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Vernalization: a mechanism for flowering activation after
exposure to low temperatures.

This mechanism is well studied in Arabidopsis and cereals,
but remains largely unexplored in legumes.

Major integrators of environmental cues: FT (FLOWERING
LOCUS T) and SOC1 (SUPPRESSOR OF OVEREXPRESSION OF
CONSTANS).

FT and SOC1 are present in several paralogous copies in the
legume genomes.

They regulate PIM (PROLIFERATING INFLORESCENCE MERISTEM)
— an ortholog of Arabidopsis meristem identity gene AP1
(APETALA1).
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Main activation motif involved in vernalization-induced flowering
in (A) Arabidopsis; (B) legumes.

We performed the data-driven analyses of a feed-forward
regulatory motif that includes a vernalization-responsive FT
gene and several SOC1 genes, which independently activate
the meristem identity gene AP1(PIM).

Duk, M. A., Gursky, V. V., Samsonova, M. G., & Surkova, S. Y. (2024). Modeling the Flowering Activation
Motif during Vernalization in Legumes: A Case Study of M. trancatula. Life (Basel, Switzerland), 14(1), 26.
https://doi.org/10.3390/1ife14010026.



Gene expression data for modeling

The dynamics of FTal expression in leaves and the expression
of SOCla, SOC1b, SOCI1c and AP1 (PIM) in the shoot apexes of
Medicago trancatula (Fudge et al., 2018).

WT, wild type
Mutant, ftal-1
V+, after vernalization

V-, without vernalization

Fudge JB, Lee RH, Laurie RE, Mysore KS, Wen J, Weller JL, Macknight RC. Medicago
truncatula SOC1 Genes Are Up-regulated by Environmental Cues That Promote
Flowering. Front Plant Sci. 2018 Apr 27;9:496. doi: 10.3389/fpls.2018.00496.

PMID: 29755488; PMCID: PMC5934494.
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Activation of AP1(PIM) by FTal and cumulative action of SOCl1la, — soct Y Y W

SOC1b and SOCLc: N QI —
° (PIM) b Hivd 2?7 37 (PIN)

dPIM __ FTal(t-T) (S0C14(t)+S0C1(t)+S0C1:(L))

=v
dt 0 Ko+FTal(t-7) = L Ky+(S0C14(t)+SOC1,(£)+SOC1(D))

— APIM(t),

We found values of all parameters by fitting
models H1-H4 to the data, minimizing the
following cost function V:

H2 hypothesis
Activation of AP1(PIM) by cumulative action of SOCla, SOC1b

and SOClc:
5 2
Y+ Y _ 2 Y_mut+ mut+ Y.mut— _ mut—
dPIM _ . (SO0C14()+SOC1H(D)+SOC1(8) APIM(D) z (( - ( azyl ;) ( i azyl ) ( i 02.3’1 ) )
dt 1 K 4+(S0C14(0)+S0C1,(£)+S0C1(b)) ' i=2 u 2 3 “
H3 _thOth esis _ v; — maximal synthesis rates,
Activation of AP1( PIM) by SOC1la, SOC1b and SOC1c, which A — degradation constant for PIM,
are functionally different: K. — Michaelis constants (dissociation constants for
the interaction between transcription
dPIM _  _SOC1a(t) S0C1p(t) S0C1e(®)  _ 3prym ) factors and PIM’s regulatory region),
dt 1K +S0C1a() | 2 Kp+SOC1(t) | P K3+SOCLe(D) ’ 7 — delay to transport the FTal protein to the apical
. istem.
H4 hypothesis ensem:
—— ) 1 = time point,
are functionally different: ‘+/-'presence or absence of vernalization,
‘mut’ ftal-1,
dPIM _ FTal(t-7) 50C14(t) 50C1,(t) S0C1c(®)  _ 1pry ®). o’ - values of the standard deviations for data

=v
dt O Ko+FTal(t-t) = LK;+S0C14(t) 2 Ka+SOC1p(t) = S K3+SOC1c(t) values at ith time point.



Dynamics of AP1(PIM) expression in models
(solid curves) and data (dashed curves).

A, B: H1 model;
C, D: H2 model;
E, F: H3 model,;

G, H: H4 model.

V+, V-, presence or absence of vernalization;
WT, wild type;
Mutant, ftal-1.

H1 model had the smallest value of Akaike information
criterion.

Therefore, this hypothesis was considered the
most preferable.
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Conclusions

1. We developed and analyzed four data-driven models of AP1(PIM) activation in vernalized
and non-vernalized conditions in wild-type and ftal-1 mutants.

2. The model with FTal providing both direct activation and indirect activation via three
Intermediate activators, SOC1la, SOC1b, and SOCl1c, resulted in the most relevant AP1(PIM)
dynamics. In this model, the difference between regulatory inputs of SOC1 genes was
nonessential.

3. As a result, in the Medicago trancatula model, the cumulative action of SOC1la, SOC1b, and
SOC1c was favored.

4. The considered flowering activation motif can be supplemented with additional regulatory
branches and analyzed in other legume species as new experimental data become available.
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