difference in glycome profile between cases and 
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controls at T1?; and 3) is there a difference between 
T0 and T1 in cases and controls?

2. No statistically significant association between levels of 
total plasma N-glycan at T1 and CLBP was revealed; 
however, we detected negative association under 
nominally significant threshold for neutral, 
monogalactosylated and high-mannose glycans,
consistent with our previous retrospective study [9].

3. We detected statistically significant differences in N-
glycosylation pattern between T0 and T1 in controls 
for low- and high-branching glycans, trisialylated, 
di- and trigalactosylated glycans. No such 
differences were found for cases, suggesting that 
people who develop CLBP keep their pro-
inflammatory profile of plasma N-glycans.

4. We did not find evidence of predictive capacity of N-
glycan profile for future development of CLBP. We 
also did not reveal interactions between pain-
generator and N-glycome of plasma. Results 
obtained on principle components and in different
subsets of data split by pain types and generators 
were consistent with those obtained in original data.
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Abstract — Schizophrenia is known to be associated not only 
with imbalance in the neurotransmitter systems but also with 
immune system dysregulation. In this work, we found that pure 
polyclonal IgG preparations of patients with schizophrenia 
possess histone hydrolyzing proteolytic activity. The presence of 
proteolytic activity of IgGs is evidence of impaired humoral 
immune system in schizophrenia, which can be used as a 
biomarker for immunophenotyping of patients.

Keywords — immunoglobulins, IgG, proteolytic activity, 
histones, schizophrenia

Motivation and aim
There is a plethora of evidence that inflammation and 

dysregulation of the immune system is associated with 
schizophrenia [1]. One of the important signs of impaired 
humoral immunity is the generation of catalytic antibodies 
(Abs) that not only binding antigens but also hydrolyze these 
molecules [2]. Catalytic Abs were found among the total pool 
of immunoglobulins in autoimmune and viral diseases. 
Recently, we detected catalytic IgGs hydrolyzing DNA and 
RNA in serum of patients with schizophrenia [3, 4]. The 
formation of such Abs can be associated with immunization 
with nucleic acids and their complexes with nucleosome and 
histones. Autoantibodies to DNA were found in patients with 
schizophrenia [5]. Therefore, we suggested that such Abs can 
hydrolyze not only DNA and RNA, but also histones.

The aim of this work was to investigate the ability to 
hydrolyze various human histones by polyclonal IgGs from 
serum of patients with schizophrenia.

Methods
We recruited 25 patients (11 men and 14 women) with a 

verified diagnosis of paranoid schizophrenia and 20 healthy 
donors (9 men and 11 women) in the study. IgG preparations 
were obtained by Protein-G affinity chromatography of the 
serum proteins. The purity and homogeneity of obtained IgG 
preparations was verified using SDS-PAGE with silver 
staining, western blotting and MALDI mass-spectrometry. 
Catalytic activity of IgGs were revealed by the degree of 
hydrolysis of human histones as a substrate. IgGs were 
incubated with the substrate for 20 hours. The products of the 
hydrolysis were revealed by 20 % SDS-PAGE and Coomassie 
G250 staining as in [6]. The gels were analyzed by scanning 
and quantified using Image Lab 6.0 software (Bio-Rad, USA).
Statistical analysis was carried out using the Mann-Whitney 
U-test and Spearman's rank correlation in the Statistica 10 
software (StatSoft, USA).

Results
Screening analysis showed that IgG preparations of 

patients with schizophrenia possessed histone-hydrolyzing 
activity and are able to hydrolyze various histones with 
different efficiencies. Using strict generally accepted criteria, 
we proved that the activity was due to IgGs, and was not a 
consequence of the impurities of various canonical proteases. 
The level of histone hydrolyzing activity of IgG varied over a 
wide range (from 0 to 100%). The level of histones hydrolysis 
by IgGs of patients with schizophrenia was statistically 
significantly higher (p<0.02) than in healthy donors. Also, the 
level of histone hydrolysis by IgGs was significantly different 
(p<0.05) in patients with positive and negative symptoms. 
According to the results of a retrospective analysis, a positive 
correlation (R>0.45) was found between the level of histone 
hydrolysis and the level of DNA-hydrolyzing activity of 
antibodies in schizophrenia.

Thus, we found new evidence of impaired humoral 
immune system in schizophrenia. We suggest that histone-
hydrolyzing antibodies may play a positive role in 
schizophrenia pathogenesis because histone removal from 
circulation minimizes the immune response. But the catalytic 
activity of IgG reflects the degree of derangement of immune 
system; therefore, it can be used for immunophenotyping and 
stratification of patients with schizophrenia. Identification of 
subgroups of patients with severe immunological disturbances 
will allow them to recommend additional anti-inflammatory 
therapy.
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Abstract — Background and aim: The mechanisms of 
reducing the bone mineral density (BMD) in men with type 2 
diabetes are poorly understood. The aim of our study was to 
determine the relationships between the markers of bone 
remodeling and BMD in men with type 2 diabetes.

Materials and Methods: The study included 59 men with 
type 2 diabetes, from 50 to 75 years of age. BMD and T-score 
were determined by dual-energy X-ray absorptiometry. A 
serum levels of parathyroid hormone (PTH), free testosterone, 
osteocalcin, osteoprotegerin, sclerostin, and urinary excretion of 
C-terminal telopeptides of type I collagen (CTX-I) were 
determined by ELISA. Control group comprised of 21 healthy 
subjects with normal BMD, matched by sex and age.

Results: A reduced BMD was revealed in 29 patients, 
including 4 individuals with osteoporosis and 25 subjects with 
osteopenia. The levels of osteocalcin were decreased and the 
levels of osteoprotegerin and sclerostin were increased in 
observed diabetic subjects as compared to control (p=0.02, 
p<0.001 and p=0.02 respectively). The excretion of CTX-1 was 
reduced in patients with diabetes (p<0.001). There were no 
differences in PTH and free testosterone concentrations between 
control and diabetic subjects. In stepwise multivariate 
regression analysis, sclerostin was the most significant predictor 
for lumbar spine T-score (β=0.496, R2=0.23, p=0.00007), the 
level of PTH influenced the femoral neck T-score (β=-0.29, 
R2=0.26, p=0.005).

Conclusions: The obtained results suggest that the bone 
remodeling in men with type 2 diabetes is reduced due to the 
inhibition of osteoblastogenesis and decrease in the bone 
formation and resorption. 

Keywords — diabetes; bone mineral density; osteoporosis; 
bone remodeling

Introduction
A decrease in bone mineral density (BMD) is observed in 

more than 20% of patients with type 2 diabetes [1,2]. The 
previous studies assessed the risk factors for postmenopausal 
osteoporosis in diabetic subjects mainly [3], while the 
mechanisms for reducing BMD in men with type 2 diabetes 
are poorly understood. As compared to women, osteoporosis 
in men is less common, but mortality in the first year after a 
hip fracture in men is 51% higher [4]. A disturbance of bone 
remodeling plays an important role in pathogenesis of decline 
BMD in patients with type 2 diabetes [5-7]. In 

postmenopausal women with type 2 diabetes, osteoporosis is 
associated with decrease in bone formation and acceleration 
of bone resorption [8]. Thus, the aim of our study was to 
determine the relationships between the markers of bone 
remodeling and BMD in men with type 2 diabetes.

Matherials and methods
This cross-sectional observational study was included 59 

men with type 2 diabetes, from 50 to 75 years of age (median 
63 years). The duration of diabetes was at least 1 year (median 
12 years). Patients with known risk factors for secondary 
osteoporosis and those taking medications that affect the bone 
remodeling, were not included. Control group comprised of 
21 healthy subjects with normal BMD, matched by sex and 
age.

Dual-energy X-ray absorptiometry was applied for BMD 
assessment (“Lunar Prodigy” densitometer, GE, USA). The 
BMD and lumbar spine T-score (L1-L4), proximal and 
femoral neck, and radius of non-dominant forearm were 
estimated. 

The serum levels of parathyroid hormone (PTH), a bone 
turnover marker, osteocalcin, a marker of bone formation, 
osteoprotegerin and sclerostin, markers of bone metabolism, 
and free testosterone were assessed by ELISA. Urinary 
concentrations of C-terminal telopeptides of type I collagen
(CTX-I), a bone resorption marker, was assessed by ELISA 
and adjusted to urinary creatinine levels.

Statistical data processing was performed using the 
STATISTICA software package (StatSoft.Inc, USA).

Results
Most of the patients were obese (n=31) or overweight 

(n=22). Hypoglycemic therapy included metformin (n=46), 
insulin (n=36), sulfonylurea (n=17), DPP-4 inhibitors (n=8), 
and SGLT2 inhibitors (n=8), mostly in combinations. The 
mean levels of HbA1c was 8.2 (7.2; 9.1)%. The estimated 
glomerular filtration rate (eGFR) was 71 (64; 86) ml/min/1.73 
m2; patients with eGFR less than 30 ml/min/1.73 m2 were not 
included.

Based on the T-score, patients were divided into groups 
with normal BMD (n=30) and reduced BMD (n=29, 
including 25 subjects with osteopenia and 4 individuals with 
osteoporosis). Patients with reduction in BMD were older as 
compared to those without (p=0.04). There were no 
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differences between the groups in body mass index and 
eGFR. 

The parameters of bone remodeling are summarized in 
Table 1. The levels of osteocalcin were decreased and the 
levels of osteoprotegerin and sclerostin were increased in 
observed diabetic subjects as compared to control (p=0.02, 
p<0.001 and p=0.02 respectively). The excretion of CTX-1
was reduced in patients with diabetes (p<0.001). No 
differences in PTH and free testosterone concentrations were 
revealed. There were no significant differences in bone 
remodeling markers between patients with normal and 
reduced BMD. 

TABLE I. CONCENTRATIONS OF MARKERS OF BONE 
REMODELING IN MEN WITH TYPE 2 DIABETES

Parameter Control group 
(n=21)

Normal BMD
(n=30)

Decreased BMD
(n=29)

Free testosterone, 
pg/ml

7.4 (5.6; 8.7) 7.1 (5.8; 9.9) 6.1 (4.8; 8.4)

PTH, pg/ml 56.3 
(47.5; 90.2)

48.4
(37.9; 62)

49.8
(33.2; 63.6)

Оsteocalcin,
ng/ml

18.9
(16.2; 24)

11.2 
(7.6; 14.7)*

10.9 
(7.8; 13.3)*

Оsteoprotegerin,
pg/ml

15.9
(14.1; 24.5)

22.4
(20.2; 29.9)*

21.1
(18.6; 25.7)*

Sclerostin, pmol/l 23
(17.5; 27.1)

31.5
(21.4; 56.5)*

31.6
(22.1; 42.7)*

CTX-I, ng/mmol 465
(276.4; 639)

203
(116.8; 282.5)*

238.4
(149.1; 331)*

* significant difference with control

There was a positive correlation between free testosterone 
level and T-score of lumbar spine (r=0.28; p=0.03). 
Meanwhile, PTH demonstrated the correlations with T-score 
at femoral neck (r=-0.29, p=0.002) and FRAX (10-year 
probabilities of major osteoporotic fracture) score (r=-
0.34, p=0.002). Osteoprotegerin and sclerostin correlated 
with age (r=0.32, p=0.01 and r=0.35, p=0.006, respectively) 
and eGFR (r=-0.39, p=0.002 and r=-0.45, p=0.0003, 
respectively). A negative relationship was found between 
osteocalcin and the hip circumference (r=-0.45, p=0.02). 
Besides, osteocalcin correlated positively with CTX-I
(r=0.44, p=0.0005). The levels of PTH correlated positively 

with osteoproteregin levels (r=0.36, p=0.005). We found no 
significant correlations between HbA1c and studied markers 
of bone remodeling.

In stepwise multivariate regression analysis, sclerostin 
was the most significant predictor for lumbar spine T-score 
(β=0.496, R2=0.23, p=0.00007), the level of PTH influenced 
the femoral neck T-score (β=-0.29, R2=0.26, p=0.005).

Conclusion
The obtained results results suggest that the bone 

remodeling in men with type 2 diabetes is reduced due to the 
inhibition of osteoblastogenesis and decrease in the bone 
formation and resorption. 
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Abstract — Automatic brain tumor segmentation from CT or 

MRI scans is one of the crucial problems among other directions 

and domains where daily clinical workflow requires to put a lot 

of efforts while studying patients with various pathologies. In 

this paper, we report the results of the research project ”Brain 

Tumor Segmentation” organized in conjunction with the Federal 

Neurosurgical Center. Several state-of-the-art tumor 

segmentation algorithms were applied to a set of 100 MRI scans 

of meningioma, neurinoma and glioma patients - manually 

annotated by up to three raters - and to 100 comparable scans 

obtained using the automated tumor multi-region segmentation. 

Quantitative evaluations revealed a considerable agreement be- 

tween the human raters in segmenting various tumor sub-

regions (Dice scores in the range 85-90%). We found that 

different algorithms worked best for different sub-regions, but 

no single algorithm ranked in the top for all subregions 

simultaneously. 

Keywords — Neural Network, Deep Learning, Segmentation, 

Medical Imaging 
INTRODUCTION 

Brain tumors are usually very heterogeneuous by its struc- 
ture and edema is simillar to the healthy or non-enhanced 
tumor tissues. Within the recent achievements the problem of 
segmentation of the brain tumors can be effectively solved 
with the use of 2D and 3D deep learning (DL) based meth- 
ods. However, none of structural magnetic resonance imaging 
(MRI) such as T1, T2, contrast-enhanced T1 (T1-CE), and T2 
Fluid Attenuated Inversion Recovery (FLAIR) sequences or 
other permits to observe and identify all tumor composition 
elements by eyes or with the use of existing (semi-) automated 
techniques. Using the thorough analysis one could detect and 
classify diseased tissue and different pathological processes 
such as edema, necrosis, tumor etc. It is well known that being 
a crucial task for the effective diagnostics and differentiation 
between pathological processes the proper segmentation is also 
a source of recommendations for further treatment and follow- 
up. 

METHODS 
We used several approaches and data processing 

techniques. In the core of this framework we use the ”LinkNet-

like” networks with two different backbones from Se-
Resnext50 and Se-Resnext101. Additionally we tried methods 
including following techniques: mixture of T1, T1-CE, and T2 
FLAIR sequences in a pseudo-RGB image; combination of 
three T1C images as another pseudo-RGB image including the 
neighboring slices; wide input where all three sequences are 
used to create 9-channel input images and others. In order to 
compare obtained results we define the baseline method using 
only the T1C images, and also studying the difference between 
standard ResNet networks and its shift-invariant version with 
the blur levels. 

RESULTS 
Results presented in this work were obtained on the private 

dataset contained 100 full brain scans - manually annotated by 
up to three raters, 100 comparable scans obtained using the 
automated tumor multi-region segmentation. Annotations 
comprise labels of the peritumoral edema, the non-enhancing 
tumor, GD-enhancing tumor and the necrotic tumor core. We 
set-up the prototype the Siberian Brain Tumor Image 
Segmentation dataset (SBT). Quantitative evaluations 
revealed a considerable agreement between the human raters 
in segmenting various tumor sub- regions (Dice scores in the 
range 85-90%). We found that different algorithms worked 
best for different sub-regions, but that no single algorithm 
ranked in the top for all subregions simultaneously. 

ACKNOWLEDGMENT 
The reported study was funded by RFBR according to the 

research project No. 19-29-01103. 

REFERENCES 
[1] Kamnitsas, K., Bai, W., Ferrante, E., McDonagh, S., Sinclair, M., et 

al. Ensembles of Multiple Models and Architectures for Robust Brain 
Tumour Segmentation. MICCAI Brainlesion Workshop. pp. 450–462. 
Springer, 2017. 

[2] Myronenko, A. 3D MRI Brain Tumor Segmentation using 
Autoencoder Regularization. MICCAI Brainlesion Workshop. pp. 
311-320. Springer, 2018. 

[3] Letyagin, A. Y., Golushko, S. K. et al. Artificial Intel- ligence for 
Imaging Diagnostics in Neurosurgery. In 2019 International Multi-
Conference on Engineering, Computer and Information Sciences 
(SIBIRCON) (pp. 336-337). IEEE-INST. ELECTRICAL 
ELECTRON - ICS ENGINEERS INC.  

432



DOI 10.18699/BGRS/SB-2020-270

Gut microbiome and inflammatory bowel disease (IBD) –
is there a link?

Tatiana Grigoryeva
KFU, Kazan, Russia

tata.grigoryeva@gmail.com

Nikolai Ivanov
PMI R&D, Neuchatel, Switzerland

nikolai.ivanov@pmi.com

Rustem Abdulkhakov
KSMU, Kazan, Russia
rustemabdul@mail.ru

Mariia Siniagina
KFU, Kazan, Russia
marias25@mail.ru

Giuseppe Lo Sasso
PMI R&D, Neuchatel, Switzerland

Giuseppe.Losasso@pmi.com

Manuel Peitsch
PMI R&D, Neuchatel, Switzerland

manuel.peitsch@pmi.com

Alfiya Odintsova
RCH, Kazan, Russia

odincovaa@yandex.com

Dilyara Khusnutdinova 
KFU, Kazan, Russia

dilyahusn@gmail.com

Julia Hoeng
PMI R&D, Neuchatel, Switzerland

Julia.Hoeng@pmi.com

Natalya Danilova
KFU, Kazan, Russia

danilova.natalya.87@mail.ru

Maria Markelova
KFU, Kazan, Russia 

mimarkelova@gmail.com

Ilya Vasiliev
KFU, Kazan, Russia
mepk_m6@mail.ru

Sayar Abdulkhakov
KFU, Kazan, Russia

sayarabdul@yandex.ru

Abstract — The pathogenesis of IBD is not fully known, but 
one of the factors predisposing to the development of 
inflammation is probably an imbalance between commensal 
bacteria and pathogens in the intestinal lumen, a decrease in 
microbial diversity, and impaired functional metabolism of 
bacteria. Fecal microbiota whole-genome sequencing confirmed 
the presence of specific IBD dysbiotic features at the phylum 
level, with increased abundance of Proteobacteria, 
Actinobacteria, and Fusobacteria and decrease in Firmicutes, 
Bacteroidetes, and Verrucomicrobia. At the genus level, the 
abundance of both fermentative (SCFA-producing and H2-
releasing) and hydrogenotrophic (H2-consuming) microbes was 
affected in IBD patients. This imbalance was confirmed by the 
decreased abundance of SCFA species in the feces of IBD 
subjects as well as the change in anaerobic index, which mirrors 
the redox status of the intestine. Conclusion: Our analyses 
highlighted how IBD-related dysbiotic microbiota— which are 
generally mainly linked to SCFA imbalance—might affect other 
important metabolic pathways, such as H2 metabolism, that are 
critical for host physiology and disease development.

Keywords – intestinal microbiota, shotgun sequencing, 
16SrRNA metagenome, inflammatory bowel diseases

Motivation and aim
Inflammatory bowel diseases (IBD) are a group of 

disorders characterized by chronic inflammation of the 
gastrointestinal tract. IBD present with two main 
manifestations: ulcerative colitis and Crohn’s disease, each 
having distinctive clinical and pathological features. The 
etiology of IBD is not fully understood, and the term is used 
to describe a collection of chronic immune-mediated diseases 
of unknown, multifactorial etiology with complex interactions 
between genetic and environmental factors.

Aim of the study revealed differences in microbiome 
composition among the ulcerative colitis, Crohn’s disease, 
and healthy control subjects.

Methods
A total of 126 subjects (42 healthy volunteers and 41 

Crohn’s disease and 43 ulcerative colitis patients) were 
studied. IBD was diagnosed on the basis of standard clinical, 
endoscopic, and histological criteria. Fecal microbiota 
composition was analyzed by 16S and whole-genome 
shotgun sequencing.

Results
Changes in the intestinal microbiota in patients with UC 

and CD are characterized by an increase in the presence of 
bacteria of the fila Proteobacteria and Bacteroidetes against 
the background of a decrease in the relative number of bacteria 
fila Firmicutes and Archaea Euryarchaeota; a decrease in the 
index of alpha-diversity of bacteria, a decrease in the relative 
representation of butyrate-producing, hydrogen-utilizing 
bacteria, Methanobrevibacter smithii, which may be a 
prerequisite for a violation of colonization resistance. An 
increase in the relative representation of Ruminococcus 
gnavus and Akkermansia muciniphila may be an additional, 
characteristic of patients with UC and CD, a sign of dysbiosis. 
A decrease in the representation of the Butyryl-CoA: acetate 
CoA transferase gene in patients with CD, a decrease in the 
absolute content of both individual fatty acids and their total 
amount, and a change in the ratio of the main fatty acids in 
patients with IBD may indicate a decrease in the functional 
activity and amount of anaerobic microflora and / or change 
in utilization of fatty acids by colonocytes. Metabolic 
dysbiosis associated with an increase in the relative 
representation of pathways in patients with IBD. The revealed 
changes can be considered as characteristic shifts in gut 
microbiome under IBD and potential targets in the selection 
of personalized therapy.
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Abstract — During the realization of the “Trilateral 
Partnership – Cooperation Project of the VolkswagenStiftung” 
between Scholars and Scientists from Ukraine (Kiev), Russia 
(Tomsk and Novosibirsk) and Germany (Bielefeld) (2016-2019) 
we have obtained important data and results concerning 
pathogenetic factors of such important comorbidity as 
combination of hypertension and asthma. Based on this project 
the medical information system GenCoNet was developed. 
During the last months an extended version of GenCoNet could 
be implemented.

Keywords — medical information system, co-morbid diseases, 
GenCoNet

INTRODUCTION
Hypertension and bronchial asthma are a major issue for 

people`s health. As of 2014, approximately one billion adults, 
or ~22% of the world population, have had hypertension. As 
of 2011, 235 - 330 million people globally have been affected 
by asthma and approximately 250,000 - 345,000 people have 
died each year from the disease. The development of the 
effective treatment therapies against these diseases is 
complicated by their comorbidity features. 

Based on the medical data and knowledge of the project 
partner from Tomsk National Research Medical Center we 
could start to identify relevant genes and drugs for asthma and 
hypertension. Based on lists of genes associated with asthma 
and hypertension obtained using the HuGENavigator resource 
and patient drug lists, Bielefeld and Novosibirsk computed 
and analyzed first relevant metabolic networks. Finally, the 
project partner form Novosibirsk identified important genes 
that are involved in comorbid links between asthma and 
hypertension by using text- and data- mining techniques. The 
experimental analysis of the detected gene candidates showed 
that IL10 silencing leads to decrease of severity of asthma and 
to positive changes in cardiohaemodynamic parameters. 
Furthermore, based on the clinical data and semi-automatic 
data mining approaches a new database was developed and 
implemented, which presents the positive and negative drug 
list for asthma and hypertension. A web based implementation 
of this data base allows the access to this information via 
internet (https://genconet.kalis-amts.de). A total of 126 
subjects (42 healthy volunteers and 41 Crohn’s disease and 43 
ulcerative colitis patients) were studied. IBD was diagnosed 
on the basis of standard clinical, endoscopic, and histological 
criteria. Fecal microbiota composition was analyzed by 16S 
and whole-genome shotgun sequencing.

WORKFLOW 
The investigation of multifactorial diseases requires the 

consideration of the most important biomedical entities: 
diseases, genes, variants, and drugs. The data on these entities 
is spread across several data sources. These data sources need 
to be researched, identified, and integrated into a suitable 
database format. For this purpose, a workflow system was
developed to extract, transform, and load reliable data on these 
entities into a uniform graph database eGenCoNet for network 
analysis of gene-disease associations. The workflow system is 
divided into four steps as illustrated in Figure 1. 

First, the comorbidities of high interest in molecular 
medicine were determined. Essential hypertension and 
bronchial asthma are considered as an example of common 
comorbid diseases. Disease Ontology terms associated with 
genes were obtained from Osborne et al. Second, human genes 
that are associated with diseases and variants were obtained 
from Human Phenotype Ontology (HPO), MalaCards, 
DisGeNet, and OMIM. In particular, human genes were 
extracted from these databases that may cause familial 
syndromes (Mendelian forms). HPO and DisGeNet provide 
several database subsets from which the “FRE-
QUENT_FEATURES” marked data for HPO and “curated” 
marked data for DisGeNet were used. MalaCards does not 
provide a download of the database, so information was 
manually extracted and integrated from the website. From the 
OMIM gene map, information was extracted with the 
phenotype “Asthma, susceptibility to”, “Hypertension, 
essential, susceptibility to” and adjacent annotation. In 
addition, altered expression data of genes associated with high 
blood pressure or severe asthma were manually curated and 
integrated.Third, genes that are controlled by eQTL in blood, 
codes variants, and gene associations supported by at least two 
studies were obtained from GWAS Catalog, dbSNP, and 
DisGeNet. These genetic variants were in turn associated with 
the comorbid diseases. Fourth, drugs and their target genes in 
humans were extracted from DrugBank using the full database 
XML version 5.1.0 including meta information like 
knownactions. Additional drugs, that are indicated, 
contraindicated or induced in asthma and hypertension were 
extracted from the DrugCentral 2017-08-29 database dump.
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Fig. 1. Four steps of the workflow system for generating GenCoNet 
semi-automatically.

IMPLEMENTATION 
The process of integrating all data sources and merging of 

the entities of the aforementioned workflow system is an 
iterative process. Therefore, a semi-automatic pipeline was 
implemented for the import, fusion, and analysis of data in a 
highly connected database structure. This pipeline provides 
custom and very fast import Python scripts and Cypher3 
queries for generating a new Neo4j database from large data. 
TheNeo4j instance is running in a Docker4 container to 
simplify the setup process. Each step of the workflow system 
is executed in a separate Python script in order to have a better 
overview and to be able to execute specific stepson demand. 
Some of the data sources need to be preprocessed due to the 
higher information density or more complicated file formats 
than others. Afterwards, the data sources are processed and the 
basic connections are formed. Following nodes representing 
the same kind of entities are merged into fusion nodes. Finally, 
the results were imported into the new GenCoNet database 

APPICATION 
The prevalence of comorbidity is increasing and leads to a 

corresponding polypharmacy, which in turn is the prime risk 
factor for drug-related problems. In particular, drug 
contraindications with any disease and drug-induced diseases 
have to be considered in the context of treatment by healthcare 
professionals. Using GenCoNet, these risks may be detected 
(https://genconet.kalis-amts.de). The web interface represents 
the database entities (diseases, drugs, and proteins) as nodes in 
a network with edges representing the relationships between 
them. The vizualistion of networks show drugs (violet) which 

are prescribed for the treatment of the comorbid diseases 
(green) but also target genes (red) which maycause the 
diseases. For instance, the anti-asthmatic drug “Ibudilast” may 
induce hypertension by targeting thegene PDE3A. As a 
consequence, these drugs have to be avoided in order to reduce 
the risk of induced diseases. 

DISCUSSION
The discovery of shared molecular players and 

mechanisms in the pathogenesis of comorbid diseases is still 
complicated and nevertheless, necessary for decision-making 
of the most appropriate treatment strategy. To address this 
ongoing need, the Neo4j database GenCoNet was developed 
which integrates various associations between diseases, genes, 
variants and drugs for the diseases bronchial asthma and 
essential hypertension. While information of highest quality is 
preferred for integration in GenCoNet, false positives, 
although rare, cannot be ruled out. However, the use cases and 
lists already emphasized the potential of applicability in daily 
medical practice. GenCoNet is meant to be a qualitative 
resource that facilitates researchers access to the relevant 
information for the net-work analysis of comorbidities. 
Therefore, GenCoNet is planned to be extended by data on 
further diseases. 
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Abstract — The study of the molecular-genetic mechanisms 
predisposing to decline in male reproductive potential 
(spermatogenic failure) is an actual problem of reproductive 
biology. Most often in laboratory studies evaluating male 
fertility, a study of the quality of ejaculate is used. Thus, a 
pathological condition called pathozoospermia can be detected 
if the quality indicators of the ejaculate are decreased. 
Pathozoospermia can manifest itself in several distinct forms, 
may occur in many diseases and can be caused by many factors, 
including genetic ones. To reveal regulatory interactions 
between genes associated with pathozoospermia, we 
reconstructed gene regulatory network involving genes 
harboring allelic variants associated with pathozoospermia. 
Regulatory network comprised seven genes encoding 
transcription factors (TFs) for which a set of target genes were 
predicted by MoLoTool web-service. We identified three key 
regulatory transcription factors (WT1, AHR, NR0B1) that have 
the greatest number of target genes in the network. Genes 
encoding these factors can be considered as the most promising 
candidate genes for identifying genetic variants associated with 
pathozoospermia.

Keywords — male infertility, spermatogenesis, 
pathozoospermia, genetic association, gene network, transcription 
factor, target gene

INTRODUCTION
The decline in male reproductive potential, identified in 

many countries of the world, is an important scientific problem 
and serious social issue [1,2]. Most often in laboratory studies 
evaluating male fertility, a study of the quality of ejaculate is 
used. Thus, a pathological condition called pathozoospermia 
may be revealed if the quality indicators of the ejaculate 
(defined as the reference values of WHO [3]) are decreased. 
The most common forms of pathozoospermia are 
azoospermia, asthenozoospermia, oligozoospermia, 
teratozoospermia. Pathozoospermia is a syndrome that can 
manifest itself in several distinct forms, may occur in many 
diseases and can be caused by many factors, including genetic 
ones. To reveal regulatory interactions between genes 
associated with pathozoospermia, we reconstructed gene 
regulatory network and searched for its key regulators.

MATERIALS AND METHODS
The list of 68 human genes associated with specific forms 

of pathozoospermia was formed as it was described in [4]. To 
identify genes that encode transcription factors, we used 
AnimalTFDB [5]. DNA sequences of promoter regions (500 
bp and 1000 bp) were extracted from the GRCh38.p12 
assembly for all genes using BioMart tool. Transcription 
factor binding sites (TFBSs) were predicted using MoLoTool 
web-service (https://molotool.autosome.ru/). MoLoTool 
enables to scan DNA sequences for TFBSs with position 
weight matrices presented in HOCOMOCO model collection 
[6]. We used significance threshold pajusted < 10-4, which 
was recommended by the web-service. Thus, the information 
about the hypothesized transcriptional regulation of genes 
associated with pathozoospermia was obtained. Networks 
were visualized using Cytoscape [7]

RESULTS
Using AnimalTFDB we identified that 10 out of 68 genes 

associated with pathoszoospermia encoded transcription 
factors: WT1, AHR, NR0B1, ETV5, AR, NFE2L2, SOX5, 
AHRR, YBX2, SOX6. Three of them (AHRR, YBX2, SOX6) 
had no motif information in the HOCOMOCO model 
collection [6]. Then we scanned promoter regions (500 bp and 
1000 bp) of all 68 genes with MoLoTool and identified a set 
of TFBSs for each promoter. Next we reconstructed two 
transcriptional regulatory networks built on data on binding 
sites for TFs in upstream (500 bp and 1000 bp) gene regions. 
These networks contained 60 nodes, 123 edges (when 500 bp 
regions were analyzed) and 65 nodes, 178 edges (when 1000 
bp regions were analyzed). Numbers of TFBSs of each type 
and numbers of target genes for each TF were calculated for 
each network (Table 1). We found that the greatest number (46 
for 500 bp analyzed, and 58 for 1000bp analyzed) of target 
genes had WT1. The other two top transcription factors (AHR 
and NR0B1) had less regulated genes (for AHR there were 29 
and 38 target genes, and for NR0B1 there were 25 and 33 
genes). Our findings are in good agreement with results 
obtained in mice, indicating that WT1 is critical for 
spermatogenesis via regulation of sertoli cell polarity via Wnt 
signaling pathway [8]. Furthermore, we revealed three 
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regulatory self-loops involving transcription factors WT1, 
NR0B1, and AR.

TABLE 1. Ranking transcription factors according to the number of 
target genes in the networks

Transcrip-
tion factor

Network based on analysis of

500 bp promoter regions 1000 bp promoter regions

Number of 
binding sites

Number
of target 

genes
Number of 

binding sites

Number
of target 

genes

WT1 344 46 660 58

AHR 46 29 76 38

NR0B1 41 25 59 33

ETV5 19 11 60 24

AR 9 7 19 14

NFE2L2 2 2 6 6

SOX5 3 3 5 5
Total

number 123 60 178 65

CONCLUSION
Using MoLoTool web-service that scans DNA sequences 

for transcription factor binding sites we revealed potential 
target genes for seven TFs and reconstructed transcriptional 
regulatory networks involving 60 and 65 human genes 
associated with pathozoospermia. We identified three key 
regulatory transcription factors that had the greatest number of 
target genes: WT1, AHR, and NR0B1. We expect that further 
experiments to test binding ability of the predicted binding 
sites will verify the interactions between these three TFs and 
their target genes. We propose to keep in mind genes encoding 
these transcription factors as most promising candidates for 
investigating the genetic factors predisposing to 
pathozoospermia.
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between transcription factors and target genes, associated with 
pathozoospermia. Networks were constructed based on the analysis of 500 
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to both genes encoding transcription factors and transcription factors 
themselfs, blue nodes denote target genes
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Abstract — The genetic causes of the global decline in male 
fertility is among the hot spots of scientific research in 
reproductive genetics. The most common way to evaluate male 
fertility in clinical trials is to determine the quality of the 
ejaculate. A pathological condition characterized by lower 
quality indicators of the ejaculate compared to the norm and 
leading to impaired fertility is called pathozoospermia. 
Pathozoospermia is a syndrome that occurs in many diseases 
and can be caused by many factors, including genetic ones. To 
systematize information about genes associated with main forms 
of pathozoospermia, we created a catalog of such genes and 
analyzed their functional characteristics. On the basis of a 
manual analysis of scientific publications we collected data on 70 
genes harboring more than one hundred allelic variants 
associated with pathozoospermia. Gene ontology enrichment 
analysis revealed that genes were significantly associated with 
spermatogenesis and male gamete generation. In addition it was 
found that genes from the catalog were associated with more 
than seventy human diseases that were both reproductive system 
pathologies and others, such as Parkinson's and Alzheimer's 
diseases as well as various cancer types.

Keywords — male infertility, spermatogenesis, 
pathozoospermia, genetic polymorphism, associations, database, 
functional annotation

Introduction
The decline in male reproductive potential, identified in 

many countries of the world, is an important scientific problem 
and serious social issue [4, 5]. The question of the genetic 
causes of the global decline in male fertility is among the hot 
spots of scientific research in reproductive genetics. It is 
believed that in 20-25% of cases of severe reproductive 
dysfunction in men can be due to genetic causes [4]. Such a
high frequency of genetic disorders of male reproductive 
function indicates its multigenic control. The most common 
way to evaluate male fertility in clinical trials is to determine 
the quality of the ejaculate. For this purpose, a number of 
quantitative indicators are used, defined as the reference 
values of WHO [6]. A pathological condition characterized by 
lower quality indicators of the ejaculate compared to the norm 
and leading to impaired fertility is called pathozoospermia. 
The most common forms of pathozoospermia are 
azoospermia, oligozoospermia, asthenozoospermia 
teratozoospermia. Pathozoospermia is a syndrome that occurs 
in many diseases and can be caused by many factors, including 

genetic ones. Despite the urgency of the problem of male 
infertility, there is currently no specialized information 
resource accumulating information about the genes associated 
with specific forms of pathozoospermia. These data are 
dispersed in a large number of scientific publications, and such 
database on associations between genes and diseases as 
ClinVar, OMIM and DiGeNet, contain data by no means on 
all forms of pathozoospermia. To systematize information 
about genes associated with main forms of pathozoospermia, 
we created a catalog of such genes and analyzed their 
functional characteristics.

Materials and Methods
Data on associations between allelic variants of genes and 

specific forms of pathozoospermia were extracted from 
scientific publications that were selected using ANDSystem 
[3]. Search terms that refer to specific forms of 
pathozoospermia were obtained from [6]. Gene ontology (GO) 
and human disease ontology enrichment analysis were 
performed using DAVID tool [2]. The enriched GO terms 
(FDR<0.05) from the biological processes vocabulary 
GOTERM_BP_5 and enriched diseases (FDR<0.05) from the 
genetic association database [1] were considered in our study.

Results
First we formed a following dictionary of keywords 

denoting specific forms of pathozoospermia: (1) azoospermia; 
(2) non-obstructive azoospermia; (3) cryptozoospermia; (4) 
oligozoospermia; (5) severe oligozoospermia; (6) 
asthenozoospermia; (7) teratozoospermia; (8) 
oligoasthenoteratozoospermia (OAT); (9) 
oligoasthenozoospermia; (10) oligoteratozoospermia; (11) 
globozoospermia. Using these key words as a search terms we 
collected data on 70 genes harboring more than one hundred 
allelic variants associated with pathozoospermia. The largest 
portions of genes were associated with oligozoospermia and 
non-obstructive azoospermia (Fig.1A). Most genes (63 out of
70) were located on autosomes, X and Y chromosomes had 
three genes each, and one gene was located on mitochondrial 
DNA (Fig. 1B). encoded transcription factors: WT1, AHR, 
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Fig. 1. Information content of the catalog. А - the number of genes 
associated with a specific form of pathozoospermia; B – the number 
of genes from the catalog identified on each chromosome. NOA -
non-obstructive azoospermia; MT - non-nuclear(mitochondrial)

Enrichment analysis performed using the DAVID-tool 
revealed 17 significantly enriched (FDR<0.05) biological 
processes from the GOTERM_BP_5 vocabulary. The most 
representative gene groups (more than seven genes each) were 
annotated by enriched terms associated with spermatogenesis 
and male gamete generation (Table 1). In addition we 
identified that genes from the catalog were associated with 
more than seventy human diseases from [1] (data not shown). 
Among these diseases were both reproductive system 
pathologies and others, such as Parkinson's and Alzheimer's 
diseases as well as various cancer types.

Conclusion
We have created a catalog of genes and their allelic 

variants associated with various forms of pathozoospermia. 
This information was obtained on the basis of a manual 
analysis of scientific publications, which indicates a high level 
of reliability. The data we have accumulated and the results of 

functional gene annotation can be useful both for interpreting 
the results of genome- and exome-wide association studies, as 
well as for developing new approaches to the diagnosis and 
treatment of male infertility.
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TABLE 1. OVERREPRESENTED GO TERMS THAT CHARACTERIZE GENES 
FROM THE CATALOG

Terma
Number of 

genes
Fold 

Enrichment FDR

Gamete generation 25 10.5 1.5E-15

Cell development 22 3.0 6.8E-3

Spermatogenesis 21 11.0 1.1E-12

Male gamete generation 21 11.0 1.1E-12

Germ cell development 15 17.2 1.6E-10

Gonad development 9 11.2 1.9E-3
Development of primary 

sexual characteristics 9 10.9 2.3E-3

Spermatid development 8 16.3 8.4E-04

Spermatid differentiation 8 15.7 1.1E-3
a. Terms associated with more than 7 genes are presented
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Abstract — The expression of lymphatic vessel endothelial 

hyaluronan receptor-1 (LYVE-1) in liver cells of C57BL/6 mice 

males kept 14 days under 24-hour lighting (mice with functional 

pinealectomy) was studied. The immunohistochemical analysis 

(indirect avidin-biotin ABC-peroxidase method) and 

morphometric assessment were used. A 2-fold decrease in the 

area of LIVE-1 expression was found against the background of 

a 2% increase in the optical density of LIVE-1 staining in mouse 

liver cells after chronic continuous illumination. The weak 

LYVE-1 expression on the membranes of endothelial cells of 

liver sinusoids may indicate a violation of the functioning of the 

fenestration fields of these cells. This can lead to a decrease in 

the endocytotic activity of the latter, difficulty in hemato-tissue 

exchange, lymphatic drainage deterioration and tissue hypoxia 

development in the liver of mice with functional pinealectomy. 

Key words — continuous illumination, functional 

pinealectomy, liver, LIVE-1  

Introduction 
An integral factor of modern life is the use of continuous 

artificial lighting and constant changes in light mode. As a 
result of the long existence of a person under such conditions, 
the production of the pineal gland hormone melatonin 
significantly decreases/stops in his body (functional 
pinealectomy), there is an imbalance of cyclicity in the work 
of body systems, desynchronosis develops. 

 It is known that the liver is not only a unique metabolic 
and immunological organ, it is the largest source of lymph 
production in the body, and it accounts for up to 50% of the 
lymph entering the thoracic duct [1]. The lymphatic system of 
any organ helps maintain tissue fluid balance and remove 
cellular waste products. It was found that with liver diseases 
its lymphatic system changes significantly. An increase in 
hepatic lymphatic vessels with cirrhosis, viral hepatitis and 
hepatocellular carcinoma has been reported [2]. It was found 
that under the influence of constant lighting in the liver and its 
lymphatic region, circulatory and lymphatic flow disorders 
develop. These processes lead to the development of hypoxia, 
which negatively affects the structure and function of the 
organ parenchyma cells [3]. The aim of this study was to 
evaluate the effect of 24-hour illumination (24hL) on the 

expression of the LIVE-1 marker (lymphatic vessel 
endothelial receptor-1) in liver cells of male C57Bl / 6 mice. 

Materials and Methods 
The males of C57Bl/6 mice aged of 10-12 weeks were kept 

in the SPF-vivarium center of ICG SB RAS. Food and water 
were provided to animals at libitum. The intact animals (the 
group "Control", n=6) were kept under the standard lighting 
mode - photoperiod light/dark: 14/10 hour (h). The mice of the 
experimental group (the gr. "24hL", n=6) were kept for 14 
days under conditions of 24-hour lighting - photoperiod 
light/dark: 24/0 h. Animals were removed from the 
experiment by the cranio-cervical dislocation method and liver 
samples were taken for light-optical and 
immunohistochemical studies.Liver samples were fixed in 
10% buffered formalin for 48 hours, dehydrated in a series of 
alcohols of increasing concentrations and embedded in 
Histomix. A light-optical study of the liver was performed on 
sections stained with Mayer hematoxylin and eosin. 

Immunohistochemical detection of the LYVE-1 marker 
was performed in sections with a 3 μm thickness using the 
indirect ABC-peroxidase method using the VECTASTAIN 
Universal ABC-Peroxidase Kit (PK-7200, Vector 
Laboratories, USA). Endogenous peroxidase blocking was 
performed by incubation of sections in 0.3% H2O2 solution for 
10 min, then sections were incubated with normal blocking 
non-immune horse serum for 20 min. Next, the sections were 
incubated for an hour at room temperature with antibodies to 
LYVE-1 (Isotype: Rabbit polyclonal, bs-1311R; Bioss) using 
the final dilution of 5 μg/ml, then they were washed in 3 shifts 
of phosphate buffer (FB) for 3 min and were incubated for 30 
minutes at room temperature with the second biotinylated 
antibodies followed by washing in 3 shifts of FB for 5 minutes. 
Incubation with the ABC-peroxidase complex was carried out 
at room temperature for 30 min, the sections were washed in 
3 shifts of FB for 5 minutes. At the last stage 
immunohistochemical staining of the sections was performed 
in the chromogenic substrate (ImmPACT DAB, Vector 
Laboratories, USA). For quantification of LIVE-1 expression 
in the mouse liver, there was performed computer 
morphometric analysis of digital photographs at 
×400 magnification. The relative areas and optical densities of 
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zones staining for LIVE-1 in digital images were determined 
using the program "Image J". A comparison of the results 
between the groups "24hL" and "Control" was performed 
using the Mann-Whitney U-test for abnormally distributed 
characters in independent samples. Differences of compared
values were considered statistically significant at P<0.05. 

Results and Discussion
In the liver of mice after two weeks of round-the-clock 

lighting (24/0 h), dilatation of the spaces of the Malla and 
lymphatic vessels, expansion of the bile ducts in the portal 
tracts were detected. These changes were accompanied by 
edema of the interlobular connective tissue layers. There was 
a stasis of red blood cells in the interlobular, сentral and 
sublobular veins. The intralobular sinusoid capillaries were 
also expanded. Lymphoid nodules were found in the 
parenchyma. 

The study of the expression of the LIVE-1 marker in the 
liver of intact mice under standard lighting mode revealed a 
pronounced immunohistochemical staining of sinusoid cells 
of blood capillaries in the periportal regions and especially in 
the perineal zones of the hepatic lobes. In the parenchyma, 
individually colored hepatocytes were sometimes found. In 
animals kept under round- the-clock lighting , a weaker 
expression of LIVE-1 was detected in the endothelium of 
sinusoid capillaries, especially in the intermediate zones . 
Morphometric analysis of mouse liver preparations after two 
weeks of continuous illumination revealed a two-fold decrease 
in the area of expression of the LIVE-1 marker against the 
background of an increase in its optical density of LIVE-1
staining by 2%.

LYVE-1 is known to be a transmembrane protein receptor 
in endothelial cells of lymphatic vessels, for hyaluronic acid( 
hyaluronan), an extracellular matrix mucopolysaccharide [4]. 
Hyaluronan is the most powerful water-binding molecule in 
our body; it can absorb up to 1000 times its mass in water [5]. 
The pronounced expression of LIVE-1 in the endothelium of 
liver sinusoids in intact mice is confirmed by the results of 
other researchers. It was found that LYVE-1 is expressed in 
the liver not only by endothelial cells of lymphatic vessels but 
also by endothelial cells of blood sinusoid capillaries, as well 
as in some macrophages. As in our study, the primary staining 
on LIVE-1 of portal and especially middle zones of liver acini 
in intact animals was previously revealed. It is known that 
parenchyma cells in the intermediate zones are most sensitive 
to oxidative stress [6].

In liver diseases, the expression of LIVE-1 may be 
reduced. Thus, in cirrhosis and hepatocellular carcinoma, 
LYVE-1 expression is suppressed [6]. In chronic hepatitis and 
cirrhosis of the liver, a decrease in the expression of LYVE-1
in the endothelium of sinusoids was detected, especially in 
areas adjacent to active inflammatory or fibrotic lesions. In 

this case, the sinusoidal endothelium in the affected areas, 
demonstrating the weakening of LYVE-1, loses fenestration, 
which the authors attribute to the progression of liver disease 
[7]. Disorders in the lymphatic vasculature that cause 
inadequate drainage can lead to a condition characterized by 
tissue swelling, which is the result of the accumulation of 
protein and fluid in the interstitium [8].

In this regard, the weak expression of LYVE-1 detected by 
us on the membranes of endothelial cells of sinusoidal 
capillaries in mice kept for a long time under continuous 
illumination may indicate a violation of the functioning of the 
fields of fenestration of these cells. This can lead to a decrease 
in the endocytotic activity of the latter, difficulty in blood-
tissue exchange, deterioration of lymphatic drainage in the 
liver, and development of tissue hypoxia.
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Abstract — Usually, a detailed analysis of well-known 
diseases-related genes for the presence of pathogenic variants 
does not give any meaningful result, despite the good agreement 
between the patient’s diagnosis and the available data on the 
mutations manifestation in these genes. This study, we try to 
disentangle such a cases using gene network aware exome
analysis and variants prioritization.

Keywords — gene network based mutation prioritization, 
exome analysis, glaucoma

MOTIVATION AND AIM
One of the major challenge in the interpretation of exome-

wide results is the absence of any information about the 
interaction of weakly damaging mutations (likely-benign and 
or benign) and mutations with an unknown effect in the 
compounds. Earlier huge efforts directed towards 
disentangling biological reasons of single nucleotide 
variations expression and penetrance of genes implicated in 
complex diseases determination were taken [1, 2]. Most of 
approaches intended to solve this problem are based on the 
analysis of topologies gene network of trait and/or on the data 
on gene-gene or protein-protein functional interaction. This 
study, we try to disentangle such a type of cases using our own 
simplified gene network aware exome analysis and variants 
prioritization. To do so, we used data from anonymous patient 
with healthy parents and evidences of congenital glaucoma.

METHODS
Paired reads exome library of anonymized patient with 

signatures of congenital glaucoma was mapped onto the 
reference genome using bowtie2-align-s. SNVs were called 
using Platypus v. 0.8.1 software, we used all default filtering 
options, except one considering duplicated reads that we 
switched in two alternative states. As a result, two VCF files 
were obtained, containing SNVs detected based on all mapped 
reads and mapped reads without duplicated ones. Next, SNVs 
from these two VCF files were additionally filtered taking into 
account the quality of the nucleotides confirming them. First, 
all SNVs marked by Platypus with the badReads label were 
disregarded; these are SNVs supported by reads from only one 
DNA strand having low base calling quality close to the SNV 
(Phred quality <20). Second, using the GATK v. 4.1.4.1 
software, we selected out all SNVs that did not satisfy the 
lowest local coverage threshold. This work, we did not take 
into account deletion / insertion variants (INDELs), because 
we identified that overwhelming number of INDELs (> 96%)
was marked with the alleleBias label by the Platypus; this label 

indicates that the allele frequency is statistically significantly 
lower than expected in the heterozygous state. At the final, we 
got two cleaned VCF files containing SNVs, supported by all 
mapped reads and mapped reads without duplicated ones.

The functional annotation of known missense SNVs and 
SNVs located in known splice sites was done using dbNSFP 
v. 4.0a and GnomAD v. 2.1.1 databases. In-house Perl scripts 
were implemented for variants extraction using Tabix 
indexing technology. Information on SNV functional 
significance was taken in the form of 40 normalized rank 
scores from the dbNSFP database. For each SNV, the 
maximum occurrence frequency was taken from the GnomAD 
database.

After SNVs annotating, we prioritized the genes 
containing these SNVs. For the constructing gene scoring 
formula for gene prioritization, we used both previously 
obtained variables for individual SNVs 
(dbNSFP_boot_median and GnomAD_max_freq), and the 
gene-wise characteristics, indicating functional significance of
the gene. We used the following gene-wise characteristics: 1) 
the pLI score, the probability of being loss-of-function 
intolerant (the pLI_value), 2) the average occurrence 
frequency of de novo mutations in the gene from the 
mirDNMR database (the DNMR); 3) the sum of the maximum 
length of the protein sequence and the number of exons in the 
gene (the AA_SS_Length).

This work, we additionally take into consideration the 
GADO score [2] reflecting the gene significance in the gene 
network relating to glaucoma phenotype (the GADO_value) 
and the the normalized level of the gene expression in the 
affected tissues – cornea, iris and anterior chamber of the eye 
(the TISS_value).

The final simple gene scoring formula was as follows: 
S(g)=TISS_value*GADO_value*pLI_value*DNMR_coeff 
* {dbNSFP_boot_median*(1-GnomAD_max_freq)*AC}, 
where AC is the number of alternative alleles at the SNV locus 
(1 - heterozygote; 2 - homozygote), is a sum across the 
SNV loci containing alternative variants in the gene, 
DNMR_coeff =log10{AA_SS_Length/DNMR}. 

RESULTS
A simple and effective guideline for searching and 

prioritizing genes and exome SNVs associated with a risk to 
diseases was developed. Using this pipeline, we were able to
uncover small number of mutated protein-coding genes 
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involved in cornea and eye chamber functioning as well as in 
whole eye (Table 1). Despite very small number of genes 
involved in cornea and eye chamber functioning, this gene list 
significantly enriched with Visual phototransduction pathway 
in REACTOME (p=2.3E-05) and with basolateral cell 
membrane in GO CC (p=5.4E-04). 
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Table 1. The list of all genes associated with glaucoma and related to 
cornea and eye chamber functioning as well as whole eye functioning

Mutated top
genes in whole 

eye

Mutated top genes
functioning in 
cornea

Mutated top genes
functioning in 
eye chamber

CFB CFB CFB
GUCY2D GUCY2D GUCY2D
ELAC2 CNGB1 CNGB1

CCDC170 MYO7A CNGB3
CNGB1 BBS2
MYO7A CNGB3
HNF1A HNF1A
CNGB3 DAG1
BBS2
HEXB
DAG1
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Abstract — Description We previously proposed a systems 
toxicology framework for in vitro assessment of e-liquids. The 
framework starts with the first layer aimed at screening the 
potential toxicity of e-liquids, followed by the second layer aimed 
at investigating the toxicity-related mechanism of e-liquids, and 
finally the third layer aimed at evaluating the toxicity-related 
mechanism of the corresponding aerosols. In this work, we 
applied this framework to assess the impact of the e-liquid 
MESH Classic Tobacco and its aerosol compared with that of 
cigarette smoke (CS) from the 3R4F reference cigarette. The 
results showed that the cytotoxicity of the MESH Classic 

Tobacco liquid was similar to the Base liquid but lower than 
3R4F CS TPM at comparable nicotine concentrations. Relative 
to 3R4F CS exposure, MESH Classic Tobacco aerosol exposure 
did not cause tissue damage and elicited lower changes in the 
mRNA, microRNA, and protein markers. In the context of 
tobacco harm reduction strategy, the framework is suitable to 
assess the potential reduced impact of electronic cigarette 
aerosol relative to CS.

Keywords — Systems Toxicology, in vitro, e-liquid
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Abstract — Viral diseases cause significant harm to human 
health and often cause high mortality. In the past twenty years, 
humanity has undergone infection by SARS-CoV (severe acute 
respiratory syndrome), MERS-CoV (Middle East respiratory 
syndrome) and COVID-19 coronaviruses, which spread from 
animals to humans and from person to person. These diseases 
have led to large economic losses. To fight coronaviruses and 
other viruses, it is proposed to use miRNAs, which regulate 
protein synthesis at the translational level. Out of 2565 miRNAs, 
miR-4778-3p, miR-6864-5p and miR-5197-3p were identified as 
the most effectively interacting with the gRNA of SARS-CoV, 
MERS-CoV and COVID-19, respectively. Based on the miR-
4778-3p, miR-6864-5p and miR-5197-3p sequences, complete 
complementary miRNA (cc-miR) binding sites in the gRNA 
coronaviruses were created. Detected binding sites of these cc-
miRs did not form intramolecular complexes in the 2D structure 
of the gRNA of SARS-CoV, MERS-CoV, and COVID-19 with a 
value of more than 85%. Therefore, cc-miRs will bind gRNA at 
these sites without competition. The cc-miRs for SARS-CoV, 
MERS-CoV, and COVID-19 did not have target genes among 
the 17508 human coding genes with a ΔG/ΔGm of more than 
85%, which implies the absence of side effects of cc-miRs on the 
translation of human mRNAs. cc-miRs can be used as 
therapeutic agents by incorporating them into exosomes or 
other vesicles and introducing them into the blood or lung by 
inhalation. The introduction of cc-miR into the blood will 
suppress the reproduction of the virus in the blood and in all 
organs into which it can enter. 

Keywords — SARS-CoV, MERS-CoV, COVID-19, virus, 
mRNA, miRNA, disease, treatment

Introduction
Viral diseases are difficult to predict, which requires 

prompt responses to their occurrence. Unfortunately, at 
present, specific drugs do not exist for all viruses. 
Coronaviruses COVID-19, SARS-CoV (severe acute 
respiratory syndrome) and MERS-CoV (Middle East 
respiratory syndrome) are highly pathogenic, and currently,
there are no effective drugs to treat them [1]. Therefore, new 
approaches to the treatment of viral diseases are required. All 
viruses multiply using a nucleic acid synthesis system and a 
protein synthesis system in an infected cell. In animal cells, 
protein synthesis is controlled by miRNA (mRNA-inhibiting 
RNA). These nanoscale molecules specifically interact with
the mRNAs of target genes and can reversibly suppress 
translation or contribute to the degradation of mRNA. This 
biological role of miRNAs can help in the fight against viral 
reproduction, since the synthesis of viral proteins occurs in the 
host cell. The use of miRNAs for this purpose requires with 

the fulfillment of a number of conditions. The miRNA must 
highly specifically bind to the mRNA of the viral genome 
(gRNA) or parts of its genome, which can be translated as a 
whole or in fragments. An arbitrary set of nucleotides in 
synthetic miRNAs that bind with complete complementarity 
to the RNA genomes of viruses can have many side effects 
consisting of the binding of these miRNAs to human mRNAs. 
To identify target miRNAs of genes, a program that 
adequately evaluates the interaction of this miRNA with all 
genes of the human genome is required. The MirTarget 
program we created successfully determines the 
characteristics of the interaction of known miRNAs with any 
RNA nucleotide sequences. Using this method, the effect of 
known human miRNAs on the mRNA of plant and animal 
genes was evaluated. It is currently relevant to identify human 
miRNAs that can affect the expression of the COVID-19,
SARS-CoV and MERS-CoV coronavirus genomes at the 
translation stage. It is necessary to select miRNAs that can 
most effectively bind to the nucleotide sequence of the RNA 
genomes of these coronaviruses. The aim of this work was to 
construct miRNAs specific for coronaviruses COVID-19,
SARS-CoV, and MERS-CoV that will not affect the 
expression of human or animal genes.

Materials and Metods
The nucleotide sequences of 2565 miRNAs were 

downloaded from miRBase (http://mirbase.org, release 22.1). 
The nucleotide sequences of genes and the coronavirus 
genome COVID-19, MERS-CoV, SARS-CoV were obtained 
from NCBI (http://www.ncbi.nlm.nih.gov). A search for the 
target genes of miRNAs was performed using the MirTarget 
program [2]. The MirTarget program works with the miRNA 
and mRNA nucleotide sequences in a special format. This 
program determines the following binding characteristics: the 
start of the miRNA binding site on the mRNA; the location of 
the miRNA binding site (3'UTR, 5'UTR, CDS); the interaction 
free energy (∆G, kJ/mole); and the nucleotide interaction 
schemes between miRNAs and mRNAs. The ratio of 
ΔG/ΔGm (%) was determined for each binding site, where 
ΔGm is equal to the free energy binding of miRNA with its 
full complementary nucleotide sequence. The MirTarget 
program found hydrogen bonds between adenine (A) and 
uracil (U), guanine (G) and cytosine (C), G and U, A and C. 
The distances between A and C were equal to 1.04 
nanometers, between G and C, and between A and U were 
equal to 1.03 nanometers, and between G and U equal to 1.02 
nanometers. The numbers of hydrogen bonds in the G-C, A-

445



U, G-U and A-C interactions were found to be 3, 2, 1 and 1, 
respectively.

Results and Discussion
To compile the nucleotide sequence of a fully 

complementary miRNA (cc-miR) to its binding site in the 
gRNA of COVID-19, it was necessary to find the cc-miR 
precursor. Despite the large size of the COVID-19 genome, in 
comparison with the human protein coding genes, only a few 
human miRNAs could bind to the viral genome with a
ΔG/ΔGm value of 89%. We chose this value as a criterion for 
the adequacy of determining binding sites based on the 
requirement that different miRNAs with a length of 22 nt 
differ in two or more nucleotides, which allows them to act 
specifically. A decrease in this criterion, for example, by 5%, 
leads to an exponential increase in the number of putative 
target genes of a particular miRNA, which results in an 
uncertainty in the selectivity to the target genes of this 
miRNA. To create cc-miR, we selected miR-5197-3p, which 
out of the 2565 known miRNAs (miRBase), binds to the 
gRNA of the COVID-19 virus with the largest ΔG/ΔGm value 
of 89% and a miRNA length of 23 nt. 

Of the 17,508 human genes available in our gene database, 
miR-5197-3p bound to the mRNA of only a few genes with 
similar characteristics. Therefore, the use of miR-5197-3p as 
a therapeutic agent will cause side effects on the identified 
genes. 

Based on this scheme, a structure for cc-miR2 (cc-miR for 
the gRNA of COVID-19) with a length of 25 nt was proposed 
with the replacement of non-canonical nucleotide pairs by 
canonical ones and the addition of G and U nucleotides at the 
ends of miR-5197-3p to increase the free interaction energy of 
cc-miR2 with the gRNA of COVID-19. The miRNAs with a
length of 25 nt are found among natural miRNAs (miRBase) 
and can interact with gRNA as part of RISC (RNA-induced 
silencing complex). The created cc-miR2 was completely 
complementary to the gRNA and interacted weakly with 
mRNA of 17508 genes. This result gives confidence that cc-
miR2 can interact with gRNA without side effects on the 
human protein-coding genes. 

Similarly, cc-miRs were designed to bind to the MERS-
CoV (cc-miRm) and SARS-CoV (cc-miRs) genomes. Of the 
2565 known human miRNAs, miR-6864-5p and miR-4778-
5p could interact more strongly than other miRNAs with the 
gRNA of MERS-CoV and SARS-CoV, respectively. The cc-
miRm and cc-miRs do not bind to mRNAs of the 17,508
studied human genes with ∆G/∆Gm values above 85%.

Therefore, these synthetic miRNAs are not expected to 
have any side effects upon interacting with human genes. The 
nucleotides of the cc-miR2, cc-miRm, cc-miRs binding sites 
during intramolecular interactions in the COVID-19, SARS-
CoV, and MERS-CoV genomes can bind to other gRNA sites 
with a value of ∆G/∆Gm less than 71%. Consequently, 
synthetic cc-miR2, cc-miRm, and cc-miRs will interact with 

the binding sites in the genomes of the three coronaviruses 
without competition with other gRNA sites.

Generating cc-miR is an inexpensive and relatively short 
procedure, similar to the synthesis of primers. In cell culture, 
the effects of cc-miR and miRNA on coronaviruses need to be 
tested. The proposed hypothesis can be confirmed in the 
laboratory with the approval and ability to conduct 
inexpensive and time-saving tests of the proposed cc-miR as 
a means of combating coronavirus. Since the size of cc-miR 
is approximately 10 nm, it can be delivered with blood to 
many organs as a component of ordinary exosomes in human 
blood, which measure 30-60 nm. The cc-miR contained in 
exosomes can be introduced into the lungs by inhalation. The 
proposed method for combating coronaviruses using miRNA 
does not have side effects and is economically inexpensive. 
Like all human miRNAs, cc-miR is susceptible to degradation 
by nucleases, and its removal from the body is not difficult.

A well-known observation that COVID-19 infects 
children under the age of 15 less than adults over 60 can be 
explained by the expression of piwi-interacting RNA (pi-
RNA) and miRNA, whose concentrations change during 
ontogenesis: the proportion of pi-RNA decreases with age, 
and the proportion of miRNA increases. It is possible that the 
expression of one or more pi-RNAs that can bind to the viral 
gRNA decreases during ontogenesis, and the virus begins to 
multiply. Similarly, the concentration of miRNAs capable of 
binding to the gRNA and are expressed in the early stages of 
ontogenesis can decrease, and the virus begins to multiply.

Conclusion
The results show that it is not difficult to select the 

nucleotide composition of miRNA, siRNA or pi-RNA for 
target binding to mRNA. The challenge is to predict and verify 
the absence of side effects of the small RNA on other genes. 
Unfortunately, this mandatory analysis is performed only at 
the stage of experimental testing, which will take a long time 
and is not guaranteed to end successfully. Our proposed 
method of searching for synthetic miRNA and evaluating its 
side effects can significantly simplify the generation of the 
miRNA of interest. 
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Micrornas (221, 429) are correlation with lymphocytes
of axillary lymph nodes in experimental breast cancer

Abstract — The study of concentration miRNA (21, 221, 222, 
and 429) in serum, lymph of the thoracic duct and breast cancer 
tissue, as well as the cellular composition of axillary lymph node 
in Wistar female rats in chemically induced breast cancer. 
Concentration microRNA (-221, -429) in the tissues breast 
cancer and lymph are correlated with a decrease in number of 
lymphocytes in medullary cords of axillary lymph nodes. 

Keywords - microRNA, breast cancer, lymphocytes

INTRODUCTION
In women all over the world, breast cancer (BC) is one of 

most common pathologies [4]. One of new important 
diagnostic markers of tumor growth, attracting the attention of 
researchers, are miсroRNAs. MicroRNAs (18–25 nucleotides) 
small non-coding RNAs take part in regulation of vital 
functions of cells (proliferation, differentiation, apoptosis), 
expression of which is often disturbed during pathological 
processes in organism, including cancer pathology [6], for 
example, breast cancer [1, 7]. The study of microRNA 
correlations (-21, -221, -222, -429) in breast cancer with 
morphological changes in regional lymph nodes of a tumor is 
of scientific interest and can serve as a basis for the 
development of new diagnostic methods and therapy.

Purpose of the study identification of correlation 
relationships of microRNA levels in serum, lymph and breast 
tissue with axillary lymph node cells in breast cancer in 
Wistar rats.

MATERIALS AND METHODS
In the experiment were used rats-female Wistar 10-12 

week-old, weighted 250-300 g. 1st group - control (20 intact 
animals), 2nd group - breast cancer. Breast cancer (BC) was 
induced in 20 Wistar female rats at the age of 3 months by 5-
fold administration with an interval of 7 days of N-methyl-N-

nitrosourea (MNU) (Sigma, USA) subcutaneously into the 
area of the 2nd mammary gland on the right. 24-weeks after 
administration MNU breast tissue, BC tissue, blood [5], and 
lymph specimens (thoracic duct lymph) were collected [2]. 
For histological examination, axillary lymph nodes were taken 
(caudal of 4 nodes) [3]. Total RNA from blood serum, lymph 
and breast tissue specimens was extracted using a kit of 
reagents (Vector-Best, Russian Federation) according to the 
instruction. To obtain the cDNA was carried out reverse 
transcription on the matrix of microRNAs. To determine the 
number of microRNAs-21, -221, -222, -429 in biological 
samples, QT-PCR was performed in real time using reagents 
on the amplifier CFX96 (Bio-Rad Lab., USA), small RNA U6 
(Vector-Best reagents, Russian Federation) was used as a 
comparison gene. Statistical data processing was performed 
using the Statistica 10 software package, central tendency and 
dispersion measures were described by the median (Me), 
lower (Q1) and upper (Q3) quartiles, the significance of the 
difference was calculated using the Mann-Whitney U-test, and 
was taken with p < 0.05. The correlation relationships between 
the studied parameters were estimated by the Spearman rank 
correlation coefficient.

RESULTS
Induction of breast cancer led to a decrease concentration 

of tumor-suppressive microRNA-429 in tumor (p<0.05). In 
lymph of animals with BC, concentration of pro-oncogenic 
microRNA-221 increased in comparison with intact animals 
(p<0.05). Сoncentration of tumor-suppressive microRNA-429 
in lymph in female rats with BC was decreased compared of 
intact animals (p<0.05).

In study of the cellular composition of axillary lymph 
nodes in Wistar rats with BC revealed changes compared with 
intact animals. In study of the cellular composition of axillary 
lymph nodes in Wistar rats with BC revealed changes 
compared with intact animals. It was shown that in medullary 
cords, there was a decrease in number of medium lymphocytes 
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(p = 0.0005) and mature plasma cells (p = 0.013), an increase 
in number of small lymphocytes (p = 0.0001) and reticular 
cells (p = 0.0001). 

When analyzing the correlation relationships in animals 
with BC, the number of mature plasma cells of the axillary 
lymph node medullary cords was correlated with 
concentration of miR-429 in tumor tissues (R = 0.51; p = 
0.0033). In lymph of animals with BC, the number of medial 
lymphocytes of medullary cords of axillary lymph nodes had 
a reverse correlation with concentration of microRNA-221 in 
the lymph (R = –0.62; p = 0.028). At the same time, in Wistar 
rats with BC the number of medium lymphocytes of medullary 
cords of axillary lymph nodes had a direct and moderate grade 
of correlation with concentration of miR-429 in the lymph (R 
= 0.62; p = 0.028).

CONCLUSION
Thus, concentration of microRNA (-221,-429) in breast 

cancer tissue and lymph are correlated with a decrease in 
number of lymphocytes in medullary cords of axillary lymph 
nodes.
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Abstract — To determine the markers of metastasis, it is 
important to study the molecular characteristics of tumor 
progression among patients with Squamous cell carcinoma of 
the larynx and larynxopharynx (L/L SCC). The aim of the study 
was to study the relationship between the level of actin binding 
proteins (ABS) (adenylyl cyclase-associated protein 1 (CAP1), 
cofilin 1, ezrin, fascin 1 and profilin 1) in the blood serum of 
patients with L/L SCC with the main clinical and morphological 
characteristics and to assess the possibility of their use as 
markers of metastasis. Several serum ABPs (CAP1, profilin1 
and fascin 1) have been identified as potential markers of 
metastasis of L/L SCC. For the presented sample of patients a 
metastasis prognosis model was obtained. For further 
conclusions about the clinical value of the proposed metastasis 
markers, further studies with an expanding sample of patients 
are needed.

Keywords — actin binding proteins, squamous cell carcinoma 
of the larynx and larynxopharynx, metastases, prognosis 

Motivation and Aim
Squamous cell carcinoma of the larynx and 

larynxopharynx (L/L SCC) is one of the most aggressive types 
of cancer. High one-year mortality among patients with L/L 
SCC is associated with a prolonged asymptomatic course and 
frequent metastasis [1]. The solution to the problem of 
predicting metastasis of L/L SCC using minimally invasive 
techniques is relevant. To determine the markers of 
metastasis, it is important to study the molecular 
characteristics of tumor progression. The metastasis process is 
closely related to the remodeling of the cytoskeleton in tumor 
cell, which is mediated by actin binding proteins (ABPs): 
adenylyl cyclase-associated protein 1 (CAP1), cofilin 1 
(CFN1), ezrin (EZR), fascin (FSCN1) and profilin 1 (PFN1) 
[2; 3]. At the moment, there is no data on the possibility of 
using the above listed ABPs circulating in the blood of 
patients with L/L SCC as markers for the prognosis of this 
disease. Earlier, we showed the possibility of determining the 
level of CAP1 in the tumor tissue and blood serum of patients 
with L/L SCC as markers for predicting the course of the 
disease. 

Therefore, the aim of the study was to study the 
relationship between the level of CAP1, cofilin 1, ezrin, fascin 
1 and profilin 1 in the blood serum of patients with L/L SCC

with the main clinical and morphological characteristics and 
to assess the possibility of their use as markers of metastasis.

Methods
The material for analysis was the сыворотка крови of 46 

patients with L/L SCC (T1-4N0-2M0) with histologically 
verified diagnosis. Material for the study was taken before the 
special treatment. The average age of patients were 54±5,3 
years. Work was carried out in compliance with the principles 
of voluntariness and confidentiality in accordance with the 
"Fundamentals of the legislation of the Russian Federation on 
health care" (Decree of the President of the Russian 
Federation 39 from 12.24.93 number 2288), the permission of 
the ethical committee of the Institute was obtained. Blood 
serum analysis of 42 patients with L/L SCC and 15 healthy 
volunteers was performed using ELISA kits (Human CFL1, 
FSCN1, EZR, PFN1 and CAP1) on a Microplate reader 
Multiskan FC 100 (ThermoFisher Scientific). The results in 
tables present as level of studying protein. The statistical 
analysis was carried out by software package Statistica 6.0. 
The results presented in tables and figures are expressed as Me 
(Q1; Q3), where Me - median, Q1 and Q3 - upper and lower 
quartiles, n – number of persons. R is the Spearman’s rank 
correlation coefficient, P is the statistical significance level.

Results
In the serum of patients with L/L SCC the level of CAP1 

was almost 5 times higher (p = 0.01) relative to the control 
group. The increase in the levels of FSCN1 and PFN1 was at 
the level of trends (table 1). The metastatic process was also 
characterized by a change in the level of serum ABPs 
(Table 1).

The level of FSCN1 was higher by almost 10 times (p = 
0.05) and the level of CAP1 was 60% higher (p = 0.03) in the 
group with regional metastases. The level of PFN1 in patients 
with L/L SCC with metastases was lower by 30% (p = 0.05). 
Using the discriminant analysis method on the presented 
sample of patients, a metastasis prognosis model was obtained 
and is described by equation (1):

y=  ̶ 23+3,7*САР1+1,43*FSCN+68*PFN1 (1)
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The sensitivity is 89%, the specificity is 62%; prognostic 
significance is 77%; p≤0,001.

Correlation analysis revealed a medium strength 
relationship between the size of the tumor node (T) and the 
levels of CAP1 (r=0.6; p=0.05) and PFN1 (r=0.3; p=0.05), and 
weak correlations between the presence of metastases (N) and 
levels of CAP1 (r=0.3; p=0.05) and FSCN1 (r=0.3; p=0.05).

Conclusion
The data obtained in the presented sample of L/L SCC

patients indicate a relationship between the level of serum 
ABPs and the stage of the disease, which may have prognostic 
value. The results, in general, do not contradict the literature 
data and indicate the possibility of using serum markers in 
clinical practice [4; 5]. Currently, several serum ABPs (CAP1, 
PFN1 and FSCN1) have been identified as potential markers 
of metastasis of L/L SCC. For further conclusions about the 
clinical value of the proposed metastasis markers, further 
studies with an expanding sample of patients are needed.
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TABLE I. Serum level of actin binding proteins depending on the presence of the tumor process and availability of 
lymphogenic metastases

ng\ml Контроль L/L SCC (T1-4N0-2M0) Р, U-test N0, n=23 N1-2, n=19 Р1, U-test 

CFL1 0.84 (0.77; 0.93) 0.80 (0.63; 1.14) 0.41 0.83 (0.60; 1.03) 0.9 (0.65;1.28) 0.42

FSCN1 5.46 (3.65; 6.90) 1.8 (0.43; 8.10) 0.07 0.64(0.34;7.43) 6.73 (6.14;8.30) 0.05

CAP1 0.03 (0.02; 0.03) 0.11 (0.08; 1.15) 0.001 0.09 (0.07; 0.14) 0.14 (0.07; 0.20) 0.05

EZR 2.30 (1.90; 2.50) 2.10 (1.69; 2.56) 0.89 2.12 (1.54; 2.60) 2.20 (1.89; 2.50) 0.83

PFN1 0.26 (0.22; 0.29) 0.28 (0.23; 0.38) 0.06 0.34 (0.28; 0.41) 0.26 (0.23; 0.33) 0.05

Note: Р - significant level of differences with group «control»; Р1 - significant level of differences with group with lymph node metastasis N1-2
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Abstract — The correlation analysis between morphometric 
parameters and number of immunocytes of mesenteric lymph 
nodes with the thoracic duct lymph cytokines levels on 
chemically induced rat model of breast cancer (BC) was done. It 
is shown that in BC group the activity of the local immune 
response in the lymph nodes is aimed at antitumor protection. 
In BC group the area of the paracortical zone was similar as on 
intact group, the area of lymphoid nodules with germinative 
centers and the area of medullary substance are increased, the 
number of macrophages in the thymus-dependent zone and zone 
responsible for humoral immunity are increased. In BC group 
was observed positive correlation between: dividing cells in 
germinative and medullar substance and IL-5; between number 
of the medium size of lymphocytes and MIP-1α; between the 
number of immunoblasts in germinative centers and GRO/KC; 
between the number of macrophages and MCP-1; between the 
number of reticular cells and IL-6, and M-CSF; between the 
number of small size lymphocytes and the number of mature 
plasma B cells and Gro/KC, that can be caused by their 
migration from lymph nodes.

Keywords — breast cancer, Wistar rat, mesenteric lymph node, 
cytokines, morphometry

Introduction
One of the pathogenetic mechanisms of tumor 

development and progression is protein mediators - cytokines, 
chemokines and growth factors. It has been shown that 
cytokines secreted by both lymphoid and tumor cells affect 
various target cells and play an important role in the 

pathogenesis of tumor growth and metastasis, which proceeds 
mainly lymphogenously [1]. The aim of the study was to 
assess the correlation between thoracic lymphocytokines and 
morphological parameters of the structural and functional 
zones of the mesenteric lymph nodes in a model of rat breast 
cancer.

Materials and Methods
The study was done on 40 female Wistar. Animal was 

divided into: control (intact) group and BC group. BC was 
induced by injection of N-methyl-N-nitrosourea (MNU) 5 
times with an interval of 7 days, subcutaneously in the region 
of the 2nd breast on the right side. Rats were removed from the 
experiment 6.5 months after induction of BC under anesthesia. 
Lymph was taken from the cistern of the thoracic lymphatic 
duct. Concentrations of 24 cytokines in lymph were assessed 
by flow fluorimetry using Bio-Plex Pro Rat Cytokines 24-Plex 
Assay (Bio-Rad, USA). Spearman r rank was done to estimate 
correlation. 

Results
Table 1 summarized the estimated correlations between 

the concentrations of lymph cytokines and the morphological 
parameters of the mesenteric lymph node. It was found that 
the increased area of the germinal centers of lymphoid nodules 
and medullary substance positively correlates with the number 
of mitotic cells in germinal centers (the number of which is 
increasing) and medullary substance with IL-5. IL-5 produced 
by Th2 and stimulates proliferation and differentiation of 
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activated B-cells. Correlation of middle size lymphocytes of 
germinative centers and medullary cords with chemokine 
MIP-1α and correlation of the number of immunoblasts with 
GRO/KC cytokine, which determines the chemotaxis of 
immunocompetent cells, may also indicate the preservation of 
the activity of local immune response. Structural changes

TABLE I. THE PARAMETERS OF SPIRMEAN R-RANK ESTIMATED
BETWEEN THORACIC LYMPH CYTOKINES LEVELS AND

MORPHOLOGICAL AND CELLULAE PERAMETERS OF
MESENTERIAL LYMPH NODE ON RAT BREAST CANCER MODEL
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Note. In, control (intact) group; BC, breast cancer group.

in the lymph nodes can also indicate maintaining activity 
of the local level of the immune response. In the paracortical 
zone, which plays a key role in the antitumor immune 
response, structural signs of maintaining the local immune 
response are also noted: the area of the paracortical zone 
remains at the level of the intact group, the number of 
macrophages is increased, and positively correlated the 
number of macrophages with chemokine MCP-1 is revealed. 
It is known that MCP-1, produced by mesenchymal stem cells, 
promotes the migration and metastasis of BC cells. In addition, 
mesenchymal stem cells also produce IL-6, which induces the 
migration and invasion of BC cells [2]. Apparently, the 
positive correlation of reticular cells with IL-6 may be due to 
its production by tumor cells and serve as one of the factors of 
growth and progression of the tumor. This can be indicated by 
the correlation of the number of reticular cells with M-CSF, 
which affects phagocytic activity, and may also be due to the 
growth of the primary tumor, and metastases in the lymph 
nodes. The revealed correlation of the number of mast cells, as 
factors contributing to homeostasis in the immune system, 
with IL-5, may also indicate a continuing activity of the local 
immune response aimed at antitumor protection. The positive 
correlation of the number of small lymphocytes and the 
number of mature plasma B cells with GRO/KC chemokine, 
noted in the medullary sinuses, may be associated with the 
migration of small lymphocytes and mature plasma B cells 
from the lymph node. Increased production of IFNγ is 
positively correlated with the number of immunoblasts in the 
medullary sinuses. In addition, the number of immunoblasts in 
the medullary sinuses in the group of animals with BC also 
significantly correlates with the chemokine MIP-3α.

Conclusion
Thus, with chemically induced BC a study of the 

correlation of cytokines of the lymph of the thoracic duct with 
morphological changes in the mesenteric lymph nodes 
revealed a number of dependencies that may be due to a local 
immune response in the lymph nodes directed on antitumoral 
protection.
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Abstract — Correlation was found between the 
morphometry of the mesenteric lymph nodes and the 
concentration of cytokines in the lymph of the thoracic duct in 
breast cancer (BC) caused by intramammary administration of 
N-methyl-n-nitrosourea. In animals with BC after 
chemotherapy according to the CMF scheme compared with 
breast cancer without treatment, positive correlation 
relationships were found, which may indicate an increase in the 
immunomodulating and antitumor effects of cytokines. 
Correlation of IFNγ interferon with small lymphocytes (the 
number of which increased) and macrophages in germination 
centers and mitotic dividing cells in the medullary substance, 
correlation in germinative immunoblast centers with MIP-1α 
and an increase in the number of small lymphocytes in the 
thymus-dependent area of the lymph nodes, correlation in the 
medulla interleukin IL-17 with mature plasma cells (the number 
of which is increased), the correlation of interleukin IL-18 with 
mature plasma cells in the brain sinuses.

Keywords — breast cancer, chemotherapy, Wistar rat, 
mesenteric lymph node, cytokines, morphometry

Introduction
At metastasizing, the main, and often the only method of 

cancer treatment is chemotherapy, which exacerbates the 
existing imbalance in the immune system, having a damaging 
effect on lymphoid tissue, which is one of the central problems 
of tumor therapy. The study of the relationship of cytokine 
content in lymph with structural changes in mesenteric lymph 
nodes at chemically induced breast cancer, which has a lot in 
common with breast cancer in humans [1] and after 

chemotherapy of breast cancer will allow us to assess the state 
of the local immune response in this method of treatment. The 
aim of the study was to study the relationship of various 
functional groups of lymph cytokines of the thoracic 
lymphatic duct with morphological parameters of mesenteric 
lymph nodes rats after chemotherapy of breast cancer.

Materials and Methods
The experiment was conducted on 60 female Wistar rats 

weight 250-300 g, in compliance with the principles of 
humanity. Two groups of animals were formed: group 1 –
control (intact animals); group 2 – breast cancer; group 3 –
breast cancer chemotherapy (after 6 months from the moment 
of induction of breast cancer). Animals were removed from 
the experiment 6.5 months after induction of breast cancer 
under anesthesia (i.p., 40 mg/kg Nembutal). Breast cancer was 
induced by the introduction of N-methyl-N-nitrosourea 
(MNU) 5 times with an interval of 7 days, subcutaneously in 
the region of the 2nd breast on the right. The course of 
chemotherapy included: 15 mg/kg of 5-fluorouracil and 2.5 
mg/kg of methotrexate (Ebewe, Austria, intraperitoneal on 
days 1 and 8), 3 mg/kg of cyclophosphane (Biochemistry, 
Russia, intraperitoneal daily once, 14 days). Lymph was taken 
from the cistern of the thoracic lymphatic duct. Concentrations 
of 24 cytokines in lymph were assessed by flow fluorimetry 
using a 2-beam laser automated analyzer (Bio-Plex Assay 
System (Bio-Rad, USA) using a commercial test system 
(determined dynamic range 2-32000 pkg/ml) in accordance 
with the instructions of the manufacturer Bio-Plex Pro Rat 
Cytokines 24-Plex Assay (Bio-Rad, USA). Differences 
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between the groups were considered significant at p<0.05. 
Сorrelation between the studied parameters (cytokines and 
cells of the structural zones of lymph nodes) were estimated 
by the Spearman rank correlation coefficient. Significance of 
the differences was calculated by U-criterion the Mann-
Whitney.

Results
A study of the relationship of lymphatic cytokines with 

morphological changes in the lymph nodes revealed a direct 
correlation between the cytokines of the lymph and mesenteric 
lymph node (table).

In contrast to the breast cancer group without treatment, a 
correlation between IFN interferon and small lymphocytes 
(the number of which is increased) and macrophages in 
germinal centers and mitotic dividing cells in the medullary 
substance was revealed, which may be associated with the 
action of IFNγ, which has an immunomodulating and 
antitumor effect , enhancing cytotoxic reactions mediated by 
T-lymphocytes. This can also be indicated by a correlation in 
the germinating centers of immunoblasts with MIP-1α and an 
increase in the number of small lymphocytes in the thymus-
dependent zone of the lymph nodes against the background of 
a decrease in its area.

An effect on the immune system can also be indicated by 
a correlation in the medullary substance of interleukin IL-17 
with mature plasma cells (the number of which is increasing). 
It should be noted that the main effect of interleukin IL-17 is 
the activation of neutrophils and macrophages at the site of 
inflammation, as well as an increase in the activity of most 
cytokines, especially pro-inflammatory. Pro-inflammatory 
cytokines also include interleukin IL-12, which correlates with 
neutrophils in the medullary substance and is a key cytokine 
for enhancing the cellular immune response. Interleukin IL-18 
is directly involved in the pathogenesis of breast cancer and is 
one of the main immunoregulatory cytokines involved in the 
local reaction of the body to tumor formation processes [2]. At 
the same time, after chemotherapy for breast cancer, 
interleukin IL-18 has a direct relationship with mature plasma 
cells in the medullary sinuses, and is a functional doubler and 
synergist of interleukin IL-12 in terms of biological effects [3]. 
Like interleukin IL-12, interleukin IL-18 promotes the 
preferential differentiation of T-helpers 0 into T-helpers 1. In 
addition, IL-18 leads to the formation of GM-CSF and, thus, 
enhances leukopoiesis.

Conclusion
Thus, the study of the correlation of the concentration of 

cytokines lymph of the thoracic duct with structural changes 
in the mesenteric lymph nodes revealed dependencies aimed 
at increasing the immunomodulatory and antitumor action of 
cytokines.
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TABLE I. CORRELATION BETWEEN CYTOKINES AND
MESENTERIAL LYMPH NODE (SPIRMEAN R-RANK)
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1
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I
L
-
1
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1
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/

K
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I
F
N
γ

M
-
C
S
F

M
I

P-
1
a

M
I

P-
3
a

M
C
P-
1

Герминативные центры вторичных лимфоидных узелков

Immunoblas
ts

bc - - - - 0.
9
5

- - - - -

ct - - - - - - - 0.
9
8

- -

Medium 
lymphocytes

Small 
lymphocyte

bc - - - - - - - 0.
9

- -

ct - - - - - 0.
9

- - - -

Macrophage
ct - - 0.

9
8

Reticular 
cells

Mitosis

bc - 0.
9
5

- - - - - - - -

bc 0.
9
8

- - - - - - - - -

Паракортикальная зона

Macrophage
Reticular 

cells

bc - - - - - - - - - 0.
9
5

bc - - - - - - 0.
9

- - -

Mast cells
bc 0.

9
5

- - - - - - - - -

Мозговые тяжи
Medium

lymphocytes
bc - - - - - - - 0.

9
- -

Immunoblas
ts

ct - - - - - - 0.
9
8

- - -

Mature 
plasma cells

ct 0.
9
8

-

Mitosis bc 0.
9

- - - - - - - - -

ct - - - - - 0.
9
8

- - - -

Neutrophils ct - 0.
9

- - - - - - - -

Мозговые синусы
Small 

lymphocyte
bc - - - - 0.

9
- - - - -

Immunoblas
ts

bc - - - - - 0.
8
9

- - 0.
8
9

-

Mature 
plasma cells

bc - - 0.
9
7

ct - - - 0.
9

- - - - - -

Note. bc, rats with breast cancer; ct - rats after breast cancer chemotherapy.
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Abstract — Postmenopausal women have an increased risk of 
the development of the metabolic syndrome and type 2 diabetes. 
In pharmacological experiments it was found that hepatic 
hormone fibroblast growth factor 21 (FGF21) acts as a potent 
metabolic regulator. But the normalizing metabolic effects of 
FGF21 have been described only for males. Ovariectomized
female mice may be considered as a model of decreased levels of 
estradiol in women during postmenopause. In this study we 
investigated the pharmacological effects of recombinant FGF21 in 
ovariectomized female mice. Ovariectomized animals received 
daily FGF21 injections (1 mkg/g body weight) for 7 days. On the 
7th day, mice were tested in a glucose tolerance test. Then in mice 
blood levels of insulin, glucose and adiponectin were determined. 
Our results showed that FGF21 did not reduce body weight and 
adiposity, but improved carbohydrate lipid metabolism in 
estrogen-deficient female mice. These data allow considering 
FGF21 as a potential regulator for the correction of metabolic 
syndrome caused by a lack of estrogen in female mice.

Keywords — FGF21, ovariectomy, glucose tolerance, female mice

Motivation and Aim
Postmenopausal women are at increased risk of body weight 

gain, adiposity, and development of type 2 diabetes. Estradiol 
usually used for therapy of postmenopausal syndrome. Estradiol 
treatment improves carbohydrate lipid metabolism, but has a 
number of negative side effects such as malignant tumors, 
cardiovascular diseases, and vascular thrombosis. Currently, 
work is actively underway to discover new pharmacological 
agents that can normalize metabolic disorders caused by a 
decrease in estrogens in women after menopause. 

Two decades ago, a new hepatic hormone fibroblast growth 
factor 21 (FGF21) was discovered [1] which acts as a potent 
metabolic regulator. In pharmacological experiments 
recombinant FGF21 reduces body weight and significantly 
improves insulin sensitivity: reduces blood levels of insulin, 
glucose, free fatty acids, triglycerides, increases glucose 
tolerance [3]. The normalizing metabolic effects of FGF21 have 
been described only for males. It is unknown whether FGF21 
will inhibit the development of the metabolic syndrome forming 
in the females due to estrogen deficiency. Ovariectomized
female mice may be considered as a model of decreased levels 
of estradiol in women during postmenopause. Therefore the aim 
of the study was to investigate the pharmacological effects of 
FGF21 in ovariectomized female mice.

Methods
C57BL/6J female mice were kept in the SPF vivarium of the 

Institute of Cytology and Genetics. All experiments were 
performed according to the European Convention for the 
Protection of Vertebrate Animals used for Experimental and 
other Scientific Purposes (Council of Europe No. 123, 
Strasbourg 1985) and Russian national instructions for the care 
and use of laboratory animals. The protocols were approved by 
the Independent Ethics Committee of the Institute of Cytology 
and Genetics (Siberian Branch of the Russian Academy of 
Sciences). 

Three experimental groups were formed: sham surgery 
animals (SHAM) and ovariectomized animals that received 
injections of solvent (OVX), and ovariectomized animals that 
received daily recombinant FGF21 injections (1 mkg/g body 
weight) (OVX-FGF21). The injections lasted 7 days. A day 7 
after a night of fasting the animals were tested in a glucose 
tolerance test. The animals were decapitated a day after the last 
injection. 

Blood glucose concentration was determined using the 
OneTouch Select glucometer. Plasma hormone and metabolites 
concentrations were determined by using commercial kits
according to manufacturer's instruction.

The effect of ovariectomy and FGF21 on the studied 
parameters in females was determined using a single-factor 
MANOVA variance analysis (gradations of the factor 
"experimental group": SHAM, OVX, OVX-FGF21) with 
multiple comparisons using the post hoc Tukey HSD test.

Results
Ovariectomy increased body weight and fat mass (Fig. 1A, 

B). Administration of FGF21 did not cancel this effect of 
ovariectomy. Ovariectomy did not affect the blood level of 
insulin and glucose (Fig. 1D, E). The blood level of adiponectin 
was higher in OVX females than in SHAM females, but the 
differences did not reach the significance level (p=0.08) (Figure 
1F). Ovariectomy reduced glucose tolerance (Fig. 1C). In 
glucose tolerance test, the area under the curve (AUC) of glucose 
in the OVX females was higher than in the SHAM females.
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In ovariectomized females administration of FGF21 
improved carbohydrate lipid metabolism due to effect on the 
adiponectin blood level and glucose tolerance (Fig. 1C, F). In 
the OVX-FGF21 females adiponectin blood levels were higher 
than in the SHAM females and AUC was lower than in the OVX 
females. 

Obviously one of the reasons for the increased glucose 
tolerance in mice treated with FGF21 is an increase in insulin 
sensitivity. Adiponectin in known to enhances whole-body 
insulin sensitivity due to FFA oxidation [2]. An increase in 
insulin sensitivity in OVX-FGF21 mice is also indicated by the 
fact that the blood insulin level in the FGF21 females was 2 
times lower than in the OVX females, although the differences 
did not reach the significance level (Fig. 1E).

Thus, our results showed that FGF21 did not reduce body 
weight and adiposity, but improved carbohydrate lipid 
metabolism in estrogen-deficient female mice. These data 
suggests that FGF21 reduced body weight and improved glucose 
tolerance by two different mechanisms. All together, our results 
allow considering FGF21 as a potential regulator for the 

correction of metabolic syndrome caused by a lack of estrogen 
in female mice.
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Fig. 1. Body weight (A), fat mass (B), glucose tolerance (C), plasma concentrations of glucose (D), insulin (E) and adiponectin (F) in females of C57Bl/6J mice 
of three groups: sham surgery animals (hatched column), gonadectomized animals that received injections of solvent (white column), and gonadectomized 
animals that received injections of recombinant FGF21 (1 mkg/g body weight) (black column). 
* p<0.05, ** p<0.01 compared with SHAM; # p<0.05 compared with OVX (post hoc Tukey HSD test)
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Abstract — A growing number of reports indicate the 
potential benefit of exploiting metagenomics for noninvasive 
IBD diagnostics. In order to in investigate the diagnostic 
potential of metagenomics data for IBD patients, we conducted 
the crowdsourced sbv IMPROVER Metagenomics Diagnosis for 
Inflammatory Bowel Disease Challenge.

Keywords— IBD, metagenomic, crowdsourcing

Motivation and Aim
Inflammatory bowel diseases (IBD) constitute a spectrum 

of chronic inflammatory disorders that affect the 
gastrointestinal tract. Ulcerative colitis (UC) and Crohn’s
disease (CD) are the two main clinically defined 
manifestations of IBD, each with distinctive clinical and 
pathological features. A growing number of reports showing 
changes in gut microbiota in subjects with IBD indicate the 
potential benefit of exploiting metagenomics for noninvasive 
IBD diagnostics.

Methods
In order to investigate the diagnostic potential of 

metagenomics data to discriminate IBD patients from non-

IBD subjects and, within the IBD group, to separate UC and 
CD subjects, we conducted the crowdsourced sbv 
IMPROVER Metagenomics Diagnosis for Inflammatory 
Bowel Disease Challenge, which was open to the worldwide 
scientific community from September 2019 to March 2020.

Results
Participants were provided either raw (sub-challenge 1) or 

processed (sub-challenge 2) independent train and test 
metagenomics data to develop and apply models for 
classifying metagenomics fecal samples from CD, UC, and 
non-IBD subjects. The challenge results will help answer a set 
of scientific questions, which include: whether metagenomics 
data are sufficiently informative for predicting IBD status with 
potential applications for IBD diagnostics; what is the nature 
of the most discriminative metagenomic features (taxonomy, 
pathway, or other), and are they distinct in UC and CD; and 
which predictive computational approach is the most accurate 
for each of the classification tasks? 

In conclusion, the outcomes of the challenge will be 
summarized and shared with the scientific community to 
advance the research in the fields of IBD and diagnostics.
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Abstract — Serotonin (5-HT) participates in regulation of 

emotions, mood, sleep, appetite, and cognitive processes. 

Serotonin transporter (5-HTT, SERT) modulates serotoninergic 

neurotransmission through reuptake of 5-HT from the synaptic 

cleft. A variable number tandem repeat polymorphism found in 

intron 2 of the 5-HTT gene (Stin2 polymorphism) influences 5-

HTT expression and is associated with anxiety, depression, 

suicidal behavior, obsessive-compulsive disorder. The aim of the 

present study was to investigate Stin2 allele frequencies in 

populations of Tundra Nenets and Nganasans inhabiting north 

and east Siberia. The frequency of the STin2.10 allele was 72.1% 

in Tundra Nenets and 89.4% in Nganasans. The data obtained 

are consistent with the uniform geographic gradient of STin2 

alleles, with low frequency of the STin2.10 allele in East Asia and 

its increase towards west. 

Keywords —serotonin, serotonin transporter, 5-HTT, SERT, 

Stin2, polymorphism, Tundra Nenets, Nganasans 

Introduction 
Serotonin (5-hydroxytryptamine, 5-HT) is a signaling 

molecule widely distributed in the mammalian central nervous 
system (CNS) and in peripheral tissues. It acts both as a 
hormone and a neurotransmitter. As a neurotransmitter, 5-HT 
participates in regulation of emotions, mood, sleep, appetite, 
and cognitive processes [1]. Dysfunction of the central 
serotonin system is involved in the etiology of various mental 
disorders, including depression, suicidal behavior, excessive 
aggression, anxiety, addiction, obsessive-compulsive 
disorder, attention deficit/hyperactivity disorder and 
autism [1, 2]. 

Serotonin transporter (5-HTT, SERT) is localized in the 
membranes of presynaptic neurons and is responsible for 
reuptake of 5-HT from the synaptic cleft thus modulating 
serotoninergic neurotransmission [3]. Accordingly, 5-HTT is 
the major target of the selective serotonin reuptake inhibitors 
(SSRIs), a set of medications widely used to treat depression, 
anxiety, ADHD and other emotional and behavioral 
disorders [4].  

The 5-HTT protein is encoded by a single gene SLC6A4 
(Soluble carrier family 6, member 4) [5]. There are two 
variable number tandem repeat (VNTR) polymorphisms 
described for this gene. One is a 43 bp insertion/deletion ∼1.2 
kb upstream of the transcription start site, referred to as the 5-

HTT gene-linked polymorphic region (5-HTTLPR) [6]. It has 
been shown that 5-HTT expression and 5-HT uptake in the 
cells of L/S and S/S genotypes are 1.5-2-fold lower than in the 
cells of L/L genotype [7]. The second VNTR found in intron 
2 contains most commonly 9, 10 or 12 copies of a 16–17 bp 
repeat (Stin2.9, Stin2.10 and Stin2.12 alleles respectively) [8]. 
It has been shown that Stin2 polymorphism influences 5-HTT 
expression and response to transcription factors [9, 10]. There 
is evidence of association of these polymorphisms with 
anxiety [7, 11], depression [8, 12], alcohol dependence [13], 
suicidal behavior [14], obsessive-compulsive disorder [15]. 

Allele frequencies for 5-HTTLPR and Stin2 
polymorphisms have been studied in different populations 
[16-18], including Russians [11] and other people living in 
Russian Federation [16, 19]. However, to date, there was no 
information about these polymorphisms in Tundra Nenets and 
Nganasans inhabiting north Siberia. Accordingly, the aim of 
the present study was to investigate Stin2 allele frequencies in 
the samples of Tundra Nenets and Nganasans. 

Methods 
Sample collection 

Blood samples were collected during expeditions to 
Yamalo-Nenets Autonomous Okrug and Taymyrsky 
Dolgano-Nenetsky District from 1988 to 2009. Each 
participant was informed of the purpose of the study, and 
written informed consent was obtained from all participants. 
Each volunteer filled out a questionnaire to collect personal 
data, including their nationality and the nationalities of their 
parents and grandparents. Subjects of mixed ethnicity or close 
relatives were excluded from this study. The final samples 
included 179 Tundra Nenets and 109 Nganasans. 
Genotyping 

Genomic DNA was extracted from peripheral blood using 
standard phenol–chloroform method. Genotyping was 
performed using polymerase chain reaction (PCR) followed 
by separation of fragments in a 2% agarose gel stained with 
ethidium bromide. Primer sequences were 5’-
GTCACTATCACAGGCTGCGAG-3’ and 5’-
TCTTCCTAGTCTTACGCCAGTG-3’. The PCR mixture 
(20 μl) contained 10 ng of DNA, 2 pM of primers, 200 µM of 
each dNTP, 1 U of Taq polymerase and 1X PCR buffer (67 
mM Tris-HCl pH 8.8, 16mM (NH4)2SO4, 0.1% Tween 2.0, 
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1.0 mM MgCl2). The PCR conditions were as follows: initial 
denaturation for 3 min at 94 °С; 35 cycles of 15 s at 94 °С, 
30 s at 64 °С, 40 s at 72 °С; and final incubation at 72 °С for 
2 min. 
Statistical analysis 

Correspondence of genotype frequencies to the Hardy-
Weinberg equilibrium was assessed using Pearson’s chi-
squared (χ2) criterion. In the Nganasan sample, we found no 
10/10 genotypes. So these homozygotes were combined with 
the heterozygotes to assess the correspondence to Hardy-
Weinberg equilibrium. Differences in allele frequencies 
between the populations were estimated using a χ2 test. 

Results 
Genotype counts and allele frequencies for STin2 are 

shown in Table 1. The distribution of genotypes was in 
accordance with Hardy-Weinberg equilibrium in the samples 
of Nenets (p=0.065) and Nganasans (p=0.771). We did not 
find carriers of the 9-repeat allele in either of the two samples.  

Both indigenous populations studied have higher 
frequencies of Stin2.12 allele compared to Russians (60% for 
the published Russian sample [18], p<0.001). 

Conclusion 
The data obtained are consistent with the uniform 

geographic gradient of STin2 alleles, with low frequency of 
the STin2.10 allele in East Asia and its increase towards west. 
The information on the Stin2 allele frequency in indigenous 
populations may be further used in personalized medicine in 
order to choose the optimal treatment options for psychiatric 
disorders. 

