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Extended DataFig.9|See next page for caption.



Extended DataFig.9|14-3-3 proteins enhance FD DNA binding by reducing
oligomerization, and increasing dimerization, and alteringits C-terminal
conformation. a,c, SEC-MALS analysis of purified MBP-FDc"** protein alone
(a) or with GRF7 (c) atincreasing protein concentrations as shownin the graph.
b,d, Gel-shiftanalysis of interactions between single MBP-FDc™%* (b), or
combination of MBP-FDc"#*and GRF7 (d) with WT and mutant DNA probes at
increasing FD protein concentrations. Similar concentration ranges of MBP-
FDc™% in (b) and (d) are marked by an asterisk. e, Domain architecture of FD
and alignment ofthe dimericregion of group AbZIP proteins of Arabidopsis.
Mutations (Mu2to Mué) are also shown. f, Modeled structure of FDc homodimer
and aclose-up of the predicted residues that contribute to dimer formation.
g,h, SEC-MALS analysis of purified MBP-FDc™%2® mutant proteins alone (g) or
with GRF7 (h).i, Gel-shift analysis of the interactions between single MBP-FD¢'*5%
WT or mutant proteinsin the presence/absence of GRF7 and with the WT DNA
probe. Curves, elution profiles on column, line traces and molar masses, are as
derived from MALSin (a), (c), (g) and (h). j, Flowering time (total leaf number,
TLN) of transgenic fd-3 plants carrying gFD::3HA-3Flag-FD Mu2-Mué. Different
lettersrepresent significant differencesamong genotypes (P< 0.05, using one-
way ANOVA followed by Tukey’s pairwise multiple comparison, P=1.11*107¢);
n=233,29,33,26,and 29 for gFD::3HA-3Flag-FD Mu2, Mu3, Mu4, Mu 5, and Mué,
respectively; and n =24 and 23 for fd-3and Col-O seedlings respectively, all
grown under long-days (LDs). k, Confocalimages of shoot apical meristem cells
of fd-3plants expressing gFD::mVenus-FD Mu2-Mué. Bar =20 pm (bottom) and

2 um (top). nrepresents the number of T1plants for which signal could be
detected.l, Flowering time [total leaf number, TLN, composed of rosette leaf
number (RLN) and cauline leaf number (CLN)] of T3 homozygous populations
of transgenic fd-3mutant plants carrying gFD.:3HA-3Flag-FD"" and gFD::3HA-
3Flag-FD"3-2#2A Different lettersrepresentsignificant differences among
genotypes (P<0.05, using one-way ANOVA followed by Tukey’s pairwise
multiple comparison, P=1.11*107"); The sample sizes were as follows: n =13 for
gFD::3HA-3Flag-FD"", n =22 for gFD::3HA-3Flag-FD"*,and n =13 and 16 for Col-
0 andfd-3seedlings, respectively, allgrown under long-days (LDs). See also
Supplementary Table 1. m, RT-qPCR analysis of 3HA-3Flag-FD mRNA levelsin
shootapices of transgenic fd-3 mutant plants carrying gFD::3HA-3Flag-FD""and
gFD::3HA-3Flag-FD"3-12*4_ All values are normalized to ACTIN2 levels. Data are
presented as meanvalues + SEM of three biological replicates. Statistical
significance was determined by pairwise one-sided t-test [P (FD"" vs. FDM*3) =
0.44.n, Western blotting analysis of the abundance of 3HA-3Flag-FD proteins
in7LD-grown seedlings of the genotypes describedinl. Westernblots are
representative of two independent experiments. o, ChIP-qPCR analysis of
FD enrichmentintarget generegulatory regionsin transgenicfd-3plants
expressing gFD::3HA3Flag-FD and gFD::3HA3Flag-FD"**. Data are represented
asmeans+SEM ofthree independent experiments. Statistical significance was
determined by pairwise one-sided t-test. The significant differences (P < 0.05)
are highlightedinbold.
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Extended DataFig.10|14-3-3 proteins enhance FD DNA binding by altering
its C-terminal conformation. a, Domain architecture of FD and alignment of
Cl3and SAPregions from group AbZIP proteins of Arabidopsis. Mutations
(Mu7 and Mu8) of FD are also shown. b, Modeled and predicted structure of the
DNA-bound FDc homodimer, DNA-bound FDcand GRF7 heterotetramer, and
DNA-bound FDc Mu7 and Mu8. ¢, Gel-shift analysis of the interactions between
single MBP-FDc"** wild-type (WT) or mutant proteins or combination of GRF7
and MBP-FDc proteins with WT and MT DNA probes. d, Flowering time (total leaf
number, TLN) of transgenicfd-3 plants carrying gFD::3HA3Flag-FD Mu7 and Mu8.

