
Arabidopsis AGAMOUS-LIKE16 and SUPPRESSOR OF 1 
CONSTANS1 regulate genome-wide expression and 2 
flowering time 3 
Xue Dong 1,2, Li-Ping Zhang 1, Yin-Hua Tang 1,3, Dongmei Yu 1, Fang Cheng 1, Yin-Xin 4 
Dong 1, Xiao-Dong Jiang 1 , Fu-Ming Qian 1, Zhen-Hua Guo 2,*, Jin-Yong Hu 1,* 5 
1. CAS Key Laboratory for Plant Diversity and Biogeography of East Asia, Kunming6 
Institute of Botany, Chinese Academy of Sciences. Kunming 650201, Yunnan Province, 7 
China. 8 
2. Germplasm Bank of Wild Species, Kunming Institute of Botany, Chinese Academy of9 
Sciences, Kunming, Yunnan 650201, China 10 
3. Kunming College of Life Sciences, University of Chinese Academy of Sciences,11 
Kunming 650201, Yunnan Province, China. 12 
* Corresponding authors: Jin-Yong Hu (hujinyong@mail.kib.ac.cn); Zhen-Hua Guo13 
(guozhenhua@mail.kib.ac.cn) 14 
Short title: AGL16-SOC1 collaborate to time flowering 15 
The author responsible for distribution of materials integral to the findings presented in 16 
this article in accordance with the policy described in the Instructions for Authors 17 
(https://academic.oup.com/plphys/pages/general-instructions) is Jin-Yong Hu 18 
(hujinyong@mail.kib.ac.cn). 19 20 21 22 23 
Author contributions 24 
J-Y H and X D conceptualized and coordinated the research; L-P Z performed the ChIP25 
and transient expression experiments and collected the RNA samples with help from X-D 26 
J; Y-H T, J-Y H, and D-M Y carried out the protein interaction assays; X D, J-Y H and L-P Z 27 
created the genetic materials and did the genetic analyses; X D analyzed and visualized 28 
all the data; Y-H T, F C, Y-X D, X-D J, and F-M Q did the other analyses; J-Y H and X D 29 
wrote the paper with help from the other authors. All authors read and approved the 30 
manuscript. 31 

32 
© American Society of Plant Biologists 2023. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 
This article is published and distributed under the terms of the Oxford University Press, Standard Journals Publication Model  
(https://academic.oup.com/journals/pages/open_access/funder_policies/chorus/standard_publication_model) 1

ACCEPTED M
ANUSCRIPT

D
ow

nloaded from
 https://academ

ic.oup.com
/plphys/advance-article/doi/10.1093/plphys/kiad058/7017604 by N

ational Science & Technology Library user on 06 February 2023



2

Abstract 33 
Flowering transition is tightly coordinated by complex gene regulatory 34 
networks, in which AGAMOUS-LIKE 16 (AGL16) plays important roles. Here, 35 
we identified the molecular function and binding properties of AGL16 and 36 
demonstrated its partial dependency on SUPPRESSOR OF CONSTANS 1 37 
(SOC1) function in regulating flowering. AGL16 bound to promoters of more 38 
than 2000 genes via CArG-box motifs with high similarity to that of SOC1 in 39 
Arabidopsis (Arabidopsis thaliana). Approximately seventy flowering genes 40 
involved in multiple pathways were potential targets of AGL16. AGL16 formed 41 
a protein complex with SOC1 and shared a common set of targets. Intriguingly, 42 
only a limited number of genes were differentially expressed in the agl16-1 43 
loss-of-function mutant. However, in the soc1-2 knockout background, AGL16 44 
repressed and activated the expression of 375 and 182 genes, respectively, 45 
with more than a quarter bound by AGL16. Corroborating these findings, 46 
AGL16 repressed the flowering time more strongly in soc1-2 than in the Col-0 47 
background. These data identify a partial inter-dependency between AGL16 48 
and SOC1 in regulating genome-wide gene expression and flowering time, 49 
while AGL16 provides a feedback regulation on SOC1 expression. Our study 50 
sheds light on the complex background dependency of AGL16 in flowering 51 
regulation, thus providing additional insights into the molecular coordination of 52 
development and environmental adaptation. 53 