TABLE I.  Genotype And Allele Distribution For Stin2 

Population 
 Genotype count Alleles, % 

N 12/12 12/10 10/10 12 10 

Nenets 179 88 82 9 72.1 27.9 

Nganasans 109 86 23 0 89.4 10.6 
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Abstract — Mesenchymal stem/stromal cells (MSCs) have 
therapeutic potential in many pathological conditions, that is 
explained mostly by their paracrine action. MSCs secrete 
extracellular vesicles (EVs) packed with proteins, DNA, RNA 
and lipids. One of the easily accessible and reach sources of 
MSCs is placenta. In order to reveal possible pathways, by which 
EVs produced by placenta-derived MSCs (EVs-PMSC) could 
realize their therapeutic potential we conducted proteomic 
analysis of EVs-PMSC and subsequent bioinformatic analysis of 
identified proteins using Reactome pathway database. Identified 
peptides were mapped to 2093 proteins. Among the 2093 
proteins, 972 proteins were identified in at least four LC-MS/MS 
analyses out of eight. According to Reactome the most 
significant ‘top three’ 1st level pathways for detected EVs-
PMSC proteins were ‘Cellular responses to external stimuli’; 
‘Immune system’; ‘Developmental biology’. Some of the most 
enriched pathways in the group ‘Cellular responses to external 
stimuli’ were: ‘Response of EIF2AK4 (GCN2) to amino acid 
deficiency’; ‘Cellular response to hypoxia’; ‘Detoxification of 
Reactive Oxygen Species’. Some of the most enriched pathways 
in the group ‘Immune System’ were: ‘Class I MHC mediated 
antigen processing & presentation’; ‘Neutrophil degranulation’; 
‘Interferon Signaling’. The most enriched pathway in the group 
‘Developmental biology’ was ‘Axon guidance’. Thus far, 
concerning most enriched pathways EVs-PMSC proteome is 
expected to: 1) provide protection against stress (amino acid 
deficiency, hypoxia, ROS) to the damaged tissues; 2) possess 
immunomodulation properties; 3) facilitate axon guidance. The 
result (the top list of enriched pathways) leads to the notion that 
EVs-PMSC could be effective in terms of neuroprotection.

Keywords — extracellular vesicles, mesenchymal stem cells, 
placenta, proteomic analysis, reactome analysis

Introduction
It is widely accepted that the therapeutic potential of 

mesenchymal stem/stromal cells (MSCs) is attributed mostly 

to their paracrine activity [1], [2]. MSCs secrete extracellular 
vesicles (EVs) (exosomes, microvesicles, apoptotic bodies) 
packed with signaling molecules, proteins, DNA, RNA, lipids, 
all necessary for short and long distance intercellular 
communication [1]. One of the easily available and reach 
sources of MSCs is placenta tissue. In order to reveal possible 
pathways, by which EVs produced by placenta-derived MSCs 
(EVs-PMSC) could realize their therapeutic potential we 
conducted proteomic analysis of EVs-PMSC and subsequent 
bioinformatic analysis of identified proteins using Reactome 
pathway database. Identified peptides were mapped to 2093 
proteins. Among the 2093 proteins, 972 proteins were 
identified in at least four LC-MS/MS analyses out of eight. 
Most enriched pathways revealed by Reactome analysis for 
identified proteins were related to cell stress response 
(response to hypoxia, reactive oxygen species, heat), immune 
system, axon guidance. The result leads to the notion that EVs-
PMSC could effective in terms of neuroprotection.

Materials and Methods
MSC culture 
Fresh human preterm placenta samples (n=4) were 

obtained from healthy women 25 to 30 years old at the V.I. 
Kulakov National Medical Research Center for Obstetrics, 
Gynecology, and Perinatology, according to the World 
Medical Association Declaration of Helsinki and with the 
permission of the local ethics committee, informed consent 
was obtained from all subjects.

MSCs were isolated from tissue samples and cultivated as 
previously described [2]. MSCs were cultivated as adhesive 
cultures in DMEM/F12 medium (Paneco, Moscow, Russia) 
containing 7% FBS (Biosera, Nuaille, France).
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Isolation of EVs 
EVs were isolated from MSCs conditioned medium by 

differential centrifugation, and analyzed by nanoparticle 
tracking analysis (NTA), and transmission electron 
microscopy (TEM) as described previously [2].

Proteomic analysis
Sample preparation was performed as in [3] with 

modifications. LC-MS analysis was performed on an Ultimate 
3000 RSLCnano HPLC system connected to a QExactive Plus 
mass spectrometer (ThermoFisher Scientific) in DDA mode. 
Each sample was analyzed in two technical repeats. Protein 
identifications and data analysis were done in MaxQuant and 
Perseus.

A set of identified 972 proteins was used for Reactome 
analysis (www.reactome.org).

Results
MSCs were isolated from human preterm placenta 

samples. The cell viability was assessed by trypan blue 
exclusion (generally >95%). MSCs used in our study were 
positive for mesenchymal stem cell markers (CD73, CD90, 
CD105) and negative for hematopoietic cell markers (CD14, 
CD20, CD45, CD34). MSCs at the third passage were used for 
EVs isolation. According to NTA, EVs showed a broad size 
distribution (40 – 250 nm), which indicates the presence of 
both exosomes and microvesicles. TEM of EV preparations 
confirmed two types of particles (exosomes and 
microvesicles). The majority of objects showed a cup-shape 
morphology characteristic of EVs, with sizes ranging from 40 
to 300 nm. A minor fraction of the smaller objects (27–95 nm) 
had a smooth or angulated shape.

Isolated EVs-PMSC were used for proteomic analysis. 972 
proteins were identified and analyzed using Reactome 
pathway database. Top three enriched pathways are provided 
in Table I (dark grey).

TABLE I. Reactome analysis of EVs-PMSC 
proteome

Pathway identifier FDR pValue

Cellular responses to external stimuli 3.89E-15 1.11E-16

Response of EIF2AK4 (GCN2) to amino acid 
deficiency 3.89E-15 1.11E-16

Cellular response to hypoxia 2.41E-06 3.01E-07

Detoxification of Reactive Oxygen Species 
(ROS) 1.49E-03 3.72E-04

Immune system 3.89E-15 1.11E-16

Class I MHC mediated antigen processing & 
presentation 3.89E-15 1.11E-16

Neutrophil degranulation 3.89E-15 1.11E-16

Interferon Signaling 3.89E-15 1.11E-16

Developmental biology 3.89E-15 1.11E-16

Axon guidance 3.89E-15 1.11E-16

The group ‘Response of EIF2AK4 (GCN2) to amino acid 
deficiency’ includes ribosomal proteins and GCN1 (eIF-2-
alpha kinase activator GCN1), a positive activator of the 
EIF2AK4/GCN2 protein kinase activity in response to amino 
acid starvation (www.uniprot.org).

The group ‘Cellular response to hypoxia’ includes some 
components/proteins required for HIF1a proteasomal 
degradation, i.e. proteasomal subunits, elongin B and C, 
polyubiquitin B and C.

The group ‘Detoxification of ROS’ includes 
Peroxiredoxins (PRDX1, 2, 3, 5, 6), Thioredoxin (TXN), 
Thioredoxin reductases 1 and 2 (TXNRD1, 2), Glutathione S-
transferase P (GSTP1), protein disulfide isomerase (PDIA1), 
superoxide dismutase (SOD1).

The group ‘Axon guidance’ includes 178 of identified 
proteins, and can be subdivided into following enriched 
pathways: ‘Signaling by ROBO receptors’ (p-value 1,11E-
16); ‘L1CAM interactions’ (p-value 7,77E-16); ‘EPH-Ephrin
signaling’ (p-value 3,48E-13); ‘Semaphorin interactions’ (p-
value 4,01E-06). Identified proteins are implicated in 
cytoskeleton dynamics/organization (necessary for growth 
cone formation), synaptic plasticity, adhesion to extracellular 
matrix.

The group ‘MHC-I mediated antigen processing and 
presentation’ among 114 proteins contains HLA-F, non-
classical major histocompatibility class Ib molecule postulated 
to play a role in immune surveillance, immune tolerance and
inflammation; may play a role in inflammatory responses in 
the peripheral nervous system; through interaction with 
KIR3DL2, may protect motor neurons from astrocyte-induced 
toxicity (www.uniprot.org); HLA-C; HLA-A; HLA-B; HLA-
H; B2M.

The group ‘Neutrophil degranulation’ includes 117 of 
identified proteins involved in the regulation of neutrophil 
functioning. As an example of protein influencing neutrophil 
transendothelial migration is Annexin A2 (ANXA2).

The group ‘Interferon signaling’ includes 89 of identified 
proteins, all of them downstream of IFN, with STAT1 as a 
main player of IFN-induced genes expression. 

DISCUSSION

In terms of neuroprotection activation of EIF2AK4/GCN2 
[4], degradation of HIF1a [5], detoxification of ROS, axon 
guidance are favorable processes. Immune reactions, like 
MHC-I expression [6], neutrophil degranulation [7],
interferon signaling [8], may have dual effect: protective by 
modulating synaptic plasticity, axonal regeneration, tissue 
repair and regeneration; destructive by playing 
neuroinflammatory role. 
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Abstract — In this study we identified single nucleotide 
polymorphisms in whole-exome sequencing data for different 
ethnic groups in Russia: Slavs, Yakuts and Buryats, and 
investigated its associations with impaired spermatogenesis.
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spermatogenesis , reproductive potential, infertility

Introduction
The decline in male reproductive potential, marked in 

various regions of the world, raises the question of the causes 
of this global phenomenon. Currently, there is a significant 
gap in our knowledge of the male reproductive potential in the 
Russian Federation, trends in its regional and ethnic variation 
and genetic control. Meanwhile, these issues become 
especially relevant in connection with increased attention to 
the demographic situation in the country and increased 
prevention of reproductive disorders.

In approximately 40% of infertile men, the etiology of 
infertility and subfertility remains unclear [1], and modern 
molecular genetic approaches, in particular, whole-exome 
sequencing (WES), expanding the possibilities of genome 
research, can reveal new genes involved in controlling male 
fertility. In this study we identified single nucleotide 
polymorphisms (SNPs) in whole-exome sequencing data for 
different ethnic groups and investigated its association with 
spermatogenesis defects.

Materials And Methods
Study sample

The study sample included 62 participants from 3 ethnic 
groups Slavs, Yakuts, and Buryats (see Tab. 1). 

TABLE I. SPERMATOGENIC AND ETHNIC CHARACTERISTICS OF THE 
INVESTIGATED MALE SAMPLE

Ethnic group Normospermia, num Pathospermia, num

Yakuts 10 9

Buryats 10 9

Slavs 12 12

All 32 30
a.

WES data processing and quality control
The raw WES data were aligned to the reference genome 

(GRCh38) using BWA-MEM [2]. Optical and PCR duplicates 
were removed using Picard [3]. Further steps for detecting 
SNVs and INDELs were carried out using HaplotypeCaller 

according to GATK Best Practices [4]. Consequently, sets of 
variations were obtained (562018, 581274, and 519824 
variations in the Yakut, Slavic, and Buryat cohorts, 
respectively).

The obtained variation sets were converted to PLINK 
format. Further quality control analysis was carried out using 
PLINK software [5]. At the first stage, poorly presented (<2% 
of the number of samples) polymorphisms were filtered out,
as well as ones deviating from the Hardy-Weinberg 
equilibrium with a threshold of 1e-6. Subsequently 
polymorphisms with a Minor Allele Frequency <0.5% were 
removed. The heterozygosity rate of the samples participating 
in the study was also analyzed. According to the results, none 
of the samples deviated ±3SD from the heterozygosity rate 
mean. As a result of the quality control, sets of 104113, 
100202, and 90061 variants were selected in the 
representatives of the Yakut, Slavic, and Buryat populations, 
respectively for further analysis.

The analysis of the population structure of the obtained 
data sets yielded the values of Genomic control inflation factor 
λ equal to 1.03745, 1.00119 and 1.06702, which indicates a 
low level of population stratification of the studied samples.

Moreover, we applied the aforementioned pipeline to 
identify the set of single nucleotide polymorphisms for the 
jointed data set (62 patients: 32 patients with normospermia 
and 30 patients with patospermia). As a result, 103983 SNPs 
were obtained for further analysis of association.

Association analysis
An analysis of the association of identified polymorphisms 

with spermatogenesis defects was performed using χ2-test of 
association and logistic regression using PLINK [5].

Results And Discussion
According to the results of the association analysis, none 

of the associations reached Bonferroni-corrected significance 
levels (0.05 / number of SNPs): 4.8e-7, 4.99e-7, 5.55e-7 and 
4.81e-7 for Slavs, Yakuts, Buryats and jointed groups 
respectively. A partial intersection of the top-20 lists of 
polymorphisms associated with impaired spermatogenesis 
was observed and analysed. In particular, the presence of an 
association of polymorphism in KLHL10 gene in the jointed 
group has been shown. An association of other SNPs in this 
gene with spermatogenesis disorders was shown previously 
[6]. For further more significant analysis of associations, it is 
planned to increase the size of the studied sample.
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Abstract — The study estimates the changes in the panel of 
circulating cytokines in patients with type 2 diabetes (T2D) and 
chronic kidney disease (CKD). We examined 130 patients with 
T2D duration ≥10 years, including 65 individuals with estimated 
glomerular filtration rate (eGFR) <60 ml/min×1.73 m2, 64 
patients with increased albuminuria, and 30 healthy subjects as 
control. Serum IL-1β, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, 
IL-9, IL-10, IL-12 (p70), IL-13, IL-15, IL-17A, bFGF, eotaxin, 
G-CSF, GM-CSF, IFN-γ, IP-10, MCP-1, MIP-1α, MIP-1β, 
PDGF-BB, RANTES, TNF-α, and VEGF were assessed by 
multiplex analysis. Serum high-sensitivity C-reactive protein 
(hsCRP), urinary nephrin and podocin, podocyte injury 
markers, and WFDC-2, a marker of tubulointerstitial fibrosis, 
were assessed by ELISA. Patients with T2D and reduced eGFR 
had increased levels of hsCRP, IL-1ra, IL-8, IL-13 and 
decreased IL-7, IL-9 and IL-15 concentrations when compared 
to those with preserved renal function and control (all p<0.05). 
Excretion of WFDC-2, but not podocyte markers, was increased 
in these patients (p<0.02). The elevation of albuminuria was 
associated with enhanced excretion of nephrin and podocin 
(p<0.0001) without difference in the levels of measured 
cytokines. The levels of IL-2, IL-4, IL-5, IL-17A, bFGF, G-CSF, 
IP-10 and MIP-1α correlated negatively with eGFR; whereas 
WFDC-2 positively correlated with hsCRP and MIP-1α and 
negatively correlated with IL-10 and IL-15. These results 
demonstrate that decreased eGFR and increased urinary 
excretion of WFDC-2, a marker of tubulointerstitial fibrosis, are 
associated with predominance of pro-inflammatory and 
fibrogenic molecules in the panel of circulating cytokines in T2D 
subjects.

Keywords — type 2 diabetes, chronic kidney disease, 
albuminuria, cytokines, inflammation, fibrosis.

Introduction
A number of recent studies showed that non-albuminuric 

chronic kidney disease (CKD) became wide-spread 

complication in patients with type 2 diabetes (T2D) [1,2] with 
higher mortality risk in some cohorts as compared to 
albuminuric patients [3]. It has been suggested that 
albuminuric and non-albuminuric CKD patterns could be 
different in their phenotypes and pathogenic mechanisms. The 
growing body of evidences indicates that chronic low-grade 
inflammation is involved in development of CKD in obesity 
[4,5] and T2D [6-10]. This study aims to estimate the 
differences in a panel of circulating cytokines mediating low-
grade inflammation and fibrosis in patients with T2D and 
different patterns of CKD.

Matherials and Methods
The single-center cross-sectional study included 130 adult 

male and female patients with T2D duration ≥10 years. Non-
diabetic CKD, end-stage renal disease, urinary tract infection, 
treatment with DPP-4 inhibitors, GLP-1 receptor agonists 
and/or SGLT-2 inhibitors for three months prior to inclusion 
were considered as principal exclusion criteria.

Individuals with eGFR ≥60 mL/min×1.73 m2 and urinary 
albumin-to-creatinine ratio (UACR) <3.0 mg/mmol were 
recorded as patients without chronic kidney disease (CKD) 
signs (CKD– group, N=33). Those with eGFR <60 
mL/min×1.73 m2 and UACR <3.0 mg/mmol were assigned to 
the non-albuminuric chronic kidney disease group (NA-CKD 
group, N=33). Patients with eGFR ≥60 mL/min×1.73 m2 and 
UACR ≥3.0 mg/mmol were defined as albuminuric with 
preserved renal function (A-CKD– group, N=32). Individuals 
with eGFR <60 mL/min×1.73 m2 and UACR ≥3.0 mg/mmol 
comprised the albuminuric CKD group (A-CKD+ group, 
N=32). Thirty healthy normoglycemic subjects (11 men and 
19 women) without obesity and cardiovascular disease and 
corresponded to participants by age were acted as control.
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Fasting serum and morning urine samples were used for 
laboratory investigations. Serum IL-1β, IL-1ra, IL-2, IL-4, IL-
5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p70), IL-13, IL-15, IL-
17A, bFGF, eotaxin, G-CSF, GM-CSF, IFN-γ, IP-10, MCP-1, 
MIP-1α, MIP-1β, PDGF-BB, RANTES, TNF-α, and VEGF 
were assessed by multiplex analysis. Serum high-sensitivity 
C-reactive protein (hsCRP), urinary nephrin and podocin, as 
podocyte injury markers, and urinary WAP four-disulfide core 
domain protein 2 (WFDC-2), a marker of tubulointerstitial 
fibrosis, were assessed by ELISA. The results were adjusted 
to the urinary creatinine levels.

Results
Urinary nephrin and podocin excretions were increased 

significantly in all diabetic groups (all p≤0.02). Both markers 
were higher in A-CKD– and A-CKD+ groups when compared 
to CKD– and NA-CKD subjects (all p≤0.04). Patients from 
CKD– and NA-CKD as well as patients from A-CKD– and A-
CKD+ groups did not differ by nephrin and podocin excretion. 
Urinary WFDC2 concentrations were markedly higher in men 
than in women (p<0.000001). Men from CKD–, NA-CKD and 
A-CKD+ groups demonstrated increased WFDC-2 excretion 
compared to control ones (p=0.04, p=0.01 and p=0.009,
respectively), without significant differences between diabetic 
groups. Women with NA-CKD or A-CKD+ had elevated 
excretion of WFDC-2 as compared to control and CKD–
women (all p≤0.01).

Patients with T2D had higher serum concentrations of 
CRP when compared to non-diabetic control (p=0.009); the 
changes were more prominent in A-CKD+ group (p=0.03 vs. 
control). Patients with T2D demonstrated elevated serum 
levels of IL-1ra, IL-2, IL-4, IL-13, IL-17A, eotaxin, bFGF, G-
CSF, IP-10 and MIP-1α and reduced serum levels of IL-9, IL-
12, IL-15, GM-CSF, INF-γ, and VEGF as compared to control 
(all p<0.05).

Patients with NA-CKD had higher levels of IL-2, IL-4, IL-
5, IL-8, IL-17A, bFGF, G-CSF, MIP-1α and lower level of 
VEGF when compared to control and CKD– group (all 
p<0.05). The A-CKD– group was characterized by increased 
levels of IL-4, IL-7, IL-12, IL-17, G-CSF, IP-10 and MIP-1α
(all p<0.05). Moreover, A-CKD– patients had higher levels of 
IL-1ra, bFGF, GM-CSF and lower concentration of VEGF 
compared to control (p<0.05). Patients of NA-CKD group 
showed higher levels of bFGF, G-CSF, GM-CSF, MIP-1α, IL-
4, IL-8 and IL-17 when compared to patients with A-CKD+ 
(all p<0.05).

In a multiple logistic regression analysis, reduced eGFR 
was associated with hsCRP, IL-4, IL-10, and MIP-1α levels 
(all p<0.05). However, no associations between albuminuria 
and a panel of cytokines or hsCRP were found. The levels of 
hsCRP, bFGF, G-CSF, IP-10, MIP-1α, IL-2, IL-4, IL-5 and 
IL-17 correlated negatively with eGFR. The excretion of 
WFDC-2 correlated positively with MIP-1α and hsCRP 
levels; whereas, negative correlations were found between 
WFDC-2 and IL-10, IL-15 and VEGF. No correlations were 
observed between cytokines and markers of glomerular 
dysfunction: UACR, nephrin, and podocin.

Conclusion
The obtained results demonstrate that both albuminuric 

and non-albuminuric pattern of CKD are associated with 
chronic low-grade inflammation in T2D patients. The 
decreased eGFR and increased urinary excretion of WFDC-2, 
a marker of tubulointerstitial fibrosis, are associated with a 
predominance of pro-inflammatory and fibrogenic regulators 
in the panel of circulating cytokines in T2D subjects.

REFERENCES

[1] F. Viazzi, G.T. Russo, A. Ceriello, P. Fioretto, C. Giorda, S. De Cosmo, 
R. Pontremoli. “Natural history and risk factors for diabetic kidney 
disease in patients with T2D: lessons from the AMD-annals”, J Nephrol 
2019, vol. 32(4), pp. 517–525. doi:10.1007/s40620-018-00561-3.

[2] V.V. Klimontov, A.I. Korbut. “Albuminuric and non-albuminuric 
patterns of chronic kidney disease in type 2 diabetes”, Diabetes and 
Metabolic Syndrome: Clinical Research and Reviews 2019, vol. 13(1), 
pp. 474-479. doi: 10.1016/j.dsx.2018.11.014. 

[3] G. Penno, A. Solini, E. Orsi, E. Bonora, C. Fondelli, R. Trevisan, et al. 
“Non-albuminuric renal impairment is a strong predictor of mortality 
in individuals with type 2 diabetes: the Renal Insufficiency And 
Cardiovascular Events (RIACE) Italian multicentre study”, 
Diabetologia 2018, vol. 61(11), pp. 2277–2289. doi:10.1007/s00125-
018-4691-2.

[4] I.A. Bondar, V.V. Klimontov, A.I. Simakova. “Obesity and chronic 
kidney disease”, Therapeutic Archive 2011, vol. 83(6), pp. 66-70.

[5] J.I. Lakkis, M.R. Weir. “Obesity and Kidney Disease”, Prog 
Cardiovasc Dis 2018, vol. 61(2), pp. 157–167. 
doi:10.1016/j.pcad.2018.07.005.

[6] I.A. Bondar, V.V. Klimontov. “Immune inflammatory mechanisms in 
development of diabetic nephropathy”, Probl. Endokrinol. 2007, vol. 
53(2), pp. 34-40.

[7] V.I. Konenkov, V.V. Klimontov, N.E. Myakina, N.V. Tyan, O.N. 
Fazullina, V.V. Romanov. “Increased serum concentrations of 
inflammatory cytokines in type 2 diabetic patients with chronic kidney 
disease”, Therapeutic Archive 2015, vol. 87(6), pp. 45-49. doi: 
10.17116/terarkh201587645-49.

[8] V.V. Klimontov, N.V. Tyan, O.N. Fazullina, N.E. Myakina, A.P. 
Lykov, V.I. Konenkov. “Clinical and metabolic factors associated with 
chronic low-grade inflammation in type 2 diabetic patients”, Diabetes 
Mellitus 2016, vol. 19(4), pp. 295-302. doi: 10.14341/DM7928.

[9] R. Pichler, M. Afkarian, B.P. Dieter, K.R. Tuttle. “Immunity and 
inflammation in diabetic kidney disease: translating mechanisms to 
biomarkers and treatment targets”, Am J Physiol Renal Physiol 2017, 
vol. 312(4), pp. F716–F731. doi:10.1152/ajprenal.00314.2016.

[10] R.E. Pérez-Morales, M.D. Del Pino, J.M. Valdivielso, A. Ortiz, C. 
Mora-Fernández, J.F. Navarro-González. “Inflammation in Diabetic 
Kidney Disease”, Nephron 2019, vol. 143(1), pp. 12–16. 
doi:10.1159/000493278.

465



 

DOI 10.18699/BGRS/SB-2020-410  

Analysis of glioblastoma gene ontology categories 
and gene network structure using online 

bioinformatics tools 
Sergey S. Kovalev 

Novosibirsk State University 
Novosibirsk, Russia 

kovalev@bionet.nsc.ru 

Anna D. Panova 
I.M. Sechenov First Moscow State Medical University 

Moscow, Russia  
ainushgnomello@gmail.com 

Elvira R. Galieva 
Novosibirsk State University 

Novosibirsk, Russia 
e.galieva@nsu.ru 

 
Yuriy L. Orlov 

I.M. Sechenov First Moscow State Medical University 
Moscow, Russia 

Novosibirsk State University 
Novosibirsk, Russia 

orlov@d-health.institute 

 
Abstract — Glioblastoma is a dangerous disease with a low 

survival rate. We aimed reveal set of genes associated with 

glioblastoma using on-line bioinformatics tools. First, we used 

OMIM (Online Mendelian Inheritance in Man) tool to list the 

human genes associated with glioblastoma. Then we analyzed 

the gene ontology categories of this gene set online using 

bioinformatics resources PANTHER and DAVID. In addition 

we reconstructed the gene network of this disease using tools 

GeneMANIA and STING-DB. We found significant 

enrichment of the ontology categories related to protein 

binding, membranes, cell adhesion. The network connectivity 

was increased relative to random network structure. Thus, we 

observe frequent protein-protein interaction for glioblastoma 

genes that might affect the disease progression.  

Fig. 2. Keywords — bioinformatics, glioblastoma, human 

genes, gene network, cancer, gene ontologies, bioinformatics 

tools 

MOTIVATION AND AIM 

Motivation 

Glioma is the most common primary brain tumor. In 
additional, glioma enters into a heterogeneous group and 
has a neuroectodermal origin. This disease leads to multiple 
mutations where the leading mutations in the pathogenesis 
of gliomas are loss of heterozygosity in the long arm of 
chromosome 10 (LOH 10q), mutation of the PTEN gene 
(10q23.3), mutation in various exons of the tumor 
suppressor gene p53, amplification of the EGFR gene, 
deletion or inactivating mutations of the p16 gene, as well 
as hypermethylation of the MGMT gene promoter and 1p / 
19q codeletion. The study of gene expression in 
glioblastoma cells, the search for candidate genes for 
therapeutic effects are relevant in modern high-tech 
medicine [1]. 

Aim 

The task is to create a list of genes associated with the 
development of glioblastoma, analyze the categories of 
gene ontologies of this list and reconstruct the gene 
network. For key disease genes obtained by analyzing the 
structure of the gene network, drug search options 
(substances that interact with this protein) will be 
considered. 

METHODS 
We used the online resource OMIM (Online Mendelian 

Inheritance in Man) (https://omim.org/) to analyze the 
genes of Mendelian inheritance in humans [2]. A keyword 
search for glioblastoma yielded 244 genes. As a result, 243 
gene names were obtained (GENE SYMBOL - 
alphanumeric designations of human genes) - ADAM10, 
ADAM17, ADAM9, ADGRB1, etc. 

To analyze the categories of gene ontologies, we used 
DAVID resources (https://david.ncifcrf.gov/summary.jsp/
) [3][4]. A list of 243 human genes was downloaded via the 
DAVID interface to search for significant categories of 
gene ontologies for this group of genes. 230 identifiers 
were recognized. 

The Functional Annotation Chart option was used. 

The table was limited to the values of the unnormalized 
p-value <0.0001 (or in the exponential notation <1.0E-04 
(9.9E-05). Categories (rows of the table) for groups of less 
than 8 genes were deleted. 

Gene ontologies were analyzed for the generated gene 
list using the PANTHER resource (http://pantherdb.org/) 
[5]. Thus, an ontology table was constructed for categories 
of biological processes using PANTHER. From the created 
gene list, 206 identifiers were recognized, 37 were not 
recognized or could not be unambiguously mapped. A total 
of 20,996 genes were used in the PANTHER reference 
genome. We limited ourselves to p-value values up to E-
12, to represent the most informative results. The categories 
of processes related to the development of the nervous 
system are also presented. 

To reconstruct the gene network of glioblastoma gene 
interactions, we used the resources GeneMANIA 
(https://genemania.org/) [6] and STRING-DB 
(https://string-db.org/). 226 genes were recognized for 
GeneMANIA, and 211 genes were recognized for 
STRING-DB. 

RESULTS 
The most significant categories for glioblastoma genes 

are protein binding, positive regulation of protein 
phosphorylation, membrane location, enzyme binding. 
Based on the created table, membrane proteins play an 
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important role, apparently because of signal transmission 
to the cell, although there is transcription regulation. 

In the table created by PANTHER, the most significant 
categories for glioblastoma genes are organelles, 
intracellular organelles (such as mitochondria), 
intercellular compounds, which may be associated with 
signal transmission between cells and refers to neurons. 
Note a category such as synapse, although with a relatively 
low level of significance. 

Thus, both DAVID and PANTHER for glioblastoma 
genes confirm the categories of gene ontologies for protein 
binding, membranes, cell adhesion, and intercellular 
contacts. 

STING-DB statistics show that a network has a large 
number of connections with significance <1.0e-16, the 
average degree of connectivity of a network node (protein) 
is 10, and the clustering coefficient is 0.493  

 
Fig. 1. Gene network for glioblastoma genes 

reconstructed by STING-DB 

Figure 1 present gene interaction network reconstructed 
for the gene list. One can see several gene (protein) clusters. 

The largest network cluster includes the genes AKT1, 
MTOR, KRAS, STAT3. The largest number of bonds is in 
the known TP53 oncogene.  

In general, analysis of the gene network structure for 
glioblastoma genes shows the existence of a dense, 
coherent, large cluster of genes including known 
oncogenes, such as TP53. 

The network connectivity was increased relative to 
random network structure. Thus, we observe frequent 
protein-protein interaction for glioblastoma genes that 
might affect the disease progression [7]. 

Standard bioinformatics tools appear to be effective for 
the gene list analysis.  
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Abstract — Glioblastoma is the most aggressive type of 
glioma. It is classified as a tumor of the astrocytic type of the IV 
degree of malignancy and is characterized by extremely high 
heterogeneity in the composition of cell populations and the 
degree of differentiation of cells, the random arrangement of 
tumor cells, and polymorphism of their nuclei. Life expectancy 
in people with this disease remains low. Slow progress in 
increasing the effectiveness of treatment, life expectancy and 
improving its quality in gliomas is associated with insufficiently 
complete ideas about the mechanism of origin and development 
of these tumors. The pathogenesis of gliomas needs to be actively 
studied using modern cellular technologies, genome-wide 
technologies for high-throughput sequencing, determination of 
gene expression on microarrays, and methods of modern 
bioinformatics. The main ways of activating genes in tumor cells 
have already been sufficiently studied - a more detailed study of 
individual transcript isoforms, non-coding RNA, and 
alternative splicing, as one of the mechanisms of tumor 
development, is needed.

Keywords — bioinformatics, cancer, glioblastoma, structural 
bioinformatics, gene expression, alternative splicing, TP53

Motivation and Aim

Motivation
Glioblastoma, along with astrocytoma, are the most 

common primary tumors of the central nervous system and 
make up approximately 60-70% of all pure brain tumors. 
Primary glioblastoma in 60% of cases occurs in people over 
50 years old, while secondary glioblastoma is more 
characteristic for people under 45 years old [1][2].
Glioblastoma is characterized by rapid infiltrative growth, the 
presence of foci of necrosis and a change in blood vessels. 
She is prone to metastasis, has a bright invasive phenotype. 
The lack of clear boundaries and the ability to relapse are a 
particular problem for surgical removal of the tumor, and for 
immunotherapy - the specificity of the brain in relation to the 
immune system [3].

The main ways of activating genes in tumor cells have 
already been sufficiently studied and in recent years, 
scientists have been actively studying the role of alternative 
splicing in the formation of tumors of different localization 
[4]. Alternative splicing is important for the regulation of 
gene expression and the protein to perform appropriate 
functions in the development of cancer. Changes in 

alternative gene splicing are observed with cancer quite often 
and are already becoming one of the important putative 
markers of tumor growth. It has been established that for
different types of cancer, the genes of splicing factors often 
mutate, leading to a disruption in the normal course of the 
process, and also that anomalies of alternative splicing 
contribute to the development of the body's resistance to 
chemotherapy [5][6].

Aim
Despite the development of new technologies for imaging 

neoplasms and modern methods of therapy, the overall 
survival of patients remains very low to this day. To date, the 
main problem in the diagnosis and choice of therapy is the 
lack of histological criteria for typing tumors and predicting 
its further passage. Gliomas of even one histological series 
are genetic and epigenetic disorders, RNA and protein 
expression profiles. For an object such as gliomas, it is 
necessary to conduct new studies based on modern cellular 
technologies, genome-wide technologies for high-
performance sequencing, and the integration of available 
information from international databases and genomic 
projects [7].

There is an assumption that alternative splicing factors 
may become promising targets in the treatment of cancer 
patients and detailed molecular characterization of glioma 
stem cells is important for the development of more effective 
treatments [8, 9].

Methods
Earlier, a prototype of the database of differential 

alternative gene splicing - “Differential alternative splicing of 
human genes in secondary glioblastoma (DASGG)”, with the 
ability to work through the website and search for expression 
levels of individual isoforms in a glial tumor, was presented 
at the Institute of Cytology and Genetics SB RAS. The data 
on differential alternative splicing presented in this database 
can be used in basic research on glioma stem cells and in the 
development of cancer treatment diagnostics [10][11]. We 
used bioinformatics methods described in [12].

The work used data on the primary culture of glioma cells 
and normal brain obtained because of studies conducted in 
conjunction with the Federal State Budgetary Institution 
National Medical Research Center named after Academician 

468



E. N. Meshalkin, Novosibirsk. Primary culture samples were 
obtained from the primary culture of secondary glioblastoma, 
and the primary culture of the normal human brain [13].

It is known that epigenetic changes can be observed in the 
brain, leading to a change in the expression profile. Taking 
into account this fact, when choosing cultural isolation and 
further sequencing, RNA takes into account the age and age 
of patients. The malignant properties of glioblastoma were 
also taken into account.

There are open international databases on gene expression 
in various organs (including microarrays and transcript data
of GEO NCBI, http://www.ncbi.nlm.nih.gov/geoprofiles/), 
expression in various types of tumor cells (The Cancer Gene 
Atlas, cancergenome.nih.gov), gene expression for brain 
compartments (Allen Brain Atlas), protein interactions 
databases such as HPRD (http://hprd.org/), KEGG 
biochemical reactions (http://www.genome.jp/kegg/), 
Interactome (http://interactome.org/), sequenced tumor 
genomes, including gliomas and glioblastomas 
(https://cghub.ucsc.edu/). The Allen Institute has developed 
the Ivy Glioblastoma Atlas Project database 
(http://glioblastoma.alleninstitute.org/) according to patients 
with glioma. 

Results
Advances in sequencing and bioinformatics technologies 

have enabled the analysis of genomic sequences in many 
cancers, including glioblastoma. Sequencing data for 
multiple GBM samples has been archived in open access 
databases such as the Chinese Glioma Genome Atlas 
(CGGA, http://www.cgga.org.cn/) and the Cancer Genome 
Atlas (TCGA, https: //portal.gdc.cancer.gov/). The result of a 
study based on these data is the determination of a prognostic 
gene signature that can complement commonly accepted 
clinical prognostic factors and additionally provide the 
possibility of personalized therapy. The gene signature 
included genes CD79B, MAP2K3, IMPDH1, SLC16A3, 
MPZL3, and APOBR [5].

In the process of differential splicing analysis, significant 
differences in splicing profiles in three genes associated with 
possible proliferation between normal brain and glioblastoma 
cells were revealed: amyloid beta precursor protein, CASC4 
cancer gene (cancer susceptibility candidate 4) and the well-
known oncogene, transcription factor TP53. In particular, the 
non-coding isoform NR_015381 with a significantly higher 
frequency in glioblastoma cells was observed in the TP53 
gene.

The short isoform of the APP gene (NM_201413) was 
highly expressed in glioblastoma cells, while its longest 
isoform (NM_000484) was specifically expressed in normal 
brain cells.

For the CASC4 gene, its short isoform (NM_177974) was 
expressed 6 times higher in glioblastoma cells, while the 
longest isoform (NM_138423) also had a high level of 
expression. Overexpression of CASC4 is associated with 
increased expression of the Her2 proto-oncogene in ovarian 
and breast cancer. For TP53, the entire spectrum (37 of the 

43 known isoforms visible on our data) isoforms observed in 
glioblastoma cells differed in expression level from isoforms 
in normal brain cells. In particular, the non-coding isoform 
NR_015381 applies only to glioblastoma cells.

A computer database of oncogene target genes 
determined from ChIP-seq experiments (including 
transcription factors R, MYC, TP53) was developed. The 
database presents the marking of the binding sites of 
transcription factors, as well as the genes whose expression 
changes upon activation of the transcription factor in tumor 
cells are determined.

Data on transcription factor binding sites were obtained 
from open publications and GEO NCBI resources.
Information was obtained on the differential expression of 
genes. The database was replenished with its own 
experimental data.
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Abstract — Clinically, there is an urgent need to identify new 
therapeutic strategies for selectively treating cancer cells. One of 
the directions in this research is the search for biocompatible 
therapeutics which selectively target cancer cells. Here, we show 
that aminated graphene oxide (GO-NH2) nanoparticles obtained 
by two different methods - ammonia modification and 
hydroxylamine functionalization, demonstrate selectivity 
toward human colon cancer and hepatocellular cells. The 
amination by the two different methods leads to decrease in the 
size of GO-NH2 nanoparticles and their zeta potential thus 
assuring easier penetration through the cell membrane. After 
characterization of the biological activities of pristine and both 
aminated GO we have demonstrated strong cytotoxicity of 
ammonia-modified GO-NH2 toward colon cancer cells in a dose-
dependent manner while in hepatic cancer cells, HepG2, 
hydroxylamine-functionalized GO induced a weaker toxicity 
effect. We have presented evidence that the common cytotoxic 
effects of the aminated by the two protocols GO-NH2 on hepatic 
cancer cells and colon cancer cells were due to cell membrane 
damage and increased ROS production while in colon cancer 
cells the ammonia modified NPs additionally induced DNA 
damage which was not detected in hepatic cancer cells. In the 
latter severe mitochondrial dysfunction was detected. Our 
studies discuss the possibilities of exploiting aminated graphene 
oxide as an anti-cancer therapeutic and as a drug delivery agent
with certain selectivity toward different tumours depending on 
the mode of functionalization applied.

Keywords — cytotoxicity, genotoxicity, apoptosis, ammonia, 
hydroxylamine, HepG2, Colon 26 cells, nanoparticle 
functionalization, GO, GO-NH2

Introduction
Graphene oxide (GO) is one of the most explored 2D 

nanomaterials in the last years for cancer therapy [1]. GO has 
an extra-high capacity to bind aromatic drugs due to its large 
specific surface area and abundant oxygen-containing groups 
[2]. Besides, GO may induce the generation of reactive oxygen 
species (ROS) in cells, which is one of the main toxicological 
mechanisms of action of nanomaterials [3]. ROS generated 
from GO can alter biological macromolecules including 
proteins, cell membrane lipids, DNA and RNA resulting in 

initiation of numerous signal transduction pathways linked to 
inflammation, malignant transformation, proliferation, and 
apoptosis. Thus, exposure of cancer cells to GO can 
significantly contribute to cancer cell killing by enhancing the 
cytotoxicity effect exerted through the induction of DNA 
damage. Therefore, GO not only can function as an effective 
drug carrier but also can potentially exert inhibitory effects on 
tumour cells when used by itself. To improve the therapeutic 
effect of GO-based cancer therapy, the surface properties of 
GO can be modulated by chemical functionalization with 
different functional groups, biomolecules, polymers, etc. 
However, depending on the synthesis method, the physico-
chemical properties of the functionalized GO nanoparticles 
vary and could exert a palette of diverse effects on cells and 
tissues [4]. Here, we represent evidence for differential 
potential of two differently aminated GO nanoparticles (NPs) 
- by ammonia modification (GO-NH2) and by hydroxylamine 
functionalization (haGO-NH2) versus pristine GO, to induce 
toxicity in two cancer cell types – Colon 26 (colon cancer) and 
HepG2 (hepatic cancer), examining their effect on cell 
proliferation ability, cell membrane, ROS production, DNA 
damage and cell cycle arrest.

Experimental 
A. NPs characterization: the nitrogen content of NPs was 

determinated by X-ray photoelectron spectroscopy (XPS) and 
particle size distribution and zeta potential (ZP) - by a Nano 
Zetasizer.

B. Cell culture: A colorectal cancer cell line, Colon26 and 
a hepatocellular cancer cell line, HepG2 were purchased from 
American Tissue Culture Collection (ATCC) and were 
maintained in DMEM medium supplemented with 10% fetal 
calf serum and antibiotic/antimycotic solution at 37°C in a 
fully humidified atmosphere at 5% CO2.

C. Toxicity assessment of pristine and aminated GO NPs:
Cells were seeded in a concentration of 2x104 cell/ml in 24-
well plates (for cytotoxicity assessment) and 1x105 cell/ml ml 
in 6-well plates (for genotoxicity assessment) and incubated 
24 and 48 hours before to be exposed to pristine (Graphenea, 
Spain) and aminated GO NPs with increasing concentrations 
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of 1, 10, 20 and 50 μg/ml. At the 24h the cells were stained 
with FDA to visualize cell morphology; LDH assay was 
performed to detect cell membrane damage. Cell Counting Kit 
(CCK-8, Sigma–Aldrich) was carried out to measure cell 
proliferation at the 48h of incubation with NPs. ROS 
production was measured at 24h of NPs exposure by DCFA-
DA analysis. FACS and Comet assay was used to determine 
DNA damage and cell cycle arrest.

Resultats and Discussion 
The results from XPS measurements reveal 3.47% 

nitrogen content in ammonia-modified GO-NH2 versus 1.86% 
in hydroxylamine-functionalized haGO-NH2 in addition to 
carbon, oxygen and traces of sulfur and zinc while in pristine 
GO were detected only carbon and oxygen. Zetasizer assay 
data showed that pristine GO NPs are a heterogeneous 
population including a main fracture with NPs size of 1,5-3.6
μm and a small percentage of NPs with size of 250-515 nm 
and ZP of -24.5 mV. Aminated GOs were more homogenous 
with particles mean size of 578 nm for GO-NH2 and 594 nm 
for haGO-NH2 as well as ZP of 38.5 mV and -12.28mV, 
respectively.

The results from the FDA staining showed that GO and 
GO-NH2 NPs altered the morphological appearance of Colon 
26 cells only at the highest concentrations of 50 μg/ml. In 
HepG2 cells no visible alterations in cell morphology were 
observed regardless the concentrations of haGO-NH2.
Analysis of CCK data demonstrated a dose-dependent 
cytotoxic effect of aminated GO NPs in Colon 26 cells and 
HepG2 cells, much stronger in HepG2 cells (appr. 2 times).
The lower concentrations of pristine GO (4- and 10 μg/ml) 
have demonstrated a stimulating effect on HepG2 proliferation 
which could be referred to the “hormesis effect” but 
surprisingly, a stimulating effect on Colon26 cell proliferation 
was noticed after exposure of the cells to the highest 
concentrations of pristine GO NPs (20-and 50 μg/ml).

The results from evaluation of the ability of GO NPs to 
generate ROS after 24 hours exposure showed that in Colon 
26 cells GO and GO-NH2 generated statistically significant 
amounts of ROS compared to the control at all tested
concentrations, however the ROS production induced from
GO-NH2 was slightly higher compared to GO, while in HepG2 
cells all tested concentrations of haGO-NH2 induced much 
higher production of ROS levels than those measured in non-
treated cells and in GO-treated cells. 

Analysis of LDH leakage revealed that only aminated GO 
NPs regardless of the amination method induced damage in 
the cell membrane integrity by which possibly induce 
cytotoxicity in tumor cells. In Colon26 cells certain 
genotoxicity of both types of GOs (at a concentration of 10 
μg/ml for GO and 50 μg/ml of amGO-NH2) was detected. 
Further, FACS analysis of the probable mechanisms of this
observed genotoxicity led to detection of high level of
apoptosis in all tested probes, regardless the treatment of cells
with pristine or animated GO nanoparticles while necrosis was 
at a very low rate. DNA damage of HepG2 cells treated with 
pristine GO and haGO-NH2 was very faint to almost 
insignificant after 24h exposure to the nanomaterials. This 

points out to the fact that the mechanisms through which 
haGO-NH2 NPs exert their biological activities on HepG2 
cells are not centred in maintenance of the stability of the 
genome an its integrity but rather elsewhere. The last made us 
probe the functions of mitochondria in these cells. Results
unambiguously demonstrated compromised mitochondrial 
functions as a result of haGO-NH2 treatment. 

GO and ammonia modified GO-NH2 were found to inhibit 
the proliferation of Colon 26 cells. A reduction in the 
percentage of cells in the G0-G1 phase of the cell cycle after 
incubation with GO-NH2 was observed in these tumour cells.
The last showed a concentration-dependent reduction in the 
number of cells in all cell cycle phases with the most 
pronounced reduction in the number of cells in the phase G0-
G1 at the higher used GO-NH2 concentrations. These results
suggest strong cytotoxic and to some extent slight cytostatic
effect of the amimated GO, especially at the concentration of 
50 μg/ml. Similar effects were not observed in HepG2 cells 
treated with haGO-NH2.
TABLE 1. SUMMARIZES SOME PHYSICO-CHEMICAL CHARACTERISTICS OF GO-
NH2 AND HAGO-NH2 AND COMPARES SOME OF THE OBSERVED BIOLOGICAL 
EFFECTS OF THE TWO TYPE OF AMINATED GOS ON TWO DIFFERENT TUMOR 
MODELS

Conclusions
GO-NH2 and haGO-NH2 have different physico-chemical 

properties as well as diverse modes of cyto- and genotoxicity 
in regard to the two types of tumour cells. 
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Abstract — Coronavirus SARS-CoV-2 caused the pandemic 

of COVID-19, a respiratory disease with relatively high 

mortality. It is important to understand the extent to which 

health-related factors influence on the risk of severe COVID-19 

symptoms development. It can help the health care system to 

save more lives, and governments to take reasonable actions. We 

aimed to estimate the associations between the severity of 

COVID-19 infection and previously suggested health-related 

risk factors using the methods of human quantitative genetics. 

First, we collected summary statistics of one GWAS for COVID-

19 severity and of 6 GWASes for previously suggested risk 

factors. We unified summary statistics from these analyses, 

performed quality control, and imported the data to the GWAS-

MAP platform. Then, using these summary statistics we 

performed Mendelian randomization analysis and obtained the 

estimates of associations between COVID-19 severity and 

several previously suggested risk factors. Although our 

estimates of Odds Ratio are directionally consistent with 

previous estimates obtained from retrospective epidemiological 

studies, they are not significant. 

Keywords — COVID-19, risk factors, Mendelian 

randomization 

INTRODUCTION 
Coronavirus SARS-CoV-2 caused a pandemic in the 

beginning of 2020. COVID-19 is a disease related to this 
virus. It can cause severe pneumonia and respiratory failure, 
which can lead to death. While the majority of people have 
the disease in a mild or asymptomatic form, several percent 
of the infected population have a critical course of the disease. 
From studies of other viral infections, we know that the 
severity of an infectious disease can depend on four groups of 
factors: mode of transmission or infectious dose, virus 
genotype, host genotype, host immune status. Specific 
retrospective epidemiological COVID-19 studies 
demonstrate that the course of the disease heavily depends on 
age and other health-related factors such as the presence of 
chronic diseases or lifestyle. In the current situation 
retrospective observational study is the only available design 
to directly estimate the effects of suggested health risk 
factors. Such studies are not able to distinguish the separate 
effects of different factors. 

Our aim was to estimate the associations between the 
severity of COVID-19 infection and previously suggested 
health-related risk factors. To achieve this aim we used the 
methods of human quantitative genetics.  

METHODS 
In our work we use Mendelian randomization to estimate 

Odds Ratio for associations between a COVID-related 

phenotype and suggested health risk factors of severe course 
of the disease. The outcome we considered was 
hospitalization with respiratory failure and SARS-CoV-2 
viral RNA confirmed with PCR test. We used the results of 
the study conducted on Italian and Spanish patients by 
Ellinghaus et al. [1]. We used summary statistics adjusted for 
sex, age and 10 principal.  

The previously suggested health risk factors of severe 
COVID-19 we considered in our study were body mass index, 
coronary artery disease, hypertension, diabetes, asthma and 
smoking. Sources of summary statistics were powerful 
genome-wide association studies conducted on dozens and 
hundreds of thousands of individuals. For each exposure a set 
of nearly independent SNPs (instrumental variables) was 
selected. 

In our study we used the GWAS-MAP platform that 
allows us to store and analyse genome-wide association study 
summary statistics. Results of high-quality GWASes for the 
exposures had already been imported to the database. We 
uploaded COVID-19 summary statistics to the platform 
according to the protocol of GWAS-MAP. 

RESULTS 
We applied the Mendelian randomization method to 

unified and validated summary statistics to estimate Odds 
Ratio for associations between six previously suggested 
health risk factors and COVID-19 severity. All estimates 
were higher than one, which is consistent with the results of 
most retrospective epidemiological studies. However, these 
estimates were not significantly different from one that 
doesn’t allow us to make a strong claim about the actual 
effects of the considered factors on the COVID-19 severity. 

CONCLUSION 
We obtained independent estimates of Odds Ratio for six for 
previously suggested risk factors. The estimates are 
directionally consistent with previous estimates obtained 
from retrospective epidemiological studies. However,  they 
are not significantly different from one. 
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Abstract — In this study we have demonstrated the 
suppression of receptor-mediated clearance of tumor-
supportive factors EGF by cisplatin in tumor-associated 
macrophages. These results may be useful for the determining 
of the mechanisms of the interaction of TAMs and 
chemotherapy and the mechanism of macrophage-mediated 
tumor chemoresistance.

Keywords — tumor-associated macrophages, cisplatin, EGF, 
stabilin-1.

Motivation and aim
Tumor is a complex system of transformed cells 

interacting with the surrounding heterogeneous cellular and 
molecular microenvironment. Tumor microenvironment 
affects key activities of cancer cells and contributes to the 
tumor response to chemotherapy. Tumor-associated 
macrophages (TAMs) are a major component of innate 
immunity supporting primary tumor growth and metastasis 
[1]. Numerous evidence indicate that TAMs can accumulate 
in tumors after chemotherapy and contribute to 
chemoresistance [2]. In this way, it is important to investigate 
how the functional program of TAMs changes under 
chemotherapy treatment, and what are the possible 
mechanisms of the modulating effect of TAMs on the 
treatment effectiveness. Earlier we have shown that cisplatin 
may affect the transcriptional program of TAMs, and that in 
tumors of different localization the effect of the CT agent on 
the macrophage functions may be different. The aim of this 
study was to identified the thinner mechanisms of the 
interaction of TAMs and cisplatin.

Methods
For the endocytic uptake of EGF we used flow cytometry 

analysis. Confocal microscopy was used for the analysis of 
stabilin-1-mediated internalization and endocytic trafficking 
of EGF in CHO cells and in modeled TAMs differentiated in 
the presence of conditioned supernatants of breast cancer 
(MCF-7) and colorectal cancer (Colo206F) cell lines. We 
performed next-generation sequencing (NGS) of RNA 
samples obtained from our modeled TAMs. Validation of 

sequencing data by real-time PCR was performed for selected 
genes implicated in the endocytic uptake: DNM3, STX8, 
DENND1A and EHD1.

RESULTS
For the first time we have demonstrated that stabilin-1

ectopically expressed in CHO cells mediates endocytic uptake 
of EGF, key growth factor stimulating progression of breast 
and colorectal cancer. In the model of primary human TAMs, 
we have demonstrated that cisplatin decreases stabilin-1-
mediated internalization and endocytic trafficking of EGF, 
without significant change in gene expression of scavenger 
receptor stabilin-1. Molecular mechanisms of сisplatin effects 
on TAMs were analysed using high throughput RNA 
sequencing. Gene set enrichment analysis identified that 
cisplatin contributes to defects in endocyting machinery 
reducing membrane biogenesis and vesicular transport. 
Significant suppression of DNM3, STX8, DENND1A and 
EHD1 genes expression by cisplatin was confirmed by RT-
PCR. Suppression of receptor-mediated clearance of tumor-
supportive factors, such as EGF, by chemotherapeutic drugs 
may enhance tumor-supporting effect of TAMs creating the 
microenvironment supporting tumor chemoresistance or 
relapse after chemotherapy course.

CONCLUSION
We suggested that suppression of receptor-mediated 

clearance of tumor-supportive factors by chemotherapeutic 
drugs may lead to the imbalance in tumor microenvironment 
and as a result to the chemoresistance.
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Abstract — More than two-thirds of human genes do not 
encode proteins. Long noncoding RNA (lncRNA) genes are the 
most abundant class of non-protein-coding genes in humans, 
and their pivotal importance in both normal cellular functions 
and disease is becoming increasingly appreciated. These 
functions, rooted in RNA-driven biology independent of protein 
translation, have been amply documented. LncRNA genes are 
typically defined as those with all transcripts lacking any 
predicted Open Reading Frames (ORFs) over 100 amino acids 
in length and/or with homologies to known proteins. However, 
lncRNAs are often found in the cytoplasm, where, in principle, 
their short nonconserved ORFs - if any - may be translated by 
ribosomes, in a stochastic or perhaps a regulated fashion. 
Historically, two methods have been used to test whether 
lncRNAs are endogenously translated: direct discovery of 
lncRNA ORFs in protein mass spectrometry data (the original 
method; expensive, less common) and ribosome profiling (Ribo-
Seq) (a newer approach, indirect, now commonly used). In the 
ENCODE (Encyclopedia of DNA Elements) Consortium, we 
were the first group to empirically test for lncRNA translation 
in human cells using mass spectrometry, finding that most
lncRNAs are not translated. We have now deployed the two 
methods concurrently in a key nuclear hormone receptor 
pathway cancer model: human estrogen receptor positive MCF7 

breast cancer cells before and after estrogen stimulation. 
Combining ribosome profiling with mass spectrometry, we 
identified four lncRNAs with short open reading frames that 
appear to be erroneously and persistently translated into 
unexpected peptides. One of these lncRNAs exhibits systematic 
in-frame mis-translation of multiple stop codons into amino 
acids, demonstrating an apparent gene-specific violation of the
human genetic code. We also identified numerous 
estrogeninduced and estrogen-repressed lncRNAs jointly 
supported by Ribo-Seq and mass spectrometry, as well as 
estrogenresponsive differences in ribosome binding and 
translation that are distinct from estrogen-regulated 
transcriptional programs. Funding: National Institutes of 
Health – Director’s New Innovator Award 1DP2-CA196375 
(2014-2019) to L.L.
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Abstract — Hepatocellular carcinoma is one of the most 
aggressive human tumors with a high prevalence and mortality 
rate. At the same time, there is a problem of HCC resistance to 
standard therapy. The search for drugs that block the growth 
and metastasis of the tumor is relevant. There is evidence of 
antitumor properties of lithium carbonate. The aim of our study 
was to determine the effect of lithium on the development and 
structure of blood vessels of experimental hepatocellular
carcinoma-29 (G-29). The study was performed on male CBA 
mice. Hepatocarcinoma-29 cells were used to induce the tumor 
process. The expression of the blood vessel endothelial marker 
(CD-31) and the ultrastructural organization of tumor 
endothelial cell vessels were studied. It was shown that lithium 
carbonate decrease volume density of blood vessels G-29. 
Ultrastructural analysis of the tumor vessels revealed the 
atypical nature of their structure. The walls of the vessels were 
lined with both endothelial and tumor cells.

Keyword s— hepatocellular carcinoma, vasculogenic mimicry, 
angiogenesis, lithium

INTRODUCTION
Hepatocellular carcinoma is one of the most aggressive 

tumors with high mortality [1, 2]. Neoangiogenesis is known 
to contribute to cancer progression, relapse, and metastasis. 
But most modern drugs aimed at inhibiting angiogenesis are 
ineffective [3]. Recent studies have shown that in highly 
aggressive tumors not only endothelial cells can be used to 
create vascular structures, but also alternative ways of forming 
the vasculature, in which vascular walls are formed by tumor 
cells. This is the so-called process of vasculogenic mimicry 
[4]. Therefore, it remains relevant to study the mechanisms of 
blocking vascular structures that provide trophic support for 
tumor growth and ways of its metastasis. There are various 
ways of influencing lithium on many intracellular processes, 
including in tumor cells [5, 6]. For example, by inhibiting 
regulatory GSK3β, induce apoptosis of cancer cells and 
thereby inhibit tumor growth [7]. Based on this, it is proposed 
to use lithium as an antitumor agent. The aim of our study was 
to study the effect of lithium carbonate on the development 
and structure of the vessels of experimental hepatocellular 
carcinoma-29.

METHODS AND ALGORITHMS
The study was conducted on male mice of the CBA line. 

Work with animals was carried out in accordance with the 
"Rules for the work using experimental animals." G-29 cells 
were used to induce the tumor process. GK-29 was obtained 

and verified by the Institute of Cytology and Genetics SB 
RAS. A suspension of GK-29 cells was injected into 0.1 ml of 
intact animals into the muscle of the right thigh (3). The 
animals were divided into 3 groups: I - intact animals, 2 -
animals with tumor growth, 3 - animals with GK-29, treated 
with lithium carbonate as a treatment. The material for 
research was collected on the 30th day of the experiment. 
Animals were removed from the experiment under ether 
anesthesia using the cranio-cervical dislocation method. 
Tumor fragments were fixed in formalin and processed 
according to standard methods to obtain paraffin blocks. 
Paraffin sections were dewaxed, rehydrated and washed with 
distilled water. Antibodies anti-CD31antibody (Abcam, UK) 
were used to determine vascular endothelial cells. Histological 
preparations were stained with Mayer hematoxylin. 
Evaluation of the results was carried out using a light 
microscope (LEICA DME, Germany), with a 400-fold 
increase. Photos were obtained using the Avigion computer 
program. For electron microscopic examination, tumor tissue 
samples were fixed in a 1% solution of OsO4 in phosphate 
buffer (pH = 7.4), dehydrated in increasing concentration of 
ethanol, and enclosed in epon (Serva, Germany). Semi-thin 
sections with a thickness of 1 μm were stained with toluidine 
blue and studied under a light microscope (LEICA DME, 
Germany). Ultrathin sections with a thickness of 70-100 nm 
were contrasted with a saturated aqueous solution of uranyl 
acetate and lead citrate and studied using a JEM 1010 electron 
microscope (JEOL, Japan). Morphometric analysis was 
performed using Image J software (Wayne Rasband, USA).

RESULTS
Histological analysis of tumor tissue revealed a high 

density of vascular structures with narrow lumens. It was 
found that the volume density of blood vessels stained on a 
blood vessel marker CD-31 was significantly lower than the 
total volume density of all vascular structures. Ultrastructural 
analysis showed that part of the walls of such vessels is lined 
not only with endothelial cells, but also with G-29 cells. It was 
difficult to differentiate such vessels since they had a structure 
similar to both blood and lymph vessels. This phenomenon is 
defined as vasculogenic mimicry, which is widespread in 
aggressive tumors and is a poor prognostic indicator of patient 
survival [8, 9].

In the group of animals that were injected with lithium 
carbonate, a significant decrease in the volume density of 
vascular structures was noted. At the same time, the density of 
CD-31-positive vessels decreased to a greater extent. 
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Apparently, lithium carbonate blocks the angiogenesis of true 
blood vessels.

CONCLUSION
The data obtained show that experimental 

hepatocarcinoma-29 has good vascularization. 
Neoangiogenesis in tumor tissue follows the path of 
vasculogenous mimicry, which greatly complicates the 
standard antitumor therapy. Lithium carbonate is a promising 
means of blocking tumor growth and metastasis.
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Abstract — Assessment of pathogenicity of novel variants is 

a primary task for molecular diagnostics of hereditary diseases, 

and comprehensive evidences, including functional in vitro 

studies, are necessary to support their involving in pathology. 

Mutations in the GJB2 gene encoding transmembrane protein 

Cx26 are the common cause for hearing loss worldwide. About 

400 pathogenic and also not yet classified variants with 

ambiguous functional significance are described in the GJB2 

gene sequence. In this study, for the first time, the panel of 

transgenic HeLa cell lines stably expressing of different GJB2 

variants was generated for subsequent comparative analysis of 

structure and functioning of the Cx26 protein. This panel was 

successfully applied for confirmation of the pathogenicity of 

novel GJB2 missense variant c.516G>C (p.Trp172Cys) found 

with high frequency in deaf patients from Southern Siberia. 

Keywords — hereditary deafness, GJB2 (Cx26), transgenic 

human cell lines 

Introduction 
Assessment of pathogenicity of novel variants in genes 
involved in the pathogenesis of monogenic diseases plays a 
crucial role for medical genetics. To establish the pathogenic 
significance of such variants, they must meet following 
criteria: obvious segregation of variant with pathology; a 
significant difference of its frequency in patient’s samples 
compared to the controls; rarity or absence in world human 
genomic databases; multiple computational predictions of 
deleterious effects of variant, and, finally, confirmation of its 
pathogenic effects in functional studies [1]. 

The most common cause for hearing loss in human 
populations is mutations in the GJB2 gene (gap junction 
protein, beta-2, MIM 121011, 13q12.11) which encodes a 
transmembrane protein connexin 26 (Cx26) [2]. Six Cx26 
molecules associate to form transmembrane hexameric 
hemichannels (connexons) which dock with connexons of 
adjacent cells forming gap junctions that are essential for the 
transport of ions and other low-molecular-weight components 
between cells. Cx26 plays a crucial role in potassium 
homeostasis in the inner ear and disruption of the Cx26 
channels leads to irreversible deafness [3]. To date, about 400 

pathogenic (recessive and dominant mutations leading to 
deafness) and also not yet classified variants with ambiguous 
functional significance are described in the GJB2 gene 
sequence (Human Gene Mutation Database: 
www.hgmd.cf.ac.uk). Truncating GJB2 mutations (nonsense, 
splice and frameshift mutations) result in defective protein 
synthesis. Nontruncating mutations (missense mutations, in-
frame deletions and insertions) can affect Cx26 function in 
various ways depending on the position and type of amino 
acid substitution. Many extensive in vitro studies using 
different expression models were performed for elucidate the 
functional characteristics of several dozen distinct disease-
causing Cx26 mutants. However, to our knowledge, there are 
no model cell lines with unified experimental design having 
stable expression of mutant GJB2 variants that could be used 
for precise comparative analysis of mutant Cx26 molecules. 

This study aims to generate the panel of transgenic human cell 
lines with stable expression of mutant variants of the GJB2 
gene associated with hearing loss and to perform the complex 
assessment of pathogenicity of novel GJB2 variant c.516G>C 
(p.Trp172Cys) found in association with deafness in 
indigenous peoples (Tuvinians and Altaians) of Southern 
Siberia (Russia). 

Materials and Methods 
The GJB2 knockout HeLa cell line was obtained using 

CRISPR/Cas9 genome editing system based on plasmid 
pX330-U6-Chimeric_BB-CBh-hSpCas9 which was a gift 
from Feng Zhang (Addgene plasmid #42230; 
http://n2t.net/addgene:42230; RRID:Addgene_42230). 
Guide RNAs (gRNAs) located to the right and left from the 
GJB2 coding region (exon 2) was selected via software 
platform Benchling (https://benchling.com). 

To assemble genetic constructs carrying different variants 
of the GJB2 coding region we used plasmid vector pSBbi-GP 
which was a gift from Eric Kowarz (Addgene plasmid 
#60511; http://n2t.net/addgene:60511; 
RRID:Addgene_60511). Then, based on GJB2 knockout 
HeLa, we generated several transgenic cell lines with stable 
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expression of the GJB2 variants using the Sleeping Beauty 
transposase system [4]. 

Complex assessment according to [1] was applied for the 
establishment of the pathogenicity of novel GJB2 missence 
variant c.516G>C (p.Trp172Сys). Genetic analysis was 
performed in the group of deaf patients (182 Tuvinians, 74 
Altaians) and in the ethnically matched control samples (157 
Tuvinians, 218 Altanians). Two-tailed Fisher’s exact test with 
significance level of p<0.05 was applied to compare the allele 
frequencies between patients and controls. Several prediction 
tools (PolyPhen2, PROVEAN, PANTHER, MutationTaster, 
FATHMM etc.) were applied for in silico analysis. We also 
carried out comparative functional in vitro study of c.516G>C 
(p.Trp172Сys) and other GJB2 variants. Cellular localization 
of different forms of protein Cx26 was investigated by 
immunocytochemistry (ICC) using primary antibodies 
against the C-terminus of Cx26 (#51-2800, Thermo Fisher 
Scientific) and secondary antibodies conjugated to Alexa 
Fluor Plus 555 (#A32732, Thermo Fisher Scientific). 
Permeability of the Cx26 channels was analyzed by dye (PI, 
propidium iodide) loading assay [5]. 

RESULTS 
Generation of transgenic human cell lines with stable 

expression of mutant GJB2 variants 

For comparative in vitro analysis of functional effects of 
different variants in the GJB2 gene which the most common 
cause for hearing loss in human populations, we generated, 
on the basis of HeLa cell line, the panel of transgenic human 
cell lines with stable expression of several GJB2 variants. 
Current data on the level of endogenous expression of the 
GJB2 gene in HeLa cell line are ambiguous. To avoid any 
endogenous GJB2 expression, we primarily obtained the 
GJB2 knockout HeLa cell line for subsequent establishment 
of transgenic cell lines. Seven transgenic cell lines carrying 
different GJB2 variants were generated: 1) novel missense 
variant c.516G>C (Cx26-p.Trp172Сys) with yet unclear 
functional significance; 2-4) obvious pathogenic deletions 
c.35delG (Cx26-p.Gly12Valfs), c.235delC (Cx26-
p.Leu79Cysfs), c.313_326del14 (Cx26-p.Lys105Glyfs); 5) 
known dominant mutation c.224G>A (Cx26-p.Arg75Gln); 6) 
cis-configuration of two variants c.79G>A (p.Val27Ile) and 
c.341A>G (p.Val27Ile) of unproven pathogenicity (Cx26-
p.[Val27Ile;Glu114Gly]); and 7) wild type of the GJB2 
coding region (Cx26-wt). 

Complex assessment of functional significance of novel GJB2 

missence variant c.516G>C (p.Trp172Cys) 

Novel nonsynonymous missence variant c.516G>C 
(p.Trp172Cys) in the GJB2 gene was found with high 
frequency in deaf patients belonging to indigenous peoples of 
Southern Siberia (Tuvinians and Altaians) [6]. Segregation of 
a homozygous or compound heterozygous c.516G>C 
(p.Trp172Cys) with hearing loss was established in analysis 
of pedigrees of deaf patients. Frequency of c.516G>C 
(p.Trp172Cys) was significantly higher in the patient’s 
groups than in the controls (p<0.05). Moreover, c.516G>C 
(p.Trp172Cys) was not found in the world human genomic 
databases (ClinVar, dbSNP138, 1000 Genomes Project, 
Genome Aggregation Database) and most of in silico 
programs predicted a likely damaging effect of p.Trp172Cys. 

Pathogenicity of c.516G>C (p.Trp172Cys) was also 
evidenced by our in vitro assessment. ICC showed 
predominantly cytoplasmic localization of mutant protein 
Cx26-p.Trp172Cys in contrast to Cx26-wt and mutants Cx26-
p.Arg75Gln and Cx26-p.[Val27Ile;Glu114Gly] which 
represented distinct conglomerates on cell membrane as 
described in literature [5, 7]. Dye (PI) loading assay revealed 
lower PI loading efficiencies in cells expressing mutant 
Cx26-p.Trp172Cys compared to Cx26-wt while the absence 
of PI loading was shown for other mutant Cx26 variants with 
known pathogenic effects (Cx26-p.Arg75Gln, Cx26-
p.Gly12Valfs, Cx26-p.Leu79Cysfs, Cx26-p.Lys105Glyfs). 
Thus, the pathogenicity of novel GJB2 missense variant 
c.516G>C (p.Trp172Cys) was proven by several lines of 
evidences including comparative in vitro analysis. 

Conclusion 
For the first time, the panel of transgenic HeLa cell lines 

stably expressing of different GJB2 variants was generated 
for subsequent analysis of structure and functioning of Cx26 
protein. The pathogenicity of novel GJB2 missense variant 
c.516G>C (p.Trp172Cys) was proven by several lines of 
evidences including comparative in vitro analysis with using 
constructed panel of transgenic HeLa cell lines. 

ACKNOWLEDGMENTS 

Study was supported by the Project #0324-2019-0041-C-01, 
the RFBR grant #17-29-06016_ofi-m (molecular genetic 
studies) and by the State Budget Project of the Laboratory of 
structural and functional organization of genome, NSU) (cell 
engineering). 

REFERENCES 
[1] S. Richards, N. Aziz, S. Bale, D. Bick, S. Das, J. Gastier-Foster et al. 

Standards and guidelines for the interpretation of sequence variants: a 
joint consensus recommendation of the American College of Medical 
Genetics and Genomics and the Association for Molecular Pathology. 
Genet Med. 2015, vol. 17(5) pp. 405–424. 

[2] D. K. Chan, K. W. Chang. GJB2-associated hearing loss: systematic 
review of worldwide prevalence, genotype, and auditory phenotype. 
Laryngoscope. 2014, vol. 124(2) pp. E34–E53. 

[3] R. Bruzzone, T. W. White, D. L. Paul. Connections with connexins: the 
molecular basis of direct intercellular signaling. Eur J Biochem. 1996, 
vol. 238(1) pp. 1–27. 

[4] E. Kowarz, D. Löscher, R. Marschalek. Optimized Sleeping Beauty 
transposons rapidly generate stable transgenic cell lines. Biotechnol J. 
2015, vol. 10(4) pp. 647-653. 

[5] S. Y. Choi, K. Y. Lee, H. J. Kim, H. K. Kim, Q. Chang, H. J. Park et 
al. Functional evaluation of GJB2 variants in nonsyndromic hearing 
loss. Mol Med. 2011, vol. 17(5-6) pp. 550–556. 

[6] O. L. Posukh, M. V. Zytsar, M. S. Bady-Khoo, V. Y. Danilchenko, E. 
A. Maslova, N. A. Barashkov et al. Unique mutational spectrum of the 
GJB2 gene and its pathogenic contribution to deafness in Tuvinians 
(Southern Siberia, Russia): a high prevalence of rare variant c.516G>C 
(p.Trp172Cys). Genes (Basel). 2019, vol. 10(6) p. 429. 

[7] S. W. Yum, J. Zhang, S. S. Scherer. Dominant connexin26 mutants 
associated with human hearing loss have trans-dominant effects on 
connexin30. Neurobiol Dis. 2010; vol. 38(2) pp. 226–236. 

 

 

478



DOI 10.18699/BGRS/SB-2020-294

Markers of oxidative and atherogenic processes in individuals 
with hand-arm vibration syndrome and metabolic disorders

Liudmila Masnavieva 
ESIMER,

Angarsk, Russia
Masnavieva_Luda@mail.ru

Irina Kudaeva
ESIMER,

Angarsk, Russia
Kudaeva_Irina@mail.ru

Nadezhda Chistova 
ESIMER,

Angarsk, Russia

Abstract — Changes in the activity of lipid peroxidation 
processes are observed when exposed to vibration, as well as 
metabolic syndrome and type 2 diabetes, which are 
characterized by metabolic disorders. This study is devoted to 
the assessment of atherogenic and oxidative processes in 
individuals with hand-arm vibration syndrome in combination 
with metabolic disorders. We examined the levels of cholesterol, 
cholesterol in high and low density lipoproteins, oxidized low 
density lipoproteins, antibodies to them and the thiol status in 
59 men with hand-arm vibration syndrome, in 73 people with 
vibrational disease in combination with metabolic syndrome 
and in 35 individuals with hand-arm vibration syndrome and 
type 2 diabetes. It was found that the average value of total 
cholesterol was higher than the reference level in all groups. A 
decrease in cholesterol in high density lipoproteins and an 
increase in cholesterol in low density lipoproteins have been 
observed in individuals with metabolic disorders. Levels of 
oxidized low-density lipoproteins and antibodies to them were 
increased in all groups. Correlation existed between the level of 
total cholesterol and cholesterol in low density lipoprotein, 
between the content of oxidized low density lipoproteins and 
total cholesterol, between the concentration of oxidized low 
density lipoproteins and cholesterol in low density lipoprotein in 
all groups. The correlation between the cholesterol level in high 
lipoproteins and thiol status was disrupted in patients with 
hand-arm vibration syndrome and metabolic disorders.

Keywords — lipids, oxidized lipoproteins, antibodies to 
oxidized lipoproteins, hand-arm vibration syndrome, metabolic 
disorders

Motivation and Aim
Vibration pathology occupies one of the leading positions 

in the structure of occupational morbidity. A complex of 
regulatory disorders, changes in oxidative metabolism and 
oxidative stress develop during hand-arm vibration syndrome 
(HAVS) and play an important role in its pathogenesis. [1]. 
Diabetes mellitus (DM) is one of the most common 
noncommunicable diseases; the number of patients is 
increasing annually both in Russia and around the world [2]. 
A complex of disorders in lipid, carbohydrate and other
metabolism, which is called metabolic syndrome (MS), 
appears during the formation of diabetes. It is known that 
metabolic changes and an increase in the activity of peroxide 
processes occur in type 2 diabetes and in MS. Lipoproteins 
and their oxidized forms play an important role in atherogenic 
processes and in the development of vascular pathology. [3].

This study is devoted to the assessment of oxidative and 
atherogenic processes in individuals with hand-arm vibration 
syndrome in combination with metabolic disorders.

Methods
In total, we examined 167 men with HAVS aged 40-66 

years. Group I consisted of 59 patients with HAVS, group II -
of 73 patients with HAVS in combination with MS, group III 
included 35 individuals with HAVS and type 2 diabetes. The 
level of total cholesterol and cholesterol in high density 
lipoproteins (HDL cholesterol) was determined 
spectrophotometrically. The content of cholesterol in low 
density lipoproteins (LDL cholesterol) was calculated using 
the Friedwald formula. We examined the thiol status, levels of 
oxidized lipoproteins and antibodies to them (oxLDL and 
antibodies to oxLDL, respectively) in blood serum using 
enzyme-linked immunosorbent assay. Statistical processing 
of the results was performed using nonparametric tests 
(Kruskell-Wallis, Mann-Whitney, Spearman rank 
correlation). The research results are presented in the form of 
a median and interquartile range.

Results
When analyzing the lipid profile, it was found that in group 

II the values of total cholesterol were slightly higher than in 
groups I and III (p = 0.038 and p = 0.079, respectively) (Table 
1). The average values of this indicator were higher than the 
upper reference limit (5.17 mM/L) in all groups. HDL 
cholesterol levels in the group of individuals with HAVS 
without metabolic disorders were higher than in groups II and 
III (p <0.001 and p <0.001). The concentration of LDL 
cholesterol in patients with HAVS and MS was higher than in 
individuals of group I (p = 0.006) and tended to differ 
compared to group III (p = 0.026). The proportion of 
individuals with increased LDL cholesterol was 23.3% in the 
group of patients with HAVS without metabolic disorders, the 
frequency of increased levels of this indicator in groups II and 
III was 38.3% (p = 0.06) and 30.3% (p = 0.46), respectively. 
The content of oxLDL and the levels of antibodies to them in 
the blood serum of the subjects did not statistically 
significantly differ. It should be noted that in all groups the 
levels of oxLDL and antibodies to oxLDL were elevated
(reference values were 117 IU / L and 30 IU / ml, 
respectively). This may be due to the binding of antibodies to 
oxLDL, which is aimed at neutralizing the pathological effect 
of the last lipoproteins on the vascular wall. The redox status, 
which was assessed by the level of thiol groups, depending on 
the presence of metabolic disorders, was not established, it did 
not differ in the groups. We conducted an analysis of the 
correlation relationships below. 
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TABLE I. Parameters of lipid and thiol status in 
individuals with hand-arm vibration syndrome and metabolic 
disorders

Indicator 
Group

I II III p
Total 
cholesterol, 
мМ/л

5.3 (4.6-
5.9)

5.6 (5.0-
6.1)

5.5 (4.7-5.8) 0.0

65

HDL 
cholesterol, 
мМ/л

1.3 (1.1-
1.6)

1.0 (0.8-
1.4)*I

0.9 (0.8-
1.2)*I

0.0

00

LDL 
cholesterol, 
мМ/л

3.2 (2.3-
3.8)

3.5 (3.2-
4.2)*I

3.2 (2.7-
3.9)#II

0.0

09

Thiol status, 
мкМ/мл

471.2 
(418.3-
517.4)

457.6 
(392.5-
521.5)

425.05 
(392.5-
482.1)

0.5

96

oxLDL мЕ/л 131.1 
(104.0-
168.5)

135.0 
(111.3-
160.3)

131.7 (87.7-
152.7)

0.4

74

Antibodies to 
oxLDL, мЕ/мл 

41.9 (32.1-
50.8)

45.4 (39.0-
78.8)

41.1 (28.2-
55.6)

0.1

38

Notes: p – is the level of statistical significance of the differences according 
to the Kruskell-Wallis test; * I - differences are statistically significant 

compared with group I, p <0,016; #II - tendency to differences compared 
with group II, 0.016 <p <0.033.

It was found that the correlation was between the level of 
total cholesterol and LDL cholesterol (R = 0.77, R = 0.84 and 
R = 0.81; p <0.05 for groups I-III, respectively), the content 
of oxLDL and total cholesterol (R = 0.50, R = 0.47 and R = 
0.67, p <0.05 for groups I, II and III), the concentration of 
oxLDL and LDL cholesterol (R = 0.68, R = 0.40 and R = 0.83, 
p <0.05 for groups I-III, respectively) in all groups. We found 
a negative relationship between the level of HDL cholesterol 
and thiol status (R = -0.63; p <0.05) in the group of individuals 
without metabolic disorders. This correlation was absent in 
groups II and III. This may indicate changes in the antioxidant 
defense system. It should be noted that weak negative 
associations between the content of oxLDL and antibodies to 
oxLDL (R = -0.33; p <0.05) were detected in group II. 
Increased levels of LDL cholesterol, oxLDL, and the 

relationship of these indicators may indicate the development 
of atherogenic processes and increased peroxidation, since 
oxidized modifications of LDL have proatherogenic 
properties [4]. The oxLDL can act as autoantigens [5]. A 
negative correlation between oxLDL and antibodies to them 
may be due to the fact that a high content of antibodies 
regulates the level of antigens and can block the absorption of 
oxLDL by macrophages [6]. 

Thus, the levels of total cholesterol, oxLDL, and 
antibodies to oxLDL are increased in individuals with HAVS 
both with and without metabolic disorders. HDL cholesterol 
is reduced and LDL cholesterol is elevated in patients with 
HAVS and metabolic disorders The correlation between the 
level of HDL cholesterol and thiol status in patients with 
HAVS and metabolic disorders is disrupted.
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Abstract — Amino acids and acylcarnitines play important 
role as substrates and intermediate products in the most 
pathways related with schizophrenia. We found a significant 
decrease in the concentration of valine, aspartate, citrulline, 
glycine, arginine, glutamate and ornithine as well as C14, 
C14OH, C16OH, C16:1, C16:1OH, С18, C18OH, C18:1, 
С18:1OH, C18:2OH and C5:1 and increase C4DC in patients 
with schizophrenia in comparison to the controls.

Keywords — amino acid; acylcarnitine, schizophrenia; 
biomarker; metabolomics

Motivation and Aim
Schizophrenia is a disease with unknown etiology and 

pathogenesis. To understand the pathogenesis of 
schizophrenia, abundant factors and mechanisms were 
discussed e.g. mitochondrial dysfunction, inflammation, lipid 
oxidation, DNA damage, oxidative stress and apoptosis. These 
abnormalities of the metabolic pathways in patients with 
schizophrenia may well be reflected in metabolomic profiles 
[1]. Amino acids and acylcarnitines play important role as 
substrates and intermediate products in the most pathways 
mentioned above [2].

The present study aims to investigate serum amino acid 
and acylcarnitine levels in schizophrenic patients compare 
with healthy donors using ‘omics’ technology.

Methods
The study included 37 persons with schizophrenia (F20 

according to ICD-10, median age 35 [31; 39] years, 18 
women, mean duration of disease 15 ± 8,5). Healthy controls 
(n = 36) included an age- and sex-matched cohort without 
known disease symptoms. Quantification of amino acids and 
acylcarnitines was carried out using isotope labeled standards 
from an Amino Acids and Acylcarnitines kit #55000 for 
newborn screening (Chromsystems Instruments & Chemicals, 
Germany). Serum from patients and healthy donors was 
spotted on ProteinSaver cards 903 ™ (Whatman, USA) and 
samples were prepared according to the kit manufacturer’s 
protocol. The mass spectrometric analysis was carried out in 

the dynamic multiple reaction monitoring (Dynamic MRM) 
mode using an Agilent 6410 QQQ mass spectrometer (Agilent 
Technologies, USA). Peak alignment, integration, and 
quantification were performed using MassHunter Quantitative 
Analysis software. Further data processing, analysis and 
visualization were carried out in the scripting language R v. 
3.6.1 with RStudio environment v. 1.2.5001 using the 
packages “dplyr”, “caret”, “factoextra”, “gglplot2” and others.

Results
We found a significant decrease in the concentration of 

valine, aspartate, citrulline, glycine, arginine, glutamate and 
ornithine as well as C14, C14OH, C16OH, C16:1, C16:1OH, 
С18, C18OH, C18:1, С18:1OH, C18:2OH and C5:1 and 
increase C4DC in patients with schizophrenia in comparison 
to the controls. According to cluster analysis, among 
acylcarnitines of long chain fatty acids, a group of metabolites 
was isolated: С18, С18ОН, С18:1ОН, С18:2ОН carnitines 
(stearic FA derivatives), С16ОН, С16:1ОН carnitines 
(palmitic FA derivatives), С14OH carnitine (derivative 
myristic FA), whose concentrations were reduced in the group 
of patient compared with the control group. At the same time, 
C4DC showed an inverse relationship - in the group of patients 
with schizophrenia, it’s concentration was higher. According 
to the literature data these disturbances in the level of amino 
acids and acylcarnitines are suggested have an impact in 
pathogenesis both schizophrenia and metabolic imbalance.
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Abstract — Congestion in the blood and lymphatic vessels is 

detected in the papillary and reticular layers in the skin dermis 

of patients with pigment urticarial. This promotes the 

development of microcirculatory disorders and the formation of 

perivascular infiltrates. LYVE-1 positive staining was detected 

not only in the endothelium of the lymphatic vessels (both in the 

skin papillary layer and in the deeper dermis layers), but also in 

the prickle cells of the stratum spinosum and (less pronounced) 

in the cells of the stratum basal in the epidermis. Our 3D 

modeling of the LYVE-1 marker expression in skin epidermis 

suggests that mainly the prickle cells of the epithelium stratum 

spinosum and to a lesser extent the cells of the epithelium basal 

layer in patients with cutaneous mastocytosis participate in the 

lymphatic transport of hyaluronan and the spaces between these 

cells can be considered as prelimfatiks of the skin epidermis. 

Key words — urticaria pigmentosa, LYVE-1, prickle cells of 

the stratum spinosum  

Introduction 
About 85% of adult patients with mastocytosis have skin 

lesions (urticaria pigmentosa). The disease is classified as a 
rare dermatosis, the pathogenesis of which has not been 
studied enough. Along with comprehensive studies of the state 
of mast cells in the development of clinical manifestations of 
the disease, the lymphatic system of the human skin remains 
unexplored. This can be explained by the complexity of 
methods for studying the morphology of small lymphatic 
vessels. However, researchers often overlook the skin 
lymphatic vessels, since they are small slit-like structures 
above the hair follicles, resembling artifact-like separation of 
collagen bundles [1]. The structure of the lymphatic system of 
the skin was first described in Russia by D. A. Zhdanov in 
1952 [2]. A little later, the skin lymphatic vessels were 
determined using electron microscopy. Selective markers for 
lymphatic endothelium were until recently rare or unavailable. 
Currently, lymphatic vessels are easily detected by the 

immunohistochemical method using LYVE-1, which is a cell 
surface receptor for lymphatic endothelial cells [3].  

Materials and Methods 
The paper presents clinical observations of 2 patients with 

a cutaneous form of mastocytosis, histological examination, 
immunohistochemical study. For histological examination, 
skin samples were fixed in 10% buffered formalin in 48 hours, 
dehydrated in a series of alcohols with increasing 
concentrations, enclosed in histomix; sections were obtained 
by the microtome LEICA RM2155. Immunohistochemical 
detection of the LYVE-1 marker was performed in sections 
with a 3 μm thickness using the indirect ABC-peroxidase 
method using the VECTASTAIN Universal ABC-Peroxidase 
Kit (PK-7200, Vector Laboratories, USA). Endogenous 
peroxidase blocking was performed by incubation of sections 
in 0.3% H2O2 solution for 10 min, then sections were 
incubated with normal blocking non-immune horse serum for 
20 min. Next, the sections were incubated for an hour at room 
temperature with antibodies to LYVE-1 (Isotype: Rabbit 
polyclonal, bs-1311R; Bioss) using the final dilution of 5 
μg/ml, then they were washed in 3 shifts of phosphate buffer 
(FB) for 3 min and were incubated for 30 minutes at room 
temperature with the second biotinylated antibodies followed 
by washing in 3 shifts of FB for 5 minutes. Incubation with the 
ABC-peroxidase complex was carried out at room 
temperature for 30 min, the sections were washed in 3 shifts 
of FB for 5 minutes. At the last stage immunohistochemical 
staining of the sections was performed in the chromogenic 
substrate (ImmPACT DAB, SK-4105, Vector Laboratories, 
США). During all immunohistochemical reactions, “negative 
controls” were carried out, replacing incubation with primary 
antibodies by incubation with non-immune sera of the 
corresponding animal (rabbit serum). Digital images of human 
skin preparations were taken with the AxioImager.M2 Zeiss 
microscope (Axiocam 305 Color camera). 3 D modeling of 
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skin prelimphatics was performed using the laser holographic 
confocal microscope Nanolive (3D Cell Explorer).

Results and Discussion
Patient G., a man, 35 years old, was on outpatient 

observation with a cutaneous form of mastocytosis. Patient T., 
a woman, 41 years old, had a diffuse cutaneous form of 
mastocytosis. Hyperpigmentation of basal layer cells, mild 
epidermal edema and focal hyperkeratosis with loosening of 
the horny masses due to edema were detected in histological 
preparations of the skin in patients. Vacuolization was 
observed in individual cells of the stratum basale and the 
stratum spinosum (or the prickle cell layer) in the skin 
epidermis, that is a manifestation of vacuole hydropic 
dystrophy, characterized by intracellular edema of 
keratinocytes with the formation of vacuoles in their 
cytoplasm, which is an inducer of apoptosis. Individual 
pictures of acantholysis were identified.
Immunohistochemical staining for LYVE-1 revealed that 
lymphatic vessels were located in the horizontal plane of the 
papillary layer of the skin dermis, often under the epidermis 
basal layer and they were wider than blood vessels. Then they 
plunged into a deeper dermis, where they formed a network. 
LYVE-1 positive staining was also detected in the sebaceous
glands of the skin. In addition, tagging of skin for LYVE-1
revealed a pronounced positive signal for the marker in the 
cells of the stratum spinosum in the epidermis and a weaker 
signal for this studied marker in the cells of the epidermis 
stratum basale in patients with cutaneous mastocytosis. 
LYVE-1 is a hyaladherin, containing the Link domain - a
protein capable of binding to hyaluronic acid. In humans it is 

encoded by the LYVE1 gene. LYVE-1 is a type I integral 
membrane glycoprotein. It binds to both soluble and 
immobilized hyaluronan. Our 3D modeling of the LYVE-1
marker expression in patients' skin epidermis revealed clear 
boundaries of prelimphatics and identified that intercellular 
edema was most pronounced in the stratum spinosum of the 
epidermis, that led to the loss of communications between 
epithelial cells in limited areas.
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Abstract — The expression of antiapoptotic Bcl-2 protein 

and the proapoptotic Bad protein in liver cells of C57BL/6 mice 

males kept 14 days under 24-hour lighting (24hL) (photoperiod 

light/dark 24/0 hours) was studied. Control animals kept under 

standard lighting conditions (photoperiod light/dark 14/10 

hours). The immunohistochemical analysis (indirect avidin–

biotin-streptavidin method) and morphometric assessment were 

used. We found in the liver cells of mice under round-the-clock 

lighting the increase in the area of Bcl-2 protein expression 

without changing the area of Bad protein expression, that led to 

a decrease in the ratio of Bcl-2/Bad. This result indicated 

weakening of the antiapoptotic protection of organ cells and 

creates conditions for activation of the “mitochondrial branch" 

of apoptosis in animal liver cells with functional pinealectomy. 

Key words — round-the-clock illumination, functional 

pinealectomy, liver, Bad, Bcl-2  

Introduction 
It was found that blood circulatory and lymphatic flow 

disturbances develop in the liver lymphatic region under the 
influence of continuous lighting, which is an integral factor of 
modern life. These processes lead to the development of 
hypoxia, which adversely affects the structure and functions 
of the cell mitochondrial apparatus [1, 2]. Apoptosis helps the 
body to get rid of unnecessary and defective cells. Most forms 
of apoptosis are realized not through cell death receptors, but 
by the mitochondrial pathway with the participation of Bcl-2 
family proteins. It is believed that the ratio of the antiapoptotic 
Bcl-2 protein and proapoptotic Bad, Bax proteins is a 
"molecular switch", which determines whether tissue growth 
or atrophy will occur [3]. The purpose of this study was to 
evaluate the influence of 24-hour lighting (24hL) on the 
expression of the proapoptotic Bad protein and the 
antiapoptotic Bcl-2 protein in liver cells of C57Bl/6 mice 
male, as well as to determine the ratio of Bcl-2 and Bad protein 
expression areas. 

Materials and Methods 
The males of C57Bl/6 mice aged of 10-12 weeks were kept 

in the SPF-vivarium center of ICG SB RAS. Food and water 
were provided to animals at libitum. The intact animals (the 
group "Control", n=5) were kept under the standard lighting 
mode - photoperiod light/dark: 14/10 hour (h), at the same 

time a smooth increase in illumination to daytime values 
within 1 hour (dawn) and a smooth decrease in illumination 
values until complete shutdown within 1 hour (sunset) were 
assigned to the light phase of the day. The mice of the 
experimental group (the gr. "24hL", n=6) were kept for 14 
days under conditions of 24-hour lighting - photoperiod 
light/dark: 24/0 h. Animals were removed from the 
experiment by the cranio-cervical dislocation method and liver 
samples were taken for light-optical and 
immunohistochemical studies. Liver samples were fixed in 
10% buffered formalin for 48 hours, dehydrated in a series of 
alcohols of increasing concentrations and embedded in 
Histomix.  

The immunohistochemical study of the expression of Bcl-
2 and Bad proteins was performed on liver paraffin sections 
with a thickness of 3 μm by means of indirect avidin–biotin-
streptavidine method (ABC-method) using the Vectastain 
Universal Elite ABC Kit ("Vector Laboratories", Catalog 
Number PK-7200). At the last stage, immunohistochemical 
staining was carried out in a chromogenic substrate containing 
diaminobenzidine (the solution is prepared ex tempore from 
the components of the set "ImmPACT DAB"; "Vector 
Laboratories", Catalog Number SK-4105). For quantification 
of Bcl-2 and Bad expression in the mouse liver, there was 
performed computer morphometric analysis of digital 
photographs at ×400 magnification. The average areas of 
zones staining on Bcl-2 and Bad in digital images were 
determined using the program "Image J". The ratio of the Bcl-
2 expression area to the Bad expression area was calculated. 
A comparison of the results between the groups "24hL" and 
"Control" was performed using the Mann-Whitney U-test for 
abnormally distributed characters in independent samples. 
Differences of compared values were considered statistically 
significant at P<0.05.  

Results and Discussion  
A study of Bcl-2 family protein expression in the liver of 

C57Bl/6 mice males kept under 24-hour lighting revealed the 
pronounced immunohistochemical Bad staining of sinusoidal 
cells of blood capillaries. The bad-positive signal was detected 
in the endothelium of interlobular veins and in the ductal 
epithelium of triad bile ducts, and it was also sometimes found 
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in hepatocytes located mainly in periportal and pericentral 
zones of hepatic lobes. At the same time, weak 
immunohistochemical staining for the antiapoptotic Bcl-2
protein was revealed in sinusoidal liver cells and in single 
hepatocytes. Staining for Bcl-2 was not determined in the 
ductal epithelium of triad bile ducts. 

Morphometric analysis of liver preparations in the group 
"24hL" showed an increase in the expression area of the 
proapoptotic Bad protein compared to animals exposed to 
standard light (light/dark: 14/10 h). At the same time, the 
expression area of the Bcl-2 protein in this group did not 
change significantly compared to control animals, but tended 
to decrease. The Bcl-2/Bad expression area ratio decreased 
significantly in the «24hL» mice compared with the «Control» 
animals due to an increase in the Bad expression area. 

It is known that in modern life, a violation of the light 
regime, and in particular long-term round-the-clock lighting, 
leads to a decrease in melatonin production resulted to the 
development of desynchronosis followed by the development 
of organic pathology [2,4]. Due to apoptosis, the body gets rid 
of defective cells without starting the process of inflammation. 
Moreover, most of its forms are realized not through cell death 
receptors, but by the mitochondrial pathway with the 
participation of Bcl-2 family proteins. Currently, numerous 
data indicate that mitochondria are the site of melatonin 
synthesis itself. These organelles contain the enzymes N-
acetyltransferase and hydroxyindole-O-methyltransferase.
Melatonin is a mitochondrial antioxidant, protecting these 
organelles by binding reactive oxygen species [5]. It is known 
that the mitochondrial dynamics exhibit an oscillatory 
character which corresponds to the circadian secretory rhythm 
in the cells [6]. Studies have shown that melatonin reduces the 
rate of apoptosis, prevents the opening of mitochondrial pores, 
has a stabilizing effect and supports the mitochondrial 
membrane potential, prevents the release of cytochrome C, 
prevents electron leakage and preserves mitochondrial 
functions. In addition, mitochondrial biogenesis and dynamics 

are also regulated by melatonin [5]. Since apoptosis is 
triggered by the inactivation of Bcl-2 when it binds to the Bad 
protein, the increase in the staining area of the proapoptotic 
protein Bad set by us indicates a decrease in antiapoptotic 
protection and in the apoptosis development along the 
mitochondrial pathway in liver cells. This is also confirmed by 
a decrease in the ratio of Bcl-2/Bad expression areas in the 
liver of mice kept under 24-hour lighting (24/0 h) compared to 
control animals (14/10 h).
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Abstract — Innate immune system is the first to respond to 
pathogen invasion; it activates adaptive immunity and regulates 
the intensity of inflammation. Two single nucleotide 
polymorphisms of the innate immunity genes: rs5743708 of the 
TLR2 and rs8177374 of the TIRAP were shown to be associated 
with pneumonia and tuberculosis, but the data are
contradictory in different ethnic groups. We assessed the 
prevalence of these variants in Caucasoid and Asian population 
samples, and among patients with community acquired 
pneumonia (CAP). Carriage of the rs5743708 A allele was found 
to be predisposed to severe CAP (OR=2.77, p=0.021), GG/CT 
genotype for rs5743708 / rs8177374 is proved to be protective 
against it (OR=0.478, p=0.022) in Caucasoid patients. Both 
Caucasoid and Asian studied populations were turn to be 
different from European and neighboring Asian populations on 
the genotypes prevalence. Differentiation of CAP by the 
causative pathogen could help to eliminate the currently 
observed contradictions between different research groups.

Keywords — genetic polymorphism, genetic predisposition, 
community acquired pneumonia, pulmonary tuberculosis, TLR2 
gene , TIRAP gene

Motivation and Aim
Community acquired pneumonia (CAP) and pulmonary 

tuberculosis (TB) are the diseases characterized by high 
mortality; according to WHO, they are consistently among the 
ten leading causes of death in the world [1]. CAP is lower 
respiratory tract inflammatory disease caused mainly by 
viruses and bacteria. Improved diagnostic methods have 
recently shown that viruses, not Streptococcus pneumoniae,
are the main cause of CAP. However severe pneumonia is
more likely to develop in the case of combined infections and
а seasonal increase in pneumonia coincides with seasonal 
outbreaks of influenza [2]. TB is chronic infectious disease, 
caused mainly by Mycobacterium tuberculosis. About a 
quarter of the world's population is infected with this 
bacterium and is at risk of developing the disease.
Pathogenesis of these diseases is based on different 
mechanisms: excessive inflammation for CAP and the

inhibition of acute immune response by M. tuberculosis for 
TB. Interestingly, for some genes of innate immunity in
humans, an association with both CAP and pulmonary TB has
been shown [3-6]. However, the data are contradictory in 
different racial and ethnic groups. In this work, we analyzed 
the frequencies for the rs5743708 (R753Q) of the TLR2 gene 
and rs8177374 (S180L) of the TIRAP gene in Caucasian and 
Asian samples of Russia, including long-lived people sample. 
In addition, we estimated the frequencies of these 
polymorphisms among patients with severe and non-severe 
CAP.

Methods
The adolescent sample was selected from the inhabitants 

of Novosibirsk city. Yakutian Caucasoid sample was collected 
in Tommot, Neryungri, Ust-Nera, and Yakutsk towns. These 
were people who lived in Yakutia for more than 16 years or 
were born there Asian sample consisted of Chukchis from 
Kanchalan village and Yakuts from Tommot, Neryungri, Ust-
Nera towns and Kylayy village. Long-lived people sample 
was collected in West Siberia. CAP patients sample was 
collected in offices of pulmonary hospitals of Novosibirsk and 
Yakutsk. CAP with various pathogenesis was regarded as
severe if the CURB65 rating scale index was 4-5 points. All 
patients signed an informed consent to participate in the study.
Genotyping was performed by PCR with analysis of 
restriction fragment length polymorphism.

Results and Discussion
Genotypes amount and frequencies for rs5743708 of the 

TLR2 gene and rs8177374 of the TIRAP gene are presented in 
Table1. 

486



TABLE 1. GENOTIPES FREQUENCIES FOR RS5743708 / RS8177374 IN POPULATION SAMPLES OF NORTHERN ASIA AND AMONG CAP
PATIENTS

Samples \ genotypes na

total
GG/CC GG/CT GG/TT AG/CC AG/CT AA/CC AA/CT

n pb n p n p n p n p n p n p
Adolescents, Novosibirsk 451 335 0.74 72 0.16 4 0.01 29 0.06 8 0.02 1 0.002 1 0.002
Caucasoids, Yakutia 277 219 0.79 43 0.16 2 0.01 10 0.04 3 0.01 0 0 0 0
Long-lived peoples, West Siberia 188 150 0.80 25 0.13 2 0.01 11 0.06 0 0 0 0 0 0
CAP total, Caucasoids 406 307 0.76 71 0.18 2 0.004 22 0.05 3 0.01 0 0 0 0

Severe CAP 120 93 0.78 13 0.11 1 0.01 11 0.09 2 0.02 0 0 0 0
Non- severe CAP 286 215 0.75 58 0.20 1 0.004 11 0.04 1 0.004 0 0 0 0

Chukchis 91 75 0.82 16 0.18 0 0 0 0 0 0 0 0 0 0
Yakuts 120 111 0.93 6 0.05 0 0 3 0.03 0 0 0 0 0 0
Severe CAP, Yakuts 33 28 0.85 3 0.09 1 0.03 1 0.03 0 0 0 0 0 0

a number of people, b genotype frequency

The genotype distribution in all populations was in Hardy-
Weinberg equilibrium. No differences in the alleles and 
genotypes were found between male and female. No 
significant difference was found between Russian 
adolescences and long-lived people samples. Apparently, the 
carriage of the studied alleles is not associated with a 
predisposition to longevity. There was significant difference
in rs5743708 frequency between Novosibirsk adolescents and 
Caucasoid sample from Yakutsk (χ2 =4.647, p= 0.032). No 
one allele or genotype was associated with CAP 
predisposition among Caucasoid in total. In case of 
pneumonia, carriage of the rs5743708A allele of the TLR2 
gene predisposed to severe CAP (AG/CC +AG/CT vs all 
OR=2.77, 95% CI: 1.227-6.272, p=0.021); heterozygous 
genotype for rs8177374 of TIRAP gene in a combination with 
GG of TLR2 gene had protective effect against severe CAP 
(GG/CT vs all OR=0.478, 95% CI: 0.251-0.909, p=0.022). 
However, similar association was not observed in Yakuts, 
possibly due to a small sample size. In Russian, frequency of 
“protective” rs8177374T allele was lower than in European 
populations (0.10 vs 0.22); in North Asians, it was higher than 
in neighboring Chinese populations (0.03-0.09 vs 0.01) [7].