Differentletters representsignificant differencesamonggenotypes (P < 0.05,
using one-way ANOVA followed by Tukey’s pairwise multiple comparison,
P=1.11*10"%; n=26 and 27 for gFD::3HA3Flag-FD Mu7 and Mu8, respectively;
andn=24and 23 forfd-3and Col-0 seedlings respectively, allgrown under
long-days (LDs). The same data for Col-0 and fd-3are also showninj. e, Confocal
images of shoot apical meristem cells of fd-3 plants expressing gFD::mVenus-FD
Mu7 and Mu8. Scale bars =2 um. The confocalimages are representative of
threeindependent meristems. Gel-shift assays in c were performed twice with
similar results.
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Extended DataFig.11|Gel-filtrationanalysis of MBP-FDc** 2**WTandMu7and  f-h, MBP-FD¢?'5285(12828 \[BP-FD 257285 (Mu7.12828) g n d M BP-F D 2157285 Mus. T2824)
Mu8 mutant proteins with or without SEP3DNA and in combination with respectively, with SEP3DNA. i-k, MBP-FD¢?157285(T2820) \|BP-F D 215285 (Mu7. T2626)
the presence or absence of GRF7-6His protein. Each panel shows size-exclusion ~ and MBP-FD¢?'5285Mu8. 12820 respectively, with SEP3DNA and GRF7-6His.
chromatography and gel analysis: a, SEP3DNA (24 bp). b, GRF7-6His. c-e, MBP- The x-andy-axesindicate the elution volume and the protein absorption at
FD215285(12826) NBP-FD 215 285 (MU7.T282E) gy MBP-FD 25 285Mus. 12820 regpectively. 260 nmand280 nm, respectively.
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Extended DataFig.12|Model of Arabidopsis FAC formation and inferred
scenario of bZIP, 14-3-3 and PEBP gene family evolution within the plant
kingdombased onextended phylogeny.a, SAMregionswhere FT isdistributed
and potential regions where transcribed mRNAs and transported proteins
overlap. b, Model showing phosphorylated FD, 14-3-3 and FT proteins forming
active small phase-separated condensates at specific DNA-binding sites of
target genes during flowering. TFL1is proposed torepress activity of FDin the

vegetative stage, but howitisrecruited into the FD - 14-3-3 complexis largely
unknown. The mechanism in this study probably applies toalarge clade of related
plantbZIPs, 14-3-3 sand PEBPs, and is therefore highlighted and connected to
these familiesin (c). Created in BioRender. Gao, H. (2025) https://BioRender.
com/dkwe9w4. ¢, Circles with dots represent the inferred ancestral gene
existence at each point of divergence of major plant groups; numbers onthe
leftare estimated time of divergence expressed as millions of years ago (MYA).
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  For confocal microscopes, we used Zeiss LSM980 and LSM880.
For size exclusion chromatography and multi-angle light scattering (SEC-MALS), we used AKTA pure 25M (AKTA) coupled to a miniDAWN
multi-angle light scattering detector (Wyatt Technology) as well as a refractive index detector (Shodex RI-501).

Data analysis For confocal microscopes, we used Zen 3.10 software (Zeiss).
For imaging data processing and analysis, we used Fiji (2.16.0), Cellpose (2.2.3) and Matlab (9.13.0 2022b).
For SEC-MALS, we used ASTRA (8.2) software.
For analysis of masspectrometry proteomics data we used Perseus version 1.5.8.5.

Custom code is developed to analyze signal co-localizations at the shoot apex meristem. Source code for analysis signal and figure generation
is publicly available at GitHub: https://gitlab.com/GRM_14/gao_ding_et_al_2025/-/tree/011d3d70fc1c0f41670c6f0b860b3c586c8949fd

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The mass spectrometry proteomics data have been deposited and are accessible at the ProteomeXchange Consortium via the PRIDE78 partner repository with the
dataset identifier PXDO67955. The full versions of Western blots are shown in Supplementary Fig. 4. The data behind graphs are provided in Supplementary Table 1.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender n/a

Reporting on race, ethnicity, or n/a
other socially relevant

groupings

Population characteristics n/a
Recruitment n/a
Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Leaf numbers were used to estimate flowering time of Arabidopsis plants (see in figure legends). Sample sizes (n > 10 per group) were chosen
based on established norms in flowering time researches to ensure robust detection of the large effect sizes typical in our studies. Statistical
analysis was performed via one-way ANOVA followed by Tukey’s pairwise multiple comparison.

Data exclusions  No data were excluded.

Replication Flowering time for wild type, mutant and T1 transgenic plants were measured one time for each experiment, and flowering time of crucial
transgenic plants were further confirmed one time in T3 homozygous plants with similar results.

Randomization  Seedlings were grown randomly in conditional growth chambers and data were collected randomly.

Blinding The investigators were blinded for data collection and/or analysis.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Plants

Antibodies

Antibodies used The following commercial antibodies were used in this study:
anti-HA (Abcam, ab9110); anti-HA-HRP (Roche, 12013819001, 3F10); anti-ALFA-HRP (NanoTag, N1505, 1G5); anti-Actin (Santa Cruz,
sc-47778 HRP, C4); anti-StrepMAB-Classic-HRP (IBA, 2-1509-001); anti-H3-HRP (Abcam, ab1791).
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anti-HA (Roche, 12013819001) were used at 1:1000-fold dilution for western blots;
anti-Actin (Santa Cruz, sc-47778) were used at 1:5000-fold dilution for western blots;
anti-Strep (IBA, 2-1509-001) were used at 1:4000-fold dilution for western blots;
anti-ALFA (NanoTag, N1505) were used at 1:2000-fold dilution for western blots;
anti-H3 (Abcam, ab1791) were used at 1:4000-fold dilution for western blots.

Validation See Methods, all antibodies used in this study are commercially available and have been validated by the manufacturer. Antibody

dilutions were used as described above and were optimized with several experiments before the experiment that is reported in this
study. Appropriate positive and negative control samples were used in each experiment to ensure antibody specificity.

Plants

Seed stocks The Arabidopsis thaliana Columbia (Col-0) ecotype was used as the main experimental organism and were validated from NASC and
GABIKat collection. Col-0 (N70000), fd-3 (SALK_054421), fd-10 (GK_290E08).

Novel plant genotypes  Corresponding Col-0, fd-3 or ft-10 mutant plants were grown in the greenhouse under LD conditions and were transformed by the

floral dip method using Agrobacterium tumefaciens strain GV3101. The resulting transgenic T1 seeds were screened on half-strength
MS medium with supplemented hygromycin for 7 LDs and then they were transferred to soil for the measurement of flowering time.

Authentication Primers used for plasmid construction for transgenic lines are listed in Supplementary information Table 4.