54 
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Introduction 55 
Timely transitions from vegetative to reproductive growth (floral transition) and 56 
from dormant to germinating seeds determine the capacity of plant adaptation 57 
to changing environments, thus are under tight control by complex interactions 58 
between endogenous signals and exogenous environmental factors (Michaels, 59 
2009; Andres and Coupland, 2012; Nee et al., 2017). The 60 
gene-regulatory-network (GRN) controlling floral transition converges at 61 
several floral integrator genes like SUPPRESSOR OF CONSTANS1 (SOC1) 62 
and FLOWERING LOCUS T (FT). These genes often encode transcription 63 
regulators controlling the transcription of their downstream targets by binding 64 
to specific cis-motifs, for example CArG-boxes (Michaels, 2009; Fornara et al., 65 
2010; Andres and Coupland, 2012). CArG-box motifs are binding sites specific 66 
for MADS-box transcription factors (TFs) like SOC1, FLOWERING LOCUS C 67 
(FLC), SHORT VEGETATIVE PHASE (SVP) and SEPALLATA 3 (SEP3) 68 
(Immink et al., 2009; Kaufmann et al., 2009; Kaufmann et al., 2010; Deng et al., 69 
2011; Immink et al., 2012; Tao et al., 2012; Gregis et al., 2013; Mateos et al., 70 
2015; Mateos et al., 2017; Aerts et al., 2018). These MADS-box TFs often form 71 
homo- and/or hetero- protein complexes that act in concert and bind to the 72 
CArG-box motifs in promoters of more than hundreds of downstream genes to 73 
regulate flowering time and other developmental processes in Arabidopsis 74 
(Arabidopsis thaliana). 75 
SOC1 is one key flowering promoter integrating signals from photoperiod, 76 
temperature, hormones and age-related pathways (Lee and Lee, 2010). SOC1 77 
forms protein complex with AGL24 to activate LFY and AP1 to initiate and 78 
maintain flower meristem identity but represses SEP3 to prevent premature 79 
differentiation of floral meristem (Lee et al., 2008). SOC1 activates the 80 
expression of TARGET OF FLC AND SVP1 (TFS1) via recruiting histone 81 
demethylase RELATED TO EARLY FLOWERING 6 (REF6) and chromatin 82 
remodeler BRAHMA (BRM), and cooperates with SQUAMOSAL PROMOTER 83 
BINDING PROTEIN-LIKE 15 (SPL15) to modulate their targets expression 84 
thereby regulating flowering time (Hyun et al., 2016; Richter et al., 2019). 85 
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SOC1 forms a set of heterologous complexes with other MADS-box TFs (de 86 
Folter et al., 2005; Immink et al., 2009). Furthermore, SOC1 times flowering 87 
downstream of several hormone signaling pathways including GA, ABA and 88 
BRs (Jung et al., 2012; Li et al., 2017; Hwang et al., 2019) and of nutrient 89 
status (Liu et al., 2013; Olas et al., 2019; Yan et al., 2021). Interestingly, 90 
profiling of SOC1 targets also identifies genes involved in the signaling 91 
processes of these hormones and nutrients (Immink et al., 2012; Tao et al., 92 
2012). Via protein complexing with many TFs and binding to its own promoter, 93 
SOC1 regulates its own expression with auto-regulatory feedback loops 94 
(Immink et al., 2012). However, the biological importance of these molecular 95 
interactions remains to be explored further. 96 
AGL16 is a floral repressor with dependency on genetic background, 97 
photoperiod of growth conditions, and gene dosages (Hu et al., 2014). Only 98 
under the inductive long-day conditions loss-of-function mutants for AGL16 99 
show early flowering especially in the functional FRI-FLC background 100 
(Johanson et al., 2000; Michaels and Amasino, 2001; Hu et al., 2014). AGL16 101 
expression can be modulated by the level of the Brassicaceae-specific miR824, 102 
for which natural variation has been identified (Rajagopalan et al., 2006; 103 
Fahlgren et al., 2007; Kutter et al., 2007; de Meaux et al., 2008; Hu et al., 104 
2014). Change in miR824 expression results in a significant modification of the 105 
plant flowering (Hu et al., 2014). AGL16 acts in flowering time regulation via 106 
transcriptional regulation of FT, whose expression is also regulated by TFs like 107 
SVP and FLC and many others (Aukerman and Sakai, 2003; Searle et al., 108 
2006; Jung et al., 2007; Castillejo and Pelaz, 2008; Li et al., 2008; Mathieu et 109 
al., 2009). AGL16 forms complexes with SVP and FLC, and mildly represses 110 
their expression (Hu et al., 2014). AGL16 is a direct downstream target of both 111 
FLC and SVP, but the expression of AGL16 changes only weakly in 112 
loss-of-function mutants of both genes (Deng et al., 2011; Gregis et al., 2013; 113 
Mateos et al., 2015). Yeast-two-hybrids assays suggest that AGL16 interacts 114 
with SOC1 and other MADS-box TFs and is hypothesized to modulate the 115 
SOC1 expression (de Folter et al., 2005; Immink et al., 2009; Immink et al., 116 
2012). Besides its roles in development (Kutter et al., 2007; Hu et al., 2014), 117 
AGL16 represses plant responses to salt stress and drought resistance via 118 
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binding to a specific set of downstream genes (Zhao et al., 2020; Zhao et al., 119 
2021). The miR824-AGL16 module participates also in heat stress adaptation 120 
(Szaker et al., 2019). However, the exact AGL16 target spectra and the 121 
impacts of interactions between AGL16 and its partners remain 122 
under-explored. 123 
In this study, we profiled the target spectra of AGL16 and demonstrated the 124 
molecular and genetic links between AGL16 and SOC1 played important roles 125 
in flowering time regulation. We found that, in contrast to its weak effects in 126 
flowering time regulation in Col-0 background, AGL16 could bind to more than 127 
2000 target genes that were involved in regulation of flowering time and many 128 
other biological processes. We showed that the regulatory roles of AGL16 on 129 
genome-wide gene expression and flowering time depended partially on the 130 
SOC1 activity. 131 
Results 132 