Toll-like receptor 2, TLR2 heterodimerizes with TLR1 or 
TLR6 after recognition of pathogen-associated molecular 
patterns. TIRAP (TIR-domain containing adaptor protein) 
mediates downstream signaling of the TLRs resulting in the 
initiation of cytokine genes transcription. Both studied 
substitutions change proteins structure, but have opposite 
effect on the disease predisposition. This may be due to 
location of the rs5743708 in a binding site for TLR6 [8]. This 
substitution cans potentially increaseTLR2:TLR1 concurrent 
binding, while exactly TLR1 is responsible for NF-κB 
inflammatory signal cascade activation. The rs8177374T on 
the contrary, weakens signal transmission. The observed 
differences in the frequencies of variants of innate immunity 
genes in Asian populations can reflect the history of human 
impact with various pathogens during resettlement in Eurasia. 
”Pathogenic” for CAP and TB variant rs5743708A of the 
TLR2 gene e.g. was shown to be protective against Lyme 
disease [9].

Conclusions
We found carriage of the rs5743708 A allele to be 

predisposed to severe CAP and GG/CT genotype for 

rs5743708 / rs8177374 was protective against it in Caucasoid 
patients with pneumonia.

Differentiation of CAP by the causative pathogen could 
help to eliminate the currently observed contradictions 
between different research groups.
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Abstract — Many candidate genes are involved in the 
development of atherosclerosis, which are manifested in a
variety of metabolic processes, disturbances of which are 
observed in this disease. Many publications describe the 
involvement of miRNAs in the development of atherosclerosis. 
Therefore, it is necessary to establish which miRNAs can 
affect the expression of candidate genes. Quantitative 
characteristics of the interaction of miRNAs with mRNAs 
candidate genes were determined using the MirTarget 
program, which detects localization of miRNA binding sites in 
3'UTR, 5'UTR and CDS; free energy interaction miRNA with 
mRNA; schemes of nucleotide interaction between miRNA 
and mRNA. In the mRNA of atherosclerosis genes, the 
binding sites of two or more miRNAs located in 3'UTR, 
5'UTR and CDS are established. The organization of miRNAs 
binding sites with overlapping nucleotide sequences forming 
clusters was revealed. Such an organization of miRNAs 
binding sites leads to their compaction several times and 
causes competition among miRNAs for binding to mRNA. 
The features of the interaction of miRNAs with mRNA of 
candidate genes depending on their expression are 
established. Associations of miRNAs and candidate 
atherosclerosis genes are proposed for the early diagnosis of 
this disease.

Keywords — miRNA, mRNA, gene, association, marker, 
atherosclerosis

INTRODUCTION
Candidate genes are participated in the development of 

atherosclerosis, which are implicated in a variety of 
metabolic processes that are disturbed in this disease. It has 
been found that miRNAs, which are nanoscale regulatory 
biomolecules, are involved in many biological processes at 
all stages of the development of atherosclerosis, from early 
endothelial dysfunction to the erosion and rupture of an 
unstable atherosclerotic plaque. The miRNAs are able to 
regulate gene expression at the levels of translation binding 
to target mRNAs. Many publications have described the 
involvement of miRNAs in the development of 
atherosclerosis. It is necessary to establish which miRNAs 
affect the expression of candidate genes.

METHODS AND ALGORITHMS
The nucleotide sequences of 2565 miRNAs were 

downloaded from the miRBase (http://mirbase.org, Release 
22.1) and 3707 miRNAs obtained from a report by Londin 
E. et al. [1]. The nucleotide sequences of mRNA genes were 
obtained from GenBank (http://www.ncbi.nlm.nih.gov). A 
database of 91 candidate genes including the names of the 
genes and publication sources (PubMed database) was 
compiled, confirming the associations of these genes with 

atherosclerosis. A search for the target genes of miRNAs 
was performed using the MirTarget program [2]. This 
program determines the following binding characteristics: 
the start of the miRNA-binding site of mRNA; the locations 
of miRNA-binding sites (3'UTR, 5'UTR, CDS); the 
interaction free energy (∆G, kJ/mole); nucleotide 
interaction schemes between miRNAs and mRNAs. 

RESULT
Binding sites for 24 mRNAs genes with miRNAs in the 

5'UTR region were identified. The binding sites of the 
miRNAs and mRNAs of the target genes were not uniform 
along the length of an mRNA. Both multiple and single 
binding sites were identified. The mRNA regions containing 
overlapping binding sites are referred to clusters [3]. The 
results regarding the location of miRNA-binding sites in 
mRNAs with overlapping nucleotide sequences in a cluster 
leads to the compaction and causes competition among 
miRNAs. The mRNA of GAS6 gene forms a large cluster 
with 22 different miRNAs, half of which form two or three 
binding sites, while the rest represent single binding sites. 
The cluster size is 37 nucleotides. The total binding sites 
length in cluster is 858 nucleotides, where the degree of 
compaction is 23.2. This compaction allowed these miRNA 
binding sites to be located in 5'UTR with a length of 153 
nucleotides. For eight associations of miRNAs with mRNA 
GAS6 gene the free interaction energy of miRNAs with 
mRNA have been more than -130 kJ/mole, which allows us 
to recommend these associations as markers of 
atherosclerosis. The cluster of binding sites of 18 miRNAs 
в the NFE2L2 gene 5'UTR.mRNA have size of 45 
nucleotides (Table). The total size of all binding sites is 521 
nucleotides, which means that the degree of compaction is 
11.6. Nine miRNAs interacted with the mRNA of the 
NFE2L2 gene with a free energy of more than -130 kJ/mole 
are recommended as markers of atherosclerosis. The 41 
genes exhibited one binding site in CDS mRNAs for one 
miRNA. In CDS of IRS2 mRNA the binding sites of 28 
miRNAs were located in cluster with a length of 41 
nucleotides. The total cluster size was 1147 nucleotides, 
while the degree of cluster compaction was 28.0. The 
binding sites of 12 miRNAs were located in other cluster 
with a length of 35 nucleotides. The PDE4D gene forms two 
clusters but smaller.
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What is characteristic is that miRNA ID01641.3p-miR, 
ID00061.3p-miR, miR-3960 and ID01702.3p-miR are 
found in both clusters. The first cluster consists of four 
single binding sites and one multiple binding site 
ID01702.3p-miR, cluster size is 35 nucleotides, from the 
position of 335 nucleotides and to 369 nucleotides. The 
average ΔG value is -130 kJ/mole. The second cluster 
consists of four multiple binding sites and six single binding 
sites, the cluster size is 49 nucleotides from 391 to 439 
nucleotides (Table). The total cluster size is 447 nucleotides
and degree of compaction was 9.1.

Clusters consisting of single miRNA-binding sites were 
found in the mRNA following genes: ACE, ADAMTS13,
ADRB3, ICAM1 and FASLG. In 3'UTR mRNA of 45 genes 
were characterized binding sites. In ADRB3, CD36, FASLG, 
F11R, FLT1, ICAM1, PLA2G7, PPARGC1A mRNAs the 
clusters of miR-466, ID00436.3p-miR, ID01030.3p-miR 
binding sites were established. The binding of 53 miRNAs 
with mRNAs of 14 candidate genes with free energy 
interaction more than -130 kJ/mole were established. The 
miR-619-5p was fully complementary to ADAM17 and 
CD36 mRNA genes, ID01593.5p-miR to ANGPTL4 mRNA 
gene, ID01935.5p-miR to NFE2L2 gene and miR-5096 to 
IL18 mRNA gene.

CONCLUSION
The miRNA associations with atherosclerosis candidate 

genes have been established, which consist of: one gene and 
several miRNAs; one gene and one miRNA; one miRNA 
and several genes; two or more miRNAs with two or more 
candidate genes. sites in mRNA candidate genes 
contributesto a more accurate diagnosis of the participation 
of competing miRNAs in the development of 
atherosclerosis.
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TABLE CHARACTERISTICS OF MIRNA BINDING SITES IN 5'UTR AND CDS OF MRNA OF NFE2L2 AND PDE4D CANDIDATE GENES

Gene miRNA Region of 
RNA

Start
of site, nt

∆G,
kJ/mole

∆G/∆Gm, 
%

Length,
nt

NFE2L2 ID00522.5p-miR 5'UTR 438 -125 89 23
ID02187.5p-miR 5'UTR 439÷445(2) -123 89 23
ID03367.5p-miR 5'UTR 441÷453(2) -115 92 20
ID01804.3p-miR 5'UTR 442÷444(2) -132 90 23
ID02294.5p-miR 5'UTR 443 -132 90 24
ID00061.3p-miR 5'UTR 444÷450(3) -125÷-134 91÷97 22
ID00457.3p-miR 5'UTR 444 -123 91 22
ID01041.5p-miR 5'UTR 444÷445(2) -129÷-134 88÷91 24
ID01873.3p-miR 5'UTR 444÷447(2) -121÷-123 92÷94 21
ID00296.3p-miR 5'UTR 448 -140 89 25
ID01641.3p-miR 5'UTR 448 -136 91 24
ID01702.3p-miR 5'UTR 448 -138 92 24
ID02890.3p-miR 5'UTR 458 -119 89 23
ID02770.5p-miR 5'UTR 462 -115 92 20

PDE4D ID00061.3p-miR CDS 391÷413(3) -125÷-129 91÷94 22
ID00457.3p-miR CDS 392 -123 91 22
ID01315.3p-miR CDS 392 -115 92 20
ID01377.3p-miR CDS 394 -121 95 20
ID01705.3p-miR CDS 398 -117 92 21
ID00296.3p-miR CDS 404÷411(4) -140÷-142 89÷91 25
ID01641.3p-miR CDS 407÷410(2) -132÷-132 89 24

miR-3960 CDS 408÷415 (3) -115÷-117 92÷93 20
ID01458.5p-miR CDS 410 -134 91 23
ID01702.3p-miR CDS 411 -138 92 24
ID02064.5p-miR CDS 415 -129 90 23
ID01184.3p-miR CDS 419 -117 93 20
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Abstract — as known photodynamic therapy and 
photothermolysis are used to treat skin diseases and to correct 
signs of aging. These methods are minimally invasive but their 
disadvantages are related to skin damage, prolonged 
phototoxicity with intravenous photosensitizer, and the 
insufficient penetration of the drug through the skin by local 
application. The possibility of minimally invasive transdermal 
drug transport by using photothermolysis and photodynamic 
therapy technologies on the example of the delivery of the 
Radagel photosensitizer has been demonstrated. The method of 
transdermal delivery of a photosensitizer through the skin 
micropores, which are formed by focused energy rays of a non-
ablative laser has been developed for the side effects prevention 
of laser techniques with the summation of their advantages.

Keywords — photodynamic therapy; photosensitivity; 
photothermolysis; laser energy; skin disease;transdermal 
transport

BACKGROUND
In the treatment of benign, precancerous and malignant 

skin diseases, the technology of photodynamic therapy (PDT) 
is actively introduced, which based on the selective damage of 
a pathological substrate by a drug photosensitizer (PS) in 
combination with electromagnetic radiation of the visible red 
range in the presence of tissue oxygen. The traditional method 
of intravenous photosensitization of the body involves the 
introduction of high doses of expensive PS (Radachlorin, 
Photoditazin, Verteporfin, Alasens), which is associated with 
long-term retention of drugs in healthy and pathologically 
altered cells, which leads the for patients to observe the light 
protection regimen in the post-treatment period to avoid skin 
burns, photodermatitis, prolonged erythema and phototoxic 
face edema. In this regard, for the necessities of outpatient 
dermatology, dermato-oncology and cosmetology, the local 
application photosensitization of pathological changes by gel 
forms of FS with subsequent PDT light energy sources is the 
most acceptable. Despite the fact that when applied to the skin, 
PS shows a tropism to the tumor, inflamed, and dystrophic 
cells, the distribution of the drug in the layers of the dermis 
and the depth of its transdermal penetration is unknown.

We have developed a targeted local photosensitization of 
the deep layers method of the skin by fractional laser 
photothermolysis using focused pulsed-periodic radiation 
from a fiber laser. Microthermal zones which were formed on 
the skin of experimental mice have provided the efficient 
transdermal transport of FS, which was proved by 
pathomorphological studies of skin layers with confocal 

microscopy. Based on the fluorescence characteristic of PS, 
the distribution from the epidermis through the stratum 
corneum, dermis to subcutaneous adipose tissue was shown. 
All in all, the FLP method for local PS transdermal transport 
can be highly effective in outpatient PDT in dermatology and 
cosmetology.

PURPOSE
To substantiate experimentally the applicability of 

photodynamic fractional laser photothermolysis (PFLP) for 
creation new treatment technologies in dermatocosmetology 
and dermato-oncology.

WORK TASKS
To study the transport possibilities of photothermolysis for 

transdermal delivery of a photosensitizer to the laboratory 
animals skin.

To study the range of application of “Chlorin e6” 
fluorescence effects for evidance the usefulness of its 
transdermal transport through non-ablative laser 
photothermolysis.

METHODS AND MATERIALS
In the work, 3-month-old male mice were used. They were 

divided into four groups:

The first group (16 individuals) - fractional laser 
photothermolysis (FLP) of the skin of the abdominal wall with 
a “Lakhta Milon” semiconductor laser (λ = 970nm) with an 
average power of 4W in a scanning pulse-periodic mode (t = 
10ms / 10ms) through a quartz-polymer fiber with a focuser to 
form the epidermis of microthermal zones (MTZ) with a 
density of 16 MTZ / cm2 with a dose density of energy in the 
pulse of 0.25 J / mm2

Thus, 16 microthermal zones (MTZ) with a diameter of 
0.4 mm are formed in the epidermis over an area of 1 sq cm.

The second group (16 individuals) - is performed by FLP,
after which the photosensitizer Radagel {0.5% -0.1g (n = 10)} 
is applied to the skin for 20 minutes. Then, a “Lakhta Milon” 
semiconductor laser (λ = 662nm) is irradiated with an average 
power of 2 W in a pulse-periodic mode (t = 100 / 100ms) 
through an optical fiber with a light spot size of 1, 2 mm2 on 
the skin.

The third group (16 individuals) - the photosensitizer 
Radagel {0.5% -1g (n = 10)} is applied to the skin of the 
animal for 20 minutes. Then, a “Lakhta Milon” semiconductor 
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laser (λ = 662nm) is irradiated with an average power of 2 W 
in a pulse-periodic mode (t = 100 / 100ms) through an optical 
fiber with a light spot size on the skin of 1, 2 mm2

The fourth group (4 individuals) - control without 
exposure.

After the completion of laser irradiation, one individual 
from every experimental group undergoes intravital 
fluorescence diagnostics in the blue spectrum of 406 nm and 
in the red spectrum of 630 nm on a “Fluovisor” instrument.

Then the animals were euthanized by the method of 
cervical vertebrae dislocation, the anterior abdominal wall 
was dissected, 4 skin flaps were taken, one was sent for 
electron microscopy, one for histological examination, and 
transverse sections was made from two flaps using a 
microtome (cryotome) for subsequent confocal laser 
microscopy LSM 510 scanning microscope to record Radagel 
fluorescence effects. 

A similar sequence of studies was carried out on the 7th, 
14th and 28th days.

It complies with the provisions of the Federal Law on 
Amendments to Article 245 "Cruelty to Animals." Entered 
into force on December 20, 2017. Russia.

RESULTS
On the results of fluorescence diagnostics, in conclusion 

we can say that the highest fluorescence of the Radagel 
preparation was recorded in the skin after fractional 
photothermolysis followed by application photosensitization, 
which was indicated a pronounced intradermal accumulation 
of the photosensitizer in comparison with the usual application 
to the skin.

Laser confocal microscopy was carried out at the optimal 
wavelengths for investigation: excitation of fluorescence at 
458 nm, registration of fluorescence at 675 nm.

In reseach of an individual with FLP, no changes in the 
structure of the skin were detected, except for light loosening 
of collagen fibers. Also, the absence of autofluorescence of 
skin structures is diagnostically important.

According to the results individuals from the group prepared 
for PFLP, it can be seen that the largest part of the 
photosensitizer accumulated in the epithelium and papillary 
layer of the skin, but the intense fluorescence recorded by us 
in collagen fibers, skin structures (hair and sebaceous 
follicles), hypodermis and muscle fibers indicates that 
preparation of the skin by fractional laser photothermolysis 
creates the conditions for active transdermal transport of the 
photosensitizer. In the traditional application the drug 
Radagel on the skin surface, its penetrating ability is limited 
by the epithelial layer, which implies that the induced 
photodynamic reaction will have exclusively surface effects.

CONCLUSION
The idea of controlled transdermal photosensitizer 

transport for the implementation of medical technology of 
photodynamic fractional laser photothermolysis was 
theoretically substantiated. 

For the first time in the conditions of an experiment, the 
possibility of creating transport channels in the skin for intra-
and transdermal transport of drugs was successfully 
demonstrated using the drug photosensitizer Radagel.

The ability of non-invasive fractional laser 
photothermolysis to provide conditions for efficient 
transdermal transport of the photosensitizer to all skin layers 
during application is proved experimentally.

This option of local photosensitization of the skin is 
manageable and, depending on the dose of the 
photosensitizer used, can be used in cosmetology, 
dermatology, gynecology, oncology.
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Abstract — The structural organization of lymphatic-like 
channels in the human eye choroid was studied by using 
immunohistochemistry and transmission electron microscopy. 
It was shown that these channels lining fibroblast-like cells that 
express markers of lymphatic endothelium. (Abstract)

Keywords — fibroblast-like cells, conjunctiva, choroid, 
lymphatic endothelium, lymphatic channels, human eye

INTRODUCTION
The question about presence of lymphatic outflow from 

human eye is uncertain until now. For a long time it was 
supposed that there were no lymphatics in the eye. But after 
the revelation of molecular markers of lymphatic endothelial 
cells it became possible to detect the lymphatic capillaries and 
vessels in the various structures of the human eye in normal 
and pathological conditions. Nowadays there are some data 
about lymphatic structures in the anterior eye segment, 
including ciliary body [1, 2]. This structures possibly takes a 
part in unconventional pathway of aqueous humor drainage. 
However, other investigators were not able to reproduce these 
results [3, 4]. 

Currently, the question of the presence of lymphatic 
vessels in the posterior eye segment remains debatable. There 
are several researches about lymphatic structures in the 
choroid of the human eyes [5, 6]. Despite the evidence of the 
existence of lymphatic vessels in the choroid, the structural 
organization of these lymphatic vessels is not described. 

Therefore, the purpose of this research was to study the 
structural organization of the lymphatic pathways of aqueous 
humor outflow in the choroid.

METHODS AND ALGORITHMS
The object of study were fragments of enucleated eyes (n 

= 10), harvested from patients with normal intraocular 
pressure. For morphological study of the samples of the 

conjunctiva and the choroid were treated according to 
standard procedures for light and transmission electron 
microscopy. Paraffin sections were immunostained with the 
lymphatic specific endothelial markers Podoplanin (Monosan, 
Netherlands), Prox-1 (Covance, Germany), and LYVE -1
(Abcam, England), the vascular specific endothelial marker 
CD31 (Abcam, England), a marker for fibroblast growth 
factor receptors FGFR-1 (Abcam, England) and fibroblast 
marker ТЕ-7 (Novus Biologicals, USA). Stained paraffin 
sections were examined with a light microscope "Leica DME» 
(Germany). Ultrathin sections were examined in an electron 
microscope «JEM 1400» (Japan). Morphometric processing 
and statistical analysis of the results were performed.

RESULTS
The presence of lymphatic vessels in conjunctiva was 

verified and it have typical organization, so we used 
conjunctiva as a control tissue. 

With simultaneous immunohistochemical staining of 
conjunctiva and choroid samples using antibodies to markers 
of lymphatic vessels (LYVE-1, Prox-1, Pooplanin), in the 
structure of the conjunctiva revealed positively stained typical 
lymphatics, and positively stained lymphatic-like structures in 
the choroid. The choroid was found to contain lymphatic 
channels in сhoroidal stroma and layer of choriocapillaris, and 
lymphatic lacunae in the suprachoroid lamina (the transition 
zone between choroid and sclera). These channels and lacunae 
weren’t typical lymphatic vessels. The channels were limited 
by narrow elongated cells, positively stained for markers of 
lymphatic vessels Prox-1, LYVE-1, Podoplanin and were 
shown negative CD31 staining; therefore we consider that this 
channels and lacunae are lymphatic structures.

Using transmission electron microscopy we identified that 
lymphatic channels did not have a typical vascular structure. 
We shown that these channels circumscribed by narrow 
process cells that have ultrastructural differences from 
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lymphatic endothelial cells: they do not have stropic filaments, 
contain a greater volume density of the granular endoplasmic 
reticulum membranes, and a lower volume density of 
mitochondria and caveolae. 

The cells lining the lymphatic channels are similar to 
fibroblasts, but differ from them in the lower bulk density of 
the granular endoplasmic reticulum and the lower content of 
fibrous structures in the microenvironment. 

We carried out an immunohistochemical study of the 
samples using fibroblast markers FGFR-1 and TE-7. During 
immunohistochemical staining of samples using the TE-7
marker, rare positively colored elongated narrow cells were 
detected in the choroid of the human eye. As a result, staining 
of the same cells was noted as when staining for lymphatic 
endothelial markers. However, not all cells lining the channels 
studied by us were stained for fibroblast markers TE – 7 and 
FGFR – 1.

Considering that these cells have ultrastructural 
differences from fibroblasts and lymphatic endothelial cells, 
they express lymphatic endothelial markers and do not always 
have fibroblast markers, i.e. these cells are fibroblast-like 
cells.

CONCLUSION
Thus, in the structure of the choroid of the human eye, 

there are non-vascular pathways of aqueous humor outflow, 
represented by untypical lymphatic channels confined by 
fibroblast-like cells that have markers of the endothelium of 
the lymphatic vessels.

REFERENCES

[1] Y. H. Yücel M. G. Johnston, T. Ly, M. Patel, B. Drake, E. Gümüş, S. 
A. Fraenkl, S. Moore, Tobbia, D. Armstrong, E. Horvath and N. Gupta, 
“Identification of lymphatics in the ciliary body of the human eye: a 
novel “uveolymphatic” outflow pathway,” Exp Eye Res., Vol. 89, pp. 
810–819, 2009.J.

[2] M. Kim, M. G. Johnston, N. Gupta, S. Moore and Y. H. Yücel, “A 
model to measure lymphatic drainage from the eye,” Exp Eye Res., 
Vol. 93, pp. 586–591, 2011..

[3] K. Birke, E. Lütjen–Drecoll, D. Kerjaschki and M. Birke, “Expression 
of podoplanin and other lymphatic markers in the human anterior eye 
segment,” Invest Ophthalmol Vis Sci., Vol. 51, pp. 344–354, 2010.

[4] A. Kaser–Eichberger, F. Schrödl, A. Trost, C. Strohmaier, B. Bogner, 
C. Runge, K. Motloch, D. Bruckner, M. Laimer, S. L. Schlereth, L. M. 
Heindl and H. A. Reitsamer, “Topography of lymphatic markers in 
human iris and ciliary body,”. Invest Ophthalmol Vis Sci., Vol. 56, pp. 
4943–4953, 2015.

[5] M. E. Koina, L. Baxter, S. J. Adamson, F. Arfuso, P. Hu, M. C. 
Madigan and T. Chan–Ling, “Evidence for lymphatics in the 
developing and adult human choroid,” Invest Ophthalmol Vis Sci., № 
56, Vol. 2, pp. 1310–1327, 2015.

[6] V.V. Chernykh, Yu.I. Borodin, N.P. Bgatova, S.R. Nogovitsina, I.A. 
Toporkov, A.V. Eremina, A.N. Trunov and V.I. Konenkov, 
“Lymphatic structures in the ciliary body and choroid of the human 
eye,” Sovremennye tekhnologii v oftal'mologii, Vol. 3, pp. 268, 2016. 
(In Russ.)

493



DOI 10.18699/BGRS/SB-2020-302

Human retinal photoreceptor cells in glaucoma:
destructive changes of mithochondria and mitophagy
Natalia Obanina

Laboratory of ultrastructural research, 
Research Institute of Clinical and 

Experimental Lymphology – Branch of 
the Institute of Cytology and Genetics, 

Siberian Branch of the Russian 
Academy of Sciences;

Section of cytology and genetics, 
Department of Natural Sciences, 

Novosibirsk State University
Novosibirsk, Russia
n.obanina@g.nsu.ru

Aleksandr Trunov
The academician S.N. Fyodorov 

Federal State Institution “Intersectoral 
Research and Technology Complex 

“Eye Microsurgery”, Ministry of 
Healthcare of Russian Federation, 

Novosibirsk Branch,
Novosibirsk, Russia

trunov1963@yandex.ru

Nataliya Bgatova
Laboratory of ultrastructural research, 

Research Institute of Clinical and 
Experimental Lymphology – Branch of 
the Institute of Cytology and Genetics, 

Siberian Branch of the Russian 
Academy of Sciences
Novosibirsk, Russia
n_bgatova@ngs.ru

Alena Eremina
The academician S.N. Fyodorov 

Federal State Institution “Intersectoral 
Research and Technology Complex 

“Eye Microsurgery”, Ministry of 
Healthcare of Russian Federation, 

Novosibirsk Branch,
Novosibirsk, Russia

sci@mntk.nsk.ru 

Valerii Chernykh
The academician S.N. Fyodorov 

Federal State Institution “Intersectoral 
Research and Technology Complex 

“Eye Microsurgery”, Ministry of 
Healthcare of Russian Federation, 

Novosibirsk Branch,
Novosibirsk, Russia
rimma@mntk.nsk.ru

Vladimir Konenkov
Research Institute of Clinical and 

Experimental Lymphology – Branch of 
the Institute of Cytology and Genetics, 

Siberian Branch of the Russian 
Academy of Sciences
Novosibirsk, Russia

vikonenkov@gmail.com

Abstract — The leading place in the development of low 
vision and blindness worldwide is occupied by glaucoma. This is 
a disease of non-infectious nature, accompanied by an increase 
in intraocular pressure and degeneration of retinal neurons, 
optic nerve, as well as its spread in the central section of the 
visual analyzer. The aim of the study was to identify features of 
the ultrastructure of the human retinal photoreceptor cells in 
glaucoma. The study was carried out using transmission 
electron microscopy and morphometry. The volume densities 
(VV) of mitochondria and autophagosomes containing 
mitochondria were determined. Disorders of orientation and 
swelling of rod neurons membrane disks in the outer segments 
were detected. It is shown that rods are more exposed to 
destructive changes than cones.

Keywords — glaucoma, photoreceptors, ultrastructure, 
mitophagy

INTRODUCTION
Glaucoma is a multifactorial disease characterized by 

progressive damage and death of retinal ganglion cells, axon 
atrophy, and, as a result, optic neurodegeneration [2, 3]. The 
process of neurodegeneration distributed outside of the retina 
and optic nerve to the central section of the visual analyzer 
[2,4,5,6]. It is known that glaucoma-associated cell death 
occurs by apoptosis. Apoptosis is caused by oxidative stress 
through mitochondrial damage, inflammation, endothelial 
dysregulation and dysfunction, and hypoxia [7]. Autophagy is 
a complexly organized process that is necessary for any 
eukaryotic cell for normal life. Dysfunction of autophagy at 
different stages in neurons leads to the emergence of many 
neurodegenerative diseases, in particular – glaucoma [8]. The 
pathogenesis of glaucoma is being studied on various animal 
models (mice, rats, rabbits, cats, monkeys, etc.). For example, 
it was shown that in the model of glaucoma, destructive 
changes in mitochondrial cristae develop in the rats retina. The 
swelling of the mitochondria is in the cytoplasm of neurons of 

the inner nuclear and inner plexiform layers (in ganglion 
cells), and photoreceptor pigment cells [9]. However, data 
obtained in animal models cannot be fully interpreted for the 
human eye due to anatomical and physiological differences. 
There are existing data about damage and ultrastructural 
changes in retinal ganglion cells, inner nuclear layer, inner 
plexiform layer [3, 10], but there is no information about 
ultrastructural changes in the photoreceptors in glaucoma.

METHODS AND ALGORITHMS
The study was conducted in accordance with the principles 

of the Helsinki Declaration of the World Medical Association 
“Ethical Principles for Scientific Medical Research with the 
Participation of Human”, Federal Law of the Russian 
Federation of November 21, 2011 № 323 “About the Basics 
of Protecting the Health of Citizens in the Russian 
Federation”, and the requirements Federal Law of July 27, 
2006 № 152 (as amended on July 21, 2014) "About Personal 
Data" (as amended and supplemented, entered into force on 
September 1, 2015). The object of the study were retinal 
fragments of patients enucleated by medical indications of the 
eye with terminal stage of glaucoma of the Novosibirsk 
branch of Аcademician S.N. Fyodorov Federal State 
Institution «Intersectoral Research and Technology Complex 
«Eye Microsurgery», Ministry of Healthcare of Russian 
Federation. The study was conducted with the permission of 
the bioethical committee. The written informed consent of the 
patients to study the biological material was obtained. The 
collection of material was carried out by employees of the 
Novosibirsk branch of the IRTC «Eye Microsurgery». 

Fragments of the human retina (about 1 mm3) were fixed 
in a 4% solution of paraformaldehyde prepared on Hanks 
medium, fixed for 1 hour in a 1% solution of OsO4 in 
phosphate buffer (pH=7.4), dehydrated in increasing 
concentration of ethanol, and then enclosed in Epon (Serva, 
Germany). Semi-thin sections with thick 1 μm were prepared 
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from the obtained blocks on a ultratome Leica UC7/FC7 
(Germany / Switzerland), stained with toluidine blue. Then we 
studied under a light microscope “LEICA DME” and selected 
the necessary tissue sites for research in an electron 
microscope. Ultrathin sections thick 70–100 nm were 
obtained from the selected material, contrasted with a 
saturated aqueous solution of uranyl acetate and lead citrate, 
and studied using a electron microscope JEM 1400 (Japan). 
Microscopic analysis was carried out at the Multiple-access 
Center for Microscopy of Biological Subjects (Institute of 
Cytology and Genetics, Novosibirsk, Russia). Morphometry 
was performed using Image J software (Wayne Rasband, 
USA) with a closed test system at x25K magnification. The 
mean (M) and standard deviation (SD) were calculated using 
Microsoft Excel software. The significance of differences 
between the parameters was determined by Statistica 6.0 
software (StatSoft, Inc.) with Mann-Whitney U-test. The 
differences were considered significant at p<0.05.

RESULTS
The volume densities (VV) of mitochondria and 

autophagosomes containing mitochondria in ellipsoids of both 
rod and cone cells inner segment were counted. In the rod cells 
outer segments swelling of membrane disks and their 
disorganization were noted. Disorder of the disk's structure 
contributes to the destruction of the transmembrane proteins 
of the visual cascade, which grab the photons. It reduces the 
photosensitive function of cells. In the rod ellipsoids 
turgescence of mitochondria was noted, the volume density of 
which was 4%. Mitochondrial swelling was characterized by 
a multiple increase of area and a decrease in electron density 
of the mitochondrial matrix. Volume density of mitochondria 
with destructive changes of cristae was 20%. 
Autophagosomes with mitochondria were observed (4.5%). In 
the outer segments of cone cells the membrane semidisks were 
located more orderly. Mitochondrial swelling was not 
observed in their ellipsoids, single autophagosomes were 
noted (0.6%). Cell death associated with glaucoma occurs 
through apoptosis [7]. It is initiated by many factors: a) 
relating to mitochondria directly (oxidative stress); b) 
affecting the development of apoptosis indirectly (Fas-
mediated signaling pathway, the effects of neurotoxic 
proteins: amyloid beta and tau protein) [7, 11]. During the 
study, apoptosis was not detected in the human 
photoreceptors. However, noted the autophagic activity may 
lead to the death of photoreceptors.

CONCLUSION
In our study mitochondria with destructive changes in 

cristae were detected both in rod and cone cells ellipsoids of 
all types of photoreceptors. In rods also present mitochondrial 

swelling and mitophagy. It was revealed that with glaucoma, 
rods are subject to greater disturbances in contrast to cones. It 
indicates their more pronounced reaction on an increase of 
intraocular pressure. Probably, autophagy can plays a dual 
role in retinal cells, on the one hand, contribute to the survival 
of cells by removing damaged structures, and on the other 
hand, initiate the apoptosis, which requires further research. 
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Abstract — Diagnosis of the correct type of diabetes mellitus 
(DM) in young patients leads to the appointment of pathogenetic 
effective therapy, adequate management of pregnancy and the 
prevention of specific complications. The aim of the study was to 
investigate main clinical and laboratory criteria for differential 
diagnosis of type 2 DM (T2DM) and monogenic type (MODY 
diabetes). We examined 108 people in Novosibirsk city who had 
debut of DM up to 35 years: 92 patients has been confirmed by 
molecular - genetic testing MODY, 91 - type 2. All patients had a 
clinical examination, blood sampling for biochemical and hormone 
(TSH, C-peptide) analyzes. The main criteria for a differential 
diagnosis between T2DM and MODY are identified after 
conducting a regression analysis which can help determine the need 
for genetic testing. Results: Both groups of patients were 
comparable in gender, age, and duration of diabetes. Clinical 
parameters (including heredity) and laboratory parameters in the 
diagnosis of diabetes were analyzed. The most significant signs (p < 
0.001) associated with the type of diabetes which were used to create 
the model of binary logistic regression were determined. The 
following factors were highly reliable: the presence of relatives with 
diagnosed diabetes under the age of 35 years (associated with 
MODY), the presence of relatives with diabetes and overweight, and 
overweight in the studied patients (associated with type 2 diabetes).
These results should be taken into account when conducting 
differential diagnosis of the type of diabetes mellitus in individuals 
with diagnosed hyperglycemia up to 35 years. 

Keywords — diabetes mellitus, diabetes mellitus type 2, 
MODY, genetic testing, young patients

Motivation and aim
Most young patients with hyperglycemia are diagnosed 

with type 1 diabetes mellitus and type 2 diabetes mellitus 
(T2DM) but up to 10% of all cases of the disease occur in 
MODY diabetes [1]. Diagnosis of the correct type of diabetes 
mellitus (DM) leads to the appointment of pathogenetic 
effective therapy, adequate management of pregnancy and the 
prevention of specific complications. The aim of the study was 
to create a model for the differential diagnosis of T2DM and 
MODY. The aim of the study was to investigate main clinical 
and laboratory criteria for differential diagnosis of T2DM and 
monogenic type (MODY diabetes).

Methods
We examined 108 people in Novosibirsk city who had debut 

of DM up to 35 years: 92 patients has been confirmed by 
molecular - genetic testing MODY, 91 - type 2. MODY was 
identified by target sequencing was performed on the genes 
associated with known subtypes of MODY, 1 to 14. All patients 
had a clinical examination, blood sampling for biochemical and 
hormone (TSH, C-peptide) analyzes. A model was constructed to 
study the most significant factors during the diagnosis of type of 
diabetes using binary logistic regression.

Results
Both groups of patients were comparable in gender, age, and 

duration of diabetes. Median of age of the patients at moment of 
examination was with T2DM - 29,5 [17,7;37,0] years, with 
MODY - 24,0 [0,0;35,0] years (p =0,280). After creating various 
regression models the most significant factors associated with 
diabetes were identified: “the presence of relatives with 
diagnosed diabetes for them under 35 years of age”, “the presence 
of relatives with impaired carbohydrate metabolism and obesity”, 
“overweight and obesity”. A final regression model is constructed 
to determine the significance of these factors. Among the 
analyzed factors associated with the type of diabetes all three 
were statistically significant (p <0.001).

Conclusions 
1. It is necessary to take into account the presence of a burdened 
family history of impaired carbohydrate metabolism and 
overweight in the differential diagnosis of type of diabetes in 
people with a debut of the disease under 35 years of age.
2. The presence of excess weight in young patients is associated 
with T2DM.

ACKNOWLEDGMENT 

The research work was carried out within the framework 
of the budget topic No. AAAA-A17-117112850280-2.

REFERENCES

[1] Lachance C.H. Practical Aspects of Monogenic Diabetes: A Clinical 
Point of View // Can. J. Diabetes. 2016. Vol. 40. P. 368–375.

496



DOI 10.18699/BGRS/SB-2020-304

Whole genome of novel Lactobacillus fermentum HFD1 
strain producing various antimicrobial metabolites

Georgii Ozhegov
Kazan Federal University,

Kazan, Russia
Perm State Pharmaceutical Academy,

Perm, Russia 
georgii_provisor@mail.ru

Alexey Vasilchenko
University of Tyumen,

Tyumen, Russia

Monyr Nait Yahia
Kazan Federal University,

Kazan, Russia

Natalya Gogoleva
Kazan Federal University,

Kazan Institute of Biochemistry and
Biophysics, FRC Kazan Scientific 

Center of RAS, Kazan, Russia 

Dina Yarullina
Kazan Federal University,

Kazan, Russia

Airat Kaumov
Kazan Federal University,

Kazan, Russia
kairatr@yandex.ru

Abstract — Lactobacilli, generally recognized as safe for 
humans, are characterized with high antagonistic properties. 
Among 40 strains of Lactobacilli isolated from the faeces of 
healthy humans, Lactobacillus fermentum HFD1 exhibited 
significant antimicrobial activity against various nosocomial 
pathogens. The genome of L. fermentum HFD1 was sequenced 
on Illumina MiSeq and ONT MinION instruments. After reads 
assembly 2 circular contigs with respective sizes of 2101878 bp 
and 5386 bp have been obtained. The raw reads alignment with 
BWA and post-assembly assessment showed that 99.9% of 
Illumina reads and 99.2% of MinION reads were mapped to 
assembled genome. The genome was read with 575x coverage for 
Illumina data and 454x coverage for MinION data. Based on 
genome alignment L. fermentum FTDC8312 was found as closest 
related strain. The BLAST search identified the short contig as 
similar to bacterophage phiX174. In the genome 2120 coding 
sequences (CDS) were predicted. Among them 606 were 
annotated as “hypothetical” without known biological role. By 
using CAMPr3, ADAM and AMPA services 5 CDSs with highest 
summary prediction score were identified as coding for 
antimicrobial peptides. Further validation of their antimicrobial 
activity in vitro is required.

Key words — Lactobacilli, de novo assembly, antibacterial 
peptides.

Introduction
Lactobacilli, generally recognized as safe for humans, are 

characterized with high antagonistic properties. Besides some 
low-molecular agents, such as short-chain fatty acids, H2O2
and etc., Lactobacilli produce various antimicrobial peptides 
(AMPs) [1]. The resistance development to AMPs generally 
takes much longer period when compared to traditional 
antibiotics, that makes AMP promising antimicrobials 
considering rapid spread of drug-resistant pathogenic bacteria 
the screening for new antimicrobial agents. Among 40 strains 
of Lactobacilli isolated from the faeces of healthy humans, 
Lactobacillus fermentum HFD1 exhibited significant 
antimicrobial activity against various nosocomial pathogens 
[2]. From the culture liquid of L. fermentum HFD1 several 
antimicrobial compounds repressing growth of P. aureginosa
were isolated by using reverse-phase chromatography. The 
chemical structure and nature of these antimicrobial 
metabolites remain to be identified and for this purpose the 
whole genome sequence is strictly required.

Materials and methods
DNA was extracted by phenol-chloform method. 

Sequencing was performed on Illumina MiSeq and ONT 
MinION instruments. Hybrid assemblers Unicycler v0.4.8-
beta [3] and SPAdes v3.13.0 [4], and long-read assembler 
Canu 1.8 [5] combined with short-read polishing with Pilon v. 
1.23 [6] have been used. Genome has been annotated by using 
PROKKA 1.14.5 software [7]. Putative genes and genes 
clusters responsible for antimicrobial peptides synthesis were 
predicted by using ADAM [8], AMPA [9] and CAMPr3 [10] 
web-services.

Results
The combined sequencing on Illumina MiSeq and ONT 

MinION platforms allowed use advantages of both platforms. 
Illumina sequencing yielded 5 million filtered pair-end reads 
obtaining 1.2 Gbp data. MinION generated 530 thousand 
reads with cumulative length of 1Gbp and maximum read 
length 53364. By comparing different strategies, Unicycler 
exhibited better performance whereas the assembly quality 
was the same for all assemblers. After assembly 2 circular 
contigs with respective sizes of 2101878 bp and 5386 bp has 
been obtained. The raw reads alignment with BWA and this 
post-assembly assessment showed that 99.9% of Illumina 
reads and 99.2% of MinION reads were mapped to assembled 
genome. Error rate was 8×10-4 for Illumina and 0.1 for 
MinION. Finally, the genome was read with 575× coverage 
for Illumina data and 454× coverage for MinION data. Based 
on genome alignment with KmerFinder [11] L. fermentum 
FTDC8312 was found closest related strain. The BLAST 
search identified the short contig as similar to bacterophage 
phiX174.

Genome annotation was performed by using PROKKA 
software. In total 2120 coding sequences (CDS) were 
predicted. Among them 606 were annotated as “hypothetical” 
without known biological role. Data available in Genbank 
database by accession number CP050919. By using CAMPr3 
(protocols SVM, RF, Ann DAC), ADAM and AMPA services 
5 CDSs with highest summary prediction score were identified 
as coding for antimicrobial peptides with length from 56 to 
133 amino acids. Further validation of their antimicrobial 
activity in vitro is required.

497



ACKNOWLEDGMENTS

This research was funded by the Russian Foundation for 
Basic Research (grant number 17-00-00456) and by the 
subsidy allocated to Kazan Federal University for the state 
assignment in the sphere of scientific activities, project No. 
13556.2019/13.1

REFERENCE

[1] Gavrilova E. et al. (2019). Newly isolated lactic acid bacteria from 
silage targeting biofilms of foodborne pathogens during milk 
fermentation. BMC microbiology, 19(1), 248.

[2] Pavlova A. S. et al. (2020). Identification of Antimicrobial Peptides 
from Novel Lactobacillus fermentum Strain. The Protein Journal, 1-
12.

[3] Wick R. R., Judd L. M., Gorrie C. L., Holt K. E. (2017). Unicycler: 
resolving bacterial genome assemblies from short and long sequencing 
reads. PLoS computational biology, 13(6), e1005595.

[4] Bankevich A. (2012). SPAdes: a new genome assembly algorithm and 
its applications to single-cell sequencing. Journal of computational 
biology, 19(5), 455-477.

[5] Koren S., Walenz B. P., Berlin K., Miller J. R., Bergman N. H.,
Phillippy A. M. (2017). Canu: scalable and accurate long-read 
assembly via adaptive k-mer weighting and repeat separation. Genome 
research, 27(5), 722-736.

[6] Walker B. J. et al. (2014). Pilon: an integrated tool for comprehensive 
microbial variant detection and genome assembly improvement. PloS 
one, 9(11).

[7] Seemann T. (2014). Prokka: rapid prokaryotic genome annotation. 
Bioinformatics, 30(14), 2068-2069.

[8] Lee H. T., Lee C. C., Yang J. R., Lai J. Z., Chang K. Y. (2015). A large-
scale structural classification of antimicrobial peptides. BioMed 
research international, 2015.

[9] Torrent M., Nogués V. M., Boix E. (2009). A theoretical approach to 
spot active regions in antimicrobial proteins. BMC bioinformatics,
10(1), 373.

[10] Waghu F. H., Barai R. S., Gurung P., Idicula-Thomas S. (2016). 
CAMPR3: a database on sequences, structures and signatures of 
antimicrobial peptides. Nucleic acids research, 44(D1), D1094-D1097.

[11] Larsen, M. V. et al. (2014). Benchmarking of methods for genomic 
taxonomy. Journal of clinical microbiology, 52(5), 1529-1539.

498



DOI 10.18699/BGRS/SB-2020-305

MBP-hydrolyzing abzymes as a peripheral markers associated 
with impaired myelination in schizophrenia

Daria Parshukova 
Mental Health Research Institute 

Tomsk National Research Medical 
Center RAS 

Tomsk, Russia
Susl2008@yandex.ru

Arkady Semke
Mental Health Research Institute 

Tomsk National Research Medical 
Center RAS

Tomsk, Russia
Asemke@mail.ru 

Liudmila Smirnova
Mental Health Research Institute 

Tomsk National Research Medical 
Center RAS

Tomsk, Russia
Lpsmirnova@yandex.ru

Vasily Yarnykh
University of Washington, Department 

of Radiology, 
Seattle WA, USA

Ekaterina Dmitrieva
Mental Health Research Institute 

Tomsk National Research Medical
Center RAS

Tomsk, Russia
Egdtomsk@mail.ru

Svetlana Ivanova
Mental Health Research Institute 

Tomsk National Research Medical 
Center RAS

Tomsk, Russia
Ivanovaniipz@gmail.com 

Abstract — It is well-known that the pathology of myelin and 
oligodendrocytes is involved in the pathogenesis of 
schizophrenia. Anomalies in oligodendrocytes and myelin can 
be a source of neuronal disruption. The discovery of catalytic 
antibodies (abzymes) allows us to investigate their pathological 
role in various conditions. One of the possible ways of inducing 
proteolytic antibodies is the appearance in the peripheral blood 
of a substrate in the form of damaged protein fragments. In our 
previous study, it was shown that the IgG of schizophrenia 
patients can hydrolyze the myelin basic protein - one of the main 
components of the central nervous system myelin. The study of 
IgG proteases in accessible biomaterial (serum) and their 
association with myelination disturbance in schizophrenia may 
be potential criteria for monitoring the severity of mental 
disorders.

Keywords — myelin; abzymes; schizophrenia; neuroimaging; 
MBP

MOTIVATION AND AIM
Numerous data from intravital neuroimaging, as well as 

genetic and morphological studies, indicate impaired 
myelination and pathology of oligodendrocytes in the brain of 
patients with schizophrenia. Post-mortem studies in 
schizophrenia using electron microscopy and histochemistry 
confirm structural changes in oligodendroglia cells producing 
the myelin sheath [1], atrophy of axons, abnormalities of the 
myelin sheath surrounding [2], reduce in myelin basic protein 
in the anterior frontal cortex of cases of schizophrenia [3] and 
an increase in the antibody titer to myelin basic protein. 
Recently we reported about autoantibodies against myelin 
basic protein (MBP) which had catalytic activity and were 
capable to hydrolyze myelin basic protein and its peptides [4].
The level of MBP-hydrolyzing activity in patients with 
schizophrenia significantly exceeded the level of activity of 
antibodies from healthy donors and depended on the leading 
symptoms and duration of the disease. 

Various neuroimaging techniques reported volume 
abnormalities in different areas of the brain in schizophrenia. 
MRI protocols allowing quantification of myelin density 
have been developed. Macromolecular proton fraction (MPF) 
mapping is a quantitative MRI method that reconstructs 
parametric maps of a relative amount of macromolecular 
protons causing the magnetization transfer (MT) effect and 
provides a quantitative biomarker of myelin in neural tissues 
[5]. This study focuses on investigation the level of activity 

of MBP-hydrolyzing antibodies and myelin density in 
patients with schizophrenia.

MATERIALS AND METHODS
Patients
In this work, 15 patients with paranoid schizophrenia and 

14 healthy donors of match age were recruited to study. The 
inclusion criteria were the following: or simple schizophrenia 
according with the International Statistical Classification of 
Diseases and Related Health Problems, 10th Revision (ICD-
10: F20.0). The exclusion criteria were the following: the 
presence of acute and chronic infectious, inflammatory, 
autoimmune, or neurological diseases, other organic mental 
disorders (e.g., epilepsy, Parkinson's disease) and mental 
retardation. The patients were recruited from the Mental 
Health Research Institute TNMRC, Department of 
Endogenous Disorders (Tomsk, Russia).

Purification of immunoglobulins G from schizophrenia patients’ 
serum 
Antibodies from the blood sera of schizophrenia patients 

and healthy controls were purified and analyzed by earlier 
developed procedures for purification of electrophoretically 
and immunologically homogenous IgG preparations from 
human blood serum. The procedure included affinity 
chromatography of serum proteins on Protein G-Sepharose 
followed by high-performance gel filtration on a Superdex-
200 HR 10/30 column.

Evaluation of Proteolytic activity of serum IgGs 
IgG of schizophrenia patient were incubated with MBP at 

37C during 5-14 hours. The catalytic activity of the IgG in the 
cleavage of MBP was estimated from the decrease in the 
intensity of Coomassie-stained MBP band after 
electrophoresis. The activity of the Abs is expressed in units 
of specific enzyme activity as quantity mg of substrate 
cleavage by 1 mg Abs per 1 h. Evaluation of IgG-depended 
proteolytic activity was performed during the period of 
exacerbation of clinical symptoms.

In vivo determination of myelin density by mapping
of the molecular proton fraction using MRI
Images were acquired by using a 1.5-T imager (Magnetom 

Essenza; Siemens, Germany) with implication of fast three-
dimensional whole-brain MPF mapping protocol [5]. 
Statistical analyses were performed in the program Statistica 
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10.0. To take into account partial volume effects, four tissue 
classes were prescribed within the single-channel 
segmentation procedure. These classes correspond to pure 
weight matter (WM), pure gray matter (GM), mixed voxels 
that contained partial volumes from WM and GM (PVWGM), 
and mixed voxels that contained a partial volume from 
cerebrospinal fluid - boundary layer (BL). 

RESULTS 
In this work, we revealed a statistically significant 

decrease in MPF in global gray matter (p= 0,002), mixed 
substance (p=0,014), cortical gray matter (p=0,001) in patients 
with schizophrenia compared with the control. In addition, a 
statistically significant decrease in MPF was revealed in 
schizophrenic patients with predominant negative symptoms 
compared to the control group in global gray matter 
(p=0,001), white matter (p=0,01), mixed substance (p=0,004) 
and cortical gray matter (p<0,001). In our previous study, it 
was shown that the greatest MBP-hydrolyzing activity is 
associated with negative symptoms. 

Since the indicators of proteolytic activity and MPF 
density in patients with schizophrenia showed similar changes 
in the analyzed groups, an analysis of the correlation 
relationships of these indicators was performed to assess the 
degree of their mutual influence. For this analysis the MRI 
scan and the investigation of proteolytic activity was 
performed in same group of patients. The results of the 
correlation analysis of myelin density and specific activity are 
shown in Table 30. Correlation analysis revealed a reliable 
negative correlation of average strength (r = -0.593; p = 0.019) 

between the level of specific activity of MBP-hydrolyzing IgG 
and myelin density (MPF) in the white matter of the brain.

The presented results show that catalytic antibodies with 
MBP-hydrolyzing activity can be used as peripheral markers 
which reflect a decrease in the density of myelin in the 
structure of the brain.
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Abstract — Calorie restriction (CR) and ischemic 
preconditioning (IPC) are the most efficient approaches 
ameliorating the severity of different pathological conditions. 
We investigated the protective potential of long-term calorie 
restriction and short ischemic preconditioning protocol in the 
model of acute kidney injury (AKI) in young Wistar and OXYS 
rats. In young rats, ischemic preconditioning, which consists of 
4 cycles of ischemia and reperfusion alleviated kidney injury 
caused by 40-min ischemia. However, 6-month-old OXYS rats 
having signs of premature aging lost their ability to protect the 
ischemic kidney by IPC. However, CR of OXYS rats led to a 
significant decrease in creatinine and blood urea nitrogen levels 
after kidney ischemia, indicating significant protection. 

Keywords — kidney, ischemia, preconditioning, aging, 
autophagy

Introduction
The phenomenon of improving of tissue ischemic 

tolerance by the preliminary impact of various stress factors is 
a universal intrinsic protective mechanism inherent to a large 
number of organs and tissues, including the kidney. Induced 
ischemic tolerance of the kidney is of great interest for 
nephrology, since activation of tissue resistance signaling 
pathways can be simulated using a number of 
pharmacological agents. Currently, a number of 
nephroprotective effectors have been identified, such as IPC 
and CR, which demonstrate a pronounced therapeutic 
potential in experimental studies [1,2]. However, their 
effectiveness has been studied mainly in young animals and 
not tested on old ones, which makes it difficult to translate 

these approaches to the clinic, since the main group of patients 
suffering from renal pathologies are the elderly. 

This may be one of the reasons why most clinical trials have 
failed for drugs that have shown their effectiveness in in vivo 
experiments. However, working with old animals is 
associated with a number of objective difficulties, so an 
important task is to find models that allow us to study the 
phenomenon of aging in vivo. One of these models is a strain 
of OXYS rats that show signs of premature aging. A detailed 
study of OXYS rats revealed as early as during the first 12 
months of life an early manifestation of diseases that are 
usually observed in old age: retinopathy, similar to age-
related maculodystrophy [3], osteoporosis [4], arterial 
hypertension and cardiomyopathy [5], sarcopenia [6], and 
neurodegenerative diseases, including Alzheimer's type [7].
It can be assumed that accelerated aging also affects the 
kidney, which makes these rats a unique model for studying 
the effect of aging on renal diseases.

The aim of this work was to study the effect of premature 
aging on the mechanisms of ischemic kidney tolerance.

Materials and Methods
The nephroprotective effect of CR and IPC in young and 

old animals in renal ischemia/reperfusion (I/R) was studied. 
The kidney was subjected to 40-min ischemia with 
preliminary IPC (4 cycles of 15 with ischemia and 15 with 
reperfusion) or CR. CR was performed for 4 weeks by limiting 
the amount of feed by 35% of the daily norm to 65% of the 
norm. To assess AKI severity, the concentration of serum 
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creatinine and blood urea nitrogen (BUN) in the blood was 
measured, and the level of NGAL protein in the urine was 
determined.

Results
Kidney I/R led to the development of AKI in young Wistar 
rats and OXYS rats, 48 hours after ischemia, we observed an 
increase in the concentration of creatinine and urea in the 
blood, and the level of NGAL in the urine, while in OXYS 
rats the severity of renal failure was higher, as indicated by 
higher increase of serum creatinine and BUN after I/R. Both 
types of nephroprotective treatments reduced the severity of 
AKI in young animals, which was manifested in a decrease 
in serum creatinine and BUN. However, the effects on OXYS 
rats were rather different. In OXYS rats, ischemia after IPC 
keep causing a significant increase in AKI markers, meaning 
that the protective effect of this exposure was not occurred. 
Conversely, CR of OXYS rats led to a significant decrease in 
creatinine and BUN levels after kidney ischemia.
To analyze the mechanisms that may be responsible for the 
loss of efficiency of nephroprotection, the processes of 
autophagy and mitophagy in the kidneys of young and old 
animals in norm and after CR or IPC exposure were studied. 
Autophagy activation was observed in young animals after 
I/R: the number of lysosomes increased in the proximal 
tubules (measured by LysoTracker Green staining), and the 
LC3I/LC3II ratio increased in the whole kidney 
homogenates. In rats, OXYS I/R did not lead to such changes.
Measuring the LC3II/LC3I ratio and staining with a 
lysosomal probe showed that young animals after CR showed 
a more pronounced activation of autophagy compared to 
OXYS rats. The intensity of mitophagy, which was 
determined by the level of PINK-1 protein, was also higher 
in Wistar rats.

Discussion
A recent study has shown that the response of OXYS rats 

to fasting within 24 or 48 hours may differ in terms of 
expression of a number of genes associated with autophagy 
(Kozhevnikova et al, 2019). Furthermore, it was found that 
many effects coincide in direction, although gene expression 
differs in absolute values of increase/decrease. For example, 
after 24 hours of fasting, an increase in the expression of the 
Atg5, Becn1, and p62 genes was observed in both Wistar and 
OXYS rats, although the magnitude of the effect was different. 
We can assume that with prolonged dietary restriction, the 
effects of autophagy activation in OXYS rats may reach the 
threshold values necessary for adequate kidney protection. 
That is, despite the initial reduced effectiveness of autophagy 
and quality control pathways, long-term exposure 
compensates for this disadvantage. There is some evidence of 
this in the literature, since it was shown that in older animals 
with reduced autophagy efficiency, longer periods of CR had 
a more pronounced protective effect than short ones. 

Conclusion
Thus, both protective approaches, CR and IPC, cause 

induction of ischemic kidney tolerance in young Wistar rats, 
but not in OXYS rats. Loss of efficiency of nephroprotection 
may be associated with disturbances of autophagy and 
mitophagy mechanisms. This ineffectiveness of autophagy 
may be critical for a short protective pulse (IPC), but 
prolonged activation stimuli (CR for a month) could induce it 
anyway. 
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Abstract — Opisthorchis felineus, is a food-borne liver 
trematode and the main cause of opisthorchiasis in Russia and 
Europe. It affects hepatobiliary system of fish-eating mammals, 
including humans. Opisthorchiasis is associated with chronic 
inflammation, biliary epithelium proliferation, liver fibrosis, and 
even might cause cholangiocarcinoma among chronically infected 
individuals. Secreted proteins and extracellular vesicles of liver 
flukes might play an important role in the development of 
pathology. We investigated the response of human H69 
cholangiocytes and human hepatoma HepG2 cells to adult liver 
flukes and to extracellular vesicles released from the flukes. We 
have demonstrated high mitogenic and cell migration stimulating 
activity of flukes and EVs vesicles. The activity was specific for 
cholangiocytes, but not for HepG2 cells. Specific mitogenic effect 
of liver fluke extracellular vesicles on proliferation and migration 
of human cholangiocytes in vitro may reflect the mechanisms of 
development of precancerous biliary intraepithelial neoplasia 
during opisthorchiasis in vivo.

Key words — Opisthorchis felineus, liver flukes, extracellular 
vesicles, cholangiocytes, cell proliferation

Motivation and aim
The causative agent of opisthorchiasis Opisthorchis felineus

causes chronic inflammation, biliary intraepithelial neoplasia 
and cholangiofibrosis [1]. Chronic opisthorchiasis may cause 
cholangiocarcinoma, cancer of the biliary tract. The molecular 
mechanisms of pathology are not studied. One of the potential 
key events in host-parasite interaction might be fluke secretory 
proteins, released from the fluke. 

The aim was to investigate the effect of adult worms and 
their extracellular vesicles on cell proliferation and migration 
rates of human H69 cholangiocytes. 

Matherial and methods
Adult Opisthorchis felineus liver flukes were extracted from 

laboratory hamsters previously infected with the metacercariae. 
Adult flukes were cultured in the media for 7 days. EVs were 
extracted from the cultivation media and purified, using 
ultrafiltration approach. Human SV-40 immortalized 
cholangiocytes (H69) [2] and human hepatoma cells (HepG2)

were used to assess the effects of EVs and adult flukes on cell 
proliferation and cell migration. 

To examine the effect of adult flukes on cell proliferation, 1-
6 flukes were co-cultured with either H69 or HepG2 cells using 
a non-contact approach in 12-well Transwell plates with a 1 or 
8 μm pore size chambers. The numbers of cells was calculated 
at days 4, 9 and 14. Cell migration analysis was performed after 
14 days of co-cultivation with adult flukes using traditional 
scratch test.

Results
In contrast to HepG2 cells, proliferation of human 

cholangiocytes H69 was 4-17 times increased after co-
cultivation with the liver flukes. The rate of H69 cell migration, 
(not HepG2) was also elevated (2 times) after the liver flukes 
and was accompanied by cell morphological changes. 

The effect of fluke extracellular vesicles on proliferation and 
rate of cell migration was similar to the effect of adult flukes. 
Unlike H69 cells, the influence on HepG2 cells was not 
significant. Specific mitogenic effect of liver fluke extracellular 
vesicles on proliferation and migration of human cholangiocytes 
in vitro may reflect the mechanisms of development of 
precancerous biliary intraepithelial neoplasia during 
opisthorchiasis in vivo.
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Abstract — Breast cancer was induced by the administration of 
n-methyl-N-nitrosourea to Wistar rats. Some animals 
underwent only surgical intervention or only polychemotherapy 
(cyclophosphamide, methotrexate, 5-ftorouracil). In some 
animals, both types of therapy were combined, and in a separate 
group, the administration of the Panagen drug, which was a 
fragmented DNA molecule, was added to polychemotherapy. To 
study the concentration of cytokines in lymph, we used the Bio-
Plex Pro Rat Cytokoness 24-Plex Assay test system (Bio-Rad, 
USA). It was shown that in rats with breast cancer the content 
in the lymph and blood of most of the studied cytokines such as 
IL-1β, IL-2, IL-4, IL-6, IL-7, IL-12, IL-13, MIP-1α, MIP-3α, 
RANTES, TNF-α, MCP-1 were statistically significantly higher, 
and IL-10 and GRO / KC, lower than in intact animals. Surgical 
removal of the tumor led to a significant decrease in the content 
of both pro-inflammatory and anti-inflammatory cytokines in 
the lymph. PCT led to a significant decrease in the content of IL-
1β, IL-4, IL-6, IL-7, MIP-1α, MIP-3α, RANTES in the blood 
serum and lymph of rats with breast cancer. 

Keywords — breast cancer, Wistar rat, cytokines

Introduction
Breast cancer (BC) maintains a leading position among 

oncological pathologies in women around the world [1,2]. The 
purpose of the study is to determine the quantitative 
characteristics and qualitative features of the blood and lymph 
cytokine profile at various stages of breast cancer 
oncogenesis, to conduct a comparative study of lymph 
cytokines and blood serum of Wistar rats after surgery, 
polychemotherapy, polychemotherapy in combination with 
the Panagen therapy.

Materials and Methods
The studies were carried out on sexually mature (3 months 

old) female rats of the Wistar breed weighing 250-300 g in the 
amount of 9-10 animals in each group: group 1 — intact rats; 
2nd group - rats with breast cancer (tumor carriers); 3rd group 
- rats with breast cancer after polychemotherapy (PCT); 
Group 4 — rats after removal of breast cancer (operated 

animals), Group 5 — rats after removal of breast cancer and 
PCT, group 6 — rats after removal of breast cancer in 
combination with PCT and administration of the panagen 
preparation (fragmented DNA). BC was induced by the 
introduction of N-methyl-N-nitrosourea (MNU) 5 times with 
an interval of 7 days, subcutaneously in the region of the 2nd 
breast on the right.,resulting in the formation of breast cancer 
(adenocarcinoma) after 6 months [1]. Surgical treatment was 
performed 6 months after the induction of breast cancer. For 
PCT, the CMF regimen was used (cyclophosphamide - at a 
dose of 100 mg / m2 from 1 to 14 days; methotrexate - at a 
dose of 40 mg / m2 on days 1 and 8; 5-ftoruracil - at a dose of 
600 mg / m2 in 1 and 8) ( Sigma-Aldrich, USA)]. The course 
of Panagen (fragmented DNA (5 mg / kg) therapy was carried 
out by intraperitoneal administration once for 14 days 3 hours 
after cyclophosphamide administration. The experiments used 
the substance of the Panagen isolated from human placenta. 
Lymph was taken from the thoracic lymphatic duct [1]. 
Concentrations of 24 cytokines in lymph were evaluated by 
flow fluorimetry on a 2-beam laser automated analyzer (Bio-
Plex Assay System (Bio-Rad, USA) using a commercial test 
system (determined dynamic range of 2-32000 pkg / ml) in 
accordance with manufacturer's instructions Bio-Plex Pro Rat 
Cytokoness 24-Plex Assay (Bio-Rad, USA).Differences 
between the groups were considered significant at p<0.05. 
Significance of the differences was calculated by U-criterion 
the Mann-Whitney. 

Results
In rats with breast cancer, the content of most of the 

studied cytokines such as IL-1β, IL-2, IL-4, IL-6, IL- 7, IL-12, 
IL-13, IL-17A, IFN-γ, MIP-1α, MIP-3α, RANTES, TNF-α,
MCP-1 was statistically significantly higher in serum and 
lymph than in intact animals. According to many researchers, 
pro-inflammatory cytokines inside the tumor and its 
microenvironment are associated with the progression of 
breast cancer [1,2]. The high content of these biologically 
active factors in animals with breast cancer allows them to be 
attributed to tumor growth markers. Induction of breast cancer 
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led to a decrease in the production of anti-inflammatory 
cytokine IL-10, which can contribute to immunosuppression 
and weakening of antitumor defense.

Surgical removal of the tumor resulted in a significant 
decrease in serum and lymph levels, such as pro-inflammatory 
cytokines (IL-1β, IL-2, IL-12, IL-18, TNF-α), chemokines 
(MIP-1α, MIP-3α, RANTES , GRO / KC) and anti-
inflammatory cytokines IL-4, IL-13, compared with breast 
cancer.

A comparative study of the cytokine content after removal 
of the tumor with intact animals showed that the content of IL-
10, IL-18, EPO, GRO / KC, RANTES was significantly 
higher in the group of control animals. Moreover, the level of 
production of IL-10 and EPO after surgery was comparable 
with the level in breast cancer. The main source of IL-10 in 
the tumor microenvironment is macrophages, which increase 
the expression of IL-10 in response to signals from dying 
cancer cells. Removal of the primary tumor site obviously 
weakened the signaling pathways, and IL-10 production was 
low. The content of IL-6, TNF-α, and MCP-1 chemokine in 
the group of operated animals was significantly higher in 
comparison with the control, which allows us to consider them 
not only pro-inflammatory markers, but also metastasis 
markers.

PCT led to a significant decrease in the content of IL-1β,
IL-4, IL-6, IL-7, IL-12, IL-18, MIP-1α, MIP-3α, RANTES in 
the blood serum and lymph of rats with breast cancer. When 
studying the concentration of cytokines in the blood serum of 
rats after tumor removal, compared with animals after 
removal of breast cancer and PCT, no significant differences 
were found. Nevertheless, the content of IL-2, IL-5, IL-7, IL-
13, IL-17A, G-CSF, MCP-1 in the blood serum was 
significantly higher in the group of operated animals 
compared with the combined therapy. In this case, there are 
no changes in the production of metastatic markers such as IL-
1β, IL-6, MIP-1α, MIP-3α, VEGF, MCP-1. But at the same 
time, the level of production of the chemokines GRO / KC and 
RANTES is higher with a combination of PCT and surgical 
treatment. Obviously, GRO / KC and RANTES determine not 
only metastasis, but also chemotaxis of immunocompetent 
cells.

The concentration of cytokines in the blood serum of the 
operated animals after PCT and administration of the Panagen 

significantly increased compared to the group of rats after 
surgical removal of breast cancer and PCT for most of the 
studied cytokines: IL-2, IL-4, IL-5, IL6 , IL-7, IL-10, IL-12, 
IL-17A, IL-18, G-CSF, GM-CSF, GRO / KC, IFNγ, MIP-1α,
MIP-3α. A study of the cytokine content in the lymph of the 
operated animals after polychemotherapy and the 
administration of the panagen drug also showed that most 
indicators of the cytokine content such as IL-5, IL-6, IL-7, IL-
10, IL-13, IL-17A, IL- 18, GRO / KC, IFNγ, MIP-3α in lymph 
was also higher after administration of panagen. The 
stimulating effect of the drug Panagen on lymphoid cells is 
expressed in an increase in the production of a number of 
cytokines. This coincides with the notion that cytostatics in 
combination with Panagen possibly provide an antitumor 
effect and stimulate lymphoid cells of the immune system [3]. 

Conclusion
Our comparative study of the cytokine profile using a test 

system consisting of 24 cytokines of blood serum and lymph 
of Wistar rats found that the quantitative content of cytokines 
in breast cancer depends on the type of treatment for the 
disease. The production of cytokines may change in the 
process of progression, inhibition of tumor development or 
metastasis. 

Thus, lymph and serum cytokines in experimental breast 
cancer are markers of tumor growth and metastasis, their 
levels depend on the type of treatment.
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Abstract — Genomic vulnerabilities to environmental 
challenges can be modulated by nutritionally upregulating or 
downregulating specific pathways via genomically targeted use 
of nutrients. The intersection of nutrition, gut microbes and 
xenobiotics, is reviewed, and possible pathologic and 
therapeutic pathways are suggested. 

Keywords — Nutrition, Genomics, Microbiota, Toxicnts, 
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Motivation and Aim
Environmental toxicants have contributed to an array of 

devastating disorders. Recent pandemics involving HIV, 
corona viruses, dengue, and Ebola have challenged global 
resources and our medical fund of knowledge. In the realm of 
allergy, there has been significant increase in the prevalence 
of asthma and food allergies. The spectrum of malignancies 
continues unabated, and the awareness of zoonotic and 
phytoviral spillover has led to speculation that microbes may 
be at the root of infectious, allergic, and neoplastic pathology. 

The identification of nutritional approaches to 
upregulating and downregulating specific pathways relative to 
detoxification via genomically targeted use of foods and 
supplements appears to be a realistic goal. Enhancement of 

immunocompetence utilizing hitherto untapped sources of 
bioactive polysaccharides also presents promising approaches 
to lowering the risk of pathologies.

Methods
Genomically, we discuss critical pathways relating to 

phase I and phase 2 detox such as GSTP1, GPX1, GSTT1, 
deletions, PON1 and some of the CYP 450 system 
exemplifying genomic vulnerabilities to toxicants. We 
identify selective nutrient impact on gut immunology, and 
review the multidimensional interaction between microbial 
metabolism, gut immunology, and various infectious agents 
and chemical toxicants.

Results
A nutritional framework for augmentation of 

immunocompetence and detoxification is suggested and 
illustrated through an examination of the B-glucans, 
Lactoferrin and Acemannan. 
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Abstract — Induced pluripotent stem cells (iPSCs) were 
produced from many species. One of the key iPSC 
characteristics is X-chromosome inactivation status. Both active 
X-chromosomes mark naïve pluripotency, the presence of 
inactive X-chromosome suggests primed pluripotency. We had 
previously shown that American mink embryonic stem cells
have both X-chromosomes active. In this study, we produced 
American mink iPSCs from XX embryonic fibroblasts and 
studied X-chromosome inactivation. We performed 
immunocytochemical staining of H3K27me3 chromatin 
modification (marker of inactive chromatin) and reverse 
transcription PCR of the Xist expression (marker of inactivated 
X-chromosome) in single cells. We have shown that according to 
the immunocytochemical analysis of three iPSC lines, from 56.8 
to 95.6 % of cells had both X-chromosome homologs active. Xist
expression data confirmed these results for one iPSC line, but 
unexpectedly the majority of cells in the other two iPSC lines 
were positive for Xist expression, so one of the X-chromosomes 
was presumably inactivated. Thus, we analyzed X-chromosome 
inactivation in XX American mink iPSCs for the first time and 
revealed the presence of different X-chromosome inactivation 
patterns.

Keywords — induced pluripotent stem cells, X-chromosome 
inactivation, American mink, Neovison vison, Xist

Introduction
Induced pluripotent stem cells (iPSCs) share similar 

properties with embryonic stem cells and allow studying early 
embryonic development of species whose biological material 
is difficult to obtain. Currently, iPSCs have been produced for 
less than 20 species. Among order Carnivora, there are just a 
few species: snow leopard, dog, cat, and American mink. One 
of the important pluripotency markers is X-chromosome. 
Naïve pluripotent stem cells have both X-chromosome 
homologs active (XaXa) and primed – one inactivated 
homolog (XaXi). We have previously shown that American 
mink (Neovison vison) embryonic stem cells have both active 
X-chromosomes [1; 2]. In this study, we analyzed X-
chromosome status in American mink iPSCs produced from 
XX embryonic fibroblasts.

Materials and Methods
American mink iPSC lines iNV1XX1, iNV2XX5, and 

iNV5XX2 were produced from XX embryonic fibroblasts 
NV1, NV2, and NV5, respectively, according to previously 
published protocol [1] with minor modifications. Cell culture 
medium contained 10 % fetal bovine serum and 10 % 
KnockOut Serum Replacement (Thermo Fisher Scientific, 
USA) during iPSC derivation, after third passage 20 % fetal 
bovine serum was used.

X-chromosome inactivation was estimated by 
immunocytochemistry and single-cell reverse transcription 
(RT) PCR.

One of the markers of inactive X-linked chromatin 
modifications is histone H3 trimethylated at lysine 27 
(H3K27me3). Cells were stained for H3K27me3 according to 
the previously published protocol [1]. H3K27me3 signal was 
interpreted as the presence of the inactive X-chromosome.

For RT-PCR analysis, we manually collected individual 
cells into lysis buffer and synthesized cDNA in 5 μl volume 
using M-MuLV–RH Reverse Transcription Kit (Biolabmix, 
Russia) according to the manufacturer’s recommendations. 
Then, 2 μl of cDNA solution were used for PCR using 
BioMaster HS-Taq PCR-Color kit (Biolabmix, Russia) 
according to the manufacturer’s recommendations. Primer 
pairs for Xist and Rex1 amplification were located in different 
exons, so DNAseI treatment of RNA was not necessary.

Results
iPSCs had normal diploid karyotype (30, XX), expressed 

pluripotency marker genes Oct4, Rex1, and as expected had 
practically no expression of Nanog.

We assumed that the majority of iPSCs would be XaXa 
with Xist-/Rex1+ pattern, where the absence of Xist transcript 
means lack of Xi, and the presence of Rex1 serves as a 
pluripotency marker. 

Immunochemical analysis of H3K27me3 was verified on 
XX and XY embryonic fibroblasts. XX NV1 and NV5 
embryonic fibroblasts showed that from 84.9 to 86.7 % of 
cells are XaXi, as one of the X-chromosomes is inactivated in 
somatic cells. All cells of XY NV4 fibroblasts lacked Xi, as 
expected. Analysis of 77-89 cells for each iPSC line revealed 
that from 56.8 to 95.6 % of cells had both X-chromosome 
homologs active (Fig. 1).

To verify RT-PCR method we analyzed the expression of 
Xist transcripts in 20 individual embryonic fibroblast cells. 19 
XX NV5 cells had Xist transcript marking Xi, none XY NV4 
cells had it, as expected. Then we analyzed the number of Xist-
/Rex+ cells in iPSCs. It varied from 0 to 30.8 % (Fig. 1). The 
number of Xist-/Rex+ cells was 30.8 % for iNV1XX1 which 
is comparable with 45.7 % of XaXa cells. As for iNV2XX5 
and iNV5XX2, there was just one Xist-/Rex+ cell, the 
majority of cells were pluripotent with XaXi status 
(Xist+/Rex1+) or differentiated (Xist+/Rex1-).
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Fig. 1. X-chromosome inactivation patterns in XX American mink 
iPSCs.

Discussion
Mink embryonic stem cells have both X-chromosomes 

active [1; 2]. We expected that iPSCs would have XaXa status, 
as iPSCs are considered practically identical to ES cells. The 
immunochemical analysis was consistent with that; the 
majority of cells were XaXa, and some XaXi cells were 
expected, as there is a certain percentage of differentiated 
pluripotent stem cells in in vitro culture. RT-PCR analysis of 
single cells had given different results. 

The discordance between immunocytochemical and RT-
PCR analyses could have several reasons. First, the iPSCs 

could have changed XaXa status to XaXi without any changes 
in morphology and/or gene expression. It is known that cell 
density, duration of in vitro culture, and other factors could 
promote pluripotent stem cell differentiation. Second, though 
Xist is a well-known X-chromosome inactivation marker, its 
expression is one of the first steps of the X-chromosome 
inactivation process. It is possible, that there is an onset of Xist
expression in XaXa cells that is revealed by RT-PCR but does 
not coincide with H3K27me3 chromatin modification, as it 
has not started yet. Third, there might be a certain threshold of 
Xist and other genes expression to trigger X-chromosome 
inactivation [3]. We were not able to quantify the level of Xist
expression, so the presence of Xist transcript may not be 
enough to conclude X-chromosome inactivation.

Overall, we produced American mink iPSCs from XX 
embryonic fibroblasts for the first time. Our data show that 
iPSCs could have XaXa state of X-chromosomes that is one 
of the naïve pluripotency markers or could have XaXi state 
that is either marker of primed pluripotency or sign of 
differentiation.
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Abstract — The creation of three-dimensional cellular 
models promotes the study of tumor microenvironment. It 
contributes to a more adequate assessment of the therapeutic 
effects on malignant cells, which improves the prognostic value 
of preclinical research and promotes the progress of effective 
drug therapy for malignant tumors. In this study, 3D models 
(tumoroids) were obtained from solid tumors cells of patients 
treated at the N.N. Petrov National Medical Research Center of 
Oncology. The therapeutic effect of chemotherapy on tumoroids 
with previous treatment of patients was analyzed.

Keywords — Tumoroids, 3D system, solid tumors, antitumor 
therapy

Motivation and Aim

Motivation
A malignant tumor is a complex multi-component system, 
which has individual characteristics for each patient. A model 
system must adequately reproduce the key characteristics of 
the tumor in order to study the molecular composition of the 
tumor and its response to drug therapy.

The most common cell models in vitro for many decades 
were two-dimensional (monolayer) cultures, in vivo - animal 
models. However, these models have several disadvantages. 
In particular, two-dimensional models are well reproducible, 
have low cost in content, but practically do not retain 
phenotypic similarity with the tumor material from which 
they were derived. Animal models perfectly simulate the 
complex three-dimensional arrangement of cells, the gradient 
of substances, and features of the tumor microenvironment. 
But this models are difficult to reproduce and expensive in 
content.

Adequate model systems should reflect the anatomical and 
physiological complexity of the malignant tumor that affects 
the distribution of cellular receptors and various substances, 
including drug molecules. Tumoroids (3D models) can be 
used as a micromodel to reflect the main features of the 
patient's tumor. They are as close in structure and 
physiological properties to the natural tumor system as 
possible, well reproducible and inexpensive to maintain [1]. 

Aim 
The aim of the study is experimental 3D models development 
from solid tumor cell lines for imitation a tumor foci in vitro 
and for creation a personalized approach in treatment of 
malignant tumors.

Methods
Three cultures of tumor cells were used in the study: skin 
melanoma (n=1), myxofibrosarcoma (n=1), embryonic 
rhabdomyosarcoma (n=1). Cultures were derived from the 
surgical material of patients and cryoconserved in the 
biobank of the N.N. Petrov National Medical Research 
Center of Oncology. Cells were cultivated in monolayer (2D-
format) and in the spheroids (3D-format), obtained by the 
"hanging drop method" under standard conditions (37 °C, 5% 
CO2, 100%) with using DMEM/F-12 medium, containing 
20% fetal bovine serum and glutamine. Various clinical 
chemotherapeutic agents and their combinations were used to 
evaluate the chemosensitivity and invasive properties of 
tumour cells cultivated in 3D systems. Selection of various 
chemotherapeutic agents and their combinations, used in the 
clinic, was carried out retrospectively on the basis of previous
patients treatment at the N.N. Petrov National Medical 
Research Center of Oncology. (Table.1) [2].

TABLE I. SELECTION OF TEST DRUG TO STUDY THE 
CHEMOSENSITIVITY AND INVASIVE POTENTIAL OF 
TUMOROIDS IN ACCORDANCE WITH CLINICAL 
TREATMENT OF PATIENTS

Cell culture Patient's previous 
treatment Model system

Skin melanoma Paclitaxel Paclitaxel

Myxofibrosarcoma

Gemcitabine+Doce
taxel;

Doxorubicin+ifosf
amide.

Doxorubicin+
ifosfamide;
Paclitaxel

Embryonic 
rhabdomyosarcoma

Doxorubicin+ifosf
amide

Doxorubicin+
ifosfamide

MTT-test was used to evaluate chemoresistance of tumor 
cells. Two concentrations of drug were used for MTT-test 
staging: therapeutic (corresponding to 10% of the peak 
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concentration in blood plasma) and ten times higher than 
therapeutic (corresponding to the peak concentration in blood 
plasma - 100%). Tumor spheroids and monolayer cultures 
were placed in the wells of the 96-well plate with the addition 
of 200 μl of full nutrient medium (DMEM/F-12, 10% FBS, 
Glu) (control group) and full nutrient medium (DMEM/F-12, 
10% FBS, Glu) + drug and incubated during the time 
corresponding to the period of drug half-life in the organism.
Then MTT (0.5 mg/ml) (Roche, Basel, Switzerland) was 
introduced at the wells where monolayer cell lines and tumor 
spheroids were cultivated and incubated under CO2-
conditions (+37°C, 5-6.5% CO2). After 4 hours 100 μl DMSO 
per 1 hour was added to monolayer cultures and spheroids. 
Optical density of the obtained solutions was measured on 
iMark microplate photometer (Bio-Rad Laboratories, USA) 
at wavelength 595 nm.

To assess the invasive potential tumoroids were placed in a 
48-well pre-coated with a polymerized matrix plate with the 
addition of 700 μl of full nutrient media (DMEM/F-12, 10% 
FBS, Glu) (control group) and full nutrient media (DMEM/F-
12, 10% FBS, Glu) + drug for 96 hours in CellIQ (automated 
cell culture and analysis system,CM Technologies Oy, 
Finland). The CellIQ Analyser™ software (CM 
Technologies Oy, Finland) was used to analyze changes in 
the area occupied by a tumoroid (Area size).

Results

The chemosensitivity to the combination of 
doxorubicin+ifosfamide was found in the 
rhabdomyosarcoma cell culture in 2D and 3D-systems in the 
MTT-test. Peak concentration of this drugs combination (1 
μg/ml + 440 μg/ml) decrease 17% of tumor spheroids
viability, while in monolayers the number of live cells after 
incubation was 59.5%. The invasive potential of the 
spheroids was almost unchanged when peak concentrations
of drugs were added to the medium. This cell response to the 
combination of doxorubicin+ifosfamide was correlated with 
the clinical course of the disease in response to the
combination of antitumor drugs.

Sensitivity to the combination of doxorubicin+ifosfamide 
was noted for the monolayer culture of myxofibrosarcoma, 
while the tumoroids weren’t practically sensitive to such 
therapy. Myxofibrosarcoma tumoroids showed the same 

response to the combination of doxorubicin+ifosfamide in 
two concentrations (1 μg/ml + 440 μg/ml; 0.1 μg/ml + 44 
μg/ml). The number of viable cells was 83 and 83.5%, 
respectively. The maximum cytotoxic effect of the 
combination of doxorubicin+ifosfamide was observed in 
monolayer cultures. Addition of peak concentration (1 μg/ml 
+ 440 μg/ml) leads to 59.5% of viable cells and for 
therapeutic dose (0.1 μg/ml + 44 μg/ml) - 79.5. In the clinic 
background of chemotherapy lines observed progression of 
tumor disease. At the same time myxofibrosarcomas
tumoroids in vitro under the influence of paclitaxel (2,17 
μg/ml; (0,217 μg/ml) demonstrated decrease of invasive 
potential. Chemosensitivity to paclitaxel was also 
demonstrated in MTT-test.

The changes results in the invasive potential by using the 
automatic analytical system CellIQ in culturing on the matrix 
with drug correlated with the results of sensitivity in MTT-
test for skin melanoma culture. Tumoroids don’t react to the 
presence in the medium the peak paclitaxel concentration 
(2.17 μg/ml). Melanoma tumoroids were reacted without
their invasive properties changing and proliferative activity, 
which corresponds to the clinical course of the disease, in 
which the progression was observed.

An individual comparative analysis of the chemotherapy
effectiveness and their combinations in vitro and in vivo on 
tumor cells with different origins and cultivated in different 
model systems, in general, demonstrates that tumoroids as a 
test system for the selection of chemotherapy drugs and 
individualization of patients treatment with malignant tumors 
is justified.
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Abstract — The search of new predictor markers for disease 

outcomes and treatment efficacy is crucial for metastatic 

sarcoma, where prognosis is unfavourable and the choice of 

chemotherapy is limited. In our work we present the results of 

in vitro  clonogenic abilities study of tumor cells connection with 

immunological parameters of peripheral blood and survival rate 

of patients with metastatic soft tissue sarcomas and bones 

sarcomas (STBS). 

Keywords — sarcoma, clonogenic potential, immunological 

indicators 

Motivation and aim 
Today the state of the immune cellular link is widely discussed 

as a predictor of the response to immunotherapy. It is undoubted 
interest for sarcoma, where the effectiveness of chemotherapy is low 
and  prognosis is unfavorable, especially in the development of 
metastatic disease [1]. Genetic, histological and morphological 
diversity of different clones inside the tumor and peculiarities of 
their relations with the patient's immune system mainly presented  
on tumors models with epithelial origin. Tumours with 
mesenchymal origin, such as STBS, haven't been sufficiently 
studied in this regard. Cloning with the limiting dilution method 
demonstrates the presence of self-regulating tumor cells in the 
population and can serve as an independent predictor of adverse 
prognosis. 

Aim was to study immunological parameters of peripheral blood 
and to analyze survival parameters of patients with metastatic STBS, 
whose tumors differed in ability to form clones during in vitro 
cultivation. 

Methods 
54 patients with metastatic STBS were included in the study. 

Cell cultures were isolated from the STBS tumor samples. All 
patients were treated at the N.N. Petrov National Medical Research 
Center of Oncology in the 2013 - 2019. Immunological tests were 
carried out for 21 patients. At the first stage, cloning was performed 
using the limiting dilution method [2]. Clone formation efficiency 
(CFE) was assessed as the ratio of the number of formed single 
colonies to the number of adherent cells, expressed in a percentages. 
At the second stage the main populations markers of the  
immunocompetent cells in peripheral blood of patients were 
evaluated on the BD FACS Canto™ II flow cytomfluorimeter (BD 
Bioscience, USA). Total and non-relapsing survival rate of patients 
was analyzed depending on clonogeneous characteristics of the 

tumor. Relative values for numbers of B-lymphocyte , T-
lymphocytes, cytotoxic T-lymphocytes, activated cytotoxic T-
lymphocytes, T-helpers, double positive T-lymphocytes, NKT- and 
NK cells were calculated in relation to the number of lymphocytes; 
for regulatory T-lymphocytes in relation to the number of T-helpers. 
The absolute value for all populations was presented in the standard 
form: number of cells *109/L. 

Results 
The cloning procedure was successful in 40.7% of cases (22/54), 

while in the group with clonogenic tumors the CFE varied from 9.1-
93.2% with a median of 47.5%. The total survival rate (TSR) of 
patients with clonogenic tumors was lower than that of the group 
with tumors without clonogenic potential (p<0.05), while survival 
rate before progression (SRBP) didn't differ significantly between 
the groups. Subpopulation structure analysis of immunocompetent 
cells of peripheral blood in patients with clonogenic sarcomas 
revealed a reduced content of activated cytotoxic T-lymphocytes 
with CD3+CD8+HLA-DR+ phenotype and an increased number of 
NK cells (p<0.05) in comparison with nonclonogenic tumors. 
Differences weren't found in other investigated parameters. Earlier 
it has been demonstrated by Wedekind M.F. et al. (2018) that 
initially low levels of cytotoxic T-lymphocytes presence in 
infiltrates of synovial and desmoplastic sarcoma have been further 
reduced with disease progression [3]. The work shows the growth in 
dynamics of NK cell level in these tumor histotypes. We have 
observed similar changes in peripheral blood parameters in patients 
with the most aggressive clonogenic sarcomas. Our observations 
demonstrate the significance of the tumor cells clonogenic potential 
as an independent predictor of adverse prognosis in patients with 
STBS and indicate  for further research in this area. 
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Abstract — Metastatic castration-resistant prostate cancer 
(mCRPC) is characterized by a high mortality rate due to its 
aggressiveness. In the field of modern oncourology, monitoring 
the activity of a disease for patients of this category during 
therapy is an important clinical problem, for the solution of 
which informative markers are needed. Circulating microRNAs 
can serve as such markers, which demonstrate diagnostic and 
prognostic potential in various types of cancer, including 
prostate cancer. The aim of this study is to search for circulating 
miRNAs of mCRPC patients plasma during therapy that are 
potentially associated with the progression of the disease, as well 
as to study the contribution of these miRNAs to the general 
progression mechanism. Based on high-throughput sequencing, 
a bioinformatic analysis was carried out with identification of 
the microRNA profile potentially associated with the 
progression of the disease (p-value <0.05): miR-221-3p, miR-
99b-3p, miR-145-5p, miR-375-3p, miR-20a-5p, miR-21-5p, miR-
451a, miR-199a-5p, miR-183-5p, miR-let-7i-5p and miR-let-7f-
5p.

Key words — castration-resistant prostate cancer, progression, 
microRNAs, exosomes, sequencing, markers

Introduction
Metastatic castration-resistant prostate cancer (mCRPC) is 

a phase of the disease with increased aggressiveness and 
overall survival of patients up to three years [4]. The most 
important clinical problem is the monitoring of disease 
activity during ongoing therapy, namely, determining the 
moment of progression (inefficiency of the current therapeutic 
concept). The classic diagnostic marker, prostate-specific 
antigen (PSA), at this disease stage is not a reliable biomarker, 
as patients had visceral metastases without increasing PSA 
levels [5]. To solve this problem, reliable and informative non-
invasive markers are needed. Currently, the search for such 
markers is taking place in the direction of microRNA 
profiling. The aim of our study is the profiling of plasma 
samples circulating miRNAs, in which an increase in PSA 
levels during therapy was noted, which is associated with 
treatment failure in this period and, accordingly, with the 
progression of the disease. The results of this study may be 
useful for identifying predictive markers with subsequent 
validation by qPCR, and will also contribute to a fundamental 
understanding of the progression mechanisms of mCRPC.

Methods
The study included patients diagnosed with mCRPC 

during therapy. Blood was taken before treatment and every 
month until the disease progresses. Blood sampling was 
carried out in vacutainers with EDTA, followed by 
centrifugation. Isolation of total RNA from exosomes was 
carried out from 1 ml of blood plasma using a exoRNeasy 
Serum-Plasma Midi Kit (Qiagen, Germany), according to the 
manufacturer's protocol. MicroRNA libraries for subsequent 
high throughput sequencing were prepared using a 
NEBNext® Small RNA Library Prep Set for Illumina (New 
England Biolabs) according to the manufacturer's protocol. 
High throughput sequencing was performed on a NextSeq500 
instrument. The quality control of the reads was performed 
using the FastQC program. To perform the subsequent 
bioinformatics data analysis, the miRge 2.0 pipeline was used. 
The analysis of the number of reads of data (counts per 
million; CPM) was performed using the edgeR package in the 
statistical environment R. To normalize the data, the TMM 
(trimmed mean of M-values) method was used. Further, as 
part of the analysis of differential expression, a quasi-
likelihood F-test (QLF) was used to calculate the reliability of 
the results. The results were considered statistically significant 
with a QLF p-value <0.05. Next, we tried to identify the 
pathways most affected by differentially expressed (DE) 
miRNAs. For this purpose, we used the mirPath 3.0 (DIANA 
tools) web service and TarBase 7.0 data.

Results
As a result of the study, the following microRNAs were 

identified that were potentially associated with mCRPC 
progression: miR-221-3p, miR-99b-3p, miR-145-5p, miR-
375-3p, miR-20a-5p, miR-21- 5p, miR-451a, miR-199a-5p, 
miR-183-5p, miR-let-7i-5p and miR-let-7f-5p. According to 
various studies, the identified microRNAs demonstrate 
oncogenic function in various types of cancer, including 
mCRPC [1,2,3,6]. For identified microRNAs, mirPath has 
found 49 pathways with p < 0.01, Among these pathways, we 
noted the following most oncologically significant pathways: 
proteoglycans in cancer, Hippo signaling pathway, cell cycle, 
pathways in cancer, focal adhesion, transcriptional 
misregulation in cancer, prostate cancer and TGF-beta 
signaling pathway.
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Abstract — Obesity is a growing global health issue linked to 
the development of type 2 diabetes and other aging associated 
conditions like cancer and neurocognitive disorders. Adipose 
tissue dysfunction results in altered adipokine secretion, low-
grade inflammation and ectopic fat accumulation. Recently, our 
group identified Wnt1-inducible signaling pathway protein-1
(WISP-1) as a multifunctional factor in inflammatory and 
fibrotic processes in a cell-context-specific role.
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Obesity is a growing global health issue linked to the 
development of type 2 diabetes and other aging associated 
conditions like cancer and neurocognitive disorders [1].
Adipose tissue dysfunction results in altered adipokine 
secretion, low-grade inflammation, and ectopic fat 
accumulation [2]. Recently, our group identified Wnt1-
inducible signalling pathway protein-1 (WISP-1 or CCN4) as 
inflammatory adipokine, which supress insulin signalling in 
muscle cells and hepatocytes, contributing to obesity and 
associated diseases [3-5]. In further studies, a correlation 
between WISP-1 and body weights as well as metabolic 
parameters such as fasting glucose and insulin levels in 
gestational diabetes and type 2 diabetes was described [5-7]. 
In addition, recent studies suggest possible effects of 
circulating WISP-1 on fat cell differentiation in animals [8]. 
The underlying mechanisms still need clarification and are 
currently investigated. In humans, the expression of WISP-1
in the visceral adipose tissue and liver positively correlated 
with the body mass index [3, 7]. An association of WISP-1
with inflammatory markers and transforming growth factor-β
in humans and mice was demonstrated [9]. Furthermore, 
recently published data links WISP-1 to fibrosis in different 
tissue [9-13]. In contrast, WISP1 is required for efficient 
muscle regeneration and loss of WISP1 during aging 
contributes to age-related regenerative failure of skeletal 
muscle [14]. Taken together, WISP-1 is a multifunctional 
factor in inflammatory and fibrotic processes in a cell-context-
specific role. Based on recently findings, WISP-1 is a 
promising target for future research studies in the field of 
obesity, fibrosis and ageing
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Abstract — The circadian rhythm is an important factor in the 
diurnal fluctuations in blood glucose levels, especially in 
diabetes mellitus. Analysis of molecular-genetic networks 
performed by ANDSystem showed that melatonin can be 
considered as one of the key participants in associative networks 
that describe the relationship between circadian rhythm and 
glycemic variability. It also can be assumed that melatonin is 
able to participate in the formation of the dawn phenomenon.

Keywords — glucose variability, diabetes mellitus, molecular-
genetic networks, ANDSystem, melatonin, circadian rhythm

Motivation and Aim
Pathological fluctuations in glucose levels are associated 

with various aspects of diabetes and especially with the 
development of its complications. The glycemic variability 
depends, among other factors, on the circadian rhythm.

The ANDSystem, developed at the Institute of Cytology 
and Genetics SB RAS, allows to automatically build 
associative molecular genetic networks associated with 
complex phenotypic characters and biological processes. 
Analysis of molecular-genetic networks can improve 
understanding of the mechanisms of glucose variability.

Matherials and Methods
An associative network of interactions of molecular 

objects with a circadian rhythm, hyperglycemia and 
hypoglycemia, as well as a network describing the 
relationships between these molecular objects, were created 
using the “Query Wizard” function of ANDSystem. The 
calculation of the betweenness centrality for network nodes 
was carried out by the “Statistics” function in the “Analysis” 
section of ANDSystem. An associative network describing the 
effect of melatonin on insulin and glucose via intermediary 
proteins was constructed using the “Pathway Wizard” 
function of the ANDSystem system.

Results
According to ANDSystem molecular-genetic networks, 

49 objects are associated with circadian rhythm, 
hyperglycemia, and hypoglycemia, including hormones, 
growth factors, cytokines, chemical substances, and 
metabolites. Among the participants in the network were 
leptin, adiponectin, insulin, interleukin-6, melatonin, growth 
hormones, cortisol, dopamine, serotonin, estrogens, 
androgens, and others.

Analysis of the network showed that melatonin and its 
precursor serotonin possessed the highest values of 
betweenness centrality. Melatonin plays a key role in 
maintaining sleep-wake cycles. It is interesting that at 4-8
o’clock in the morning there is a sharp decline in the 
concentration of melatonin and at the same time some patients 
with diabetes show dawn phenomenon. Analysis of 
molecular-genetic networks showed that melatonin is able to 
regulate insulin and glucose levels. This regulation requires 
participation of a large number of intermediary genes and 
proteins.

Conclusion
Analysis of associative networks suggests that normal 

daily glycemic variability is controlled by a big set of 
biological signaling pathways that have a multidirectional 
effect. This ensures that the glucose concentration is 
maintained at a normal level. However, the loss of a number 
of links of this network due to mutations and/or pathological 
processes disrupts the system that maintain glucose balance in 
the physiological range during circadian oscillations.
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Abstract — For the last 40 years the safety testing methods 
used during the development of pharmaceutical agents have not 
substantially changed. Furthermore, in many cases the 
predictive or translational value of the currently used 
approaches is at best uncertain. This presentation will discuss 
an integrated systems toxicology approach to safety testing in 
which traditional in vivo evaluations are combined with human 
biology-based in vitro models, novel safety biomarkers, 
computational tools, and non-safety data. The objective of a 
more modern approach to toxicity testing is to reduce drug 
attrition through better decision making and ultimately protect 
public health through the more rapid launch of therapeutics and 
elimination of unsafe compounds earlier in the drug 

development cycle. The introduction of contemporary safety 
testing methods will require an evolution in thinking by both 
health authorities and drug developers. Although many of the 
tools that are required for a modernized approach to safety 
testing are already available, the more difficult challenge is 
likely to be gaining their acceptance by drug developers and 
health authorities.
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Abstract — The work analyzed the protein spectrum of blood 
serum of 45 with bipolar disorder. Protein recruitment in BD 
was mainly associated with the immune response, regulation of 
transport processes through the cell membrane and cellular 
communication, the development of neurons and 
oligodendrocytes, and cell growth. Cadherin-5 and vascular 
endothelial growth factor receptor 1 are a marker of endothelial 
dysfunction. The detection of these proteins suggests the 
presence of endothelial dysfunction in the pathogenesis of BD. 
The detection of myelin 1 transcription factor and the literature 
data on the effect of mutations in the MYT1L gene on the risk 
of major depressive disorder suggest the MYT1 protein as a 
potential BD biomarker. The results may help to discover new 
pathways associated BD. 

Keywords — biomarker, bipolar disorder, schizophrenia, 
proteome, mass spectrometry, serum

Introduction
Bipolar disorder (BD) leads to a significant decrease in the 

quality of life of patients and increases the risk of suicidal 
behavior. The disease often has a similar clinical picture with 
other mental disorders, and there are no paraclinical criteria 
for differential diagnosis for these disorders [1][2]. This is due 
to a lack of understanding of the molecular mechanisms of BD 
pathogenesis. In recent years, interest in proteomic research in 
mental disorders has increased and research in this direction 
has been intensively conducted [2][4][5]. Identification of the 
marker protein or regulatory proteins involved in the 
pathogenesis of BD in biomaterial available for diagnostic 
purposes - blood serum - will bring us as close as possible to 
understanding the specific pathogenetic mechanisms of this 
disorder and can serve as the basis for new methods of 
differential diagnosis and the development of new 
pathogenetically based medicines.