AGL16 binds to a large set of genomic segments with CArG boxes 133 
We profiled AGL16 binding sites by a ChIP-seq approach (chromatin 134 
immuno-precipitation followed by sequencing). We used a line expressing 135 
AGL16 fused to a combined Yellow Fluorescent Protein (YFP) -HA epitope tag 136 
under the control of the Cauliflower Mosaic Virus 35S promoter (AGL16OX), 137 
which restores the early flowering of agl16-1 to wild type Col-0 level (Fig. S1) 138 
(Hu et al., 2014). In two independent trials, we identified respectively 5463 and 139 
3294 DNA segments statistically enriched for AGL16 binding, of which 3086 140 
were shared (Table S1, S2). Most of the peaks were around 150-500 bp in 141 
both trials (Fig. S2). To test whether these segments were real binding sites for 142 
AGL16, we carried out ChIP-qPCR assays with two independent chromatin 143 
preparations for 20 peaks identified by ChIP-seq. These efforts confirmed 12 144 
regions bound by AGL16-YFP-HA with a minimum two-fold enrichment in the 145 
AGL16OX line compared to agl16-1 background (Fig. 1). Besides these, four 146 
known targets including HKT1;1 (AT4G10310), HsfA6a (AT5G43840), 147 
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MYB102 (AT4G21440), and CYP707A3 (AT5G45340) were also among the 148 
list (Zhao et al., 2020; Zhao et al., 2021). Hence, a majority proportion of peaks 149 
detected via ChIP-seq method were reproducibly enriched. 150 
Peaks bound by AGL16 were annotated using Arabidopsis TAIR10 data to 151 
identify their distribution and genomic features (Fig. 2). The peaks from both 152 
trials were centered to the 3 Kb regions around transcriptional start sites (TSS; 153 
Fig. 2B). Around 60% of peaks located in the 1 Kb regions surrounding TSS 154 
(Fig. 2C; Table S2). About 10% of peaks were in the 1-2 kb promoter regions 155 
upstream of TSS, while 10-12% of peaks were in exons/introns. Thus, AGL16 156 
bound to DNA fragments close to TSS of a large set of genes. The 2339 genes 157 
with peaks mapped to gene body or up to 2 Kb upstream of their TSS were 158 
taken as AGL16 targets (Table S2).  159 
We next searched for potential cis-motifs in the common peaks bound by 160 
AGL16 using HOMER, which could predict new motifs and identify known 161 
motifs (Heinz et al., 2010). This analysis reported a de novo CArG-box motif 162 
CCATTTTTGG for AGL16 in 707 peaks (24.2% of all common peaks; Fisher 163 
P=1e-340, in comparison to 3.8% at genome level; Fig. 2D, Table S2). Ten 164 
other CArG-box motifs were also significantly enriched, and matched to the 165 
known motifs of SVP, SOC1, SEP3, TAGL1, AGL63, and other MADS-box TFs, 166 
most of which could potentially interact with AGL16 (Fig. 2D; Fig. S3; Table S2). 167 
The de novo and the ten significantly enriched CArG-box motifs were all 168 
distributed around the peak center, indicating that AGL16 bound to its targets 169 
via the cluster of CArG-box motifs, just like SOC1 and other MADS-box 170 
proteins (Deng et al., 2011; Immink et al., 2012; Tao et al., 2012). There were 171 
also other motifs significantly enriched in the AGL16 bound peaks, such as 172 
those bound by TCPs (321 peaks), bHLHs (1131), C2C2 DOFs (2524), 173 
WRKYs (1039). However, these motifs were not in the peaks center. Since 174 
AGL16 modulated significantly the flowering time in Arabidopsis (Hu et al., 175 
2014), we next asked which flowering time genes could be targeted by AGL16. 176 
AGL16 targets flowering time genes in multiple pathways 177 
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The Arabidopsis genome contains ~400 flowering time genes, among which 178 
around 70 were targeted by AGL16 (Fig. 3; Table S2). This number was 179 
significantly larger than randomly expected (Yates’ Chi-square test, p<0.0001). 180 
Consistent with the described photoperiod dependency for AGL16-mediated 181 
flowering regulation (Hu et al., 2014), 37 genes (for example AGAMOUS LIKE 182 
15/16/18 (AGL15/AGL16/AGL18), CONSTANS LIKE 1/3/4/5 (COL1/3/4/5), 183 
TWIN SISTER OF FT (TSF) and MOTHER OF FT (MFT), etc.) were related to 184 
photoperiod and circadian clock pathways (Bouche et al., 2016). Ten genes 185 
(like AGL19 and SVP, etc.) were in the vernalization and ambient temperature 186 
pathway, seven genes were involved in the gibberellin acid (GA) pathway, and 187 
nine genes are integrators or related to meristem response and developmental 188 
process. Four genes bound by AGL16 were not clearly defined for the 189 
flowering pathways (Boxall et al., 2005; Xiao et al., 2009; Zhao et al., 2011). 190 
Taken together, AGL16 might impact several flowering pathways, and the 191 
alteration of flowering time in mutants of AGL16 could be a net effect of 192 
multiple flowering pathways.  193 
AGL16 binds to SOC1 promoter and modifies its expression 194 
The floral integrator gene SOC1 was one of the targets bound by AGL16 (Fig. 195 
4A; Table S2). AGL16 interacted with three DNA segments (peaks 1389, 1390 196 
and 1391) in the promoter region of SOC1 that harbored several CArG-motifs， 197 
consistent with a previous observation that the whole intergenic region is 198 
required for proper SOC1 expression (Hepworth et al., 2002). Peak 1390 199 
overlapped with a region bound by SOC1 itself (SOC1 binding region 1) (Tao 200 
et al., 2012), while peak 1389 overlapped with regions previously shown to be 201 
targeted by SVP (Tao et al., 2012; Mateos et al., 2015) or FLC (Deng et al., 202 
2011; Mateos et al., 2015). An independent ChIP-qPCR assay confirmed 203 
AGL16 binding on all three peaks with the binding on peaks 1389 and 1391 204 
relatively stronger than on peak 1390 (Fig. 4B). The second segment bound by 205 
SOC1 itself (SOC1 binding region 2 or fragment 7) was not targeted by AGL16. 206 
As AGL16 forms protein complexes with SVP and FLC (Hu et al., 2014), it is 207 
likely that AGL16 binds target regions together with these MADS-box TFs. 208 