Methods
In this work, the protein spectrum of the blood serum of 

the following patient groups was analyzed 45 patients (aged 
32 [21, 52] years and a disease duration of 8 [5, 11] years) with 
bipolar disorder (F31), 12 of them were in-patients of the 
Department of Affective States of MHRI and 11 were in-
patients of the Department of Endogenous Mental Disorders 
and Affective States of the Mental Health Research Center 
(MHRC, Moscow). Patients were hospitalized in the acute 
state and blood serum samples were taken before the start of 
the study before the start of the course of therapy. The control 
group consisted of 24 mentally and somatically healthy 
volunteers matched to the study groups by gender and age. 
Exclusion criteria for all subjects were the presence of acute 

and chronic diseases in the acute phase; taking medication 
psychoactive drugs. Blood serum was taken from the ulnar 
vein in the morning on an empty stomach before the start of 
therapy. Further, the serum was purified by affinity 
chromatography from 6 major proteins (albumin, 
immunoglobulin G, immunoglobulin A, antitrypsin, 
transferrin and haptoglobin) on an AKTA pure chromatograph 
(GE Healthcare). After that, the purified proteins were 
concentrated to 1 ml using Amicon Ultra-0.5 ultrafilters 
(MILLIPORE) at 3 kDa. and separated by vertical 
electrophoresis in a 12% polyacrylamide gel according to the 
Lemmli method (Laemmli, U.K, 1970). Then, after 
trypsinolysis and peptide extraction from the gel, the proteins 
were identified by HPLC / mass spectrometry on an LTQ 

Velos mass spectrometer (Thermo Scientific). was 
carried out in IBMC, Moscow (Centre of Collective Usage 
“Human proteome”). The mass spectrometric data were 
analyzed with the MaxQuant software (version 1.6.3.4). 
Default parameters were used unless otherwise specified 
below. A false discovery rate (FDR) of 0.01 for proteins and 
peptides and a minimum peptide length of 6 amino acids were 
required. The Andromeda search engine was used to search 
the MS/MS spectra against the UniProt human database 
combined with 262 common contaminants and concatenated 
with the reversed versions of all sequences. Enzyme 
specificity was set to trypsin specificity. A maximum of two 
missed cleavages were allowed. Peptide identification was 
based on a search with an initial mass deviation of the 
precursor ion of up to 7 ppm. The fragment mass tolerance 
was set to 20 ppm on the m/z scale. Only proteins quantified 
with at least two peptides were considered for quantitation. 
MS1-intensity based label-free quantitation was used to assess 
differences in the abundance of proteins between all the 
studied groups. LFQ intensities for the proteins were log2-
transformed and normalized to ensure equal median protein 
abundance across the samples. A two-tailed unpaired t-test 
with an FDR value of 0.05 and S0 = 2 was applied to identify 
proteins for which the abundance was significantly changed 
between all the studied groups. 

Results 
As a result of mass spectrometric analysis, between 50 and 

350 proteins in each lane were identified and about 1,600 
proteins were identified for each person. Comparison of the 
proteome profiles of different groups revealed 18 proteins 
specific for BD.

Proteins found in patients with BD, but missing from the 
control sample, are involved in the regulation of DNA and cell 
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cycle synthesis, differentiation of progenitor cells, in the 
development of neurons and oligodendrocytes, such as Myelin 
transcription factor 1 (MYT1; iBAQ 607,717; LFQ 
8,153,738), which regulates genes encoding myelin proteins 
and other central nervous system proteins [6]. This protein is 
a zinc finger DNA-binding protein that affects the 
proliferation, differentiation and transcription of myelin cell 
genes. MYT1 can regulate the critical transition point in 
oligodendrocyte lineage development by modulating 
oligodendrocyte progenitor proliferation relative to terminal 
differentiation and up-regulation of myelin gene transcription 
[7]. Ti Wang et al. Have shown that mutations in the MYT1L 
gene encoding a protein of the myelin transcription factor 1 
family can increase the risks of major depressive disorder. 
However, a connection with pathogenesis has not yet been 
identified [8]. A significant increase in the expression of the 
MYT1 gene in the prefrontal cortex of patients with BD is also 
known. These facts suggest the MYT1 protein as a potential 
biomarker for BD. Desmoplakin (DSP iBAQ 3,736,801; LFQ 
5,864,175) was also found in the serum of patients with BD, 
which participates in the organization of cadherin-placoglobin 
desmosome complexes, forming them in separate domains of 
the plasma membrane. Cadherin 5 (CADH5 iBAQ 4,472,995; 
LFQ 6,134,045) was also found in a group of patients with 
BD. The cadherin protein family not only provides 
mechanical contact between neighboring cells, but also 
participates in intracellular signal transduction, regulation of 
proliferation, migration, sorting, differentiation, and cell 
morphogenesis. In the tissues of adult organisms, cadherins 
regulate cell renewal, provide a physiological barrier between 
contacting tissues and selectivity of the transport of soluble 
substances. Some mediators of the inflammatory response, 
such as the vascular endothelial growth factor (VEGFR1) 
(FLT1; iBAQ 4,665,292; LFQ 6,331,822) we discovered, can 
interfere with the organization of contacts when their 
receptors are bound, thereby opening the barrier, and plasma 
proteins can pass through the endothelial barrier. In particular, 
VEGFR1 is involved in the initiation of autophosphorylation 
of cadherin 5 signaling cascades, which directly affect the 
development of endothelial dysfunction [9]. In addition, it is 
known that cadherins mediate cell sorting, migration, and 
segregation, morphogenesis, and axon growth in 
embryogenesis [10]. Van et al. The involvement of genes 
encoding the CDH9 and CDH10 families have been 
demonstrated in autism [11]. However, there is no data yet, 
which indicates the participation of cadherin 5 in the 
pathogenesis of mental disorders, which requires further 
study. 

Conclusions 
Comparison of the proteome profiles of the studied groups 

revealed 18 proteins specific for BD. The set of proteins in BD 
was mainly associated with the immune response, regulation 
of transport processes across the cell membrane, and cell 
communication. Many of these pathways are involved in the 
pathogenesis of mental disorders. They are interesting as 
potential markers. Cadherin-5 and vascular endothelial 
growth factor receptor 1 are a marker of endothelial 
dysfunction. The detection of these proteins suggests the 
presence of endothelial dysfunction in the pathogenesis of 
BD. Detection of desmoplakin can indirectly indicate a 
violation of the intercellular contacts of endotheliocytes. The 
detection of myelin 1 transcription factor and the literature 
data on the effect of mutations in the MYT1L gene on the risk 

of major depressive disorder suggest the MYT1 protein as a 
potential BD biomarker. However, its role in the pathogenesis 
of BD remains to be seen. Further study of the proteins that 
we identified that claim to be BD biomarkers may help to 
uncover unclear aspects of pathogenesis and develop new 
paraclinical criteria for the differential diagnosis of BD.
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Abstract — In recent years, there is increasing evidence that 
various forms of anemia, changes in the quantity and quality of 
blood cells, may be involved in the pathogenesis of various 
cognitive disorders accompanying Alzheimer's and Parkinson’s 
diseases, depression of various degrees, etc. In addition to 
erythroid cells, hemoglobin has been shown to be widely 
expressed in non-erythroid cells, including neurons of different 
parts of the brain. We analyzed in silico and in vitro 
unannotated SNPs in TATA boxes of human genes involved in 
erythropoiesis. Experimental verification in vitro using the 
method of electrophoretic mobility shift assay (EMSA) showed 
the correspondence of prognosis and experimental data. The 
obtained estimates of the effect of TATA box SNP markers on 
the formation of TBP/TATA complexes make it possible to 
consider some SNP markers of erythroid genes as markers of 
cognitive disorders.

Keywords — ТАТА-binding protein, ТАТА-box, ТВР/ТАТА-
affinnity, erythropoiesis, single nucleotide polymorphism, 
cognitive disorders

Background
According to World Health Organization estimates, ~7% 

of the world population have hereditary aberrations in the 
synthesis of hemoglobin, meaning that these are the most 
prevalent monogenic disorders [1]. In recent years, there is
increasing evidence that various forms of anemia, changes in 
the quantity and quality of blood cells, may be involved in the 
pathogenesis of various cognitive disorders accompanying 
Alzheimer's and Parkinson’s diseases, depression of various 
degrees, etc. [2]. In addition to erythroid cells, hemoglobin has 
been shown to be widely expressed in non-erythroid cells, 
including neurons of the cortex, hippocampus, neurons of the 
embryos and adult mice brain, and mesencephalic 
dopaminergic cells of the human, mouse, and rat brain [3]. The 
morbidity and prevalence of anemia and elevated hemoglobin 
levels increase with age, which is a heavy burden for society. 
All this determines the relevance of the problem and the goal 
of the work, which is to study the effect of SNP TATA boxes 
of human gene promoters on erythropoiesis and cognitive 
disorders.

Materials and Methods
The task was to extract from databases of unannotated 

single nucleotide polymorphisms (SNP) in the TATA 
elements of human erythroid genes, to analyze them in silico
using the SNP-TATA_Z-tester Web service developed at the 

ICG SB RAS (http://beehive.bionet.nsc.com/cgibin/mgs/
tatascan_fox/start.pl), the identification of substitutions with 
potential of functional significance and their experimental 
verification in vitro using the EMSA method. In vivo, the task 
is to identify the differential expression of genes involved in 
erythropoiesis in various parts of the brain of rats 
domesticated and aggressive towards humans, in order to 
identify possible candidate genes for cognitive impairment 
among them.

Results and Discussions
We analyzed unannotated SNPs in TATA boxes of human 

globin genes - HBZ, HBB, HBD, HBG1, as well as genes 
encoding enzymes involved in heme biosynthesis - ALAS1,
CA1, EPOR, GYPC and others involved in erythropoiesis, a 
total of 161 SNPs 25 human genes. As a result of the analysis 
using the SNP-TATA_Z-tester Web service, 45 candidate 
SNP markers were predicted for 15 of 25 genes that can 
reliably change the affinity of TBP to the TATA boxes of gene 
promoters participating in erythropoiesis, and an in silico
prognosis of the effect of SNPs on affinity TBP interactions 
with TATA / TATA-like sequences. Experimental 
verification in vitro using the method of electrophoretic 
mobility shift assay (EMSA) showed the correspondence of 
prognosis and experimental data. As an example, consider the 
EPOR gene - as you know, the glycoprotein hormone EPO is 
the main regulator of red blood cell production and exhibits 
protective properties in cerebral ischemia [4]. To perform the 
function, it binds to its receptor, EpoR, which dimerizes and 
activates, which leads to the launch of a cascade of genes 
responsible for the proliferation, survival and differentiation 
of erythroid progenitor cells. While EpoR in the blood 
regulates the differentiation of red blood cells, in the brain it 
protects several types of neuronal cells from death, including 
A9 dopaminergic neurons (DA) of the Substantia Nigra (SN) 
and stores oxygen during hypoxia, which is especially 
important for neurons with an increased need for energy. In 
addition to the regulation of erythropoiesis in hematopoietic 
tissues, where EPOR mutations are the cause of primary 
hereditary erythrocytosis and are found in 15% of all cases, 
erythropoietin is expressed in other tissues, including the 
nervous system. For functioning, erythropoietin uses a 
homodimeric receptor (EpoR), which is also widely expressed 
in the nervous system. The main role of EpoR is to stimulate 
the proliferation of red blood cell precursor cells for their 
survival. A 15-fold increase in affinity is caused by the SNP 
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of -27T> A (rs1006576690) in the TATA box of the EPOR
gene (KD = 170 ± 30 nM and 11 ± 3 nM. 

Gene EPOR
Alleles: 

WT or mut WT -27t>A

(5’–3’strands), 
26 bp ctatttttgt ctatAttt

Pr
ed

ic
tio

n -lnKD 18.24 19.39

δ +1.15

Ex
pe

rim
en

ts

-lnKD 15.59 18.33
δ +2.74

KD, nM 170±30 11±3
ka, M-1s-1*103 (2.8±0,3) (9.3±0,7)
kd, s-1 *10-4 (4.6±0.6) (1.0±0.3)

t1/2, min 25±3 115±15

KD is presented as mean ± standard deviation; δ: the 
difference between the affinity of hTBP for an ODN with and 
without the SNP in its TATA box expressed as natural 
logarithms, δ = -ln (KD,TATA,Mut) – [-ln (KD, TATA)]; t1/2 =
ln2/kd.

This is accompanied by a 3.3-fold increase in the rate of 
formation of complexes (ka) and a 4.6-fold increase in their 
lifetime (or half-life, t1/2). Several studies have shown that 
cerebral ischemia leads to increased expression of Epo and 
EpoR to repair damage. Based on this, it can be assumed that 
substitutions in the TATA-like sequence of the EPOR gene 
promoter are -27T>A, -31C>A and -31C>G, leading to an 
increase in the affinity of the TBP/TATA interaction by 15.5, 
8.1 and 2.1 times, which correlates the level of gene 
expression may indicate a degree of hereditary ischemic brain 
damage in carriers of minor alleles and may be candidate 
markers of this disease.

Conclusions
It is known that hemoglobin genes are expressed in 

astrocytes of the cortex and hippocampus, in oligodendroglia 

located in almost all areas of the brain, including the striatum, 
corpus callosum and medulla oblongata. There are many 
reports of the association of hemoglobin metabolism disorders 
with symptoms of mental illness. It is shown that among 
children with anemia there are significantly more problems 
with behavior and low intelligence. Many authors believe that 
cognitive impairment is a causal relationship, and not a 
consequence of erythropoiesis disorders. Therefore, based on 
the literature data and the computer-experimental results 
obtained by us, it can be concluded that the identified 
candidate SNP markers of erythropoiesis disorders can also be 
candidate SNP markers of cognitive and mental disorders. 
Studying the regulatory mechanisms by which detected SNP 
markers contribute to the development of hemoglobinopathies 
and associated cognitive impairment will allow doctors not 
only to take adequate measures to treat hemoglobinopathies in 
a timely manner, but also to take preventive measures in 
parallel to prevent or inhibit the development of cognitive and 
mental disorders. The information received is an additional 
resource in biomedical research, personalized medicine, 
diagnostics and drug development. 

ACKNOWLEDGMENTS

The work was supported by the budget project No. 0324-
2019-0042-c-01

REFERENCES

[1] F.B. Piel, A.P. Patil, R.E. Howes, O.A. Nyangiri, P.W. Gething, M. 
Dewi, W.H. Temperley, T.N. Williams, D.J. Weatherall, S.L. Hay. 
“Global epidemiology of sickle haemoglobin in neonates: a 
contemporary geostatistical model-based map and population 
estimates”. Lancet, vol. 381, pp. 142-151, 2013.

[2] M..A. Altinoz, B. Ince. “Hemoglobins emerging roles in mental 
disorders. Metabolical, genetical and immunological aspects”. J Dev 
Neurosci, vol. 61, pp. 73-85, 2017.

[3] M. Biagioli, M. Pinto, D. Cesselli, M. Zaninello, D. Lazarevic, P. 
Roncaglia, R. Simone, S. Vlachouli, C. Plessy, N. Bertin, A. Beltrami, 
K. Kobayashi, V. Gallo, C. Santoro, I. Ferrer, S. Rivella, C.A. Beltrami, 
P. Carninci, E. Pavlova, S. Gustincich. “Unexpected expression of 
alpha- and betta-globin in mesencephalic dopaminergic neurons and 
glial cells”. Proc Natl Acad Sci USA, vol. 106, pp. 15454-15459, 2009.

520



DOI 10.18699/BGRS/SB-2020-318

Metabolic response of the Siberian frog Rana amurensis
to anoxia

Sergei V. Shekhovtsov 
ICG SB RAS, Novosibirsk, Russia

shekhovtsov@bionet.nsc.ru

Nina A. Bulakhova
IBPN FEB RAS, Magadan, Russia

sigma44@mail.ru

Ekaterina A. Zelentsova
ITC SB RAS, Novosibirsk, Russia
zelentsova.ekaterina@gmail.com

Yuri P. Tsentalovich
ITC SB RAS, Novosibirsk, Russia 

yura.tsentalovich@tomo.nsc.ru

Daniil I. Berman 
IBPN FEB RAS, Magadan, Russia

dberman@mail.ru

Abstract — The Siberian frog Rana amurensis is the only 
amphibian capable of surviving several months at almost 
complete anoxia. We performed 1H NMR metabolomics 
analysis for the liver and heart of the Siberian frog during 
normoxia and anoxia. We found that anoxia causes significant 
energetic stress with much less energy molecules available in the 
studied organs. This is accompanied by the accumulation of 
several end products, most significantly lactate, alanine, and 
succinate, as well as most amino acids.

Keywords — anoxia, metabolomics, Rana amurensis, Siberian 
frog

Motivation and Aim
Hypoxia is a fatal stress for most terrestrial vertebrates. 

Only a few species are able to survive prolonged hypoxia, 
most of them are poikiloterms. The recently discovered ability 
of the Siberian frog Rana amurensis to survive complete 
anoxia for three months [1] makes it the only real anoxia-
tolerant amphibian. Noteworthy, these frogs retain the ability 
to move and react to stimuli under such conditions.

We performed a metabolomics analysis of the heart an 
liver of Siberian frogs in normoxia and exposed to anoxia in 
order to (1) quantify the major metabolites present in the frog 
tissues; (2) elucidate the energetic pathways used under 
anoxia and their intensity; (3) estimate the degree of cellular 
stress during anoxia; and (4) to reveal metabolic adaptations 
to anoxia.

Methods
A set of six experimental animals was exposed to 1 month 

of anoxia at near-zero temperature; another group of the same 
size was kept in normoxia at the same temperature. Hearts and 
liver of the studied sample were extracted as quickly as 
possible, frozen in liquid nitrogen and used for metabolite 
extraction. Identification and quantification of metabolites 
was performed using 1H NMR and mass spectrometry 
analysis.

Results
Anoxia differed from normoxia in many respects. 

Glucose, the source of energy for glycolysis, was significantly 
more abundant during anoxia, as well as end products of 
glycolysis, lactate and alanine. The Krebs cycle stopped with 
the accumulation of succinate. Concentrations of most amino 
acids increased, except for aspartate. Concentrations of AMP 
and NADH increased severalfold with the concomitant 
decrease of ATP and NAD+, indicating dramatic decrease in 
available energetic molecules.
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Abstract — Photodynamic therapy (PDT) is one of the most 
promising methods of treating cancer, although it has it’s 
limitations due to applying visible light sources with limited 
exposure depth. This allows the method to be used only for 
superficial tumors treatment and can damage healthy cells as well. 
To increase the efficiency of the method for treatment of deep lying 
tumors, it is possible to use other radiation sources, for example, 
x-rays. Thereby search and development of x-ray activated
photosensitizers is relevant at the moment. In this work a tungsten
(W6I8) cluster complex was used as photo- and x-ray- sensitizer
and its conjugate with DNA (W6I8DNA) as targeting molecules to
eliminate Krebs-2 tumor cells and prevent tumor development in
vivo.

Key words — oncology; Krebs-2; photodinamic therapy; X-ray; 
tunsgen claster complex; DNA moleculs; cancer treatment

Introduction
Oncological diseases are widespread in the world and 

causing a large number of deaths. Well-known treatment
methods of cancer such as surgery, radiation therapy and 
chemotherapy are efficient in some way, but do not prevent
relapse of tumors. Photodynamic therapy (PDT) is new and one 
of the most promising methods of cancer treatment. It is based 
on an ability of photosensitizers to be activated by specific 
wavelength and produce singlet forms of oxygen that are known 
for its cytotoxic effect. Visible light sources are used for 
photosensitizer activation, but it can be applied only to 
superficial tumors. To increase the efficiency of the method, it 
is possible to use other radiation sources, for example, x-rays 
that can penetrate deep tissues. Chen and colleges have already 
created x-ray activated nanoparticles, but it requires high 
irradiation dose [1]. It was detected that certain tungsten cluster 
complex has an ability to be activated by light and x-ray and 
produce reactive oxygen species (ROS) [2], [3]. Such properties 
allow it to be possible photo- and x-ray sensitizer. In this study, 
we also used tungsten cluster complex conjugated with DNA 
molecules for the better targeting of induced cancer cells. It has 
been shown that certain type of tumor cells absorb DNA 

molecules more efficiently than other cancer cells and normal 
cells [3].

The main goal for our work is to exanimate tungsten cluster 
complex and its conjugate with DNA for photodynamic and x-
ray dynamic abilities on in vivo Krebs-2 tumor cells.

Materials and Methods
Tungsten cluster complex (Bu4N)2[{W6I8}(NO3)6] was 

synthesized in Laboratory of Bioactive Inorganic Compounds 
(Nikolaev Institute of Inorganic Chemistry SB RAS) [4]. Its 
conjugation with DNA molecules was carried out by 
intercalating the cluster into double-stranded DNA using the 
DNA denaturation step.

Krebs-2 mouse carcinoma line cells were used in current 
study. Cells were cultivated with (W6I8) and (W6I8DNA) for 2 
hours in standard culture conditions (37°C, 5% CO2). After that, 
cells were irradiated with 500W halogen lamp for 30 minutes or 
with x-ray source. The resulting radiation dose was 20 J/cm-2
(light) and 120Gr (x-ray). 

CBA/Lac mice 4 month old were vaccinated with irradiated 
cancer Krebs-2 cells intramuscularly (200 *103 cells). The next 
42 days dynamic of tumor growth was observed. On 42d day all 
mice with tumors were decapitated and tumors were collected 
for histological analyze. Control group consisted with mice that 
received cells with no exposure to light or x-ray. All the animal 
studies conform to standards and a protocol approved by the 
Institutional Animal Care and Use Committee. 

Statistic analyze was carried out by Statistic 8. Quantitative 
data were expressed as mean ± s.e.m. A nonparametric Mann-
Whitney U-test was used for comparing the treatment groups 
and the control groups. P < 0.05 was considered statistically 
significant.

Results
Solid tumors Krebs-2 appear palpable on 7-11th day after 

injection in 100% mice in control group. Other control groups, 
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where cells were previously irradiated with light or x-ray, show 
no difference in growth dynamic and final size of tumors.

Preliminary incubation of Krebs-2 cells with tungsten cluster 
complex (Bu4N)2[{W6I8}(NO3)6] also did not affect tumor 
growth in mice itself (control W6I8). However, irradiation of 
these cells with x-ray led to the latter appearance of tumors and 
smaller sizes in comparison with both control W6I8 and light 
W6I8 (Fig. 1). 

Incubation of Krebs-2 cells with tungsten cluster complex 
(Bu4N)2[{W6I8}(NO3)6] conjugate with DNA molecules did not 
affect tumor growth in mice without activation of cluster. 
However, irradiation of these cells with x-ray, as in the case with 
just W6I8, led to the latter appearance of tumors and smaller sizes 
in comparison with both control W6I8-DNA and light W6I8-
DNA. In some mice in this group tumors did not appeared at all 
(Fig. 1). Incubation of Krebs-2 cells with tungsten cluster 
complex (Bu4N)2[{W6I8}(NO3)6] and with its conjugate with 
DNA molecules has no differences between sizes of tumors 
induced by injections of such cells both without irradiation and 
with light or x-ray irradiation. 

Fig. 1. Krebs-2 tumor size (sm2) after 42 days of cultivation in mice CBA/Lac 
4-6 month old. Krebs-2 cells were previously incubated with (W6I8) and 
(W6I8DNA) for 2 hours in standard culture conditions (37°C, 5% CO2). After 
that, cells were irradiated with 500W halogen lamp for 30 minutes or with x-
ray source. The resulting radiation dose was 20 J/cm-2 (light) and 120Gr (x-
ray). Group with tumors from cells with no exposure to light or x-ray was 
control group. Quantitative data were expressed as mean ± s.e.m. N=6. A 
nonparametric Mann-Uitny test was used for comparing the treatment groups 
and the control groups.

(* - р <0.05) – X-ray compared to light, (# - р <0.05) – x-ray compared to 
control, ($ - р <0.05) – (W6I8) and (W6I8DNA) compared with control in X-
ray group. 

Conclusion
Therefore we found out that Tungsten cluster complex 

(Bu4N)2[{W6I8}(NO3)6] and its conjugate with DNA 
(W6I8DNA) can be activated with x-ray which leads to 
elimination of Krebs-2 cells. Considering, that W6I8 itself has an 
ability to produce ROS, than this part of conjugate is responsible 
for elimination. Irradiated Krebs-2 cells intramuscular injection 
reduce tumor growth or leads to its absence. Meanwhile in 
control group Krebs-2 tumors reached considerable size. As we 
know that cancer initiating cells absorb DNA molecules more 
efficiently [3], we can assume that this type of tumor cells was 

eliminated specifically and tumor cells suspension was not 
capable to induce tumor growth or the growth was not so fast 
and efficient.

Furthermore, it was revealed that tungsten cluster complexes 
(Bu4N)2[{W6I8}(NO3)6] have no effect on cells viability, which 
is one of the essential properties for photo- and x-ray sensitizers. 
Consequently, X-ray irradiation can be an activator of particular 
photosensitizers, since there is no toxic effect on living cells on 
its own. The use of X-rays will reduce the likelihood of death of 
normal cells and increase the depth of the location of tumors that 
can be removed by this method. However, to evaluate the 
effectiveness of X-ray irradiation in photodynamic therapy, 
further studies are necessary.
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Abstract — According to the world community, metabolic 

complications are associated with inflammation in obesity. The 

cytokines of the interleukins (IL) - 6 family consist of IL-6, IL-

11, IL-27 and have similar, but individual effects, such as the 

regulation of liver damage, the balance between regulatory and 

effector T cells and metabolic regulation. The anti-

inflammatory and regenerative activities of IL-6 are usually 

mediated by the classical signaling regimen, while the pro-

inflammatory responses in many pathological conditions 

include trans-signaling. The aim of the study was to assess the 

role of the cytokines of the IL-6 family: IL-6, sIL-6Ra, gp130 / 

sIL-6Rb, IL-11 in the regulation of carbohydrate (glucose level) 

and lipid (cholesterol (Hol), high-density lipoprotein (HDL), 

low-density lipoprotein (LDL), triglycerides (TR)) exchanges in 

serum / plasma in patients with metabolic syndrome (MetS). 

This fact may indicate the protective role of sIL-6Ra trans-

signaling and protective role of IL-6 signal inhibition due to high 

levels of sgp130 / sIL-6Rb in relation to metabolic disorders in 

obesity patients. 

Keywords — IL-6, sIL-6Ra, gp130 / sIL-6Rb, IL-11, metabolic 

syndrome, cholesterol, glucose 

Introduction 

Obesity and accompanying complications (type 2 
diabetes mellitus (type 2 diabetes), diabetic foot, 
atherosclerosis, non-alcoholic fatty liver disease (NAFLD), 
steatohepatitis, etc.) occupy a leading position among the 
causes of mortality [1]. The main signs of metabolic 
syndrome (MetS) are arterial hypertension, central obesity, 
hyperglycemia and atherogenic dyslipidemia, and 
concomitant signs are liver steatosis, polycystic ovary 
syndrome and hyperuricemia [2]. The main long-term 
complications of MetS are type 2 diabetes, atherogenesis, and 
cognitive impairment [2]. According to the world 
community, metabolic complications are associated with 
inflammation in obesity. Chronic subclinical inflammation 
contributes to the lipid and carbohydrate metabolism 
disorders, and its local foci lead to dysfunction of different 
tissues (adipose tissue, hepatic, vascular endothelium, etc.). 

Initially, it was believed that IL-6 is assigned to pro-
inflammatory cytokines and is a predictor of type 2 diabetes, 
secreted by TNF-a-mediated manner [3; 4]. IL-6 is known to 
mediates adverse metabolic effects, promotes insulin 
resistance and worsens glucose homeostasis [4; 5]. However, 
the role of IL-6 in potentiation of metabolic disorders is still 
controversial. Different types of cells involved in the 

regulation of glucose homeostasis respond differently to IL-
6. Many experiments have shown that IL-6 can potentiate 
insulin resistance in hepatocytes, but the results on adipocytes 
and skeletal muscles are contradictory/inconsistent [3; 6]. 

The interleukin (IL) - 6 family cytokines is a group of 
cytokine consisting of IL-6, IL-11, IL-27 and belong to the 
same family, because the receptor complex of each cytokine 
contains two (for IL-6 and IL-11) or one molecule (for all 
other cytokines) of the gp130 signaling receptor subunit [6]. 
Cytokines of the IL-6 family have similar, but individual 
effects, such as the regulation of liver damage, the balance 
between regulatory and effector T cells, and metabolic 
regulation [6]. 

IL-6 realizes its effects through the membrane-bound 
receptor of IL-6R, which can exist in a soluble form (sIL-6R), 
the latter lacks the transmembrane and cytoplasmic domains. 
The main sources of sIL-6R are hepatocytes and immune 
cells. IL-6 binds to IL-6R or sIL-6R and initiates subsequent 
signaling through interaction with gp130 [3; 6]. The IL-6 / 
sIL-6R complex acts as an agonist of gp130-mediated IL-6 
signaling, which is called trans-signaling. This type of signal 
transmission expands the spectrum of potential IL-6 targets 
due to the ubiquitous expression of gp130. However, gp130 
can also be in soluble form and inhibit IL-6 trans-signaling 
without affecting the classical type of signal transmission [6]. 
Soluble gp130 (sgp130) is found in the bloodstream of 
healthy people by buffering the systemic response to 
circulating IL-6 [6; 7]. 

The anti-inflammatory and regenerative activities of IL-6 
are usually mediated by the classical signaling regimen, while 
the pro-inflammatory responses in many pathological 
conditions include trans-signaling. 

In this regard, the purpose of the study was to assess the 
role of the IL-6 family cytokines: IL-6, sIL-6Ra, gp130 / sIL-
6Rb, IL-11 in the regulation of components carbohydrate and 
lipid metabolism (glucose level, cholesterol (Hol), high-
density lipoprotein (HDL), low-density lipoprotein (LDL), 
triglycerides (TR)) in serum / plasma in patients with 
metabolic syndrome (MetS). 

Methods and Materials 

This study included 118 patients with MetS (53 men and 
65 women, 48 (41 – 53) years, BMI = 46.25 (41.48 – 54.68) 
kg/m2) who were admitted to the Regional Clinical Hospital. 
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All patients were diagnosed with abdominal obesity. The 
presence of MetS was confirmed based on a detailed clinical 
and instrumental examination using the World Health 
Organization diagnostic criteria (Swarup S, Zeltser R, 2020). 
The control group consisted of healthy donors with normal 
anthropometric and biochemical parameters (23 men and 17 
women, 35 (30.5 – 49.5) years, BMI = 23.4 (20.9 – 24.9) 
kg/m2, n=40). 

All study participants provided informed consent to 
participate in a research study. The study was carried out in 
accordance with the World Medical Association (WMA) 
Declaration of Helsinki (2000) and the Protocol to the 
Convention on Human Rights and Biomedicine (1999). The 
study protocol was approved by the Local Ethical Committee 
of the Innovation Park of the Immanuel Kant Baltic Federal 
University (Protocol No. 4 from October 23, 2013).  

Mediators of carbohydrate (glucose (GL)), and lipid 
metabolism (cholesterol (Hol), high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), triglycerides (TR), C-
reactive protein (CRP)) were measured on a CA-180 
automatic biochemical analyzer (Furuno Electric Co., Ltd, 
Japan). 

Quantitative determination of IL-6, sIL-6Ra, 
gp130/sIL-6Rb, IL-11 was evaluated by flow fluorimetry 
on an analyzer «Bio-Plex Protein Assay System» (Bio-
Rad, USA) using Bio-Plex Pro™ Human Inflammation 
Panel 1, 37-Plex (Bio-Rad, USA). Verification of 
quantitative indicator distribution normality was carried 
out using the Shapiro-Wilk test. For detecting statistically 
significant differences between groups, a pairwise analysis 
was performed using the nonparametric Mann-Whitney 
criterion for independent groups was used. Correlations 
between the studied indices were determined using 
Spearman correlation analysis. Differences were 
considered significant at the level of p < 0.05. All 
statistical analyses have been performed in GraphPad 
Prism 8 (USA). 

Result and Discussion 

Biochemical parameters of carbohydrate and lipid 

metabolism 
Ectopic lipid deposition, chronic inflammation, disorder 

carbohydrate and lipid metabolism are characteristics of the 
metabolic syndrome (MetS) [1; 2]. The concept of metabolic 
syndrome combines the presence of obesity and at least two 
concomitant signs of metabolic disorders, according to the 
criteria for determining MetS of the World Health 
Organization [1]. The study revealed the disorder of 
carbohydrate and lipid metabolism in patients with MetS. 
glucose, cholesterol, LDL, triglycerides serum levels in 
patients with MetS were higher compared to controls (p 
<0.05), and the HDL levels were lower than control values (p 
<0.05) (Table 1). 
Pro-inflammatory mediators 

Obesity inflammation plays an important role in the 
development of MetS and other complications CRP is an 
inflammatory biomarker and refers to acute phase proteins. 
Elevated CRP levels are a companion to metabolic disorders, 
in particular MetS [8; 9]. In our study, the CRP level in 
patients with MetS (9.31 (7.37 - 14.15) pg / ml) was higher 
than the control (3.96 (1.56 - 8.83) pg / ml) (p <0.05), which 

indicates the presence of systemic inflammation in this 
category of patients (Table 1). 

TABLE 1. BIOCHEMICAL PARAMETERS OF CARBOHYDRATE AND LIPID 
METABOLISM IN BLOOD SERUM IN THE PATIENT GROUPS 

Parameters 

(mmol/l) 
Control, 

n=40 

Patients with MetS, 

n=118 
p-value 

Glucose 5.09 (4.66 – 5.36) 6.50 (5.40 – 9.33)  p = 0.0011* 

HOL 4.42 (3.80 – 5.17) 5.29 (4.34 – 5.96) p < 0.0001* 

HDL 1.46 (1.05 – 1.71) 1.16 (0.96 – 1.34) p = 0.0140* 

LDL 2.19 (1.65 – 2.47) 2.79 (2.25 – 3.38) 
 p = 0.0002* 

TR 0.86 (0.65 – 1.37) 1.85 (1.27 – 2.44) p < 0.0001* 

CRP 3.96 (1.56 – 8.83) 9.31 (7.37 – 14.15 p = 0.0003* 

Note: the significance is determined using the Mann-Whitney criterion for two independent samples 
(* - p <0.05). 

 

CRP is formed and released from the liver by the action of 
the cytokines IL-1 and IL-6 [9]. In our IL-6 study, plasma 
levels in patients with MetS (4.59 (3.99 - 6.59) pg / ml) 
exceeded the control of 1.45 (0.55 - 6.59) pg / ml (p <0.01) 
(Figure 1). However, IL-6 levels were negatively correlated 
with plasma CRP levels in patients with MetS (r = - 0.522, p 
<0.05).  

 
Fig. 1. The content of pro-inflammatory mediators in the blood plasma 

of patients with metabolic syndrome 
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IL-6 is usually not expressed constitutively, but its 
expression is intensively induced by a spectrum of stimuli, 
such as viral and bacterial infections, pro-inflammatory 
cytokines, oxidative stress, etc. [10]. IL-6 was initially 
considered a pro-inflammatory cytokine. There is an opinion 
that IL-6 and CRP belong to markers of type 2 diabetes [9; 
10]. In our study, an increase in IL-6 level was positively 
correlated with an increase in BMI (r = 0.56, p < 0.05) and 
an increase in glucose concentration (r = 0.50, p < 0.05) in 
the blood serum of patients with MetS (Fig. 2). The 
observation that serum IL-6 levels correlate with obesity, 
impaired carbohydrate and lipid metabolism suggests that 
IL-6 is associated with the development of metabolic 
diseases. 

However, there is increasing evidence of anti-
inflammatory activity of IL-6. Mice with IL-6 deficiency 
develop obesity in adulthood, liver inflammation, and 
systemic insulin resistance [3]. In accordance with these 
observations, elevated cholesterol and triglyceride levels, 
accompanied by weight gain, were observed in patients who 
were treated with IL-6 inhibitors [3; 10]. Thus, the 
association between IL-6 and the progression of metabolic 
disorders in obesity may simply reflect an attempt to 
counteract the chronic inflammation caused by other 
inflammatory mediators. 

The explanation may lie in a change in the signaling of 
IL-6 in conditions of chronic inflammation in obesity. The 
scientific periodicals describe the properties of IL-6 
dependent signaling in the regulation of metabolic parameters 
in obesity. sIL-6R binds IL-6 and prolongs the half-decay of 
IL-6 in animal models [11], enhancing regenerative processes 
in the liver. In addition, it was shown that the complex of IL-
6 and sIL-6R internalizes much less efficiently than IL-6, 
which leads to an increase in the duration of the IL-6 signal 
during trans-signaling [11]. In our study, sIL-6Ra did not 
change plasma levels, while gp130 / sIL-6Rb decreased in 
patients with MetS 6.49 (4.44 - 37.62) ng / ml compared to 
the control group 13.9 (10.9 - 29.4) ng / ml (p < 0.05). The 
level of soluble sIL-6Ra and gp130 / sIL-6Rb receptors was 
negatively correlated with BMI (r = -0.43, p < 0.05) (r = -
0.45, p < 0.05), with LDL level (r = -0.33, p < 0.05) (r = -
0.30, p < 0.05) and positively correlated with the level of 
HDL (r = 0.33, p < 0.05) (r = 0.29, p < 0.05) in MetS patients 
(Figure 2). The level of gp130 / sIL-6Rb, but not the level of 
sIL-6Ra, negatively correlated with the level of glucose (r = 
-0.29, p < 0.05) in MetS patients (Figure 2).  

 
Fig. 2. Correlation matrix of biochemical parameters and pro-

inflammatory IL-6 family cytokines in patients with MetS 

IL-6 level negatively correlated with sIL-6Ra (r = -0.59) 
and gp130 / sIL-6Rb (r = -0.45) levels in MetS patients (p < 
0.05). The increase in the level of IL-6 in plasma was 
accompanied by a decrease in concentration gp130 / sIL-6Rb, 

which is probably associated with impaired signaling of IL-6 
and the development of metabolic complications.  

IL-11 promotes fibrosis, steatosis, hepatocyte death, 
inflammation and hyperglycemia in mice with diet-induced 
steatohepatitis. Inhibition of IL-11 improved the 
cardiometabolic profile in animal models [12]. In contrast, 
other authors have shown that IL-11 inhibits NF-kappaB and 
AP-1 [13]. In this study, we recorded increased IL-11 loss in 
patients with MetS 0.57 (0.44 – 1.01) pg / ml compared to a 
control of 0.18 (0.12 – 0.48) pg / ml (p < 0.05). However, we 
did not find any correlation of IL-11 level with other studied 
parameters, which does not allow us to demonstrate its role in 
the pathogenesis of MetS. 

Conclusion 

Thus, a decrease in the concentration of soluble sIL-6Ra 
and gp130 / sIL-6Rb receptors was accompanied by increased 
dysregulation of carbohydrate and lipid metabolism.sIL-6Ra 
did not change, but was negatively correlated with BMI, LDL 
levels and HDL levels in blood plasma of patients with MetS. 
А decrease in the concentration of the soluble gp130 / sIL-6Rb 
receptor was accompanied by metabolic dysregulation: an 
increase in BMI, glucose levels, LDL levels and decrease in 
HDL levels in blood plasma of patients with MetS.  

This fact may indicate the protective role of sIL-6Ra trans-
signaling and protective role of IL-6 signal inhibition due to 
high levels of sgp130 / sIL-6Rb in relation to metabolic 
disorders in obesity patients. 
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Abstract — Multifunctional cytokines, such as IL-13, play an 
important role in asthma pathogenesis. Several single nucleotide 
polymorphisms of cytokines are associated with asthma 
susceptibility in specific populations; however, further 
replicative studies in other ethnic groups are mandatory, 
especially with respect to asthma severity in children. Child with 
moderate-to-severe asthma were divided to patients 
uncontrolled course of the disease (n = 107) and controlled 
course of the disease (n = 95). The frequency of the CT genotype 
IL13 (rs1800925) in patients with controlled moderate-to-severe 
asthma was significantly higher in comparison with control 
(46,2% / 36,6%, OR 1,51, p=0,03). Was obtained statistically 
significant differences in the frequency of the TT genotype 
between the population sample (6,7%) and the group with 
uncontrolled asthma (15,5%, OR 1,65, p=0,03). The results have 
contributed to the data on the role of polymorphisms of IL-13
into the development of asthma in children as exemplified by a 
European population of East Siberia, Russia.

Keywords — bronchial asthma, IL13, gene polymorphism, 
disease severity

Introduction
Bronchial asthma (BA) is a multifactorial disease, since 

both environmental factors and the person’s genetic 
predisposition contribute to the development of the disease [1, 
6]. A number of associative relationships of cytokine gene 
polymorphism produced by Th2 cells with the development of 
bronchial asthma have been obtained [1]. Interleukin-13 (IL-
13) is the central mediator involved in the pathogenesis of 
bronchial asthma. In the bronchial tissues in asthmatic 
patients, there is a cell expansion expressing IL-13 mRNA, 
with overexpression of IL-13 in the lungs accompanied by the 
development of allergic inflammation, mucus hypersecretion, 
airways hyperresponsiveness, subepithelial fibrosis and 
eotaxin production [2]. Currently, anti-IL-13 (the trade name 
is "Lebrikizumab") is used in the treatment of bronchial 
asthma, which is a monoclonal antibody that blocks the 
activity of IL-13. When applying Lebrikizumab in patients, a 
significant improvement in the volume of forced expiratory 
flow for the first second of maneuver (FEV1) was 
observed [3].

The IL13 gene has a number of polymorphisms associated 
with the clinical manifestations of BA. Of particular interest 
is the study of rs1800925 polymorphism due to its location in 
the promoter region of the IL13 gene, as well as the revealed 
association between this SNP and BA in both adult and 
children populations [4]. Carriers of the homozygous variant 
for the minor allele of this polymorphism developed an 
association with increased IL-13 production, airway 
hyperreactivity, and a positive skin test for allergen, and 
heterozygotes and homozygotes for the minor allele are sure 
to be associated with an elevated concentration of IgE [4, 5].

The purpose of the study was to evaluate the associations 
between rs1800925 polymorphism of the IL13 gene and 
bronchial asthma with different control levels and disease 
severity in children of Caucasian origin in Eastern Siberia.

Materials and methods
In the studied group of people there were children with 

bronchial asthma (n = 202, average age was 12.8 ± 1.2 years 
old) and practically healthy children and adults (n = 135) in 
Krasnoyarsk. The control group included children (n = 33, 
average age was 13.6 ± 2.5 years old) and adults with no 
history of BA and allergies (n = 102, average age 38.3 ± 5.4 
years). A comparative analysis of the allele frequency in the 
control groups of different ages was carried out, no 
statistically significant differences were found, which allowed 
one to combine individuals of different ages in one control 
group. Child patients were divided into groups: moderate-to-
severe BA with an uncontrolled course of the disease (UBA, 
n = 107) and moderate BA with a controlled course of the 
disease (CBA, n = 95). The diagnosis, severity and the disease 
progression control was established upon recommendation of 
the GINA-2018.

DNA from peripheral blood was isolated using salting out 
method. Genotyping of IL13 (rs1800925) was carried out 
using the RT-PCR. Comparison of the allele frequency and 
genotypes between groups was provided using an online 
calculator, χ-square test (http://gen-exp.ru/calculator_or.php).
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Results and discussion
The frequency of the alleles rs1800925 of the IL13 gene 

in the control group obtained during the study corresponds the 
distribution in Caucasoid population: the frequency of the C * 
allele is 75%, the T * allele is 25% (according to 
http://www.ensembl.org).

A statistically significant difference in the frequency of 
genotypes between BA patients and the control group was 
shown by comparison of the rs1800925 genotype frequency. 
Genotypes with the T* allele are more common in patients as 
compared to control (OR 1.53 (1.08-2.15), p=0.027), which 
might indicate that CT and TT genotypes are risk factors for 
BA development. The frequency of the CT genotype in 
patients with UBA is statistically significantly higher than in 
the control group (46.9% and 46.6 % vs. 36.3 %, p=0.008, 
p=0.033, respectively). This genotype can be assumed to be 
associated with UBA. Significant differences comparing the 
TT genotype frequency between the control group and the 
group with severe BA was also obtained. Thus, in the severe 
BA group, the homozygous TT genotype is more common 
(15.49% vs. 6.7 %, p=0.027). Therefore, this genotype is 
associated with the progression of pathology, i.e. the 
development of severe bronchial asthma.

In general, our results are consistent with previous studies 
on the association of bronchial asthma with the rs1800925 
polymorphism of the IL13 gene. According to Liu Z. et al., an 
association was defined between the rs1800925 IL13 
polymorphism and the risk of asthma in children, since the CT 
and TT genotypes compared to the CC genotype, as well as 
high IL-13 expression in serum, were more common in the 
patient group. Using the further stratification of the study on 
ethnicity, a higher risk of the BA development in Caucasians 
compared to Mongoloids was shown [6]. Meta-analysis 

performed by Yang H.et al., revealed that rs1800925 
polymorphism is associated with the risk of BA development 
among Caucasians [7]. 

CONCLUSION
Thus, Th2-lymphocytes play an important role in the 

pathogenesis of bronchial asthma, and some single-nucleotide 
variants of the IL13 gene are associated with a risk of the 
development, course and progression of bronchial asthma in 
children was confirmed by the obtained data.
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Abstract — In the present study we analyzed the protein 
spectrum of blood in schizophrenic patients with simple and 
paranoid form of diagnosis. A set of proteins in schizophrenia 
were typically associated with processes, which are responsible 
for protein synthesis and the processes of transduction and 
translation; immune response, oxidative stress, apoptosis and 
cell communication. Significant increase in the number of 
RIPK1, mGluR6 receptors in blood serum between patients and 
healthy controls was revealed by comparative analysis. Besides, 
the amount of mGluR6 was significantly higher in patients with 
simple form of schizophrenia compared with paranoid 
schizophrenia patients (p = 0.021). A quantitative assessment of 
the specific minor proteins that we studied, using labeled 
standard peptides, demonstrated an increase in their number 
depending on the severity of the disease (a simple form of 
schizophrenia with leading negative symptoms).

Keywords — biomarker, schizophrenia, proteome, mass 
spectrometry, serum

Introduction
The study of mental disorders becomes more relevant in 

the 21st century. Schizophrenia refers to socially significant 
diseases, since it is a chorionic disease that begins at a young 
age. Its etiology and pathogenesis, response to treatment and 
its consequences are not yet completely understood. As a rule, 
only anamnestic and clinical psychopathological data are used 
for diagnostics. Patients, entering a psychiatric clinic for the 
first time, have particular difficulties in making a diagnosis. 
At present, the search for peripheral biomarkers, which can be 
used for differential diagnosis and prognosis of therapy 
(theranostic), becomes particularly important. Work on 
proteomic analysis in schizophrenic patients was carried out 
mainly on post-mortem material. However, so far, the search 
for markers of mental disorders has not been successful. The 
identification of peripheral biomarkers is an important step 
towards personalized medicine [1][2].

Methods
The protein spectrum of the blood serum was analyzed in 

following groups: 20 patients (9 men, 11 women, aged 32 [26, 
41] years and a disease duration of 7 [4, 16] years) with acute 
paranoid schizophrenia (F20.0); 15 patients (6 men, 9 women, 
aged 34 [29, 44] years and a disease duration of 10 [8, 20] 
years) with simple schizophrenia (F20.6) and 10 healthy 
people, the average age of 32,6 [22; 37] years. The patients 
were hospitalized in the Department of Endogenous Disorders 
of the Research Institute of Mental Health (MHRI) of the 
Tomsk National Research Medical Centre (NRMC, Tomsk). 
Blood serum samples were obtained from most patients in 
acute state before the start of the study. This was done in order 
to get clean samples before starting their course of therapy. 
The serum was purified by affinity chromatography from six 
major proteins (albumin, immunoglobulin G, 
immunoglobulin A, antitrypsin, transferrin and haptoglobin). 
In the next step the purified proteins were concentrated to 1 
ml using Amicon Ultra-0.5 ultrafilters (MILLIPORE) at 3 
kDa and separated by vertical electrophoresis in a 12% 
polyacrylamide gel according to the Lemmli method. Then, 
after trypsinolysis and peptide extraction from the gel, the 
proteins were identified by HPLC / mass spectrometry on Q-
exactive HF mass spectrometer (Thermo Scientific). Mass 
spectrometry was performed in Centre of Collective Usage 
“Human proteome» of IBMC, Moscow. 

The mass spectrometric data were analyzed with the 
MaxQuant software (version 1.6.3.4). The Andromeda search 
engine was used to search the MS/MS spectra against the 
UniProt human database combined with 262 common 
contaminants and concatenated with the reversed versions of 
all sequences. Only proteins quantified with at least two 
peptides were considered for quantitation. Quantitative LC-
MS-SRM analysis was performed on QQQ TSQ Vantage 
(Thermo Scientific) equipped with a nano-electrospray ion 
source. Each sample was analyzed for five times using Dionex 
UltiMate 3000 RSLCnano System Series (Thermo Scientific).
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Statistical analysis was performed using STATISTICA 
version 10.0 (StatSoft, Tulsa, OK, USA). The Kolmogorov–
Smirnov test was used to determine whether the data were 
normally distributed. Non-parametric Mann-Whitney U-test 
and Fisher’s exact test with Yates’ correction was used to 
check the statistical significance between-group differences. 
Kruskal-Wallis оne-way analysis of variance (ANOVA) and 
median test were used for comparative data analysis between 
three groups. Differences and correlations were considered 
significant at p-value.

Results 
In the work, a qualitative and quantitative analysis of the 

proteomes of the blood serum between patients with two 
different forms of schizophrenia (simple and paranoid) and 
healthy individuals was carried out. In patients with a paranoid 
form of schizophrenia, 5202 proteins were identified. Among 
them 1097 proteins showed significant differences with the 
proteins of healthy individuals. Patients with a simple form of 
schizophrenia identified 4098 proteins. Among them 574 
proteins showed significant differences with control. 
Statistically significant differences in 302 proteins were 
obtained between patients with simple and paranoid forms of 
schizophrenia. Most of them from set of proteins in 
schizophrenia were typically associated with processes, which 
are responsible for protein synthesis and the processes of 
transduction and translation; immune response, oxidative 
stress, apoptosis and cell communication.

For further research by the method of quantitative mass 
spectrometry using labeled peptide standards, several proteins 
involved in neurogenesis and proteins of neuronal receptors 
were selected: NMDAZ1, RIPK1, mGluR6, DCLK1. 
Kruskal-Wallis test ANOVA by Ranks showed significant 
differences between three studied groups for protein DCLK1 
(p =,0118) and, accordingly, significant pairwise differences 
between all the studied groups. In the blood serum of patients 
in the total group of schizophrenia, a significant increase in 
the number of RIPK1, mGluR6 receptors was revealed in 
comparison with healthy people. In addition, the amount of 
mGluR6 was significantly higher in patients with a simple 
form of schizophrenia compared with paranoid form patients 
(p = 0.021). In the total group of patients with schizophrenia, 
divided accordingly by the prevailing symptoms, a more than 
twofold increase in the number of RIPK1 was revealed in 
patients with leading negative symptoms. Thus, most of the 
specific proteins that we studied that has been identified in 
patients with schizophrenia using screening were significantly 
increased depending on the clinical symptoms.

Conclusions 
Saia-Cereda with co-workers describes a large amount of 

proteins typical for brain proteome in schizophrenia, as well 
as for major depressive disorder (MDD) [3]. Through 
comparative analysis of proteome profiles between 
schizophrenia, BD, and MDD, only 30 proteins were similarly 
changed in all three disorders. Hence, small overlapping 
between changes in protein levels typical for major mental 
disorders can be a feature maintaining specificity of every 
disease at proteome level. 

A quantitative assessment of the specific minor proteins 
that we studied using labeled standard peptides showed an 
increase in their number depending on the severity of the 
disease (a simple form of schizophrenia, leading negative 
symptoms). Thus, the identified proteins have pathogenetic 
and prognostic significance.

Hence, one may suppose that finally the efforts must not 
be concentrated on the search for a specific protein, but rather 
a protein set (panel) must be revealed reflecting the main 
pathogenetic mechanisms and serving as a starting point for 
diagnosis and prognosis of mental disorder development [4].
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Abstract — It is well-known that tumor size is predictive 

of overall survival for patients with non-small cell lung 

cancer (NSCLC). Joint modeling is an advanced approach to 

quantify the association between longitudinal biomarkers 

and overall survival. The obtained results suggest that 

assessment of biomarker dynamics improved the accuracy of 

survival prediction in comparison with consideration of only 

baseline biomarker values for investigated patients with 

NSCLC. 

Keywords — non-small cell lung cancer, tumor size, survival 

analysis, joint modeling 

Motivation and aim 

In non-small cell lung cancer (NSCLC) studies tumor size 
may be represented by Sum of Longest Diameters of target 
lesions (SLD). SLD is known as important biomarker for 
overall survival (OS) prediction [1,2]. Typically, different 
other baseline and longitudinal biomarkers (representing 
oxidative stress, blood status, kindey and liver function, etc.) 
may be available from NSCLC study data. Multiple 
longitudinal and baseline biomarkers and their association to 
OS can be analyzed by means of joint modeling (JM) [3]. 
Current work is aimed to quantify the association of different 
longitudinal biomarkers and OS in patients with NSCLC and 
compare the results between two different NSCLC studies 
with different treatments.  

Methods 

Data from the comparator arms of two phase 3 clinical 
studies in second-line metastatic NSCLC were obtained 
from Project Data Sphere repository, comprising 512 
patients treated with target therapy erlotinib 
(NCT00364351) and 596 patients treated with standard 
chemotherapy (docetaxel) from ZODIAC study 
(NCT00312377). Patients in both considered studies were 
similar in their disease status, demographics and baseline 
characteristics. Particularly, they had similar baseline 
values of most biomarkers, in spite of different types of 
treatment. Cox proportional hazards models of baseline 

SLD in combination with other baseline biomarkers 
(lactase dehydrogenase (LDH), neutrophils, white blood 
cells (WBC), neutrophil-to-lymphocyte ratio (NLR), 
alkaline phosphatase, aspartate aminotransferase, alanine 
aminotransferase, creatinine) were tested first. The final 
Cox model for each dataset was selected based on the 
lowest Bayesian Information Criterion value and statistical 
significance of considered covariates. On the basis of the 
optimal Cox model, multiple joint models were developed 
using one longitudinal biomarker and other biomarkers as 
baseline. Joint model parameter estimation was made in 
JM package in R. Longitudinal biomarker trajectories were 
modeled with natural splines. We assessed and compared 
the quality of survival predictions of Cox and JM models 
by means of Receiver Operating Characteristic Curve 
AUC (ROC AUC) and Brier Score (BS) [3]. In the case of 
JM, ROC AUCs and BSs were calculated with 90-day cut-
off of longitudinal data. 

Results 

The optimal Cox model was identified for each study. 
Cox model structures turned out to be identical for both 
datasets and included SLD, LDH, WBC and NLR baseline 
biomarkers. The significant association between each of 
these identified biomarkers and OS was detected in JM as 
well, where the biomarkers were considered longitudinal. 
Additionally, the association between longitudinal SLD, 
LDH, WBC and the risk of death turned out to be close for 
both studies with different NSCLC treatments. JM 
outperformed Cox models in ROC AUC and BS analysis. 
Accumulation of longitudinal data up to 90 days improved 
accuracy of survival prediction independently of which 
biomarker was considered longitudinal. This was 
confirmed in analysis of both study data. The highest 
prediction accuracy was received for JM models with 
assessment of SLD dynamics and baseline values of LDH 
and WBC. 
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Conclusions 

We identified the statistically significant association of 
different biomarkers with OS in selected NSCLC data. JM 
allowed to consider the longitudinal biomarker trends in 
addition to the baseline values only, that are used in Cox 
models. Longitudinal biomarkers trajectories assessment 
allowed to achieve higher patient survival discrimination in 
JM, compared to Cox models. 
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Abstract — The current SARS-Cov-2 pandemic has 
shown that effective surveillance and the speed of research 
of a pathogen directly depend on the quality of instruments 
used for its detection in laboratories. The results obtained 
suggest the development of the series of instruments allowing 
to rapidly detect the viral pathogene RNAs.

Keywords — SARS-CoV-2, nucleic acid detection system, 
NASBA, LAMP, Cas13a-interference

Motivation and aim
Up to date, RT-PCR detection systems are predominantly 

used for different nucleic acid detection applications. However, 
such systems require specialized technical equipment and are 
quite time-consumable. The approaches suggested made it 
possible to quickly and cheaply amplify pathogenic RNA 
molecules. The fluorescent imaging techniques used in our 
studies took a step for the creation of the rapid and convenient 
visual readout.

Methods
We utilized some modifications of commonly known 

methods, such as RT-PCR using novel modified phosphoryl 
guanidine oligonucleotides [1], and naked eye-detection system 
based on the loop-mediated isothermal amplification (LAMP) 
[2]. We also used the combination of NASBA (Nucleic Acid 
Sequence-Based Amplification) for specific amplification of the 
required RNA and Cas13a-mediated cleavage [3] for its detection 
via triggering of the collateral hydrolysis of RNA-detector, 
representing a short (15-nucleotide length) fluorescently-labelled 
RNA.

Results
To improve the routine real-time PCR-systems, we proposed 

the use of novel modified phosphoryl guanidine oligonucleotides, 
which showed an improvement in the quality of PCR results and 
a decrease in the accumulation of non-specific products 
(PCT/RU2018/050115). In particular, we observed an increase in 
the sensitivity level and an increase in the RFU level in Taq-man 
assay, which is most critical at the lowest possible concentrations 
of the SARS-Cov-2 RNA.

In this work, enzymatically assembled DNA fragments of SARS-
Cov-2 genome were used as templates for synthesis of RNA 
transcripts as an internal control for PCR test system. A set of 

oligonucleotides for synthesis of DNA templates using Polymerase 
Cycling Assembly was selected using Genecut alghorithm (ICBFM 
SB RAS - Unipro Ugene, Novosibirsk) and synthesized using 
protocols optimized in the context of error minimization. The 
approach used made it possible to quickly and cheaply obtain 
templates for the RNA-control synthesis in vitro. We also developed 
the CRISPR/Cas13a-based SARS-CoV-2 detection system. We used 
the combination of NASBA (Nucleic Acid Sequence-Based 
Amplification) and Cas13a-mediated cleavage allowing to 
specifically detect the SARS-CoV-2 RNA at the concentrations as 
low as several copies per reaction. NASBA isothermal amplification 
increases the target RNA amount by 106-108-fold, producing the 
detectable specific RNA concentration for the subsequent 
applications. The detection mentioned is based on the collateral 
cleavage activity of (LwaCas13a:crRNA) complex. The signal 
production is triggered by the fluorescently-labelled RNA-detector 
cleavage, taking place upon the target RNA recognition and cleavage. 
The fluorescent imaging of our combined reactions took a step for 
the creation of the rapid and convenient visual readout. In Laboratory 
of pharmacogenomics prototype test-system for detecting SARS-
CoV2 coronavirus genetic material was developed. The total analysis 
time starting with a biological sample don’t exceed one hour, the 
results can be detected with the naked eye. The protocol is based on 
loop-mediated isothermal amplification (LAMP) which, unlike 
conventional PCR, does not require the use of expensive PCR 
devices and can be used outside of laboratories. In the prototype test 
system, a chimeric DNA polymerase previously constructed at the 
Laboratory of pharmacogenomics, which is more resistant to 
amplification inhibitors compared to commercial analogues, was 
used. Thus, the pandemic stimulated the development of a technique 
for detecting pathogenic nucleic acids, which should soon come into 
use and become new tools for diagnosing viral infections.
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Abstract — during a routine abdominal MRI, detailed 

visualization of the intestine is not possible. Using the MRI 

technique with peroral hydrocontrast, it becomes possible to 

analyze the state of the intestine along its entire length due to its 

liquid content, biphasic contrast and obtaining a balanced MR 

signal from the intestinal wall with a high T1 / T2 ratio. 

Keywords — intestinal MRI, Hydro-MRI, MR-enterography, 

peroral contrast 

 INTRODUCTION  
In 2016, clinical recommendations were issued of the 

Russian Gastroenterological Association and the Association 
of Russian Coloproctologists for the diagnosis and treatment 
of Crohn's disease, where MR enterography is one of the 
methods for diagnosing and monitoring the effectiveness of 
treatment, as well as with suspected presence of stenosis and 
fistulas. Of course, the diagnostic capabilities of hydro-MRI 
are much wider and capture a greater number of nosologies, 
including not only other types of inflammatory bowel 
diseases, but also a number of infectious diarrhea, tumor 
pathology. Since the advent of MRI, visualization of the 
gastrointestinal tract was considered beyond the boundaries of 
this method, but hydrocontrasting of the intestinal lumen with 
special peroral contrasts made it possible to visualize and 
analyze it. The determination of fluid content in MRI required 
the use of modified signal sequences, which became the basis 
of the new method. 

 MATERIALS AND METHODS 
When receiving hydrocontrast, different types of peroral 

contrasts are used: negative, positive and biphasic. Each of 
them has its own advantages and disadvantages. Negative 
contrasts have a hypo-intense signal both on the T1-weighted 
image (T1-WI) and on the T2-weighted image (T2-WI), so the 
intestinal lumen is always dark. This is an indisputable 
advantage in assessing the intestinal wall with contrast 
enhancement and the contrasting pattern (white on dark), but 
leads to an inadequate assessment of the thickness of the 
intestinal wall, especially in the absence of its edematous 
changes (dark on dark). Positive contrasts, on the contrary, 
have an increased signal at T1-WI and T2-WI. This allows you 
to perfectly visualize the intestinal wall (dark on white), but 
makes it difficult to analyze contrast images (white on white). 
Biphasic contrast, having a low signal at T1-WI and a high 
signal at T2-WI, is devoid of the previously described 
disadvantages. An example of biphasic contrast is water, but 
due to the rapid absorption, it does not give good fullness of 
the intestinal lumen and is therefore not used. The most widely 
used biphasic contrast, which we use, is a 2.0–2.5% solution 
of ®Mannitol, which gives a long and adequate fullness of 
the intestine for the duration of the scan. In order to 
qualitatively visualize liquid content, in addition to using the 

T1-WI and T2-WI methods, additional signal sequences are 
used. To assess the state of the intestine, we use the pulse 
sequence FIESTA (Cor, Ax, Sag) - a coherent technique that 
uses a full balanced gradient signal (Figure 1). The image 
contrast is ensured by a high T1 / T2 ratio. That is, substances 
or tissues that have the maximum difference in signal intensity 
at T1-WI and T2-WI will be most contrasted with this 
technique. Accordingly, peroral biphasic contrast 
enhancement will provide excellent visualization of the 
intestinal lumen. Images are more T2-weighted. The high 
scanning speed and very low sensitivity to movement when 
acquiring images make this technique reliable in patients who 
have difficulty holding their breath. 

 
Fig. 1. MR-image of the intestine by FIESTA 

Direct methods for determining gastrointestinal activity 
are electro-gastrography, manometry and the use of electrodes 
and calibration voltage transducers. The invasiveness of these 
methods does not allow their frequent use for diagnostic 
purposes. Conducting dynamic FIESTA provides a unique 
opportunity to visualize intestinal motility not just in vivo, but 
also in real time, to evaluate the movement of fluid content in 
the intestine, to analyze the activity of the ileocecal valve 
(complete or incomplete closure of its valve flaps, the 
presence of retrograde current at the level of the small 
inteFstine transition), slowing down and difficulty in moving 
the liquid contents in the area of narrowing of the lumen to 
assess the degree of compensation of stenosis. There is no 
unified approach to the interpretation of functional studies of 
the intestine, and the analysis is only quality, but even at this 
stage of the development of functional techniques, the 
information received has high diagnostic value. 
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Since MRCP (HASTE) is based on the turbo-spin echo 
technique, which is used to sequentially obtain high-resolution 
T2-WI and allows to obtain a 3D model of the intestine (Figure 
2). This allows you to easily select the exact position of the 
plane to quickly obtain the desired viewing angle and position 
in space. HASTE uses the technique of short single signals to 
obtain enough data for the entire image in one sequence 
repetition period (TR). HASTE imaging uses half-Fourier in 
phase technology. Only half of the K-space is collected and the 
remainder is displayed. This technique is essentially an image 
of exclusively liquid content in the study area - intestinal lumen 
filled with peroral contrast. Due to the possibility of building a 
3D-model, this technique is primarily used to analyze the 
anatomical pathway of the intestine, verify congenital 
anomalies, dystopia, dolichocolon and dolichosigma, but also 
to determine the places of narrowing and expansion of the 
intestinal lumen. 3D tomography is a modern diagnostic 
standard, which allowed the quality of diagnosis and treatment 
to reach a whole new level. The advantage of three-
dimensional images is the ability to identify defects that are 
often overlooked in conventional images.  

 
Fig. 2. MR-image of the intestine by MRCP 

 

DISCUSSION 
To obtain MR images of the intestine suitable for analysis 

and interpretation, it is necessary to fill it with special oral 
liquid contrasts. Using this technique allows you to visualize 
not only the small, but also the large intestine throughout its 
entire length. But because of the high diagnostic significance 
of the information received on the condition of the small 
intestine, which is less accessible for diagnosis, this technique 
is often called MR enterography, although it is more correctly 
called hydro-MRI due to the use of peroral hydrocontrast. The 
presence of liquid content allows you to straighten the 
intestinal wall, improve visualization of its course, wall 
thickness, the location of loops and folds. Thus, when 
conducting MR enterography, it is the visualization of liquid 
content that makes it possible to conduct a qualitative analysis 
of the state of the intestine and visualize its internal structure. 
In addition, modern MR technologies allow real-time dynamic 
studies of the intestine and hydrocontrasting makes it possible 
to judge the presence of functional changes by changing the 
rate of advancement of the liquid contents. Based on the data 
of intestinal MRI, it is possible to create a personalized 
visualization model of the gastrointestinal tract 
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Abstract — The objective of the present study was to 
investigate the polymorphism of metabolism genes in indigenous 
populations of Siberia. To this end, we have studied the ethnic 
features of allele frequency distribution for polymorphic 
variants in gene TCF7L2 G103894T (rs12255372) and C53341T 
(rs7903146) in the samples taken from Buryats, and Russians of 
Eastern Siberia, and compared it with data on world 
populations. Samples of Eastern (N = 132) and Western (N = 
278) Buryats, Russians (N = 122) and persons of mixed Buryat-
Russian origin (N = 56) were genotyped by real-time PCR using 
competitive TaqMan- probes. Compared to the Russians, the 
Buryats showed a statistically significantly lower incidence of 
the TCF7L2 103894T and TCF7L2 53341T alleles associated 
with metabolic diseases and Type 2 diabetes mellitus (T2DM). 
Buryats are intermediate between Caucasian and East Asian 
populations. This agrees with the lower susceptibility of Buryats 
to metabolic disorders compared to the Caucasian population 
described in the literature. Intermediate frequencies alleles in 
the group of mixed origin may indicate a higher risk of the 
associated metabolic disorders in the descendants of mixed 
marriages compared to the Buryats.

Keywords — Buryats; Russians of Eastern Siberia; mixed 
origin; real-time PCR; metabolism; genetic polymorphism; 
TCF7L2 (rs12255372); TCF7L2 (rs7903146)

Motivation and Aim
For centuries indigenous peoples of Siberia have been 

adapting to severe climatic and geographical conditions and 
predominantly protein-lipid diet, and are now characterized by 
a distinct type of metabolism with increased protein-lipid and 
minimized carbohydrate exchange [1]. As the ongoing 
urbanization impacts the indigenous population, their living 
and economic conditions change, and the so-called 
‘civilization diseases’ related to metabolic disorders 
increasingly strike the Siberian peoples [2]. Investigation of 
gene polymorphism in the metabolic profile of indigenous 
Siberian populations is critical for understanding the 
molecular-genetic foundations of adaptive potential they 
developed by adapting to specific climatic and geographical 
conditions and via certain nutritional habits, and for 
identifying genetic reserves of ethnic groups in a rapidly 
changing world [3,4]. Prior studies indicated that some of the 
variants of the transcription factor 7-like 2 (TCF7L2) gene 
such as rs12255372 and rs7903146 are associated with 

cardiovascular and other metabolic diseases and Type 2 
diabetes mellitus (T2DM) in various populations and ethnic 
groups [6-7]. The purpose of this study was to determine the 
frequencies of TCF7L2 G103894T (rs12255372) and TCF7L2 
C53341T (rs7903146) polymorphisms in healthy Buryats, 
Russians and descendants of mixed marriages (Metis).

Methods and Algorithms
Persons of Buryat nationality having no ancestors with 

foreign ethnic backgrounds and living in Alkhanay and 
Orlovsky settlements of the Agin-Buryat Autonomous 
District in Zabaykalsky Krai were included in the Eastern 
Buryat group (N=132). Ethnic Buryats living in the 
settlements of the Ekhirit-Bulagatsky District of the Ust-
Ordyn Buryat Autonomous District in the Irkutsk Region 
(N=278) were included in the western sample. First- and 
second-generation descendants from mixed Russian-Buryat 
marriages were included in the metis sample (N=56). Russians 
from Eastern Siberia, whose ancestors lived in the settlements 
of Zabaykalsky Krai and the Irkutsk Region for several 
generations, were included in the fourth sample (N=122).

Genotyping was performed using real-time PCR with 
competitive TaqMan allele-specific probes. Population allele 
frequencies of polymorphic variants were determined based 
on the observed genotype frequencies. The match between the 
empirically observed genotype frequency distribution and the 
expected theoretical distribution in Hardy-Weinberg 
equilibrium was examined using χ2 Pearson test (the 
equilibrium holds at p>0.05). Significance of differences in 
allele frequencies between the studied samples was 
determined using χ2 test with Yates’s correction for 
continuity; the results were considered statistically significant 
at p<0,05.

Results and discussion
Genotype distribution for polymorphic loci of the TCF7L2 

G103894T (rs12255372) and TCF7L2 C53341T (rs7903146) 
and allele frequencies in samples of Buryats, their metis, 
Teleuts, and Russians from Eastern Siberia is presented in 
Table 1. Genotype distribution matched the Hardy-Weinberg 
equilibrium for both polymorphic loci.
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TABLE II. GENOTYPE DISTRIBUTION FOR TCF7L2 G103894T
(RS12255372) AND TCF7L2 C53341T (RS7903146) AND ALLELE 

FREQUENCIES IN SAMPLES OF BURYAT, THEIR METIS AND RUSSIANS FROM 
EASTERN SIBERIA 

Population Easter
n

Buryat
s

Wester
n

Buryats

Meti
s

Russian
s

G103894
T

Genotyp
e count

G/
G 116 251 45 73

G/T 15 24 8 40
T/T 0 3 2 7

N, ppl 131 278 55 120
P (H-W)

0,905 0,668
0,65

4 0,628
103894T

frequency, % 5,7 5,4 10,9 22,5
C53341T Genotyp

e count
C/C 119 225 49 70
C/T 13 49 7 44
T/T 0 2 0 8

N, ppl 132 276 56 122
P (H-W)

0,925 0,932
0,92

6 0,449
53341T

frequency, % 4,9 9,6 6,3 24,6
N is the sample size, P (H-W) is the probability of deviation from the Hardy-Weinberg equilibrium, 
metis are the descendants of mixed Russian-Buryat marriages

The TCF7L2 103894T and TCF7L2 53341T alleles 
associated with metabolic diseases and T2DM [5-7] are 
widely spread in Caucasian populations - at 20%-40% [8]. The 
incidence of these alleles is much lower in East Asian, i.e. 
Chinese, Japanese, and Vietnamese, populations at 1%-3%.

The frequencies of the TCF7L2 103894T and TCF7L2 
53341T alleles in the Russian samples corresponds to the 
frequency range found in European populations [8]. 
Frequencies of both alleles in samples of Eastern and Western 
Buryats were statistically significantly lower than in samples 
of Russians from Eastern Siberia and Caucasian groups 
described in the literature [8]. On the other hand, frequencies 
of the TCF7L2 103894T variant in both Buryats samples 
significantly increased if compared to a number of East Asian 
groups. Also significant differences in the incidence of the 
TCF7L2 53341T allele were found between Western Buryats 
and the East Asian sample. It was shown earlier for other gene 
frequencies that indigenous Siberian populations were 
intermediate between Caucasians and East Asians [9].

There are literature data showing a reduced risk of 
metabolic disorders in Buryats [10, 11]. Adaptation to the 
hypercontinental climate of the Siberian region, livestock-
based economy, and high-calorie diet with high protein and 
fat contents appears to have affected the frequencies of 
polymorphic variants of metabolic genes in this indigenous 
Siberian ethnic group. Lower prevalence of lipid and 
carbohydrate metabolism disorders in Buryats matches 
decreased incidence of TCF7L2 103894T and TCF7L2 
53341T in the population.

Conclusion 
Compared to the Russians, the Buryats showed a 

statistically significantly lower incidence of the TCF7L2 

103894T and TCF7L2 53341T alleles associated with 
metabolism-associated diseases and T2DM. This agrees with 
the lower susceptibility of Buryats to metabolic disorders 
compared to the Caucasian population described in the 
literature. Intermediate frequencies of alleles in the metis 
group may indicate a higher risk of the associated metabolic 
disorders in the descendants of mixed marriages compared to 
the Buryats.
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Abstract — Hepatocellular carcinoma (HCC) is 
characterized dysregulation of cell death mechanisms, and the 
imbalance of pro- and anti-apoptotic signals. The development 
of HCC is accompanied by genetic mutations in the signaling 
pathways involved in the cell proliferation, growth and death. 
The molecular changes in apoptosis signaling in HCC determine 
the requirement for targeted chemotherapy to increasing 
apoptosis in HCC cells. The aim of this study was to assess the 
ability of lithium to influence on the hepatocellular carcinoma-
29 (HCC-29) cells apoptosis in vivo. Light and transmission 
electron microscopy, and immunofluorescence staining were 
used to evaluate of apoptosis development in HCC-29 cells after 
administration of 20 mM lithium carbonate. It was revealed that 
lithium extremely increased the pro-apoptotic proteins Bad and 
caspase-3 expression, and decreased the anti-apoptotic protein 
Bcl-2 expression. These results indicate that lithium carbonate
induces apoptosis pathways in HCC-29 cells. Lithium 
administration can enhance pro-apoptotic chemotherapeutic 
drugs potential and overcome the resistance of tumor cells to 
apoptosis in HCC.

Keywords — hepatocellular carcinoma, lithium, morphology, 
apoptosis, electron microscopy

Introduction
Hepatocellular carcinoma (HCC) is a highly malignant 

type of liver cancer characterized by the presence of multiple 
genetic mutations in the Wnt/beta-catenin, p53, PI3K/Ras 
signaling pathways, as well as in the processes of oxidative 
and endoplasmic reticulum stress [1]. These pathways are the 
main intracellular signaling cascades involved in the 
proliferation, growth and death of tumor cells. Furthermore, 
HCC is characterized by molecular changes that affect on 
apoptosis processes: mutations in the P53 tumor suppressor 
gene (TP53), increased expression of transforming growth 
factor (TGF-β) and the anti-apoptotic phenotype, resistance to 
extrinsic apoptosis [2]. The dysregulation of cell death and 

proliferation mechanisms, as well as the imbalance of pro- and 
anti-apoptotic signals in HCC require the targeted 
chemotherapy to enhancing HCC apoptosis [3]. The effects of 
lithium on carcinogenesis and tumor progression are currently 
being actively studied [4]. Lithium implements its effect 
mainly by inhibiting glycogen synthase kinase 3β (GSK-3β), 
an enzyme that regulates the proliferation, differentiation and 
apoptosis of tumor cells [5]. We have previously shown that 
lithium salts decrease viability and stimulate apoptosis in
hepatocellular carcinoma-29 cells in vitro [6, 7]. The aim of 
this study was to investigate the lithium effects on cell 
morphology and HCC-29 apoptosis in vivo.

Methods and algorithms
HCC-29 was obtained by the researchers of the Institute of 

Cytology and Genetics, and was kindly provided for our study 
[8]. Mice were maintained at a constant room temperature (23 
°C) with a natural day/night light cycle in a conventional 
animal colony. Standard laboratory food and water were 
provided. Male CBA mice of 6–8 weeks of age, with weights 
of 18–20 g were used in experiment. For tumor induction, 1 ∙ 
106 НСС-29 cells were transplanted into the abdominal cavity, 
after 10 days, ascitic fluid was removed and 2 ∙ 106 НСС-29 
cells suspended in 100 μL of PBS were injected into the right 
thigh muscle. Mice were randomly divided into two 
experimental groups (five mice in each). Lithium (Li2CO3)
was delivered in 100 μL volumes given intramuscularly along 
periphery of the tumor every day. Experimental groups were 
as follows: the mice with intact tumor (Control) and mice, 
received 20 mM lithium carbonate (LC). All mice were 
euthanized by cervical dislocation under overdose of 
anesthesia on the 23rd day of the experiment. Animal testing 
was performed in accordance with Directive 2010/63/EU. 
Transmission electron microscopy (TEM). Tumor tissue was 
fixed with a 4% paraformaldehyde and then incubated with 
1% osmium tetroxide (OsO4) at 4 °C for 1h. The tumor tissue 
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was then incubated with 1% uranyl acetate after which it were 
further processed at the JEM 1400 electron microscope 
(JEOL, Japan). Microscopic analysis was carried out at the 
Multiple-access Center for Microscopy of Biological Subjects 
(Institute of Cytology and Genetics, Novosibirsk, Russia). 
Immunofluorescent staining (IF-F). Frozen sections of tumor 
tissue (10 μm) were analyzed by immunofluorescence 
staining using anti-Bad (ab32445, Abcam, UK), anti-Bcl-2
(ab692, Abcam, UK) and anti-caspase-3 (ab13847, Abcam, 
UK) primary antibodies. Alexa Fluor 488-conjugated anti-
rabbit IgG (ab150077, Abcam, UK) and Alexa Fluor 594-
conjugated anti-mouse IgG (ab150108, Abcam, UK) were 
used to detect the corresponding primary antibodies. Images 
were analyzed using an Axio Observer Z1 (Zeiss, Germany) 
fluorescence microscope at ×400 final magnification. 
Fourteen fields per group were captured (total area was 0.08 
mm2 for each group). The number of Bad-, Bcl-2- and 
caspase-3 positive cells was counted and analyzed using 
ImageJ software (National Institutes of Health, Bethesda, 
MD). Statistical analysis. Data are presented as mean (M) ± 
standard deviation (SD). Mann-Whitney nonparametric tests 
were used to assess differences by statistical package 
Statistica 6.0 (StatSoft, USA). Statistically significant 
differences were considered at P < 0.05.

Results
An ultrastructural study of tumor tissue revealed apoptotic 

changes in HCC-29 cells after administration of 20 mM 
lithium carbonate. In cancer cells fragmentation of the nucleus 
and condensation of chromatin, a decrease in cell volume and 
cytopodia, as well as plasma membrane bleeding were 
detected. These changes are typical morphological 
manifestations of apoptosis. After immunofluorescence 
staining of tumor tissue cryosections, it was found that the 
introduction of lithium significantly increased the number of 
Bad-positive and caspase-3-positive cells (Table 1). In 
addition, the number of Bcl-2 positive cells decreased 
significantly after lithium administration. On hematoxylin-
stained paraffin sections, necrosis zones were calculated for 
each group. There were no significant differences between the 
groups: in the control group, the percentage of such zones was 
5.41 ± 5.29, and after lithium administration – 5.44 ± 3.3%. 
Apoptosis is a process of regulated cell death that develops as 
a result of intracellular changes (intrinsic pathway of 
apoptosis) or changes in the microenvironment of the cell 
(extrinsic pathway of apoptosis) [9]. The intrinsic pathway of 
apoptosis is initiated by disturbance of intracellular 
homeostasis, leading to permeabilization of the outer 
mitochondrial membrane, which occurs under the control of 
the regulating apoptosis Bcl-2 proteins family [10]. The 
extrinsic apoptosis pathway is triggered mainly by death 
receptors, which results in the formation of a death-inducing 
signaling complex (DISC) and activation of caspase-8, -10, -
3 and others [10]. The results obtained in this study 
demonstrate the possible ability of lithium to influence on the 
mitochondrial membranes permeability and participate in the 
intrinsic and probably extrinsic apoptotic pathways.

On the various HCC cell lines, lithium has been shown to 
induce apoptosis [11]. An increase in caspase-3, -8, and p53 
levels and TRAIL-induced apoptosis in HCC cells has also 
been identified [12]. Thus, the results obtained are consistent 
with the literature data on the lithium effects on HCC cells 
apoptosis.

TABLE I. 

Group
Apoptotic Markers

Bad Caspase-3 Bcl-2

Control 29.57±10.44 4.71±3.41 38.29±21.42**
Lithium
carbonate 60.93±45.9** 21.57±17.89* 16.79±8.65

*P < 0.05; **P < 0.005

Conclusion
GSK-3β is the main intracellular target of lithium involved 

in a multiple signaling pathways associated with tumor cell 
growth and proliferation, cell death and survival 
(PI3K/Akt/mTORC1, Ras/Raf/MEK/ERK, Wnt/beta-catenin, 
Hedgehog and others). Most likely, lithium affects the 
development of apoptosis due to inhibition of GSK-3β,
nevertheless, further studies of the lithium-related apoptotic 
changes in HCC cells are required. The molecular features of 
HCC that contribute to the apoptosis resistance determine the 
relevance of further research and the development of new 
strategies for enhancing apoptosis in HCC cells. Lithium 
administration can enhance pro-apoptotic chemotherapeutic 
drugs potential and overcome the resistance of tumor cells to 
apoptosis in HCC.
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Abstract — It is well-known that abnormal placental 
invasion is a condition characterized by pathological invasion of 
chorionic villi into the the basal layer of the uterus that is 
complicated by massive obstetric hemorrhage, blood 
transfusions, a need for hysterectomy and even mortality. The 
altered miRNA expression profiles were found by deep 
sequencing not only directly in the area of pathological invasion, 
but also in the outside distant placenta areas with more 
pronounced changes in the former case. An increase in the level 
of miR-21-5p, miR-25-3p, miR-92a-3p, miR-320a in maternal 
plasma may indicate abnormally invasive placenta and 
potentially be used in the early diagnosis and management of 
this condition.

Keywords — deep sequencing, RT-PCR, miRNA, placenta 
presentation, accreta, increta, percreta

Motivation and aim
Abnormal placental invasion is a condition characterized 

by pathological invasion of chorionic villi into the the basal 
layer of the uterus and as a result, it is complicated by massive 
obstetric hemorrhage, blood transfusions, a need for 
hysterectomy and even mortality [1]. Abnormal uterine scars 
after previous cesarean section especially in combination with 
placenta previa are thought to serve as a basis for defective 
decidualization and deep trophoblast invasion [2]. However, 
the molecular-biological profile of the placenta itself has not 
yet been studied in this pathology.

The aim of this study was to analyze and compare the 
miRNA expression profiles directly in the area of abnormal 
placental invasion (P-area) as well as in placenta areas outside 
this region (N-area) in pregnant women with placenta accreta, 
increta and percreta in comparison with that in placenta 
presentation. Identified placental miRNAs were analyzed in 
maternal plasma as possible indicators of abnormally 
invasive placenta for further use as diagnostic and predictive 
tests.

Methods
69 pregnant women were taken into the study. Samples of 

a placenta tissue taken immediately after delivery were 
homogenized in a QIAzol Lysis Reagent, and the total RNA 
was isolated by an miRNeasy MicroKit and RNeasy MinElute 
Cleanup Kit (Qiagen, Hilden, Germany). miRNA from 
maternal blood plasma was isolated by an miRNeasy 
Serum/Plasma kit (Qiagen). Evaluation of the miRNA 
expression profile in placental tissue was performed using the 
NEBNext® Multiplex Small RNA Library Prep Set for 
Illumina® (Set11 and Set2, New England Biolab®, Frankfurt 
am Main, Germany) for cDNA library synthesis and the 
NextSeq 500 platform (Illumina, San Diego, CA, USA) for 
sequencing. Differential expression analysis of the miRNA 
count data was performed with the DESeq2 package. The 
validation of deep sequencing data was carried out by reverse 
transcription coupled with polymerase chain reaction (RT-
PCR) in real-time in a StepOnePlus™ thermocycler (Applied 
Biosystems, Foster City, CA, USA).
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Results
The altered miRNA expression profiles were detected not 

only directly in the area of pathological invasion (P-area), but 
also in the outside distant placenta areas (N-area). In the N-
sites, statistically significant changes in the expression level 
more than twice were found for 73 miRNAs when comparing 
the «increta group» with the «placenta presentation group» 
(for example, a 23-fold increase in the expression of miR-25-
3p, p=0.0002; a 16.9-fold increase in the expression of miR-
92a-3p, p=0.0003); for 67 miRNAs, when comparing the 
«percreta group» with the «placenta presentation group» (for 
example, a 15-fold increase in miR-25-3p expression, p=7.8e-
5; a 16-fold increase in miR-92a-3p expression, p=0.0017). In 
the P-sites, statistically significant changes in the expression 
level more than twice were found for 84 miRNAs when 
comparing the «increta group» with the «placenta presentation 
group» (for example, a 19-fold increase in the expression of 
miR-25-3p, p=0.0002; a 15-fold increase in the expression of 
miR-92a-3p, p=0.0004; a 2-fold increase in the expression of 
miR-320a, p=0.02); for 269 miRNAs, when comparing the 
«percreta group» with the «placenta presentation group» (for 
example, a 43-fold increase in miR-25-3p expression, p=5.7e-
40; a 37-fold increase in miR-92a-3p expression, p=1.7e-44; 
a 3.5-fold increase in the expression of miR-320a, p=1.78e-

15; a 2-fold increase in the expression of miR-21-5p, 
p=0.029). miRNAs specific for pathologic invasion of the 
placenta were validated in blood plasma by the quantitative 
RT-PCR on an independent cohort of pregnant women. There 
were 8.8- and 10-fold increases in miR-21-5p level (p=0.0003 
and p=0.0029, respectively), 3- and 5-fold increases in miR-
25-3p level (p=0.05 and p=0.04, respectively), 1.35 - and 1.9-
fold increases in miR-92a-3p level (p=0.033 and p=0.001, 
respectively), 1.9- and 2.2-fold increases in miR-320a 
(p=0.005 and p=0.001, respectively) in the «increta group»
and «accreta group», respectively, relative to the «placenta 
previa group» without an uterine scar. An increase in the level 
of miR-21-5p, miR-25-3p, miR-92a-3p, miR-320a in maternal 
plasma may indicate abnormally invasive placenta.
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Abstract — Genome mining approach was applied to the 
search of novel bioactive peptide compounds sharing a 
functionally important post-translational modification –
azol(in)e cycles. It revealed the great diversity of 
uncharacterized biosynthetic gene clusters, some of which likely 
encode the biosynthetic pathways of novel compounds inhibiting 
key cellular functions including translation. 

Keywords — genome mining, LAPs, antibiotics, translation 
inhibitors

Motivation and Aim
The spread of drug resistance to existing antimicrobials 

among pathogenic bacteria becomes a major threat to modern 
public healthcare. The urgent need for new antibiotics leads to 
the development of methods of drug discovery alternative to 
classical activity-based screenings. Genome mining strategy, 
which benefits from rapid accumulation of publically 
available genomic information, is becoming one of the most 
powerful tools, which has been already successfully applied 
to the search for novel compounds from diverse groups of 
microbial natural products. 

Earlier we applied BLAST-based search for novel 
biosynthetic gene clusters (BGCs) of linear azol(in)e modified 
peptides (LAPs), which allowed the identification and 
subsequent structural and functional characterization of two 
compounds inhibiting protein biosynthesis on the bacterial 
ribosome – klebsazolicin [1] and phazolicin [2]. In this work 
we aimed to identify novel groups of BGCs of azol(in)e-
containing peptide natural products through the 
comprehensive bioinformatic analysis of all genomic regions 
containing genes of YcaO-domain containing proteins, which 
are considered to be a hallmark of azol(in)e modification 
installation [3].

Methods
First, we retrieved the sequences of YcaO-containing 

proteins from RefSeq databases using HMMs for YcaO from 
Pfam and TIGRFAMs databases. Subsequent filtration 
allowed to get rid of the closely related sequences from the 
genomes of overrepresented species. Second, genomic regions 
around the collected genes of YcaO-containing proteins were 
annotated and used to build a sequence similarity network of 
BGCs, which was then analyzed manually. 

Results
The approach described allowed the identification of 

approximately 15000 unique YcaO-domain containing BGCs 
in the publically available genomes. The analysis of the 
sequence similarity network of clusters revealed both BGCs 
directing the biosynthesis of already known and novel 
compounds. We performed manual in-depth bioinformatic 
analysis for three groups of previously uncharacterized 
clusters, which allowed to predict possible structure of the 
encoded bioactive peptides as well as shed the light on several 
intriguing aspects of the evolution of the modified peptide 
biosynthesis-encoding clusters. 
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Abstract — Autism spectrum disorder (ASD) has a strong 
and complex genetic component with an estimate of more than 
1000 genes implicated cataloged in SFARI (Simon's Foundation 
Autism Research Initiative) Gene database. We conducted gene-
set analyses and revealed that 179 out of 281 genes (64%) 
included in the first three categories of the database (“High 
confidence”, “Strong candidate”, and “Suggestive evidence”)
can be attributed to one of the four groups: 1. FMRP target 
genes, 2. mTOR signaling network genes, 3. mTOR-modulated 
genes, 4. Vitamin D3 sensitive genes. The additional gene 
network analysis revealed 43 new genes and 127 new 
interactions so in the whole 222 out of 281 (79%) high scored 
genes from SFARI Gene database are connected with mTOR 
signaling activity and/or dependent on vitamin D3 availability 
directly or indirectly. Infections and the resulting immune 
response to these infections have recently been increasingly 
recognized as pathogenic mechanism for neuropsychiatric 
disorders. Sydenham's Chorea (SC), a widely recognized post-
streptococcal autoimmune disease, provides a model for 
studying the disorders. Significant overlap of ASD and 
SC/PANS/PANDAS symptoms makes complicated both 
differential diagnosis and search for the common molecular 
mechanisms underlying the disorders. We analyzed 
bioinformatically the small intestine microbiome obtained by 
mass spectrometry of microbial markers in the Russian 
population of patients with ASD. As a result, quantitative data 
on the percentage of patients with significantly elevated levels of 
Streptococcus spp and Clostridium spp in this population were 
first obtained.

Keywords — autism spectrum disorders (ASD), Sydenham's 
Chorea (SC), PANDAS (pediatric autoimmune neuropsychiatric 
disorder associated with streptococcal infections), PANS 
(pediatric autoimmune neuropsychiatric disorder), mTOR 
(mechanistic target of rapamycin)

Introduction
Autism spectrum disorder (ASD) is a heterogeneous 

neurodevelopmental disorder with complex genetic, 
environmental, and epigenetic components. The search for 
genetic factors underlying ASD has led to the identification of 
more than one thousand genes cataloged in SFARI (Simon’s 
Foundation Autism Research Initiative) Gene database that 
has scored and ranked genes into one of the seven categories 
[1]. A significant part of both syndromic and idiopathic autism 

cases can be attributed to disorders caused by mTOR-
dependent translation deregulation. Protein biosynthesis, or 
translation, is a finely regulated process, with the central role 
played by mTOR kinase (mechanistic target of rapamycin). A 
mutational aberration in at least one of the links of the mTOR 
signaling pathway impairs the synaptic plasticity and 
behavior. The deregulation of local translation in dendrites is 
connected with the following monogenic ASDs: 
neurofibromatosis type 1, Noonan syndrome, Costello 
syndrome, Cowden syndrome, tuberous sclerosis, fragile X 
syndrome, and Rett syndrome [2].

Results and Discussion
We conducted gene-set analyses and revealed that 179 out

of 281 genes (64%) included in the first three categories of the 
database (“High confidence”, “Strong candidate”, and 
“Suggestive evidence”) can be attributed to one of the four 
groups: 1. FMRP target genes, 2. mTOR signaling network 
genes, 3. mTOR-modulated genes, 4. Vitamin D3 sensitive 
genes. The additional gene network analysis revealed 43 new 
genes and 127 new interactions so in the whole 222 out of 281 
(79%) high scored genes from SFARI Gene database are 
connected with mTOR signaling activity and/or dependent on 
vitamin D3 availability directly or indirectly. A significant 
portion of genes that belong to more than one of four 
categories was of particular interest (Table 1).

TABLE 1. HIGH SCORED GENES IMPLICATED IN AUTISM SUSCEPTIBILITY
THAT FALL INTO MORE THAN ONE CATEGORY

Categories of genes Total 
number

Elements

FMRP target ∩ Vitamin D 
sensitive ∩ mTOR signaling 
pathway ∩ mTOR-modulated

1 PTEN

FMRP target ∩ mTOR 
signaling pathway ∩ mTOR-
modulated

4 SYNGAP1 CUL7 TSC2 
CTNNB1
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FMRP target ∩ Vitamin D 
sensitive ∩ mTOR-modulated

4 SMARCC2 ANKRD11 
KDM5C CLASP1

Vitamin D sensitive ∩ mTOR 
signaling pathway ∩ mTOR-
modulated

1 CCT4

FMRP target ∩ mTOR-
modulated

29 EP400 USP7 UBR5 PHRF1 
GGNBP2 UBE3C KMT2E 
CHD8 AKAP9 ATP2B2 
PLXNB1 MED13 LEO1
DPYSL2 KAT6A TRIP12 
DYNC1H1 STXBP1 EHMT1 
MYH10 AGAP2 CUX1 
TAOK2 ANK3 SETD5 
SLC12A5 CC2D1A 
TNRC6B NCKAP1

FMRP target ∩ mTOR 
signaling pathway

2 MTOR PRKCB

FMRP target ∩ Vitamin D 
sensitive

15 NUAK1 SMARCA4 
MYO9B SHANK3 MED13L 
ARID1B DLGAP1 
SPARCL1 TCF20 WDFY3 
KCNQ3 SBF1 TCF4 
PRICKLE2 HIVEP3

Vitamin D sensitive ∩ mTOR-
modulated

10 RAB2A ELP4 PHB 
PRICKLE1 BCKDK NAA15 
ASTN2 ETFB CAPRIN1 
SLC35B1

Vitamin D sensitive ∩ mTOR 
signaling pathway

2 DYRK1A SLC7A5

We have hypothesized that genetic and/or environment 
mTOR hyperactivation including provoked by vitamin D 
deficiency might be a common mechanism controlling 
expressivity of most autism predisposition genes and even 
core symptoms of autism.

Infections and the resulting immune response to these 
infections have recently been increasingly recognized as 
pathogenic mechanism for neuropsychiatric disorders. 

Sydenham's Chorea (SC), a widely recognized post-
streptococcal autoimmune disease, provides a model for 
studying the disorders. PANDAS (pediatric autoimmune 
neuropsychiatric disorder associated with streptococcal 
infections) has been proposed as a variant of SC, so that they 
have a common pathogenesis, despite the unique profile of the 
predominantly psychiatric symptoms of PANDAS [3]. It 
should be noted that streptococcus spp are not unique in their 
ability to cause autoimmune neuropsychiatric complications; 
among alternative inducers, influenza and chickenpox viruses, 
mycoplasmas, in general, the entire spectrum of such 
syndromes is called PANS. 

Significant overlap of ASD and SC/PANS/PANDAS 
symptoms makes complicated both differential diagnosis and 
search for the common molecular mechanisms underlying the 
disorders. We analyzed bioinformatically the small intestine 
microbiome obtained by mass spectrometry of microbial 
markers in the Russian population of patients with ASD. As a 
result, quantitative data on the percentage of patients with 
significantly elevated levels of Streptococcus spp and 
Clostridium spp in this population were first obtained.

It was recently shown that mTORC1 is a central pathway 
in the pathogenesis of systemic lupus erythematosus and other 
autoimmune diseases [4]. At the same time, a significant 
percentage of ASD is associated with activation of the 
mTORC1 signaling pathway. The causal relationship between 
mTORC1 activation, an increased level of pathogenic 
microflora in the intestines of patients with ASD, and 
autoimmune syndromes often found in ASD should be the 
subject of future research.
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Abstract — Preeclampsia is a complication of pregnancy 
characterized by new-onset hypertension and proteinuria of 
gestation, with serious consequences for mother and infant. 
Although a vast amount of research has been performed on the 
pathogenesis of preeclampsia, the underlying mechanisms of 
this multisystemic disease have remained to be fully elucidated. 
We identified the significant role of disturbance of intercellular 
interactions and regulation of proteins modification in placental 
tissue during the development of the PE. Among the genes 
involved in these key pathways, 9 hub genes and 3 master 
regulators were identified from the co-expression and upstream 
analysis networks. The present study may provide a basis for 
exploring potential novel genes and pathways as therapeutic 
targets for preeclampsia.

Keywords — preeclampsia, gene expression, placenta,
WGCNA, upstream analysis

Motivation and aim
Preeclampsia (PE) remains a leading cause of 

maternal/fetal mortality and morbidity associated with 
gestational hypertension and proteinuria. The underlying 
mechanism and preventive treatment remain unknown [1].
Due to possible multifactorial causes involved, an increase in 
“omics” experimental approaches is noted, generating a large 
amount of information for PE. Therefore, the identification of 
key genes and pathways is of much importance for clarifying 
molecular mechanism of PE initiation and progression.

The identification of key genes and pathways of PE by 
bioinformatics analysis of transcriptomic data.

Methods
Genome-wide expression profiling was performed on 

placental tissue from preeclamptic and normal (n = 47) 
pregnancies. The examined patients were from the Russian 
and Yakut populations. Eight original datasets (GSE25906, 
GSE30186, GSE35574, GSE44711, GSE60438, GSE6573, 
GSE73374, GSE94643) from patients with PE and normal 
pregnancy (n = 129) were downloaded from Gene Expression 
Omnibus and were further integrated and analyzed with our 
data.

Statistical software R was used for significance analysis of 
differentially expressed genes (DEGs) between PE samples 
and normal samples. Gene Set Enrichment Analysis (GSEA) 

were applied for the identification of pathways in which DEGs 
significantly enriched. Cytoscape software was for the 
construction of protein-protein interaction (PPI) network and 
module analysis to find the hub genes and key pathways. We 
applied upstream analysis approach implemented in 
geneXplain platform ( genexplain.com ) for detection of 
upstream transcriptional regulators and their regulatory 
networks. Finally, weighted correlation network analysis 
(WGCNA) was conducted to further screen critical gene 
modules with similar expression pattern and explore their 
biological significance.

Results
Subsequently, 4939 DEGs between PE patients and 

healthy women were identified. Using Gene Set Enrichment 
Analysis we identified the significant role of disturbance of 
intercellular interactions and regulation of proteins 
modification in placental tissue during the development of the 
PE. Weighted genes co-expression network analysis reveals a 
similar distribution along the modules detected both in normal 
and preeclampsia conditions. The present co-expression 
network construction yielded 3987 nodes based on 129 PE and 
normal pregnancy expression samples. A total of 31 modules 
were identified as PE related clusters and 34 modules were 
identified in control group. Using WGCNA, we found 6 
clusters containing 86 genes associated only with PE. We 
identified 9 hub genes (IFIH1, IFI44L, IFI44, CXCL9, 
CXCL10, RAD21, YY1, GYPA, GYPB) in these clusters using 
cytoHubba (MCC, rank ˂ 5) and STRING (score 0,7.). We 
applied upstream analysis approach implemented in 
geneXplain platform and identified master regulators 
(MAPK3, TP53 and UBE2D1) that are new therapeutic 
targets. These key genes may be potential biomarkers of 
diagnosis, therapy and prognosis for PE. 
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Abstract — We have evaluated four genetically independent 
pain phenotypes of four common chronic musculoskeletal pains 
(GIPs). We assume that the first GIP represents a 
biopsychological component of chronic musculoskeletal pain, 
related to physiological and psychological aspects and possibly 
reflecting pain perception and processing.

Keywords — musculoskeletal pains; genome-wide association 
study; UK Biobank; pleiotropy

Introduction
Pain is an unpleasant sensory experience caused by tissue 

damage (or by the threat of its occurrence). It is an adaptive 
response of organism to the pathogenic influence, which 
activates various protection mechanisms. Pain and especially 
chronic pain, conventionally defined as a pain that lasts for 3 
and more months sequentially, has a negative impact on all 
spheres of human life. However, nowadays little is known 
about the mechanisms of chronic pain onset. Somewhat, it is 
caused by the fact, that genetic studies of pain are rather 
complicated due to the high complexity and heterogeneity of 
the phenotype. Nevertheless, recent studies have shown, that 
chronic pain is a complex genetic trait with heritability up to 
60%, based on different estimates. Moreover, it was found, 
that various types of chronic pain have a number of genetic 
factors in common. In this research we decided to apply the 
method of principal component analysis (PCA) to reduce the 
heterogeneity and studying of commonalities and pathways 
that are shared by distinct, although related, pain phenotypes.

The aim of this work was to study the main genetic 
component that underlies the risk of chronic musculoskeletal 
pain observed at four different sites: back, neck/shoulder, hip, 
and knee, using data from the UK Biobank.

Materials and methods
This work is based on the results of genome-wide 

association studies in the UK Biobank [1] data with total 
sample size of 434 thousand people, split into a discovery set 
of 256,000 people and a replication set of 178,000 people. The 
matrix of genetic correlations for four chronic 
musculoskeletal pains was calculated using LD Score 
regression [2], then the principal components analysis (PCA) 
was applied to compute the genetically independent pain 
phenotypes (GIPs). The meta-analysis was conducted using 
METAL [3]. The further in silico functional annotation of 
GIPs was performed using DEPICT [4], COJO [5] and 
GWAS-MAP platform [6].

Results
We have evaluated four GIPs of four chronic 

musculoskeletal pains. Six loci were shown to be associated 
with the first genetic principal component (GIP1), five of them 
were replicated. Also we have found three loci, associated 
with the second genetic principal component (GIP2) with one 
of them being replicated. We identified 13 genes located near 
the lead SNPs (± 250 kb) in found loci. Most of them were 
shown by us to be related to musculoskeletal disorders, 
nervous system and skeletal development. Results of DEPICT 
analysis for SNP sets associated with GIP1 at P < 5.0e-08 and 
P < 1.0e-05 have identified a significant enrichment of terms, 
related to nervous system and its development and to sensory 
organ morphogenesis, while the DEPICT analysis of other 
GIPs did not provide any significant results. The analysis of 
genetic correlations for GIPs has revealed high correlations 
between GIP1 and different anthropometric, socio-
demographic and psychiatric human traits. The other GIPs 
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turned to be genetically correlated with various morphological 
and anthropometric traits.

We speculate that in the framework of the conventional 
biopsychosocial model of the chronic pain, the GIP1 relates to 
the physiological (“bio-“) and psychological aspects and is 
likely reflecting pain perception and pain processing.

ACKNOWLEDGMENT

The work of SZS was supported by the Russian Ministry 
of Education and Science under the 5-100 Excellence 
Programme. The work of YSA was supported by the Federal 
Agency of Scientific Organizations via the Institute of 
Cytology and Genetics (project 0324-2019-0040-C-01 / 
АААА-А17-117092070032-4). The work of YAT, ASSh, 
and EEE was supported by the Russian Foundation for Basic 
Research (project 19-015-00151). The contribution of LСK
was funded by PolyOmica. Dr. Suri was supported by VA 
Career Development Award # 1IK2RX001515 from the 
United States (U.S.) Department of Veterans Affairs 
Rehabilitation Research and Development (RR&D) Service. 
Dr. Suri is a Staff Physician at the VA Puget Sound Health 
Care System. The contents of this work do not represent the 
views of the U.S. Department of Veterans Affairs or the 
United States Government.

REFERENCES

[1] C. Sudlow et al. (2015) UK Biobank: An Open Access Resource for 
Identifying the Causes of a Wide Range of Complex Diseases of 
Middle and Old Age, PLOS Medicine, 12: e1001779.

[2] B. Bulik-Sullivan et al. (2015) An atlas of genetic correlations across 
human diseases and traits, Nature Genetics, 47: 1236–1241.

[3] C.J. Willer et al. (2010) METAL: fast and efficient meta-analysis of 
genomewide association scans, Bioinformatics, 26: 2190–2191.

[4] T.H. Pers et al. (2015) Biological interpretation of genome-wide 
association studies using predicted gene functions, Nature 
Communications., 6: 5890.

[5] J. Yang et al. (2013) Conditional and joint multiple-SNP analysis of 
GWAS summary statistics identifies additional variants influencing 
complex traits Genetic Investigation of ANthropometric Traits 
(GIANT) Consortium 4 , DIAbetes Genetics Replication And Meta-
analysis (DIAGRAM), Nature Genetics, 44: 369–372.

[6] Gorev DD, Shashkova TI, Pakhomov E, Torgasheva A, Klaric L, 
Severinov A, et al. GWAS-MAP: a platform for storage and analysis 
of the results of thousands of genome-wide association scans. 
Bioinformatics of Genome Regulation and Structure/Systems Biology 
(BGRS/SB-2018) The Eleventh International Conference. 
Novosibirsk: ICG SB RAS; 2018. p. 43. doi:10.18699/BGRSSB-2018-
020

548



DOI 10.18699/BGRS/SB-2020-334

Mitochondrial dysfunction and redox balance alterations 
in the development of AD-like pathology in OXYS rats

Mikhail Tyumentsev 
Molecular mechanisms of aging lab

ICG SB RAS
Novosibirsk, Russia

landselur@bionet.nsc.ru

Artyom Gorodetsky
Laboratory of magnetic radio 

spectroscopy
NIOCH SB RAS

Novosibirsk, Russia
gorodaa@nioch.nsc.ru

Natalia Muraleva
Molecular mechanisms of aging lab

ICG SB RAS
Novosibirsk, Russia

Myraleva@bionet.nsc.ru

Elena Bagryanskaya
Laboratory of magnetic radio 

spectroscopy
NIOCH SB RAS

Novosibirsk, Russia
egbagryanskaya@nioch.nsc.ru 

Yulia Polienko
Laboratory of Nitrogen Compounds

NIOCH SB RAS
Novosibirsk, Russia

polienko@nioch.nsc.ru

Abstract — This study focuses on the relationship between 
mitochondrial dysfunction and redox-status in the context of the 
development of signs of Alzheimer’s disease (AD). 
Mitochondrial dysfunction is considered the missing link 
between brain aging and AD [1], the most common type of age-
related dementia worldwide, but the exact causal relationship 
between mitochondrial dysfunction and the transition from 
healthy aging to AD remains to be fully understood. Oxidative 
stress is thought to play a significant role in this mitochondrial 
dysfunction, leading to cellular damage in redox imbalance. 
However, the extent of these processes and timing of their 
occurrence within the scope of AD remain hard to study, 
especially so in the early, pre-clinical stages of the disease. We 
explored the mechanisms underlying the disruption of 
mitochondrial function, their impact on the initiation and 
progression of pathological molecular cascades of AD, and 
assessed the changes in redox status as one of the main 
consequences of oxidative stress. This investigation was 
conducted using senescence-accelerated OXYS rats, which 
spontaneously develop all major signs of AD and largely 
reproduce the stages of the disease. We concluded that 
mitochondrial dysfunction appears to mediate or possibly even 
initiate AD-like pathology in OXYS rats. Importantly this takes 
place with no apparent connection to redox imbalance as on 
both transcriptional and biochemical levels OXYS rats display 
no significant changes in redox-status and ROS production as 
compared to controls.

Keywords— mitochondria, redox, EPR, Alzheimer’s disease, 
OXYS rats

Introduction
Growing evidence suggests that mitochondrial 

dysfunction is an early event in sporadic Alzheimer's disease 
(AD), but the timeframe within which mitochondrial 
dysfunction participates in the transition from healthy aging to 
AD remains to be studied in depth due to the difficulty of 
studying early changes in humans and lack of appropriate 
animal models. Importantly, mitochondria are also the main 
source of the reactive oxygen species (ROS) and the focal 
point of many cellular redox reactions. Thus mitochondrial 
dysfunction is assumed to be directly associated with 
oxidative stress and redox imbalance which are thought to be 
tightly connected to aging and thus to age-related diseases.

Using OXYS rats – animal model of sporadic AD 
exhibiting neuronal and synaptic loss, mitochondrial 
structural abnormalities, tau hyperphosphorylation, increased 
Aβ levels, and Aβ deposition [2] – we evaluated the 
interrelationship between mitochondrial dysfunction and the 
initiation and progression of AD signs, as well as its 
connection with redox imbalance in the brain. We assessed the 
mitochondrial ultrastructure in OXYS rat hippocampal 
neurons at the age preceding AD-like pathology (from birth to 
the age of 20 days), age of its manifestation (5 months), and 
well-pronounced changes (24 months). Ultrastructural 
alterations were then collated with amounts of proteins of 
mitochondrial dynamics (mitofusins MFN1 and 2, dynamin-
1-like protein DRP1) and activity of respiratory chain 
complexes I, IV, and V in the mitochondria of prefrontal 
cortex and hippocampus. To compare the timeline of 
mitochondrial dysfunction with the timeline of changes in 
redox balance we have analyzed differential expression of 
genes related to redox regulation using RNAseq data. Results 
of this analysis were then verified by measuring the rate of 
ROS production by brain mitochondria, overall redox status 
of the brain, NAD/NADH ratio and glutathione content. We 
have found that signs of mitochondrial dysfunction are present 
even in the early age preceding the manifestation of AD signs 
and can exist without pronounced signs of redox 
dysregulation.

Methods
Wistar and OXYS rats were obtained from the Breeding 

Experimental Animal Laboratory of the Institute of Cytology 
and Genetics, the Siberian Branch of the Russian Academy of 
Sciences (Novosibirsk, Russia). All animals received food and 
water ad libitum and were kept at 12/12 light/dark cycle. 

In order to assess the extent of mitochondrial dysfunction 
in different ages, mitochondrial number and morphology was 
assessed by electron microscopy at the Interinstitutional 
Shared Center for Microscopic Analysis of Biological Objects 
(Institute of Cytology and Genetics, Novosibirsk, Russia). 
Activity of the respiratory chain complexes and the content of 
the proteins of mitochondrial dynamics were measured by 
ELISA assays.

Then, to compare the progression of mitochondrial 
dysfunction against the changes of redox status and redox-
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responding systems, a list of genes related to redox regulating 
systems was composed using WikiPathways database and 
relevant terms from GO Ontology database. RNAseq data 
from the cortex of Wistar and OXYS rats aged 20 days, 12 and 
18 months was then used to assess differential expression of 
genes related to redox status of OXYS rats in different stages 
of the development of AD signs. Redox status of the brain 
milieu was measured by EPR spectroscopy using redox-
sensitive spin probe methoxycarbonyl-PROXYL. ROS 
production, glutathione content and NAD/NADH were 
measured using biochemical assays. 

Results
Electron microscopy shows that on the morphological 

level, from 5 months on there is marked depletion of neuronal 
mitochondria. At the same time it should be noted that 
ultrastructurally damaged mitochondria with rarefied cristae 
are more abundant in OXYS rats only at the age of 24 months 
– at the advanced stage of AD signs. Levels of fusion protein 
MFN1 is higher in OXYS rats which, in conjunction with 
neuronal mitochondria showing certain degree of enlargement 
might be a sign of upregulated fusion. However, with age 
levels of fusion proteins do not increase in OXYS rats – unlike 
Wistar. OXYS rats display signs of upregulated fission with 
age. Activity of the respiratory chain complexes is decreased 
with 20 days old OXYS rats displaying decreased activity of 
complex IV – which is a known hallmark of brain aging and 
neurodegeneration [3]. Interestingly, decreased respiratory 
chain activity in young OXYS rats is not accompanied by 
NAD/NADH ratio shifting towards NADH. In fact, there are 
signs of a slight shift towards NAD+ which might be a sign of 
compensatory reaction.

Analysis of DEGs related to redox regulation revealed 
several genes that increase their expression with age both in 
OXYS and Wistar rats. While there are genes upregulated in 
OXYS rats compared to Wistar, we have found a number of 
genes upregulated in Wistar compared in OXYS. Thus, 
OXYS rats do not present a clear transcriptional profile that 
would signify a response to oxidative stress or redox 
imbalance more severe than that in age-matched Wistar rats. 
Supporting this, we have found no increase in the rate of ROS 
production in OXYS rats in the ages of manifestation and 
progression of the disease and only a slight increase while 
oxidizing a single combination of substrates at the age of 20 
days. Importantly, with no increase of ROS production to act 
upon, the previously shown ability of mitochondrially targeted 
antioxidant SkQ1 to alleviate signs of the AD [4,5] might be 
due to changes in signal pathways in response to the treatment. 
The data pointing at lack of redox imbalance in OXYS rats are 

further corroborated by the fact that redox balance of the brain 
milieu has displayed an expected shift to the pro-oxidative 
state from 20 days to 12 months of age in both Wistar and 
OXYS rats with no interstrain differences. Additionally, we 
have observed an increase of glutathione content occurring 
from the age of 5 months to the age of 18 months, possibly as 
a part of compensatory response, which was slightly less 
pronounced in OXYS rats.

Conclusion
Here we present the timeline of the decline of 

mitochondrial function in OXYS rats. We show that 
mitochondrial dysfunction precedes other signs of AD and 
further progresses along with the progression of the disease 
itself. Interestingly, redox imbalance in the brain of OXYS 
rats appears to be largely uncoupled from the progression 
mitochondrial dysfunction and the development of AD signs, 
and thus might be seen as optional rather than inherent part of 
these conditions.
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Abstract — Cancer treatment shifts from mono-targeted to 
combination therapy, considering the tumor microenvironment 
with heparan sulfates, including Syndecan-1 (SDC1). The aim of 
this work was to study correlation between core-protein SDC1 
and estrogen receptors expression in surgical material of 15 
women aged 53,0 ± 10,9 years with endometrioid ovarian cancer 
(EOC) using immunohistochemistry and automatic image 
analysis. The staining intensity of SDC1 in tumor tissue was 
1304,23 ± 65,85 units, the staining intensity of the estrogen 
receptors as 1137,88 ± 135,40 units. The significant inverse 
correlation (R = - 0,512, p = 0,003) between SDC1 and estrogen 
receptors expression levels were obtained. Most likely, this deals 
with progressive character of EOC. 

Keywords — ovarian endometrioid cancer, syndecan-1, 
estrogen receptors, tumor tissue, immunohistochemistry

Motivation and Aim
Ovarian cancer has the 3rd place among all gynecological 

neoplasms but is one of the leading causes of death in the 
structure of gynecological oncology worldwide [1]. Status of 
estrogen receptors was shown to play crucial role for the 
progression of OEC and being predictor of the response to 
hormone therapy [2]. The lack of expression of these receptors 
is associated with low-grade tumors, which are more 
aggressive and have poor prognosis. Nowadays, it is expected 
that as cancer treatment shifts from mono-targeted to 
combination therapy, the management of biosynthesis and
degradation of heparan sulfates (of which SDC1 is a 
representative) are likely to become the main new direction of 
cancer therapy [3]. The aim of this work was to study 
correlation between SDC1 and estrogen receptors expression 
in women with EOC.

Methods and Algorithms 
A clinical and morphological study of 15 women with 

EOC aged 40 to 77 years (mean age 53,0 ± 10,9 years) was 
carried out. The diagnosis of EOC was based on specific 
endometrioid histotype of surgical samples with positive 
expression of immunohistochemical markers: Cytokeratin 7, 
PAX 8, Vimentin and estrogen and progesterone receptors. 
Women with pregnancy and severe immunodeficiency were 
excluded. In all cases the informed consent of the patient to 
the examination and treatment of EOC was taken in 
accordance with the directives of the European Community 
(86/609 / EEC) and the Helsinki Declaration, in compliance 
with the «Ethical Principles for Scientific Medical Research 

with Human Participation» and in accordance with the «Rules 
of Clinical Practice in Russian Federation». Surgical tumor 
samples were fixed in 10% buffered formalin solution. For 
immunohistochemistry, 5-mkm serial sections of formalin-
fixed, paraffin-embedded tissue sections were deparaffinized 
and antigens were retrieved. The mouse monoclonal anti-
SDC1 and rabbit monoclonal anti-Estrogen Receptor primary 
antibodies (ThermoScientific, cat. № MS-1793RQ and RM-
91-50, Clone SP1, respectively) were used. For negative 
control, the primary antibodies were replaced by 5% bovine 
serum. Immunostaining patterns were visualized using 
UltraVision Quanto Detection System HRP (ThermoFisher 
Scientific). The sections were counterstained with 
Hematoxylin and observed by light microscopy using Axio 
Scope.A1 microscope with the camera AxioCam MRc5 and 
software ZEN blue. For the quantitative analysis the average 
intensity of the intra- and extracellular DAB-positive products 
was estimated, taking into account the area of the staining 
zone in pixels and the relative gray gradations by the 
recommended formula [4] minimum of 50 images per 
antibody with magnification 40 x 10 (Zeiss, Oberkochen, 
Germany). Statistical processing of the results was performed 
using the statistical software application package of StatSoft 
inc. (2011). STATISTICA (data analysis software system) 
version 10.www.statsoft.com. A value of p < 0,05 was 
considered to indicate a statistically significant difference. 
Due to small amount of patients nonparametric statistic 
methods were used. Correlations were evaluated using 
Spearman rank R. Comparing of intensity values (staining 
concentrations) of SDC1 and estrogen receptors were done 
with Wilcoxon test.

Results
The optimal cytoreductive surgery was performed for 10 

patients, in the volume of complete cytoreduction in 3 cases 
and in suboptimal cytoreduction in 2 cases. After surgical 
staging according to the FIGO classification, 2nd stage of 
EOC was diagnosed in 4 patients, 3rd stage in 10 patients and 
1 woman had stage 4. Microscopically tumor tissue in the 
surgical material consisted of a large number of fused glands 
or cribriform proliferations of spindle-shaped cells, oval or 
tubular pseudoglands, which had a clear luminal edge, lined 
with stratified, mucin-free epithelium. Some areas have 
destructive growth with obvious stromal invasion consists of 
cells or group of cells which infiltrated randomly the 
desmoplastic stroma. Secretory changes were resemble the 
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early phase of endometrial secretion; sometimes in the stroma 
luteinized cells were detected. In EOC samples the automated 
image analysis revealed the SDC1 core-protein staining 
intensity as 1304,23 ± 65,85 units (varying from 1281,02 to 
1335,71). The estrogen receptors in tumor tissue were 
expressed in average as 1137,88 ± 135,40 units (varying from 
1024,73 to 1239,84 units) (p = 0,003). The significant inverse 
correlation between SDC1 and estrogen receptors expression 
levels were obtained (R = - 0,512). Cancer progression is 
closely related to interactions between cancer cells and tumor 
microenvironment that are in a dynamic interplay and are 
regulated by extracellular matrix. Overexpression of SDC1 
has been reported in breast, pancreatic, prostate, ovarian, and 
endometrial cancer [5]. 

Conclusion 
The significant inverse correlation (R = - 0,512, 

p = 0,003) between SDC1 and estrogen receptors expression 
levels were obtained. Most likely, this concerns the 

progressive feature of the EOC, which requires further 
researches.
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Abstract — We have developed a method for the synthesis of 
rhGM-CSF protein conjugates with alendronic acid by use of 
water-soluble carbodiimide. The biological activity and 
accumulation in bone marrow of GM-CSF conjugates with ALN 
have been confirmed.

Keywords — Recombinant human granulocyte-macrophage 
colony stimulating factor, neutropenia, affinity, activity, conjugate

Introduction
Recombinant human granulocyte-macrophage colony 

stimulating factor (GM-CSF) is used as a hematopoietic 
stimulant in patients with various diseases accompanied by 
neutropenia. However, the clinical use of GM-CSF 
preparations revealed a number of adverse reactions 
associated with its long-term use (fever, myalgia, bone pain, 
etc.). The development of targeted therapeutics is one of the 
ways to reduce the administered dose of the drug, and, as a 
consequence, its toxicity. Targeted drug delivery to the bone 
marrow, apparently, can enhance the growth and 
differentiation of hematopoietic cells due to GM-CSF 
localization at the site of hematopoiesis. As a vector molecule, 
alendronic acid (ALN), having affinity for the bone tissue, can 
be used.

Materials and Methods
For this study we used reagents from AppliChem 

(Germany), Sigma-Aldrich (USA), Bio-Rad (USA). For the 
synthesis of conjugates we used the preparation of GM-CSF 
(substance) manufactured by IMBT FBRI SRC VB "Vector". 

The molecular weight of the conjugates was determined 
by use of vertical gel electrophoresis in 15% polyacrylamide 
gel under denaturing conditions, with Coomassie R-250 
staining. The study of the conjugates` ability to accumulate in 
bone tissue was performed on an in vitro bone matrix model 
by use of hydroxyapatite chromatography. The in vitro 
biological activity of GM-CSF within the conjugates was 
evaluated by the stimulation level of proliferation of cytokine-
dependent human erythroleukemia cells (TF-1). The in vivo 
hemostimulating activity was determined by use of a model of 
cytostatic myelosuppression induced by cyclophosphamide 
administration into mice. The level of distribution and 
accumulation of GM-CSF preparations in blood, femoral 

tissue, and bone marrow was performed on CD-1 outbred 
mice (ICR) with a single intravenous administration at the 
effective dose of 90 μg / kg. The content of rhGM-CSF in the 
samples taken 3 minutes, 1, 4 and 24 hours post administration 
was determined by the enzyme immunoassay with “Human 
Granulocyte-Macrophage Colony Stimulating Factor (GM-
CSF) ELISA Kit” (Cusabio, China).

Results
The synthesis of GM-CSF with ALN was carried out 

through the carboxyl group of the protein with crosslinking 
agent 1-ethyl-3- [3-dimethylaminopropyl] carbodiimide 
(EDC). The conjugation was carried out on a solid phase, for 
what a chromatographic column with hydroxyapatite (HAP) 
was used. During the synthesis, the reaction components: 
GM-CSF, EDC, ALN were subsequently loaded onto a HAP 
column balanced with 2 mM potassium phosphate buffer, pH 
7.0. Conjugates were eluted with 0.2 M potassium phosphate
buffer, pH 7.0. The resulting preparation of GM-CSF 
conjugates was sterilely poured and frozen at - 20 °C.

It has been determined that the molecular weight of the 
resulting conjugate was 15.4 ± 0.3 kDa, which corresponds to 
the molecular weight of GM-CSF and, therefore, indicates the 
monomeric form of the protein within the conjugate. The 
protein, within the conjugate with ALN, retained the ability to 
stimulate the proliferation of human erythroleukemia cells 
TF-1: the ED50 of the conjugate was 0.38 ng / ml and did not 
differ much from the ED50 of GM-CSF substance (0.28 ng / 
ml). The in vitro experiment confirmed a high affinity of the 
conjugate for hydroxyapatite, used as a bone matrix analogue.

On the model of cytostatic myelosuppression, it was 
shown that GM-CSF conjugate, as well as the initial protein, 
accelerated the restoration of bone marrow cellularity and the 
number of segmentonuclear neutrophils in peripheral blood. 
The stimulating effect of the conjugate on the total number of 
karyocytes was more pronounced.

A study of distribution and accumulation of GM-CSF 
conjugates in the organs and tissues of mice confirmed their 
increased ability to penetrate into the bone tissue and bone 
marrow. Thus, the protein content in the femur during 4 hours 
after the conjugate administration was 2.9-3.9 times higher 
than the values recorded after the administration of GM-CSF 
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substance (Fig. 1a). The values of the indicator in this group 
remained higher compared to the control level (intact animals) 
until the end of the first day. The level of GM-CSF in bone 
marrow cells 3 minutes after the conjugate administration 
significantly exceeded the control indicator by 161 times, 
while after the substance administration, only 67 times (Fig. 
1b).

The conjugated GM-CSF circulated longer in the 
peripheral blood of mice. Thus, 3 minutes post administration, 
the protein content in the blood was 19.2% of the administered 
dose for the conjugate and 7.2% for the substance; statistically 
significant differences between the groups persisted for at 
least 4 hours (Fig. 1c). It is important to note that GM-CSF 
conjugate was not detected in the blood by the end of the first 
day after the administration. 

Conclusion
The data obtained indicate that conjugation of GM-CSF 

with ALN has enhanced the accumulation of GM-CSF in the 
bone marrow and increased its level of hemostimulating 
activity. Therefore, the developed approach is a promising 
platform for the further development of drugs with increased 
tropism to the bone marrow and hemostimulant effect.

Fig. 1. Dynamics of changes of GM-CSF content in the femurs (a), bone 
marrow (b) and blood serum (c) of mice after a single intravenous 
administration of GM-CSF preparations. The significance of 
intergroup differences was assessed by the nonparametric Mann-
Whitney U-test at a significance level of p <0.0170 for tissues, p 
<0.05 for blood; * - differences are statistically significant compared 
to the control; ** - differences are statistically significant compared 
to GM-CSF substance.
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Abstract — The multitude of microbes that reside in the 
human intestine plays an important role in the health and well 
being of humans. Not only do chemicals affect the composition 
of the gut microbiota but they affect the uptake and metabolism 
of ingested chemicals in multiple ways. The interplay among gut 
microbes, ingested xenobiotics, and toxicological effects is 
complex and not well understood. Recent studies have shown 
that the gut microbiota is a key player in the toxicity of drugs 
and chemicals, which is typically overlooked in current 
approaches for risk assessment. The microbial community in the 
gut may mediate or mitigate detrimental effects of chemicals by 
various mechanisms. Hence, there is a need to include, or at least 

consider, the gut microbiota as part of a human toxicological 
risk assessment protocol. Factors such as animal provider, 
batch/litter differences, and co-caging, among other factors, 
may significantly influence the outcome of a toxicity evaluation 
that is based on rodent experiments. A framework for 
assessment of gut microbiota upon exposure to drugs or 
chemicals is suggested.
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Abstract — The effects of heavy metals on different organs and 
systems are known. Disorders in diabetes are also well understood. 
The compounding contribution of glucose loading was manifested 
in the increase of genotoxic lesions of nerve cells caused by lead 
intoxication. The DNA damage in the tail of nerve cell comets after 
exposure to lead and glucose loading increased to 52.86(13.16-
73.34) percent compared to 25.28(12.24-54.79) percent of lead-
intoxicated individuals. In lead-exposed and glucose-affected 
animals, cells with high DNA damage in the tail of comets 
dominated the brain, 62.77(54.68-70.87) percent of cells were 
apoptosis positive compared to 48.42(38.37-58.47) percent of rats 
receiving lead acetate without glucose loading.

Keywords — lead; glucose loading; nervous system; DNA 
damage

Motivation and aim
According to observations from 2008 to 2017, many 

localities in the Russian Federation are included in the list with 
moderately dangerous and dangerous categories of lead 
contamination of soil, air and water bodies. The effects of heavy 
metals on various organs and systems, including DNA damage 
and apoptotic processes, have been studied [1,2]. Studies of 
diabetes mellitus on experimental models are relevant [3], but its 
genotoxic effects on the nervous system are not well understood. 
There is also a lack of genotoxicity data for lead intoxication 
combined with metabolic disorders. Research on these aspects 
is important for improving preventive measures and early 
diagnosis of health problems caused by aggravating factors in 
the workers and the population.

The aim was to study genotoxic changes in nerve cells in lead 
intoxication, which was aggravated by glucose loading in rats.

Methods
The experiment was performed on adult male rats. The 

animals were divided into three groups of 12. The control 
individuals were in group 1. Rats in group 2 received lead acetate 
daily at a dose of 50 mg/kg bw (calculated as metal) with 
drinking water for 30 days. In animals group 3 simulated lead 
acetate intoxication under similar conditions and simultaneously 
injected glucose at a dose of 6000 mg/kg bw twice a day at an 
interval of 6 hours for 30 days. Behavioral reactions were 
studied by means of the test «open field». The DNA damage in 
the brain tissue was evaluated using the «DNA comet» method.

Results
Under conditions of heavy metal exposure and glucose 

injection, there has been a reduction in locomotor and research 
activity in rats. The DNA content of the comet’s tail reflects the 

extent of DNA damage. In lead exposure and glucose loading in 
rats of group 3, DNA damage in nerve cells increased compared 
to animals after lead poisoning “Table 1”. 

TABLE 1

The level of 
DNA damage 
in the brain 

cells of 
experimental 

animals, 
Me(Q25-Q75)

DNA content in the tail of a comet (%)

1 group
Control

2 group
Lead acetate

3 group
Lead 

acetate+
glucose

brain 8.72(0-
25.69)

25.28(12.24-
54.79)*1

52.86(13.16-
73.34)*2, *1

Footnote: *2 – differences compared to group 2, p<0.001; *1 – differences 
compared to group 1, p<0.001

In rats, simulated intoxication combined with glucose
loading, the amount of DNA in the comet’s tail in the brain was 
significantly higher than in individuals after exposure to lead 
acetate (p=0.0019) and compared to the control group 
(p=3.808*E-15). The largest amount of intact DNA was observed 
in the brain of the comet in control group cells, and the smallest 
– in group 3 rats. 

Apoptosis is considered to be those cells in which the tail of 
comets contains more than 30% of the damaged DNA. Overall, 
in rats of group 3, there was an increase in the number of 
apoptosis-positive cells to 62.77(54.68-70.87)%, compared to 
48.42(38.37-58.47)%, in individuals of group 2 (p=0.035), and 
compared to 18.71(12.22-25.19)%, in the control group 
(p=0.0001). So, in animals with lead intoxication, combined 
with glucose loading, cells with high DNA damage in the tail of 
comets dominated.
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Abstract — Autoimmune disorders (ADs), such as 
rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), 
systemic lupus erythematosus (SLE) complicated by lupus 
nephritis (LN) are the common and socially significant 
multifactorial diseases. The present study aims to highlight the 
contribution of certain gene variants involved in the 
inflammatory and autoimmune responses to predisposition to 
ADs and identify, if possible, the overlapping biomarkers. The 
study engaged the patients diagnosed with JIA, RA, SLE and 
LN as compared to controls genotyped for some SNPs at the IL6,
IL6R and STAT4 loci using PCR-RFLP or real time PCR. 
Results have demonstrated the association between the IL6
rs1800795 SNP and JIA/RA in the Belarusian population, as 
well as between the STAT4 rs7574865 and RA/SLE in adults, 
and SLE + LN in children suggesting its interference in the same 
pathogenic pathways of different ADs. The results show the 
association of the IL6 rs1800795 SNP with JIA and RA in 
Belarus. Evidence has been obtained that at least the STAT4 
gene shares its risk potential between autoimmune diseases such 
as RA and SLE.

Keywords — gene polymorphisms, IL6, IL6R and STAT4 
genes, rheumatoid arthritis, juvenile idiopathic arthritis, systemic 
lupus erythematosus 

Background
Connective tissue autoimmune disorders (AD), such as 

rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA) 
and systemic lupus erythematosus (SLE) belong to common 
and socially significant diseases with serious consequences 
for patients in the form of cartilage and bone destruction, joint 
ankylosis in RA and JIA, and vascular injuries in SLE often 
complicated by kidney pathology, i.e., lupus nephritis (LN). 
According to current estimations, their prevalence varies from 
5 to 8%, and continues to increase steadily [1]. They arise 
from innate and adaptive immunity mistakes leading to self-
damaging immune response and develop due to interplay 
between environmental triggers and genetic predisposition 
[2]; the latter is in the focus of majority of modern 
investigations. Among genetic factors, HLA locus and non-
HLA genes involved in immune and inflammatory responses 
are carefully studied in order to reveal molecular markers 
indicating increased susceptibility of their carriers to such 

diseases. In the past decade using genome-wide association 
studies, numerous AD-associated alleles (SNPs) has been 
established, most of the polymorphisms being located in non-
coding regions of genome, which regulate gene expression 
modulating immune responses. 

Studies concerning a genetic nature of different ADs face 
a number of problems, e.g., ethnic disparities in the 
implementation of the risk alleles [3]. Therefore, there is a 
need to examine the associations between known AD-
associated gene variants and independent autoimmune 
diseases in the certain ethnogeographic conditions. The other 
problem is due to a minor contribution of individual SNPs to 
risk of developing ADs, when odds ratio (OR) does not exceed 
1.5. Presumably, risk of developing the disease may be 
increased by multiple genes. Enhancement of the effects of 
individual SNPs during gene-gene interaction has been 
recently discussed using JIA in Belarus as an example [4], as 
well as reviewed in [5]. Herein, the results of a comparative 
study of the effects of several SNPs in three autoimmune 
diseases (RA, JIA and SLE) in the Belarusian population will 
be presented.

Materials and Methods
1) Study groups were recruited among patients of the 2nd 

City Children's Clinical Hospital (Minsk) and the Republican 
Scientific and Practical Center of Transfusiology and 
Medical Biotechnology (Minsk). Participants of the study (or 
their relatives) signed informed consent in accordance with 
international standards for human research. Four groups were 
formed among children: patients diagnosed with JIA (1), SLE 
+ LN (2); patients with articular syndrome (AS) other than 
JIA etiology (3), and patients without any inflammatory and 
autoimmune diseases as a control (4). Three groups were 
formed among adults: patients diagnosed with RA (1) and 
SLE (2), and clinically healthy donors as controls (3). DNA 
was extracted from blood samples (542 from children and 
597 from adults) using ordinary phenol-chloroform method 
and genotyped for the IL6 rs1800795, IL6R rs 4845618 and 
rs2228145, as well as the STAT4 rs7574865 loci using PCR-
RFLP or real time PCR. The association between these SNPs 
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and ADs was estimated using odds ratio and 95% confidential 
interval, i.e., OR [95%CI].

Results and Discussion
The main results obtained in the children's cohort indicate 

the association of JIA with the polymorphic variant rs1800795 
of the IL6 gene in terms of both the C allele frequency (OR 
[95% CI] = 1.43 [1.07–1.94]; p = 0.018) and the homozygous 
CC genotype frequency (OR [95% CI] = 2.39 [1.48–3.86], p 
= 0.0008). At the same time, minor alleles in the polymorphic 
loci of the IL6R gene were found to be associated with AS of 
other than JIA origin. The risk potential was manifested by CC 
homozygotes (OR = 2.07 [1.13–3.78], p = 0.00018) and the C 
allele (OR = 1.63 [1.20–2.22], p = 0.0018) at the rs2228145 
locus, as well as TT homozygotes (OR = 1.91 [1.19–3.05], p 
= 0.02) and the T allele (OR = 1.41 [1.05–1.91], p = 0.023) at 
the rs4845618 locus. As to the STAT4 rs7574865 variant, we 
failed in detection of statistically significant differences 
between the JIA, AS and control groups. However, it was 
associated with developing SLE and LN in girls (OR = 2.54 
[1.00–6.42] p = 0.05 for the genotypes GT + TT and OR = 
2.14 [1.07-4.27] p = 0.04 for the T allele, respectively).

In the adult cohort, the CC genotype at the IL-6 rs1800795 
locus was associated with RA (OR = 1.52 [1.02–2.27]; p = 
0.0456). The studied polymorphic variants of the IL6R gene 
did not affect the sensitivity of the Belarusian population to 
RA and SLE. Statistically significant differences were found 
between the frequencies of the TT genotype and the minor T 
allele at the STAT4 rs7574865 locus in the RA and SLE 
patients as compared to controls, as well as in the SLE group 
versus RA. It was shown that these SNPs can serve as 
biomarkers of a predisposition to RA (OR = 2.36 [1.04–5.38] 

p = 0.04 for the TT genotype), but they even more effectively 
predict the risk of SLE (OR = 7, 61 [2.35–24.64] p = 0.0007 
for the TT genotype; OR = 2.83 [1.53–5.22] p <0.0009 for the 
T allele).

Conclusion 
The results show the association of the IL6 rs1800795 SNP 

with JIA and RA in Belarus. The STAT4 rs7574865 SNP 
increases susceptibility of adults to RA and SLE, and is 
associated with SLE and LN in children sharing risk effects 
between different autoimmune diseases.
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Abstract — Opisthorchiasis caused by the liver fluke 
Opisthorchis felineus is widespread on Russian territory, 
Eastern Europe and Asia. This disease leads to liver 
dysfunctions: cholecystitis, cholestasis, periductal fibrosis, 
chronic inflammation, and precancerous changes in the 
epithelium of the bile ducts (biliary neoplasia). The mechanisms 
of these processes are not study. In the result of study, we 
showed time- dependent oxidative lesions accumulation and 
hepatoprotective effect of various antioxidants by reducing 
inflammation and biliary neoplasia.

Keywords — opisthorchiasis, inflammation, reactive oxygen 
species, antioxidants, liver fluke

Motivation and Aim
Opisthorchiasis caused by the liver fluke Opisthorchis 

felineus in the hepatobiliary system of humans and fish-eating 
mammals is widespread on Russian territory, Eastern Europe 
and Asia. This disease leads to liver dysfunctions: 
cholecystitis, cholestasis, periductal fibrosis, chronic 
inflammation, and precancerous changes in the epithelium of 
the bile ducts (biliary neoplasia). The causative agents of these 
diseases, liver flukes O. viverrini and C. sinensis, are officially 
recognized as Group 1 biological carcinogens and are 
classified as the main risk factors for cholangiocarcinoma [1]. 
Recently specific oxysterol-like molecules were found to be 
secreted from the flukes. These molecules might have 
genotoxic and pro-oxidative properties, increase production of 
reactive oxygen species, oxidative damage to DNA and 
precancerous lesions in host cells [2]. The mechanisms of 
development of this disease have not been studied; however, 
increased production of reactive oxygen species probably 
plays an important role in the pathogenesis of 
opisthorchiasis [3].

To study the possible role of oxidative stress in the 
pathogenesis of opisthorchiasis we assessed lipid peroxidation 
and inflammation markers accumulation, DNA damage in 
infected hamsters from 1 to 18 months postinfection and the 
effect of antioxidants SKQ1 (10- (6'-Plastoquinonyl) 
decyltriphenylphosphonium) and resveratrol.

Methods
Experimental opisthorchiasis in vivo on golden hamsters 

M.auratus. Using immunohistochemistry and immunoassays, 

we showed accumulation of inflammatory and oxidative 
damage markers. Pathological changes in the liver, including 
inflammation, biliary neoplasia, metaplasia, proliferation of 
the epithelium of the bile ducts, were assessed using 
histological analysis. Using real time PCR we measured 
mRNA expresson of the inflammation and fibrogenesis 
related genes. 

Results
We showed time-dependent accumulation of 

inflammatory, lipid peroxidation (MDA, HNE) and oxidative 
DNA damage (8-OHdG) markers. Moreover, liver 
histopathology, including inflammation, biliary neoplasia, 
periductal fibrosis were assessed.

The histopathology of liver i.e. biliary neoplasia, lipid 
peroxidation markers and serum biochemistry liver damage 
markers were significantly attenuated by SKQ1 and 
resveratrol treatment. 

Conclusion
Thus, reactive oxygen species play a pivotal role in the 

pathogenesis of opisthorchiasis, probably mediating the 
processes of inflammation and biliary neoplasia. The 
histopathology of liver i.e. biliary neoplasia and lipid 
peroxidation markers, were significantly attenuated by
SKQ1and resveratrol treatment. Thus, SKQ1 and resveratrol 
have a hepatoprotective effect.
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Abstract — MiRNAs are small non-coding RNAs that have a 
specific cell-type-dependent expression and may be influenced 
by diseases, such as atherosclerosis. In this study, we 
demonstrate possibility of determining differentially expressed 
miRNA genes in cell subtypes by using a cell deconvolution 
approach.

Keywords — atherosclerosis, miRNA, deconvolution

Motivation and Aim
There has been reported that miRNAs participate in the 

atherosclerotic process actively. The cell- and tissue-specific 
manner expression of miRNAs results in a challenging 
identification of the shifts in expression levels through 
disease, especially in atherosclerosis. Whether the shifts are 
caused by a twist of the cell-type ratios or by the intracellular 
dysregulations are still unclear. We suggest that the cell-type 
deconvolution algorithms can be helpful to assess the cellular 
composition of bulk tissue samples [1].

To assess the potential of the deconvolution approaches to 
simultaneously decomposition onto cell types and detecting 
expression changes in it on the example miRNA sequencing 
data of atherosclerosis tissues.

Methods
Both atherosclerotic-affected and intact tissue of carotid 

artery biopsy specimens obtained from 5 patients 
simultaneously. Preparation of miRNA sequencing libraries 
was carried out by the NEBNext Multiplex Small RNA 
Library Prep Set for Illumina following with sequencing on 
the HiSeq 1500 system (1x50bp mode). Data processing and 
evaluation of miRNA expression were performed using 
miARma-Seq software package. The pre-made database was 
used as well 
(https://github.com/alekseizarubin/miRNA_reference_decon
volution_arteries). The deconvolution and statistical analysis 
was executed in the R software (edgeR, DeconRNASeq, 
TOAST).

Results
As a result of the deconvolution, a statistically significant 

difference of the predicted fraction of macrophages (MF), 
smooth muscle cells and fibroblasts (SMC_Fib), lymphocytes 
(T_NK and B cells), and neutrophils (NF) was found between 
atherosclerotic-affected and intact carotid arteries. MiRNAs 
were differentially expressed in specific cell types (see Table 
1). Unfortunately, the identification of expression shifts of 
miRNAs in endothelial cells (EC) and MF is unfeasible owing 
to an absence of cell subtypes in the intact tissue specimens.

Thus, we demonstrated possibilities for the utilization of 
miRNA sequencing data into cell deconvolution analysis to 
reconstruct cell subtypes proportion and the identification of 
differentially expressed miRNA genes in them.

TABLE 1. THE PREDICTED FRACTION OF CELL TYPES IN SAMPLES AND 
DIFFERENTIALLY EXPRESSED MIRNAS

Cell subtypes
Sample ID EC SMC Fib MF T_NK NF B

iv24 0.0 0.37 0.0 0.00 0.32 0.31 
iv27 0.0 0.52 0.0 0.00 0.30 0.18 
iv31 0.0 0.39 0.0 0.00 0.32 0.28 
iv33 0.0 0.46 0.0 0.01 0.32 0.21 
iv34 0.0 0.43 0.0 0.00 0.35 0.23 
ap24 0.0 0.45 0.03 0.03 0.31 0.18 
ap27 0.0 0.50 0.05 0.08 0.27 0.10 
ap31 0.0 0.47 0.02 0.06 0.32 0.13 
ap33 0.0 0.54 0.02 0.11 0.27 0.07 
ap34 0.0 0.52 0.01 0.06 0.30 0.11 

Differentially 
expressed 
miRNAs

NA miR-132
miR-18a

miR-
323b

miR-410
miR-126
miR-10b

NA miR-654
miR-410
miR-323b
miR-504
miR-24-1
miR-147b
miR-10a
miR-204

miR-132
miR-199b
miR-10b
miR-126

miR-
199b

iv# - intact vessel; ap# - atherosclerotic plaque; NA – not available. 
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Abstract — Dysregulated levels of microRNAs may be 
involved in the pathogenesis and response to steroid therapy in 
patients with focal segmental glomerulosclerosis (FSGS). An in-
silico analysis indicated that miR-370 is contributed to biological 
adhesion, cation transport, regulation of ion transport, and 
metal ion transport in FSGS.

Keywords — Nephrotic syndrome, FSGS, MicroRNAs, Steroid 
response

Motivation and Aim
Focal segmental glomerulosclerosis (FSGS) is the most 

common type of glomerular disease in adults [1]. Steroids are 
considered first-line therapeutic opportunities in these patients 
[2]. Patients with steroid-resistant FSGS without any 
improvement in their proteinuria are facing a gradual decline 
of kidney function and are destined to end-stage renal diseases 
(ESRD) [3]. Numerous lines of evidence suggested that 
microRNAs play a role in the modification of steroid 
responsiveness, consequently, they may act as potential
molecular markers for steroid response.

An in-silico analysis was performed to understand the 
signaling pathways and biological procedures that may be 
regulated by miR-370 in steroid-resistant FSGS.

Methods
Gene expression data sets were downloaded from GEO 

datasets to find the significant differentially expressed mRNA. 
The GEO2R online tool was used for determining the 
differential expression of genes. miRwalk online tool was 
utilized for predicting target mRNAs of the miRNA. Twelve 
databases were selected for the predicting (miRWalk, 
Microt4, miRanda, mirbridge, miRDB, miRMap, 
miRNAMap, Pictar2, PITA, RNA22, RNAhybrid, and 
Targetscan). The target genes were chosen which exist in at 

least 3 aforementioned databases. The overlapping genes 
between the GEO datasets differentially expressed genes and 
predictive miRNA target genes were indicated by generating 
Venn diagram by R v3.5 programming. The shared gene sets 
were enriched by Gene Ontology (GO) 
(http://software.broadinstitute.org/gsea/msigdb/annotate.jsp).
The GO data was visualized with R programming.

Results
Five newly updated datasets (GSE125779 (n=353), 

GSE129973 (n=176), GSE108113 (n=1531), GSE104948 
(n=106), and GSE104066 (n=693) were downloaded for 
FSGS. Because of the similarity between the data, 
GSE108113 and GSE104066 were chosen for further 
investigations. GO annotation demonstrated that miR-370, 
mostly contributes to biological adhesion, cation transport, 
regulation of ion transport, cation transmembrane transport, 
and metal ion transport.
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Abstract — Aberrant expression of glycogen synthase 
kinase-3 (GSK-3β) in kidney cells has a harmful role in podocyte 
injury. In this work, we found that dysregulated levels of GSK-
3β may be involved in the pathogenesis of nephrotic syndrome, 
kidney disease with proteinuria, with different etiology.

Keywords — Nephrotic syndrome, Proteinuria, Membranous 
glomerulonephritis, Focal Segmental Glomerulosclerosis, GSK-
3β.

Motivation and Aim
Glycogen synthase kinase-3 (GSK-3) is a conserved multi-

functional serine/threonine kinase that regulates various 
physiological processes, including gene expression, cell 
signaling [1], cellular proliferation, apoptosis, and 
intracellular communication. A detailed understanding of the 
GSK-3β function and its expression in several pathological 
conditions will help the clinic manage different kidney 
diseases.

Given the role of GSK-3β in the podocytes injury [2,3], we 
evaluate its expression levels in PBMCs samples of patients 
with NS. 

Methods
The expression levels of GSK-3β was evaluated in 

peripheral blood mononuclear cells (PBMCs) of cases with 
the most common types of nephrotic syndrome (NS); MGN 
(membranous glomerulonephritis) and FSGS (focal segmental 
glomerulosclerosis) using real-time PCR. Sixty cases (30 
FSGS and 30 MGN) were included based on the strict criteria. 

The results compared with healthy controls (n=24). The 
receiver operating characteristic (ROC) curve analysis was 
used for evaluating the potential of GSK-3β in discriminating 
cases from controls.

Results
There were statistically significant increases in GSK-3β

expression level in NS (P=0.002) and FSGS (P<0.001) groups 
when compared to controls; however, it was not significant in 
MGN group (P= 0.137). GSK-3β level was also significantly 
higher in FSGS group in comparison to MGN group. ROC 
curve analysis approved a diagnostic power of GSK-3β in 
discriminating patients from healthy controls (AUC: 0.72, P= 
0.002) with high sensitivity and specificity.
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Abstract — Human uracil-DNA glycosylases SMUG1 and 
MBD4 are crucial enzymes of the base excision repair pathway, 
responsible for uracil repair. It has been hypothesized that 
single-nucleotide polymorphic variants of SMUG1 and MBD4 
might be responsible for an increased risk of some types of 
cancer. In the present work, analysis of SNPs of these uracil-
DNA glycosylases was performed to select the set of variants 
having substitutions of amino acid residues on the surface of the 
enzyme globule and in the DNA-binding site, thereby affecting 
protein–protein interactions or the catalytic reaction, 
respectively. Conformational dynamics and catalytic activities 
of four SMUG1 and four MBD4 SNP variants were examined. 
The conformational changes in the molecules of enzymes and in 
a DNA substrate were recorded as fluorescence changes of Trp 
and 2-aminopurine residues as well as FRET-signal.

Keywords — DNA repair, human uracil–DNA glycosylase, 
stopped-flow enzyme kinetics, fluorescence

Base excision repair (BER) is a key genome maintenance 
pathway that removes endogenously damaged DNA bases that 
arise in cells at very high levels on a daily basis. Amino acid 
substitutions in BER enzymes associated with single-
nucleotide polymorphisms (SNPs) are widespread in the 
human population. The relation between SNP variants of BER 
proteins and etiology of some human diseases requires further 
investigation. It is known that some polymorphisms of the 
human AP-endonuclease or 8-oxoguanine-DNA glycosylase
genes lead to decrease in the enzymatic activity. Such variants 
of BER enzymes in the human population can be associated 
with an increased risk of diseases [1,2]. The association of 
SNPs of BER genes with some diseases was recently 
discussed in a number of reviews [3,4]. It should be noted that 
a decrease in the functional activity of individual BER 
enzymes and disruption of coordination between them or with 
protein factors such as XRCC1 (which acts as a scaffold 
protein in the BER pathway) can have severe negative 
consequences for the human body [5–7].

Uracil in DNA can be introduced via two mechanisms, 
deamination of cytosine and misincorporation of dUMP 
during replication. Deamination of cytosine has been 
calculated from measured deamination rates to occur at a rate 
of 100–500 per human cell/day to yield mutagenic U/G 
mispairs. Uracil may also appear as a consequence of 
misincorporation of dUMP instead of dTMP during 
replication, resulting in a U/A base pair. Human single-strand 
selective monofunctional uracil–DNA glycosylase SMUG1, 
thymine–DNA glycosylase (TDG), uracil–DNA glycosylase 
(UNG), and methyl-CpG-binding domain (MBD4) have high 
affinity to uracil-containing DNA and catalyze a cleavage of 
the N-glycosidic bond involving a target base. They also
possess individual substrate specificity to a single-stranded 

DNA substrate, T/G or U/G mismatches, and to some oxidized 
bases such as 5-hydroxymethyluracil, 5-formyluracil, and 5-
hydroxyuracil. Interestingly to note, UNG, TDG, and SMUG1 
belong to different families (I, II, and III, respectively) of the 
large uracil–DNA glycosylase structural superfamily [8], 
whereas MBD4 belongs to structural superfamily HhH (helix–
hairpin–helix) [9] of DNA-binding proteins. Given that 
human has four uracil–DNA glycosylases, indicating 
importance of uracil repair, we have conducted a systematic 
analysis of single-nucleotide polymorphism (SNP) variants of 
two uracil-DNA glycosylases SMUG1 and MBD4. Our aim 
was to determine the influence of known SNPs on the 
conformation and activity of human SMUG1 and MBD4. 
Using the NCBI dbSNP database 
(http://www.ncbi.nlm.nih.gov/SNP/), exonic polymorphic 
variants of the human SMUG1 and MBD4 were selected. 
Subsequent analysis of potential importance of an SNP was 
based on a principle of a maximal change in the chemical 
nature of the side group of the amino acid encoded by a 
corresponding nucleotide triplet. Spatial location of the amino 
acid residue close to the DNA-binding site and/or active site 
of the enzyme was also taken into account. Four SMUG1 
(G90C, P240H, N244S and N248Y) and four MBD4 (S470L, 
G507S, R512W and H557D) SNP variants were chosen for 
stopped-flow analyses of conformational dynamics and 
kinetics of interaction with DNA substrates. The activity of 
SNP variants was studied by direct PAGE analysis of the 
kinetics of accumulation of products. The conformational 
transitions in the molecules of WT enzymes and its SNP 
variants in the course of interaction with DNA-substrate were 
monitored as changes in the intrinsic Trp fluorescence. To 
determine the effect of amino acid substitutions on the 
conformational changes in the DNA substrate, the changes in 
fluorescence intensity of aPu residues in the model substrate 
were monitored as well. A FAM/BHQ1-labeled substrate was 
also subjected to FRET analysis of DNA distortion processes 
and of the cleavage reaction. Obtained results made it possible 
to determine the kinetic mechanism underlying the 
interactions of the SNP variants with DNA substrates, to 
calculate the rate constants of the elementary stages, and to 
identify the stages of the process affected by mutation.
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Abstract — Human apurinic/apyrimidinic endonuclease 
APE1 is responsible for detecting and initiating the elimination 
of AP-sites from DNA. APE1 makes an incision of the 
phosphodiester bond on the 5′-side of some damaged nucleotides
and possesses 3′-5′ exonuclease, 3′-phosphodiesterase, 3′-
phosphatase, and RNase H activities. It remains unclear how 
such structurally different substrates can be recognized by the 
only active site of the enzyme. In the present work the 
mechanism of APE1 catalyzed target nucleotide cleavage was 
studied. As model substrates we used DNA- and RNA-
oligonucleotides forming non-canonical structures such as 
quadruplexes, loops and hairpins. Obtained data demonstrate 
the ability of APE1 to excise AP-site containing DNA as well as 
undamaged RNA in different non-canonical structures on the 
basis of substrate topology.
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Human apurinic/apyrimidinic (AP) endonuclease APE1 
catalyses the hydrolysis of phosphodiester bonds on the 5 -
side of an AP-site and of some damaged nucleotides such as 
etheno-derivatives of DNA bases [1,2], bulky photoproducts 
[3], benzene-derived DNA adducts [4], α-anomers of 2 -
deoxynucleosides [5], oxidatively damaged pyrimidines [6] 
and 2 -deoxyuridine [7]. APE1 also possesses other activities, 

such as 3 -5 exonuclease [8,9], 3 -phosphodiesterase, 3 -
phosphatase [10], and RNase H [11]. In spite of numerous 
studies on APE1, the molecular origin of its broad substrate 
specificity and the mechanism of discrimination between 
modified bases and/or nucleotides as well as undamaged DNA 
and RNA bases are not yet clear. Despite the successful 
characterization of crystal structures of human APE1 bound to 
a DNA substrate containing an F-site (a stable analogue of a 
natural AP-site, lacking the hydroxyl group on the C1-atom of 
ribose) or a cleaved DNA product, at present, there is no 
published structure of an APE1 complex with other DNA or 
RNA substrates.

The substrate specificity to different bases may be 
associated with different distortions of local DNA or RNA 
structure around the target base, influencing the efficiency of 
forming the catalytically active conformation. Another basis 
for substrate recognition may be related to differences in the 
efficiency of target base eversion from substrate into the active 
site of enzyme, which probably is dependent on the nature of 
the base and/or on stability of the target base pair in DNA or 
RNA.

The main purpose of our study was to elucidate the key 
steps of the mechanism behind protein–substrate interaction 
that ensure specific recognition of target nucleotide in various 
DNA- and RNA-substrates forming non-canonical structures 
such as quadruplexes, and various loop- and hairpin-
containing structures, which can facilitate nucleotide eversion 
stage. The structures of these substrates were proved by CD-
spectroscopy. Analysis of product accumulation using gel-
electrophoresis has shown that APE1 excises all of the DNA 
substrates used, i.e. DNA quadruplexes, containing the single 
F-site in core or loop regions, bulged DNA duplexes, 
containing the F-site, as well as undamaged RNA hairpin-
structures. Obtained data demonstrate the ability of APE1 to 
excise AP-site containing DNA as well as undamaged RNA 
in different non-canonical structures. Taken together, our data 
support the idea that the mechanism of substrate specificity of 
APE1 is based on the ability of the target nucleotide to flip out 
of the DNA duplex into the active site owing to an enzyme-
induced substrate distortion and bending.
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Abstract — Until recently, DNA repair was almost 
exclusively considered in the B-DNA context, since non-
canonical DNA was not believed to be a significant target for 
damage in the bulk genome. A paradigm shift that followed the 
discoveries of functionally important roles of non-canonical 
DNA and the cases of apparent connection of regulation with 
DNA damage put DNA repair in non-canonical structures into 
the focus of active studies. In this work we investigated base 
excision repair in non-canonical DNA structures involving 
hairpins, quadruplexes and DNA/RNA heteroduplexes.

Keywords — DNA glycosylase, non-canonical DNA, base 
excision repair.

Introduction 
B-form is the main conformation adopted by double-

stranded DNA under physiological salt, pH, and temperature 
conditions. Although genomic DNA in living cells mostly 
exists in the B-form, it became clear over the past decades that 
DNA exhibits significant conformational polymorphism and 
that many functionally important genome elements can 
assume alternative structures in vivo, either permanently or 
temporarily. Such non-B-DNA structures (thereafter referred
to as “noncanonical DNA”) include cruciform DNA, hairpins, 
triplexes, quadruplexes, intercalated motifs (i-motifs), single-
stranded DNA, Z-DNA, RNA/DNA heteroduplexes, and 
displacement loops (D-loops) containing either RNA (R-
loops) or DNA invading strands. These elements are often 
involved in gene activity regulation and genome stabilization, 
or, on the contrary, could be intermediates of deleterious 
processes causing genome instability. 

As a chemically active molecule, DNA is in a constant flux 
of spontaneous and directed modification. Notably, most 
noncanonical DNA forms is more sensitive to DNA damage 
than B-DNA, Recently, some non-canonical DNA, such as 
quadruplexes, were shown to serve as oxidation-dependent 
transcriptional regulatory elements in human cells [1-3]. On 
the other hand, non-canonical structures, including DNA 
hairpins and Z-DNA, turned out to be associated with severe 
human diseases due to their mutation-prone nature and gene 
activity misregulation [4-5].

Methods
In this work we investigated the ability of mammalian 

OGG1, NEIL1 and NEIL2 DNA glycosylases; human and E. 
coli uracil-DNA glycosylase; E. coli and Lactococcus lactis 
formamidopyrimodine-DNA glycosylase; and E. coli MutY, 
Nei and Nth DNA glycosylases to process substratres other
than double-stranded DNA. Oligonucleotide substrates 

containing one of damaged bases (oxoguanine, 5-
hydroxyuracil, 5,6-dihydrouracil, uracil, AP site) were 
annealed with complementary DNA (forming one base bulge 
substrate), or RNA strand (forming DNA/RNA 
heteroduplexes with each of four nucleotides in the opposite 
position). For uracil-glycosylases we also prepared 
oligonucleotides containing uracil and G-quadruplex.

RESULTS

We performed a screen of activity for all enzyme–
substrate pairs. Both human and E. coli uracil-DNA-
glycosylases removed uracil from structures containing G-
quadruplex, one base bulges and DNA/RNA heteroduplexes 
regardless of the opposite nucleotide. There was no activity of 
MutY. Enzymes of the helix–two-turn–helix (H2TH) 
structural superfamily (Fpg from E. coli and Lactococcus 
lactis, Nei E. coli and mouse NEIL1 and NEIL2) all cleaved 
DNA containing oxoguanine, 5-hydroxyuracil, 5,6-
dihydrouracil, AP site in any context, but Nei and NEILs 
removed oxoguanine relatively slight. Nei also showed small 
activity on the substrate with a bulged uracil. Nth removed all 
damage except uracil and hydroxyuracil. OGG1 processed 
substrates with oxoguanine from bulge and when C or U were 
opposite in RNA.

We also obtained kinetic data of Fpg, OGG1, human and 
E.coli UNG on substrates with one base bulges, and also on 
DNA containing G-quadruplex for uracil glycosylases. 
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Abstract — A novel structural type of monoterpene-
derived tyrosyl-DNA phosphodiesterase 1 (TDP1) inhibitors 
have been discovered that was synthesized through 
preliminary isomerization of (+)-3-carene to (+)-2-carene 
followed by reaction with heteroaromatic aldehydes. All 
compounds inhibit the TDP1 enzyme at micro- and 
submicromolar levels with the most potent compound having 
an IC50 value of 0.65 μM. TDP1 is an important DNA repair 
enzyme and promising inhibition target for the development 
of new chemosensitizing agents. Panel of isogenic clones of the 
HEK293FT cell line knockout for TDP1 gene was created 
using the CRISPR-Cas9 system. Cytotoxic effect of topotecan 
(Tpc) and non-cytotoxic compounds of the novel structural 
types were investigated separately and jointly on the TDP1 
gene knockout cells. For two TDP1 inhibitors synergistic 
effect was observed with Tpc on HEK293FT parental wild-
type cells but was not found on TDP1-/- cells. Thus, it is likely 
that the synergistic effect with Tpc for these compounds on 
HEK293FT cell growth is caused by TDP1 activity inhibition. 
The synergy was also found for these compounds on the 
cancer cell lines. Such an approach in chemotherapy, with a 
sensitizing effect when adding a non-cytotoxic drug, can 
enhance the efficacy of currently used pharmaceuticals and 
concomitantly reduce the potential for toxic side effects.

Keywords — tyrosyl-DNA phosphodiesterase 1; TDP1 gene 
knockout cells; synergy; topotecan; inhibitor

Introduction 
There are a number of problems arising in the course of 

chemotherapeutic treatment for oncological diseases, 
namely, low efficiency of chemotherapy, the resistance of 
malignant tumors to drugs, numerous side effects and high 
toxic load on the body. The cytotoxic effect of 
chemotherapy is caused by DNA damage, and the ability of 
cells to recognize and repair DNA lesions results in 
resistance. The design of new compounds that inhibit DNA 
repair enzymes is a promising strategy for potentiating the 
cytotoxicity of DNA damaging agents in clinical use. The 
enzymes involved in DNA repair, for example, tyrosyl-
DNA-phosphodiesterase 1 (TDP1), are promising 
therapeutic targets for the treatment of cancer [1-4]. Being 
one of the DNA repair enzymes, TDP1 plays a key role in 
the removal of DNA lesions, including those resulting from 
the action of DNA topoisomerase I (TOP1) inhibitors. 
TOP1 is an essential enzyme that regulates DNA topology 

by reducing DNA supercoiling. TOP1 introduces a transient 
single-strand break in DNA, enabling the broken strand to 
rotate around the TOP1-bound DNA during fundamental 
cellular events such as replication, transcription, and repair 
[5]. TOP1 inhibitors, for example, topotecan (Tpc), are 
important chemotherapeutic agents that stabilize the 
cleavage complex TOP1–DNA, thereby inducing 
significant DNA damage leading to cell death [6]. However, 
TDP1 removes lesions caused by TOP1 inhibitors thus 
reducing their efficacy and leading to resistance [7-9]. A 
promising approach to increase the selectivity and potency 
of TOP1 inhibitors to cancer cells is to combine them with 
TDP1 inhibitors. In recent years, TDP1 inhibitors of various 
types have been discovered [1-4] including natural product 
derivatives. Monoterpenes, which have a unique diverse 
structure and are inexpensive, available and often 
enantiomerically pure is an attractive renewable raw 
material for the development of physiologically active 
agents. Some of the derivatives exhibit analgesic, antiviral, 
neuroprotective and antitumor properties [10]. 
Monoterpene (+)-3-carene is one of the main components of 
turpentine. In the current work we have studied anti-TDP1 
activity of (+)-3-carene derivatives for the first time. For this 
purpose, two sets of (+)-3-carene derivatives of new 
structural types were synthesized and tested as potent TDP1 
inhibitors.

To clarify the inhibitors’ action on the cellular level a 
panel of HEK293FT TDP1 knockout isogenic clones was 
created using the CRISPR-Cas9 approach. The cytotoxic 
effect of Tpc and the new TDP1 inhibitors was measured 
separately and jointly.

Results 
We tested 15 compounds synthesized starting from (+)-

3-carene for their TDP1 inhibitory properties by measuring 
their IC50 (half maximal inhibitory concentration) values 
using a real-time fluorescent oligonucleotide biosensor [11]. 
This biosensor demonstrated high sensitivity and specificity 
for detection of TDP1. The IC50 values for substances with 
heterocyclic substituents varied from 0.65 μM to 28 μM.

To examine the potential impact of TDP1 knockout on 
cell survival under the treatment by the synthesized 
compounds, we generated HEK293FT TDP1 deficient 
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(TDP1-/-) cell line. Using paired gRNA CRISPR-Cas9 
strategy and polymerase chain reaction (PCR) screening of 
cell clones we obtained clones containing deletions in the 
first protein coding exon of TDP1 gene. After sequencing 
and first treating of TDP1 proficient (wild-type) and TDP1 
deficient (TDP1-/-) cells with increasing concentrations of 
Tpc we selected one clone for subsequent work as it has 
homozigous deletion causing open reading frame shift in 
both alleles of the TDP1 gene. It was subsequently screened 
by biochemical assay for 3’-phosphotyrosyl cleavage 
activity to identify detectable TDP1 activity in the cell 
extract. There was no established cleavage activity in the 
TDP1-/- cell extract in contrast to control WT cell extract 
and purified TDP1. Than we analyzed, using colorimetric 
test, the relative amount of viable cells after treating 
HEK293FT WT and TDP1 deficient (TDP1-/-) cells with 
increasing concentrations of Tpc for 72 hours. TDP1 
knockout reduced cells viability after Tpc treatment, thus 
HEK293FT TDP1-/- cells where more sensitive to Tpc, 
thus reflecting the contribution of TDP1 on cell survival. 

An analysis of the intrinsic cytotoxicity for the 
synthesized compounds was performed on HEK293FT WT 
and TDP1 deficient (TDP1-/-) cell lines by colorimetric 
test. We tested several compounds with the highest TDP1 
inhibitory activity. Cytotoxicity is absent or insignificant in 
the range of studied concentrations (0.08-100 μM) for all 
the compounds for both cell lines, which is of great 
importance in terms of the absence of additional side 
effects of cancer therapy. 

TDP1 can work against the action of TOP1 poison such 
as Tpc due to the ability to cleave the TOP1-DNA stalled 
complex. Thus, TDP1 inhibition could increase the 
efficiency of TOP1 poisons. Next, we checked the 
influence of the most effective TDP1 inhibitors on the 
cytotoxic effect of Tpc on the HEK293FT WT and mutant 
cell lines. We tested HEK293FT cells viability after 
treatment with 11h and 12k alone and with Tpc. There is 
suppressed cell growth in the joint presence of TDP1 
inhibitor and Tpc on WT cells and no effect of Tpc presence 
in TDP1 deficient cells (Fig. 1). Thus, the synergistic action 
of Tpc in conjunction with 11h and 12k on HEK293FT WT 
cells is likely due to the TDP1 inhibition making this 
enzyme the main target of action.

Conclusions
We found a new class of TDP1 inhibitors with activity 

in the low micromolar or submicromolar concentrations, it 
was synthesized based on readily available monoterpene 3-
carene. All the tested derivatives exhibited low intrinsic 
cytotoxicity when tested on various cell lines (data not 
shown). We created a panel of isogenic clones of 
HEK293FT cell line knockout for TDP1 using the CRISPR-
Cas9 system and selected one clone for the experiments. We 
investigated the cytotoxic effect of Tpc and two TDP1 
inhibitors separately and jointly on TDP1 gene knockout 
cells. HEK293FT TDP1-/- cells were more sensitive to Tpc 
compared to WT cells. For both tested compounds we
observed cell growth suppression in the presence of Tpc 
only for WT cells but not for the TDP1 knockout cells. Thus, 
it is likely that the synergistic effect with Tpc on HEK293FT 
cell growth is only caused by TDP1 activity inhibition by 
these two new compounds minimizing any off-target 
effects. Two most promising compounds with the best 
combination of TDP1 inhibition exhibited IC50 values of 
0.75 μM and 1.20 μM and demonstrate low cytotoxicity at 
concentrations up to 100 μM and enhancement of the Tpc 
efficacy on the cells. Thus, these new inhibitors are 
promising candidates for adjuvant therapy, mainly due to 
the absence of additional toxic load.
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Abstract — Drosophila hyd is ortholog of the mammalian 
tumor suppressor EDD that implicated in a wide variety of 
cellular processes and its regulation is impaired in various types 
of tumors. It is a member of highly conservative HECT family 
of E3 ubiquitin ligases that directly transfers the ubiquitin to 
targeted substrates. Hyd is required for the regulation of cell 
proliferation during development, mutations in the hyd gene 
resulting in developmental abnormalities including adult 
sterility. Reduction of hyd expression results in large-scale germ 
cells death at different stages of oogenesis. Germ cells lacking 
Hyd demonstrated a slowdown in the growth and development 
during mid-oogenesis, leading to the total cell death due to 
metabolic impairment.

Keywords — hyperplastic disc gene, oogenesis, cell death, E3 
ubiquitin ligase, germ cells, drosophila

Motivation and Aim
One of the important aspects of carcinogenesis 

investigation deals with tumor suppressor genes that control 
the cellular constancy of the body and prevent the formation 
of tumors. Drosophila melanogaster hyperplastic disc gene 
(hyd) is ortholog of the mammalian tumor suppressor EDD
(E3 identified by differential display, EDD/UBR5/hHyd, 
hereafter called EDD). EDD implicated in a wide variety of 
cellular processes and its regulation is impaired in various 
types of tumors. Hyd, as well as EDD, has E3 ubiquitin ligase 
activity and is critical for cell proliferation and differentiation 
[1,2]. Mutations in hyd gene display a range of developmental 
phenotypes, including imaginal disc abnormalities [3], larval 
lethality, sterility [4], premature photoreceptor differentiation 
[5], failed oogenesis [6], and defective spermatogenesis [7]. 
The clone analysis identified that Hyd negatively regulates 
expression of Hedgehog (Hh) and Decapentaplegic (Dpp) in 
eye and wing imaginal discs [5]. Here, we study the Hyd 
function in Drosophila oogenesis. We showed that the 
reduction of hyd expression by mutations or RNA interference 
results in large-scale germ cells death at different stages of 
oogenesis. This cell death does not depend on Dpp or Hh 
signaling.

Methods
We used Bloomington Drosophila stocks: kni hyd15 e1 

/TM3, Sb1 (3718) and yw; PBac{3HPy+}hydC017/TM3, Sb1 
Ser1 (16256) as the source of mutant hyd alleles. To suppress 
hyd expression in different ovarian cells we used the hyd RNA 
interference. To induce the RNA interference we combined 
UAS-hyd-RNAi transgene with a set of different ovarian-
specific GAL4 drivers. We performed a detailed cytological 
analysis of oogenesis using fluorescent and electronic 
microscopy.

Results and Discussion
For the cytological analysis of the mutant effect in 

oogenesis, viable females carrying the interallelic 
combination hydC017/hyd15 were used. hydС017/hyd15
females are sterile and lay only single eggs from which 
embryos do not develop. The gonads of such females mainly 
contain partially or completely reduced ovaries: either with a 
small number of egg chambers, or without them at all. 

Antibodies staining of germline cells marker, Vasa 
protein, showed that more than 90% of the ovaries consisted 
of ovarioles, either containing no germline cells or with single 
egg chambers. Although gonads form normally in embryos 
and larvae, but their internal structure degrades at later stages, 
only part of the cells gives rise to cysts that form a normal egg 
chamber. However formed egg chambers also degrade during 
oogenesis, only 1% of them develop into an egg. Thus, hyd
mutations affect the viability of cells involved in oogenesis 
and egg chamber forming. Stem cells also die, and, as a result, 
ovarioles without germ cells are formed. Also cells die in 
germarium and egg chambers at different stages of 
development.

Oogenesis defects detected in hydС017/hyd15 are 
associated with a decrease in hyd gene expression. 
Quantitative analysis of mRNA using real-time PCR showed 
that the level of gene expression is statistically different and 
about 2 times lower in the mutant than in the control (wild 
type).

The association of cell death with a decrease of the hyd
activity is confirmed by our data obtained using hyd RNA 
interference (hyd-RNAi). For this experiment, we used the 
UAS/GAL4 system. In order to ectopically suppress the hyd
gene expression in different ovary cells, tissue-specific drivers 
were selected: nanos-GAL4, oskar-GAL4 - for germline cells, 
7023-GAL4, 7024-GAL4, 36287-GAL4 - for somatic cells. 
Only combination UAS-hyd-RNAi with germline specific 
drivers, nanos-GAL4 and oskar-GAL4, resulted in massive 
cell death and ovarian atrophy, which corresponded to the 
phenotypic manifestation of mutations.

As the nanos-GAL4 starts to express in primordial 
germline cells from embryogenesis, in the nanos-GAL4/UAS-
hyd-RNAi females, germ cell death occurred before reaching 
the adult stage. Electron microscopy revealed signs of cell 
death everywhere in the germ line of such female at the end of 
3rd larval stage. Normally, at this stage, germ cells actively 
proliferate and increase in their number without subsequent 
differentiation. Cell death at this stage may be associated with 
misregulation of factors that control the cell cycle, cell death 
pathways, nuclear envelope and cytoskeleton remodulating.
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The oskar-GAL4 is activated at stages 3-4 of oogenesis, 
and in oskarGAL4/UAS-hyd-RNAi females, germ cell death 
occurred in mid-oogenesis. In this case, after stage 4-5, germ 
cells slowed down in the development. Although they slightly 
increased in size, the oocyte does not grow normally and does 
not increase in volume relative to the nurse cells area, 
compared wild type. The developmental arrest ended with the 
total (100%) death of the egg chambers. Electron microscopic 
analysis showed that the Hyd lack did not lead to the 
anomalies in the cell ultrastructure. Germ cells degradation 
occurred at the same stage of oogenesis as in the wild type and 
did not differ morphologically. Massive germ cells death and 
egg chambers in mid oogenesis were also observed when the 
expression of inhibitors of apoptosis Bruce and Diap was 
reduced [8]. However, in the Hyd loss background, the germ 
cells death occurred after a slowdown in the development and 
growth, which indicates a gradual extinction of cellular 
metabolism and a decrease in viability. We believe there is an 
effect similar to a protein deficiency or environmental stress. 
It is known that starvation and lack of proteins activate an 
oogenesis checkpoint triggering the mechanism of cell death 
[9]. Probably, the lack of E3 ubiquitin ligase Hyd leads to a 
disruption in the ubiquitination mechanism of the protein 
substrates responsible for the metabolism and synthetic 
activity of germ cells, causing cell death due to deficit of 
energy resources.
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Abstract — The assembly of the death-inducing signaling
complex (DISC) and death effector domain (DED) filaments at 
CD95/Fas results in activation of extrinsic apoptosis. This 
process is deregulated in the variety of tumors and 
neurodegenerative diseases. In this work computational 
modeling was carried out to describe the molecular mechanism 
of DISC assembly and to develop small molecules facilitating cell 
death induction.

Keywords — CD95, cell death, apoptosis, c-FLIP, virtual 
screening, docking.

Introduction
There are two types of apoptosis induction: intrinsic-

mediated via mitochondria and extrinsic-mediated via death 
receptor (DR) activation. Currently six DRs are characterized: 
CD95/Fas, TNF-R1, TRAILR1/2, DR3 and DR6, while 
CD95/Fas is one of the most studied members of the DR 
family. The induction of apoptosis via CD95 is largely 
controlled by the Death-Inducing Signaling Complex (DISC), 
which is formed upon CD95 stimulation. CD95 DISC 
comprises oligomerized, CD95, the adaptor protein FADD, 
procaspases-8/10 and cellular FLICE inhibitory proteins (c-
FLIP). Deregulation of the CD95 pathway accompanies a 
variety of tumors and neurodegenerative diseases. Currently a 
limited number of small-molecule agents targeting this 
pathway is available. Molecular modeling of the components 
of DISC complex and development of compounds targeting 
them is of great interest and the goal of the current work. 

Methods
Virtual screening was conducted using GLIDE software 

(Schrodinger Inc.). Molecular modeling was carried out using 
Rosetta Software. 

Results
Using virtual screening techniques of large databases of 

chemical compounds we could identify first in class small 
molecule targeting heterodimer caspase-8/c-FLIPL [1]. 
Chemical probe was designed to target the heterodimerization 
interface leading to allosteric stabilization of the complex. 
Kinetic mathematical model was further developed to analyze 
the observed effects of FLIPinBγ on DISC activation. Based 
on the modeling results we could predict that the stabilized 
FLIPinBγ/ caspase-8/c-FLIPL complex plays a major role at 
the very initial stages of the DED chain assembly and 
procaspase-8 processing. Furthermore conducted structural 
analysis of the DISC complex [2-3] suggests high therapeutic 
potential of c-FLIP targeting compounds to enhance cell death 
in cancer cell lines that are characterized by high c-FLIP 
levels.
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Abstract — Base excision repair (BER) is one of most 
universal mechanisms of DNA repair in living cells. BER 
initiated by specific enzymes – DNA-glycosylases recognizing 
damaged nucleotide and can influence on efficiency of all DNA 
repair pathway. Nucleotide polymorphisms (SNPs) of the 
NEIL2 gene could be associated with the risk of cancer develope 
in actively transcribed organs. We found two SNPs located in 
conservative regions responsible for catalysis and DNA binding 
and purified corresponding recombinant protein variants 
hNEIL2(R103W) and hNEIL2(P304T), respectively. A 
comparison of the enzymatic characteristics with the wild-type 
hNEIL2 protein revealed reducing enzyme activities for 
hNEIL2(P304T).

Keywords — NEIL2, base excision repair, DNA-glycosylase,
single nucleotide polymorphism

Motivation and Aim
Every day in our cells the DNA molecule is chemically 

modified by numerous exogenous and endogenous factors. To 
correct these damages there are same protective mechanisms 
named DNA repair and base excision repair (BER) is one of 
most universal. BER is initiated by specific enzymes DNA-
glycosylases capable to recognize and excise the modified 
DNA bases with followed by some enzymatic stages for 
recovering intact structure of DNA. Gene sequence variation 
like a single-nucleotide polymorphism (SNP) can lead to 
another polypeptide sequence and enzymatic activity changes. 
Therefore, SNPs in DNA-glycosylase genes can decrease 
efficiency of BER and promote DNA damages accumulation 
causing the oncological transformation of cells.

Mammalian DNA-glycosylase NEIL2 is a bifunctional 
enzyme with AP-lyase and glycosylase activity [1]. 
Additionally NEIL2 has unique ability to recognize oxidative 
damages in “bubble” structures [2] forming during 
transcription. On the other hand, it is known that some SNPs 
of hNEIL2 gene are associated with risk of cancer developing 
in actively transcribed organs particular, one of the most 
dangerous – lung cancer. This project aims to study the effect 
of SNPs in the conserved regions of the hNEIL2 gene on the 
enzymatic functions of protein variants. This understanding 

can provide a real opportunity to predict an increased cancer 
risk in carriers of the corresponding alleles.

Methods
We analyzed the available SNP databases hNEIL2 gene 

and the structure of the hNEIL2 protein using bioinformatics 
methods (since XRC data are not available) and found that 
some SNP lead to large changes in the protein structure. We 
cloned the wild type gene and SNP corresponding genes using 
standard mutagenesis methods, expressed and purified 
recombinant proteins by affinity chromatography. Then, the 
substrate specificity and enzyme activities were studied for 
hNEIL2 recombinant proteins.

Results
We found that two SNPs are located in the coding region 

of the gene and alter the class of amino acids in conservative 
regions responsible for catalysis and DNA binding, 
hNEIL2(R103W) and hNEIL2(P304T) respectively. 
According to the 1000genome and ExAC projects the 
frequencies of these alleles were equal to MAF (Minor Allele 
Frequency) = 0.0148 for hNEIL2(R103W) and MAF = 0.0088 
for hNEIL2(P304T). All proteins exhibit increased DNA 
glycosylase activity observed in the following chain: double-
stranded DNA, single-stranded DNA and DNA with “bubble” 
structure. The hNEIL2(P304T) polymorphic variant 
dramatically reduces both AP-lyase and DNA glycosylase 
activities.
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Abstract — Recently published data have demonstrated the 
possibility of using CRISPR / Cas9-based systems that direct 
intracellular DNA repair systems to consolidate changes in the 
genome and epigenome. We develop an approach for assessing 
the contribution of various DNA repair processes for integrity 
of DNA, and we proposed the mechanisms of active epigenetic 
DNA demethylation includes the participation of base excision 
repair and non-canonical mismatch repair system in this 
process.

Keywords — CRISPR/Cas9, base excision repair, non-
canonical mismatch repair, epigenetics, active DNA 
demethylation.

Motivation and Aim

Motivation
In mammalian cells the cytosine methylation of the CpG-

rich regulatory regions of the individual genes forms the 
epigenetic landscape of the cell. During differentiation 
processes the molecular mechanism of local methylation 
status changes still remains a mystery. We develop the system 
based on CRISPR/Cas9 for investigation the molecular 
mechanism of the active DNA demethylation through DNA 
repair pathways: base excision repair and non-canonical 
mismatch repair.

Aim
Active DNA demethylation occurs via hydroxylation 

and/or deamination of 5-methylcytosine (5mC). The resulting 
5mC derivatives are removed through the base excision DNA 
repair pathway [1] and cell needs the special mechanism for 
eliminate closely spaced toxic intermediates as single- and 
double-strand breaks. Recently, we demonstrated cooperative 
mechanism between the base excision repair and non-
canonical mismatch repair pathways for local active DNA 
demethylation. [2]. This project aims to fundamental 

questions about the contribution of different DNA repair 
pathways into epigenetic DNA demethylation and also the 
development of technics for directed epigenome changes.

Methods
The phagemid DNA substrate containing defined 

mismatches and methylation mark was treated by mouse 
embryonic fibroblasts (MEF) cell-free extracts differing in the 
level of DNA repair activity followed by restriction analysis. 
For estimate of the contribution base excision repair and non-
canonical mismatch repair systems in active DNA 
demethylation we initiated nick-formation by CRISPR/Cas9 
system.

Results
The presence of multiple mispairs and nick-formation by 

CRISPR/Cas9 system promote proficient ncMMR resulting 
DNA demethylation in the internal region. In addition, we 
found that MSH2 protein is not required for the BER/Cas9-
dependent removal of tandem oxidative mismatches.
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Abstract — Alpha-ketoglutarate dependent dioxygenases of 
AlkB family are non-heme Fe(II) containing enzymes which 
protect cells against alkyl DNA lesions. Human homologs of 
AlkB protein ALKBH2 and ALKBH3 catalyse direct repair of 
1-methyladenine, 3-methylcytosine and ethenoadenine in DNA. 
Conversion of the substrate proceeds in several steps that 
involve oxidation of the alpha-ketoglutarate cofactor, activation 
of molecular oxygen, generation of the reactive Fe(IV)=O 
intermediate and hydroxylation of the target alkyl moiety. Here 
we applied a pre-steady-state kinetic approach to assess the 
conformational dynamics of the enzyme-substrate complex in 
the course of catalysis. An intrinsic Trp fluorescence of enzymes 
as well as fluorescent base analogue 2-aminopurine and a dye–
quencher pair FAM-BHQ1 inserted into model oligonucleotide 
substrates were used for detection of kinetics by a stopped-flow 
method. The data obtained are indicative of conformational 
flexibility of ALKBH-DNA complexes. The structure of 
methylated substrate is substantially changed during binding to 
the enzyme active site. The kinetic mechanism and rate constant 
describing specific conformational changes were determined by 
a quantitative analysis of fluorescence progression curves.

Keywords — DNA dioxygenases, DNA repair, conformational 
dynamics, protein–DNA interactions, stopped-flow method, 
fluorescent probes, FRET analysis.

Repair of alkylation damages in E. coli is fulfilled by 
proteins of the “adaptive response”, particularly, by Fe(II)/α-
ketoglutarate dependent dioxygenase AlkB. Several AlkB 
homologs reconstitute this function in mammalian cells [1].
The AlkB family members ALKBH2 and ALKBH3 are able 
to remove 1-methyladenine (1-meA), 3-methylcytosine (3-
meC), and ethenoadenine (εA) from DNA and RNA in human 
cells through an oxidative demethylation mechanism. The 
process begins with binding of the molecular oxygen to the 
Fe(II) cofactor in the enzyme active site. The subsequent 
oxidation of α-KG substrate to succinate results in formation 
of a reactive Fe(IV)=O intermediate that hydroxylates an alkyl 
moiety of DNA or RNA substrates [2]. The substrate 
specificity of ALKBH2 and ALKBH3 dioxygenases differs 
[3], and that determines their biological functions. The 
ALKBH2 protein preferably acts on double-stranded DNA, 
providing the integrity of genetic information. ALKBH3 
demethylates single-stranded DNA and RNA, indicating its 
potential role in gene expression control. It was shown that 
expression level of these enzymes is associated with human 
cancers and genetic diseases [4]. Efforts are being made for 
developing specific inhibitors of oxidative demethylases to 
improve the efficacy of chemotherapy.

Recently, we have studied the interactions between 
bacterial dioxygenase AlkB and methylated DNA by a pre-
steady-state kinetic approach [5]. To elucidate a detailed 
mechanism of the DNA substrate demethylation by ALKBH2 
and ALKBH3 proteins we have studied a conformational 
dynamics within the enzyme-substrate complex in the course 
of catalysis. A stopped-flow method combined with 
fluorescence monitoring was applied for detection of 
conformational changes in the interacting molecules under 
pre-steady-state conditions. A 15 nt single- or double-stranded 
oligodeoxynucleotides containing 1-meA or 3-meC lesions 
were used as model substrates. Conformational transitions of 
the enzyme molecule during interactions with methylated 
DNA were recorded as changes in the intrinsic fluorescence 
of its Trp residues. To determine the overall dynamics of the 
DNA structure, an 1-meA-containing oligodeoxynucleotide 
was modified by the fluorescence emitter/quencher pair, 
FAM/BHQ1, and Förster resonance energy transfer (FRET) 
was measured. The kinetic curves obtained after rapid mixing 
of methylated DNA with the ALKBH2 (or ALKBH3) protein 
revealed the conformational flexibility of the dioxygenases 
and their substrates. Two global conformational transitions of 
the enzyme-substrate complex were detected in the time 
intervals 1–5 ms and 10–100 s. The kinetic mechanisms were 
evaluated in the fitting procedures using non-linear least-
squares and the individual rate constants of each step were 
determined.
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Abstract — The study is focused on the novel photoactive 
ruthenium nitrosyl complex. In previous studies, we identified 
new pyrimidine complex that showed the best profile of 
cytotoxicity. We compared the effect of chemical nature and 
structure of different ligands on the cytotoxic potential of 
complexes.

Keywords — ruthenium nitrosyl complex, nitric oxide, DNA 
repair

Motivation and Aim
Metal-based anticancer drugs have been used successfully 

in clinical therapy worldwide. The success of platinum 
compounds (such as cisplatin, carboplatin and oxaliplatin) in 
chemotherapy is undeniable. However, there are still many 
limitations, such as high mutagenic potential and cytotoxic 
activity against normal cells, resistance to the treatment of 
certain types of tumors. An active search for solutions to these 
problems has revealed a new class of compounds – ruthenium 
complexes (L6Ru, L = ligand). They have several major 
advantages: ability to affect many types of cancer, lower 
toxicity and effectiveness against platinum-resistant types of 
cancer. Moreover, ruthenium complexes have shown selective 
biological activity as they can be administered as prodrugs and 
later activated within the reducing microenvironment of 
tumor. It is known that the radical intermediate particle L5Ru• 
selectively accumulates in cancer tumors along through 
transferrin-dependent pathway, leading to the appearance of 
reactive oxygen species (ROS), DNA damage and initiation 
of apoptosis mechanisms. The oxidative damages of DNA 
bases could be repaired by one the most common DNA repair 
pathway – base excision repair (BER) initiated by specific 
enzymes – DNA glycosylases and it maintains the stability of 
the genome in healthy cells, but accelerates the tolerance to 
anticancer therapy. However, the molecular mechanism of 
action of ruthenium complexes remains unclear. On the other 
hand, the ligands in ruthenium complex can significantly 
change the effect. Nitroso-ruthenium complexes are 
particularly attractive candidates because of their ability to 
release active radicals NO• and L5Ru• through photoactivation 
in vitro or redox reactions in cells. In previous studies, we 
demonstrated possibility of using novel nitroso-ruthenium 
complex [Ru(NO)(bPic)2(NO2)2OH] ({RuNO}) for 
investigation of the inhibition effect on DNA-glycosylases in 

vitro [1] and measurement the cytotoxicity potential in vivo
[2]. This project aims to compare the influence of chemical 
nature and structure of different ligands of nitroso-ruthenium 
complexes on the cytotoxic potential for human cell line 
239FT.

Methods
Because of collaboration with the Nikolaev Institute of 

Inorganic Chemistry SB RAS, we have great opportunity to 
select compounds with certain ligands to adjust the necessary 
properties: cytotoxicity and solubility in water. We measured 
the cytotoxicity potential of novel nitrosyl complexes with 
different ligands on a cancer cell line by MTT analysis.

Results
For ruthenium nitroso complexes, an increase in 

cytotoxicity was shown in the series: water-soluble NH3-
containing complexes (IC50> 0,9mM), NO2-containing 
complexes, chlorine-containing complexes (IC50< 20 μM). 
Among chlorine-containing complexes, the complex 
[Ru(NO)(C8H9NO2)2Cl3] exerted the highest cytotoxicity 
(IC50=1,5 ± 0,4 μM). The shift of the ester moiety in the 
pyridine ligand from the fourth to the third position decreased 
cytotoxicity by a factor of five (IC50=7,8 ± 0,8 μM), and the
replacement of the ethyl substituent in the ester moiety with 
methyl one, decreased cytotoxicity by a factor of two.
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Abstract — Human apurinic/apyrimidinic endonuclease 1 
(APE1) is known to be an important participant in base 
excision repair (BER) and activator of several transcription 
factors. It was previously shown that APE1 can stimulate the 
activity of some DNA glycosylases, which indicates possible 
protein-protein interactions between APE1 and other BER 
enzymes. In this study, we tested several natural single-
nucleotide polymorphic variants of APE1 (R221C, N222H, 
R237A, G241R, M270T, R274Q, P311S) on its ability to 
influence on protein-protein interactions with different 
human DNA repair enzymes such as OGG1, UNG, AAG, 
XRCC1, PCNA, and Pol β. Obtained data indicate differences 
in the BER enzyme effect on some APE1 variants supporting 
the important role of protein-protein interactions in the 
coordination of repair enzymes.

Keywords — base excision repair, protein-protein 
interactions, fluorescence

Introduction 
One of the major pathways to remove DNA lesions is 

the base excision repair (BER). BER pathway is a multi-step 
process, and can be reconstituted with a limited number of 
proteins such as damage-specific DNA glycosylases, AP 
endonuclease, DNA polymerase, DNA ligase and additional 
coordination proteins XRCC1 and PCNA. Coordination of 
the enzymatic activities of DNA glycosylases and AP 
endonuclease is essential to ensure a complete repair of the 
damaged bases. A “passing-the-baton” model proposed for 
BER is consistent with the findings that DNA glycosylases 
coordinate with other proteins to process the damaged DNA 
substrate. Indeed, numerous studies have revealed that 
APE1 promotes dissociation of the DNA glycosylase–
product complex, and this situation in turn increases 
multiple turnover rates of some DNA glycosylases. Two 
mechanisms were proposed to explain the stimulation of 
DNA glycosylases by APE1: a passive mechanism, when an 
AP endonuclease cleaves a free AP-site to prevent its 
rebinding with the DNA glycosylase during reaction and an 
active mechanism that consists of direct displacement of 
DNA glycosylase from the AP site either via specific 
protein–protein interactions or via distortion of the duplex 
DNA structure to disrupt the DNA glycosylase–AP site 
DNA complex. Nevertheless, the detailed molecular 
mechanism of DNA glycosylase stimulation by APE1 
remains unknown. 

In this study, we focused on the issue of damaged DNA 
transfer from the complex with various human DNA 
glycosylases (OGG1, UNG, AAG), DNA polymerase β,
XRCC1 or PCNA to AP endonuclease APE1. We tested 
several single-nucleotide polymorphic (SNP) variants of 
APE1 (R221C, N222H, R237A, G241R, M270T, R274Q, 
P311S) on its ability to influence on protein-protein 
interactions with different human DNA repair enzymes. 
SNP variants have substitutions of amino acid residues on 
the surface of the enzyme globule and in the DNA-binding 
site, thereby affecting protein-protein interactions or the 
catalytic reaction, respectively (Table 1). 

Materials and Methods
The real time cleavage of the DNA duplex containing 

stable AP-site analog (F-site) was detected by stopped-flow 
method with fluorescence detection. A FAM/BHQ1-labeled 
substrate 5’-FAM-GCTCAFGTACAGAGCTG-3’/5’-
CAGCTCTGTACGTGAGC-BHQ1-3’ was used to FRET 
analysis of the DNA cleavage reaction. The F-site cleavage 
activity of WT APE1 and SNP forms was estimated by 
calculating observed catalytic rate constant kobs. The activity 
of SNP variants in the presence of other BER enzymes was 
also studied by direct PAGE analysis of the product 
accumulation. Typical experiment was conducted at 37˚C in 
buffer containing 50 mM Tris-HCl, 50 mM KCl, 1 mM 
(Na2EDTA), 1 mM DTT, 9% glycerol, 5 mM MgCl2, pH = 
7.5. The reaction mixture contained 10 nM WT APE1 or 
SNP forms, 1 μM F-containing DNA duplex, and 1 μM
effector protein (OGG1, UNG, AAG, Pol β, XRCC1 or 
PCNA).

Results and Discussion
The analysis of the effect of different BER proteins on 

the activity of WT APE1 and SNP variants revealed several 
differences in protein-protein interactions. It was shown that 
OGG1, AAG, Pol β and XRCC1 stimulate WT, R237A and 
P311S APE1, but revealed negligible effect on other SNP 
variants (R221C, N222H, G241R, M270T, R274Q), 
indicating that these amino acids can be involved in the 
protein-protein interactions during damage repair. 
Interestingly to note that UNG and PCNA slightly stimulate 
WT APE1, but at the same time decrease the activity of 
R221C, M270T and R274Q, and have no effect on N222H 
and G241R. Previously it was shown that APE1 G241R has 
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little activity on nucleosomal DNA in comparison to WT 
APE1. Obtained data support that enzymes involved in the 
BER pathway have mutual effect on the activity of each 

other and that some amino acid substitution caused by SNPs 
lead to change of this effect.

TABLE 1 – AMINO ACID SUBSTITUTIONS ANALYZED IN THIS WORK

Amino acid 
substitution

Location

R221C DNA-binding site (distance 8.0 Å between N 1 of Arg221 and O atom of 3 -phosphate group of second 
nucleotide on 3 side of F-site).

N222H DNA-binding site (distances 4.5 and 5.0 Å between N 2 atom of Ans222 and two O atoms of 5 - and 3 -
phosphate groups of second nucleotide on 3 side of F-site).

R237A Internal coordination of α-helixes (distances 3.9 and 7.5 Å between Nη1 of Arg237 and Oε1 atom of Glu217 and 
Oδ1 atom of Asp219, respectively).

G241R Exterior of protein globule.
M270T Active site. Met270 is embedded into DNA minor groove, thereby displacing base opposite to AP site.
R274Q Internal coordination near active site (distances 2.6 and 3.0 Å between Nη1/Nη2 of Arg274 and carbonyl O 

atoms of Ala304 and Ser307, respectively).
P311S Structural element at end of β-sheet, bordering catalytic loop.
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Abstract — Recent data indicated the emerging role of 
glomerular autophagy in diabetic kidney disease. We aimed to 
assess the effect of SGLT2 inhibitor empagliflozin, DPP4 inhibitor 
linagliptin, and their combination, on glomerular autophagy in a 
model of type 2 diabetes. Eight-week-old male db/db mice were 
randomly assigned to treatment with vehicle, empagliflozin or 
combonation of empagliflozin and linagliptin for 8 weeks. Age-
matched non-diabetic db/+ mice were acted as control. To estimate 
glomerular autophagy, immunohistochemistry for beclin-1 and 
LAMP-1 was performed. Podocyte autophagy was assessed by 
counting the volume density (Vv) of autophagosomes, lysosomes 
and autolysosomes by transmission electron microscopy. LC3B 
and LAMP-1, autophagy markers, caspase-3 and Bcl-2, apoptotic 
markers, were evaluated in renal cortex by western blot. Vehicle-
treated db/db mice had weak glomerular staining for beclin-1 and 
LAMP-1 and reduced Vv of autophagosomes, autolysosomes and 
lysosomes in podocytes. Empagliflozin and the combination 
empagliflozin and linagliptin, enhanced the areas of glomerular 
staining for beclin-1 and LAMP-1 and increased Vv of 
autophagosomes and autolysosomes in podocytes. Renal LC3B 
and Bcl-2 was restored in actively-treated animals. LAMP-1
expression was enhanced in empagliflozin group; caspase-3
expression decreased in the empagliflozin-linagliptin group only. 
Mesangial expansion, podocyte foot process effacement and 
urinary albumin excretion were mitigated by both agents. The 
data provide further explanation for the mechanism of 
renoprotective effect of SGLT2 inhibitors and DPP4 inhibitors in 
diabetes.

Keywords — type 2 diabetes, chronic kidney disease, podocutes, 
autophagy, apoptosis, empagliflozin, linagliptin.

Introduction
Diabetic nephropathy is the most common cause for end-

stage renal disease worldwide [1]. Synthetic dysfunction and 
violations in the life cycle of glomerular cells play an important 

role in the development of diabetic kidney disease [2]. Recent 
data indicate emerging role of autophagy and apoptosis 
dysregulation in the process [3-5]. Moreover, autophagy and 
apoptosis are considered as the therapeutic targets in diabetes [4-
6]. Inhibitors of sodium-glucose cotransporter-2 (SGLT2) [7,8] 
and inhibitors of dipeptidyl peptidase-4 (DPP4) are considered as 
promising therapeutic agents in diabetic nephropathy [9,10], but 
little is known about the exact mechanisms of their protective 
activity.

Thus, we aim of our study to assess the effects of SGLT2 
inhibitor empagliflozin, either alone or in combination with 
DPP4 inhibitor linagliptin, on the renal expression of autophagy 
and apoptosis regulators in a model of type 2 diabetes.

Matherials and Methods
Eight-week-old male db/db diabetic mice (BKS.Cg-

Dock7m+/+Leprdb/J) were treated by vehicle, empagliflozin (10 
mg/kg) or combination of empagliflozin and linagliptin (10 
mg/kg of each agent) for 8 weeks. Non-diabetic heterozygous 
db/+ mice were acted as control. Plasma levels of glucose, 
fructosamine, glycated albumin, creatinine and urinary albumin 
to creatinine ratio (UACR) were measured at Week 0 and 8 of 
experiment. Renal structural changes were analyzed 
quantitatively from the light and electron microscopic images. 
The levels of LC3B and LAMP-1, the markers for autophagy, 
caspase-3 and Bcl-2, the markers for apoptosis, were assessed in 
renal cortex by Western blot. To estimate autophagy in 
glomeruli, staining areas for beclin-1 and LAMP-1 were 
estimated by immunohistochemistry. Autophagy in podocytes 
was assessed by counting the volume density (Vv) of 
autophagosomes, lysosomes and autolysosomes in the electron 
microscopy images.
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Results
The db/db mice were obese and hyperglycemic prior to the 

start of experiment. The blood glucose, fructosamine and 
glycated albumin levels, as well as UACR, remained elevated 
throughout the experiment in the vehicle group; these 
parameters decreased significantly in empagliflozin and 
empagliflozin-linagliptin-treated animals (all p<0.05). 
Empagliflozin, either alone or in combination with linagliptin, 
attenuated mesangial expansion, the thickening of glomerular 
basement membrane and effacement of podocyte foot processes 
(all p<0.05 vs. vehicle group).

Vehicle-treated db/db mice demonstrated higher renal 
expression of LC3B and caspase-3 as compared to db/+ mice; 
while expression of LAMP-1 and Bcl-2 was decreased (all 
p<0.01). The weaker glomerular staining for beclin-1 and 
LAMP-1, and lower Vv of autophagosome, autolysosomes and 
lysosomes in podocytes was revealed (all p<0.05 vs. db/+ mice).