ACCEPTED M
ANUSCRIPT

D
ow

nloaded from
 https://academ

ic.oup.com
/plphys/advance-article/doi/10.1093/plphys/kiad058/7017604 by N

ational Science & Technology Library user on 06 February 2023



8

However, SOC1 transcription was weakly upregulated by loss-of-function of 209 
AGL16 in both Col-0 (Fig. 4C) and Col-FRI backgrounds (Fig. S4), a pattern 210 
likely caused by the very complex regulation of SOC1 expression (Hepworth et 211 
al., 2002; Immink et al., 2012). A transient luciferase assay with the 1.7 Kb 212 
SOC1 promoter in N. benthamiana leaves demonstrated that the 213 
co-transfection of AGL16 significantly repressed the pSOC1 expression 214 
compared to the co-transfection control with an empty vector (Fig. 4D; S5). In 215 
contrast, when the CArG box(es) bound by MADS-box TFs were mutated (m3, 216 
m456, and m3456), pSOC1 expression increased remarkedly, and this 217 
increase became even more prominent when AGL16 was co-transfected 218 
additionally. These data together suggest that AGL16 represses directly the 219 
SOC1 expression. 220 
AGL16 forms protein complex with SOC1 221 
AGL16 dimers likely with SOC1 (Fig. S3) (de Folter et al., 2005; Immink et al., 222 
2009). We verified this interaction with Yeast-2-Hybrid (Y2H) and bimolecular 223 
fluorescence complementation (BiFC) techniques. Y2H assays confirmed 224 
interactions between SOC1 and AGL16 (Fig. 5A), which was as strong as the 225 
previously reported direct interaction between AGL16 and SVP, in clear 226 
contrast to the negative interaction between AGL16 and LHP1 (Hu et al., 2014). 227 
BiFC assays by fusing the N-terminal half of yellow fluorescent protein (nYFP) 228 
with AGL16 (35S:AGL16-nYFP) and the C-terminal of YFP with SOC1 229 
(35S:SOC1-cYFP) detected an interaction of AGL16 with SOC1 in the nuclei of 230 
Agrobacterium-infiltrated Nicotiana benthamiana leaves (Fig. 5B). A further 231 
co-immunoprecipitation (co-IP) assay with AGL16 fused to a YFP tag and 232 
SOC1 fused with a Flag tag in Arabidopsis cells also confirmed the physical 233 
interaction between these two TFs (Fig. 5C). Hence AGL16 and SOC1 form 234 
hetero-protein-complexes. 235 
AGL16 and SOC1 co-target a common set of genes 236 
We next examined whether AGL16 and SOC1 had common targets. For this 237 
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aim, the previously generated binding profiles for SOC1 were used to identify 238 
shared targets with AGL16 (Immink et al., 2012; Tao et al., 2012). We applied 239 
the same annotation procedure for both AGL16 and SOC1 binding profiles in 240 
order to identify common genes. There were 193 AGL16-bound segments that 241 
overlapped with 240 SOC1 peaks (Table S3). These peaks were in the +/-2 Kb 242 
vicinity of 223 genes (five without annotation information), which were then 243 
taken as AGL16 and SOC1 common targets (Fig. 6A). Most of these common 244 
peaks were in the 1 kb region surrounding TSS with AGL16 peaks a bit more 245 
proximal (Fig. 6B). We further identified 211 CArG-box motifs in 144 common 246 
peaks (400 bp surrounding peak centers; 74.6% of all overlapped peaks) with 247 
MEME-ChIP. Eighty-seven peaks harbored one CArG-box 248 
(DCCAAAAAWGGAAAR; 60.4%), while the rest featured two (49 or 34%) or 249 
three (6 peaks or 4.2%) or more (2 peaks; Fig. S6A). The distances between 250 
the CArG-box motifs were spaced with 20-40 bases (Fig. S6B). Among these 251 
common targets, genes involved in floral organ development (or reproductive 252 
growth) and responses to hormone stimulus including ethylene and ABA were 253 
significantly enriched (Fig. 6C; Table S3). Eight genes of the photoperiod and 254 
circadian clock related pathways (AGL15, AGL18, ATC, PHYA, RAV2, SMZ, 255 
SNZ and TOE3), three genes of the temperature-related pathways (CBF1, 256 
CBF2 and SVP), and SOC1 itself were involved in flowering (Fig. 3), 257 
suggesting that AGL16 and SOC1 act likely together to time floral transition in 258 
Arabidopsis.  259 
AGL16 regulates genome-wide gene expression depending partially on 260 
SOC1 function 261 
We next determined to what extent the gene expression at the genome-wide 262 
level could be affected by the AGL16-SOC1 module (Table S1). For this, we 263 
carried out a comparative transcriptomics analysis using the single and double 264 
mutants between the agl16-1 and soc1-2 lines. In contrast to the very broad 265 
binding spectrum of AGL16, we only detected very small number of genes 266 
showing differential expression (DEGs) in agl16-1 single mutant (9 up and 12 267 
down) compared to Col-0 (Fig. 7A; Table S4). The soc1-2 single (155 up and 268 
285 down) and the agl16 soc1 double (49 up and 353 down) mutants had 269 
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similar number of DEGs but soc1-2 featured more up and less down DEGs 270 
(Yate’s chi-square test, p<0.001; Fig. 7A), indicating that AGL16 either 271 
countered SOC1’s repressive or inductive role on gene expression. A heatmap 272 
analysis of DEGs in the soc1-2 vs Col-0 revealed that absence of agl16 mostly 273 
reverted the differential gene expression observed in soc1-2 to wild type levels 274 
(Fig. 7B). Genes down-regulated in the agl16 soc1 mutants showed also 275 
down-regulation in soc1-2 (Fig. 7C). In contrast, genes up-regulated in agl16 276 
soc1 were barely affected by either single mutation, suggesting that for these 277 
genes, AGL16 and SOC1 contribute redundantly to the repression. 278 
Accordingly, only 83 soc1-2 DEGs (in total 155 up and 285 down; ~18.9%) 279 
overlapped with the agl16 soc1 DEGs (375 up and 182 down; ~14.9%; Fig. 280 
7D). Therefore, AGL16 has potential in regulating gene expression at the 281 
genome-wide level, but apparently depends on its genetic background, i.e. 282 
here the SOC1 activity. 283 
We next examined to what extent these DEGs associated with AGL16 284 
targeting. Among the 557 agl16 soc1 DEGs, AGL16 bound to 98 genes 285 
(~22.2%), in which only 23 (~4.1%) were also targeted by SOC1 (Fig. 7D). 286 
About 13.6% or 60 soc1-2 DEGs were likely the AGL16 targets (Yate’s 287 
chi-square test, p=2e-8, in comparison to genome-wide level of AGL16 288 
binding). However, we noticed that only nine soc1-2 DEGs (~2% among 440) 289 
were potential targets of SOC1, a pattern similar to a previous report, in which 290 
52 SOC1 targets were among the 1186 DEGs (Tao et al., 2012). There were 291 
six targets (~28.6%) showing differential expression in the 21 agl16-1 DEGs. 292 
Moreover, we identified more than a quarter of up-regulated DEGs in the agl16 293 
soc1 line (77 among 286) being AGL16 targets in contrast to about 13.3% of 294 
up-regulated DEGs in the soc1-2 mutant (29 among 218; Yate’s chi-square 295 