There was increase in Vv of podocyte autophagosomes, 
autolysosomes and lysosomes and the areas of glomerular 
staining for beclin-1 and LAMP-1 under empagliflozin and 
empagliflozin-linagliptin treatment (all p<0.05). The renal 
expression of LC3B and Bcl-2 was restored in actively treated 
animals (all p<0.05 vs. vehicle group). Besides, LAMP-1
expression was enhanced in empagliflozin group (p=0.03 vs.
vehicle group). The protein content of caspase-3 was decreased 
significantly in the combination group only (p=0.008).

Conclusion
The data demonstrate that empagliflozin, either alone or in 

combination with linagliptin, promotes autophagy and 
suppresses apoptosis in the kidneys in a model of type 2 diabetic 
nephropathy. These effects could contribute to preservation of 
glomerular structure and mitigation of podocyte injury. The data 
provide further explanation for the mechanism of renal 
protective effect of SGLT-2 and DPP-4 inhibitors in diabetes.
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Members of Poly(ADP-ribose)polymerase family are key 
enzymes regulating the DNA repair system. For example, 
PARP1 binds damaged DNA resulting catalytically active 
complex. Using NAD+ as a substrate PARP1 catalyzes the 
synthesis of poly(ADP-ribose) covalently attached to many 
target proteins, including itself. This enzyme is a promising 
target for creating anti-cancer drugs. However, these 
compounds often display high cytotoxicity. These problems 
require new inhibitors as well as testing approaches. The 
inhibitors verification is additionally obstructed by complex 
chromatin organization of DNA in cells. The use of short DNA 
makes it difficult to extrapolate the results obtained in vitro to 
in vivo conditions. In the current work we present a test 
system that allows real time analyzing of PARP1 DNA binding 
in nucleosome context.

Keywords – poly(ADP-ribosyl)ation, nucleosome, DNA 
repair.

Introduction 
Genome stability in higher eukaryotes is supported by 

the activity of several DNA repair pathways, which depend 
on the type of damage. Poly(ADP-ribose)polymerases 1 and 
2 (PARP1 and PARP2) are some of the key enzymes 
regulating DNA repair system. This enzymes functions as a 
"sensor" of DNA damage. The interaction with damaged 
DNA stimulates the NAD+-dependent poly(ADP-
ribosyl)ation PARPs activity. The polymer of poly(ADP-
ribose) has a negative charge and its covalent attachment to 
PARPs leads to the dissociation of poly(ADP-ribosyl)ated 
PARPs from DNA due to electrostatic repulsion. The 
poly(ADP-ribose) is a signal molecule for the enzymes and 
cellular systems concerning DNA damage. 

Recently, we created a method that can be used in real 
time measurements [1]. PARP1 was activated with DNA 
duplexes containing damage in one strand and fluorophore 
at the 3'-end of the other strand. Fluorescent label is 
necessary for detection of the fluorescence anisotropy.
Fluorescence anisotropy was defined as the ratio of the
polarized component to the total intensity: A=(I1 – I2)/(I1 +
2I2), where I1 and I2 are the intensities of the light emitted 
by a fluorophore along different axes of polarization. The 
anisotropy level was used to estimate the size of the 
complex containing fluorescent DNA. 

In this work, we applied this method to the nucleosome 
core particle (NCP). This system is more relative to in vivo
conditions than naked DNA. In this system, anisotropy 
increases when PARP proteins bind to the nucleosome in 
the immediate vicinity of the FAM-labeled DNA ends. 

Results 
In this study, we used 3 different nucleosome structures 

and 3 different DNA structures. First, DNA and NCP 
without anything lesions (except blunt DNA-ends) were 
used. Further, we use two lesion-intermediates of base 
excision repair: AP-site and gap. We evaluated dissociation 
constants (Kd) for PARP1 and PARP2 on this structures. 

We did not detect any difference between affinity to 
native and damage nucleosomes. It can be explained by 
strong affinity of PARP1 to blunt DNA ends: at the all cases, 
PARP1 bind DNA ends and direct influence on the 
fluorophore mobility. 

The dramatic decreasing of Kd for the PARP2 and 
gaped-nucleosome is shown. This data are consistent with 
previous studies [2] of PARP2 interaction with DNA: Kd 
for single strand break is lower than Kd for blunt DNA end.

Conclusions
We have shown the applicability of our 

spectrophotometry method to detect PARP1 and PARP2 
interaction with NCP. We detected binding of these 
enzymes to different lesions with different affinity in the 
context of nucleosome.
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Abstract — Human telomeres contain repeated TTAGGG 
elements, in which the 3′ exposed strand may adopt a G-
quadruplex (Q4) structure. In addition, more than 40% of 
human genes have been found to contain at least one sequence 
near the promoter regions, which potentially could form a 
quadruplex structure. The guanine-rich regions of telomeres are 
hotspots for oxidation forming 8-oxoguanine, thymine glycol as 
well as abasic sites (AP-sites), the lesions that are handled by the 
base excision repair (BER) pathway. The first step in BER is 
initiated by DNA glycosylases, which locate damaged DNA bases 
in the large amount of normal DNA. DNA glycosylases catalyze 
excision of the abnormal base and produce an AP-site. However, 
the features of DNA repair processes in non-canonical 
structures, including quadruplexes, are still poorly understood. 
Therefore, the purpose of this work was a comparative analysis 
of the efficiency of the removal of damaged nucleotides from G-
quadruplexes by human BER enzymes. We analyzed activity 
and substrate specificity of 8-oxoguanine-DNA glycosylase 
(OGG1), endonuclease VIII-like 1 (NEIL1), endonuclease III 
(NTH1) to their specific damaged nucleotides. As the control 
prokaryotic formamidopyrimidine-DNA glycosylase (Fpg) and 
endonuclease VIII (Nei) were used. Direct detection of the 
product formation by PAGE allowed to estimate the efficiency 
of enzymatic conversion of damaged G-quadruplexes under the 
same experimental conditions. The stages of formation of 
enzyme-substrate complexes and catalysis were analyzed by 
stopped-flow technique, which allows to register conformational 
rearrangements of model DNA substrates.

Keywords — Base excision repair, DNA glycosylases,
G-quadruplex 

Introduction 
Endogenous and exogenous agents such as highly reactive 

cell metabolites, external environmental compounds, UV or 
ionizing irradiation continually damage cellular DNA. The 
major sources of endogenous DNA damage are reactive 
oxygen species (ROS). ROS generate a variety of DNA base 
lesions, including 7,8-dihydro-8-oxoguanine (8-oxoguanine, 
oxoG), thymine glycol (Tg), 2,6-diamno-4-hydroxy-5-
formamidopyrimidine (Fapy-G), 4,6-diamno-5-
formamidopyrimidine (Fapy-A) and many others [1].

Most of this endogenous burden is handled by the base 
excision DNA repair (BER) pathway. BER involves several 
DNA N-glycosylases specific for removing a wide array of 
oxidized, alkylated or deaminated bases, and in some cases 
mispaired normal bases, which yields abasic (AP) sites [2]. 

Beyond the canonical duplex form, DNA can populate a 
wide range of states, from single stranded conformations to 
four-stranded arrangements. Guanine-rich nucleic acids can 
fold into the non-B DNA or RNA structures called G-
quadruplexes (Q4). G-quadruplexes are four-stranded 
secondary structures formed by particular G-rich nucleic acid 
sequences. They result from the stacking of multiple stable 

“G-quartets”, planar arrangements of four guanines held 
together by Hoogsteen-type hydrogen bonding and further 
stabilized by monovalent cations (generally K+ or Na+). The 
topologies of G-quadruplexes can be classified into several 
types: antiparallel, parallel, and hybrid. Usually, the syn/anti-
glycosidic conformation of guanines is considered to be an 
important factor in the G-quadruplex structure folding. 
Structure and function of G-quadruplexes have become an 
area of great interest. Recently, they have been associated with 
some human genetic neurodegenerative diseases [3]. G-
quadruplexes are also believed to be important for telomere 
maintenance [4], DNA replication, genome rearrangements, 
DNA damage response, chromatin structure, RNA processing 
and transcriptional or translational regulation.

Despite the important roles that G-quadruplexes play in 
telomere biology and gene transcription, the features of DNA 
repair processes in non-canonical structures, including 
quadruplexes, are still poorly understood. Therefore, the 
purpose of this work was a comparative analysis of the 
efficiency of the removal of damaged nucleotides from G-
quadruplexes by human BER enzymes. We analyzed activity 
and substrate specificity of 8-oxoguanine-DNA glycosylase 
(OGG1), endonuclease VIII-like 1 (NEIL1), endonuclease III 
(NTH1) to their specific damaged nucleotides. As the control 
prokaryotic formamidopyrimidine-DNA glycosylase (Fpg) 
and endonuclease VIII (Nei) were used. Direct detection of the 
product formation by PAGE allowed to estimate the efficiency 
of enzymatic conversion of damaged G-quadruplexes under 
the same experimental conditions. The stages of formation of 
enzyme-substrate complexes and catalysis were analyzed by 
stopped-flow technique, which allowed to register 
conformational rearrangements of model DNA substrates.

Results and Discussion
Several model DNA substrates were used. The model G-

quadruplexes contained Tg residue at the loop region (Q4-Tg) 
or oxoG residue at the middle of GGG (Q4-oxoG). Also 
control G-quadruplex without damage (Q4) and control
duplexes with Tg or oxoG (Tg/A, oxoG/C) were used for 
comparison ofg cleavage data.

Structural analysis of G4 sequences by circular dichroism (CD) 
spectroscopy

Firstly, we analyzed the ODN structures by CD
spectroscopy under several buffer conditions including those
required for the enzymatic assays. The DNA sequences were
folded in the quadruplex buffer containing K+, in which the 
ODN without a lesion had a hybrid quadruplex structure. The 
CD spectrum of the unmodified quadruplex Q4 has shown two 
pronounced maxima at 290 nm and 265 nm. It should be 
noted, that the control G-quadruplex and quadruplexes 
containing Tg at the loop region gave similar CD spectra. The 
thermal melting of these substrates did not gave significantly 
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reduced Tm values: 66°C for control Q4 and 58–62°C for 
modified Q4-Tg.

In contrast, the ODN with oxoG in the center G-quartet 
showed a dramatic change in the CD spectra compared to the 
native hybrid fold, namely, a maximum peak at 263 nm and a 
minimum at 245 nm, that are characteristic of parallel G-
quadruplex structures adopted by telomeric sequences in 
molecular crowding conditions. Nevertheless, the Tm values 
of quadruplexes containing oxoG were 70–75°C. These data 
suggest the coexistence of parallel and other types of G-
quadruplex conformations for Q4-Tg and Q4-oxoG, with a 
clear prevalence of the parallel conformation in the case of 
oxoG containing substrates.

Glycosylase activity
The model 17-nt duplexes containing a specific damage

oxoG or Tg were used in order to compare the glycosylase 
activity towards G-quadruplex targets. Fpg, Nei and NEIL1 
led to formation of the reaction product corresponding to the 
β -elimination, while OGG1 and NTH1 led to formation of 
the reaction product corresponding to the β-elimination.

The interaction of Fpg with Q4-oxoG in 140 mM KCl led 
to the formation of several cleavage products, whereas in 50 
mM KCl the cleavage of DNA backbone occurred preferably 
at the oxoG residue. It should be noted that interaction of 
OGG1 with Q4-oxoG did not lead to the substrate cleavage at 
all. The interaction of Nei and NEIL1 Q4-Tg led to formation 
of the cleavage products at 140 and 50 mM KCl, but the 
cleavage was more efficient in 50 mM KCl. It should be noted 
that NTH1 cleaved Q4-Tg only at 50 mM KCl.

Kinetic analysis of OGG1 and Fpg interaction with oxoG-
substrates

One of the most important goals in the study of DNA 
repair is the elucidation of the enzymatic mechanism that 
provides highly precise recognition of the damaged base and 
its removing from DNA. Time-dependent stopped-flow 
experiments were carried out using 17-nt duplex substrates 
containing a single lesion at the sixth position from the 5ꞌ-end 
and G-quadruplexes. DNA substrates were labeled by aPu or 
FAM/BHQ1. It should be noted that we used two type of 17-
nt duplex substrates FoxoG/CB and FoxoG/BC. The first one 
contained FAM and BHQ1 residues on the opposite side of 
the duplex, whereas in the second one the FAM and BHQ1
residues were located at the one side of the duplex. These 
substrates allow to register not only the substrate cleavage but 
also the bending of DNA in the course of catalytic complex 
formation.

The interaction of Fpg with FoxoG/CB led to the strong 
arising of FAM fluorescence up to 100 second, whereas the 
interaction of Fpg with FoxoG/BC resulted in FAM 
fluorescence decrease up to 5 second (duplex bending) and 
then to FAM fluorescence increase up to 100 second 
(substrate cleavage). The same FAM fluorescence changes 
were observed for interaction of OGG1 with FoxoG/CB and 
FoxoG/BC substrates.

The interaction of Fpg with Q4-oxoG17
F/B led to slow 

increase of FAM fluorescence probably indicating the slow 

cleavage of G4 quadruplex. Also we examined the G-
quadruplex with oxoG and aPu located from the 3ꞌ- or 5ꞌ-side 
of damaged nucleotide. The intensity of emission of aPu is 
influenced by its environment; in particular, it is strongly 
quenched when aPu is stacked in a DNA duplex. The 
interaction of Fpg with aPu containing quadruplexes led to 
slow increase of aPu fluorescence intensity at the same 
manner indicating a shift of aPu to a more hydrophilic 
environment, revealing the destabilization of the G-
quadruplex upon formation of complex with enzyme.

The interaction of OGG1 with Q4-oxoG did not cause 
effect on fluorescence of FAM. Whereas the OGG1 
interaction with Q4-oxoG quadruplex with aPu located from 
the 5ꞌ-side from damage led to the slight increase of aPu 
fluorescence probably indicating the binding process.

Kinetic analysis of Nei, NEIL1 and NTH1 interaction with Tg-
substrates 

The interaction of Nei with FTg/AB led to the strong arising 
of FAM fluorescence intensity up to 300 second, whereas the 
interaction of Nei with FTg/BA resulted in FAM fluorescence 
decrease up to 0.1 second (duplex bending) and then to the 
increase of FAM fluorescence up to 200 second (substrate 
cleavage). The same FAM fluorescence changes were 
observed for interaction of NEIL1 with FTg/AB and FTg/BA
substrates. The interaction of NTH1 with these substrates led 
to increase followed by decrease of FAM fluorescence in both 
cases. 

The interaction of Nei and NEIL1 with Q4-Tg led to slow 
increase followed by fast decrease of FAM fluorescence 
probably indicating the slow cleavage of quadruplex. At the 
same time the interaction of NTH1 with Q4-Tg only led to 
decrease of FAM fluorescence up to 100 seconds, indicating 
the binding process. For all enzymes Nei, NEIL1 and NTH1 
the interaction with aPu-labeled quadruplexes did not led to 
significant change of aPu fluorescence, suggesting that 
complex formation has no effect on aPu fluorescence intensity 
when aPu residue located in the loop region of quadruplex.
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Abstract — Although canonical B-form is thought to be 
prevalent in human genome, DNA is able to adopt many non-
canonical forms. Such DNA sites are often localized in genome 
regions having important biological significance. For 
example, human telomeres contain repeated TTAGGG
elements, in which the 3′-exposed strand may adopt a G-
quadruplex structure. In addition, more than 40% of human 
genes have been found to contain at least one sequence near 
the promoter regions, which potentially could form a 
quadruplex structure. Some regions of such nature have an 
increased susceptibility to oxidative damage. Indeed the 
guanine-rich regions of telomeres are hotspots for oxidation 
forming 8-oxoguanine, thymine glycol as well as abasic sites 
(AP-sites), the lesions that are handled by the base excision 
repair (BER) pathway. However, the features of DNA repair 
processes in non-canonical structures, including 
quadruplexes, are still poorly understood. Therefore, the 
purpose of this work was a comparative analysis of the 
efficiency of the removal of damaged nucleotides from non-
canonical DNA structures by human BER enzymes. We 
designed a set of DNA substrates such as DNA bubbles, DNA 
loops and G-quadruplexes. We analyzed activity of DNA 
glycosylases and AP endonuclease on model substrates. Direct 
detection of the product formation by PAGE allowed to 
estimate the efficiency of enzymatic hydrolysis of damaged G-
quadruplexes under the same experimental conditions. The 
stages of formation of enzyme-substrate complexes and 
catalysis were analyzed by stopped-flow technique, which 
allows to register conformational rearrangements of model 
DNA substrates.

Keywords — Base excision repair, DNA glycosylases, AP 
endonuclease, DNA non-canonical structures

Human genome DNA adopts canonical B-form right-
handed double-helical structure. However, many alternative 
DNA conformations are known to exist, and their roles in 
affecting biological processes have just begun to be 
understood. In particular, tandem DNA repeats for example, 
GGG-rich sequences, which are found in telomeric DNA, 
known to play critical role in aging and disease 
development. In addition, more than 40% of human genes 
have been found to contain at least one sequence near the 
promoter regions, which potentially could form a 
quadruplex structure. Moreover, complex nucleic acid 
structures can be formed during the processes of DNA 
replication and transcription, and other cellular events. 

These domains of the genome could be susceptible to 
oxidative attack and other endogenous and exogenous 
agents such as highly reactive cell metabolites, external 

environmental compounds, UV or ionizing irradiation. 
Abasic sites are estimated to arise spontaneously 10,000 
times per mammalian genome equivalent per day. However, 
the features of DNA repair processes in non-canonical 
structures, including DNA bubbles, DNA loops or G-
quadruplexes, are still poorly understood.

It is known that recognition and removal of non-bulky 
damage of nitrogenous bases proceed via the base excision 
repair (BER) pathway. In general, the BER pathway 
includes sequential actions of two enzymes for DNA 
incision: a DNA glycosylase and an AP endonuclease. DNA 
glycosylases generate AP-sites and blocking 3′-end groups, 
which should be removed in subsequent steps of BER in 
order to initiate the DNA repair synthesis and ligation. An 
AP endonuclease hydrolyses the phosphodiester bond 
located 5′ to the AP-site and introduces a break into the 
deoxyribophosphate backbone, in addition, it removes the 
remaining 3′-blocking groups: either the 3′-phospho- ,β-
unsaturated aldehyde or the 3′-terminal phosphate group.

Therefore, the purpose of this work was a comparative 
analysis of the efficiency of the removal of damaged 
nucleotides from DNA non-canonical structures by human 
BER enzymes. We analyzed activity and substrate 
specificity of 8-oxoguanine-DNA glycosylase (OGG1), 
endonuclease VIII-like 1 (NEIL1), endonuclease III 
(NTH1) and AP endonuclease (APE1) to their specific 
damaged nucleotides. As the control prokaryotic 
formamidopyrimidine-DNA glycosylase (Fpg) and 
endonuclease VIII (Nei) were used. The model G-
quadruplexes contained 8-oxoguanine (oxoG), thymine 
glycol (Tg) or stable AP-site analog (F-site) at the loop and 
core region were used. A set of DNA duplexes containing 
in the central part 1–5 nt loops with damaged nucleotide 
served as bulge-substrates. Also control G-quadruplex 
without damage and control duplexes with Tg, oxoG and F-
site were used for comparison of cleavage activity. In order 
to obtain structural insights, we first analyzed the ODNs by 
CD spectroscopy, under several buffer conditions including 
those required for the enzymatic assays.

Direct detection of the product formation by PAGE 
allowed to estimate the efficiency of enzymatic hydrolysis 
of damaged DNA under the same experimental conditions. 
The model 17-nt duplexes containing a oxoG, Tg or F-site 
were used in order to compare DNA glycosylases and AP 
endonuclease activity relative to damaged G-quadruplexes 
and bulge-substrates. In the control DNA duplexes APE1 
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makes an incision of the phosphodiester bond on the 5′-side 
of F-site, Fpg, Nei and NEIL1 lead to formation of the 
reaction product corresponding to the β -elimination, while 
OGG1 and NTH1 lead to formation of the reaction product 
corresponding to the β-elimination. Analysis of product 
accumulation using gel-electrophoresis has shown that 
APE1 excises all of the DNA substrates used, i.e. DNA 
quadruplexes, containing the single F-site in core or loop 
regions and bulged DNA duplexes, containing the F-site. 
The interaction of Fpg with Q4-oxoG and Nei and NEIL1 
with Q4-Tg led the formation of cleavage product. It should 
be noted that cleavage of damaged quadruplex Q4-Tg by
NTH1 was inefficient. Interaction of OGG1 with Q4-oxoG 
did not lead to the substrate cleavage at all. 

The stages of formation of enzyme-substrate complexes 
and catalysis were analyzed by stopped-flow technique, 
which allowed to register conformational rearrangements of 
model DNA substrates. DNA substrates were labeled by 
aPu or FAM/BHQ1. It should be noted that we used two 
type of 17-nt duplex substrates: the first one contained FAM 

and BHQ1 residues on the opposite side of the duplex,
whereas in the second one the FAM and BHQ1 residues 
were situated at the one side of the duplex. These substrates 
allow to register not only the substrate cleavage but also 
DNA bending and local melting in the course of catalytic 
complex formation.

Taking together, a set of DNA substrates with non-
canonical structures was tested to evaluate the structural 
aberrations in non-canonical structures required for the 
cleavage of damaged DNA by human DNA glycosylases 
and AP endonuclease.
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Abstract — Poly(ADP-ribose) polymerase 1 (PARP1) 
synthesizes poly(ADP-ribose) (PAR) at DNA damage sites to 
recruit DNA repair factors. PAR plays a key role in regulation 
of multiple processes in high eukaryotic cells and interacts with 
DNA and RNA binding proteins. Among proteins relocated on 
damaged DNA, the nuclear RNA-binding protein FUS is one of 
the most abundant, raising the issue about its involvement in 
DNA repair. We reconstituted the PARP-1/PAR/damaged DNA 
and analyzed this system by atomic force microscopy in the 
presence of FUS. We demonstrated the dissociation of FUS from 
mRNA in the presence of PAR, its recruitment at DNA damage 
sites via its binding to PAR, and observed assembly of dynamic 
compartments in which damaged DNA is concentrated. FUS 
contains disordered prion-like domains and its interaction with 
PAR is a driving force in formation of membrane less 
compartments by liquid-liquid phase separation. The hydrolysis
of PAR by poly(ADP-ribose) glycohydrolase (PARG) results in 
dissociation of damaged DNA-rich compartments and initiates 
the nucleocytoplasmic shuttling of FUS in cells. We anticipate 
that FUS facilitates DNA repair through the transient 
compartmentalization of DNA damage sites and concentration 
in these compartments of DNA repair proteins. This reversible 
process permits to select damaged DNA from undamaged one 
and accelerates DNA repair. Other RNA binding protein YB-1
interacts with PAR and stimulates PARP1 activity. 
Multifunctional protein YB-1 is located in cytoplasm but also 
shows its nuclear localization. The role of YB-1 in the formation 
of liquid compartments formed at DNA damages under PARP1 
activation was investigated. Therefore, this study shed light on 
the role of PARP1 and RNA binding proteins containing prion-
like domains in the formation of dynamic liquid compartments, 
which can facilitate DNA repair by concentrating in these 
structures damaged DNA and repair proteins.

Keywords —DNA repair; RNA-binding proteins; atomic force 
microscopy, cancer, liquid-liquid phase separation, 
neurodegenerative disease, poly(ADP-ribose), poly(ADP-ribose) 
polymerase 1

Introduction 
In mammalian cells, DNA single- and double-strand 

breaks trigger a complex cascade of events in which the 
members of the poly(ADP-ribose)polymerase family such 
PARP1 recognize damaged DNA and synthesize poly(ADP-

ribose) (PAR) polymer covalently attached to themselves or 
to other acceptor proteins [1]. The central enzyme for PAR 
production in cells and the main target of poly(ADP-
ribosyl)ation (PARylation) during DNA damage is PARP1
[2]. PARP1-mediated PARylation of proteins and PAR 
polymer synthesis is one of the earliest events in DNA damage 
response. It facilitates the initial recruitment of proteins to 
DNA lesions and orchestrates a wave of chromatin 
remodelling events during the DNA repair. The protein 
PARylation is subjected to tight control by the enzymes that 
degrade PAR. The key ADP-ribose-degrading enzyme is 
poly(ADP-ribose)glycohydrolase (PARG), which makes 
protein PARylation a reversible post-translational 
modification [2]. The synthesis of PAR polymers in response 
to genotoxic stress provides a landing platform for a plethora 
of PAR-binding proteins among them number of RNA-
binding proteins (RBPs) [3]. Both high PARylation level 
among RBPs and their abundance in nuclear regions damaged 
by short laser beam exposures raise issues about the putative 
role of the proteins in DNA damage response [4]. Here, we 
focus our attention on RBPs such as FUS (FUS/TLS, Fused in 
Sarcoma) and YB-1 (Y-box-binding protein 1). FUS is a 
multifunctional DNA/RNA-binding protein that is involved in 
the regulation of transcription, pre-mRNA splicing, mRNA 
transport and local mRNA translation, storage and can be 
implicated in DNA repair response. FUS is a member of the 
FET family and one of the most abundant and highly 
PARylated nuclear RNA-binding proteins. Similar to FUS, 
YB-1 carries out its functions in RNA methabolism and likely 
in DNA repair [3]. YB-1, as a transcription factor, controls the 
expression of stress-induced genes and the genes involved in 
DNA repair and as an RNA-binding protein, YB-1 mediates 
pre-mRNA splicing, is one of the major proteins constituting 
RNP granules in the cytoplasm, and modulates mRNA 
translation. It has been recently shown that PAR can nucleate 
the intracellular phase transitions of such RBPs such as FUS 
at microlaser-generated sites of DNA lesions [4]. Intracellular 
compartmentalization initiated by PAR-dependent phase 
separation can underlie the mechanisms by which PAR is 
involved in DNA- and RNA-dependent cellular events: for 
example, the formation of stress-granules, nucleoli, 
spliceosomes, and transcriptosomes [3]. The molecular 
mechanisms responsible for the formation and the possible 
functions of these compartments are, therefore, difficult to The work was supported by RSF (project No. 19-04-00882),

RFBR (project No. 18-04-00882) and Genopole Evry.
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address in a cellular context. Further advances in the 
understanding of the function of FUS and YB-1 in DNA 
repair, notably when in interaction with PAR, are critically 
required. In the present work, we investigate in vitro and in 
vivo the FUS and YB-1 interaction with PAR to elucidate the 
mechanism involvement of these proteins in DNA repair 
through PARP1 activation. 

Results
We developed an original approach based on a single 

molecule analysis by atomic force microscopy (AFM) to 
reconstitute the molecular system that serves to recruit FUS at 
DNA damage sites, including factors such as intact and 
damaged DNA, PARP1, and mRNA [5]. We also have applied 
the new real-time technique to explore YB-1-PARP1 interplay 
during the poly(ADP-ribosyl)ation process [6]. We have 
shown the local recruitment of FUS to PAR synthesized by 
PARP1 at damaged DNA sites and found that FUS then 
triggers the formation of large compartments in which 
damaged DNA is enriched. We have demonstrated the 
reversible nature of these compartments as the hydrolysis of 
PAR by PARG is sufficient to dissociate damaged DNA 
compartments formed by FUS. We also shown that YB-1 can 
stimulate PARP1 in the absence of magnesium, and that YB-
1-PARP1 interplay can be mediated and regulated not only by 
the DNA at the initial stage of poly(ADP-ribosyl)ation, but 
also by poly(ADP-ribose) during elongation stage of the 
polymer synthesis.

Using AFM-based single molecule visualization, we have 
analyzed FUS-PAR interactions in the reconstituted molecular 
system including mRNA to mimic nuclear mRNA targets of 
FUS, damaged DNA, PARP-1 (to recognize DNA damages 
sites), NAD+ (to trigger the synthesis of PAR by PARP1), and 
PARG (to hydrolyze PAR). We have demonstrated not only 
the strong affinity of FUS for PAR, but the recruitment of FUS 
to PAR synthesized by PARP1 at DNA damage sites followed 
by the formation of large aggregates or compartments in 
which damaged DNA is concentrated (Fig. 1a). Howevev,
YB-1 or two other mRNA-binding proteins (HuR, G3BP1) 
that also have low complexity domain and also bind to PAR 
but fail to trigger the formation of large DNA-rich 
compartments (data not shown). In the case of YB-1, we found 
that YB-1 can form heteromeric complex with PARP1 on 
damaged DNA, serving as preferable PAR acceptor at the 
initiation stage. During elongation unmodified YB-1
molecules appear to non-selectively bind growing polymers of 
poly(ADP-ribose) rather than DNA at the PARP1 boarding 
site (data not shown). 

Conclusions
Our data suggest that transient molecular assemblies 

triggered by FUS upon PARP-1 activation may facilitate DNA 
repair through compartmentalization of DNA damage sites. 
The hydrolysis of these compartments with PARG provides 
reversibility of the whole process by dissociation of these 
compartments (Fig. 1b). 

In the case of YB-1, non-covalent binding of unstructured
positively charged C-tail of YB-1 to PAR polymers during 
auto-modification of PARP1 stabilizes the catalytically active 
PARP1-DNA complex and stimulates PAR elongation.

It is possible that regions of low complexity or prione-like 
domain in FUS (or YB-1) plays primary role in modulation of 
interaction of both protein with PAR. 
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Fig. 1. FUS forms DNA-rich compartments upon PARP1 
activation.a. AFM images of DNA after incubation with PARP1 in the 
presence of NAD+ to trigger the synthesis of PAR, followed by the 
addition of FUS. b. Schematic view of the different steps of damaged 
DNA compartmentalization by FUS.
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Abstract — Normally, in human cells, both DNA single-
strand breaks (SSBs) and double-strand breaks (DSBs) arising 
due to exogenous and endogenous DNA damaging agents, are 
efficiently repaired by base excision repair (BER) and several 
DSB repair pathways, correspondingly. However, mutations in 
genes involved in DNA repair or extensive DNA damage caused 
by exogenous or endogenous mutagens may lead to the 
accumulation of unrepaired DNA strand breaks (SBs). 
Accumulation of the persistent SBs results in genomic instability 
and may lead to many human diseases including cancer. Unlike 
BER deficiency, that causes downregulation of NHEJ genes and 
initiates cell death, the knockdown of XRCC4, key NHEJ gene 
has a less dramatic effect on the expression of BER genes.

Keywords — DNA damage, Base excision repair (BER), Non-
homologous End Joining (NHEJ), Transcription factor Sp1

Motivation and Aim

Motivation
We earlier investigated how BER deficiency affects non-

homologous end joining (NHEJ) repair pathway in normal 
human cells. We found that in normal human fibroblast in 
response to persistent DNA strand breaks, ATM protein 
kinase (ataxia-telangiectasia mutated), initiates proteasomal 
degradation of transcription factor Sp1 and leads to 
downregulation of BER genes expression, further 
accumulation of DNA single-strand breaks (SSBs) and 
renders cells susceptible to elimination via apoptosis (1). 
Furthermore, we also demonstrated that in cells, that can 
proliferate in presence of the DNA strand breaks (SB), 
knockdown of key BER gene XRCC1 does not cause 
degradation of Sp1 but leads to downregulation of 
Lig4/XRCC4 and Ku70/80 at the transcription and protein 
levels by the Sp1-independent backup mechanism (2).

Aim
The interaction between NHEJ and BER deficiency is 

not thoroughly investigated. This work aimed to study the 
effect of NHEJ deficiency on BER in normal human 
fibroblast TIG-1.

Methods
The normal human fetal lung fibroblast cell line TIG-1

(RRID:CVCL_0560) was used in this study. Knockdown 
genes was carried out using siRNA transfections with 
lipofectamin. Protein expression levels were estimated by 
western blot analysis.

Results
In this study, we knocked down the XRCC4 gene to model 

NHEJ deficiency in TIG-1 cells. We found that XRCC4
knockdown results in minor downregulation of XRCC1, 
LigIII and APE1 proteins essential for BER pathway. Thus, in 
normal human fibroblasts deficiency of NHEJ has a less 
dramatic effect on the expression of BER genes, suggesting 
that the frequency of DSB is very low in normal human cells. 
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Abstract — Nucleotide excision repair (NER) is a multistep 
process that eliminates a wide range of damages in DNA, 
including UV photoproducts and base modifications by many 
carcinogenic and chemotherapeutic agents [1]. Clustered DNA 
damages are defined as two or more damages situated within one 
to two helical turns of dsDNA [2]. In this study, we examined 
how the presence of AP site analog within a cluster with bulky 
damage in DNA impacts on functioning of Nucleotide Excision 
Repair machinery of mammalian cell.

Keywords — DNA repair, Nucleotide Excision Repair.

Motivation and Aim 

Motivation 
We aim to analyze systematically the properties of the 

model DNAs bearing clustered damages. The main goal was 
to identify how the efficiency of recognition and removal of 
damages forming a cluster depends on both the structure and 
the distance between damages. 

Aim
Earlier we have developed a mathematical model of 

cardiomyocyte electro-mechanical function [1] that predicted 
a significant role of the intra- and extracellular mechanical 
factors in arrhythmogenesys. Model prediction was verified in 
experiments on papillary muscles from the right ventricle of 
guinea pigs overloaded with calcium [2]. 

Methods 
In order to evaluate the efficiency of NER we utilized the 

approach based on reproducing the repair reaction by mixing 
protein extracts from mammalian cells with modellinear 
DNAs, bearing clustered damages. We havesynthesized the set 
of long linear DNAs (137 bp), containing nFlu, the 

nonnucleoside bulky lesion, recognized and processed by 
NER system, and DEG, AP site analog). We also used the 
fluorescence anisotropy measurements for evaluation XPC 
affinity to the cluster-containing DNAs. Using photoaffinity 
labeling we have analyzed the interactions between XPD 
protein and the DNA probes bearing clustered structures. 
Molecular dynamics simulations have revealed structural for 
the differences observed. 

Results 
Results of fluorescence anisotropy measurements have 

shown that XPC has a significantly increased affinity to the 
cluster-containing DNAs. We have demonstrated that the 
NER-catalyzed excision of the DNA fragments that contain 
nFlu is fully abrogated in the presence of DEG insert in the 
certain positions of the complementary strand. The excision 
efficiency from the DNAs, containing the bulky lesion and the 
AP-site analog in one strand was not impeded. The 
experimental data together with Molecular Dynamic 
simulation results contribute to an understanding of the repair 
mechanisms of bulky adducts-containing clusters of different 
topologies in mammalian cell. 
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Abstract — Apurinic/apyrimidinic endonuclease 1 (APE1) is an 
essential multifunctional protein in mammals involved in base 
excision DNA repair (BER) and other processes. Poly(ADP-ribose) 
polymerase 1 (PARP1) modifies itself and target proteins with 
poly(ADP-ribose), contributing to regulation of many processes. 
To understand molecular basis of cooperation between APE1 and 
PARP1 in BER, we examined poly(ADP-ribose)-binding activity 
and ADP-ribosylation of human APE1 in comparison with known 
targets of PARP1, using full-length, N-terminally truncated and 
catalytically inactive APE1 forms. The protein binds 
preferentially large ADP-ribose polymers, being similar to DNA 
polymerase β (Polβ) but contrasting with the scaffold XRCC1
protein. The interaction with poly(ADP-ribose) involves the 
universally conserved portion and the eukaryote-specific 
extension of APE1. The ADP-ribosylation of APE1 depends on the 
structure of PARP1-activating DNA, contrasting APE1 with Polβ 
and XRCC1. Relative levels of APE1 modification in the presence 
of different DNAs were found to correlate with affinities of the 
DNAs for APE1 and substrate activities in the enzymatic incision, 
suggesting the ADP-ribosylation to occur within the DNA-
mediated complex. This conclusion was confirmed by importance 
of the length of DNA region 3’ to the AP site for the modification. 
Deletion of the N-terminal extension of APE1 produced no 
significant influence on the ADP-ribosylation and hydrolytic 
stability of the modified protein, suggesting localization of target 
residues in the catalytic core. The most efficient ADP-ribosylation 
of the inactive APE1 reduced the level of PARP1 automodification, 
suggesting role of APE1 in modulating PARP1 activity. Our data 
provide new insights into mechanisms of protein targeting for 
ADP-ribosylation.

Keywords — apurinic/apyrimidinic endonuclease 1, poly(ADP-
ribose) polymerase 1, protein ADP-ribosylation, base excision repair, 
posttranslational modification

Introduction
APE1 is an essential protein in mammals with multiple 

functions in BER, regulation of gene expression and RNA 
metabolism [1]. BER is a molecular pathway devoted to 
correction of apurinic/apyrimidinic (AP) sites, modified bases 
and single-strand breaks (SSBs) [2, 3]. The major enzymatic 
function of APE1 in BER is incision of AP sites. In addition, 
APE1 can remove terminal blocking groups of BER DNA 
intermediates. The multiple activities of APE1 are modulated by 
protein-protein interactions and post-translational modifications 
[4, 5]. PARP1 is among the proteins modulating the APE1 
activities in BER [6, 7]. This abundant nuclear protein acts as a 
rapid DNA damage sensor activated by binding to SSBs or 
double-strand breaks [2]. The subsequent PARP1 
automodification with poly(ADP-ribose) (PAR) is a key 

mechanism for coordination of BER, via the PAR-dependent 
interaction with other BER proteins, primarily with a scaffold 
X-ray repair cross-complementing protein 1 (XRCC1), which in 
turn interacts with multiple BER enzymes. PARP1-catalysed 
modification of proteins modulates their properties and 
functions [2, 5]. A regulatory role of PARP1 in BER is also 
based on direct interactions with enzymes and competition for 
the interaction with DNA intermediates [6‒8]. We have shown 
direct interaction of APE1 with PARP1 and its DNA-dependent 
modulation [8]. To further extend our knowledge of molecular 
mechanisms underlying the APE1-PARP1 interaction, we 
examined the non-covalent binding of APE1 to PAR and 
PARP1-catalysed ADP-ribosylation of APE1. The study was 
performed with the full-length human APE1, its N-terminally 
truncated forms deprived of the entire eukaryote-specific 
extension (APE1NΔ61) or its disordered fragment (APE1NΔ35) 
and an inactive APE1 D210N mutant to localize the structural 
regions involved in the non-covalent and covalent interaction 
with PAR. The ADP-ribosylation of APE1 was explored in 
detail, using different synthetic DNA intermediates of BER and 
their structural variants.

Results and Discussion

Characterization of PAR-binding activity of APE1
Proteins identified as targets of poly(ADP-ribosyl)ation 

interact non-covalently with PAR [9]. Therefore we first 
explored the non-covalent interaction of APE1 with PAR in 
comparison with Polβ and XRCC1, using partially fractionated 
polymer. APE1 and Polβ bind preferentially large linear and 
branched polymers (>20-mers) with similar parameters, in 
contrast to high-affinity interaction of XRCC1 with small ADP-
ribose polymers. Using the full-length and truncated forms of
APE1 it was shown that both the N-terminal eukaryote-specific 
extension and the C-terminal universally conserved catalytic 
portion of APE1 are involved in PAR binding, with the first of 
them contributing for the most part to the interaction with linear 
polymers [10]. The positively charged part of the extension 
conserved in mammals is critically important for the interaction 
with small polymers (6‒10-mers). Overlapping of PAR- and 
DNA-binding domains in both APE1 and Polβ was shown in the 
competitive binding experiments performed in the presence of 
DNA intermediates.

Covalent ADP-ribosylation of APE1 catalysed by PARP1
The ADP-ribosylation of APE1 was explored in parallel 

with known targets of PARP1, Polβ and XRCC1, using various 
DNAs for PARP1 activation. To exclude impact of DNA 
incision at AP site, the experiments were performed with the 
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wild-type APE1 and catalytically inactive D210N mutant in the 
presence of calcium ions as PARP1 cofactor. The ADP-
ribosylation of Polβ and XRCC1 is independent on the presence 
and type of damage (intact/incised AP site or gap) in the DNA 
duplex. The most efficient modification of APE1 was detected 
in the presence of 32-mer DNA duplex containing a medially 
located synthetic AP site and a purine base in the opposite 
position (F/Pur-d32). The relative levels of APE1 ADP-
ribosylation in the presence of DNA variants correlate with their 
affinities for APE1, indicating that the modification is controlled 
by the strength of APE1-DNA interaction and occurs within the 
ternary complex of proteins with DNA. The alternative PAR-
mediated mode of APE1 interaction with PARP1 is excluded by 
the fact that deletion of the N-terminal extension of APE1 
contributing to the interaction with PAR revealed no negative 
influence on the ADP-ribosylation efficiency. The primary role 
of DNA in proper positioning of APE1 within the ternary 
complex is further evidenced by results obtained in experiments 
with sequence variants of F/A-d32 DNA. The effects produced 
by the sequence variations on the initial rates of the APE1-
catalysed AP-DNA incision in multiple-turnover conditions and 
on the ADP-ribosylation efficiency of APE1 (both wild-type and 
truncated/mutant forms) well correlate with each other. These 
results indicate that, in addition to the affinity of APE1 for DNA, 
the conformational dynamics of APE1-DNA contacts mediating 
substrate binding and product release determines the efficiency 
of PARP1-catalysed modification of APE1, thus suggesting 
localization of the acceptor residue(s) in the catalytic core of 
APE1.

The experiments performed with truncated and elongated 
variants of F/A-d32 DNA have shown that the efficiency of 
PARP1-catalysed APE1 modification is determined by the 
length of base-paired region 3’ to the AP site. PARP1 is 
activated predominantly via interaction with the blunt ends of 
DNA duplex [11]. In the X-ray structure of its complex with 
DNA duplex, each end of the duplex is independently bound to 
the protein via interactions of Zn1 and WGR domains with 3’ 
and 5’ terminated DNA strands respectively [12]. Therefore, the 
catalytic domains of PARP1 bound to the DNA ends in the 
proposed ternary complex are oriented to opposite directions 
relative to the AP site and as a consequence relative to the bound 
APE1 (Fig. 1). Our results show that PARP1 bound to the 3’ end 
of AP site-containing strand is capable of catalysing the 
modification of APE1. The optimal length between the binding 
sites of APE1 and PARP1 in the DNA was estimated being 
about 20 base pairs.

Fig. 1. A mechanism of PARP1-catalysed ADP-ribosylation of APE1 controlled 
by the DNA structure. State (1) shows PARP1 binding to AP site-containing 
DNA. PARP1 contains three Zn-finger domains, WGR, BRCT and the catalytic 
(CAD) domains positioned in accordance with the PARP1-DNA structure [12]; 
the 3’ and 5’ ends of each DNA strand are bound to the Zn1 and WGR domains 
respectively. Specific interaction of APE1 with AP site (state 2) results in 
kinking the DNA. PARP1 bound 3’ to the AP site at a distance of about two 
helical turns is shown to be capable of catalysing the modification of APE1.

Our studies provide evidence that diverse mechanisms may 
be responsible for the functional cooperation between APE1 and 
PARP1. The ADP-ribosylation of APE1 and direct interaction 
between APE1 and PARP1 modulated by the structure of DNA 
intermediates are evidently related to assistance between the 
proteins during DNA repair. The unusual mechanism of protein 
ADP-ribosylation provides new insights into mechanisms of 
protein targeting for the post-translational modification with 
ADP-ribose. DNA acting as the activator of PARP1 can bring 
the catalytic domain of PARP1 in close proximity to the acceptor 
protein and thereby play a direct role in the substrate targeting.
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Abstract — Base excision repair (BER) is one of the main 
DNA repair pathways is aimed at repairing the most common 
DNA damages such as single-strand breaks 
apurinic/apirimidinic (AP) sites or modified bases resulting 
from its oxidation, deamination or alkylation. The poly (ADP-
ribose) polymerase 1 (PARP1) is considered as one of the key 
regulators of BER process. Despite the fact that several key 
proteins are sufficient for reconstruction in vitro BER 
reactions, it is currently believed that additional regulatory
proteins can be involved in the BER in cells. One of these 
proteins is the multifunctional Y-box binding protein (YB-1). 
In the current work, using model DNAs carrying a various 
types of damage, we quantified the level of poly (ADP-ribose) 
(PAR) synthesized by PARP1 in the presence or absence of the 
regulatory protein YB-1. We found that effect of YB-1 on the 
activity of PARP1 is independent on the structure of the DNA 
substrates. Using a model nucleosome structure, we shown 
that PARP1 and YB-1 form a heteromeric complex and YB-1
is PARylated by PARP1, suggesting that YB-1 can be an 
acceptor of ADP-ribose in the context of chromatin. Using 
nuclear extracts from HeLa cells, we showed that the addition 
of YB-1 to the extract leads to increased level of poly(ADP-
ribose) synthesis and prevented the PAR degradation. We 
suggest that YB-1 is able to mediate stress response by 
increasing the total yield of poly(ADP-ribose).

Key words — poly(ADP-ribosyl)ation, stress response, 
PARP1, YB-1

Introduction
Human DNA is constantly exposed to damaging 

exogenous and endogenous agents [1]. Preservation of the 
integrity of genetic information is provided by DNA repair 
systems. BER is one of the main repair paths aimed at 
repairing the most common DNA damage – AP-sites and 
bases that underwent modification (oxidation, deamination, 
alkylation). One of the key regulators of the BER process 
are poly(ADP-ribose)polymerases (PARPs) [2]. PARP1 is 
the most active enzyme in this family. PARP1 is activated 
by damaged DNA and synthesizes up to 90% of total 
cellular poly(ADP-ribose) covalently attached to acceptor 
proteins including PARP1 itself. Poly(ADP-ribosyl)ation is 
type of protein post-translational modification leading to 
more efficient dissociation of proteins from the complex 
with DNA [3] and modulates the cellular localization of 
proteins [4]. In addition, poly(ADP-ribose) performs a 
signaling function and attracts DNA-, RNA-, and PAR-
binding proteins to the site of DNA damage [5]. Despite the 
long history 

of studying the role of PARP1 in the cellular response to 
damage, the exact mechanism of stimulation and regulation 
of PARP1 activity by other proteins has not been fully 
described. Currently, several proteins modulating PARP1 
activity have been discovered: Sam68 [6], p53 [7], RPA 
[8]. Y-box binding protein 1 (YB-1) is one of the potential 
candidates for the role of regulatory protein of PARP1. 
Mass spectrometry proteome-wide identification of poly 
(ADP-ribose) binding proteins revealed YB-1 as protein 
which associates with poly (ADP-ribose) in cell [9]. It was 
shown that YB-1 poly(ADP-ribosyl)ated by PARP1 and 
PARP2 enzymes in vitro [10]. Recently, we have found that 
YB-1 stimulates the synthesis of poly (ADP-ribose) and 
reduces efficacy of various PARP1 inhibitors [11].
In the present study, we report new findings concerning 
functional interactions of PARP1 and YB-1. It was shown 
that YB-1 forms a heteromeric complex with PARP1 and 
damaged DNA, acting as the primary target for covalent 
modification by a poly(ADP-ribose). Using a set of model 
DNAs, the effect of the structure of a model duplex on 
PARP1 activity was studied. It was found that in the 
presence of YB-1, the level of ADP-ribose synthesis does 
not depend on the structure of the DNA duplex. The effect 
of YB-1 on PARP1 activity in the chromatin context was 
studied in the presence of mononucleosome substrate. It 
has been established that YB-1 is a predominant target for 
poly (ADP-ribosyl)ation in such system. In addition, it was 
shown that YB-1 increases the level of synthesis of 
poly(ADP-ribose) in nuclear extracts of HeLa cells.

Results
We hypothesized that the interaction between YB-1and 

PARP1 and observed stimulation of PARP1 activity may 
depend on the type of damaged DNA. The level of 
poly(ADP-ribose) synthesized by PARP1 was tested in the 
presence of YB-1 using different DNA structures (single- or 
double-strand breaks, mismatched nucleotides, bubble-type 
duplexes, single-stranded DNA and dumbbell DNAs with 
Nick or Gap). Altogether, obtained results demonstrate, that 
PARP1 activity is dependent on DNA-structure. In 
particular, PARP1 activation with dumbbell DNAs less 
intense than it was observed for blunt-ended DNA duplexes 
(Fig. 1 A, B). The effect of PARP1 stimulation with YB-1
was more pronounced in the case of dumbbell DNAs, where 
PARP1 activity was strongly increased. We demonstrated 
that C-terminal domain of YB-1 is essential for the ability 
of YB-1 to stimulate PARP1 (Fig. 1. A, B). Also, we tested 
whether YB-1 modulates PARP1 activity when 
mononucleosomes were used as substrates. For these 
experiments, we used mononucleosomes containing 
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undamaged 147-bp DNA or damaged 147-bp DNA with 
one-nucleotide gap, and free undamaged 147-bp, or 
damaged 147-bp DNAs with one-nucleotide gap were used 
as control. We observed that YB-1 stimulates of PARP1 
activity in the case of both mononucleosomes and free 147-
bp DNAs (Fig. 1 C).

Fig. 1. A) Quantification of PARP1 activation. 100 nM PARP1 was 
incubated with 100 nM DNA substrate in the presence of 1600 nM YB-1
(where indicated), 32P-PAR-modified proteins were TCA-precipitated and 
counted. B) Quantification of PARP1 activation. 100 nM PARP1 was 
incubated with 100 nM DNA substrate in the presence of 1600 nM YB-1
or its mutant (where indicated), 32P-PAR-modified proteins were TCA-
precipitated and counted. C) Quantification of PARP1 activation. 100 nM 
PARP1 was incubated with 100 nM substrate in the presence of 1600 nM 
YB-1 (where indicated), 32P-PAR-modified proteins were TCA-
precipitated and counted.

Conclusions
Thus, YB-1 might function as regulator of DNA 

damage-dependent PARP1 activation, acting on broad 
spectrum of DNA structures increasing the overall yield of 
poly(ADP-ribosyl)ation reaction.
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Abstract — XPD helicase performs the verification step of 
damage recognition during NER. The detailed investigation of 
this step will help answer the question of interrelation of the 
chemical and spatial structure of the damage and its NER 
removal efficiency. The solution of this problem is also 
fundamentally important in the context of the induced 
cytotoxic DNA damages safekeeping and NER inhibitors 
search. Structurallyfunctional basis of the hXPD operatio as 
a damage verifier in NER n in NER is not quite clear. 
Chaetomium thermophilum (ct) proteins have recently been 
proposed as more accessible and stable analogues of human 
ones. This study is a systematic analysis of the interaction of 
ctXPD and the more complete ctXPD-p44 system with DNA, 
which contain structurally different bulky lesions with 
previously estimated NER repair efficiencies. The data 
obtained indicate the similarity of the mechanisms for 
verifying damage by helicases ctXPD and hXPD and prove the 
possibility of further use of ctXPD in extensive biochemical 
and structural studies of the mechanism for verifying damage. 

Keywords — DNA repair, XPD helicase, bulky damages 
recognition/verification 

Motivation and Aim 

Motivation 
The efficient functioning of DNA repair systems is a 

critical cell function, necessary to maintain genome 
stability. The efficiency of bulky damages elimination with 
nucleotide excision repair system (NER) is largely 
determined by the damage recognition efficiency. The key 
step of recognition damage verification with XPD and
interrelation with the efficiency of damage eliminations is 
not sufficiently understood up to date. 

Aim
The understanding of the mechanism and structure of 

hXPD is based on the results of biochemical studies, 
comparative mutagenesis, and studies of crystals of 
archaeal helicases which contain all domains necessary for 
XPD activities, however, operate as isolated monomers. A 
close Chaetomium thermophilum (ct)XPD functions as 

part of TFIIH available for isolation [1]. To prove the
legitimacy of ctXPD as functional model of hXPD we have 
used the series of model DNA early characterized as NER 
substrates [2, 3]. 

Methods 
XPD and auxillary ct protein p44 were expressed in 

bacterial system and isolated mainly as in [1]. To 
characterize ctXPD - damaged DNA interaction we have 
applied fluorescence spectroscopy and photoaffinity 
modification. CtXPD–damaged DNA affinity evaluation 
was based on fluorescence anisotropy measurements. The 
helicase activity was measured using the designed for like 

DNA substrates: unmodified one and bearing exo-N-{2-
[N(4-azido-2,5-difluoro-3-chloropyridin-6-yl)-
3aminopropionyl]aminoethyl}-deoxycytidinine (FapdC); 
exoN-[4-(4-azido-2,3,5,6,-
tetrafluorobenzylidenehydrazinocarbonyl)-
butylcarbamoyl]-  2'-deoxycytidine (FabgdC); N-[6-(9-
antracenylcarbomoyl)hexanoyl]-3-amino-1,2-propandiol 
(nAnt), N-[6-(5(6)-fluoresceinylcarbomoyl)hexanoyl]-
3amino-1,2-propandiol (nFlu) in translocated strand. When 
BHQ1 quencher was introduced in 3’-end of translocated 
strand, FAM group was at 5-end of the leaving strand; when 
at 3’-end of translocated strand was Cy3 group, at 5’-end of 
leaving stand was Dabcyl group. DNA probes for 
photocrosslinking were designed using photoactivable 
damages FapdC and FabgdC. 

Results 
The analysis of interaction of ctXPD with the set of the 

model DNAs revealed interconnection of the efficiency of 
NER performed elimination of structurally diverse bulky 
damages and their recognition with ctXPD. The increased 
ctXPD affinity for DNA bearing efficiently repairable 
damages (Fig.1) in row with the results of helicase activity 
measurements and XPD photocrosslinking results indicate 
the similarity of the mechanisms of damage verification by 
ctXPD and hXPD helicases. 
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Fig. 1. XPD-p44 binding with DNA. Control – non modified DNA, M1 
– nFlu-DNA; M2 – nAnt DNA; M3 - FapdC-DNA. 

The data obtained in the given study prove legitimacy of 
ctXPD as the model for further investigations of bulky DNA 
damages verification during NER in higher eucaryotes and 
indicate correlation among efficiency of bulky damage 
elimination and helicase activity. 
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Abstract — Heterocephalus glaber, or the naked mole rat, is 
the longest-living rodent species that is extraordinary resistant 
to cancer and aging-related diseases. The molecular basis for the 
unique phenotypic traits of naked mole-rat has been extensively 
studied recently, but the role of the programmed cell death in 
longevity and cancer resistance of naked mole rat is still 
insufficiently understood. Regulated cell death is a mechanism 
restricting the proliferation of damaged or premalignant cells 
which counteracts aging and oncotransformation. In this study, 
the systematic analysis of naked mole rat fibroblasts cells to 
undergo DNA-damage-induced apoptosis has been carried out 
using conventional methods of apoptosis detection. Skin 
fibroblasts from the naked mole rat were shown to be more 
resistant to several types of stress effects compared with 
fibroblasts from the Mus musculus. Naked mole rat cells also 
exhibit a limited apoptotic response and seem to undergo 
necrotic cell death under severe stress.

Keywords — aging, longevity, naked mole rat, stress 
resistance, apoptosis

Motivation and Aim

Motivation.
It was previously demonstrated that vascular endothelial 

cells in naked mole rat (NMR) are highly resistant to apoptotic 
stimuli such as H2O2 treatment or heat exposure compared 
with mouse cells [1], the ability of NMR cells to undergo 
apoptosis in response to stress has been studied insufficiently, 
the details of the processes leading to apoptosis in NMR cells 
remain unclear. Also, no comprehensive studies of the 
regulated cell death (RCD) in NMR and its role in cancer 
development have been conducted yet.

Aim
To determine the features of the regulated cell death in 

Heterocephalus glaber, we have carried out a systematic 
comparison of DNA-damage-induced apoptosis in skin 
fibroblasts from Heterocephalus glaber and Mus musculus. 

Methods
Experiments were provided using NMR skin cell line and 

3T3 mouse cell line. Three compounds that are well known to 
induce three different types of DNA damage agents were used 
as genotoxic stress agents: methyl methanesulfonate (MMS) 
[2], 5-fluorouracil (5FU) [3], and etoposide [4]. The resistance 
of NMR and mouse fibroblasts to stress induced by selected 

reagents was evaluated using cell metabolic activity assay. 
FITC Annexin V Apoptosis detection kit and FACSCanto II 
(BD Biosciences, San Jose, USA) flow cytometer were used 
to detect cell death. To perform differential study of the 
development of apoptotic cascade dynamics, caspase 
activities were measured using the Caspase-Glo 3/7 assay kit 
according to the manufacturer's instructions (Promega, 
Madison, WI). Luminescence of the samples was measured 
using an Infinite M200 plate reader (Tecan, Research Triangle 
Park, USA). Electron microscopy of ultrathin sections was 
used to delineate between the types of cell death in NMR and 
mouse cells. Statistical analysis was performed using 
Statistica 10 software.

Results
The comparative studies have revealed that naked mole rat 

cells are highly resistant to all types of exposures used. The 
decline in cellular metabolic activity and cell death take place 
at much higher concentrations of cytotoxic agents. Unlike 
mouse cells, naked mole rat cells are especially resistant to 
some proapoptotic reagents (e.g., 5-fluorouracil). The data 
obtained using various approaches (flow cytometry, electron 
microscopy, and measuring caspase activity during incubation 
in the presence of reagents) give grounds for assuming that 
efficiency of apoptosis activation in the naked mole rat is 
lower compared to that in mice. When exposed to high-dose 
toxic agents, the naked mole rat cells preferentially undergo 
necrotic rather than apoptotic death (unlike mouse cells 
exposed to the same agents).
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Abstract — Nucleotide excision repair (NER) is one of the 
major mechanisms to prevent genomic DNA instability. This 
process removes a wide range of lesions distorting the double 
helix and bulky chemical adducts resulting from 
environmental factors or chemotherapeutic agents. The 
coordination of the assembly of the NER complexes and the 
sequential individual reactions is achieved through multiple 
DNA-protein and protein-protein interactions. The 
interactions of key protein factors of the NER process, 
xeroderma pigmentosum protein C in the complex with 
RAD23B (XPC-RAD23B), xeroderma pigmentosum protein 
A (XPA), and replication protein A (RPA) with DNA 
mimicking NER intermediates and their modulation by the 
activity of poly(ADP-ribose)polymerase 1 (PARP1) and 
poly(ADP-ribose) have been analyzed. Using several 
biochemical approaches we have analyzed the influence of 
PARP1 and PAR synthesis on the interaction of the NER 
factors with damaged DNA. XPC-RAD23B, RPA and XPA 
are the targets of poly (ADP-ribosyl)ation catalyzed by 
PARP1, bind free poly(ADP-ribose) with an affinity 
depending on the PAR strand length and influence on PAR 
synthesis. Both XPC-RAD23B and XPA stimulate PAR 
synthesis in all experimental conditions whereas effect of RPA 
depends on the structure of DNA used for PARP1 activation. 
RPA inhibits PAR synthesis in the presence of ssDNA and 
stimulates it in the presence of DNA duplex, in particular 
containing a nick or a gap. RPA stimulation effect can be due 
to acceleration of the replacement of auto-(ADP-ribosyl)ated 
PARP1 in the complex with DNA by unmodified one. The data 
obtained suggest participation of RPA in regulation of PARP1 
activity, which, in its turn, could play an important role in 
regulation of not only NER, but also replication-coupled 
repair and other DNA repair pathways. Our study clearly 
shows that PARP1 can be regarded as the universal regulator 
in DNA repair processes.

Keywords — nucleotide excision repair, poly(ADP-
ribose)polymerase 1, DNA-protein interactions, protein-protein 
interactions

Introduction 
Genetic stability of living organisms is substantially 

maintained by the action of the DNA repair systems. 
Regulation of the activity of the DNA repair systems is 
required to efficiently protect genomic DNA under 
genotoxic stress. One of the key mechanisms modulating 
the activity of DNA repair systems is the synthesis of 
poly(ADP-ribose) attached covalently to some repair 
proteins. Cellular DNA damage response by PAR synthesis 

is mainly mediated by PARP1, which is the most abundant 
and well-studied member of the PARP family [1, 2]. 
Poly(ADP-ribosyl)ation targets are certain nuclear proteins 
including PARP1 itself. Poly(ADP-ribosyl)ation of the 
proteins can modulate their interactions with DNA due to 
the linkage to the negatively charged PAR [3] and can also 
be regarded as a signal of DNA damage. The PARylation 
reaction is reversible: PAR is cleaved by the poly(ADP-
ribosyl)glycohydrolase (PARG) that additionally regulates 
the cellular level of protein poly(ADP-ribosyl)ation and 
PAR synthesis. Here we analyzed interactions of key 
protein factors of the NER process, xeroderma 
pigmentosum protein C in the complex with RAD23B 
(XPC-RAD23B), xeroderma pigmentosum protein A 
(XPA), and replication protein A (RPA) with DNA 
mimicking NER intermediates and their modulation by the 
activity of PARP1 and poly(ADP-ribose).

Results and Discussion

PARP1 modulates XPC-RAD23B interaction with DNA via 
poly(ADP-ribosyl)ation)

The XPC-RAD23B heterodimer is the major factor 
responsible for the primary damage recognition in DNA and 
initiating assembly of the NER complex. We found that 
electrophoretic mobility of XPC-RAD23B-DNA complex 
decreases in the condition of PAR synthesis and it is 
restored by the PARG treatment. It might correspond to 
formation of the covalent or noncovalent complexes of 
XPC-RAD23B with PAR [4]. 

Using 32P-labeled NAD+ and immunoblotting analyses 
we have shown that both subunits of XPC-RAD23B 
heterodimer are PARylated by PARP1 in the presence of 
damaged DNA duplex. Direct interaction of these proteins
was demonstrated in experiments with the fluorescence 
labeled PARP1. To demonstrate XPC-RAD23B 
PARylation relevance to the NER process we analyzed 
PARP1 activation by UV-induced DNA damages. We 
demonstrated that XPC-RAD23B is poly(ADP-ribosyl)ated 
by PARP1 in response to UV irradiation of plasmid DNA in 
dose dependent manner. These findings are in line with 
observations that UV irradiation triggers both stimulation of 
PAR synthesis and association of PARP1 with UV 
photolesions in chromatin [5]. Free or covalently bound to 
other proteins (including PARP1) PAR might serve as target 
for the attraction of XPC-RAD23B to lesions in DNA. 
PARP1 also influences XPA binding to DNA but in 
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different manner. PARP1 displaces XPA from the complex 
with DNA and PAR synthesis inhibits XPA binding to 
DNA.

RPA modulates PARP1 activity in DNA dependent manner 
RPA is a major eukaryotic single-stranded DNA binding 

(SSB) protein, which is indispensable in DNA replication, 
repair, and recombination. RPA is heterotrimer consisting 
of p70, p32, and p14 subunits. We examined the efficiency 
of RPA PARylation by PARP1 in the presence of different 
DNA structures: ssDNA, double-stranded DNA (dsDNA), 
DNA duplexes with a 3′- or 5′-single-stranded extension (3′-
ext-DNA and 5′-ext-DNA, respectively), DNA duplex with 
a single-nucleotide gap (gap1-DNA), and DNA duplex with 
a single-strand break (nick-DNA). 

For all DNA structures, the major reaction product 
corresponded to the product of PARP1 automodification. 
Modification of RPA, presumably the large p70 subunit, 
was also detected with the efficiency depended on the DNA 
structure. The maximal level of RPA modification was 
observed for the 3′-ext-DNA. For this structure, PARylation 
of p32 subunit was also displayed. In the case of ssDNA, 
efficiency of the proteins modification was decreased 
significantly in the presence of RPA. 

RPA is not only a target PARylation but it also changes 
the efficiency of PARP1 automodification. Therefore, RPA 

can influence PARP1 activity. To check this possibility, we 
tested the effect of RPA on the PAR synthesis catalyzed by 
PARP1 in the presence of different DNA. RPA was shown 
to significantly increase the efficiency of PAR synthesis 
when the DNA structures with blunt ends were used. This 
effect was most visible with nick-DNA and gap1-DNA. For 
DNA structures with protruding single-stranded parts, RPA
either had no significant effect (5′-ext-DNA, and 3′-ext-
DNA) or inhibited PAR synthesis (ssDNA) (Fig. 1 a). RPA-
PARP1 interaction in the absence of DNA was detected by 
fluorescent titration (Fig. 1 b). 

RPA also influences leaving of PARP1 from DNA 
during PARylation. DNA-bound RPA can facilitate 
interaction of unmodified PARP1 with DNA. As a result, 
the replacement of modified PARP1 molecules by the 
unmodified ones on DNA accelerated, and the length of 
synthesized PAR was shortened [6]. The recent data on PAR 
synthesis at sites of DNA replication in normal S phase cells 
allowed indicating PARP1 is a sensor of unligated Okazaki 
fragments [7]. This observation is in line with our result that 
PARP1 interacts with RPA on nick/gap1-DNA.

Conclusions
The data obtained in this study clearly show that PARP1 

interacts with and influences DNA binding of key NER 
factors which modulate its activity. Therefore, PARP1 can 
be regarded as the universal regulator in DNA repair 
processes.
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Abstract — Synthesis of poly(ADP-ribose) catalyzed by 

nuclear poly(ADP-ribose) polymerases (PARPs) is one of the 

earliest events in the cellular response to DNA damages in 

higher eukaryotes. Over the past few years, a huge body of 

evidence has been accumulated about the involvement of PARPs 

in the regulation of not only DNA-dependent processes in the 

nucleus but of RNA-dependent processes in the cell cytoplasm. 

Many RNA-binding proteins have been described to interact 

with poly(ADP-ribose) and (or) undergo post-translational 

modification through poly(ADP-ribosyl)ation. Among them, 

fused in sarcoma (FUS) protein was found to function in DNA 

damage response through PARP-dependent mechanism. In the 

present study, we show that PARP1 activation leads to the 

shuttling of FUS from the nucleus to the cytoplasm in HeLa cells 

after hydrogen peroxide -induced oxidative stress. We have 

observed that stress granule assembly depends on PARP1 

activity and found a correlation between the nucleocytoplasmic 

shuttling of FUS and its accumulation in stress granules, which 

may in turn promote stress granule assembly. Thus, FUS 

appears to mediate stress granules formation downstream of 

PARP1 activation in response to oxidative DNA damage. 

Keywords — fused in sarcoma, poly(ADP-ribosyl)ation, stress 

granules 

Introduction  
The cellular response to genotoxic stress occurs through a 

series of regulatory processes that not only control DNA repair 
but also can cause changes in the level of gene expression [1]. 
In response to genotoxic impact, DNA damage sensors 
activate complex signaling networks that affect a number of 
cellular processes [2]. Nuclear PARPs are sensors of DNA 
strand breaks and play a key role in the regulation of DNA 
damage response [3]. Upon binding to DNA breaks, PARPs 
catalyze the synthesis of poly(ADP-ribose) (PAR) covalently 
attached to PARPs itself or an acceptor protein using NAD+ 
as substrate for the post-translation modification [4]. PAR 
covalently attached to acceptor proteins and can be 
subsequently hydrolysed to form free mon(ADP-ribose) or 
oligo(ADP-ribose) by PAR glycohydrolase (PARG) [5]. 
Recently, PAR has been identified as stress granules (SG) 
component, and PAR-dependent regulation of nuclear-
cytoplasmic transport of set of RNA-binding proteins (RBPs) 
has been shown to involve in the formation of SG [6,7]. SGs 
are ribonucleoprotein complexes containing untranslated 
mRNA and RBPs that appear in the cytoplasm of mammalian 

cells upon the dissociation of polysomes, which occurs 
generally after various stresses including osmotic stress, 
oxidative stress, viral infection, hypoxia and hyperthermia [8]. 
SG dynamics is thought to play a major role in timely mRNA-
related processes such as mRNA storage, sorting and 
protection from degradation. It was shown that PAR produced 
by nuclear PARPs such PARP1 and PARP2 can function as 
signaling molecules, driving the translocation of stress granule 
components from specific subcellular compartments toward 
the nascent stress granule [9]. In particular, FUS (Fused in 
Sarcoma) has focused our attention since it is one of the most 
abundant nuclear RBPs which can be PARylated, interact with 
PAR and be the component of SGs [10]. Recently, we have 
found that oxidative stress induces FUS translocation which is 
dependent on PARP1 and PARG activities [11]. Here, we 
have analyzed PARP1-dependent formation and composition 
of stress granules in cells under oxidative stress. We have 
shown that in hydrogen peroxide -treated cells stress granule 
assembly was dependent on PARP1 activation despite the 
absence of PAR in these granules. We have found a 
correlation between the nucleocytoplasmic shuttling of FUS 
and its accumulation in stress granules, which may in turn 
promote stress granule assembly. Thus, the relocation of FUS 
in the cytoplasm may participate to an adapted translational 
response to DNA damages but its accumulation in stress 
granules may be an intermediary step between PARP1 
activation and the aggregation of RNA-binding proteins in 
neurodegenerative diseases. 

Results  
To test whether PARP1 activation in nuclear affect the 

assembly of SGs, we examined the PAR synthesis and SG 
formation in HeLa cells under oxidative stress induced by 
arsenite or hydrogen peroxide and puromycin (Fig. 1a). 
Arsenite is widely used to induce oxidative stress and SGs 
formation in cells, however, arsenite exposure does not or 
weakly activates PARP1 in contrast to hydrogen peroxide 
(Fig. 1a). 

In arsenite-treated cells, chemical inhibition of PARP1 by 
Olaparib does not influence the formation of SGs (Fig. 1b). 
Nevertheless, SG formation in cells treated with hydrogen 
peroxide/puromicine is prevented by olaparib (Fig. 1b). We 
then considered the possibility that PARP1 activation and 
PAR   synthesis   could   promote   stress   granule   assembly 
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indirectly through the translocation of FUS. To explore this 
idea, we measured the relative enrichment of FUS in SGs in 
cells exposed to either arsenite or hydrogen peroxide in 
combination with puromycin (Fig. 1c and d). We observed 

that the accumulation of FUS in SGs is more pronounced in 
hydrogen peroxide/puromycin – than in arsenite-treated cells 
(Fig. 1d).

Conclusions
We hypothesize that FUS could mediate stress granules 

formation downstream of PARP1 activation in response to 
oxidative DNA damage. The PARP-dependent relocation of 
FUS in the cytoplasm may participate in an adapted 
translational response to DNA damages but FUS 
accumulation in stress granules may be also an intermediary 
step between PARP1 activation and the aggregation of RNA-
binding proteins such FUS that occurs in neurodegenerative
diseases.
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Fig. 1. PARP1 activation is required for the assembly of FUS-rich 
stress granules after hydrogen peroxide and puromycin treatment.

a and b. Hela cells were pretreated without (a) or with (b) olaparib for 
15 min, then exposed to either arsenite (300 μM, 60 min) or hydrogen 
peroxide and puromycin (300 μM and 2.5 μg/mL, respectively, 90 
min). mRNA was detected by using cy3-labeled poly(T)-probe (red). 
anti–PAR antibodies fluorescence (green). Scale bar: 10 μm.
c. Fluorescence images of stress granules in HeLa cells obtained under 
indicated conditions.
d. Ratio of FUS to mRNA fluorescence integrated intensity in stress 
granules under indicated conditions. Anti FUS antibodies were used.
p < 0.05, **; paired t-test, n=17.
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Abstract — In cells, a DNA molecule is compacted in 
chromatin, and the first level of compaction is nucleosomal. 
Nucleosome core particles, NCPs, consists of eight core proteins 
– histones, around which 147 nucleotide pairs of DNA are
wound (McGinty R. K. et al 2015, Chemical Reviews).
Traditionally, for studies used to nucleosomes reconstituted in
vitro from histones and DNA structures with a specific sequences
that provide a clear positioning of the DNA molecule relative to
the histone octamer. Such DNA structures were obtained and
characterized by J. Widom and colleagues (Lowary P.T. et al
1998, Journal of molecular biology). The same group of
scientists developed a method for reconstitution of NCP in vitro
in the NaCl gradient using dialysis cells (Thåström A. et al 2004,
Methods). However, the method have a several drawbacks:
firstly, it requires large consumption of chemical reagents;
secondly, the used dialysis buffers are applied repeatedly;
thirdly, during the dialysis process high osmotic pressure is
created, which can lead to damage to the dialysis cell with
subsequent loss of reaction products. That's why the main
objective of the presented research was to create a universal
method of nucleosome assembly in vitro.

Keywords — nucleosome core particle, assembly, chromatin, 
core histones

Motivation and Aim

Motivation
The in vitro nucleosome reconstitution method used by J. 

Widom and colleagues [1] requires a large number of 
biochemical reagents. It's well known that to NCP 
reconstitution the equimolar ratio of DNA to histone octamers 
is needed. However, different degrees of samples purity can 
affect the accuracy of determining the concentration of DNA 
and histones. In turn, this can lead to the formation of high 
molecular weight complexes during the reconstitution process 
or to a residual amount of DNA in the final reaction mixture. 
To resolve this problem a method should be developed that 
would allow determining the molar ratio of DNA to histone 
octamers before carrying out the nucleosome reconstitution 
process. In addition, the method should require relatively low 
reagent consumption for the buffer systems. It is necessary to 
improve the method for carrying out nucleosome 
reconstitution in the gradient of NaCl.

Aim 
The aim of this study was to optimize the procedure for 

reconstitution of NCP from purified histone octamers and 
various types of synthesized model DNA.

Methods
Nucleosome assembling: quick-time reconstitution. In this 

approach either radioactive- or fluorescent-labelled DNA 

should be used. The DNA in final concentration of 0.1 μM 
was mixed with histones in different concentrations in low-
salted buffer (0.2 mM EDTA, 5 mM beta mercaptoethanol, 
0.1 % NP-40, 10 mM Tris-HCl pH 7.5 with 10 mM NaCl), 
incubated for 15 min at 37°C and analyzed by 4 % PAGE 
under non-denaturing conditions. The minimal DNA:histone 
ratio corresponding to the mixture with the absence of naked 
DNA should be used for preparative reconstitution.

Preparative reconstitution. The DNA and histones should 
be taken in the concentrations determined under previous 
procedure, mixed with high-salted buffer with 2 M NaCl, and 
dialyzed against the buffer with gradient of NaCl from 2 M to 
250 mM during 6 hours at 4°C with gentle stirring. Gradient 
dilution of NaCl was carried out by means of a peristaltic 
pump with an addition of a non-salted buffer. Then the probes 
were dialyzed against low-salted buffer with 10 mM NaCl 
overnight at 4°C with gentle stirring.

Analysis of nucleosome reconstitution using Eva-Green 
dye. The samples of 10 μl containing 10 mM NaCl, 10 mM 
DTT, 50 mM Tris-HCl pH 8.0, 50 nМ nucleosome (the 
concentration was defined by nucleic acid component) and 
0.5х Eva-Green (Biotium) were placed to the 384-well round 
bottom microplate to estimate the fluorescence intensity. The 
measurement was performed in microplate reader 
CLARIOstar (BMG Labtech) at 520 nm. The average value of 
five independent measurements was normalized to fluorescent 
level of naked dsDNA and analyzed using MARS Data 
Analysis Software (BMG Labtech).

Results
The design of DNA substrates was based on nucleotide 

sequences named clone 603 that were constructed and 
published by Lowary and Widom [2]. The length of this DNA 
duplex is 147 nucleotides, which is exactly corresponds to the 
“core” part of nucleosomes in vivo. The feature of this 
sequence consists in the precise positioning of the histone 
octamer on DNA during the formation of NCP. 

The plasmid DNA encoding the 603 sequence was 
amplified by PCR. The PCR primers were chemically 
synthesized to obtain the final DNA containing or not the 
discriminant mark in the 5'-end of the DNA duplex. Such 
approach permits to produce the target DNA constructs with 
the specific damage at the defined position or special label at 
the 5'-end of the resulting DNA. 

First of all, to assemble the nucleosomes correctly it 
should be pay attention on the molar ratio of the DNA and 
histone octamer samples. Due to highly basic nature of the 
histones it is impossible to determine the precise protein 
concentration in the samples using standard Bradford
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protocol. Therefore, the absorbance measurements at 230 nm 
are commonly used. However, the most part of small 
molecules absorb at this wavelength. Thus, it is difficult to 
detect of the protein concentration in the mixture for each 
sample. We proposed the fast assembling of NCPs in low-
salted nucleosome buffer under titration of the DNA-histone 
ratio. The analysis in non-denaturing 4 % PAAG allows 
selection of the nucleic acid to protein proportion providing 
the correct assembling of NCP. Then, the octamers were 
initially mixed with DNA in the buffer containing 2 M NaCl 
and subjected to a gradient dialysis at +4°C for about 6 hours 
to decrease the salt concentration to 250 mM. Finally, the NCP 
solution was dialyzed overnight against the buffer with 10 
mM NaCl at +4°C. The efficiency of nucleosome assembling 
was analyzed by classical method with an electrophoretic 
separation in 4 % PAAG under non-denaturing conditions.

This approach has an obvious disadvantage as far as it 
doesn't allow the estimation of percent of out-nucleosome 
DNA directly in the solution under equilibrium conditions. 
This problem could be solved by utilizing an external 
fluorescent dye in the solution after the assembling procedure. 
Accordingly, we suggested an alternative approach for 
analyzing the efficiency of nucleosome assembling in solution 
using the Eva-Green dye [3]. It should be mentioned that this 

method are in full agreement with the data obtained by 
electrophoretic analysis under non-denaturing conditions.

Using this method and the method described in the article 
[1] we obtained NCPs with DNA containing uracil in out-
warded conformation. Uracil has been introduced in DNA
during amplification with plasmid DNA "603" by PCR with
U-containing primer. The efficiency of the enzymes UDG and
APE1 on both types of substrates didn't differ to each other
and corresponde to published data.
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Abstract — It is well-known that platinum coordination 
complexes are widely used anticancer agents. Here we have 
investigated the biological properties of platinum 
polyoxometalates — inorganic coordination compounds with a 
Pt, as a potential antitumor agent.

Keywords — polyoxometalates, DNA polymerases, DNA 
damage

Motivation and Aim

Motivation
Platinum complexes are among the most commonly 

prescribed drugs in cancer therapy. However, they have 
serious restrictions such as significant toxicity to healthy 
tissues and cell resistance. One strategy to overcome these 
limitations is the development of new, improved platinum 
drugs. One of such promising group of compounds could be 
platinum polyoxometalates — platinum complexes liganded 
with cluster anions consisting of oxygen atoms and transition 
metals. Their properties related to a potential use as anticancer 
drugs have never been studied.

Aim
In this work, we aim to investigate the cytotoxic effect of 

platinum (IV) polyoxoniobate of the [Nb6O19{Pt(OH)2}]2
structure containing two platinum centers and two polynuclear 
Lindqvist type anions [1].

Methods
First, we have tested the effect of platinum (IV) 

polyoxoniobate on the activity of a number of DNA 
polymerases belonging to different families (Klenow 
fragment of Escherichia coli DNA polymerase I, 

bacteriophage RB69 DNA polymerase, human DNA 
polymerases β and κ, DNA polymerase IV from Sulfolobus 
solfataricus) to investigate in vitro possible mechanisms of its 
cytotoxicity. Moreover, the cytotoxic effect of platinum (IV) 
polyoxoniobate was investigated in several cell lines. The 
nature of platinum (IV) polyoxoniobate adduct with DNA was 
confirmed by MALDI-mass spectrometry.

Results
It has been shown that platinum (IV) polyoxoniobate of 

the structure [Nb6O19{Pt(OH)2}]2 demonstrates properties 
similar to that of cisplatin: it was capable of forming covalent 
bulky adducts with DNA, which interfere with the primer 
elongation by the studied DNA-polymerases, and mostly 
contribute to studied compound cytotoxicity. At the same
time, platinum (IV) polyoxoniobate did not act as an inhibitor 
of DNA polymerases.
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Abstract — The functions of any protein are driven by their 
chemical and physical properties, which, in turn, are determined 
by steric and physico-chemical folding requirements. Therefore, 
it is expected that replacement of the amino acid tightly 
interacting with a large number of other amino acids is related to 
changes in the context of interactions in the protein globule. 
Recent studies of the protein evolution revealed various
signatures of substitution asymmetry and heterotachy. Here, 
based on reconstruction of ancestral libraries we analyze the 
substitution asymmetry in the molecular evolution of caspases 
protein family characterized by huge number of molecular 
functions. 

Keywords — caspases, molecular evolution, substitution
asymmetry, ancestral libraries

Motivation and Aim 
Up to now, the vast majority of available procedures of 

reconstruction of ancestral sequences are based on the 
symmetric single (applied to all protein sites) matrix of amino 
acid substitution rates. It seems obvious that new software tools 
for ancestral protein reconstruction, taking into account 
substitution limitations from the 3D protein structure and from 
the stability of its folding (for example, ProtASR), should be 
most useful. However, unfortunately, the experimentally 
resolved 3D protein structures are still lacking. Another way 
for substitution asymmetry accounting in the ancestral protein 
reconstruction is the construction of ancestral libraries [1]. To 
make the ancestor libraries accurate enough, it has recently 
been proposed to use the AltAll reconstruction approach. This 
approach combines all possible alternative states introduced 
into one protein, and then characterizes this protein with a set
of these states [2, 3]. It has been shown that this approach 
significantly improves the imperfection of individual ancestral 
sequences reconstructed by Bayesian approach. 

Methods 
Multiple alignment was done using PROMALS. The best 

reversible and symmetric models of amino acid substitution 
rates were selected by IQTree v. 1.5.4 (in our case it is 
C20+G4). We adjusted initial phylogenetic tree topology using 
Metazoa species tree from TimeTree DB by the TreeFix v. 
1.1.10 software. After this, the branch lengths were re-
optimized using IQTree v. 1.5.4 and the best reversible model 
of amino acid substitution rates. Bayesian sampling of 
ancestral sequences in each internal tree node was carried out 
using PhyloBayes v. 4.1, the CAT model [4], and 6 rate 
categories of sites. In order to construct complete and truncated 
(using our modified approach, called ‘AltAll * N’) libraries of 
ancestral sequences we used AltAll * N’ procedure. Our 
procedure ‘AltAll * N’ is an iterative rewriting of all probable 
(with a posteriori probability> 0.1) alternative states in a 
consensus ancestral sequence of given tree internal node. For 
example, if there are 3 alternative states in site A and 4 

alternative states in site B of ancestral sequence (node) X, then 
we must rewrite this ancestral sequence 4 times to get 4 
alternative ancestors: a) a sequence consisting of the best states 
in A- and B-sites, b) a sequence with the second most probable 
states of sites A and B, c) a sequence with the third probable 
states of sites A and B, and d) a sequence with the third 
probable state in sites A and with the fourth probable in site B. 

Substitution asymmetry during protein evolution was 
detected by analyzing deviations in the protein evolution rates 
from the reversible and symmetric model of amino acid 
substitution rates on each of the branches of the protein tree (1) 
and by a comparative analysis of the lengths of the internal tree 
branches taking into account the structure of the protein (2). (1) 
In order to solve first task, we: a) reconstructed a protein-
specific, time-reversible model of amino acid substitution rates 
using Modelestimator software; b) for each possible amino acid 
replacement on each internal node of the tree, we calculated 
d=PPa*PPb*2*NC, where PPa and PPb are the posterior 
probabilities of amino acids a and b, a b, 
NC=1/(1+e^(200*RFab)), RFab is the relative rate of ab 
substitution in the time-reversible model of amino acid 
substitution rates; c) summed d values along all sites in each 
internal tree node and calculated the natural logarithms of these 
sums (ln( d)); d) in order to identify branches with a 
maximum ln( d), we conducted nonparametric comparison 
of these values over the entire tree. (2) In order to solve second 
task, we used truncated AltAll * N libraries, particularly 
we: a) for each alternative ancestral sequence in each internal 
tree node, using the RaptorX_Property Fast software system, 
we assigned secondary structures to each amino acids, derived 
amino acid solvent accessibilities, and predicted disorder for 
each amino acid residue; b) calculated the frequency of 
changes of these measures between all alternative ancestral 
sequences of neighboring nodes residing on each internal tree
branch; c) in order to identify branches with maximum 
structural changes, conducted nonparametric comparison of the 
abovementioned frequencies of changes across the entire tree. 

Results 
We extracted and verified 1565 Deuterostomia caspase 

proteins from NCBI GenBank. After that, we processed this 
protein set as described above. 

One of the most promising observation we made is the 
finding of strict substitution asymmetry in the diversification 
of lower rodents, characterized by higher longevity comparing 
to higher rodents (Fig 1). The same evolutionary event is 
characteristic for caspase 7 in Xenopus (Fig 2). 
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Fig. 1. Selected part of caspases phylogenetic tree, containing caspase 10 of 
lower rodents. Each branch composed of 5 lines, corresponding to (from 
down to up) changes in amino acid disorder, protein secondary 
structures (3 and 8 types of secondary structure), amino acid solvent 
accessibilities, and deviations from the reversible and symmetric model 
of amino acid substitution. Black lines show terminal branches, light 
grey indicates evolution without significant deviations, while dark grey 
indicates significant deviations from expectations. 

Fig. 2. Selected part of caspases phylogenetic tree, containing caspase 7 of 
Xenopus. Same designations as in Fig. 1. 

It is of interest, that such evolutionary events are 
characteristic for the divergences of large protein clades tightly 

related with origination of large taxonomical groups, for 
example, avian caspase 6, mammalian caspase 13, etc. 
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Abstract — Base excision repair (BER) is a pathway 

responsible for removal of small non-bulky DNA lesions from 

genomes of all living organisms. BER is initiated by one of 

several DNA glycosylases that excise the damaged base and is 

continued by apurinic/apyrimidinic endonucleases, DNA 

polymerases and DNA ligases. Although the whole BER 

pathway in both human and E. coli cells operates with 20–30 

polypeptides, recent finding from other organisms suggest the 

existence of BER proteins that are not found in well-

characterized model organisms. Even the homologs of known 

BER proteins may form families clearly separate from the 

biochemically characterized ones, and have different functions. 

Moreover, BER proteins often consist of a universally conserved 

catalytic core and accessory domains specific for a certain clade. 

Here, several examples of newly discovered bacterial DNA 

glycosylases are presented. Evolution of substrate and reaction 

specificity in BER enzymes is analyzed. The functions of non-

catalytic domains or tails of BER proteins are discussed. 

Keywords — DNA damage, DNA repair, base excision repair, 

DNA glycosylases, protein structure, protein evolution. 

Motivation and Aim 
Motivation 

Base excision repair (BER) is a pathway responsible for 
removal of small non-bulky DNA lesions from genomes of all 
living organisms. BER is initiated by one of several DNA 
glycosylases that excise the damaged base and is continued by 
apurinic/apyrimidinic endonucleases, DNA polymerases and 
DNA ligases. Although the whole BER pathway in both 
human and E. coli cells operates with 20–30 polypeptides, 
recent finding from other organisms suggest the existence of 
BER proteins that are not found in well-characterized model 
organisms. 
Aim 

We aimed to mine sequence databases for homologs of 
known BER proteins in order to find polypeptides and/or their 
domains forming families clearly separate from the 
biochemically characterized ones, and to characterize their 
functions biochemically. 

Methods 
We have used Conserved Domain Database [1] to obtain 

consensus sequences of all BER proteins and used them as 
queries in BLAST [2] to recover all homologous protein 
sequences from the NCBI RefSeq database [3]. The sequences 
were aligned and distance trees were built using Clustal 
Omega [4]. Coding sequences for Flp1, Flp2, Flp3a, Flp3b, 
Flp4, SauFpg1, SauFpg2, SauMutY, Ulp2, and Ulp3 proteins 
were made by total gene synthesis and cloned into pET series 
plasmids for expression. The proteins were overproduced and 
purified by a combination of metal affinity chromatography, 

ion exchange chromatography, and gel filtration. Substrate 
specificity of the enzymes was studied using modified 
oligonucleotides essentially as described for other DNA 
glycosylases [5,6]. X-ray data were collected at BNL National 
Synchrotron Light Source II. The protein structures were built 
by molecular replacement using Phaser [7], Coot [8], Phenix 
[9], Refmac [10], and BUSTER [11]. Molecular dynamic 
studies were done in Amber 11 [12] employing ff99SB force 
field with parmbsc0 corrections [13, 14]. 

Results 
All sequences bearing homology to the known members 

of helix–two-turn–helix (H2TH) DNA glycosylases (Fpg, 
Nei, NEIL1, NEIL2, NEIL3, MMH) could be grouped in 
twelve families, five of which had none biochemically 
characterized members. To establish substrate specificity and 
enzymatic mechanisms of these Flp proteins (Fpg-Like 
Proteins), we have synthesized coding sequences of Flp1 from 
Streptomyces coelicolor, Flp2 from Xanthomonas campestris, 
Flp3a and Flp3b from Bacteroides thetaiotaomicron, and Flp4 
from Salinibacter ruber, and purified the proteins. The 
enzymes were mostly Nei/NEIL-like, removing oxidized 
pyrimidines from DNA and generating a significant fraction 
of β-elimination product, unlike Fpg that predominantly yields 
products of β,δ-elimination. Flp3a and Flp3b are different 
from most H2TH glycosylases in having N-terminal 
nucleophilic Ile and Lys, respectively, instead of Pro. The 
crystal structure of Flp3b was determined and revealed a 
closed protein conformation (like Fpg and NEIL1 but unlike 
Nei), a lesion-binding loop significantly different from other 
H2TH superfamily members, and a partial electron density 
corresponding to an unprocessed initiator Met residue. 
Molecular dynamics was used to obtain the structure of the 
fully processed Flp3b and analyze its interactions with various 
damaged bases. Additionally, E. coli Fpg with a series of N-
terminal substitutions was analyzed biochemically and 
revealed that Pro1 is indeed required for activity in H2TH 
glycosylases out of the Flp3 family. 

All sequences bearing homology to the known members 
of uracil–DNA glycosylase superfamily (Ung/UNG, 
Mug/TDG, SMUG1) could be grouped in nine families, three 
of which had none biochemically characterized members. To 
establish substrate specificity and enzymatic mechanisms of 
these Ulp proteins (Ung-Like Proteins), we have synthesized 
coding sequences of Ulp2 from Helicobacter hepaticus and 
Ulp3 from Pseudomonas syringae, and purified the proteins. 
Both were monofunctional DNA glycosylases, as all known 
superfamily members. Unexpectedly, Ulp3 turned out to lack 
uracil-removing activity but efficiently processed DNA with 
oxidized pyrimidines such as 5-hydroxyuracil and 5,6-
dihydrouracil. 
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Some species contain more than ortholog from a given 
family of DNA glycosylases. For instance, the reference 
genome of Staphylococcus aureus (strain NCTC 8325), an 
important human opportunistic pathogen, possesses one 
homolog for Fpg, yet many isolates of S. aureus and other 
Staphylococcus species contains another homolog, more 
closely related to Fpg than to Nei. We have produced and 
characterized both enzymes, and found them to be essentially 
Fpg-like. However, another DNA glycosylase, MutY, which 
in E. coli and humans counteracts the mutagenic action of 8-
oxoguanine (oxoG), was different in S. aureus: it excised 
guanine much better than oxoG.

E. coli MutY and its human homolog, MUTYH, possess a
C-terminal domain important for the preferential excision of
oxoG. This domain is similar to NUDIX superfamily proteins,
which hydrolyze a number of mononucleotide substrate; in
particular, E. coli MutT and human MTH1 are
pyrophosphatases converting oxodGTP to oxodGMP and
preventing its incorporation into DNA. Interestingly, in the
static crystal structure of MutY, oxoG interacts with the
NUDIX domain in an entirely different manner than in MutT
and MTH1, and the oxoG interactions with MutT and MTH1
are also different [15], while kinetic data suggest that the early
stages of oxoG recognition by MutY occur in a MutT/MTH1-
like conformation. All NUDIX sequences could be grouped in
54 families. Comparison of sequences and computer
simulation of structures and their interactions with oxoG
showed that MutY C-terminal domain is closer to human
MTH1; a putative early recognition pocket with a set of
specific enzyme–oxoG interactions was revealed in MutY.

Apurinic/apyrimidinic (AP) endonucleases are important 
enzymes catalyzing the next step of BER after base excision. 
They cleave DNA at AP sites, and also have a 3′→5′-
exonuclease activity, 3′-phosphodiesterase, and 3′-
phosphatase activity. The major human AP endonuclease, 
APEX1, belongs to the exonuclease–endonuclease–
phosphatase superfamily, and the homologs of APEX1 can be 
grouped in five families, some of which include enzymes with 
preferential 3′-end processing function. An analysis of 
sequence conservation and structure allowed us to single out 
the residues that are responsible for 3′-processing rather than 
AP endonuclease activity. Evolution of non-catalytic domains 
of APEX1-like enzymes shows that this group of polypeptides 
is very modular, combining the DNA repair function with 
redox sensing, recombination, and likely other, still undefined 
functions. The N-terminal tail of human APEX1, in addition 

to its redox function, was needed to form oligomers on DNA, 
which might be required for APEX1 interaction with the rest 
DNA repair machinery and with transcription factors.
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Abstract — In biotechnology applications, rational design 
of new proteins with improved physico-chemical properties 
includes a number of important tasks. One of the greatest 
practical and fundamental challenges is the design of highly 
thermostable protein enzymes that maintain catalytic activity 
at high temperatures. This problem may be solved by 
introducing mutations into the wild-type enzyme protein. In 
this work, to predict the impact of such mutations in barnase 
protein we applied the anisotropic network modeling 
approach, revealing atomic fluctuations in structural regions 
that are changed in mutants compared to the wild-type 
protein. A regression model was constructed based on these 
structural features that can allow one to predict the thermal 
stability of new barnase mutants. Moreover, the analysis of 
regression model provides a mechanistic explanation of how 
the structural features can contribute to the thermal stability 
of barnase mutants.

Keywords — barnase, thermostability, free energy, 
prediction, machine learning

Introduction
The thermal stability of proteins reflects the ability to 

preserve the unique spatial structure of the polypeptide 
chain under high temperature. Thermostability is 
determined numerically through the differences between the 
enthalpy and entropy of the protein in the native and 
denatured states [1] and can be determined from the 
thermodynamic properties of the amino acids that make up 
the protein [2]. There are several experimental methods for 
improving the thermal stability of a protein: stabilizing its 
native form, destabilizing its denatured form, or by 
combining both approaches [3].

The present work is aimed at developing an approach to 
construct protein structure ”profiles” indicating the 
positions of amino acid residues that are most sensitive in 
terms of protein thermal stability to mutations. Such 
approaches were previously developed to study the survival 
time of patients with mutations in the SOD1 protein. Here, 
the feasibility of this approach to assess thermal stability 
was shown for the first time using barnase protein as an 
example [4].

Methods
The experimental thermal stability of 134 barnase 

mutants as assessed by Gibbs free energy (ddG, kJmol−1)
was taken from the work of Seeliger and de Groot [5].

The initial structure for the study was taken from the 
PDB (1BNI). Mutant structures were obtained by 
introducing an appropriate mutation using the PDBFixer 
tool (https://github. com/pandegroup/pdbfixer). The 

dynamics of the barnase mutants and their wild types were 
simulated using anisotropic network models (ANM) 
implemented in the ProDy [6]. The simulation was
performed with the following parameters: m
{16,48,80,159}, n = 10, A {0.5,1,2,3}A, where˚ m is the 
number of first vibrational modes, n is the number of 
conformations obtained, A is the desired root-meansquared 
deviation from the original structure. Each of the n
conformations obtained for a given barnase mutant was 
subjected to geometry optimization using the RDKit 
package (http://www.rdkit.org/).

To obtain the properties of the protein structure, after the 
simulation the MDTraj was used [7]. The following 
measures were calculated using MDTraj for each 
conformation: secondary structure (DSSP), gyration radius 
(Rg), root-meansquared fluctuations of protein residues 
(RMSF), and solvent accessible surface area (SASA) of 
each residue. The random forest method implemented using 
the scikit-learn was used to construct the regression models 
[8]. Stability selection was used as a feature selection 
algorithm [9].

The training set included 90 % of the mutants while the 
test set contained 10 % of the mutants. At each bootstrap 
step for the mutants from the test sample, the root-
meansquared prediction error (RMSE) of the Gibbs free 
energy was estimated.

The treeinterpreter (https://github.com/andosa/ 
treeinterpreter) method of interpreting the results of 
predictions obtained using the random forest was used to 
study the mechanism influencing the mutations that affect 
the thermal stability of barnase.

Results
As a result of the ANM simulation of the wild-type 

protein, 318 modes with non-zero eigenvalues were 
obtained. In total, 136 regression models were constructed 
(on 16 single parameters and 120 various pairs of simulation 
parameters) using the random forest method, linking the 
calculated parameters of the structure of the barnase mutants 
and the thermal stability of these mutants.

The most accurate regression model was a model based 
on a pair of variants (A = 0.5A,˚ m = 80 and A = 2A,˚ m =
159) with the accuracies RMSE = 5.06±1.27 kJmol−1and
AUE = 3.87±0.06 kJmol−1. Hereinafter, this model will be
denoted by its serial number 114 among all 136 models.
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TABLE I – TOP TEN IMPORTANT FOR PREDICTING THE
THERMAL STABILITY OF BARNASE MUTANTS USING
REGRESSION MODEL NO. 114 FEATURES. THE NAME OF THE
FEATURE CONTAINS A CALCULATED PARAMETER (DSSP,
RMSF OR SASA), AN INDICATION OF THE AVERAGE VALUE OF THE
PARAMETER (BAR) OR STANDARD DEVIATION FROM THE MEAN (Σ), AS
WELL AS THE NUMBER OF AMINO ACID RESIDUES IN THE SEQUENCE
INDICATED AFTER ”R”

# A, A˚ m Feature name Normalized feature 
importance, a.u.

1 0.5 80 RMSF, r21 0.05±0.02
2 2.0 159

SASA, r3

0.05±0.03

3 0.5 80

SASA, r88

0.02±0.02

4 0.5 80 RMSF, r47 0.02±0.01
5 0.5 80 RMSF, r20 0.02±0.02
6 2.0 159 RMSF, r41 0.02±0.01
7 2.0 159 σ(SASA), r23 0.02±0.02
8 0.5 80 σ(SASA), r74 0.02±0.01
9 2.0 159 RMSF, r34 0.02±0.01

10 0.5 80

SASA, r74

0.02±0.01

While constructing the regression model No. 114 using 
the stable selection method, 29 features important for 
predictions were selected. The first ten features with the 
highest importance are presented in table I. Among the top 
ten important features were those associated with amino 
acid residues at positions 3, 20–21, 23, 34, 41, 47, 74 and 
88. An analysis of the contributions of each of the features
selected as important for predicting the thermal stability of
the barnase mutants revealed that deviations in the values of
five features (# 1, # 2, # 6, # 8, # 10, see table I) account for
more than 80 % of the variance in the contributions of all
features.

Discussion
Previously, three hydrophobic cores were found in 

barnase [10]. In the present work, features associated with 
residues at the positions Val3, Leu20, Pro21, Asn23, Gly34, 
Asn41, Pro47, Ala74, and Ile88 were found to be among the 
most important ones for predicting thermostability. Of these 
amino acid residues, Ile88 is located in the hydrophobic core 
1. The residues at positions 20, 21, and 23 are located on the
same loop as the Ile25 residue from the core 2, and the
Asn41 residue is located in the same alpha helix as Leu42
from core 2. The Ala74 is located in the same beta-strand as
the Ile76 from the hydrophobic core 1. It can be assumed
that the barnase mutants studied here can promote structural

changes affecting significant elements, such as hydrophobic 
core 1 and core 2.

The computational analysis of the barnase mutants 
conducted in the current work leads to the following 
conclusion: it is possible to determine the kind (stabilization 
or destabilization) of the mutational effect on the structure 
of the protein based on the remaining three features: the 
average surface area accessible to the solvent in the region 
of the amino acid residues Val3 and Ala74; the deviation of 
this area in the region of the residue Ala74 from the average; 
the mean-square fluctuations in the region of the residues 
Pro21 and Asn41 in mutants. Such an opportunity can allow 
us to propose new mutations in this protein that will stabilize 
its structure compared to the wild-type protein.
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Abstract — Amyotrophic lateral sclerosis (ALS) is an 
incurable neurodegenerative disease characterised by the 
inevitable degeneration of central and peripheral motor 
neurons. Aggregation of mutant SOD1 is one of the molecular 
mechanisms underlying the onset of the disease. Previously, 
we proposed regression models linking the change in the 
stability of hydrogen bonds in mutant SOD1 calculated using 
molecular dynamics with patients’ survival time. In this work, 
we developed an approach to the interpretation of features of 
linear regression models with the aim of a deeper 
understanding of the structural effects of mutations in the 
SOD1 protein. The approach suggested was based on the 
principal component analysis and over-representation of 
features including the sequence position of amino acid 
residues forming the hydrogen bonds detected within a range 
of the structural elements of the SOD1. This study can help 
one to deduce important structural regions in the protein 
which could be further targeted by small chemical 
compounds.