test, p=0.0035; Fig. 7E). Among the 67 up-regulated DEGs shared between 296 
the soc1-2 and agl16 soc1 mutants, 18 (26.9%) were potentially AGL16 297 
targets. In contrast, less than 8% of down-regulated DEGs in both mutants 298 
were targeted by AGL16. Together, these data suggest that AGL16 may act 299 
mainly as a transcriptional repressor and exert an antagonistic role against 300 
SOC1 regulation on target gene expression. 301 
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AGL16-SOC1 module is important for flowering time regulation 302 
Among the DEGs between agl16 soc1 and soc1-2 plants, we identified 17 303 
known genes involved in floral regulation with seven being targeted by AGL16 304 
(NF-YA2, TCP21, RHL41, AGL16, three AP2-like genes RAV1, RAV2/TEM2, 305 
and SNZ; Fig. 7F; Table S4). Expression of FT was significantly enhanced in 306 
the agl16 soc1 double mutant. In line with this, the double mutant agl16 soc1 307 
flowered significantly earlier (~20 rosette leaves) than the soc1-2 single mutant 308 
(~25.6 rosette leaves; about 21.6% reduction in rosette leaf number) but still 309 
later than both agl16-1 (~11.1 rosette leaves; ~13.6% reduction) and wild type 310 
Col-0 (~12.9 rosette leaves) plants (Fig. 8). This indicated that AGL16 could 311 
counteract the SOC1 regulation on flowering, while the regulatory role of 312 
AGL16 in floral transition depends on SOC1, a pattern like the genetic 313 
dependency of AGL16 on FLC (Hu et al., 2014).  314 
Discussion 315 
AGL16 acts in the hubs of GRN related to various biological processes 316 
The MADS-box TF AGL16 is an important regulator in flowering time (Hu et al., 317 
2014), stomata development (Kutter et al., 2007), heat stress adaptation 318 
(Szaker et al., 2019), drought resistance (Zhao et al., 2020) and salt stress 319 
adaptation (Zhao et al., 2021), suggesting that it might have very broad 320 
spectra of downstream targets. In this study, indeed, our ChIP-seq assay 321 
demonstrated that AGL16 could target more than 2000 genes featuring 322 
characteristic CArG-box motifs (Figs. 1-3). These genes were involved not 323 
only plant development but also various hormone signaling processes (Table 324 
S2) including some targets in the ABA signaling pathway that previously 325 
identified (Zhao et al., 2020; Zhao et al., 2021). These broad spectra are not 326 
rare, however, especially for MADS-box TFs. Two such examples would be 327 
SVP and SEP3, both of which can bind to thousands of downstream targets 328 
involved in a very broad set of biological processes (Kaufmann et al., 2009; 329 
Gregis et al., 2013; Mateos et al., 2015). Intriguingly, both SVP and SEP3 can 330 
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or potentially form hetero-protein-complexes with AGL16 (de Folter et al., 2005; 331 
Hu et al., 2014), indicating that they may work together to fine-tune plant 332 
developmental programs in responding to ever-changing environments, a 333 
hypothesis awaits for further investigation.  334 
Interestingly, expression of AGL16 responds to ABA treatment as well as 335 
multiple stresses (Szaker et al., 2019; Zhao et al., 2021), thus revealing a very 336 
complex role of AGL16 (and its potential partners) in abiotic adaptation. Since 337 
both AGL16 and SOC1 play important roles in stomata development and 338 
movement (Kutter et al., 2007; Zhao et al., 2020), it’s likely that the 339 
hetero-protein-complexes formed between AGL16 and its partners may be the 340 
key molecule that functions in these abiotic adaptations. Indeed, both AGL16 341 
and SOC1 can directly bind and regulate the expression of a shared set of 342 
genes involved in ABA signaling and abiotic stresses (Fig. 6) (Immink et al., 343 
2012; Tao et al., 2012). Considering the essential roles of ABA in seed 344 
dormancy and germination regulation, the fact that several AGL16 targets 345 
encode for ABA receptors may invoke us to further examine the regulatory 346 
roles of AGL16 and its related protein complexes in seed dormancy and 347 
germination (Table S2, S3). Corroborating with this, AGL16 expression drops 348 
substantially during seed germination (Das et al., 2018).  349 
AGL16 regulates multiple floral pathways 350 
AGL16 might exert its regulation potential in several pathways controlling 351 
flowering time (Fig. 3). Being congruent with its photoperiod dependency in 352 
regulation of flowering time, AGL16 targets 37 genes (including AGL16 itself) 353 
related to photoperiod and circadian clock pathways. Though under the tested 354 
environmental conditions agl16-1 still shows a normal vernalization response 355 
(Hu et al., 2014), several genes related to temperature responses are directly 356 
targeted by AGL16. FLC, SVP and SOC1 might be partners of AGL16 in this 357 
respect as all three proteins target also directly on some of these 358 
temperature-related genes (Deng et al., 2011; Immink et al., 2012; Tao et al., 359 
2012; Mateos et al., 2015). The binding of AGL16 may cause both positive and 360 
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negative influences on the transcription of these targets (Fig. 7), which 361 
encompass both repressors and promoters of the floral transition. Indeed, 362 
several of the flowering time genes targeted by AGL16 show an enhanced or 363 
decreased expression when AGL16 activity is modified in the soc1-2 364 
background (Fig. 3 and 7; Table S3, S4). Therefore, the early flowering 365 
phenotypes present in AGL16 loss-of-function mutants might be a net-effect or 366 
balanced regulation on different pathways (Fig. 8) (Hu et al., 2014). 367 
It should be noted that AGL16 also targets and represses the expression of 368 
MYC2, which is previously claimed to modulate flowering time (Kazan and 369 
Manners, 2013; Zhai et al., 2015; Wang et al., 2017; Bao et al., 2019). 370 
However, our recent efforts have demonstrated, partially based on the data 371 
generated from this study, that the MYC2-family TFs only play very limited 372 
roles in timing floral transition, because it’s the hidden mutation of COP1, not 373 
the MYC mutations, causing early flowering observed in the original jin1-2 374 
mutant (Yu et al., 2022). Whether the AGL16-MYC2 interaction regulates 375 
flowering time upon different stress conditions needs to be tested later. 376 
AGL16 and SOC1 collaborate in regulation of genome-wide gene 377 
expression 378 
The formation of AGL16-SOC1 complex identifies the collaborative potential in 379 
targeting and regulation of genome-wide gene expression like other 380 
MADS-box TFs (Fig. 5) (de Folter et al., 2005; Lee et al., 2008; Immink et al., 381 