Index Terms — ALS, SOD1, hydrogen bonds, regression 
models, PCA, over-representation

Introduction
Amyotrophic lateral sclerosis (ALS) is an incurable 

neurodegenerative disease [1]. It is known that the second 
most common and widely studied cause of the familial form 
of ALS are mutations in the SOD1 gene, which encodes 
superoxide dismutase-1 [2]. One of the hypotheses 
regarding the mechanism at the molecular level of the 
disease is an aggregation of the SOD1 protein induced by its 
incorrect folding as a result of mutations [2].

Previously, we proposed a regression models for 
predicting the survival time of patients with ALS on the 
basis of the analysis of the change in the stability of 
hydrogen bonds in SOD1 mutants compared to the wild-
type protein [3]. The stability of hydrogen bonds was 
estimated using the analysis of molecular dynamics (MD) 
trajectories.

In this work, we aimed at interpretation of features 
included into linear regression models to deeper understand 
the structural effects of mutations in the SOD1 protein. For 
this to achieve an approach was suggested based on the 
principal component analysis and over-representation of 
positions of multiple features such as the hydrogen bonds
detected previously.

Methods
The stability of the hydrogen bonds between protein 

atoms and atoms of water molecules and the stability of 

water bridges from MD trajectories were taken from our 
previous paper [3]. For the MD simulation AMBER 12 
software suite was applied there [4] and hydrogen bonds 
were detected with the cpptraj utility for each conformation 
via AmberTools 13 [5].

The observed survival time of patients with different 
mutations in the SOD1 protein was obtained from the 
literature [6]. These data was used to construct multiple 
regression model. To isolate latent factors, the principal 
component analysis was used, followed by varimax 
rotation. Later, latent factors were used as independent 
variables in constructing regression models, the response of 
which was the survival time of ALS patients. In addition to 
the classical least-squares method, robust M-estimates were 
used based on the Huber loss function to construct 
regression models. There were 100 bootstrap steps with 
each estimating the standard error (RMSE) as the mean 
square difference between the predicted and published 
survival times.

An analysis of principal components was also applied to 
unravel the internal structure of hydrogen bonds stability 
formed in the different SOD1 mutants. Over-representation 
of amino acid residues within different structural regions 
was calculated with scipy [7].

The several structural regions were considered in the 
overrepresentation analysis (see e.g. reference [8]).

Results
As a result of the simulation of the wild-type SOD1 and 

its mutants 6381 hydrogen bonds were detected in the MD 
trajectories. However the best RMSE (5.44 years) was for 
the regression model with only 1545 hydrogen bonds left 
after filtering those H-bonds with stability less than 0.1.
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Fig. 1. Spatial structure of the SOD1 monomer with over-represented 
aminoacid residues shown

The results of evaluating the over-representation in 
figure 1. The best regression model using the robust M-
estimates was logistic one resulting in the RMSE of 3.59 
years (see table I).

TABLE I – RMSE OF THE REGRESSION MODELS BASED ON M-
ESTIMATOR AND LEAST-SQUARE APPROACHES

Regression model RMSE, years
Logistic based on M-estimator 3.588
Linear based on M-estimator 4.19
Cubic based on M-estimator 5.6

Cubic least-square 5.75

Discussion
The literature describes amino acid residues that can 

participate in the formation of aggregates of SOD1 protein 
mutants, which are one of the potential factors in the 

development of the ALS disease [8]. The authors identified
regions which involved in the formation of aggregates: the 
electrostatic loop (residues 121 to 144), the disulfide loop 
(residues 49-62) and the loop containing the zinc ion-
binding site (residues 63-84). According to our results, it 
was seen that positions 65, 67, 69, 79, 83 from the zinc-
binding loop and 121, 124–125, 131– 132, 139 from the 
electrostatic loop known to be involved in aggregation were 
also involved in the formation of hydrogen bonds from the 
PC1. Thus, a change in hydrogen bond stability in these 
important positions can simultaneously be associated with 
survival time and affect the aggregation of mutant SOD1.
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Abstract — The effect of HIV-1 Nef protein on the 
demyelination of central nervous system cells is mediated by its 
effect on the cholesterol transporter protein ABCA1. To 
determine the possible interactions of Nef-ABCA1, an expert 
model of the cytoplasmic fragment ABCA1 was constructed and 
modelling of the reciprocal binding sites in the Nef and ABCA1 
structures was carried out. This made it possible to determine 
the interface for the interaction of proteins and localize binding 
sites in them.

Keywords — Nef, ABCA1, demyelination, model, binding site

Motivation and aim

Motivation
It is known that the Nef inhibits the activity of ABCA1, 

disrupts its maturation in the endoplasmic reticulum, and also 
induces the internalization and degradation of the membrane 
protein ABCA1. Chaperon calnexin, with which Nef forms a 
complex, plays an important role in this process.

Aim
Earlier we had shown that Nef interacts with the structural 

epitope ABCA1, which consists of sites in the two adjacent 
cytoplasmic domains [1]. While the site in the C-terminal 
domain ABCA1 was identified by us earlier, other possible 
interaction sites in ABCA1, as well as sites in Nef responsible 
for the interaction, remain unknown. This information is of 
major importance for the rational design of inhibitors.

Methods
To perform the task of searching for other binding sites of

the ABCA1 cytoplasmic domain with Nef, an expert model of 
the cytoplasmic plus transmembrane domains of ABCA1, 
equilibrated by molecular dynamics, was built. Next, 
modeling of binding sites in the Nef and ABCA1 structures 
was performed using global docking, and employing our 
previously developed approach and server [2].

The structure of ABCA1 cytoplasmic domains D1 (847-
1324) and D2 (1870-2261) was modeled by the servers 
Phyre2, iTasser, RaptorX, M4T, SwissModel. In addition, a 
model of the full-sized protein ABCA1 was built using the 
SwissModel server, based on the incomplete PDB 5XJY 
structure (with multiple missing fragments) obtained by 
electron microscopy. Further construction of the model 
structure was carried out by expert modeling.

For subsequent equilibration by molecular dynamics, a 
model was prepared, which contained the transmembrane and 
cytoplasmic parts of ABCA1 and a fragment of the lipid 
membrane. The system was minimized in 5,000 steps, then 
balanced in 1 fs steps for 75,000 steps and 2 fs steps for 
150,000 steps using temperature and pressure coupling. For a 
60 ns trajectory, the NPT ensemble was modeled at a 

temperature during the 310K simulation. All simulations were 
performed using the full atomic force field CHARMM36 and 
GROMACS software.

The previously constructed model of the structure of Nef 
protein [3] was also equilibrated by molecular dynamics 
method. Given the mobility of the Nef protein loops, 5 
different conformation clusters were selected that most fully 
represent the space of conformational states. Representative 
structures of these clusters were used for docking.

The model of the cytoplasmic part of ABCA1, obtained
after molecular dynamics, was used for docking with models 
of the Nef structure. Docking was carried out between the Nef 
structure models and the structure model of the cytoplasmic 
part of ABCA1 without a membrane, using ZDock, 
SwarmDock, GrammX and ClusPro servers. A total of 80 
docking models of the interaction of cytoplasmic part of 
ABCA1 with Nef were obtained.

After excluding docking models in which Nef overlapped 
the structural region occupied by the membrane, eighteen 
ABCA1 - Nef models were selected.

Results
Considering that the N-terminus of Nef protein is lipidated 

at the Gly2 residue with the myristic acid residue, which 
serves to anchor Nef in the membrane, there remains only one 
ABCA1-Nef docking model, satisfying such spatial criteria. 
Using the QASDOM server [2], we determined the ABCA1 
and Nef protein regions that form the interaction interface. 
The binding sites are centered on residues for which the 
largest number of intermolecular atomic interactions is shown. 
For ABCA1, these are Ser1023, Leu1026, Leu1972, Thr1261, 
Pro1267, Leu1282, Pro1284, Thr1305. For Nef: Asp32, 
Asp40, Asn51, Cys59, Trp61, Tyr85, Asp127. These putative 
binding sites will be used for structurally oriented virtual 
screening.

ACKNOWLEDGMENT

This work was supported by a grant from RFBR 17-54-
30021 NIZ_a.

REFERENCES

[1] Jacob D. et al. The ABCA1 domain responsible for interaction with 
HIV-1 Nef is conformational and not linear // Biochem Biophys Res 
Commun 2014. Vol. 444. P. 19.

[2] Anashkina AA. et al. Meta-server for automatic analysis, scoring and 
ranking of docking models // Bioinformatics 2018. Vol. 34. P. 297.

[3] Hunegnaw R. et al. Interaction Between HIV-1 Nef and 
CalnexinHighlights // Arteriosclerosis, thrombosis, and vascular 
biology 2016. Vol. 36. P. 1758.

614



DOI 10.18699/BGRS/SB-2020-375

Beta-bends as an example of conformationally predetermined 
segments of Protein. Conditions of stabilization

of the structure and role of context
Anastasia A. Anashkina

EIMB RAS, Moscow, Russia
nastya@eimb.ru

Vladimir O. Chekhov
EIMB RAS, Moscow, Russia

bock@eimb.ru

Ivan Yu. Torshin
FIC IU RAS, Moscow, Russia

tiy135@yahoo.com

Leonid A. Uroshlev
IGG RAS, Moscow, Russia
leoniduroshlev@gmail.com

Natalia G. Esipova
EIMB RAS, Moscow, Russia

nge@eimb.ru

Vladimir G. Tumanyan
EIMB RAS, Moscow, Russia

tuman@eimb.ru

Abstract — Conformations of the local protein structures is 
determined by the balance of their own energy characteristics 
and the context (flanking regions). The conformation of a given 
fragment becomes predetermined if the contribution of the 
context is clearly defined. Beta bends were chosen as the object 
of the study due to availability of formalised classification of this 
structure, small number of variables that determine the 
conformation of a segment, as well as the beta bends high 
prevalence in the three-dimensional structures of proteins. 
Using the PDB data, a complete cluster analysis of the 
conformationally predetermined beta-bend segments of the four 
main types was performed. Statistical data on the 
conformational parameters, amino acid composition and the 
amino acid sequences in beta-bends and their flanking regions 
were summarized. Factors have been established that stabilize 
the beta bend (additional hydrogen bonds between the residues 
involved in the bend) and the beta hairpin, flanking the bend 
(presence of a conformationally stable peptide). The existence of 
such stabilizing hydrogen bonds is confirmed by quantum 
chemical calculations of the energy of the fragment including 
bending. Stabilization of the hairpin neck is achieved by a 
conformationally stable hexapeptide in the conformation of the 
beta strand that is included in the structure, which is also 
confirmed by the method of denaturing molecular dynamics.

Keywords — beta-bends, conformational analysis, 
predetermined conformations, quantum chemistry, molecular 
dynamics

Motivation and aim

Motivation
The solution of the problem of protein structure can be 

reached it seems, by pursuing the studies of multi-scale 
components of the native protein structure. And though the 
purely structural aspects of these units are described 
sufficiently well and exhaustively, the issues of their 
stabilization and conditions for the formation of local 
structures are only waiting to be resolved. To approach these 
issues we employ the example of beta bends, the local 
structures whose conformations are characterized by a small 
number of the degrees of freedom.

Aim 
Geometric aspects of the formation of beta-bends were 

explained by us earlier on the basis of the idea of a topological 
lock [1, 2], where closing a pseudocycle through a hydrogen 
bond reduces the number of significant independent 
parameters determining the conformation to four. Thus the 

number of theoretically possible structures decreases to two. 
Moreover, one solution corresponds to an experimentally 
determined structure, and the second solution cannot be 
realized due to the unacceptable atom-atom contacts [2]. The 
purpose of this study is to establish the energy aspects of the 
formation of predetermined conformations, including the 
contribution of flanking regions.

Methods
To calculate the geometry of molecules and optimize 

energy, we used the methods of clustering, Voronoi-Delaunay 
decomposition, enumeration of conformations, distance 
geometry, AM1, as well as the ab initio method in the 
approximation of 6-31 ++ G * with the MP2 correlation.

Results
Using the data of PDB database (including structures 

solved by the neutron diffraction method), a cluster analysis 
was performed of the four main types of beta bends identified 
by us as conformationally predetermined. Statistical data were 
collected on the conformational parameters, amino acid 
composition and amino acid sequences (including assessment 
of the residue conservation) in the beta-bends and flanking 
regions. A quantum chemical calculation of the change in total
energy depending on the orientation in space of the NH-bond 
of the second residue in the beta-bend, made it possible to 
draw a conclusion that an additional H bond is formed 
between the carbonyl oxygen of the residue i in the beta-bend 
and the amine nitrogen of the residue i + 2. Another source of 
stabilization of the local structure as a whole is the 
confomationally stable (adopting the beta-strand 
conformation) peptide WKVEVND that secures the neck of 
the beta hairpin.

ACKNOWLEDGMENT

Supported by the RFBR grant 20-04-01085.

REFERENCES

[1] Uroshlev, L.A., Torshin, I.Y., Batyanovskii, A.V., Esipova, N.G. and 
Tumanyan, V.G., 2015. Disallowed conformations of a polypeptide 
chain as exemplified by the β-turn of the β-hairpin in the α-spectrin 
SH3 domain. Biophysics. 60(1): 1-9. 

[2] Uroshlev, L.A., Torshin, I.Y., Batyanovskii, A.V., Esipova, N.G. and 
Tumanyan, V.G., 2019. Predetermined Conformations in Bends of 
Polypeptide Chains: A Geometric Analysis. Biophysics, 64(2): 195-
202.

615



DOI 10.18699/BGRS/SB-2020-376

Modeling of single-molecule FRET-experiments on protein 
folding: from coarse-grained to all-atom simulations

Vladimir A. Andryushchenko
IT SB RAS, Novosibirsk, Russia

NSU, Novosibirsk, Russia
vladimir.andryushchenko@gmail.com

Sergei F. Chekmarev
IT SB RAS, Novosibirsk, Russia

NSU, Novosibirsk, Russia
chekmarev@itp.nsc.ru

Abstract –– A key question in the application of the single-
molecule Förster resonance energy transfer (smFRET) to study 
protein folding is how the dyes can affect the process of folding. 
Understanding of these effects is particularly important for 
small proteins, for which the dyes can be comparable in size with 
the protein. Also, the smFRET-experiments require a support 
from simulations in order to interpret the results of the 
measurements.

Keywords –– FRET-experiments protein folding molecular 
dynamics

Motivation
A key question in the application of the single-molecule 

Förster resonance energy transfer (smFRET) to study protein 
folding is how the dyes can affect the process of folding.
Understanding of these effects is particularly important for 
small proteins, for which the dyes can be comparable in size 
with the protein. Also, the smFRET-experiments require a 
support from simulations in order to interpret the results of the 
measurements.

Results
In this work, we modeled smFRET-experiments on 

folding of BBL domain, the protein that consists of 45 amino 
acid residues [1,2]. The FRET protein construct is a system 
that is presented by the protein and two dyes at the protein 
termini, as it is in the experiment. 

First, to gain a general insight into the problem, a coarse-
grained representation of the FRET-construct was used [3]. 
Specifically, the amino acid residues were replaced with
monomers at the positions of C-alpha atoms, and the dyes 
were represented by chains of monomers mimicking the 
fluorophores and linkers. Using the method of molecular 
dynamics (MD), the simulation of the folding of the protein 
itself (as a “baseline” system) and of its FRET-construct was 
performed. It was found that the presence of dyes and, in 
particular, the appearance of the excluded volume in the 
spatial protein conformations due to the dyes, does not prevent 
the protein from folding into its native state. Also, due to the 
loading of the FRET-constructs with massive dyes, the FRET-
construct folds considerably slower than the protein itself, 

which leads to a significant increase in the average folding 
time. 

This preliminary study was followed by the most realistic 
MD simulation available up-to-date – the protein and dyes 
were described at atomic level of resolution, an explicit 
solvent was used, and a brute-force modeling of folding 
trajectories from an extended state of the protein was 
performed. As the dyes in the FRET-construct, the Cy3 and 
Cy5 fluorophores were used, which were attached to the 
protein termini. The protein and 25,000 water molecules 
(TIP3P) modeling the solvent were placed in a cube with a 95 
A edge and periodic boundary conditions. The simulations
were performed by the MD method in the framework of the 
CHARMM36m program [4]. It was found that at T = 300K, 
the native states of the protein and the FRET-construct are 
stable. Fifteen MD folding trajectories for both the protein and 
FRET-construct were generated. It has been found that the 
presence of dyes does not change the overall picture of folding 
except that the FRET-construct folds considerably slower than 
the original protein. The FRET-efficiency histograms 
constructed on the basis of simulated MD-trajectories have a
tendency to converge and are found in agreement the 
experimental histograms.
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Abstract — Two methods of preprocessing of peptide mass
spectra aimed at identification of lines belonging to the same 
ion series (a, b, c, x, y, z) have been developed. The first 
method is based on the application of integral autocorrelation 
and convolution operations. For noise model spectra of 
peptides, in which m/z values are determined with accuracy 
up to 10-4, this method allows accurate identification of lines 
belonging to different series. However, for the spectra 
obtained experimentally, the accuracy of this method was low. 
To identify the series in the experimentally obtained spectra, 
an approach based on the random forest method was 
developed, which allows each line to be attributed to one of the 
series in the peptide spectrum, taking into account the 
multiplicity of the ion charge. When cross-validation with a 
stratified six-fold sample, the accuracy of this method on data 
from the PeptideAtlas database (more than 40 spectra and 
more than 15 thousand lines) averaged 0.85, the value of the 
AUC parameter was 0.79.

Keywords — linear peptides, mass spectra, integral 
transformation, machine learning

Introduction
An important fraction of the peptidoma of bacteria and 

fungi is non-ribosomal peptides (NRP), representing a class 
of secondary peptide metabolites, and having an extremely 
wide range of biological activity and pharmacological 
properties. According to the Norine database [1], NRPs 
manifest themselves as antibiotics (61%), toxins (17%), 
surfactants (16%), siderophores (11%), antitumor agents 
(4%), immunomodulators (4%), and ~ 25% of the NRPs 
included in the database show multiple activity. In the vast 
majority of cases (73%), NRPs have a complex structure: 
64% are cyclic (partially or completely), 1% have branches, 
8% have overlapping cycles and branches, while only 27% 
have a simple linear structure. The monomers that make up 
NRPs have a wide variety of types (~ 500) and include not 
only 20 proteinogenic amino acids, but also non-
proteinogenic amino acids (Aib, Hpg, etc.) and modified 
forms (methylated, glycolized, D-forms) [2]. In connection 
with their biosynthesis from the non-rybosomal path [3], the 
identification of NRPs by classical methods of 
bioinformatics and genomics is impossible, and is carried 
out only on the basis of mass spectrometry.

Mathematically, the problem of sequencing peptides 
from mass spectra is reduced to the problem of 
reconstructing a set of points X from the set of their pairwise 
distances ΔX. Increasing the dimension of the point space 
and complicating its topology greatly complicates the task 
of reconstructing the set X. Even the relatively simple cases, 
to which the problems of sequencing linear and cyclic 
peptides are reduced, and known as turnpike and beltway 

problems were enrolled in the list of the main problems of 
computational geometry [4].

We previously showed [5, 6] that the potential for 
effective reconstruction of the sequence of amino acid 
residues of a peptide from its mass spectrum directly 
depends on the accuracy of the available data. We have 
provided algorithms that effectively O(N2) reconstructs 
sequences from the theoretical mass of the spectrum, which 
includes only a series of b + and y + ions given with an 
accuracy of 10-3 without noise [6] and with noises of various 
nature [7].

Since the experimental mass spectra include many 
different series of ions with different charges and are 
characterized by a large number of gaps, to start the 
sequencing process with the previously proposed 
algorithms, it is necessary to extract a given ions series and 
restore the lines missing in it.

Results

Integral transform method
We have developed an algorithm aimed at identifying a 

series of spectral lines that correspond to breaks of bonds of 
a certain type (a,b,c,x,y,z) [4]. The identification of the 
series occurs through the sequential application of 
autocorrelation and autoconvolution to the peptide spectra 
and subsequent search for lines, the distance between which 
is determined by a constant specific for each of the series 
(a,x), (b,y), (c,z). The ‘integral transform’ algorithm can be 
used to process spectra of peptides of any type, both cyclic 
and linear. Test calculations using noisy theoretical spectra 
of linear peptides showed the possibility of extracting any 
given series without relying on knowledge of the amino acid 
sequence, which is a new result.

Our experiments showed that the quality of line 
prediction of a given series substantially depends on the 
accuracy of specifying the lines of the spectrum, confirming 
the conclusion made in [6]: the possibility of reconstructing 
the sequence of amino acid residues of a peptide from its 
mass spectrum directly depends on the accuracy of the 
available data. Since the accuracy of the available 
experimental spectra cannot reach the required values 10-3,
the extraction of series from them is accompanied by an 
increase in the number of errors. In particular, this is shown 
by the example of the experimental spectrum of the 
IGITASALTR peptide (see Figure 1a) taken from the 
Peptide Atlas database [9]. For this spectrum we determined 
the series of b+ and y+ ions using the integral transformation 
algorithm described above. It turned out that when only 
lines with high intensity (> 0.1 max) are taken into account, 
the integral transform method finds 7 out of 18 lines of the 
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given series (38%). These lines are shown by blue lines in 
Figure 1a, and the exact lines of these series are indicated 
by dashed lines. It should be noted that taking into account 
the complete set of spectrum lines, including those with low 
intensity, allows us to determine all 18 lines of these series, 
however, resulting in rise in false positive rate.

Fig. 1. (a) the result of the prediction of the b+ and y+ series in the 
experimental mass spectrum of the IGITASALTR linear peptide; (b) 
a set of ROC curves obtained by cross-validation with a stratified six-
fold sample. The ROC curve obtained by averaging over the entire set 
of curves is highlighted in blue. The area under the curve (AUC) is 
indicated in parentheses.

Thus, the integral transformation algorithm turned out to 
be sensitive to errors in the spectrum of peptides that are 
inevitable in the analysis of experimental data. Therefore, 
we decided to use machine learning algorithms to identify a 
series of spectral lines.

Machine learning techniques
We have developed a method for classifying all 

spectrum lines according to the series (a, b, c, x, y, z). In this 
algorithm, the input is the spectrum of the peptide; at the 
output, the algorithm classifies each line of the spectrum 
according to a certain series (a, b, c, x, y, z). The parameters 

of the algorithm are theoretical displacements of distances 
for the m/z ratio between ions of a given mass in different 
series with different charges z (for a charge ion +1, 6 m/z 
values were calculated for each type of ion a, b, c, x, y, z; 
similarly, 6 values were calculated for charge +2 and charge 
+3). After that, if lines with given values of the m/z
parameter were identified in the spectrum, then for this
value the parameter became equal to 1, otherwise the
parameter was assigned to be 0. The m/z ion and m/z
precursor were taken as additional features.

As a data source, we used the Peptide Atlas database 
which contains the spectra of peptides with spectral lines 
marked by type of ions. We used data on 40 spectra (15,250 
lines) for training and data on 8 spectra for control (2998 
lines). The training was performed using the random forest 
method [10]. The results of evaluating the accuracy of the 
method predicting the series type for spectrum lines are 
shown in Figure 1b.

The following accuracy and sensitivity values were 
obtained for the classifier: precision = 0.85 ± 0.12, recall = 
0.55 ± 0.04, MCC = 0.25 ± 0.15, AUC = 0.79 ± 0.04, where 
MCC is the Matthews correlation coefficient, and for 
assessing accuracy and sensitivity for different classes 
macro averaging was used. When constructing the 
classifiers, 10 features were used that provided the 
maximum correlation coefficient MCC and provided a 
class-average accuracy greater than 0.9 at the same time.
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Abstract — To date, a lot of scientific evidences have 
accumulated (limited proteolysis, mass spectrometric analysis, 
electron microscopy) that is not consistent with the generally 
accepted double-helical model of actin filament (F-actin) 
organization in eukaryotic cells. This entails an ambiguous 
understanding of many key cellular processes in which actin 
filament is involved. For a detailed understanding of the 
mechanism of actin polymerization and the interaction of actin 
with its partners, it is necessary to have a correct model of the 
structural organization of the actin filament at the molecular 
level. In this work, 155 structures of actin (from wild rabbit) 
obtained by X-ray diffraction and electron microscopy 
technique were analyzed. From the pairwise alignment and the 
calculation of the root mean square deviation for these 
structures, it follows that they are very similar. Our preliminary 
data on limited proteolysis and mass spectrometry analysis show 
that areas inaccessible for acting of proteases are completely 
open in the existing models of F-actin. Thus, in this work a new 
model for filamentous actin is proposed.

Keywords — actin, monomer, filaments, proteolysis, accessible 
surface area

Motivation and aim

Motivation
Actin is the most abundant protein in eukaryotes. Analogs 

of actin protein have also been found in bacteria [1-3] and 
archaea [4,5]. In a cell, actin can exist in two forms: globular 
(G-actin) and fibrillar (F-actin). The length of globular actin 
is about 375 amino acid residues, and the molecular weight is 
about 42 kDa. In vertebrates, depending on the isoelectric 
point, three isoforms of actin α, β and γ are distinguished. α-
actins are mainly characteristic of muscle cells, while β and γ-
actins are characteristic of non-muscle cells. α-actins, in turn, 
are divided into three types: smooth muscle α-actin, skeletal 
muscle α-actin and cardiac muscle α-actin.

The actin transition between the globular and fibrillar 
forms is carried out under the influence of ions and actin-
binding proteins [6-9]. Actin is involved in many protein-
protein interactions [10-13], which allows it to play an 
important role in cell motility and maintaining their shape. 
The interaction of fibrillar actin with myosin is the basis for 
muscle contraction.

Aim
Since the 1950s, intensive studies of the structure of 

monomeric and filamentous actin have been conducted. 
According to the X-ray data analysis of polymeric actin, it was 
suggested that actin filaments can be helical [14]. Based on 
the EM analysis and data from paper [14], for the first time 
was stated that actin filaments are a double helix [15]. Since 
then, the idea of the double helix organization of filamentous 
actin is generally accepted. The atomic structure of 

filamentous actin in the double-helical form was proposed by 
Holmes in 1990 [16] based on fitting the crystal structure of 
monomeric G-actin in X-ray fiber diffraction data obtained for 
oriented gels of filamentous actin (F-actin) [16]. The 
experimental data (limited proteolysis, mass spectrometric 
analysis, electron microscopy) available today are in 
disagreement with this assumption. Thus, it is necessary to 
reconsider the existing data set in a new way and propose a 
new model that would satisfy the current experimental data.

Methods

Database Collection and Structural Characteristics of Proteins 
The list of actin protein structures available in the Protein 

Data Bank (https://www.rcsb.org) was taken from the 
UniProtKB database (https://www.uniprot.org), record 
number P68135, gene ACTA1, wild rabbit species 
(Oryctolagus cuniculus).

There were 155 structures of actin. From them there were 
72 monomer and 83 oligomer structures. 100 structures were 
obtained by X-ray diffraction analysis with a resolution from 
1.29 to 7.88 Å, 52 structures were obtained by electron 
microscopy with a resolution from 3.6 to 70 Å, and one 
structure was obtained by fiber diffraction with a resolution 
3.3 Å, and two model structures (1ALM and 1UY5). 

The spatial alignment of 155 actin structures, the 
calculation of the root mean square deviation (RMSD) of the 
Cα atoms for each pair of superimposed structures, and the 
calculation of the accessible surface area (ASA) for each 
amino acid residue in the actin structures were performed 
using the YASARA program [17]. If there were several actin 
structures in the pdb file, then only one (first) structure was 
taken for spatial alignment and RMSD calculation. ASA was 
defined as the surface area that is rolled by a ball of water with 
radius 1.4 Å.

Mass Spectrometry Analysis 
For actin polymerization, the sample was supplemented 

with KCl solution to a final concentration of 0.1 M and 
incubated at 37°C for a day. Then, the sample containing the 
fibrillar form of actin was centrifuged for 20 minutes at 10000 
g. The pellet was washed twice with 100 mM NH4HCO3 (pH 
7.5). Thus precipitated fibrils were dissolved in 100 mM 
NH4HCO3 (pH 7.5) to a concentration of 1 mg/ml and 
incubated during 20 hours with the proteinase K in the actin-
to-protease ratio of 25/1). Then, the mixture was 
supplemented with CaCl2 solution to a concentration of 5 mM 
to ensure efficient functioning of proteinase K. After 
incubation with the mixture of proteases, the solution was 
centrifuged at 10000 g during 20 min and washed twice with 
100 mM NH4HCO3 (pH 7.5) and then with 0.1% 
trifluoroacetic acid. The sample was then dried in a vacuum 
concentrator (Eppendorf, Germany). Mass spectrometric 
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analysis of fractions was performed on a high resolution mass 
spectrometer of the OrbiTrap Elite ETD orbital trap-type high-
resolution mass spectrometer (Thermo Scientific, Germany). 
Fragmentation of ions was carried out by the methods of 
dissociative activation by collision (DAC) and electron 
transfer (ET). The mass of ions and ion fragments was 
recorded with a resolution of 240000 and 60000, respectively. 
The obtained fragmentation spectra were processed using the 
PEAKS Studio 7.5 software (Bioinformatics Solution Inc.). 
Peptides for which the ion current signal intensity was greater 
than 105 were regarded significant.

Results
The pairwise spatial alignment of 155 actin structures 

showed that the RMSDs calculated from the Cα atoms for 
these pairs do not exceed 3 Å. It follows that the structures of 
the actin proteins of thewild rabbit (Oryctolagus cuniculus) 
from the UniProtKB record P68135 are very similar. 

Since the core of an actin filament is resistant to proteases 
due to the compact packing of the polypeptide chain, it can be 
assumed that the rest of the chain will be susceptible to 
proteolysis. Thus, it is possible to determine the regions of 
protein that make up the core of actin filament. As a result of 
proteolysis, the following peptides accumulated: 23-35, 97-
107, 130-149, 164-195 and 331-339. From these data, it can 
be assumed that actin filaments should be formed so that the 
regions that make up its core are not accessible to the solvent. 
The accessible surface areas (ASA) of experimentally 
determined regions (23-35, 97-107, 130-149, 164-195 and 
331-339) for filamentous (2W49, 1M8Q, 3G37, 3J8K, 6BNP) 
and monomeric (2ZWH) structure of actin from our database 
were calculated. It is worth noting that, in average, accessible 
surface area for amino acid residue is about 200 Å². An 
analysis of the data showed that in the filamentous structures 
only the region 164-195 is less accessible to the solvent in 
comparison with the monomeric actin structure. The 
differences in the ASA for the regions (23-35, 97-107, 130-
149, and 331-339) between filamentous and monomeric actin 
structures is not revealed. Thus the existing filamentous 
structures of actin do not satisfy the experimental data on the 
treatment of F-actin with proteinase K.

Then, two models of filamentous actin were made, so that 
the regions that make up the core of the filaments were as little 
as possible accessible to the solvent. These models were 
designated as “circle” and “helix” (Fig. 1).

Fig. 1. The models of filamentous actin “circle” and “helix”.

From the calculations it follows that the “circle” model is 
more consistent with the experimental data on the treatment of 
F-actin with proteinase K than the “helix” model. Moreover, 
“circle” model type contradicts the experimental data on 
electron microscopy (not published), and the “helix” model is 
consistent with these data.

Thus, in this work, an attempt to construct a model of 
filamentous actin based on the available new experimental 
data was made.
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Abstract — Some results of accuracy and inconsistencies of 
disordered predictors prediction compared on proteins regions 
from DisProt database are presented. Results are compared for 
more than 20 predictors applied on different versions of DisProt 
database.
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Introduction
It is well known that Intrinsically Disordered Proteins 

(IDPs) play significant role in key biological processes 
including signaling, recognition, regulation and cell cycle 
control [1]. Consequently, they are associated with various 
human pathologies, such as cancer, diabetes, cardiovascular 
and neurodegenerative diseases [2] and therefore are in the 
focus of many researches.

The process of experimentally determining disordered 
regions in proteins is slow and expensive, resulting in 
relatively small number of experimentally confirmed 
disordered regions. Information about such region were 
collected from the literature (manually curated) in DisProt 
database of proteins with experimentally detected disorder 
regions [3,4,5]. Number of collected regions vary from 152 
proteins with 176 regions in DisProt 1.0 (released in 2003 
year) to 1713 proteins with 7902 regions in DisProt V8.01. 
(released in 2019 year). The number of proteins and regions 
are even smaller because database include information about 
ambiguous and obsolete regions. Because importance of IDPs 
and their roles in many processes, as a consequence of slow 
and inefficient process of experimentally detecting, large 
number of computer programs - disorder predictors - has been 
developed for prediction of disordered regions in proteins.

As the reasons and mechanism of appearing disordered 
regions in proteins are not theoretically formally described, 
different methods and bases are used for prediction algorithms 
in disorder predictors (for example, see [6]). Some predictors 
behave better in one class of proteins and opposite. But 
researchers do not have any guarantee which predictors acts 
better and more accurate on completely new and previously 
unknown (unclassified) protein. In some cases, applying two 
or more predictors can lead to contradictory and confusing 
results. 

The aim of this work was to analyze predictors results over 
experimentally verified disorder regions. This was motivation 

to apply predictors on proteins collected in DisProt database, 
and compare obtained results with expected i.e. 
experimentally confirmed as potentially "stable point".

Matherial and Methods
Material used in research includes all proteins from 

DisProt version 1.0 to DisProt Version 8.01. There are a lot of 
changes between DisProt consecutive versions. The changes 
include adding and removing proteins that were declared as 
disordered, obsolete regions, different AA contents of 
disorder regions and change in fractional differences, change 
in protein sequence, removing information about ordered 
regions which exist up to version 6.02, etc. Nevertheless, 
because DisProt is the one and only available collection of 
experimentally detected disordered regions it is used as 
benchmark.

Analysis is done using over 20 most commonly used 
disorder predictors divided into two group based on the 
method access possibilities. The first group includes 
predictors available for download and used in local 
environment as standalone versions, while the second one 
includes predictors that can be used over corresponding web 
sites. 

The analysis includes a comparison of predicted and 
experimentally found disordered regions, as well as different 
predictors aspects including precision and accuracy at the 
points on the timeline associated with the detection of the 
regions and the construction of the predictors. 

In addition to use as criteria direct hit (match, intersection) 
with the positions of the experimentally confirmed regions, 
other different criteria was used like approximate guessing, 
i.e. did the predictor predict the position in the environment or 
nearby the positions of regions in DisProt, method used to 
identify disordered regions, percentage of matched regions 
known at the time of predictors were announced and 
percentage of matched regions known after predictors were 
announced.

Results
Analysis produced very different results. Some predictors 

had very high level of correct predictions, but, as expected,
there is no predictor that behaves as "the best" in all cases. 
Moreover, in some cases when consensus of some predictors 
was taken, these results did not match positions of
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experimentally detected regions. Some cause of the lower 
quality of the results of some predictors are possible 
consequences of change between consecutive DisProt version 
that was used as benchmark. This is especially evident for 
difference between percentage of matched regions known 
before and after predictor announced. Obtained results suggest 
that for some predictors additional training which takes latest 
versions of DisProt DB can be useful.

REFERENCES

[1] V.N. Uversky: “Introduction to Intrinsically Disordered Proteins 
(IDPs)”, Chem Rev. 2014;114(13):6557–60.

[2] V.N. Uversky, C.J. Oldfield,and A.K. Dunker: ”Intrinsically 
Disordered Proteins in Human Diseases: Introducing the D2 Concept”,
Annual Review of Biophysics (2008), Vol. 37:215-246.

[3] S. Vucetic et al. “DisProt: a database of protein disorder“,
Bioinformatics. 2005 Jan 1;21(1):137-40. Epub 2004 Aug 13.

[4] A. Hatos et al. “DisProt: intrinsic protein disorder annotation in 2020”,
Nucleic Acids Research, Volume 48, Issue D1, 08 January 2020, Pages 
D269–D276.

[5] D. Piovesan et al. “DisProt 7.0: a major update of the database of 
disordered proteins”, Nucleic Acids Research, Volume 45, Issue D1, 
January 2017, pages D219–D227.

[6] F. Meng, V.N. Uversky, L. Kurgan: “Comprehensive review of 
methods for prediction of intrinsic disorder and its molecular 
functions”, Cellular and Molecular Life Sciences volume 74, pages 
3069–3090(2017).

.

622



DOI 10.18699/BGRS/SB-2020-380

Status of methylation and transcriptional activity of ecdysone 
receptor EcR gene in the Colorado beetle Leptinotarsa 

decemlineata say after application of S-adenosylmethionine
Yuri Nikonorov 

Institute of Biochemistry and Genetics 
Ufa Federal research centre of RAS

Russia
griffinriders@mail.ru

Tansulpan Akhmetkireeva
Institute of Biochemistry and Genetics

Ufa Federal research centre of RAS
Russia

tansulpan.ufa@gmail.com

Galina Benkovskaya
Institute of Biochemistry and Genetics

Ufa Federal research centre of RAS
Russia

bengal2@yandex.ru

Keywords –– DNA methylation, Colorado potato 
beetle, ecdysone receptor gene

Motivation and Aim 
Gene of ecdysone receptor coding the protein EcR 

belongs to superfamily of nuclear steroid receptors, which 
has an evident domain structure and is of great importance 
for insect development and reproducing [1]. In cells of 
different tissues protein EcR presents as a combination of 
its isoforms coded by some variants of mRNA generated 
consequently by alternative splicing and change in isoforms 
balance has phenotypical exhibition [2]. In the Colorado 
beetle Leptinotarsa decemlineata Say two variants of 
mRNA coding A and B1 isoforms with tissue-specific 
character of their number variations are described [3]. Our 
aim is the definition of DNA methylation character in 
separate loci of gene EcR coding region in the Colorado 
beetle, investigation of environmental effects and detection 
of correlation between DNA methylation and 
transcriptional activity of EcR gene. 

Methods and Algorithms 
Adult Colorado beetles sampled in potato plantation 

were used as an object. The source of methyl groups 
(Heptral – S-adenosylmethionine, SAM, Abbott 
Laboratories GmbH, Germany) was applied as suspension 
(80 mg/10 ml of water) for treatment of fresh potato leaves 
intended for beetles feeding. DNA and RNA were extracted 
from tissues of thorax and gonads of adults by phenol-
detergent method. The presence of 5-methylcytosine in 
Colorado beetles DNA was determined by MSRE-PCR 
(methyl-sensitive PCR). Transcriptional activity of genes of 
ecdysone receptor EcR, DNA-methylase Dnmt1 and protein 
transporter of juvenile hormone Juv was evaluated by qRT-
PCR with reference gene RP18.

Results: The presence of methylated cytosine in DNA 
coding the regions of EcR gene in the L. decemlineata Say 
is of a specific character: DNA site for HpaII restrictase in 
exon distinctive for B1 isoform degraded completely under 
hydrolysis in all cases, i.e. it is constantly demethylated. 
Considerable part of DNA in exons specific for A isoform 
and constant for both isoforms is methylated permanently in 
a varying degree. In two months the addition of methyl 
group source (SAM) to food caused decrease of methylation 

level in coding region of EcR gene in adults of both sexes.
Content of mRNA of EcR gene in cells of thorax increased 
6,1–fold in males and 2,2-fold in females; in gonads it 
increased 7,7-fold and 9,1- fold respectively. The ratio of 
mRNA variants coding A and B1 isoforms changed to 
prevalence of A-isoform in muscles as well as in gonads in 
males and females. At the same time mRNA content of 
Dmnt1gene reduced to a certain degree and the content of 
mRNA of Juv gene increased dramatically, especially in 
female gonads. Similar but more expressed changes in 
transcriptional activity of these genes were observed right 
after feeding beetles by nontreated by SAM potato leaves: 
in an hour after feeding we noted more than two-fold 
decrease of mRNA of Dnmt1 gene content and more than 
10-fold increase of mRNA of Juv gene content. However in 
this case transcriptional activity of EcR gene decreased 10-
fold. 

Conclusion
Effect of SAM addition to food is of long-term 

character exhibited as change of methylation status and 
expression of EcR gene in the Colorado beetle. We suggest 
that methylation of DNA takes part in regulation of mRNA 
splicing of EcR gene. A considerable part of methyl group 
donors most probably includes in juvenile hormone 
metabolism. Initiation of this process activated by SAM 
treatment leads to deficit of endogenic donors of methyl 
groups the consequence of which is the phenomenon of
DNA demethylation.
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Abstract — Immune regulation at the maternal-fetal 
interface is complex due to conflicting immunological 
objectives: protection of the fetus from maternal pathogens 
and prevention of immune-mediated rejection of the 
semiallogeneic fetus and placenta. Interferon (IFN) signaling 
plays an important role in restricting congenital infections as 
well as in the physiology of healthy pregnancies. While type 
III IFNs stimulate antiviral protection, which can protect the 
fetus and placenta from certain viral infections, type I IFNs 
have the opposite effect, damaging the structure and function 
of the placenta.

The relevance of this project is due to the ability to create 
a domestic highly effective, safe and inexpensive drug based 
on pegylated interferon lambda (PEG-interferon-λ1). 
Therefore, it is very important to conduct a preclinical study 
of the mutagenic properties of the drug based on PEG-
interferon-λ1 in experimental animals and in the somatic 
mosaic test system

Keywords — finished dosage form based on PEG-
interferon-λ1, mutagenicity 

Introduction 
Barrier surfaces such as the epithelium lining the 

respiratory and gastrointestinal (GI) tracts, the endothelium 
comprising the blood–brain barrier (BBB), and placental 
trophoblasts provide key physical and immunological 
protection against viruses. These barriers utilize 
nonredundant mechanisms to suppress viral infections 
including the production of interferons (IFNs), which 
induce a strong antiviral state following receptor binding. 
However, whereas type I IFNs control infection 
systemically, type III IFNs (IFN-ls) control infection locally 
at barrier surfaces and are often preferentially induced by 
these cells. In addition, it is widely known that epithelial 
cells predominantly produce IFN-λ rather than type I IFN; 
and lambda interferon receptor 1 (IFNLR1), a specific 
receptor for IFN-λ, is highly expressed in cells of epithelial 
origin.

It should be noted that, in contrast to other types of 
barrier cells that have been studied fairly well and are 
widely described in the literature, evidence that type III 
IFNs play an important role in protecting human placenta 
from viral infections has appeared relatively recently.

Interestingly, type III IFNs are constitutively released 
from human trophoblasts in the absence of any viral 

infections [4-6]. Accordingly, the medium isolated from 
uninfected primary donor human trophoblastic cells or from 
chorionic villi isolated from placenta of average human 
gestation can exhibit strong antiviral activity against RNA 
and DNA viruses, including teratogenic viruses such as Zika 
virus (ZIKV), rubella (RuV), human cytomegalovirus
(hCMV), chickenpox virus (VZV) and herpes virus (HSV-
1)[4-7].

In contrast, when pregnant uterus was infected later 
during pregnancy (after complete development of the 
placenta by ~ E9.5), only placenta lacking functional type 
III IFN signaling showed high vertical ZIKV transmission, 
which correlated with high viral loads on the fetus. fetal 
death, and also led to congenital malformations. Similarly, 
the treatment of pregnant uterus carrying wild-type fetuses 
with recombinant IFN-2 reduced infection with ZIKV by a 
factor of 2500 compared with untreated pregnant uterus [8]. 
This mouse study showed that IFN type III can protect 
against vertical transmission of ZIKV. Another in vivo 
study also showed that recombinant treatment of IFN-ƛ2 of 
pregnant uterus limits the vertical transmission of ZIKV.

While type III IFNs stimulate antiviral protection, which 
can protect the fetus and placenta from certain viral 
infections, type I IFNs have the opposite effect, damaging 
the structure and function of the placenta. Accordingly, 
human chorionic villi isolated in the second trimester of a 
human pregnancy treated with recombinant type I rather 
than type III, IFN-β, showed a large number of syncytial 
nodes that are associated with damage to the placenta and 
decreased production of the necessary hormones of 
pregnancy [9]. This study suggests that type I IFNs can 
damage the placenta, while type III IFNs may have a 
protective effect [9].

In order for these drugs to be used in obstetrics and 
gynecology, they must be checked for mutagenic activity.

At the moment, a prototype of the drug interferon 
lambda is created, which is a recombinant interferon 
lambda-1 conjugated with polyethylene glycol by the 
method of radiation synthesis. This drug is a lyophilized 
substance for parenteral and enteral administration.

For its use in gynecological practice, it is necessary to 
make sure that it does not have a mutagenic effect.

The aim of the study was to evaluate the mutagenic 
properties of the preparation based on PEG-interferon-λ1 
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in CBA / CaLac mice and in somatic Drosophila 
melanogaster cells.

Research Objectives:
1. To study the mutagenic effect of the drug (INF-l1) on 

the appearance of cytogenetic abnormalities in bone 
marrow cells (hereinafter BMC) during single and course 
intragastric administration of CBA / CaLac mice by 
chromosomal aberration accounting.

2. Investigate the mutagenic properties of the drug 
based on PEG-interferon-λ1 in the test system of somatic 
mosaicism.

The object of the study was a finished dosage form 
based on PEG-interferon-λ1, CBA / CaLac mouse and flies 
(Drosophila melanogaster).

Materials and Methods
The finished dosage form based on PEG-interferon-λ1 

is an encapsulated form of a lyophilisate immobilized using 
ionizing radiation on polyethylene oxide with a molecular 
weight of 1.5 kDa of recombinant interferon-λ1 isolated 
from the producer strain Escherichia coli SG20050 / pTINF 
lamda. The content of PEG-interferon-λ1 per capsule is not 
more than 480 μg and not less than 320 μg. As fillers, 
maltodextrin and dextran-40 are present in the preparation.

According to the results of preliminary tests of acute 
toxicity of the drug based on PEG-interferon-λ1 for the 
treatment of hepatitis C with intragastric administration to 
white mice, LD50 was not observed. In a single dose 
administration experiment, mice were given a dose of 500 
μg / kg (as the maximum volume) and 50 μg / kg (1/10 of 
the maximum). During the course of administration of the 
drug based on PEG-interferon-λ1 was administered to mice 
intragastrically for 5 days at a dose of 5 μg / kg, which 
corresponds to the intended therapeutic dose of 
ED50.indicated.

Results And Discussion
In mice, after a single and course administration of the 

drug in the studied doses, no clinical changes in appearance 
were found. The results of the studies showed that the 
increase in the mass of male mice at the 1st stage of the 
study after a single injection of the drug at doses of 500 μg 
/ kg and 50 μg / kg did not change compared to the control 
and the group of mice that were injected with CF once. At 
the 2nd stage of the study, in the 6m group, which was 
administered the drug at a dose of 5 μg / kg, there was a 
tendency to increase the weight gain of male mice, and the 
weight of the females did not change.

The study found that the number of damaged cells in the 
group of mice receiving a single dose of PEG-interferon-λ1 
at a dose of 500 μg / kg and 50 μg / kg at 24 hours exposure 
remained at the level of structural disturbances in the 
negative control and significantly differed in terms of 
cytogenetic activity when compared with positive control.

Therefore, a single intragastric administration of the 
drug PEG-interferon-λ1 at these doses does not increase the 
level of chromosomal aberrations in the bone marrow cells 
of mice.

It can be concluded that five-time course administration 
of PEG-interferon-λ1 at a dose of 5 μg / kg in males and 
females does not change the proportion of damaged bone 
marrow cells, does not increase the number of cells with 
chromosome gaps as compared to the control.

Thus, a single and course intragastric administration of 
the drug does not increase the proportion of damaged 
metaphases in bone marrow cells of mice.

Conclusion 
According to the results of the study, it can be concluded 

that a single intragastric administration of the studied drug 
based on PEG-interferon-λ1 at a dose of 500 μg / kg and 50 
μg / kg, as well as its course administration (at a dose of 5 
μg / kg x 5) do not increases the level of cytogenetic 
disorders in bone marrow cells of CBA / CaLac mice. Using 
the yellow and singed markers in the somatic recombination 
test system, no increase in the number of mutant bristles and 
spots on the body and head was found in Drosophila 
melanogaster.

Thus, we can conclude that the finished dosage form 
based on PEG-interferon-λ1 does not have mutagenic 
properties in these tests.
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Abstract — Prostate cancer (PC) is one of the most common 
and socially significant oncological diseases in men. This study 
examined the transcriptome profile of the most common 
molecular genetic subtype of prostate cancer, TMPRSS2-ERG. 
As a result of bioinformatics analysis conducted on the basis of 
The Cancer Genome Atlas project data, 115 differentially 
expressed genes were identified for this study group, and in 
particular, the most over-expressing genes were identified: 
ALOX15, CACNA1D, EML6, HLA-DMB, NKAIN1, OGDHL,
PLA1A, SYT13. Enrichment pathways analysis showed that 
these genes are participants in important oncologically 
significant pathways, which emphasizes the association of this 
molecular subtype with an unfavorable prognosis for prostate 
cancer.

Keywords — TMPRSS2-ERG, TCGA, prostate cancer, 
sequencing

Introduction
Prostate cancer (PC) is one of the most common and 

socially significant oncological diseases in men. At the 
molecular genetic level, prostate cancer can be divided into 
seven subtypes, the most common among them being the 
subtype characterized by the presence of the chimeric 
transcript TMPRSS2-ERG (up to 45% of cases) [1, 2]. This 
transcript is the result of translocation between exon 1 of 
TMPRSS2 gene and exon 4 of ERG gene [2, 3]. According to
the results of numerous studies, the presence of the 
TMPRSS2-ERG transcript is most often considered an 
important predictor of unfavorable prognosis [1, 2, 4]. The 
aim of our study is to investigate the characteristics of the 
transcriptome profile of this molecular subtype, which can 
serve as a basis for understanding the mechanisms of 
progression in prostate cancer and help in the search for 
informative prognostic markers.

Methods
The study included PC samples RNA-Seq data of The 

Cancer Genome Atlas project. The cohort was divided into 
two groups: tumors with TMPRSS2-ERG fusion transcript 
(88 cases) and TMPRSS2-ERG-free tumors (117 cases). 
Samples have appropriate ERG expression signature. 
Differential expression analysis was performed in statistical 
environment R using the EdgeR package was used. The 
Mann-Whitney test, Exact test and quasi-likelihood method 
(QLF) were used for statistical analysis. To exclude false 
positive results FDR method was used. Enrichment pathways 

analysis was performed using clusterProfiler and 
ReactomePA packages. The results were considered 
statistically significant with a QLF p-value <0.05.

Results
We found out at list 115 differentially expressed genes 

between the studied groups (fig.1 – Differentially expressed 
genes TMPRSS2-ERG molecular subtype PC). Among those 
next genes are of most interest with fold-expression level more 
than 4 for TMPRSS2-ERG-positive group: ALOX15,
CACNA1D, EML6, HLA-DMB, NKAIN1, OGDHL, PLA1A,
SYT13. The following genes showing overexpression in 
TMPRSS2-ERG-positive group of samples are marked: 
ALOX15, CACNA1D, EML6, HLA-DMB, NKAIN1, OGDHL,
PLA1A, SYT13. According to the results of enrichment 
pathways analysis, these genes are participants in the 
following cancer-significant pathways in the KEGG database
associated with the progression: Arachidonic acid metabolism 
(hsa00590), Focal adhesion (hsa04510), Mucin type O-glycan 
biosynthesis (hsa00512), Notch signaling pathway 
(hsa04330), PI3K-Akt signaling pathway (hsa04151), 
Prostate cancer (hsa05215), Sphingolipid metabolism 
(hsa00600). Thus, the results underscore the potential 
association with an unfavorable prognosis in the group of 
samples belonging to the molecular subtype TMPRSS2-ERG.
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Abstract — It is already known that lesions in the 
organization of the nuclear envelope (NE) negatively affects 
the stability of the genome functioning, transport of molecules 
between the nucleus and the cytoplasm, as well as the process 
of cell division. In previous studies we demonstrated the 
atypical interaction of ER membranes with the outer nuclear 
membrane (ONM) at the prometaphase stage, leading to the 
formation of 4-layered membranes and a disassembly delay of 
the NE [1]. Our current study is focused on the ultrastructural 
organization of Drosophila D11 cells, which shows a 
significant decrease in the number of dividing cells. Our TEM 
analysis demonstrated that the nuclei of many cells contain 
numerous microtubules in the nucleoplasm, slightly 
compacted chromosomes and an atypical NE with extended 
folds and outgrowths shaped like 4layered membranes. These 
structures represent membrane complexes consisting of inner 
nuclear membranes (INM) layers close attached to each other. 
The formation of multilayer fragments from adherent 
outgrowths of the NE was previously observed when the 
lamina protein Lam or the insect-specific protein 
KUGELKERN was overexpressed [2]. According to these 
data we suggest that the low mitotic index of Drosophila D11 
cells division is associated with misregulation of the mitosis 
process, possibly due to imbalance in the expression of genes 
encoding lamina proteins, which stimulates the synthesis and 
elongation of the nuclear membrane without disassembling it. 
Excessive NE membranes form loops and folds protruding to 
the cytoplasm and sticking together due to mutual fusion of 
the INMs forming the quadruple structures.

Keywords — nuclear envelope, endoplasmic reticulum, 
MLDmD11 cell line, nuclear lamina, Drosophila, TEM 

Introduction 
The NE consists of the outer and inner membranes 

(ONM and INM, respectively) clamped together with 
nuclear pore complexes attached to the lamina underlying 
the INM. These are dynamic structures that transform 
throughout cell cycle stages. The proper organization of the 
NE depends on the expression level genes encoding the 
protein components of the ER, ONM, INM and lamina [2]. 
Defects in the NE organization with quadruple membranes 
formation was observed in Hela and C. elegans cells as the 
consequence of LIPIN and TMEM170 protein level 
variability, which are ER and the NE proteins, respectively 
[3,4]. In 2018 we observed similar quadruples formed in 
about 70% of all membranes in 

S2 cells during prometaphase stage [1]. We suggested that 
these abnormalities could be due to LIPIN and TMEM170 
levels misbalance. 

The atypical NE organization was shown when lamina 
proteins were overexpressed in intestinal stem cells and 
enterocytes of D. melanogaster [2]. In particular, 
overexpression of Lam led to extra NE membranes 
formation with small fragments of quadruple membranes 
formed by the INM contacts with itself. 

The aim of the current study was to perform TEM 
analysis of the NE organization in D11 cells which derive 
from the eyeantennal disk of D. melanogaster. These cells 
showed very low mitotic index suggesting the presence of 
defects in the NE dynamics. 

Materials and methods
Cells ML-DmD11 were maintained at 25º C in Shields 

and Sang M3 Insect medium supplemented with 10% Fetal 
Bovine Serum (FBS) and 10 μg/ml insulin [6]. Fixation for 
the TEM analysis performed according to previously 
described method [5]. Ultrathin sections were made with the 
diamond knife (Diatome, Switzerland) on the 
ultramicrotome (Leica ultracut UCT, Vienna, Austria). The 
sections were observed under the JEOL1400 electron 
microscope (Jeol, Japan) in the Interinstitutional center for 
microscopic analysis of biological objects (ICG SB RAS, 
Novosibirsk, Russia). 

Results and conclusions
Detailed TEM analysis revealed the absence of 

quadruple membranes formed by the NE and ER stacking 
on each other similar to those observed in S2 cells. At the 
same time, we found long quadruple membranes formed by 
NE folds and loop-like structures (Fig.1). Nuclei with 
abnormal NE observed in 40% of all examined cells. As a 
result, these NE fragments form long protrusion into the 
cytoplasm suggesting the extra NE growth. The presence of 
numerous microtubules in the nucleoplasm of these cells as 
well as slightly compacted chromosomes may indicate that 
they are paused at the beginning of mitosis. The cytoplasm 
is characterized by high ribosome density and the presence 
of some swellings of ER that also implies that these cells are 
at the beginning of mitosis. It is possible that the nuclei with 
an excess of NE could havedivision problems probably due 
to lamina defects. It was previously demonstrated that 
similar structures can be the result of the lamina protein 
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LAM or the insect KUGELKERN overexpression [2]. 
Presumably, some lamina proteins are overexpressed in 
D11 cells causing extra NE membranes growth and as a 
consequence folds of the NE additional fragments due to 
fusion of INM on itself. To verify this hypothesis, we are
going to measure the expression level of genes encoding 
lamina proteins in D11 cells.
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Hemolysin II of B. cereus sensu lato is synthesized in a 
bacterial cell in the form of a water-soluble secreted 
monomer and penetrates into eukaryotic membranes forms 
weakly anion-selective pores, the radius of which varies 
from 0.6 to 0.8 nm in both natural and model erythrocyte 
membranes [1]. In a mature state, this toxin is the closest 
homologue of S. aureus alpha toxin (38% amino acids 
identity). The HlyII protein has a C-terminal extension not 
previously described in this class of toxins, including 94 
amino acid residues designated as HlyIICTD (C-terminal 
domain) [2]. Removal of HlyIICTD from HlyII does not 
allow transfer of the deletion variant to E. coli cells, possibly 
due to the attack of the bacterial membrane by the deletion 
toxin during its accumulation in the periplasm. Additional
deletion of the signal peptide, which excludes the 
penetration of the protein into the periplasm, provides for 
the cloning of this gene with two deletions in E. coli cells. 
The deletion variant of hemolysin II has a reduced 
hemolytic activity. Using monoclonal antibodies against 
recombinant HlyIICTD, HlyIICTD showed the possibility 
to bind effectively to red blood cells [3]. Purified HlyIICTD 
preparations are capable to trimerization in the presence of 

4M urea and, forming a possibly beta-barrel-like structure, 
integrate into the artificial bilayer membrane with the 
formation of pores. The paper presents the current-voltage 
characteristic of these pores. Such structures are 
characteristic of trimeric autotransporter proteins. In this 
case, the secreted full-sized monomeric form of hemolysin 
II acts as a passenger, and HlyIICTD acts as an element 
involved in adhesion. The materials presented in this paper 
demonstrate the possible functional role of HlyIICTD 
hemolysin II both in pore formation and in the secretion of 
toxin from a bacterial cell, suggesting that hemolysin II may 
belong to trimeric autotransporter proteins – the first case of 
the description of this family of molecules among gram-
positive microorganisms.
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Abstract — Systematic bioinformatic analysis of the growing 
sequence and 3D-structural data representing evolutionarily 
distantly related proteins with diverse properties has a potential 
of becoming a particularly important tool in protein engineering 
and drug discovery, but represents a significant methodological 
challenge. We have developed the Mustguseal platform – a
versatile on-line resource for knowledge-based protein design 
and modulation to facilitate experimental research, freely 
available at https://biokinet.belozersky.msu.ru/m-platform.

Keywords — biotechnology, bioinformatic analysis, methods 
on-line, protein engineering, drug discovery

Motivation and aim

Motivation
Comparative analysis of proteins implementing diverse

functional properties within shared 3D-structure of the 
superfamily is the cornerstone of computational biology to 
study the relationship between structure and function and
solve practical problems of medicine and biotechnology. As 
number of available protein sequences and 3D-structures has 
increased exponentially in recent years, their systematic 
analysis presents growing methodological and computational 
challenges. 

Aim
The common problem of available bioinformatic tools is 

that they require profound skills in computational biology, and 
were designed to handle relatively small datasets. This 
impedes practical use by many investigators in a daily 
laboratory practice and offers limited productivity at large-
scale analysis of families/superfamilies. Our aim was to 
develop easy-to-use tools featuring content-rich interactive 
on-line output that will provide advanced computational 
methods directly to wet-lab scientists.

Results
We have developed the Mustguseal platform – a collection 

of easy-to-use on-line methods that provide access to 
comprehensive bioinformatic analysis in a daily laboratory 
practice. The key web-server Mustguseal can automatically 
collect and superimpose thousands of sequences and 3D-
structures of homologous proteins with high structure, but low 
sequence similarity to the selected query protein [1]. This data 
represent all currently known sequence variability within a 
common fold of a functionally diverse superfamily and can be 
further studied using the sister web-methods. The Zebra2 
web-server can be used to identify subfamily-specific 
positions in protein structures, i.e. the variable amino acid 
residues responsible for functional diversity within the 
common fold, as well as the conserved positions highlighting 

key catalytic and structural residues. This output can be used 
to understand how protein/enzyme performs its inherent 
function, and to select hotspots for rational design or directed 
evolution experiments [2]. The pocketZebra web-server is an 
add-on to Zebra2 that maps subfamily-specific positions onto 
the protein surface to identify and rank binding sites by 
functional significance, annotate novel regulatory centers, and 
select particular positions in the structure that are important 
for selective binding of substrates/inhibitors/effectors [3]. The 
Yosshi web-server can systematically classify and study 
disulfide bonds in protein families, and assist the selection of 
hot-spots for disulfide engineering [4]. The visualCMAT web-
server can help to select and interpret correlated mutations/co-
evolving residues in protein structures to reveal functionally 
coupled residues between topologically independent sites, 
study allosteric communication pathways, and select 
compensatory mutations for protein engineering [5]. The 
integration of these web-based bioinformatic tools provides an 
open-access out-of-the-box solution, first of its kind, to 
systematically analyze all the available sequence and 
structural data describing evolutionarily close and distantly 
related proteins. 

We have used the developed tools to assist the 
experimental research in the fields of protein engineering and 
drug discovery – to study structure-function relationship in 
several protein families and design novel enzymes with 
improved properties (Ntn-hydrolases, penicillin-binding 
proteins, sialidases, α/β-hydrolases, PLP-dependent 
enzymes), to identify previously unknown binding sites for 
modulating ligands and assist the design of complementary 
selective inhibitors [6-11].

We expect that our bioinformatic tools will further bridge 
the gap between methods of advanced computational biology 
and experimental studies, thus promoting the value of 
bioinformatics in protein engineering and drug discovery.
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Abstract — Molecular dynamics (MD) can improve the 
success rate of in silico tools for drug discovery and protein 
engineering by accounting for protein structure 
flexibility/plasticity and predicting the time-dependent behavior 
of a molecular system, but requires specialized training and 
skills, what impedes practical use by many investigators. We 
have developed easyAmber – a comprehensive toolbox to
automate the MD routines implemented in the Amber package,
freely available at 
https://biokinet.belozersky.msu.ru/easyAmber.
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Motivation and aim

Motivation
Computational biology is overwhelmed by “static” 

approaches that take into account only a single PDB entry of 
the protein of interest, e.g., to select hot-spot positions to 
improve its biocatalytic function or design selective inhibitors 
as prototypes of novel drugs. Despite some positive progress, 
the overall success rates of these approaches remain 
disappointingly low, probably because protein structures are 
flexible and the corresponding ensemble of conformations has 
to be explicitly taken into account to understand the structure-
function relationship. Molecular dynamics (MD) can address 
the challenge of accounting for protein flexibility, but presents 
a very complex method that requires specialized training and 
advanced computer experience, thus significantly limiting its 
everyday use. 

Aim
The aim was to develop comprehensive and easy-to-use 

assist software to automate the simulation workflow and thus 
improve the user’s experience with MD. 

Results
We have developed the easyAmber – a set of wrapper 

scripts as a supplement to the Amber suite to assist the MD 
simulation starting from the 3D-model of a protein/protein-
ligand complex. The autoligand.pl master-script assists the 
preparation of the Amber parameter files for a custom low-
molecular-weight ligand. The automodel.pl master-script assists 
the preparation of a full-atom molecular system in water. The 
autorun.pl master-script accommodates the seven-step MD 
simulation pipeline: the initial optimization of the molecular 
system (i.e., three-step energy minimization with water 
relaxation), heating (in the NVT ensemble), equilibration (in 
the NPT ensemble), followed by the classical/conventional 
MD (in the NVT ensemble), and optionally concluded by the 

accelerated MD simulation (in the NVT ensemble). Thus, two 
major MD methods are supported – the classical and 
accelerated MD – that together can help to assess protein 
structure flexibility on a wide range of timescales. 

The easyAmber implements advanced MD protocols, but 
is easy-to-operate on a personal desktop station equipped with 
a compatible gaming GPU-accelerator, as well as a powerful 
supercomputer, thus significantly increasing productivity. The 
new toolkit was used in recent studies of conformational 
plasticity in NanA from S.pneumoniae and human p38α 
MAPK, both featuring well-known targets for drug design, to 
operate hundreds of independent trajectories at various 
settings worth tens of microseconds, using various HPC 
resources [1-3]. A step-by-step practical tutorial to the 
easyAmber was published in the corresponding paper [4], 
with supplementary technical documentation available on-line 
at https://biokinet.belozersky.msu.ru/easyAmber#techdoc.
We hope that easyAmber will contribute to a more widespread 
use of MD in a daily laboratory routine, supporting a recent 
trend away from inefficient “static” approaches in protein 
sciences towards a deeper understanding of structural 
dynamics, leading to a more efficient selection of hot-spots for 
protein engineering and complementary ligands/inhibitors by 
companion in silico tools.
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Motivation: 
Design of a drug molecule that can effectively bind to the 

M2 ion channel and block a diffusion of ions H+ through and 
inhibit influenza A virus replication is an important task.

Methods 
A new class of positively charged, +2, molecules is 

proposed to block diffusion of H+ ion through the M2 channel. 
Several drug candidates, derivatives of a lead compound 
(diazabicyclooctane), is proposed and investigated. Molecular 
dynamics of thermal fluctuations of M2 protein structure and 
ionization-conformation coupling of all the ionizable residues 
were simulated at physiological pH via original methods [1]. 
The influence of the most probable mutations of key drug-
binding amino acid residues in the M2 ion channel are 
investigated too.

Results 
It is shown that the suggested blocker drug molecule has 

high binding affinity for the native and mutant M2 ion 
channel. There are two in-channel binding sites of high 
affinity for the native M2 protein, the first one demonstrates 
formation of two H-bonds with two of four serine residues 
Ser-31A (B) or Ser-31C(D), and the second one has H-bonds 

with two of four histidine residues His-37A (B), or His-
37C(D). Six types of the most probable mutations of residues 
Ser-31A(B,C,D) are analyzed by the same computation 
protocol, as for the native M2 protein, and it is shown that the 
binding site with His-37A(B,C,D) residues is highly 
conservative with high binding affinity. Probability of double 
mutants, namely Ser-32 and His-37 is quite low and does not 
exceed 10-5.The main advantages of the new drug molecule is 
the positive charge, +2, which creates a positive electrostatic 
potential barrier (in addition to a steric one) for a transfer of 
H+ ion through M2 ion channel and may serve as an effective 
anti-influenza A virus drug. 
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Abstract — New methodology of cluster analysis of gene 
expression trends with averaging using a new moving average 
method was developed and applied to metabolically important 
genes in human PBMC cells. Gene expression trends were 
obtained from 5 independent datasets (total number of people was 
2503, including 1551 males and 952 females), and an original 
algorithm was developed and implemented to harmonize them. An 
algorithm for detecting communities on an undirected graph was 
used, where genes were the nodes, and the edges represented 
strong direct and inverse correlation of age-related gene 
expression trends. Optimal values of the hyperparameters for the 
clustering procedure were found, and the averaging procedure 
that developed for the division of the genes into clusters. Non-
monotonic behavior with local minima and maxima was shown for 
the trends of expression of some genes, which may correspond to 
the transition processes between some stages of human aging.

Keywords — bioinformatics, human aging, RNA-seq data 
harmonization, PBMC, trend analysis, graph clustering

Context and the goal

Introduction
System biology research in the aging, especially human 

aging, is an urgent, but still underdeveloped area of modern 
bioscience. Currently, the primary omics data on biomarkers of 
aging and age-associated genes is insufficient for constructing a 
generalized theory of human aging, which would explain the 
facts on the pathophysiology of aging. So far, the aging can be 
defined as a set of underlying pathological interconnected 
processes at various levels of organization of human body [1].

A number of genes is known to be associated with human 
aging and the development of aging-related diseases [2]. 
However, the relationships between these processes and changes 
in the levels of gene expression has not been sufficiently studied. 
Even for genes and proteins with known association with 
lifespan, which signaling pathways are well studied (such as 
AMPK, the regulator of cell metabolism, or transcription factor 
NF-κB, etc.), we do not see unambiguous relationships between 
gene expression change and the major pathological processes of 
aging, such as mitochondrial dysfunction, systemic insulin 
resistance, etc.). There are not many published papers on gene 
expression changes in various types of human cells or tissues 
during aging. This is due to the deficiency of open datasets on 
gene expression in human tissues or cells with large samples and 
age and sex indication. 

Data analysis is also complicated by inter-individual, within-
individual and intersex variability, which leads to “fuzzy” 
distribution of the data on the graphs representing the changes 
of gene expression during aging. At the same time, average 
dynamics (trends) of expression of individual genes is of 
considerable interest, since it can allow us to associate the 
directions and patterns of such trend curves with the pathological 
processes of aging, changes in the tissue cellular composition, 
and the features of the extracellular environment (concentration 
of various metabolites, signaling molecules, etc.). Methods for 

clustering age-related trends for proteomic and metabolomic 
data have been published recently [3, 4]. This report is one of the 
first analyses of age-related gene expression trends.

Research goals and tasks 
The goal of this study is to identify the trends of expression 

of the key metabolic genes during aging, as well as the gene 
clusters based on the dynamics of expression of such genes. This 
requires solving several tasks: 

development of an approach to juxtapositioning data 
from various datasets (so-called “data harmonization”);

development of a method of averaging the merged data 
and obtaining gene expression trends for the set of 
metabolically important genes available in all datasets;

development of a method for assessing the trends of 
correlation between the expression of each pair of genes;

development and application of the methods of 
clusterization of gene expression trends (finding communities 
of correlated trends in the graph) to allow identification of the 
groups of gene with similar dynamics during aging;

analyzing the clusters of the trends in expression of 
metabolically significant genes in human peripheral blood 
mononuclear cells (PBMCs).

Methods
337 genes from human PBMCs were analyzed (separately 

for men and women). The groups of genes of interest are related 
with the use or the production of NAD+ and NADPH in cells, 
the Krebs cycle, glycolysis, pentose phosphate and glutathione 
metabolic pathways, as well as AMPK. The following method 
of identifying the gene expression trends and their clusterization 
was developed.

1. The used pipeline (a script on R language) allowed
obtaining gene expression trends in PBMCs of healthy people 
using datasets from the GEO database [5], including GSE75511, 
GSE30483, GSE47353, GSE68759, and GSE65907, which 
contained information on sex and age of people. The dataset 
GSE65907 with a large sample and a wide age range was chosen 
as the reference. The data from men and women were merged 
for normalization. The normalization was performed for each 
gene from each dataset, except for the referential one 
(GSE65907), by comparing distribution density of the gene 
expression levels with that of the same genes in the reference 
dataset. The distribution turned out to be close to normal. The 
points for aligning the distribution densities were selected taking 
into account the differences in the distribution of people by age 
in each of considered and the reference datasets. Since age 
distribution was different in the sample, the samples of 28 
randomly chosen individuals were selected for each dataset 
including the reference one for gene alignment.The samples of 
the selected individuals where only of these age ranges for which 
age distribution intersected on both sides of the distribution 

635



interval boundaries. A linear function was developed to calculate 
the normalized expression values for each gene ELnorm (gene) 
= EL (gene) * k + b, where the pairs of the parameters (k, b) 
were obtained by iterative minimization. Optim function of the 
standard set of the R language was used, and random pairs of 
numbers in a wide range of values were used as initial 
parameters values. The minimization target function was 
defined by the proximity between 10% and 90% quantiles in the 
reference dataset (in the age-limited samples, as described 
above) and 10% and 90% quantiles of normalized sample from 
a considered dataset. The sets of best pairs of parameters (k, b) 
for each dataset and for each gene were obtained separately.

2. The averaging procedure was performed via a new, a
specially developed moving average method with varying 
window width (R code) to obtain a trend for each gene for the 
combined sample of the data points. The algorithm changes the 
moving averaging window so that the points from a certain age 
range fall into it, which was necessary because the distribution 
of different age groups varied from dataset to dataset. Moreover, 
the selection of the best pairs of parameters from each non-
reference datasets and the reference dataset (k, b) was carried out 
randomly 20 times, and a set of the points normalized in 
different ways was formed. Thus, 20 sets of the pairs were 
obtained and processed by the moving average procedure. Each 
set was smoothed via cubic spline (standard R language 
smooth.spline function) and then, each ultimate gene expression 
trend was calculated as the average for the 20 smoothed trends.

3. The procedure of iterative calculation of the correlation
coefficients in a moving window with a certain step was used to 
cluster the trends for each pair of genes. As a result, a set of 
correlation coefficients was obtained (ranging from -1 to 1), 
showing how the trend curves of the two genes were correlated 
in different age intervals. The distribution density of the 
correlation coefficients was calculated to identify the strongest 
correlations within the entire age range. Thus, strongly 
correlated pairs of the genes were identified, including direct and 
inverse correlations.

At this stage, the best number of clusters was estimated via 
hierarchical clustering and clustering of k-means using the 
Сalinsky-Harabasz index [6]. The connection graph was 
constructed where the connections imply strong correlation of 
the gene expression trends. I searched for the communities in the 
graphs obtained from the data from men and women calculating 
the distribution of genes in the clusters based on the trends of 
their expression during aging as well as the modularity of graphs 
using several procedures of the iGraph library of the R language. 
Functions from d3Network R package were used for plotting the 
interactive graphs. Figure 1 (Supplementary materials link) 
shows the gene community graph which was produced based on 
the patterns of correlations between the genes, using community 
search methods.

Results
Age-related gene expression trends were calculated for the 

considered genes. Interestingly, the number of gene expression 
trends have distinct non-monotonic shape. Thus, the critical age 
points obtained for men were 34, 43, and 50. The genes with 
minimum or maximum gene expression at the age of 43 may be 
associated with metabolic transition in men at this age point, 

associated with reduced ability to increase NAD+ levels in cells 
[7] (e.g., IDH3A, SQLE, SPARC, PPBP). Trends in expression
of a group of genes display clear non-monotonous behavior near
the age of 50 years (AASDHPPT, AGPAT2, DHCR7, MGST2,
NDUFB1, NDUFA8, POR), that can be connected to significant
increase in AMP concentration in the cells in 50 years [8].
However, the expression of the genes of AMPK subunits
(PRKAA1, PRKAB1, PRKAB2, PRKAG1, PRKAG2) is not
nonlinear at this age point. Strong correlation between the trends
of a priori coexpressed genes during aging separately in men and
women validates the new approach and the biological meaning
of the results, as well as their similarity to the previously
published data on gene expression trends for some of the genes.

Discussion
A large number of gene expression trends was obtained in 

this data analysis. Further detailed investigations and 
comparison of gene expression trends to the dynamics of the 
pathophysiological processes of aging, as well as to the 
metabolic and proteomic data. It is also necessary to validate the 
findings of this study with similar analysis of data from other 
tissues (muscles, liver, adipose tissue, etc.) to separate tissue-
specific patterns of gene expression and the effects of aging. It 
would be also important to take into account the influence of 
cellular composition of PBMCs on age-related gene expression 
changes, since some gene expression patterns may be cell-
specific. The development of such methods for gene expression 
analysis in various tissues in different phenotypic groups 
(different sexes, BMI levels, etc.) can open ways to create a 
unified omics databases on aging trends with different types of 
primary data, which would be a resource for developing system 
biology models of specific aging-related pathological processes 
and human aging as a whole.
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Abstract — Adult neurogenesis in dentate gyrus (DG) is one of 
the key mechanisms of neuronal plasticity in hippocampus and 
plays an important role in cognitive function. However, the 
consequences of its alteration during healthy aging as well as 
development of neurodegeneration including Alzheimer’s disease 
(AD) remain unclear. It was shown that factors which can activate 
neurogenesis – such as physical exercises and learning – are able 
to improve cognitive function. Animal models are useful to clarify 
the connection between adult neurogenesis and cognitive function 
during development of AD signs, and OXYS rats are a suitable 
model for the most common sporadic form of AD. Here we 
examined effects of spatial learning on neurogenesis in DG of 
OXYS rats prior to and during manifestation of AD signs. We 
showed altered reference memory of OXYS rats already at the 
period prior to neurodegeneration. At the period of active 
manifestation of AD signs OXYS rats demonstrated altered spatial 
learning and reversal learning, whereas reference memory was 
altered only a little. At the period of active amyloid-β accumulation 
in the brain only reference memory of OXYS rats was altered.
Spatial learning resulted in accelerated maturation of immature 
cells of neuronal and astrocytic cell lineages in DG of OXYS and 
Wistar rats and decrease of amyloid-β content in aged animals.

Keywords — neurogenesis, spatial learning, Alzheimer's disease, 
OXYS rats

Introduction
Alzheimer’s disease (AD) is detrimental multifactorial 

disorder developing asymptomatically for many years prior to 
its manifestation [1]. There is no effective cure for AD to date, 
however interventions prior to manifestation of the disease 
symptoms are able to improve cognitive function in patients with 
mild cognitive impairment and thus to slow down or even 
prevent development of AD [2]. Indeed, several studies revealed 
positive associations of physical activity, cognitive training or 
both with cognition in elderly people and patients with mild 
cognitive impairment [3-5]. These cognitive improvements may 
be achieved because of activation of neuroplasticity: it is well 
known, that physical exercises and cognitive training result in 
activation of neurogenesis in hippocampal DG of adult animals 
[6]. However, the precise mechanisms underlying cognitive 
improvement in aged animals and, moreover, elderly people are 
still unknown, and its examination requires the use of suitable 
animal models for human neurodegenerative disorders. 

Previously we have shown that senescence-accelerated OXYS 
rats may be considered as an adequate model of the late-onset 
sporadic AD because of disease signs are developed 
spontaneously without mutations in App, Psen1 and Psen2
genes. First neurodegenerative changes occur in OXYS rats at 3 
months of age, and active amyloid-β accumulation in the brain 
observed at 12 months of age [7].

Materials and methods
To evaluate spatial learning, reversal learning and reference 

memory of OXYS and control Wistar rats at 1.5, 3 and 12 
months of age (n = 8 animals per strain and age) we used Morris 
water maze. To analyze changes in hippocampal neurogenesis 
of OXYS and Wistar rats we evaluated density of progenitors 
and cells from neuronal and astrocytic lineages (n = 3 to 6 per 
group, strain and age) in DG and the content of amyloid-β by 
immunohistochemistry using antibodies specific for molecular 
markers of various cell types as well as for amyloid-β.

Results
Decrease of reference memory in OXYS rats was observed 

already at 1.5 months of age; however, spatial learning and 
reversal learning did not differ compared to Wistar rats. At the 
period of active manifestation of AD meaning 3 months of age 
OXYS rats demonstrated totally altered spatial learning and 
reversal learning, whereas reference memory was altered only a 
little. We observed decrease of reference memory in OXYS rats 
at stage of amyloid-β accumulation in the brain (12 months of 
age); however, we did not show any differences in learning and 
reversal learning abilities between OXYS and Wistar rats at this 
age. Learning in the Morris water maze from 1.5 months of age 
resulted in accelerated maturation of immature cells of neuronal 
and astrocytic cell lineages in Wistar rats and only immature 
cells of neuronal cell lineage in OXYS rats. Learning from 3 
months of age accelerated maturation of immature cells of 
neuronal lineage in Wistar rats as well as activated 
astrocytogenesis in both OXYS and Wistar rats. Learning from 
12 months of age did not affect cell densities in DG of Wistar 
rats and resulted in accelerated maturation of immature cells of 
astrocytic lineage in hippocampal neurogenic niche in OXYS 
rats. Learning from 12 months of age also affected amyloid-β
content in DG: indeed, the parameter was lower in animals 
trained in Morris water maze.
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Conclusion
We demonstrated that spatial learning affected neurogenesis, 

however the impact depended on the age at which the animals 
were trained and the stage of AD-like pathology. Naturally, this 
positive effect was stronger for young adult rats and less clear 
when signs of AD in OXYS rats were already developed. 
Learning also lowered the content of amyloid-β in the DG of 
aged animals. Thus, hippocampal-dependent learning may be 
considered as a perspective strategy to intensify neuronal 
plasticity and thereby improve cognitive function even in aged 
animals and probably in elder people.
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Abstract — Aging is a risk factor for many diseases, but the the 
chance of development with age also depends on genetic factors, 
environmental conditions, lifestyle and the presence of other 
pathologies. The OXYS rat strain (ICG SB RAS) is a unique model 
for studying the mechanisms of aging, since already at an early age 
these animals develop a whole complex of age-dependent diseases, 
including cataract, retinopathy, osteoporosis, hypertension and 
Alzheimer's Disease-like pathology. While hypertension has 
typical for an age-related disease risk factors, it itself is a risk 
factor for many other pathologies. However, a complex senile 
phenotype does not appear in other hypertensive models even with 
a higher blood pressure. The aim of this study was, based on the 
results of RNA-Seq, to search for single nucleotide polymorphisms 
that could contribute to the development of hypertension in 
senescence-accelerated OXYS rats. We found that OXYS rats are 
genetically distant from other strains and presumably have their 
own basis for the development of hypertension, which may 
determine the absence of senile phenotype of OXYS rats in the 
hypertensive rat strains. 

Keywords — hypertension, SNPs, aging, OXYS rats

Introduction 
Aging is a risk factor for many diseases, but the the chance 

of development with age also depends on genetic factors, 
environmental conditions, lifestyle and the presence of other 
pathologies. Currently, studies on biological models, the genetic 
uniformity and standard conditions of detention of which 
increase the reproducibility of the results and reduce the 
influence of external factors, are a productive approach to 
elucidating the genetic overlap between age-related diseases. 
The OXYS rat strain, developed in ICG SB RAS, is a unique 
model of accelerated aging, which already at early age is 
characterized by a phenotype similar to geriatric diseases in 
humans, including cataracts, cardiomyopathy, hypertension, 
retinopathy and neurodegenerative brain pathology with the 
signs of Alzheimer's disease [1].

The destructive effect of hypertension on blood vessels, 
leading to hypoperfusion and metabolic stress, is considered in 
many studies as a risk factor for cataracts, cardiovascular 
diseases, osteoporosis and neurodegenerative changes in the 
brain. 

At the age of 3 months in OXYS rats was detected the
moderate increase in blood pressure. At the same time the first 
manifestations of other pathologies in OXYS rats appear. In 
hypertensive rat strains or induced hypertension models many 
age-dependent diseases do not occur or manifest in a milder 
form, in contrast to the complex manifestation in OXYS rats. Its
may indicate the importance of the genetic component in the 
development of age-related diseases.

We previously showed that the genome of the OXYS rat 
contains a large number of single nucleotide polymorphisms 
(SNPs) not found in other rat strains. The purpose of this study 
was to compare the data of transcriptome of OXYS rats with the 
genotypes of hypertensive rat strains for found the SNPs that 
could contribute to the development of hypertension in 
senescence-accelerated OXYS rats.

Methods
Male OXYS rats were used at ages 20 days and 3, 5, and 18 

months, while age-matched male Wistar rats served as controls 
(3–5 per group). The animals were kept at the Center for Genetic 
Resources of Laboratory Animals at the ISG SB RAS under 
standard laboratory conditions (22 ± 2°C, 60% relative 
humidity, 12 h light/12 h dark cycle, lights on at 9 a.m.). The 
food and water were available ad libitum. The protocol of the 
animal experiment was approved by the Bioethical Committee 
of the Institute of Cytology and Genetics.

We analyzed RNA-Seq data obtained in early studies for 
each sample of retinal, prefrontal-cortex, and hippocampal RNA 
by Illumina nonstranded sequencing (on an Illumina GA IIx at 
Genoanalytica) in accordance with standard Illumina protocols 
(mRNA-Seq Sample Prep Kit). The sequencing data were 
prepared and SNPs positions were identified as described 
previously [2].

The list of SNPs of OXYS rats was compared with RGSC 
6.0 data for genome sequences of 45 rat strains and substrains: 
11 of these strains/substrains are commonly employed as a 
normotensive control (FHL/EurMcwi, LN/MavRrrc, 
LL/MavRrrc, MNS/Gib, SBN/Ygl, SR/Jr, WKY/N, WKY/Gla, 
WKY/NCrl, WKY/NHsd and WAG/GSto-Icgn), 22 rat 
strains/substrains serve as control or experimental animals in the 
studies on various pathological conditions that have no relation 
to hypertension or aging (ACI/N, ACI/EurMcwi, BBDP/Wor, 
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BN-Lx/Cub, BN-Lx/CubPrin, BN/SsN, BUF/N, 
DA/BklArbNsi, F334/N, F344/NHsd, F344/NCrl, SUO_F344, 
GK/Ox, LE/Stm (SOLiD), LEW/Crl, LEW/NCrlBR, LE/Stm 
(Illumina), M520/N, MR/N, WAG/Rij, WN/N and Wistar) and 
12 strains and substrains manifestated signs of hypertension 
(FHH/EurMcwi, LH/MavRrrc, MHS/Gib, SBH/Ygl, 
SHR/OlaIpcv, SHRSP/Gla, SHR/NCrlPrin, SHR/NHsd, 
SHR/OlaIpcvPrin, SS/Jr, SS/JrHsdMcwi and ISIAH/Icgn). 

Functional enrichment analyses for the list of genes with 
SNPs was performed with DAVID tool (https://www.david-
d.ncifcrf.gov/). List of the quantitative trait loci (QTLs) 
overlapped with the SNPs position was received using the RGD 
(https://rgd.mcw.edu/).

The identity by state (IBS) analysis of the alleles performed 
by SNPRelate in the R Software Environment was used to 
measure the distances between objects for dendrogram 
construction and for demonstrating the results of principal 
coordinates.

Results 
A comparison of transcriptome sequences of the prefrontal 

cortex, hippocampus, and retina of OXYS rats with the reference 
genome of BN/NHsdMcwi rats revealed 42,478 SNPs in 9,903 
genes. Analysis of the genetic similarity based on the identified 
SNPs showed that OXYS/Icgn rats are genetically closer to the 
ISIAH/Icgn rat strain, which was also developed from 
Wistar/Icgn rats, and two strains of Wistar Albino Glaxo rats 
(WAG/GSto-Icgn and WAG/Rij) than to 41 strains and 
substrains taken in the analysis. 

Among the 42,478 SNPs found in OXYS rats, 40,373 SNPs 
in 9,699 genes have also been detected in the genomes of 
normotensive rat strains or strains used in studies on various 
pathological conditions that have no relation to hypertension or 
age-related diseases. Group of the remaining 2,105 SNPs 
includes 725 polymorphisms, which are found in both OXYS 
rats and in one or more hypertensive rat strains/substrains taken 
in analysis, as well as 1,380 polymorphisms that are specific to 
OXYS rats.

Using multidimensional scaling, a similarity between the 
genotypes of OXYS rats and 12 strains/substrains of 
hypertensive rats was evaluated. The data obtained show the 
similarity of the genotypes of OXYS and ISIAH/Icgn rats and 
their significant differences from the genotypes of strains and 
substrains of other hypertensive animals. Indeed, among the 725 
SNPs that were detected in the hypertensive strains/substrains 
and OXYS rats, 663 SNPs were common to OXYS/Icgn rats and 
ISIAH/Icgn rats and were not found in other hypertensive rats. 
No common SNP was found for all hypertensive rat strains and 
substrains taken in the analysis. The maximum frequency of 
occurrence of SNPs detected in hypertensive strains/substrains 
was eight out of thirteen, with 4 out of this 8 strains represented 
by the substrains of SHR rats. This result indicates the 
differences in the genetic basis of different forms of 
hypertension.

A functional annotation of genes with SNPs common to 
OXYS rats and one or more hypertensive rat strains revealed 
enrichment in such functional groups as GTP/ATP binding, 
various signaling systems and cell division. Genes with SNPs 
specific for OXYS rats are associated with synapses/intercellular 
contacts, kinases, ATP binding, various signaling systems, 
MHC, infection response and calcium binding. Many of those 
categories in both group involved in the development of 
hypertension according to various studies.

17 and 23 SNPs from those of 725 and 1380, respectively, 
presumably have significant effect on mRNA structure or 
protein function, that we described in detail in our previous work 
[2]. Among them the Ephx1 gene annotated in RGD as 
associated with hypertension. In addition, Ephx1, as well as 
several other genes (Pla2r1, Zmym6, Trappc9, Nqo2) are 
associated with neurodegenerative diseases and/or mental 
disorders. Harmful polymorphisms are located in 313 and 451 
QTLs. The most common parameters associated with these 
QTLs are blood pressure, bone structure and strength, bone 
mineral density, body weight, cardiac mass, kidney mass, 
diabetes mellitus, renal function, serum cholesterol and 
corticosterone levels, anxiety response.

Conclusion
Transcriptome of OXYS rats contains 725 common SNPs 

with one or more hypertensive rat strains and substrains. 
Analysis of genes with SNPs showed that only one gene Ephx1
annotated in RGD as associated with hypertension. In addition, 
Ephx1, as well as several other genes (Pla2r1, Zmym6, Trappc9,
Nqo2) are associated with neurodegenerative diseases and/or 
mental disorders. Multidimensional scaling analysis showed that 
OXYS rats are genetically distant from other strains and 
presumably have their own basis for the development of 
hypertension, which may determine the absence of senile 
phenotype of OXYS rats in the hypertensive rat strains.
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Abstract — We carried out the analysis of associations 
between polymorphic loci of antioxidant defense genes with 
ethnicity and longevity. We found the interethnic differences in 
the distribution of allele frequencies of SOD1, SOD2, CAT,
NQO1 genes. For reaching longevity SOD1, SOD2, NQO1, GPX1
genes were significant among Russians, SOD2, САТ genes –
among Tatars, MSRA, САТ genes – among Bashkirs.

Keywords — human longevity, adaptation, antioxidant 
defense, associative analysis, genetic polymorphism

Motivation and aim

Motivation
Longevity is a complex phenomenon of surviving to an 

age significantly exceeding the average species lifespan. 
Among possible causes of aging and longevity about 25% are 
genetic and 25% are external factors, while the majority -
about 50% - is the way of carry out the interaction of 
exogenous and endogenous factors. To date, the question 
remains as to which particular combinations of factors of 
hereditary and environmental nature contribute to achieving 
the age of longevity. An organism is an open system, therefore 
it is precisely those external agents (molecules, substances, 
ions) that primarily come into contact with it deserve special 
attention. First of all, it is oxygen participating in the energy 
exchange inside the cell. Getting into the body, it enters a 
chain of chemical transformations. And already the metabolic 
products of those structures are involved in the adaptation 
process and regulate (modify) homeostasis [1]. The enzyme 
activity level is determined by the genetic variation in the 
structure of their genes. Thus, individual genotypic features 
determine the variability of the enzymatic antioxidant system, 
and, therefore, the plasticity of chemical and physiological 
reactions that determine the range of adaptive capabilities of 
the body.

Aim
The purpose of the study was the analysis of the 

polymorphic markers of some genes-candidate of aging and 
longevity, which relate to the body’s defense system against 
oxidative stress, considering ethnicity, age gradation and 
gender differentiation.

Methods
Total group (3664 people) included individuals living in 

the Republic of Bashkortostan and belonging to three ethnic 
groups – Russians, Bashkirs and Tatars and in age from 1 to 
109 years old. The biological material was DNA isolated from 

8 mL of whole venous blood by standard phenol-chloroform 
extraction. Allelic variants of the genes were identified by RT-
PCR using TaqMan probes. For statistical analysis of the 
results of the study, computer programs SPSS (v.13.0), 
GENEPOP, and Arlequin (v.3.0) were used.

Results
We found interethnic differences in the distribution of 

allele frequencies of superoxidedismutases 1 and 2 (Mn, Cu-
SOD and Mn-SOD), catalase (CAT), NAD(P)H Quinone 
dehydrogenase 1 (NQO1) genes. To reach the age of 
longevity, genotypes SOD1*А/А, SOD1*А/G, SOD2*A/A, 
NQO1*C/T, NQO1*C/C and GPX1*L/L were significant 
among Russians, genotypes SOD2*A/A, SOD2*V/V, 
SOD2*V/A, САТ*C/T, САТ*C/C were significant among 
Tatars, genotypes MSRA*C/C, САТ*C/C were significant 
among Bashkirs. Based on modern ideas about the genes of 
aging and longevity, antioxidant defense genes related to 
“frailty genes” [2]. A number of associative studies have 
shown the participation of antioxidant defense genes in the 
development of multifactorial and age-associated diseases that 
limit the lifespan [3-5]. However, genetically determined 
functioning of the antioxidant defense enzyme system can 
become the key to the molecular base for the formation of an 
individual phenotype of longevity.
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Abstract — The research purpose is to estimate the structural 
organization of lymph nodes of different localization at natural 
(physiological) and premature aging respectively at OXYS and 
Wistar rats. We used a morphological method of a research. The 
age-induced changes of lymphoid tissue of Wistar and OXYS rats 
differ with type of the immune response and morphological 
variant of lymph nodes structure. The immune response on 
humoral type is formed in mesenteric and inguinal lymph nodes, 
and the immune response on cellular type is formed in a 
tracheobronchial lymph node. We noted reduction of structures of 
cortical substance, especially lymphoid follicles and a paracortex, 
and expansion of medullary substance in a lymph node of OXYS 
rats. Lymph nodes are subject big morphological changes at rats 
of OXYS, than at old rats of Wistar. Observed changes of structure 
of lymph nodes of OXYS rats are a morphological equivalent of 
premature aging and confirms early decrease of a drainage and 
immune function of lymph nodes.

Keywords — lymph node, OXYS and Wistar rats, premature 
aging, gerontology

Introduction 
Clarification of the reasons of aging of lymphoid tissue has 

special relevance because of increase in number of old people in 
the country and need of specification of pathogenesis and search 
of method of prevention. Lymph nodes are key elements of 
different lymphatic regions, and lymph nodes define a regional 
immunological homeostasis [1, 2]. There is an urgent need of a 
morph of functional assessment of lymph nodes depending on 
localization taking into account an age factor. There is no 
uniform theory of aging [3]. Researchers combine often the 
mechanism of aging and pathogenesis of immune insufficiency. 
It is impossible to consider separately age evolution and aging 
of lymphoid tissue without structural reorganization of lymph 
nodes. Emergence of model of senilism of the line of rats of 
OXYS [4] is an argument for studying morphological 
equivalents of aging of lymph nodes. Morphology of lymph 
nodes at OXYS rats are not provided..

The purpose of work is a research of age changes of lymph 
nodes of different localization at OXYS rats with a syndrome of 
premature aging and Wistar rats with the normal rate of aging.

Material and methods
Work is performed on rats males of the OXYS and Wistar 

lines according to "Rules of work with use of experimental 
animals" (86/609/EEC). Rats of the Wistar and OXYS lines are 
received from Center of collective use "Gene pools of laboratory 

animals" of Institute of cytology and genetics of the SB RAS. 
N.G. Kolosova is a holder of the license for OXYS rats [4]. 
These rats have genetically caused defect, it is considered as an 
accelerated aging syndrome. 

The experiment was executed on young and old white rats. 
The age of rats is 3 months and 1.5 years. We investigated by a 
morphological method of mesenteric, inguinal and 
tracheobronchial lymph nodes. Lymph nodes fixed in 10% 
neutral formalin. After fixing we adhered to the classical scheme 
of washing, dehydration, imbibition with a xylol, paraffin and 
preparation histologic sections on the microtome. Histologic 
sections of lymph nodes painted hematoxylin and eosine, azure-
II-eosine, trichromatic paint on Masson.

The morphometric analysis of structures of a lymph node 
was carried out by means of a morphometric grid and the Image-
Pro Plus 4.1 program. Statistical data processing was performed 
with licensed statistical software package StatPlus Pro 2009, 
AnalystSoff Inc. A P-value < 0.05 was considered statistically 
significant.

Results and Discussion
At natural (physiological) aging of involution of lymphoid 

tissue the stage of the maximum development of compartments 
of a lymph node precedes that corresponds three-month-old of
young rats of Wistar [1, 5]. The indicator of a ratio of T- and B-
zones makes more than unit at three months age of young rats, 
building a progressive row of lymph nodes: tracheobronchial –
inguinal – mesenteric. Each of these lymph nodes differs with 
extent of development of structural and functional zones. 
Involution of adenoid tissue leads to structural destabilization of 
regional lymph nodes at old rats of Wistar.

The coefficient of a ratio of T- and B-zones almost changes 
in an inguinal lymph node at natural aging. The coefficient 
considerably decreases in a mesenteric lymph node and 
increases in a tracheobronchial lymph node. So, immunoactive 
zones have the following changes by 1.5 years at rats of Wistar. 

The inguinal lymph node. There is an expansion of the area 
of the cortical plateau (in 1.2 times) a medullary sine and 
medullary cords (in 1.4-1.5 times) and reduction of the area of 
paracortical area (in 1.2 times), lymphoid follicles (in 1.9 times) 
in the inguinal lymph node.

The mesenteric lymph node. There is a reduction of the area 
of the cortical plateau (in 1.9 times), a paracortex (in 1.8 times), 
lymphoid follicles with the germinative center (in 4 times), a 
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medullary sine (in 1.5 times) and expansion medullary cords (in 
1.8 times) in the mesenteric lymph node.

The tracheobronchial lymph node. There is a reduction by 
1.2-1.3 times of the area of the cortical plateau (in 1.2 times), a 
paracortex (in 1.3 times), lymphoid follicles (in 4.5 times), 
medullary cords (in 1.2 times) with an invariable width of a 
medullary sine in the tracheobronchial lymph node.

It is clear, there is a redistribution of the immunoactive 
compartments which are responsible for the immune response in 
lymph nodes of different lymphatic regions with age. 

Other morphological picture is observed in lymph nodes of 
premature aging of OXYS rats. Changes of lymphoid tissue are 
characterized more rapidly development without achievement of 
the maximum development of compartments. The greatest 
changes are noted T- and B-zones of lymph nodes. These zones 
are responsible for forming of the immune response on cellular 
and humoral type. The coefficient of a ratio of T- and B-zones 
less than unit also demonstrates prevalence in structure of lymph 
nodes a thymus-independent area at of OXYS rats at three-
months age. Indicators of structural and functional zones of 
lymph nodes are various at three-months age of OXYS and 
Wistar rats. We noted the following changes in lymph nodes of 
young rats of OXYS.

The inguinal lymph node. There is an increase in the area of 
the cortical plateau (in 1.9 times), a medullary sine (in 1.2 times) 
and reduction of the area of a paracortex (in 1.4 times), lymphoid 
follicles (in 3.4 times), medullary cords (in 1.6 times) in an 
inguinal lymph node

The mesenteric lymph node. There is a reduction of the sizes 
of the cortical plateau (in 1.8 times), a paracortex (in 2.8 times), 
lymphoid follicles (in 3.3 times), and increase in a medullary 
sine (in 1.5 times) in a mesenteric lymph node.

The tracheobronchial lymph node. There is a reduction of 
the area occupied by the cortical plateau (in 1.2 times), a 
paracortex (in 1.3 times), lymphoid follicles (in 3.4 times) and 
increase in the area occupied by medullary cords (in 1.3 times) 
at minor change of a medullary sine in a tracheobronchial lymph 
node.

The coefficient of a ratio of T- and B-zones remains low size 
in inguinal and mesenteric lymph nodes and increases in a 
tracheobronchial lymph node when aging by 1.5 years. It is 
connected with regress of the main structural and functional 
zones (a paracortex, lymphoid follicles) at expansion of 
medullary substance in lymph nodes of different lymphatic 
regions. Nevertheless, the T-zone dominates in a 
tracheobronchial lymph node that defines the immune response 

of cellular type. Changes of the structural organization of lymph 
nodes are the morphological sign of decrease immune protection 
progressing in process of aging at OXYS rats. 