2009; Kaufmann et al., 2009; Kaufmann et al., 2010; Deng et al., 2011; Immink 382 
et al., 2012; Tao et al., 2012; Mateos et al., 2015). AGL16 binds more than 383 
2000 genes, which is in line with its very broad expression in many tissues and 384 
organs (Alvarez-Buylla et al., 2000), but affects the expression of a very limited 385 
number of genes in the background of Col-0 (Fig. 7). When SOC1 becomes 386 
non-functional (soc1-2), AGL16 modulates the expression of more than 550 387 
genes and acts both as a transcriptional repressor and activator. In the soc1-2 388 
background, AGL16 seems mainly act as a transcriptional repressor as more 389 
than a quarter of the up-regulated DEGs, in contrast to the less than 8.5% of 390 
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the down-regulated DEGs, are potential targets of AGL16. Hence AGL16’s 391 
activity in gene expression regulation requires partially SOC1, and 392 
corroborating with this, both AGL16 and SOC1 expression can be detected in 393 
the shoot apex (Corbesier et al., 2007; Immink et al., 2012; Hu et al., 2014). 394 
On the other hand, SOC1 also needs AGL16 as SOC1’s repressive activity 395 
substantially drops (from 155 to 49 genes) but the promoting activity increases 396 
(from 285 to 353 genes) when AGL16 has no function. Many soc1-2 DEGs are 397 
not differentially expressed any more in agl16 soc1 mutant (Fig. 7). Indeed, 398 
AGL16 and SOC1 co-bind a common set of targets and regulate the 399 
expression of many known flowering time genes (Fig. 6, 7). As expected, these 400 
two TFs collaborate in regulation of flowering time (Fig. 8). The agl16 soc1 401 
double mutant flowered significantly earlier than the soc1-2 single mutant, on 402 
the other hand, still later than both agl16-1 and wild type plants. AGL16 could 403 
counteract SOC1 effects in flowering time regulation, and vice versa, similar to 404 
the genetic dependency of AGL16 on FLC (Hu et al., 2014). It’s possible that 405 
these TFs may form higher-order protein complexes to regulate downstream 406 
genes, for example FT expression, which should be tested further. 407 
The identification of three DNA fragments bound by AGL16 in the upstream ~4 408 
Kb intergenic region raises a possibility that the SOC1 expression regulation 409 
might be more complicated than we have expected (Fig. 4) (Hepworth et al., 410 
2002; Immink et al., 2012; Jung et al., 2012; Liu et al., 2013; Li et al., 2017; 411 
Hwang et al., 2019; Olas et al., 2019; Yan et al., 2021). Though AGL16 can 412 
repress the SOC1 expression in planta and when the frequently used ~1.7 Kb 413 
promoter was included in transient assays (Fig. 4), this short fragment may not 414 
be enough for full mechanistic understanding the regulation of SOC1 415 
expression. Whether higher order 3D chromatin loop presents for SOC1, like 416 
the ones for FT and FLC (Crevillen et al., 2013; Liu et al., 2014), and whether 417 
AGL16 has a role in the loop formation need further investigation.  418 
Together, as a master regulator in GRNs connecting multiple pathways, 419 
AGL16’s function has a partial inter-dependency with SOC1. AGL16 might act 420 
as a glue molecule, like other MADS-box TFs do, to micro-tune the expression 421 
of downstream genes at proper stages and environmental conditions (Immink 422 
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et al., 2009; Kaufmann et al., 2010; Pajoro et al., 2014; Richter et al., 2019). It 423 
will be important to address these further to understand their precise roles and 424 
mechanisms in balancing development and environmental adaptation. 425 
Materials and Methods 426 
Plant materials, growth conditions, and phenotype assays 427 
Arabidopsis thaliana plants including wild-type Col-0, agl16-1, 428 
35S:AGL16-YFP-HA in agl16-1 background, Col-FRI, agl16-1 Col-FRI, and 429 
m3 have been described previously (Kutter et al., 2007; Hu et al., 2014). The 430 
soc1-2 mutant in Col-0 background (Torti et al., 2012) was kindly provided by 431 
Prof. George Coupland. To test the genetic interactions between AGL16 and 432 
SOC1, agl16-1 and soc1-2 were crossed and double mutant was screened 433 
with gene-specific primers (Table S5) (Kutter et al., 2007; Torti et al., 2012; Hu 434 
et al., 2014). 435 
Arabidopsis seeds were stratified in distilled water at 4°C for 72 h and sown in 436 
soil and grown under LD conditions (16-h light at 21°C and 8-h night at 18°C). 437 
Seedlings for phenotyping were planted either in growth rooms or chambers, 438 
while materials for gene expression analysis and ChIP assays were sown on 439 
Murashige and Skoog medium plates (Hu et al., 2014). 440 
Flowering time assays were carried out according to previous report (Hu et al., 441 
2014). Four independent trials were applied and each gave similar pattern. 442 
Phenotype comparisons were performed with Student’s t-test with 443 
Bonferroni-correction. 444 
RNA Isolation, RT-qPCR, and RNA-seq assays 445 
Total RNA was extracted with TRI Reagent® (Molecular Research Center, Inc. 446 
Cincinati, USA). Ten days old seedlings were used for quantification of relative 447 
expression of selected genes with PP2A as reference (Hu et al., 2014). 448 
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Reverse transcription was carried out with the HiScript® II Q RT SuperMix for 449 
RT-qPCR (+gDNA wiper) and quantification PCRs were performed with 450 
ChamQTM SYBR qPCR Master Mix (both from Vazyme Biotech co. ltd, Nanjing) 451 
on QuantStudioTM 7 Flex Real-Time PCR System (ThermoFisher). Three to 452 
four biological replicates from each of two to three independent trials were 453 
applied for each experiment. A similar protocol was developed for monitoring 454 
relative enrichment of DNA fragments in ChIP-qPCR experiments. All the 455 
primers used in this study are included in Table S1. 456 
For RNA-seq, materials were collected from three independent biological 457 
replicates for each genotype, and DNA-free total RNA was generated as 458 
described above. Illumina True-seq library preparation was performed from 3 459 
μg DNA-free total RNA and sequenced by the Biomarker Technologies 460 
Corporation, Beijing, China. Quality trimmed pair-end RNA-seq reads were 461 
mapped to the Arabidopsis TAIR10 annotation using the HISAT2 v2.1.0 (Kim 462 
et al., 2019). The featureCounts included in subread v1.6.4 package was 463 
applied to calculate reads counts on each gene (Liao et al., 2013; Liao et al., 464 
2014). DESeq2 v1.14.1 was used to detect differentially expressed genes 465 
(DEGs; fold change above 1.5 and p.adj<0.1). Only uniquely mapped reads 466 
were used for downstream analysis. Transcriptional clustering analysis was 467 
performed using the heatmap.2 function in R. GO analysis was performed with 468 
PANTHER in TAIR web-tool (https://www.arabidopsis.org/tools/ 469 
go_term_enrichment.jsp) or agriGO pipeline (Mi et al., 2017; Tian et al., 2017). 470 
ChIP-seq, ChIP-qPCR assays and data analysis 471 
ChIP experiments were carried out following protocols described (Reimer and 472 
Turck, 2010; Zhou et al., 2016). Chromatin for both agl16-1 and agl16-1 473 
AGL16OX plants was extracted from ten-day-old seedlings grown under LD 474 
conditions at ZT14, and precipitated with antibody against GFP (Abcam, 475 
Ab290). For ChIP-seq, the immuno-precipitations from two independent trials 476 
were used for NGS library preparation with NEBNext® UltraTM II DNA Library 477 
Prep Kit for Illumina® (E7645, New England BioLabs Inc.) and high-throughput 478 
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sequencing with HiSeq2000 platform. ChIP-seq reads were mapped to the 479 
TAIR10 assembly of A. thaliana using BWA-MEM (v0.7.17-r1188) (Li, 2013). 480 
Reads with mapping quality below 30 were discarded with SAMtools v1.7 (Li et 481 
al., 2009). Duplicated reads were removed using Picard MarkDuplicates 482 
v1.119. The resulted .bam file was used as input to call AGL16 enriched 483 
regions with MACS v2.2.7.1 (Zhang et al., 2008). Enriched regions were 484 
generated by the comparison of immune-precipitated products to input for 485 
AGL16OX and then compared against agl16-1. For annotation of AGL16 486 
targets, the R package ChIPseeker was used (Yu et al., 2015). The position 487 
and strand information of nearest genes were reported with the distance from 488 
peak to the TSS of its closest gene identified. As annotations might 489 
overlap, we use ‘promoter’ definition in ChIPseeker as the highest priority for 490 
annotation. Each binding site was assigned to only one gene. IGV was used 491 
for data visualization of the binding profiles for targets (Thorvaldsdottir et al., 492 
2013). Enriched motifs in AGL16 binding peaks were identified using Homer 493 
suite with findMotifsGenome.pl function (Heinz et al., 2010). Motifs in 494 
AGL16-SOC1 co-targeted regions were analyzed with MEME-ChIP tools 495 
(Machanick and Bailey, 2011), and the spacing between primary and 496 
secondary motifs was analyzed with SpaMo (spamo -dumpseqs  -bin 20 497 
-verbosity 1 -oc spamo_out_1 -bgfile./background -keepprimary -primary 498 
DCCAAAAAWGGAAAR). We compared the AGL16 targets to SOC1 targets 499 
from both Immink (2012) and Tao (2012) with the same annotation procedures 500 
for AGL16 (Immink et al., 2012; Tao et al., 2012). In an earlier independent trial, 501 
we pooled the immuno-precipitations from two biological replicates and 502 
sequenced the products. This pooled sequencing results gave similar pattern 503 
of AGL16 targets profile but with a lower coverage. Yate’s chi-square tests 504 
were performed online (http://www.quantpsy.org/chisq/chisq.htm). The ~400 505 
flowering time genes were downloaded from https://www.mpipz.mpg.de 506 
(Bouche et al., 2016) with self-curations. Reads data for RNA-seq and 507 
ChIP-seq experiments were accessible at NCBI under accession code 508 
SUB5067038. 509 
Yeast two-hybrid and biomolecular fluorescence complementation (BiFC) 510 
experiments 511 
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Yeast two-hybrid and the BiFC assays were carried out to test the physical 512 
interaction between AGL16 and SOC1 proteins according to previous report 513 
(Hu et al., 2014). In yeast two-hybrid assay, interactions between AGL16-SVP 514 
and AGL16-AGL16 were applied as positive controls while the AGL16-LHP1, 515 
AGL16-BD, SOC1-BD, AD-AGL16, and AD-SOC1 were applied as negative 516 
controls together with empty vectors. For BiFC assay in Nicotiana 517 
benthamiana plants, 35S:SOC1-cYFP construct was built by cloning the 518 
full-length encoding-region without stop codon of SOC1 (from Col-0) into 519 
pDONR221 entry vector first and later transferred into RfA-sYFPc-pBatTL-B 520 
vector. The interactions between AGL16 and SVP, between AGL16 and LHP1, 521 
were used as positive and negative controls, respectively. 522 
Co-immunoprecipitation (co-IP) assay 523 
To test the AGL16 and SOC1 interactions, coding sequences of AGL16 and 524 
SOC1 were amplified from the wild type cDNA with Phanta Max Super-Fidelity 525 
DNA Polymerase (P505, Vazyme). All sequences were cloned into the 526 
pDONR201 entry vector and verified via Sanger sequencing. The resulting 527 
destination vectors containing N-terminal tagged pENSG-YFP-AGL16 and 528 
pICH47811-SOC1 were used to transfect protoplasts prepared from leaves of 529 
wild type seedlings (Yoo et al., 2007). The transfected protoplasts were 530 
incubated at room temperature for 16 hr and used for co-IP assays as 531 
described previously (Cui et al., 2018). In brief, the protoplasts were lysed in 532 
immunoprecipitation buffer (50 mM Tris pH7.5, 150 mM NaCl, 10 % (v/v) 533 
glycerol, 2 mM EDTA, 5 mM DTT, protease inhibitor, 0.1% Triton). Lysates 534 
were centrifuged at 14000 × g for 15 min at 4 °C with aliquots of supernatants 535 
as input controls. Immunoprecipitations (IPs) were performed by incubating 536 
the supernatants with 15 μL GFP-Trap beads (gta-10, ChromoTek) for 2 h at 537 
4 °C. After centrifugation at 1000 × g and washing four times with extraction 538 
buffer, beads were eluted with 2× Laemmli loading buffer. The proteins were 539 
then separated with SDS-PAGE and analyzed by immuno-blotting with 540 
antibodies against GFP (ab290, Abcam) and FLAG (ab49763, Abcam). 541 
Transient transactivation assay 542 
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To test the regulatory effects of AGL16 on SOC1 expression, the coding region 543 
of AGL16 was inserted into the pOCA30 vector to generate the effector, while 544 
the 1.7 Kb promoter and its mutated versions of SOC1 was fused with a pZP 545 
vector to generate the reporter constructs (Chen et al., 2021). Equal amounts 546 
of the effector and reporter constructs in Agrobacterium tumefaciens strain 547 
GV3101 were used to co-infiltrate N. benthamiana leaves with at least 15 548 
biological replicates that were randomly distributed. After two days of 549 
infiltration, the luciferase intensity was collected and quantified with a low-light 550 
cooled CCD imaging apparatus. Experiments were triplicated with each 551 
containing at least 15 replicates. Relative expression was examined for 552 
statistical significance using ANOVA followed by Dunnett’s test. 553 
Accession Numbers 554 
Sequence data from this article can be found in the CNSA database 555 
(https://db.cngb.org/) under project number CNP0003940. 556 