The structure of lymph nodes of OXYS old rats does not 
provide a drainage and the immune status of the lymphatic 
region. It increases risk of developing pathology [3]. It should 
be considered by search of means of correction of senile changes 
of lymphoid tissue for increase of nonspecific resistance [5]. 

Conclusion 
Morphodynamics of compartments of lymph nodes of 

different localization has distinctions at natural and premature 
aging. The imbalance of a ratio of T- and B-zones characterizes 
depression of function of lymph nodes depending on localization 
and age. The general is minimization of structures of cortical 
substance and increase medullary substance of lymph nodes. 
Changes of compartments sizes lead to forming of the immune 
response of humoral type for a mesenteric and inguinal lymph 
nodes and the immune response of cellular type for a 
tracheobronchial lymph node. At the same time at rats of OXYS 
the aging happens the accelerated rates and regressive changes 
of lymphoid tissue are available already for young animals. The 
age-caused imbalance of compartments of a lymph node can be 
considered as a predictor of premature aging and as risk of 
developing pathology. Features of morphology of lymph nodes 
give the grounds to consider of OXYS rats as universal model 
of immune insufficiency for studying pathogenesis and 
development of correction methods.
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Abstract — The idea of this study was to discover remote 
consequences of the long-term effects of regular stress exposure.
We investigated the effect of short-term heat stress (38°C, 1 h) of 
varying frequency on longevity, fecundity, fat content, dopamine 
metabolism and resistance to acute heat stress (38°C, 4 h) in 
Drosophila melanogaster. We showed that stress once a day causes 
a significant decrease in both longevity and fecundity, as well as in 
the fat content, and increases dopamine metabolism and survival 
under acute stress. We believe that this decrease could possibly 
contribute to adaptation, allowing insects to save energy. We 
found that weekly stress in the first two weeks does not affect the 
longevity, dopamine metabolism and resistance to acute stress, but 
causes a significant increase in the total level of fertility, despite 
sharp fertility drops on the exact days of stressing. Thus, two stress 
modes were found to have opposite effects on the reproductive 
function of D. melanogaster (negative or positive). However, the 
data obtained allow us to assume that there is no 
fecundity/longevity trade-off under heat stress. The trade-off we 
can see here is between reproduction and stress resistance. The
flies use their energy resources either on the immediate individual 
survival (under acute stress) to the detriment of fertility and 
longevity or on the fecundity increase (under mild stress).

Keywords — Drosophila melanogaster, Longevity, Fecundity,
Heat stress, Dopamine, Stress resistance

Introduction 
The ability to develop an adequate response to unfavourable 

conditions of different natures is of crucial importance for the 
successful adaptation of an organism to ecological challenges. It 
is known that stress can cause both a decrease and an increase 
(due to the hormetic effect) in fitness [1]. Many genetic 
mechanisms, both ensuring resistance to unfavourable factors 
and underlying the processes of reproduction and ageing are 
highly conservative, and therefore model objects such as 
Drosophila melanogaster (Diptera: Drosophilidae) can be used 
for their study.

Results and discussion
Here we studied the effect of repeated episodes of mild heat 

stress (38°C, 1 h) of varying frequency (once a day, once a week, 
twice in the first two weeks) on the longevity, fecundity, fat 
content, dopamine metabolism and resistance to acute heat stress 
(38 °C, 4 h) in D. melanogaster. We found that mild heat stress 
repeated weekly in the first two weeks did not affect the 

longevity, resistance to acute heat stress and dopamine 
metabolism, but caused a decrease in the fat content and increase 
in the total level of fertility, in spite of a sharp fertility drop on 
the exact days of stressing. Stress once a week throughout the 
entire period of reproduction did not affect the total level of 
fertility, although it resulted in a significant fertility decrease on 
the exact days of stressing. The mild stress repeated daily caused 
a significant longevity and fecundity decrease throughout the 
entire reproduction period. We believe that this decrease could 
possibly contribute to the adaptation, allowing flies to save 
energy. This suggestion is supported by the data on dopamine 
metabolism and fat content in the flies exposed to the mild stress 
once a day. Dopamine is known to be involved in the control of 
many cellular and physiological processes in insects, the 
neuroendocrine stress response and energy metabolism among 
them [2-4]. The fat body is the most important energy store of 
insect organism and a key organ in the metabolism of lipids and 
carbohydrates [5]. We found out that the mild heat stress 
repeated daily within two weeks resulted in an increased activity 
of the dopamine metabolism enzymes, dopamine-dependent
arylalkylamine N-acetyltransferase and alkaline phosphatase, 
which, together with an increased survival rate of these flies 
under acute heat stress, indicates a decrease in dopamine levels 
[6-8]. These data agree well with the results of transcriptome 
analysis of the fat body, which demonstrated significant changes 
in expression levels of genes involved in catecholamine and 
carbohydrate metabolic processes following the daily mild heat 
stress. The revealed decrease in the fat content following the 
mild heat stress repeated daily also supported the idea of energy 
consumption of adaptation process. 

Conclusions
Thus, the data obtained allow us to assume that there is no 

fecundity/longevity trade-off under heat stress. The weekly 
stress episodes during first two weeks have a hormetic effect on 
reproduction but do not decrease longevity, whereas the daily 
stress episodes result in a decrease in both fecundity and 
longevity. The trade-off we can see here is between long- and 
short-term strategies of adaptation. The flies may compromise 
the reproduction and stress resistance. They could use their 
energy resources either on immediate individual survival (under 
more severe stress) to the detriment of fertility and longevity or 
on the fecundity increase (under less severe stress).
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Abstract — The problem of the treatment of age related 
diseases such as Alzheimer disease demands development of new 
drug design strategies. Reagents that specifically recognize 
oligomeric morphologies of Aβ have potential diagnostic and 
therapeutic value. Nanobodies (Nbs) or Single-domain antibodies 
are the smallest antigen-binding fragments derived from heavy-
chain-only antibodies. The E1 nanobody selectively recognizes 
naturally occurring Aβ aggregates produced in human AD brain 
tissue We discuss a method for the generation and binding 
optimization of VHHs that involves the grafting of the 
complementarity determining regions (CDRs) from already 
existing, non-camelid antibodies to VHH frameworks, followed by 
affinity maturation and target binding improvement using in silico
site-directed mutagenesis.

Keywords — bioinformatics, nanobodies, protein design,
Alzheimer disease, age-related diseases

Motivation and aim

Motivation
The prevalence of dementia is increasing in the aging 

populations at an alarming rate last years. The problem of the 
treatment of age related diseases including Alzheimer disease 
demands development of new drug design strategies. Reagents 
that specifically recognize oligomeric morphologies of Aβ have 
potential diagnostic and therapeutic value [1]. 

Aim
Idea is to design in silico nanobodies (Single-domain 

antibodies) for diagnostics and potential therapy. Nanobodies 
are special derivatives of antibodies, which consist of only a 
single chain. The E1 nanobody selectively recognizes naturally 
occurring Aβ aggregates produced in human AD brain tissue 
indicating that a variety of morphologically distinct Aβ
aggregate forms occur naturally.

Methods
Nanobodies (Nbs) or Single-domain antibodies are the 

smallest (12–15 kDa) antigen-binding fragments derived from 
heavy-chain-only antibodies (VHH) [2]. Nanobodies are 
characterized by high thermal stability and solubility, 
recognizing uncommon or hidden epitopes of protein targets, 
unique refolding properties. They exhibit affinities comparable 
to conventional antibodies and superior tissue penetration. 

Nanobodies can also recognize epitopes that remain 
undetected by conventional antibodies. In addition, nanobodies 
are shown to be non-immunogenic in humans and are easy to 

manufacture. Because of these favorable characteristics, 
nanobodies are suitable candidates for the development of 
imaging probes, therapeutic agents with neutralizing or receptor-
ligand antagonizing functions, and for targeted drug therapy.

Results and Discussion
We discuss a method for the generation and binding 

optimization of VHHs that involves the grafting of the 
complementarity determining regions (CDRs) from already 
existing, non-camelid antibodies to VHH frameworks, followed 
by affinity maturation and target binding improvement using in 
silico site-directed mutagenesis. 

To date, many antibodies and fragments have been generated 
against various antigens. This existing assortment represents an 
ideal CDR donor repertoire for our approach. CDR grafting is a 
powerful technique for transferring binding specificities to other 
antibody frameworks with desired properties. This is typically 
done to stabilize or humanize antibodies intended for medical 
use. To start the mutation process, the CDR, non-CDR loops and 
the locations on the CDR loops which allow insertions or 
deletions must be identified. This can be done by aligning 
nanobody sequences to known structures belonging to the same 
species. There are publicly available CDR numbering tools that 
can be applied to a certain sequence. After the identification of 
the orientation or the sequence of the nanobody, amino acids can 
be selected for mutation to increase the binding affinity for the 
antigen.

The rational design of nanobodies based on CDRs derived 
from conventional, pre-existing antibodies would be of high 
value to avoid animal immunizations and directly generate 
binders in the desired framework.
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Abstract — AFP is primarily known as an oncomarker for 
tumors of the liver and some other organs. But then it was 
identified immunochemically as a normal fetal serum antigen. 
Now it is one of the best-known embryo specific proteins with 
pronounced immunotropic and detoxifying effects and has a very 
small background serum level in adults. Liver reparative 
regeneration is accompanied by temporal and malignant growth 
by constitutive AFP synthesis in adult liver. It is also known that 
rat sexual activity increased 30 min after administration of 1 
μg/kg AFP. AFP increased cerebral flow and had pronounced 
antihypoxic activity. For this reason we studied bioactivating 
effects of AFP in old mice (females Balb/c aged 18 months) and 
their survivability. During the two weeks of the experiment, the 
natural death of animals in the control group was 47%, while AFP 
administration reduced the mortality up to 17% in the 
experimental group. The physical activity of the animals, their 
habitus and immune status were also higher than in the control 
group.

Keywords — alpha-fetoprotein, geroprotector, survivability, 
reducing mortality, anti-aging effects

Introduction
AFP is primarily known as an oncomarker for tumors of 

the liver and some other organs. But then it was identified 
immunochemically as a normal fetal serum antigen. Now it is 
one of the best-known embryo specific proteins with 
pronounced immunotropic and detoxifying effects and has a 
very small background serum level in adults. Liver reparative 
regeneration is accompanied by temporal and malignant 
growth by constitutive AFP synthesis in adult liver. 

It is also known that rat sexual activity increased 30 min
after administration of 1 μg/kg AFP. AFP increased cerebral 
flow and had pronounced antihypoxic activity. For this reason 
we studied bioactivating effects of AFP in old mice, keeping 
in mind their immunoregulatory features, too.

Materials and Methods
AFP (produced by “Institute of New Medical 

Technologies”, Perm, Russia) was administered to 12 
experimental animals (females Balb/c aged 18 months, 
obtained from kennel Stolbovaya) for 2 weeks, in the 
morning, intraperitoneally, in 0.5 ml saline, 10 μg per kg of 
body weight. In 15 control animals, the same saline volume 
was administered without the drug. In the course of the 
experiments, we evaluated some parameters of aging as well 
as survival of animals in the control and experimental groups. 

We evaluated the appearance of animals based on the state 
of their hair – its color and gloss, baldness, and the severity of 
age-hump. The physical state of the animals was evaluated by 
the time during which the mice could stay on a string; we took 
into account the weight of the animals and the relative mass 
of internal organs (mg of organ weight per gram of animal 
body weight). After the end of the experiments, the remaining 
animals were sacrificed and a number of parameters important 
for assessing the level of aging of the animals were measured. 
To assess immune status, the following parameters were taken 
into account: relative weight of the immune organs (spleen 
and thymus) and degree of age related autoaggression based 
on the level of autoimmune complexes after the addition of 
polyethylene glycol (PEG6000) to blood serum expressed in 
units of optical density under spectrophotometric study. The 
content of intracellular water in tissues was evaluated based 
on the extent of weight loss (for kidneys) in hypertonic 
solution (40% sucrose) after 4 h of incubation. 

We traced animal survivability during the studied period 
(percentage of the original number) and evaluated the mean 
values of the test parameters and standard deviations for 
control and experimental values; differences were compared 
by Student’s test, which characterizes the normal distribution 
of data, and the Mann–Whitney U criterion, which 
characterizes nonparametric distribution. In the experiments, 
we used a group of mice at late stages of aging, which was 
reflected in the mortality level in the population: half of the 
mice in the vivarium had died during the previous 2 months.

Results and Conclusions
During the experiment, the natural death of animals in the 

control group was 47%, while AFP administration reduced the 
mortality to 17% in the experimental group. We studied the 
general state of the surviving animals (8 in the control and 10 
in the experiment), then the animals were sacrificed, and a 
number of parameters were examined. 

A clear trend towards improvement of the appearance was 
observed in all the animals treated with AFP: hair loss and 
bald areas were reduced, hair glistened, and it lost yellowness 
and patchiness characteristic of old age. Habitus evaluated 
according to these characteristics was clearly better for all the 
animals of the experimental group. The physical activity of 
the animals and their immune status were also higher than in 
the control group. 

Thus, AFP administration drastically increased the 
survival rate of the oldest mice and had a pronounced 
bioactivating effect in our experiments.
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Abstract — Based on his experience in working as a member of 
Editorial Boards of some scientific journals and Elsevier/Scopus
Expert Content Selection and Advisory Committee (Russian 
Federation), as well as Associate Editor-in-Chief of Moscow 
University Biological Sciences Bulletin, the author analyzes 
current situation with publications in the field of experimental and 
theoretical gerontology. Special attention is paid to scientometric 
indices and ranking of the papers, relevant journals, and authors. 
Some predatory journals in the field are considered too. Various
approaches to improving scientometric indices of authors involved 
in gerontological research are proposed.

Keywords — gerontology, aging, publications, scientific 
journals, indices, metrics, ranking

In recent years, scientometric indicators (number of 
citations, impact factor, Hirsch index, SJR index, etc.) of their 
work efficiency have become increasingly important for 
scientists of various specialties. Unfortunately, it is precisely 
such indicators, and not the essence of the research conducted 
by the authors, that are now often decisive for reviewers from 
various foundations providing research grants. And
gerontology/biology of aging in this regard are no exception. In 
order to get a big enough grant to study the mechanisms of aging 
or to develop model systems for the search for geroprotectors, it 
is now not enough for specialists in the field of biology of aging 
to submit an application to the science foundation with a 
description of their advanced ideas or developed research 
methods. In the first place, reviewers of applications pay 
attention to the "quality" of works already published by 
applicants, as well as to the relevant ratings of the authors. And 
by "quality" and "ratings" they mean the scientometric indicators 
just mentioned above (of both researchers and the journals they 
used to publish their results). There is a vicious circle: in order 
to get high-quality scientific results, you need money, and you 
can get it only by publishing a significant number of "cool" 
articles [1].

The paradox is that in many cases the journals from Q1 
(25% of journals with the highest scientometric indicators; the 
publications in them provide scientists with the high ratings 
necessary for receiving grants, as well as for re-certification or 
competition for prestigious posts) are not necessarily really 
serious about reviewing and editing manuscripts submitted to 
the editorial office. Moreover, they may even be the so-called 
"predatory journals," the appearance of which is associated with 
an increasingly widespread recent distribution of articles, 
publication of which is fully paid by the authors [2, 3].

A few years ago, I was already considering the situation with 
one small foreign publishing house specializing in 
gerontological journals mainly [1]. It exists for a little over 10 
years and currently publishes 4 scientific journals. The impact 
factors of these publications reach 5–6, i.e. they can easily be 
classified as "highly ranked" (Q1). All of them operate within 
the framework of an open access model paid by the authors. The 
cost of publishing an article (APC – article processing charge) 
varies from 3 to 4 thousand US dollars. Moreover, the number 
of published articles is huge. For example, in the most popular 
journal of the publisher in 2016 about 1,500(!) articles were 

published, distributed among 52(!) issues. In addition, 
publication time is from two weeks(!), which practically 
excludes the possibility of a normal reviewing of manuscripts. It 
should be said that this journal was mentioned by the famous 
fighter for the purity of scientific publications, Jeffrey Beall [2, 
3], on his website as a very likely "predator," but this did not 
prevent the journal from being indexed in international systems 
of global citation. 

It should be borne in mind that journal ranking can be done 
in quite different ways. In particular, impact factor (Web of 
Science) and CiteScore (SCOPUS) indices are very similar; both 
are based on the number of citations in a given year of articles 
from a given journal published in the previous two (Web of 
Science) or three (SCOPUS) years. Therefore, the Q1-Q4 
quartile distribution in these systems is quite similar. However, 
in the very popular SCImago Journal Rank system, based on 
SCOPUS data, journals are ranked according to the SJR index; 
this is the same citation index of the journal, but already 
normalized to the rating of serials in which articles are cited. If 
the rating of citing editions is very high, then SJR may exceed 
CiteScore, if it is low enough, then SJR will be lower than 
CiteScore – in some cases at times lower. In many scientific 
institutions, it is the rating based on the SJR indicator that is used 
in the certification of teachers and researchers.

It should be emphasized that in each area and category of 
knowledge there are ranks and quartiles that may not be 
connected in any way with these indicators in other fields of 
science. Say, in the subject category "Gerontology," even SJR 
0.9 allows the journal to get into Q1, but in the subject category 
"Aging," SJR 1.7 is already needed for this. The highest ranked 
gerontological journal Ageing Research Reviews has SJR of 
4.125, while its CiteScore has now exceeded 11. However, it is 
very far from the "coolest" oncological journal Ca-A Cancer 
Journal for Clinicians with SJR 72.576 and CiteScore around 
180.

In conclusion, I would like to note that my many years of 
experience as a member of the editorial board of the journal 
Advances in Gerontology, as well as a member of the 
Elsevier/Scopus Expert Content Selection and Advisory 
Committee (Russian Federation) and Associate Editor-in-Chief 
of Moscow University Biological Sciences Bulletin [4], which 
publishes, by the way, a significant number of articles on the 
biology of aging, has allowed me to assume that a highly ranked 
scientific journal is difficult to quickly create [5], if you do not 
ignore the formal requirements of international systems of 
global citation, implying a rigorous blind peer review, correct 
preparation of the manuscript, illustrations and bibliographies, 
as well as a serious attitude of the authors to the statistical 
processing of the data obtained. However, in the presence of 
significant financial injections, this process can be accelerated 
many times, but, as far as I know, the vast majority of 
gerontological journals that are free of charge for authors, sadly, 
cannot boast of this kind of financial support.
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The senescence-accelerated OXYS rats spontaneously 
reproduce the major signs of age-related macular degeneration 
(AMD): dystrophic alterations of the RPE, thinning of the 
neuroretina, and impairment of choroidal microcirculation. We 
found increased NGF staining in Muller cells in OXYS rats with 
progressive stage of retinopathy and differences in the cell type–
specific localization of mBDNF between OXYS and Wistar rats. 
During the development of AMD-like retinopathy, proBDNF 
dominated over mBDNF. It was suggested that neurons of OXYS 
rats have a limited ability to process proBDNF, thereby leading to 
increased cell loss in retina. We showed that the development of 
AMD-like retinopathy in OXYS rats is accompanied by retinal 
transcriptome changes affecting genes involved in autophagy. The 
impaired reactivity of autophagy was confirmed by a decreased 
number of autophagosomes under the conditions of blocked 
autophagosome-lysosomal fusion according to 
immunohistochemical analysis and transmission electron 
microscopy. Using OXYS rats as a model of AMD, we 
demonstrated that decreased capacity for upregulation of 
autophagic flux in response to metabolic stress accompanies the 
development of AMD and may reflect an age-related decline in the 
adaptability of retinal cells. Our results indicate disturbances in 
the neurotrophic support in the retina of OXYS rats. Maintaining 
sufficient reactivity of autophagy in the retina and the balance of 
neurotrophic factors may be considered as a strategy to slow down 
AMD.

Keywords — autophagy, neurotrophins, aging, retina, AMD, 
OXYS rats

Introduction 
Aging is the major risk factor for age-related diseases, 

including age-related macular degeneration (AMD). AMD is a 
progressive retinal disorder causing the severe vision 
impairment in the elderly but the pathophysiology of this disease 
is still largely unknown. There is increasing evidence that 
defective proteostasis due to impaired clearance might be the 
key process in AMD. Autophagy is a conserved cellular 
degradation pathway for the breakdown of cytoplasmic 
components: damaged proteins and organelles. Besides a 
housekeeping function, autophagy is crucial for response to the 
stress. Defects in the autophagy are linked to aging and disease 
pathology. Research on the molecular mechanisms underlying 
the age-related dysregulation of autophagy at the early stage of 
AMD and before its development can give clues to the most 
relevant molecular events triggering the entry into the 
irreversible stage [1]. 

Molecular studies on AMD are hampered by the 
inaccessibility of live retinal tissue from AMD patients, 
especially in the early stages. There is evidence that a suitable 
experimental model of AMD is senescence-accelerated OXYS 
rats, which spontaneously develop a phenotype similar to human 
age-related disorders including AMD-like retinopathy. 
Retinopathy that develops in OXYS rats already at a young age 
corresponds (in terms of clinical manifestations and 
morphological characteristics) to the dry atrophic form of AMD 
in humans. Nonetheless, neovascularization develops in some 
(~ 10–20%) of these rats with age. The clinical signs of AMD-
like retinopathy appear by the age of 3 months against the 
background of a reduction in the transverse area of the RPE, 
impairment of choroidal microcirculation, and retinal thinning. 
The progression of these abnormalities in OXYS rats is
accompanied by a significant reduction in thickness of the 
photoreceptor cell layer and a decrease in the number of 
photoreceptor cell nuclei of the outer nuclear layer. Significant 
pathological changes in the RPE manifest themselves as 
excessive accumulation of lipofuscin and amyloid in the RPE 
regions, disturbances in the morphology of the RPE sheet, 
including an increase in the proportion of multinucleated cells, 
hypertrophy, distortion of cell shape, and reactive gliosis.

Here, we analyzed high-throughput RNA sequencing (RNA-
Seq) data to identify the specific molecular processes and 
pathways that take part in the alterations of autophagy during the 
development and progression of AMD-like retinopathy in 
OXYS rats. On the basis of previous results revealing an 
important role of autophagy, we explored the in vivo effects of 
autophagy activation and inhibition by fasting and chloroquine 
(CQ) treatment, respectively, on the expression of autophagy 
markers in the retina of OXYS and control Wistar rats. Also we
assess the age-related changes in expression of mNGF, mBDNF, 
proBDNF and their receptors in the retina of OXYS and Wistar 
rats.

Methods
OXYS and Wistar rats at the age of 4 and 16 months were 

randomly distributed into treatment and control groups (n = 6 of 
each genotype per group). The rats consumed feed ad libitum, 
fasted for 12, 24, or 48 h, or fasted during four daily 
intraperitoneal injections of CQ (CQ, 50 mg/kg, Sigma-Aldrich, 
St. Louis, MO, USA) with the last injection administered 3 h 
before euthanasia [1]. 
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To identify the pathways and biological functions involved 
in the alteration of autophagy in OXYS rats, we analyzed RNA-
Seq data obtained previously. To identify the GO terms and 
pathways associated with autophagy over-represented in a DEG 
list, the detected DEGs were subjected to functional enrichment 
analyses by means of the DAVID tool with a Benjamini p-value 
cutoff at <0.05. The gene interaction networks related to 
autophagy were identified on the GeneMANIA web server 
(http://www.genemania.org/) with default parameters.

Standard techniques of qPCR, immunohistochemistry and 
electron microscopic examination were used to analyze 
autophagy modulation effects on retina. Neurotrophins 
immunofluorescent staining was performed by a standard 
method [2].

Results 
Here we showed that the development of AMD-like 

retinopathy in OXYS rats is accompanied by retinal 
transcriptome changes affecting genes involved in autophagy. 
These genes are associated with kinase activity, immune 
processes, and FoxO, mTOR, PI3K-AKT, MAPK, AMPK, and 
neurotrophin pathways at preclinical and manifestation stages, 
as well as vesicle transport and processes in lysosomes at the 
progression stage. Dysregulation of the autophagy transcriptome 
network in retinal cells takes place already at early stages of 
AMD-like retinopathy. We demonstrated a reduced response to 
autophagy modulation (inhibition or induction) in the retina of 
old OXYS rats: expression of genes Atg5, Atg7, Becn1, Nbr1, 
Map1lc3b, p62, and Gabarapl1 differed between OXYS and 
Wistar (control) rats. The impaired reactivity of autophagy was 
confirmed by a decreased number of autophagosomes under the 
conditions of blocked autophagosome-lysosomal fusion 
according to immunohistochemical analysis and transmission 
electron microscopy.

We found increased NGF staining in Muller cells in OXYS 
rats with progressive stage of retinopathy. In contrast, we 
observed only subtle changes in the labeling of mature BDNF 
(mBDNF) and TrkB during the development of AMD-like 
retinopathy in OXYS rats. Using colocalization with vimentin 
and NeuN, we detected a difference in the cell type–specific 
localization of mBDNF between OXYS and Wistar rats. We 
showed that the mBDNF protein was located in Muller cells in 
OXYS rats, whereas in the Wistar retina, mBDNF 
immunoreactivity was detected in Muller cells and ganglion 
cells. During the development of AMD-like retinopathy, 
proBDNF dominated over mBDNF. It was suggested that 
neurons of OXYS rats have a limited ability to process 
proBDNF, thereby leading to increased cell loss in retina..

Currently there is no consensus on whether autophagic 
activity increases or decreases with age and disease. Apparently, 
this phenomenon depends on such factors as cell type, disease, 
or a specific stage of the disease. We have reported that the basal 
level of autophagy is elevated at the early stage of retinopathy 
and declines at progressive stages. We demonstrated that retinal 
autophagy flux is lower in OXYS rats, thereby reducing the 
capacity of retinal cells to cope with the elevated proteolytic 
stress in progressive stages of disease. As one of the reasons for 
the decreased reactivity of autophagy, we propose the 
accumulation of senescent RPE cells in the retina of OXYS rats. 
These cells lead to cellular dysfunction and promote the 
senescence of neighboring cells by secreting the senescence-
associated secretory phenotype. The converse is also possible:
autophagy deregulation contributes to senescent cells 
accumulation. We have observed altered RPE cell morphology in 
OXYS rats: enlargement, flattening, a loss of the hexagonal shape, 
accumulation of lipofuscin granules, and multinucleation, which are 
employed as morphological markers of senescent cells [3]. 

Conclusion
Thus, using OXYS rats as a model of AMD, we 

demonstrated that decreased capacity for upregulation of 
autophagic flux in response to metabolic stress in the retina 
accompanies the development of AMD and may reflect an age-
related decline in the adaptability of retinal cells. Alterations of 
neurotrophin signaling pathway were found at the advanced 
stage of AMD-like retinopathy development in OXYS rats. 
Consequently, maintaining sufficient reactivity of autophagy in 
the retina and the balance of neurotrophic factors may be 
considered as a strategy to slow down AMD. 
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Abstract — Original software was used to specify the evolution 
of transcription factors Nrf2 and Bach1 in Deuterostomia. The
transcription factors are antagonistically involved in the response 
to reactive oxygen species (ROS). The original algorithm shows 
that Bach emerged by duplication of Nfe2, an ortholog of Nfe2l2,
in the chordate ancestor. At the N-terminus, the copy was provided 
with the BTB domain from a gene orthologous to the European 
lancelet Branchiostoma lanceolatum gene BL03038_cuf1 followed 
by a domain typical for the Zinc finger C2H2 superfamily.

Keywords — Nrf2, anti-ageing program, anti-ROS; Bach1, 
ageing program, pro-ROS; ROS

Introduction
In many vertebrates, Nrf2 (Nfe2l2), Bach proteins (Bach1 

and Bach2), as well as Keap1, β-TrCP, c-Myc, and GSK3b are 
components of the regulatory network (e.g., in Mus musculus)
that is, among other functions, associated with regulation of the 
level of reactive oxygen species (ROS). In particular, the 
relationship between Nrf2 and Bach1 is critical for the regulation 
of heme oxygenase 1 expression, which provides for heme 
degradation. The functioning of this network is related to
species-specific lifespan as well as to many human diseases.
Nrf2 activates about 200 genes; Nrf2 and Bach1 are antagonists 
in controlling ROS levels, which is also due to the competition 
for ARE DNA-binding sites. These proteins usually function by 
complexing with each other as well as with other proteins (e.g., 
Maf) and DNA. The BTB (POZ) domain is common in zinc-
finger transcription factors. Bach proteins are the only BTB 
proteins with the bZIP domain. Bach has the BTB domain at the 
N-terminus and the bZIP domain at the С-terminus. Nrf2 also 
has the bZIP domain at the С-terminus. Phosphorylation of Tyr-
486 in the mouse Bach1 inactivates the protein. The heme-
binding sites have been identified for Bach as well as the sites of 
Bach homodimerization. In Bach, the heme-binding regions are 
not similar, and, in particular, differ by the number of regulatory 
cysteine-proline (CP) motifs. The following evolutionary 
assumptions have been proposed: the bZIP family descends 
from a single eukaryotic gene; the common ancestor of the Bach
genes existed in chordates before the divergence of vertebrates 
since it exists in Ciona spp.; two Bach genes emerged in 
gnathostomes, apparently, after their separation from lampreys. 
Invertebrates have a single ortholog to four vertebrates genes 
(Nfe2, Nfe2l1, Nfe2l2, and Nfe2l3). Our work contains results 
about the evolution of Nrf2 and Bach genes and corresponding 
proteins. Here we present the results of the computer-aided 
search for Nrf2 and Bach in deuterostomes using the conditions 
specified below.

Results
1) Here we consider all deuterostomes represented in 

Ensembl and GenBank. The Bach gene has been identified in 
tetrapods, cartilaginous and bony fishes, cyclostomes, and 

ascidians using a local alignment with the human BACH1 
(NP_001177.1), the presence of the ВТВ and bZIP-Maf 
domains, satisfactory alignment of the secondary structure, and 
high similarity of the 3D structure at the N- and C-terminal 
regions with the human BACH1. According to these criteria, the 
Bach gene is missing in lancelets, hemichordates, and 
echinoderms. Similarly, the Nrf2 gene has been identified in 
deuterostomes using local alignment with the human NFE2L2 
(NP_006155.2), the presence of the bZIP-Maf domain, a 
satisfactory alignment of the secondary structure, the absence of 
some other domains (kelch-type beta-propeller for kelch-like 
proteins; BTB for Bach; bZIP-Jun for Jun and similarly for other 
bZIP proteins), and high 3D structure similarity with NFE2L2 at 
the C-terminus coupled with a significant difference from other 
human bZIP proteins at the N-terminus. Another important 
reason for dividing all found proteins into the Bach and Nrf2 
groups as well as other groups is the splitting of the unrooted
tree into the clades of Bach and Nrf2 separated with a nearly 
100% support. Rooting the tree with echinoderms makes it 
incongruent with the species tree only for Nrf2 in Oikopleura 
dioica and Ciona spp., and these proteins are questionable in 
other respects. Similarly, we recognize the Bach and Nrf2 clades 
in the bigger tree of bZIP proteins.

Analysis of the search results. Among invertebrate 
deuterostomes, Bach proteins have been found only in Ciona 
intestinalis and C. savignyi (tunicates diverged early from other 
chordates). At least one Bach protein has been found in all 
vertebrates. It looks like Bach emerged in the common ancestor 
of vertebrates and tunicates (and was possibly lost in 
appendicularians), after which it diverged into Bach1 and Bach2
in the common ancestor of cartilaginous and bony fishes. In 
fishes, the Bach genes were many times duplicated and lost; their 
genomes commonly have many paralogs that are orthologous to 
Bach. E.g., the huchen Hucho hucho has four genes orthologous 
to Bach2. The Bach1 gene is represented by a single copy in all 
tetrapods. The alignment of Bach proteins indicates considerable 
conservation of each of them in most mammals. Within 
Euarchontoglires, Bach1 demonstrates only minor changes in 
most rodents including the Damaraland mole-rat (DMR) 
Fukomys damarensis. The only exception is the C-terminal 
region of all Bach1 isoforms in the naked mole-rat (NMR) 
Heterocephalus glaber. One Bach1 isoform has an extended 
deletion, although a short region upstream of the C-terminus is 
conserved. Another isoform has a long insertion in the same 
region. The full-length Bach1 protein of the NMR usually shares 
the dispensable amino acids with the DMR but not the mouse, 
which agrees with their taxonomical position. No significant 
differences in Bach1 have been revealed in primates. Beyond 
Euarchontoglires, the Bach1 sequences of the sloth Choloepus 
hoffmanni, tenrec Echinops telfairi, shrew Sorex araneus,
dolphin Tursiops truncatus, flying fox Pteropus vampyrus are 
similar to those in primates and most rodents. Conversely, other 
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representatives of Laurasiatheria as well as the nine-banded 
armadillo Dasypus novemcinctus have insertions or deletions in 
Bach1 in the corresponding region of the NMR. The Bach1 of 
the hedgehog Erinaceus europaeus, elephant Loxodonta 
africana, and hyrax Procavia capensis in Bach1 has a very long 
C-terminal deletion covering both conserved and variable 
regions. On the other hand, one of the Bach2 isoforms in 
primates Macaca mulatta, M. nemestrina, and Pan troglodytes
has an N-terminal extension not observed in humans.

2) Here we consider all species represented in RefSeq and 
Ensembl supplemented by those in GenBank. The Bach1 protein 
of cartilaginous fishes lacks the Tyr-486. The Bach1 in tetrapods 
has conserved the functionally significant phosphorylated 
tyrosine and the neighboring amino acids remained largely 
unchanged, although D→S substitutions and proline loss in the 
CP motifs are observed in long-lived rodent DMR and NMR. In 
the Australian ghostshark Callorhinchus milii, cloudy catshark 
Scyliorhinus torazame, whale shark Rhincodon typus, and 
brownbanded bamboo shark Chiloscyllium punctatum, this 
tyrosine is replaced with phenylalanine. The Bach in Ciona spp. 
has preserved this tyrosine unlike some of the neighboring 
amino acids. The predicted heme-binding sites in Bach1 of 
tetrapods insignificantly differ from those in mouse except the 
species described below. These sites include the 223-LCPKYR-
228 (C→G in marsupials, while in the platypus 
Ornithorhynchus anatinus it is the same as in the mouse; or 
C→Y in the common wall lizard Podarcis muralis); 300-
QCPAEQ-305, which considerably changed or disappeared in 
most mammals; 435-ECPWLG-340 (conserved in all tetrapods); 
463-NCPFIS-468 (the cysteine is conserved in tetrapods, and 
I→M in placentals including DMR, NMR and the common degu 
Octodon degus); 494-PCPYAC-499 (conserved in all tetrapods 
except the bearded dragon Pogona vitticeps and platypus); and 
648-DCPLSF-653 (conserved in almost all tetrapods). Bach in 
Ciona spp. has only two conserved CP sites, and their positions 
differ from those involved in the heme-dependent regulation in 
human and mouse. A similar pattern is observed for Bach2. The 
368-ACPFNK-373 heme-binding site is present in most 
Myomorpha but not in the Upper Galilee Mountains blind mole 
rat (GMR) Nannospalax galili; the ACPFDK (N→D) site are 
found in other rodents (the North American beaver Castor 
canadensis, guinea pig Cavia porcellus, the GMR, and other 
mole-rats, DMR and NMR) and nearly all tetrapods; the 
ACPSDK (F→S) site is found in the Philippine tarsier Carlito 
syrichta; ACSFDK (P→S), in flying foxes; VCPFDK (A→V), 
in the barbed agama; ACPLDK (F→L), in marsupials and the 
three-toed box turtle Terrapene carolina triunguis (with a 
negligible aging rate); ACPFEK, in birds, saltwater crocodile 
Crocodylus porosus, and Chinese alligator Alligator sinensis;
ACPVEK, in the western clawed frog Xenopus tropicalis;
ACPLNR, in the West Indian Ocean coelacanth Latimeria 
chalumnae; no this site was found in the platypus. Other fishes 
have the P→S substitution and some other modifications of the 
site. Overall, Bach2 in flying foxes differ from that (commonly 
ACPFDK) in other chiropterans. The 498-SCPVPI-503 site is 
strictly conserved in all species starting from cartilaginous fishes 
to mammals. The 505-VCPRSP-510 site is also strictly 
conserved within the same taxonomic range excluding the L. 
chalumnae with the С→Y substitution. The 602-SCPVQD-607 

site is conserved in the L. chalumnae and all tetrapods. This site 
is missing in the European cattle Bos taurus, while Bos mutus
shares it with all other tetrapods. This site is missing in the 
bluespotted mudskipper Boleophthalmus pectinirostris as well 
as in other fishes. The sites notably differ in the C. milii, and 
whale shark Rhincodon typus from those in tetrapods. The 728-
YCPVLI-733 site is only found in all rodents but not in other 
taxa. However, most vertebrates including the European rabbit 
Oryctolagus cuniculus and C. milii have a different site, 
YCPVLR (I→R). The Chinese softshell turtle Pelodiscus 
sinensis demonstrate singular modifications in the YFPVLR 
(C→F) site; the X. tropicalis, in YCPVLQ (R→Q); the R. typus,
in FCPVFR (Y→F, L→F). The evolution of the insertion in the 
N-hook downstream of the MSLSE motif at the N-terminus in 
Bach1 has been studied. The evolution of response to 
mitochondrial ROS will be discussed [1].

Discussion
The genomic rearrangement that gave rise to the Bach

remains an open problem. The Nfe2 is most similar to the Bach 
in early-diverging deuterostomes. One can think that Bach
emerged by duplication of Nfe2, an ortholog of Nfe2l2, in the 
chordate ancestor. The BTB domain essential in Bach is missing 
in Nfe2; however, it exists in dozens of ancient proteins (e.g., 
the BTB-ZF family) that could provide it for the ancestral Bach. 
Possible BTB sources include a gene orthologous to the 
European lancelet Branchiostoma lanceolatum gene 
BL03038_cuf1 with the domain at the N-terminus followed by a 
domain typical for the Zinc finger C2H2 superfamily 
(IPR036236). The bZIP domain specific for the C-terminal 
regions of Bach proteins is not found in BL03038_cuf1. Thus, 
Bach could emerge as a chimeric gene. Anyhow, such an 
evolutionary scenario is optimal for the reconstruction of the 
genomic structures carried out by the original algorithm. The 
absence of Bach proteins in Branchiostoma spp. agrees with the 
proposed closer phylogenetic similarity between vertebrates and 
tunicates rather than between vertebrates and lancelets. The 
absence of Bach in Oikopleura dioica, which is relatively close 
to Ciona spp., can be attributed to its neoteny. Indeed, like other 
appendicularians, adult O. dioica has a discrete body and tail and 
preserves the notochord throughout its life, while the body 
structure of Ciona spp. substantially changes in development. 
The loss or substantial change of Bach2 genes in the tuatara 
Sphenodon punctatus and the tortoise Chelonoidis abingdonii is 
accompanied by a long species-specific lifespan. The changes in 
the NMR Bach1 untypical for rodents can also be related to the 
unusually long lifespan.
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Abstract — Lifespan can be increased by the calorie restriction. 
However, it is not entirely clear whether this effect is manifested
at the cellular level. Recently, it has been shown that calorie 
restriction extends the lifespan of yeast. We conduct similar 
experiments on mammalian cell cultures.

Keywords — calorie restriction, cell aging, glucose metabolism,
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Motivation and aim

Motivation
The lifespan of yeast undergoing chronological aging can be 

extended by calorie restriction (CR) [1, 2]. CR in this case means 
reducing the amount of glucose or replacing glucose with non-
fermentable carbon sources. In addition, it was also possible to 
increase the lifespan of yeast with the help of some drugs that 
mimic this effect (for example, rapamycin) [3].

Aim
We studied how CR affects the lifespan of mammalian cell 

culture in the “stationary phase aging” (similar to chronological 
aging) model, as well as the expression of genes associated with 
autophagy and glucose metabolism.

Methods
Transformed Chinese hamster cells were grown at 37°C in 

Dulbecco's modified Eagle's medium (or Minimum Essential 
Medium, or Medium 199) supplemented with 10% bovine 
serum. The influence of various ways of dilution of medium and 
addition of CR mimetics on viability of the culture, its growth 
and subsequent dying out in the stationary phase as well as gene-
expression profile was analyzed. The resulting cell survival 
curves were approximated using the Gompertz equation. 
Differences were considered statistically significant at p<0.05. 
Mathematical calculations and statistical data processing were 
performed using SigmaPlot 12.0 software (Systat Software Inc., 
United States).

Results
We found no dependence of lifespan of “stationary phase 

aging” mammalian cell culture on glucose content; in some 
cases, the cells lived longer on media with high glucose content. 
Drugs that could presumably cause CR either did not affect (2,4-
dinitrophenol) or reduced (metformin) the lifespan of the 
culture. Dilution of the culture medium with the isotonic 
Quinton Marine Plasma increased lifespan, however, this effect 

can be associated not so much with CR, but with a more 
successful combination of components in the new medium. 
Despite the lack of the same encouraging results as in 
experiments with yeast, it cannot be denied that the effect of CR 
is realized at the cellular level. Inhibition of autophagy, one of 
the main mechanisms through which CR is realized, reduced the 
lifespan of a cell culture. Moreover, the expression of some 
genes responsible for the synthesis of glucose metabolism 
enzymes and autophagy-related proteins (LDHa, AMPK, LC3, 
LAMP1) differs in “young” and “old” cells.

Conclusion
The results of experiments on yeast, at first glance, confirm 

that CR increases cell lifespan. However, the interpretation of 
such experiments seems to us not always correct [4, 5]. Yeast 
are grown in a nutrient-rich medium, and then transferred to a 
medium with a lack of nutrient components or with CR 
mimetics. In such experiments, it is necessary to determine the 
metabolic activity of “aging” yeast; it is likely that they become 
metabolically inactive. This way of increasing lifespan is not 
suitable for actively functioning postmitotic cells such as 
neurons and myocytes. Based on our experiments, we can 
conclude that the “old” cells are metabolically active (according 
to the results of changing the expression level of some genes and 
the kinetics of cell culture dying out), but we do not always get 
the same results as in experiments with yeast.
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Abstract — Accumulation of intracellular damage and protein 
aggregates is an universal hallmark of aging and accompanies the 
development of some age-related diseases include Alzheimer’s 
disease (AD). Alpha-B-Crystallin (CryaB) as the molecular 
chaperone contributes maintenance of proteostasis by prevention 
of aggregation of proteins (e.g. amyloid beta) and enables their 
correct refolding. CryaB activity is regulated by MAPK signaling 
pathway (MAPKsp) through its phosphorylation. Nevertheless, 
the link between changes in MAPK–dependent CryaB 
phosphorylation with age and the development of AD remains 
unclear. Here, we examined p38 MAPK– and ERK-dependent 
phosphorylation of CryaB in the brain of Wistar rats with normal 
aging and senescence-accelerated OXYS rats at the different 
stages of the development of AD-like pathology, including the 
presymptomatic stage. The most significant changes identified in 
the p38 MAPK–dependent CryaB phosphorylation. The level of p-
Ser59-CryaB in the brain of Wistar rats increased with the age on 
the background of p38-MAPKsp activation. Similar but more 
significant changes accompanied the development of AD-like 
pathology in OXYS rats. The activation of ERK1/2-dependent 
CryaB phosphorylation (pSer45-CryaB) was detected at the early 
age and at the late stages of AD-like pathology in OXYS, while 
changes in the ERK1/2 signaling pathway were detected in Wistar 
rats with age. Thus, alteration of MAPK-dependent 
phosphorylation CryaB occurs with the normal aging.
Manifestation and progression of the signs of the AD occurs 
against the background of activation of p38MAPK-dependent 
phosphorylation of CryaB. Activation of EPK-dependent CryaB 
phosphorylation is characteristic of the preclinical and progressive 
stage of the AD-like pathology.

Keywords — aging, phosphorylation, MAPK pathways, alphaB-
crystallin, Alzheimer’s disease, OXYS rats

Introduction
Accumulation of intracellular damage and protein 

aggregates is an universal hallmark of aging. Maintenance of 
protein proteostasis is attained through precisely coordinated 
systems that must rapidly correct unwanted proteomic changes. 
The points of cross talk between the unfolded protein response 
and MAPK signaling pathways that may contribute to our 
understanding of the mechanisms of alteration of proteostasis 
processes with aging and with development of age-related 
diseases including Alzheimer’s disease (AD). MAPK signaling 
network regulates cell survival and death responses following a 
variety of stresses including misfolded protein response stress. 
Two subfamilies of MAPKs (p38MAPK and ERK1/2) 
participate in this by regulating the activity of the alphaB-
crystallin (CryaB) through its phosphorylation. CryaB as a 
molecular chaperone prevents aggregation of proteins (e.g. 
amyloid beta) and enables their correct refolding. Nevertheless, 
the link between changes in MAPK–dependent CryaB 
phosphorylation with the normal aging and the development of 
AD remains unclear. Here, we examined CryaB, phospho- (p-)

Ser59-CryaB and p-Ser45-CryaB protein amounts in the brain 
of Wistar rats with normal aging and senescence-accelerated 
OXYS rats at different stages of the development of AD-like 
pathology. We compared this result with the changes in 
expression of genes involved in the p38 MAPK and ERK 1/2 
signaling pathways and the content of key proteins of these 
pathways in brain of Wistar and OXYS rats.

Materials and Methods 
The work was carried out on male OXYS rats and Wistar rats 

(control) aged 20 days, 5, and 18 months based in the Center of 
Genetic Resources of Laboratory Animals at the Institute of 
Cytology and Genetics, Siberian Branch of the Russian 
Academy of Sciences (Novosibirsk, Russia). 

To detect changes in the expression of genes involved in 
MAPK- and ERK1/2 signaling pathways in Wistar and OXYS 
rats, we analyzed RNA-Seq data obtained previously [1].

Standard techniques of western blott analysis and 
immunohistochemistry were used to examine of content of 
CryaB, p-Ser45-CryaB, p-Ser59-CryaB and key proteins of 
MAPK- and ERK1/2 signaling in the prefrontal cortex and 
hippocampus of Wistar and OXYS rats. The data were subjected 
to two-way analysis of variance in the Statistica 8.0 software.

Results 
Here, we showed that in the prefrontal cortex of rats OXYS 

and Wistar p-Ser59-CryaB was detected only in the detergent-
insoluble fraction. Its level did not differ between OXYS and 
Wistar rats at the age of 20 days. Increase of p-Ser59-CryaB 
content occurred with age in rats of both strains. The 
manifestation and progression of signs of AD in OXYS rats were 
accompanied by an increase in the level of p-Ser59-CryaB 
relative to Wistar rats in the prefrontal cortex and hippocampus. 
It should be noted that the content of p-Ser59-CryaB in the 
detergent-insoluble fraction was significantly higher in OXYS 
rats, which indicates the formation of stronger links of p-Ser59-
CryaB with the target molecule. Indeed, immunohistochemical 
staining of brain sections revealed in the brain of 18-month-old 
OXYS rats the joint localization of p-Ser59-CryaB with toxic 
beta amyloid (Aβ1-42). CryAB phosphorylation (S59) is 
mediated through activation of p38 protein kinase. A significant 
increase in the p38 MAPK protein content in the detergent-
insoluble fraction was found in the cortex of OXYS rats aged 5 
and 18 months, while its level did not change in Wistar rats. In 
these age groups, OXYS rats showed an increase in the level of 
phosphorylation of p38 MAPK protein in both protein fractions. 
A similar study of the contents of p38MAPK and p-p38MAPK 
in the hippocampus of OXYS and Wistar rats during the same 
age periods revealed similar results with the level of these 
proteins in the prefrontal cortex.
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According to the analysis of transcriptomes of the prefrontal 
cortex and hippocampus, the development of AD signs in OXYS 
rats is accompanied by an increase in the number of 
differentially expressed genes (DEGs) involved in the p38 
MAPK signaling pathway. Changes in the mRNA level of genes 
in OXYS rats are associated with such categories of gene 
ontologies as the cascade of protein kinases, phosphorylation, 
calcium signaling, and the protein kinase activating signaling 
pathway.

Next, we showed that in the prefrontal cortex and 
hippocampus of OXYS and Wistar rats p-Ser45-CryaB was 
contained in detergent-soluble and detergent-insoluble protein 
fractions. The level of p-Ser45-CryaB in OXYS rats was higher 
than in the control Wistar rats at the age of 20 days and 18
months. It should be noted that the accumulation of p-Ser45-
CryaB in the detergent-insoluble fraction increased already at 
the preclinical stage of AD-like pathology in OXYS rats. CryaB 
phosphorylation (S45) is mediated through activation of the 
ERK1/2 signaling pathway controlled by ERK1/2 protein 
kinases. A significant increase in the protein content of ERK1/2 
was found in the prefrontal cortex and hippocampus of OXYS 
rats at all studied ages. According to the analysis of 
transcriptomes of the prefrontal cortex and hippocampus, the 
progression of signs of AD in OXYS rats was accompanied by 
an increase in the number of DEG involved in the ERK1 / 2 
signaling pathway. 

CONCLUSION
Thus, alteration of MAPK-dependent phosphorylation of 

CryaB is happening with the normal aging. Activation of 
EPK1/2-dependent CryaB phosphorylation occurs with age and 
is characteristic for the preclinical and progressive stages of the 
AD-like pathology. Manifestation and progression of the signs 
of the AD occur against the background of activation of 
p38MAPK-dependent phosphorylation of CryaB and changes in 
gene expression of this signaling pathway. An increase in the 
level of p-Ser59-CryaB and its joint localization with Aβ1-42 
can be considered as a response to the accumulation of toxic 
protein aggregates in the brain, which is an important part of the 
endogenous mechanism of AD development. 
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Abstract — Given that repetitive cognitive activity leaves post-
task traces after task performance and divergent problem solving 
is accompanied by alpha power enhancement, one may suppose 
that divergent tasks performance may induce resting-state alpha 
rhythm modulation. The results obtained in the current pilot study 
indicated that alpha power increased after 30-40 minute divergent 
problem solving in parietal brain region in older adults.

Keywords — alpha rhythm modulation, divergent thinking, 
aging

Motivation and aim

Motivation
Resting-state EEG alpha power is known to dramatically 

decrease as people ages [1]. At the same time, due to the 
association between alpha power and inhibitory abilities [2, 3], 
alpha increase may be useful to preserve top-down inhibitory 
capacity in older age. Given that repetitive cognitive activity 
leaves post-task traces after task performance [4] and that 
divergent problem solving is accompanied by alpha power 
enhancement [5], one may suppose that divergent tasks 
performance may results in resting-state alpha rhythm 
modulation.

Aim
The current study aimed to examine if alpha power increases 

after performance of verbal and visual divergent tasks. To this 
end, we explored the changes in resting-state alpha power that 
followed 30-40 minute divergent problem solving session, 
which consists of repetitive tasks of verbal and visual domains.

Methods
We recorded EEG in 30 right handed older adults (55-75

years old, mean age=64.2) before, during and after divergent 
thinking session. All subjects continued their professional 
activity; exclusion criteria was self-reported history of 
psychiatric, major medical, and neurological diseases. Divergent 
thinking session lasted for 30-40 minutes and included 30 verbal 
tasks (“Alternate Uses Task”, [6]) and 30 visual tasks 
(“Incomplete figures”, [6]). Originality (uniqueness) of creative 
ideas in each creativity domain was assessed using database of 
the response rate in these tests developed by authors previously. 
The EEG data were registered using 52 Ag–AgCl electrodes 
placed according to the modified version of the international 10–
20 system via “Neuroscan 4.4” (USA). Fronto-central electrode 
was used as the ground, and electronically linked mastoid 
electrodes as reference. Electrode impedances did not exceed 5 
kΩ. The EEG was amplified using Neuroscan amplifiers with a 
gain of 250 and a bandpass of 0–50 Hz. Artifacts rejection was 

made using independent component analysis implemented in 
EEGLAB toolbox (https://sccn.ucsd.edu/eeglab/). Bandwidth 
for the upper alpha band was defined as [(individual alpha peak 
frequency) to (individual alpha peak frequency +2)]. To 
examine alpha activity, we used three-minute recordings in eyes-
open resting-state condition from pre-test and post-test intervals 
as well as EEG recorded during successfully resolved verbal and 
visual tasks. In all cases, EEG data were segmented into 2 s 
epochs and submitted to further analysis. We calculated current 
source density (CSD) estimates via standardized Low 
Resolution Brain Electromagnetic Tomography (sLORETA) 
[13]. For each interval under analysis, we yielded the CSD 
distribution across all 6239 voxels in a realistic head model, 
which is based on the MNI 152 template, with spatial resolution 
of 5x5x5 mm. Statistical contrasts of CSD estimates was 
performed using statistical nonparametric mapping (SnPM) with 
5000 randomizations in the LORETA package. Pearson 
correlations were calculated in STATISTICA10. MNI 
coordinates of voxel with maximum difference between pre-test 
CSD and post-test CSD was used as a “seed” in follow-up region 
of interest (ROI) analysis. ROI was identified as cluster of 
voxels within the circle centered at seed, 15 mm in radius. For 
ROI analysis, eLORETA transformation matrix was used. ROIs 
were extracted from differential maps of post-task/pre-task 
changes, visual/pre-task changes, verbal/pre-task changes.

Results
Alpha CSD increased from pre-task to post-task resting-state 

interval (p=0.019) in the Superior Parietal lobule (Brodmann 
area 7) (see Figure, A). CSD estimates during visual task were 
higher in comparison with CSD estimates in pre-task interval 
with localization of maximal difference (p=0.0003) in the 
Superior Parietal lobule (Brodmann area 7). However, CSD 
estimates during verbal task did not differ from CSD estimates 
in pre-task interval. The results suggest that alpha increase from 
pre-task to post-task interval is more likely to be formed by 
activity during performance of visual task. Correlation analysis 
of CSD estimates within ROIs revealed positive association 
between visual task and post-task intervals (r=0.46, p=0.013) 
(see Figure, B), while no significant correlations were found 
between verbal task and post-task intervals, providing additional 
evidence for the prominent role of visual domain. ROI estimates 
extracted from visual/pre-task changes were positively 
correlated with visual originality (r=0.48, p=0.008) (see Figure, 
C). This finding suggests that CSD estimates of visual/pre-task 
changes within ROI reflected specific to visual creativity aspects 
of task performance. Correlations between efficacy indicator 
and CSD estimates in ROI, derived from post-task/pre-task 
changes, failed to reach significance level. Therefore, the traces 
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in post-task EEG may be associated with extensive use of this 
region during visual task implementation, independently of 
efficiency of task performance.
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Abstract — Brain activity during during execution of the 
experimental task in older adult differ from that in younger ones. 
HAROLD model describes hemispheric asymmetry reduction in 
older adults, while PASA model postulates posterior-anterior shift 
in aging. Up to date, age-related differences in use-dependent 
neuroplasticity are under-studied. Obtained results showed that in 
both pre-task and post-task intervals alpha power anterior-
posterior gradient (posterior>anterior) was higher in younger 
group in comparison with older group. This pattern of age-related 
differences is consistent with PASA model.

Keywords — alpha rhythm, post-task traces, PASA, aging

Motivation and aim

Motivation
Repetitive cognitive activity induces neuroplasticity 

prosesses [1], which may manifests itself in 
electroencephalography (EEG) by post-task traces after task 
performance. It is well-known that brain activity during during 
execution of the experimental task in older adult differ from that 
in younger ones. Empirical data were summarized in several 
patterns of age-related changes probably reflecting neuro-
compensatory processes. HAROLD model describes 
hemispheric asymmetry reduction in older adults [2], while 
PASA model postulates posterior-anterior shift in aging [3]. Up 
to date, age-related differences in use-dependent neuroplasticity 
are under-studied.

Aim
The current study aimed to explore age-related differences in 

post-task traces after creative task performance and to examine 
whether these differences match the functional aging brain 
models (PASA, HAROLD).

Methods
We recorded EEG in 31 younger (19-33 years) and 30 older 

adults (55-75 years) before, during and after divergent thinking 
session. All subjects were students or continued their 
professional activity; exclusion criteria was self-reported history 
of psychiatric, major medical, and neurological diseases. 
Divergent thinking session lasted for 30-40 minutes and 
included 30 verbal tasks (“Alternate Uses Task”, [4]) and 30 
visual tasks (“Incomplete figures”, [4]). The EEG data were 
registered using 52 Ag–AgCl electrodes placed according to the 
modified version of the international 10–20 system via 
“Neuroscan 4.4” (USA). Fronto-central electrode was used as 

the ground, and electronically linked mastoid electrodes as 
reference. Electrode impedances did not exceed 5 kΩ. The EEG 
was amplified using Neuroscan amplifiers with a gain of 250 and 
a bandpass of 0–50 Hz. Artifacts rejection was made using 
independent component analysis implemented in EEGLAB 
toolbox (https://sccn.ucsd.edu/eeglab/). Bandwidth for the upper 
alpha band was defined as [(individual alpha peak frequency) to 
(individual alpha peak frequency +2)]. To examine use-
dependent changes alpha activity, we used three-minute 
recordings in eyes-open resting-state condition in pre-test and 
post-test intervals. EEG data were segmented into 2 s epochs and 
submitted to further analysis.For each derivation, mean alpha 
power was calculated using Fourier transform via EEGLAB 
toolbox. Then derivations were combined in the frontal, central, 
temporal- central, and parietal-occipital left regions and the 
same right regions. For statictical analysis we used repeated 
measures analysis of variance (ANOVA) implemented in 
STATISTICA10.

Results
We found significant interaction of factors “region” and 

“time” (F(3, 177)= 46, p<0.0001). For both age groups, alpha 
power in post-task interval was higher than at pre-task interval 
in all regions except of frontal (anterior-posterior gradient, 
posterior>anterior). ANOVA yielded significant interaction of
factors “region” and “age” (F(3, 177)=3, p<0.02). In younger 
group, alpha power in central and parietal-occipital region was
higher than in frontal and temporal-central regions. In older 
group, alpha power at central brain region was higher in 
comparison with all the rest regions, however there was no 
difference between frontal and parietal-occipital regions. In both 
pre-task and post-task intervals alpha power anterior-posterior 
gradient (posterior>anterior) was higher in younger group in 
comparison with older group (p<0.05). This pattern of age-
related differences is consistent with PASA model [3].
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Abstract — Alzheimer’s disease (AD) is the most common 
cause of dementia worldwide. In the case of sporadic form of AD 
(~95% of cases), its mechanisms are unknown. Accumulating 
data indicate middle age as a critical period for the relevant 
pathological processes; however, it has been reported only 
recently that in the early postnatal period — when brain 
development is completing—preconditions for a decrease in 
cognitive abilities and for accelerated aging can form. Here, we 
hypothesized that specific features of early postnatal brain 
development may be considered some of the prerequisites of AD 
development at an advanced age. To test this hypothesis, we 
used OXYS rats, which are a suitable model of sporadic AD. The 
duration of gestation was lower in OXYS rats compared to 
control Wistar rats which may result in developmental 
retardation. Indeed, we noted retardation of emergence of 
postural and locomotor skills as well as decreased locomotor 
activity and increased anxiety in OXYS rats already at a young 
age: possible signs of altered brain development. We 
demonstrated retardation of the peak of postnatal neurogenesis 
in the hippocampal dentate gyrus (DG) of OXYS rats. Delayed 
neuronal maturation led to alterations of mossy-fiber formation 
and was accompanied by altered astrocytic migration from DG. 
We assume that the observed retardation in the development of 
the brain may be predictor of AD signs development in OXYS 
rats and, possibly, these diseases in humans.

Keywords — neurogenesis, brain development, Alzheimer's 
disease, OXYS rats

Introduction
Aging is the major risk factor for development of wide 

range of psychiatric disorders including AD. The most 
common (~95% of cases) sporadic AD develops 
asymptomatically for many years prior to its manifestation [1] 
and accumulating data indicate middle age as a critical period 
for the relevant pathological processes [2, 3]; however, the 
question of when AD starts to develop remains open. It has 
been reported only recently that in the early postnatal period—
when brain development is completing—preconditions for a 
decrease in cognitive abilities and for accelerated aging can 
form [4-6]. Evidently, this hypothesis cannot be verified 
without using adequate animal models. Previously we have 
confirmed that senescence-accelerated OXYS rats are a 
suitable model of sporadic AD [7-10]. Thus, we suggested that 
the study of the specific features of early postnatal 
development using OXYS rats may shed a light on long-

lasting effects of alterations of brain development and its 
connection to manifestation of AD late in life.

Materials and methods
For evaluation the duration of gestation we used 3-months-

old virgin female OXYS and control Wistar rats and age-
matched males (n = 25 per strain and gender). For evaluation 
of body and brain weight we used offspring from female 
OXYS and Wistar rats (n = 4 female rats for one time point: 
day of birth, postnatal day 1 (PND1), PND3, PND5, PND7, 
PND10, PND14, PND20, PND45). For analysis of physical 
development (auricle detachment, emergence of pelage and 
incisors, eye opening, dropping of the testes in male and 
vaginal opening in female rats) and emergence of postural and 
locomotor skills (elevation of head and shoulders, grasp reflex 
for fore and hind limbs, righting on surface and in midair, 
negative geotaxis, placing, jumping and jumping across cliff) 
we used offspring from 4 female OXYS and Wistar rats per 2-
3 parameters. To evaluate locomotor activity we used open 
field test for animals at PND10, PND14, PND20 and PND45; 
to evaluate anxiety level we used elevated plus maze test for 
animals at PND45 (n = 15 per strain and age). To analyze 
hippocampal development of OXYS and Wistar rats we 
evaluated the density of neuronal progenitors and proliferating 
cells in the DG at the day of birth, PND1, PND3, PND5, 
PND7, PND10, PND14, PND20 and PND45 as well as the 
density of neuronal and astroglial cell lines at PND10, PND14, 
PND20 and PND45 by immunochistochemistry; intensity of 
apoptosis at PND10, PND14, PND20 and PND45 by TUNEL 
method (n = 3-6 per strain and age). To evaluate 
morphological characteristics of mossy fibers, hippocampal 
slices of OXYS and Wistar rats at PND10, PND14, PND21 
and PND45 underwent DiI injection into the DG area (n = 6-
8 per strain and age) with following microscopic analysis. To 
clarify the connection between features of early development 
and AD-like pathology we evaluated the density of 
progenitors and cells from neuronal and astroglial cell lines in 
the DG of OXYS rats at period of active manifestation (age 3 
months) and progression (age 18 months) of the disease signs. 
The data were subjected to two-way analysis of variance in the 
Statistica 8.0 software.

Results
We showed that duration of gestation was shorter in 

OXYS rats compared to Wistar rats, and OXYS pups were 
born with lower body as well as brain weight. At PND1 the This work was supported by the Russian Science Foundation (# 19-15-

00044).
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body weight did not differ between OXYS and Wistar pups, 
whereas brain weight remained lower in OXYS pups. 
However, to PND3 the differences in brain weight between rat 
strains become insignificant. Shortened duration of gestation 
in OXYS rats may result in developmental retardation, such 
as delayed auricle detachment, emergence of pelage and 
incisors, eye opening, dropping of the testes in male rats and 
vaginal opening in female rats. Moreover, we observed 
retardation of emergence of postural and locomotor skills in 
OXYS rats: elevation of head and shoulders, grasp reflex for 
hind limbs, righting on surface and in midair, negative 
geotaxis, placing (when chin elicited) and jumping across 
cliff. Also we demonstrated decreased locomotor activity in 
OXYS rats at PND20 and PND45 and increased anxiety at 
PND45. These changes may reflect deterioration of brain 
development. Indeed, we demonstrated that OXYS pups were 
born with decreased density of amplifying neuronal 
progenitors in DG; however, to PND1 the parameter increased 
reaching the level of Wistar pups. The density of amplifying 
neuronal progenitors naturally decreased to PND10 in both rat 
strains; however, in OXYS pups the decrease was more 
pronounced: at PND10 the parameter was lower compared to
Wistar pups; to PND14 the difference disappeared. The 
density of immature neurons was higher in DG of OXYS rats 
at PND10 which may indicate delay of postnatal peak of 
neurogenesis. Moreover, the peak of postnatal apoptosis was 
observed at PND20 in OXYS rats, which indicate its 
retardation. As for neurite development, the following 
features of mossy-fiber formation in OXYS rats were revealed 
by our colleagues [11]: a smaller suprapyramidal bundle and 
lager infrapyramidal bundle, less pronounced fasciculation of 
granule cell axons, and smaller size and an irregular shape of 
nuclei in the CA3 pyramidal layer. However, to PND45 these 
features of hippocampal morphology in OXYS rats 
disappeared, and the parameters became the same as in Wistar 
rats. Besides we found altered astrocytic migration from DG
in OXYS rats. It’s important to emphasize that there were 
long-lasting consequences of these abnormalities of postnatal 
hippocampal development in OXYS rats such as insufficiency 
of astrocytic support of hippocampal neurogenic niche at 3 
months of age and lower intensity of neurogenesis during 
lifespan: indeed, the density of stem quiescence neuronal 
progenitors was higher in DG of OXYS rats at 18 months of 
age.

Conclusion
To conclude, in present work we observed shortened 

duration of gestation and, as a consequence, delayed postnatal 
development of OXYS rats. Behavioral abnormalities may 
reflect altered brain development. Indeed, peaks of postnatal 
neurogenesis and apoptosis in DG of OXYS rats fell later 
compared to Wistar rats. Moreover, formation of hippocampal 
mossy fibers was altered in OXYS rats. We suppose that the 
observed features of early hippocampal development have 
long-lasting effects on hippocampal plasticity and, thus, are 
the one of predictors of AD-like pathology in OXYS rats and 
may be one of risk factors for development of sporadic AD in 
human.
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Abstract — Cholinergic deficit is a feature of age-related 
memory decline and age-associated dementia. In the present study 
we show that olfactory bulbectomy in mice resulted in the 
development of cognitive impairments and a decrease in the 
number of cholinergic markers in the medial septal area while the 
number of neurons remained being stable. The involvement of 
oxidative stress in the development of cholinergic abnormalities 
was evident. Thus, olfactory bulbectomy may be used as a model 
of early stages of neurodegenerative diseases.

Keywords — acetylcholine, olfactory bulbectomy, Alzheimer’s 
disease, oxidative stress

Motivation and aim

Motivation
Acetylcholine (ACh) is a neurotransmitter playing an 

important role in higher brain functions, including attention, 
learning and memory. Cognitive decline found in aging is 
associated with the development of cholinergic deficit probably 
because of degeneration of cholinergic neurons. The 
impairments of the cholinergic system often manifests in 
patients with dementia, including Alzheimer’s disease. 
However, the number of cholinergic neurons in the basal nucleus 
of Meynert in aged individuals without cognitive impairments 
or in patients with mild cognitive impairments was similar to 
that observed in age-matched controls. Similarly, the 
development of cholinergic deficit in the absence of neuronal 
loss could be observed in some animal models of 
neurodegenerative diseases.

Aim
Here, we studied the time course of the development of 

behavioral impairments and features of cholinergic deficit in 
olfactory bulbectomized animals.

Methods
The experiments were performed in adult Wistar female rats, 

CD1 female mice and C57Bl/6 male mice. The animals were 
subjected to olfactory bulbectomy (OBX) by aspiration under 
chloral hydrate anesthesia as described previously.

OBX animals were subjected to series of behavioral tests, 
including tests for estimation of emotionality and cognitive 
functions. Immunohistochemical and biochemical methods 
were used to study the indices of cholinergic system and 
oxidative stress.

Results
OBX in female Wistar rats resulted in the appearance of 

some depressive-like behavioral features, such as the decreased 
sucrose consumption, hyperactivity, anxiety-like behavioral 
features impaired short-term memory and an enhancement of 
avoidance behavior one month after surgery. However, these
behavioral abnormalities could be also associated with some 
disturbances in hippocampal function, which is supported by the 
presence of cellular changes in this brain structure. We could not 
find any effects of OBX on the number of cholinergic neurons 
in the medial septum-diagonal band of Broca as well as the ACh 
content and acetylcholinesterase activity in the septum, 
hippocampus, and neocortex. On the contrary, in female CD1 
mice OBX impaired spontaneous alternation behavior and 
decreased the number of cholinergic neurons in the medial 
septum-diagonal band of Broca. These data demonstrate that 
OBX does not significantly affect the cholinergic system in rats. 
We also conclude that rats and mice differentially respond to 
OBX.

To futher examine the development of cholinergic deficit we 
studied the effects of OBX in male C57Bl/6 mice. We revealed 
that behavioral abnormalities developed in OBX mice starting at 
lesat two weeks after surgey and remained to be detected until 
50 days later on. We revealed a decrease in the number of 
cholinergic cells in the medial septum-diagonal band of Broca. 
However, the number of neurons did not change in the OBX 
mice compared to the control group.

We studied the level of oxidative modifications in nucleic 
acids using anti-8OHG DNA/RNA antibodies. We did not find 
any staining in the neuronal nuclei whereas cytoplasm stained 
intensely. We found that the levels of damaged DNA/RNA 
staining in the cytoplasm of choline acetyltransferase (ChAT) 
positive or ChAT negative cells in the medial septum were 
higher compared to sham-operated mice. Furthermore, the 
content of oxidatively modified proteins was higher in the 
hippocampus and medial septum of OBX mice. These data show 
that oxidative stress may be involved in the development of 
cholinergic deficit found in OBX animals. 
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Abstract — In D. melanogaster, neuronal transcription 
factors were shown to participate in lifespan control. To identify 
common pathways for regulating neuronal properties and 
longevity, we examined molecular targets for transcription
factor Stc. Among the targets, genes (proteins) involved in the 
control of neurogenesis, chromatin structure, and energy 
metabolism were identified. Our results allowed us to suggest 
several possible molecular mechanisms by which Stc is involved 
in lifespan control.

Keywords — lifespan, transcription, factors, neurons, Drosophila 

Motivation and aim 

Motivation 
Transcription factors play an important role in the 

systemic control of gene expression. The role of 
transcriptional cascades in the regulation of neurogenesis in 
D. melanogaster is well known [1]. Earlier, we showed that a 
number of genes (stc, Lim3, esg, and others) encoding 
neuronal transcription factors are involved in controlling 
lifespan [2–4]. 

Aim
In order to understand which systemic molecular and 

genetic mechanisms determine the effect of the transcription 
factor Stc on lifespan and how they are associated with the 
control of the neuronal development and function, we 
examined Stc target genes and regulatory cascades in which it 
is involved. 

Methods 
Regular RNA-seq and Real-time RT-qPCR analyses were 

used to experimentally assess stc targets. To build stc
interaction networks, we used data from the open repositories: 
Flybase (http://flybase.org/), Flymine 

(https://www.flymine.org/) and BioGRID 
(https://thebiogrid.org/). To build the networks, the esyN 
toolkit (easy networks, http://www.esyn.org/ ) was used.

Results 
The stc gene encodes a transcription factor of RNA 

polymerase II homologous to human transcription factor 
NFX1 [5]. We found that Stc might impact the transcription 
levels of the E(bx) gene, which encodes the factor of the 

nucleosome remodeling complex, and interacts with the 
Ada2b protein, a component of the multi-subunit SAGA 
complex, which affects the level of histone acetylation, and 
thus the chromatin structure. This result reinforces our earlier 
assumption about the possibility of epigenetic inheritance of 
properties caused by changes in stc expression at the 
embryonic stage over a number of cell generations. Stc also 
interacted with the genes encoding the SERCA and THADA 
proteins that control the body's temperature homeostasis, both 
in human and drosophila models, as well as with other genes 
that control energy metabolism. The functional variability of 
SERCA and THADA may have important adaptive value in 
populations [6]. As expected, Stc interacted with genes 
involved in neurogenesis. The most interesting interactions 
were confirmed by data on the effects of stc (Stc) on energy 
metabolism and neuronal structure and function. 

Our results allowed us to identify several possible 
molecular mechanisms by which stc (Stc) is involved in 
lifespan control. However, data obtained so far did not 
indicate common regulatory pathways by which stc (Stc) 
might control neuronal functions and lifespan. 
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Abstract — Melatonin and antioxidant SkQ1 act like 
mitochondria-targeted antioxidants, which concentrate in 
mitochondria at relatively high levels and they may prevent 
mitochondrial damage during retinal aging and development of 
age-related retinal disease such as age-related macular 
degeneration (AMD). However, detailed effects of melatonin and 
SkQ1 on the biochemical mechanisms underlying therapeutic 
effect of these drugs during retinal aging and AMD progression 
remain unclear. Using Wistar rats with normal aging process and 
senescence-accelerated OXYS rats, which spontaneously develop 
a phenotype similar to human age-related disorders including 
AMD-like retinopathy, we found that treatment of SkQ1 and 
melatonin decreased the incidence and severity of retinopathy in 
OXYS rats. In Wistar rats, which do not naturally develop 
retinopathy, ophthalmoscopic inspections did not reveal 
pathological alterations in the retina of melatonin and SkQ1-
treated rats. SkQ1 decreased p62/SQSTM1 protein but not mRNA 
levels in both OXYS and Wistar rat's retinas as compared of 
control rats. We observed reduced level of VDAC1 and increased 
level of glutaminase by long-term treatment of melatonin and 
SkQ1 in retina of Wistar rats but not OXYS rats. Taken together, 
our data indicated that long-term treatment of melatonin and 
mitochondria-targeted antioxidant SkQ1 may retard an age-
related decline in the adaptability of retinal cells and may be 
considered as a strategy to slow down AMD. At the same time 
effects of melatonin and SkQ1 on molecular events may be 
different depending on genotype and disease.

Keywords — melatonin, SkQ1, aging, retina, AMD, OXYS rats, 
Wistar rats

Introduction 
Today the percent of older people are on a dramatic increase 

result in greater elderly human with age-related diseases such as 
age-related macular degeneration (AMD). AMD is the 
predominant cause of visual loss in the macula in old people and 
is characterized by degeneration of retinal pigment epithelium 
and photoreceptors, impaired autophagy, DNA damage, 
mitochondrial dysfunction, increased levels of ROS and 
impaired of blood vessels. It is important that AMD is 
characterized by retina alterations similar to normal retinal 
aging. This fact complicates the study of AMD pathogenesis and 
the search for new therapy drugs.

Accumulating evidence indicates that the melatonin, N-
acetyl-5-methoxytryptamine, and mitochondria-targeted 
antioxidant SkQ1 have a positive effects on AMD treatment [1]. 
Both SkQ1 and melatonin act like mitochondria-targeted 
antioxidants, which concentrate in mitochondria at relatively 
high levels and they may prevent mitochondrial damage in 
AMD. Melatonin scavenged free radicals generated in the 
mitochondria, to reduce electron leakage from the respiratory 
complexes and to improve ATP synthesis, maintains reduced 
glutathione levels within the mitochondria thereby enhancing 
the antioxidative potential. Moreover, melatonin was shown to 

influence autophagy, to stimulate the activity of telomerase, 
restoration of inner blood-retina barrier integrity, reduced VEGF 
and NO levels in the aged retina [2]. SkQ1 (10-(6-
plastoquinonyl) decyltriphenyl-phosphonium) is plastoquinol 
derivative modified by a lipophilic cation then accumulate in the 
mitochondrial matrix and modulate of mitochondrial superoxide 
formation at specific sites of Complex I and III [3]. There are 
evidence that SkQ1 to slow down aging and to retard, arrest, and 
in some cases even reverse the development of many age-related 
eye diseases [4]. However, detailed effects of melatonin and 
SkQ1 on the biochemical mechanisms underlying therapeutic 
effect of these drug during retinal aging and AMD progression
remain unclear.

Here, we analyzed the effects of melatonin and SkQ1 long-
term treatment during aging and development AMD using by 
animal model. We used Wistar rats with normal aging process 
and senescence-accelerated OXYS rats, which spontaneously 
develop a phenotype similar to human age-related disorders 
including AMD-like retinopathy. The clinical signs of AMD-
like retinopathy appear by the age of 3 months. Significant 
pathological changes detected at the age of 12 months and 
manifest themselves as excessive accumulation of lipofuscin 
and amyloid in the RPE regions, disturbances in the morphology 
of the RPE sheet, including an increase in the proportion of
multinucleated cells, hypertrophy, distortion of cell shape, and 
reactive gliosis [5]. We explored the in vivo effects of melatonin 
and SkQ1 long-term treatment (6 months) in the retina of Wistar 
and OXYS rats during aging and AMD progression on the 
expression of autophagy-associated genes (Nbr, Atg7, Becn1, 
Gabarapl1, LC3B, p62/SQSTM1), mitochondria-associated 
genes (VDAC1 and mtTFA) and glutaminase that generates 
glutamate from glutamine.

Methods
To comparison of the effects of melatonin and SkQ1 long-

term treatment on aged retina, 12-month-old OXYS and Wistar 
rats were randomly assigned to one of three groups (n = 10). The 
first group consumed a control diet, the second group 
supplemented with 0.04 mg of melatonin (Melaxen; Unipharm, 
New York, NY, USA) per kg of body and the third group 
supplemented with SkQ1 250 nmol per kg of body per day from 
the age of 12 to 18 months. The animals were provided with 
standard rodent feed and water ad libitum. SkQ1 was production 
by Institute of Mitoengineering of Moscow State University 
(Moscow, Russia). 

We used standard techniques of Western-blot and qPCR to 
estimate effects of melatonin and SkQ1 on retina [5]. All the rats 
were examined by an ophthalmologist two times: before 
supplementation at the age of 12 months, and during the 
treatment at ages 18 months as decribed in [6]. Five days after 
the last eye examination, the rats were euthanized by 
CO2 asphyxiation and decapitated. All animal procedures were 
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in compliance with the Association for Research in Vision and
Ophthalmology statement for the Use of Animals in Ophthalmic 
and Vision Research and the European Communities Council 
Directive 86/609/EES.

Results 
Here, we observed similar effects of melatonin and SkQ1 in 

the retina of Wistar rats. Preliminary examination showed that 
there was no difference between 12-month-old OXYS rats 
assigned to experimental and control groups. By the age of 22 
months, retinopathy in control OXYS rats progressed. Both 
SkQ1 and melatonin decreased the incidence and severity of 
retinopathy in OXYS rats. In Wistar rats, which do not naturally 
develop retinopathy, repeated inspection did not reveal 
pathological alterations in the retina of melatonin and SkQ1-
treated rats.

Protein level of VDAC1 was greater in retina of Wistar rats 
as compared OXYS rats. Treatment of melatonin and SkQ1 
decreased VDAC1 level in Wistar rats and no influence on 
OXYS rats. VDAC1, also known as mitochondrial porin, 
associate with NADH oxidation and thus plays a role in cellular 
redox mechanisms. There are evidence that VDAC1 increases 
with age and may have negative effects by interrupting 
mitochondrial pore opening and closure. Also VDAC1 may 
interacts with Aβ, and phosphorylated tau may in turn block 
mitochondrial pores, leading to mitochondrial dysfunction [7]. 
Based on current study observations, we propose that reduced 
levels of VDAC1 by long-term treatment of melatonin and SkQ1 
leading to normal mitochondrial function in Wistar rats. 

The protein level of glutaminase was lower in Wistar rats as 
compared OXYS rats. Treatment of melatonin and SkQ1 
increased protein level of glutaminase in Wistar rat’s retina. In 
mammalian cells, glutamine is converted to glutamate by 
glutaminase (GLS), which functions as the rate-limiting 
enzyme, and then to α-ketoglutarate (α-KG). α-KG enters the 
tricarboxylic acid cycle, not only for the generation of ATP via 
oxidative phosphorylation, but also for the production of acetyl-
coA as a critical precursor for the synthesis of lipids and 
nucleotides [8]. On other hand, glutamate is the main excitatory 
neurotransmitter in the retina, but it is neurotoxic when present 
in excessive amounts. On the basis of these results, it might be 
presumed that rat retinal glutaminase level is regulated by 
antioxidants.

We observed that treatment of SkQ1 dramatically decreased 
p62/SQSTM1 protein but not mRNA levels in both OXYS and 
Wistar rats as compared of control rats. p62/SQSTM1 is a 
scaffold protein for many signaling pathways, such as 
autophagy, apoptosis and inflammatory. Analyze of mRNA 
level of autophagy-dependent genes (Nbr, Atg7, Becn1, 
Gabarapl1, LC3B) demonstrated increasing mRNA level of 
Beclin1 in OXYS rats after SkQ1 and melatonin treatment. The 

Beclin1 protein involved in initiation of autophagy. The 
treatment of SkQ1 is not change the protein level of Atg7 in the 
retina of OXYS and Wistar rats. 

Summary, our data indicated that long-term treatment of 
melatonin and mitochondria-targeted antioxidant SkQ1 may be 
the different effects on molecular events resulting from different 
in genotype and environment.

Conclusion
Thus, using Wistar rats with normal aging process and 

senescence-accelerated OXYS rats, which spontaneously 
develop AMD-like retinopathy, we demonstrated that long-term 
treatment of melatonin and mitochondria-targeted antioxidant 
SkQ1 may retard an age-related decline in the adaptability of 
retinal cells and may be considered as a strategy to slow down 
AMD. 
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Abstract — Complex interactions among DNA and nuclear 
proteins maintain genome organization and direct its stability.
Both chromatin organization and stability are crucial for the 
way DNA is organized, compacted and preserved but also bring 
about intricate processes for its dynamic reorganization. As the 
fifth class of histone proteins, the linker histones interact with 
DNA and other histones and thus take major part in 
maintaining genome stability and nuclear organization. Our 
recent results have proved that Saccharomyces cerevisiae linker 
histone – Hho1p, physically interacts with the actin-related 
protein 4 (Arp4). The abrogation of this interaction through the 
deletion of the gene for the linker histone – HHO1 in arp4
mutant cells leads to global changes in chromatin compaction. 
Results show that the healthy interaction between the yeast 
linker histone and Arp4p is critical for maintaining genome 
stability and for controlling cellular sensitivity to different types 
of stress, particularly UVA/B stress. The double mutant yeast 
cells exhibit cellular characteristics of prematurely aged cells. 
They have completely abolished higher-order chromatin 
organization, die young and are subtler to different types of 
stress. This unambiguously proves the role of linker histones 
and chromatin remodelling in ageing by their cooperation which 
allows us to hypothesize that the linker histones are essential for 
maintaining higher-order chromatin compaction and thus 
preserving genome stability during ageing.

Keywords — chromatin, ageing, linker histones, chromatin 
remodelling, Arp4, UVA/B stress, genome stability

Introduction 
The molecule of DNA is compacted in the constrained 

nuclear compartment through binding with histone proteins 
which allows it to make an intricate nucleoprotein complex, 
known as chromatin. Chromatin is organized in nucleosomes 
which are composed of four pairs of the core histones – H2A, 
H2B, H3 and H4, around which 146 bp of DNA are wrapped 
(Luger et al., 1997). Outside of the nucleosome though binds 
a fifth class of histone proteins, recognized also as the family 
of linker histones or H1. The role of the linker histones is to 
stabilize the nucleosome by transforming it in a larger unit 
called chromatosome. A more important function of H1 
histones is their engagement in the building and maintenance 
of the higher-order chromatin structures like the putative 30 

nm fibres and structures above it corresponding to differently 
sized chromatin loops (Georgieva et al., 2012). As a reflection 
of its complexity chromatin is involved in processes like DNA 
replication, chromosome segregation, DNA repair and others. 
To fulfil these functions, it goes through various types of 
epigenetic modifications like DNA methylation, histone 
modifications and non-coding RNA binding (Allis et al., 
2007; Georgieva et al., 2016). Chromatin secondary structures 
have great impact on cellular fate. Structural changes in the 
way the genome is organized at these higher levels of 
chromatin compaction govern and moderate gene expression 
and by this modulate cellular response to intrinsic and 
extrinsic signals. This determines the way cellular programs 
are performed and also controls cellular normality. Many 
diseases and other pathologies like cancer, ageing, age-
associated diseases and others have been linked with 
alterations in the structural organization of chromatin and its 
epigenetic make-up. Although these changes have been linked 
with aberrant cellular programs little yet is known about the 
molecular mechanisms underlying cellular adaptability to 
different types of stress. Here, we show our recent results 
which demonstrate the role of two chromatin players in the 
process of cellular ageing and stress resilience. 

Experimental

Yeast strains
Wild type (WT) - MATa his4-912 ade2 his4-912 lys2-

128 can1 trp1 ura3 ACT3

hho1Δ (in the text appears as hho1delta) - MATa 
his4-912 ade2 his4-912 lys2-128 can1 trp1 ura3 act3 
ypl127C::K.L.URA3

arp4ts26 (designated in the text as arp4) - MATa 
his4-912 ade2 lys2-128 can1 leu2 trp1 ura3 act3-ts26

arp4ts26Δhho1 (in text denoted as arp4 hho1delta) -
MATa his4-912 ade2 lys2-128 can1 leu2 trp1 ura3 act3-
ts26 ypl127C::K.L.URA3
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CLS of S. cerevisiae
The CLS of S. cerevisiae was examined according to 

(Longo and Fabrizio 2012, Uzunova et al. 2013).

UVA/B irradiation of cells and Colony Forming Units (CFU) 
assays

Yeast cells were cultivated in minimal medium and probes 
of them were taken at the 4th, 24th, 72nd hours and 9th day of 
cultivation. One hundred cells were spread on each Petri dish. 
These were then irradiated with UVA/B light for 3 or 30 
minutes. The used source of UVA/B was a 15W Cleo lamp, 
with the help of which an energy dose of 2.56 mW/cm2 was 
obtained. The irradiation was followed by a 2-day recovery 
period at 30°C on a rich YPD plate. After this time the number 
of formed colonies was counted and the percentage of viable 
cells was estimated with a respect to the non-irradiated 
control.

Fluorescence Activated Cell Sorting (FACS) analysis
FACS analysis was performed according to (Georgieva, et 

al. 2012). Several changes were made: cells were fixed with 
100% ethanol; sonication lasted for 20 seconds at 50% power; 
cells were incubated with RNase A (0.25 mg/ml), after which 
they were centrifuged for 4min/5000g. This was followed by 
a pre-staining with propidium iodide and probing at a BD 
FACSCanto apparatus. Quantification of the results was made 
by a FlowJoV10 software.

Gene expression analyses
Aliquots were taken and total RNA was isolated. Briefly, 

cells were washed with 1 ml of ice-cold RNase-free water and 
collected by centrifugation at 1500 g. Cell pellet was 
resuspended in 400 μl of TES solution (10 mM Tris, pH 7.5, 
10 mM EDTA, pH 7.5 and 0.5% SDS) followed by addition 
of 400 μl of pre-warmed at 65°C acid phenol and incubation 
for 60 min at 65°C with 10 sec vortexing at every 15 min. 
After centrifugation for 15 min at 10 000 g the purification of 
nucleic acids continued with three subsequent extractions with 
400 μl of hot acid phenol each and a final extraction with 400 
μl chloroform. Nucleic acids were precipitated at –20 °C ON 
with three volumes of cold 100% ethanol and 1/10 volumes of 
3M sodium acetate, pH 5.2. Total RNA was then washed with 
70% ethanol, dried and dissolved in RNase-free water. The 
concentration and purity of the isolated total RNA was 
determined using NanoDrop® ND-1000 spectrophotometer.

The level of the ScACT1, ScCDC28 and ScRAD9 mRNAs 
was analyzed by real time reverse transcriptase PCR (RT-
qPCR). 1 μg of DNase I-treated total RNA was reverse 
transcribed into cDNA using oligo-dT18 primer and 
RevertAid H Minus First Strand cDNA Synthesis Kit
(Fermentas) according to manufacturer’s instructions.

Gene expression analyses were performed with Maxima® 
SYBR Green qPCR Master Mix (Fermentas) on Rotor Gene 
6000 (Corbett LifeScience) following manufacturers’ 
protocols. All primer pairs were designed through SGD Web 
Primer design tool. qPCR was performed in duplicate, using 

1/40th (25 ng) of the cDNA template and 0.2 μM each of the 
forward and the reverse gene-specific primer in a 20 μL 
reaction mixture. Cycling conditions used for all primer sets 
consisted of an initial denaturation at 95 °C for 10 min and 45 
cycles of: 95 °C for 15 s, 60 °C for 60 sec. The specificity of 
the resulting amplicons was confirmed by melting curve 
analysis and agarose gel electrophoresis.

The expression of each gene was normalized to the 
reference gene ScACT1. Relative quantification expression 
levels were calculated by comparative CT method via Rotor-
Gene Q Series Software 1.7.

Results and Discussion 
The proliferative potential of the yeast mutant cells was 

assessed by FACS analysis and was compared to the control 
wild type cells. Cell aliquots were taken at the four time 
points: day 1, day 2, day 3 and day 9. Percentage of cells in 
different phases of the cell cycle has been calculated by means 
of specialized software FlowJo V10. The results from these 
experiments showed that arp4 hho1delta double mutant cells 
are short-lived with impaired proliferation potential. Their 
vacuolar morphology was changed and resembled the 
morphology of prematurely aged cells. Cells from control 
cultures and cells exposed to replicative, cold temperature and 
oxidative stress were plated on solid rich media and were 
cultured at 30°C for three days. CFUs (colony forming units) 
were counted. Results showed that the double mutant cells 
could not survive the applied stress conditions, thus 
suggesting increased stress sensitivity and lack of resilience.

conclusions
Hho1p interaction with Arp4p is crucial for yeast 

chronological lifespan. Abrogation of the interaction between 
the yeast linker histone Hho1p and Arp4p leads to premature 
ageing phenotypes in the mutant cells. The cells without the 
linker histone and bearing a mutation in ARP4 die young.
These chromatin mutant cells possess changed vacuolar 
morphology at early stages of their lifespan. The lack of 
proper chromatin structure in the mutant cells make them 
more prone to different types of stress.
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Abstract — Feeling sleepy might evolve for motivating 

humans and apes to initiate sleep-preparatory behaviors prior 

to their habitual bedtime. Sleep deprivation experiments 

consistently revealed that younger rather than older people are 

more vulnerable to sleep loss. If so, why don’t they go to sleep 

earlier, become sleepier during the day and nap more frequently 

than older people? To address such questions, we obtained 

subjective and objective sleepiness measurements during 

prolongation of wakefulness of 130 and 48 volunteers to the next 

morning and to the next two days after today, respectively (ages 

ranged from 15 to 67 years). The results suggested that the 

answer to a question of whether sleep loss makes younger people 

sleepier than older people depends upon the method of 

sleepiness measurement, either objective (e.g., alpha rhythm 

attenuation in eyes closed condition) or subjective (e.g., 

alertness-sleepiness self-scoring). We concluded that the 

motivational function of sleepiness remains preserved in older 

adults despite a lowered responsiveness of their 

electroencephalogram to extension of wakefulness beyond its 

normal duration. 

Keywords — EEG, alpha attenuation, aging, sleep loss, 

drowsiness, alertness 

INTRODUCTION 
Human aging is associated with notable changes in sleep–

wake behaviors. Older adults are often rising early, feeling 
sleepy during the day, taking a nap, going to bed early, having 
difficulty falling asleep, and suffering from frequent night 
sleep interruptions and early morning awakenings. However, 
studies of age-associated differences in response to night sleep 
deprivation consistently revealed that older adults are more 
resistant to impairment of alertness and performance than 
younger adults (reviewed with suggesting an explanation in 
[1, 2]). Subjective sensation of sleepiness prior to habitual 
bedtime might evolve for motivating humans and apes to 
switch to sleep-preparatory behaviors from any other current 
daytime activities [3]. If younger adults become sleepier than 
older adults during prolongation of wakefulness, why don’t 
they go to sleep earlier, become sleepier during the day and 
nap more frequently?  

We addressed such questions by extending a period of 
wakefulness of people aged between 15 and 67 years to 
examine the effect of such an extension on subjective and 
objective measures of their sleepiness. The following two 
hypotheses were tested:  

 An analysis of objective measure of sleepiness would 
provide further evidence for a reduced vulnerability of 
older adults to sleep deprivation; 

 in contrast, an analysis of subjective measure of 
sleepiness would reveal age independence of the 
strength of feeling sleepy due to sleep loss.  

METHODS 

Stady Participants and Study Protocols 

The main electroencephalographic (EEG) dataset was 
collected in two-day sleep deprivation experiments with 48 
study participants (27 females) aged between 15 and 67 years 
(mean age ± standard deviation were 36.6 ± 13.1 years). The 
participants were grouped into three ages of 15-18 participants 
each (younger, 15-26, intermediate, 30-40, and older, 46-67 
years). They arrived in the research unit on Friday before 
18:30 to leave it on Sunday at 19:30 with an expectation to 
complete 25 resting EEG recording sessions separated by 2-h 
intervals (2 and 5 min with eyes open and closed, 
respectively).  

The additional EEG dataset was collected in a shorter 
(one-night) sleep deprivation experiments with 130 study 
participants (76 females) 15-67 year old (mean age ± standard 
deviation were 29.4 ± 12.2 years). The participants were 
grouped in four ages 30-37 participants each (youngest, 15-
21, younger, 22-24, intermediate, 25-39, and older, 40-67 
years). They arrived in the research unit between 8:00 and 
8:30 to leave it at 9:30 next day after completing 9 sessions of 
resting EEG recordings separated by 3-hr intervals (one min 
with eyes open and one min with eyes closed).  

The experimental sleep deprivation studies were 
performed in accordance with the ethical standards laid down 
in the Declaration of Helsinki. Their protocols were approved 
by the Ethics Committee of the Institute of Molecular Biology 
and Biophysics. Informed written consent was obtained from 
each participant studied as paid volunteer. 

Assessments of Sleepiness 

Frontal and occipital electrodes were used for all EEG 
recordings in accord with the International 10-20 system of 
electrode placement. The EEG signals were recorded via a 16-
channel electroencephalograph (Neuron-Spectrum-2, 
Neurosoft, Ivanovo, Russia), conditioned by the high-pass, 
low-pass and notch filters (0.5 Hz, 35 Hz and 50 Hz, 
respectively), sampled and stored on a hard disc with a 
frequency of 200 Hz.  

The EEG records were visually inspected on 2-s epochs 
for removing from further analysis all epochs containing 
artifacts. The FFTW (Fastest Fourier Transform in the West) 
package was applied to compute power spectra for the artifact-
free epochs [4]. Rectangular window taper was used on 1-s 
epochs without overlap for calculating absolute spectral 
power densities (V2) for each of 16 first single-Hz frequency 
bandwidth. These single-Hz power densities were averaged on 
each of one-min intervals of EEG record and ln-transformed. 
These powers were further averaged over derivations, min 
with eyes open and closed, and, additionally, over 4-Hz 
frequency ranges. Each value for 13-25 sessions of each of 48 
participants of the two-day deprivation study was subtracted 
from the first (evening) value (at 19:00). In additional dataset, 
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single-Hz powers were similarly averaged (over derivations 
and 4-Hz frequency ranges). Each value for the last 5 sessions 
of each of 130 participants (from 21:00 to 9:00) was 
subtracted from an evening value (21:00). Similarly, KSS 
score self-reported during each EEG recording session by 
using the 9-step Karolinska Sleepiness Scale [5] (a measure of 
subjective sleepiness) was related to a score self-reported at 
either 19:00 or 21:00 by either 48 or 130 participants of either 
two-day or one-night sleep deprivation study, respectively. 

Statistical Analyses 

Calculations were performed using the SPSS23.0 statistical 
software package (IBM, Armonk, NY, USA). To correlate 
time courses of objective and subjective sleepiness on the 
interval of 25 EEG recording sessions and to relate age of 
study participant to subjective and objective sleepiness 
measures (Table I), Pearson’s coefficient of correlation (r) 
was applied.  

TABLE I.  ALPHA POWER AS A CORRELATE OF AGE 

Clock 

hour 

Day 1 Day 2 Clock 

hour 

Night 1 

n r n r n r 

21 48 .365* 42 .489*** - - - 

23 48 .280^ 42 .564*** - - - 

1 48 .338* 41 .419** - - - 

3 48 .400** 39 .428** 24 130 .028 

5 48 .505*** 37 .347* 3 130 .204* 

7 48 .387** 36 .493** 6 130 .245** 

9 48 .326* 33 .361* 9 130 .316*** 

11 48 .360* 29 .500** - - - 

13 48 .380** 27 .490** - - - 

15 48 .321* 27 .390* - - - 

17 48 .312* 25 .217 - - - 

19 48 .438** 25 .478* - - - 

Notes. Objective sleepiness measure was alpha power related to either 19:00 or 21:00 in either two-
day or one-night sleep deprivation study; n: Number of study participants (it is gradually decreasing 
throughout Day 2 due to dropouts); r: Pearson coefficient of correlation between age of study 
participant and alpha power; ^p < 0.1, * p < 0.05, ** p < 0.01, ***p < 0.001. 

  

Moreover, two-way repeated measure ANOVA 
(rANOVA) was run to test significance of main effect of 
independent factor “Age” (Table II). The repeated measure 
was clock hour of the day 1 and day 2 (between 21:00 and 
19:00) and for the night 1 (from 24:00 to 9:00). 

TABLE II.  MAIN EFFECT OF INDEPENDENT FACTOR “AGE” 

Sleepiness 

index 
Day 1 Day 2 Night 1 

df F df F df F 

Alpha power 2/45 5.319** 2/22 4.960* 3/126 3.145* 

KSS score 2/45 0.479 2/22 0.639 3/126 0.769 

Notes. Objective and subjective sleepiness measures were Alpha power and KSS score related to 
either 19:00 or 21:00 in either two-day or one-night sleep deprivation study; df: Degree of freedom 
(it is smaller on Day 2 than on Day 1 due to, in total, 23 dropouts); F: F-ratio from two-way rANOVAs 
(the repeated measure was clock hour) for the independent factor “Age” (either three or four ages – 
see Methods); * p < 0.05, ** p < 0.01.  

 

RESULTS 
 The strongest of the correlations between the time course 

of KSS score and time courses of 16 single-Hz spectral powers 
was found for 10Hz power at the 2nd min with eyes closed. It 
attained a value of <-0.980. Similarly, such strong correlations 
were obtained after averaging over the first two or five min 
with eyes closed and over alpha frequency range (9Hz-12Hz). 
Therefore, the alpha power for the first two and the 1st min 
within eyes closed section of the record was chosen for 
relating objective sleepiness with age of study participant in 
the two-day and one-night study, respectively. KSS score did 
not show a consistent pattern of correlation with age, while 
alpha power was found to be a significant correlate of age in 
almost every EEG recording session (Table I). This 
relationship suggesting a weaker attenuation of alpha rhythm 
in older participants was confirmed by two-way rANOVAs 
yielding significant main effect of independent factor “Age” 
(Table II). 

DISCUSSION 
Despite observable aging-related changes in the sleep-

wake pattern, such as going to bed early, napping and feeling 
sleepy during the day, etc., the experimental studies of age-
associated differences in the response of alertness and 
performance measures to sleep loss consistently pointed at 
younger rather than older people as being highly susceptible 
to impairment of their alertness and performance levels during 
extension of wakefulness beyond its normal duration. Such 
contradictive facts motivated us to compare younger and older 
people on objective and subjective sleepiness measures in 
sleep deprivation experiments. The results provided support 
for each of two hypotheses. 1. Older adults had a reduced 
vulnerability to sleep loss as indicated by the results of 
analysis of objective measures of sleepiness. 2. In contrast, the 
results of analysis of the subjective sleepiness assessments 
failed to reveal significant difference between ages in the 
strength of feeling sleepy. Therefore, the answer to such a 
question as are younger adults become sleepier than older 
adults due to sleep loss depends upon whether the sleepiness 
was evaluated with objective or subjective method. The result 
supporting the second hypothesis pointed on the preserving 
motivational function of sleepiness in older adults despite the 
age-associated decline of their EEG responsiveness to sleep 
deprivation. 
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