557 
558 559 560 561 562 563 564 565 566 567 568 569 
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Figure legends 597 598 
Fig. 1 Validation of the AGL16 binding on target DNA fragments. 599 
A. Binding profiles for selected target genes. The TAIR10 annotation of the600 
genomic locus was shown at the bottom of each box. For each panel, the 601 
profiles for two trials (R1 and R2) in agl16-1 background line were shown in the 602 
upper panel, while the profiles for agl16-1 35S:AGL16-YFP-HA (AGL16OX; 603 
two trials) were shown in the middle panel of each box. All the genes were 604 
from 5’-end to 3’-end with scale bars indicating sequence lengths of 500 bp. 605 
Note that data range for each gene in agl16-1 and AGL16OX was the same 606 
scale, but different genes could have different scale. Red lines marked the 607 
binding regions tested via ChIP-qPCR assays (B). 608 
B. ChIP-qPCR validation of AGL16 binding on 20 DNA segments. Significant609 
enrichment (red bars) was defined with the following criteria: mean enrichment 610 
must be at least two-fold higher than negative control ACT7, the enrichment for 611 
AGL16OX (in agl16-1 background) than agl16-1 must be higher than two-fold 612 
change, and the amplification CT number of IP samples must be at least two 613 
cycles less than no-antibody controls. This experiment was repeated with 614 
another independent trial, which gave similar pattern. Statistics was carried out 615 
with Student’s t-test with Bonferroni correction. ***, P<0.001; **, p<0.01; *, 616 
p<0.05. 617 618 
Fig. 2 Genome-wide identification of AGL16 target genes via ChIP-seq. 619 
A. Venn diagram of AGL16 targets identified in two independent trials.620 
B. Distribution of AGL16 binding sites for two trials surrounding the621 
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transcriptional starting site (TSS).  622 
C. Location distribution in relative to nearby genes for AGL16 binding sites of 623 
trial 1. Peaks within the 3 Kb promoter region were taken as AGL16 targets. 624 
D. CArG type of motifs over-represented in the AGL16 binding peaks. AGL16 625 
new, which was highly similar to known SOC1 type, showed the de novo motif 626 
predicted for AGL16. Frequency gave the percentage for each motif presented 627 
in the binding peaks. 628 
E. Distribution of new (orange) and known (gray; shown in D) CArG type of 629 
motifs around AGL16 peaks center.  630 
 631 
Fig. 3 Molecular pathways (indicated with different color boxes) targeted 632 
by AGL16. Genes with names in bold were common targets for AGL16 and 633 
SOC1, while those in red were differentially expressed between the agl16 soc1 634 
and soc1-2 mutants.  635 
 636 
Fig. 4 AGL16 targets SOC1 and represses its expression.  637 
A. Schematic representation of the SOC1 locus. Filled bars indicated exons 638 
and gray bars marked the 5‘- and 3‘-UTR regions while the line indicated the 639 
non-coding region of SOC1. Arrows downward labelled the putative 640 
CArG-boxes potentially bound by MADS-box proteins. The dark purple lines 641 
indicated the three peaks (P1389, P1390 and P1391) bound by AGL16. 642 
Orange, blue and black thick lines marked the known regions targeted by FLC, 643 
SVP and SOC1, respectively. Note that two sites in the regulatory region of 644 
SOC1 were bound by itself (SOC1 binding R1 and R2; see ref. Tao et al. 2012). 645 
Red lines (1 to 7) showed the regions tested for AGL16-YFP-HA binding on 646 
SOC1 chromatin. Horizontal arrows marked the position of primers used for 647 
quantification of CDS regions. The lower panel showed the ChIP-seq profile at 648 
SOC1. 649 
B. Relative enrichment of AGL16 on SOC1 chromatin tested with ChIP-qPCR. 650 
Mean fold change values with signficant enrichment was labelled above bars 651 
together with standard deviation. ACT7 was taken as a negative enrichment 652 
control.  653 
C. Relative expression of SOC1 against PP2A in Col-0 and agl16-1 plants. 654 
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Mean relative expression was given with standard deviation and the significant 655 
difference was examined using Student’s t-test. 656 
D. Quantitative luciferase assay showing that AGL16 regulated the expression 657 
of 1.7 Kb promoter of SOC1 via cis-motifs 3,4,5,6 described in A. Box plots 658 
mark the 25% to 75% quartiles with the line in box representing the median. 659 
The lines extending from each box marked the minimum (5%) and maximum 660 
(95%) values of the dataset. Circles showed the outliers. WT marked the 1.7 661 
Kb promoter without any sequence modification, while the m3 indicated the 662 
mutation of a CCW6GG-box in WT background. The m3456 and m456 showed 663 
the relative expression level for the WT promoter with cis-motifs 3,4,5,6 and 664 
4,5,6 mutated, respectively. At least 15 randomly selected fields each from one 665 
individual N. benthamiana leaf per treatment were used for measuring with + 666 
and – labeling the presence and absence of 35S:AGL16, respectively. 667 
Different letters above the boxes represented the signficant differences among 668 
treatments using one-way ANOVA Donnett‘s test (P < 0.05). This experiment 669 
was triplicated and each trial gave similar results. 670 
 671 
Fig. 5 AGL16 forms protein complex with SOC1.  672 
A. Yeast two-hybrid assay revealed a direct interaction between AGL16 and 673 
SOC1. Each protein was fused to either the activation domain (AD) as prey or 674 
the DNA-binding domain (BD) as bait. Serial dilutions (100 x to 10-3 x) of J69-4A 675 
cells containing different construct combinations indicated on the left were 676 
grown on control (left) and selective (right) medium. The AGL16-SVP and the 677 
AGL16-LHP1/empty vector combinations provided positive and negative 678 
controls, respectively.  679 
B. BiFC assay evidenced the formation of AGL16-SOC1 complex in nucleus of 680 
Nicotiana benthamiana leaf epidermis. The interaction was tested with 681 
constructs 35S:SOC1-cYFP and 35S:AGL16-nYFP. A negative interaction 682 
between AGL16 and LHP1 and a positive interaction between AGL16 and SVP 683 
were tested as well. Bars = 10 µm. 684 
C. Co-immunoprecipitation (co-IP) assay confirmed the AGL16-SOC1 685 
interaction in Arabidopsis protoplast. SOC1 was FLAG-tagged while the 686 
AGL16 was fused with a YFP tag. Total protein of the transfected wild type 687 
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protoplasts was immuno-precipitated with antibody against GFP (anti-GFP) 688 
first, and further analyzed by Western blot using antibody against FLAG 689 
(anti-FLAG).  690 
 691 
Fig. 6 AGL16 and SOC1 share a common set of target genes involved in 692 
multiple functions.  693 
A. Venn diagram showing that 223/171 genes (Immink et al. 2012 / Tao et al. 694 
2012) were co-bound potentially by both AGL16 and SOC1.  695 
B. Binding intensities for AGL16 (red) and SOC1 (blue) peaks surrounding 696 
transcription starting sites (TSS). Regions 3kb upstream and downstream of 697 
TSS were plotted.  698 
C. Selected significantly-enriched GO terms for the common targets. 699 
 700 
Fig. 7 The AGL16-SOC1 module collaborates on regulation of 701 
genome-wide gene expression.  702 
A. The number of differentially expressed genes (DEGs) in three mutants. The 703 
exact number of up (red) or down (blue) regulated DEGs were given on each 704 
cone.  705 
B and C. Heatmaps showing the normalized relative expression of soc1-2 (B) 706 
and agl16 soc1 (C) DEGs in all four lines. The boxplots in the middle gave the 707 
data distribution pattern for each cluster. Box plots mark the 25% to 75% 708 
quartiles with the line in box representing the median. The lines extending from 709 
each box marked the minimum (5%) and maximum (95%) values of the 710 
dataset. Circles showed the outliers. 711 
D. Venn diagram demonstrating the overlap between DEGs and the AGL16 712 
targets profile. 713 
E. A detailed comparison between the DEGs in soc1-2 and agl16 soc1 714 
mutants with the AGL16 binding profile. Bold numbers in brackets showed the 715 
number of DEGs bound by AGL16. 716 
F. A heatmap showing the normalized relative expression of the DEGs related 717 
to flowering time regulation in the soc1-2 and agl16 soc1 mutants. 718 
 719 
Fig. 8 AGL16 and SOC1 regulate additively flowering time.  720 
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A. Overall flowering behaviors of LD-growing wild type Col-0, agl16-1, soc1-2 721 
and agl16 soc1 mutants. 722 
B. Leaf number production upon flowering under LD conditions. Mean rosette 723 
(filled bars, RLN) and cauline (open bars, CLN) leaves were shown with 724 
standard deviation. Numbers in percentage showed the earlier flowering level 725 
of agl16-1 and agl16 soc1 comparing to Col-0 and soc1-2, respectively. 726 
Analyses were triplicated and all had similar patterns. Statistical comparisons 727 
were performed with Wilcoxon rank sum test in R. 728 
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Fig. 1 Validation of the AGL16 binding on target DNA fragments.
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Fig. 2 Genome-wide identification of AGL16 target genes via ChIP-seq.
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Fig. 4 AGL16 targets SOC1 and represses its expression.
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Fig. 5 AGL16 forms protein complex with SOC1.
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Fig. 6 AGL16 and SOC1 share a common set of target genes involved in multiple functions.
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Fig. 7 The AGL16-SOC1module collaborates on regulation of genome-wide gene expression.
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Fig. 8 AGL16 and SOC1 regulate additively flowering time.
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