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Flowering time is tightly controlled by both endogenous and exogenous signals. Although several lines of evidence have
suggested the involvement of WRKY transcription factors in floral initiation, the underlying mechanisms and signaling
pathways involved remain elusive. Here, we newly identified Arabidopsis (Arabidopsis thaliana) WRKY DNA binding protein75
(WRKY75) as a positive regulator of flowering initiation. Mutation of WRKY75 resulted in a delay in flowering, whereas
overexpression of WRKY75 significantly accelerated flowering in Arabidopsis. Gene expression analysis showed that the
transcript abundance of the flowering time integrator gene FLOWERING LOCUS T (FT) was lower in wrky75 mutants than
in the wild type, but greater in WRKY75-overexpressing plants. Chromatin immunoprecipitation assays revealed that WRKY75
directly binds to the promoter of FT. Both in vivo and in vitro biochemical analyses demonstrated that WRKY?75 interacts with
DELLA proteins. We found that both REPRESSOR OF gal-3 (RGA) RGA-LIKE1 (RGL1) and GA INSENSITIVE (GAI) can
repress the activation ability of WRKY?75, thereby attenuating expression of its regulon. Genetic analyses indicated that
WRKY75 positively regulates flowering in a FT-dependent manner and overexpression of RGL1 or gain-of-function of GAI
could partially rescue the early flowering phenotype of WRKY75-overexpressing plants. Taken together, our results demonstrate
that WRKY75 may function as a new component of the GA-mediated signaling pathway to positively regulate flowering in

Arabidopsis.

In plants, floral initiation is tightly controlled by in-
tricate networks of signaling pathways that integrate a
variety of environmental conditions and endogenous
developmental cues. In Arabidopsis (Arabidopsis thali-
ana), the molecular and genetic basis of the transition
from vegetative to reproductive growth has been well
documented (Andrés and Coupland, 2012; Dally et al.,
2014; Bliimel et al., 2015). Dedicated genetic and mo-
lecular biological studies have identified several genetic
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pathways that regulate the floral transition, including
the photoperiod, autonomous, vernalization, gibberellic
acid (GA), and the age pathways (Michaels, 2009;
Amasino, 2010; Srikanth and Schmid, 2011; Wang, 2014).
These pathways mediate both endogenous and envi-
ronmental signals and then converge to modulate the
expression of a set of floral integrators, including
FLOWERING LOCUS T (FT), LEAFY (LFY), and
SUPPRESSOR OF OVEREXPRESSION OF CONSTANS
1 (SOC1; Han et al., 2008; Kumar et al., 2012; Riboni
et al., 2013; Hu et al.,, 2014, Wang, 2014). They in turn
activate several floral meristem identity genes, including
LFY, APETALA1, CAULIFLOWER, and FRUITFULL (FUL),
thereby leading to the phase transition from vegetative
to reproductive growth (Han et al., 2008; Davis, 2009;
Wang, 2014).

In Arabidopsis, FT is a well-characterized floral in-
tegrator that moves from the leaves to the shoot apex to
initiate floral evocation (Kardailsky et al., 1999). Nu-
merous studies have demonstrated that the expression
of FT can be activated by a wide range of transcription
factors. For example, CONSTANS (CO), which inte-
grates the photoperiod signal and the circadian clock,
can directly induce the transcriptional activation of FT
under long day (LD) conditions (Suarez-Lépez et al.,
2001; An et al., 2004; Imaizumi et al., 2005; Sawa et al.,
2007; Fornara et al., 2009). The CIB proteins were shown
to function redundantly to promote CRY2-dependent
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flowering by activating the transcription of FT (Liu
et al., 2008, 2013). Moreover, PHYTOCHROME
INTERACTING FACTOR4 and WRKY71 also partici-
pate in flowering time regulation by positively modu-
lating FT expression (Kumar et al., 2012; Yu et al., 2016).
However, the transcription of FT can also be nega-
tively regulated by transcriptional repressors, such as
FLOWERING LOCUS C (Helliwell et al., 2006;
Searle et al., 2006), SHORT VEGETATIVE PHASE (Lee
et al., 2007), TEMPRANILLO1 (Castillejo and Pelaz,
2008), and SCHLAFMUTZE (Mathieu et al., 2009). Thus,
to ensure the appropriate timing of flowering, plants
have evolved complex regulatory mechanisms to make
sure the expression of FT is well controlled.

GAs are a class of tetracyclic diterpenoid hormones
that modulate diverse developmental processes through-
out the plant lifecycle (Achard and Genschik, 2009). In
Arabidopsis, genetic screening has identified the major
components involved in GA perception and signaling:
three GIBBERELLIN INSENSITIVE DWARF1 (GID1)
GA receptors (GID1a, b, and c), the F-box ubiquitin
ligase SLEEPY1 (SLY1), and five DELLA repressors
[GA INSENSITIVE (GAI), REPRESSOR OF gal-3 (RGA),
RGA-LIKE1 (RGL1), RGL2, and RGL3] (Peng et al., 1997;
Silverstone et al., 1998; Dill and Sun, 2001; McGinnis et al.,
2003; Ueguchi-Tanaka et al., 2005; Nakajima et al.,
2006). Upon GA perception, GID1 and SLY1 (as an SCF*-"!
complex) recruit DELLA proteins for ubiquitination and
subsequent degradation, leading to the release and acti-
vation of various transcription factors that subsequently
regulate downstream signaling cascades and modulate
responses to GAs (Ueguchi-Tanaka et al., 2005; Nakajima
et al., 2006; Dill et al., 2004; Harberd et al., 2009; Claeys
et al., 2014). Numerous studies have demonstrated that the
GA pathway plays an important role in floral initiation
under both short days (SDs) and LDs. Wilson et al. (1992)
demonstrated the GA synthesis mutants gal-3 and gal-6
both fail to flower under SDs but show very weak late-
flowering phenotypes under LDs, implying that GAs
play a major role in flowering under SDs. However,
recent studies have provided evidence that GAs also
participate in flowering time control under LDs. For
example, the GA-deficient mutant gal, Columbia-0
(Col-0), showed greatly reduced expression of FT, but
this reduction could be fully rescued by exogenous GA3
treatment (Wang et al., 2016; Hou et al., 2014). The
gidla, b, and c triple mutant also exhibited a remarkably
late flowering phenotype under LDs (Griffiths et al.,
2006; Willige et al., 2007), whereas the quintuple DELLA-
deficient mutant (rga-t2 gai-t6 rgl1-1 rgl2-1 rgl3-1, loss-of
function) delln showed an early flowering phenotype
(Wang et al., 2016).

WRKY transcription factors comprise a large family
of regulatory proteins in plants. In Arabidopsis, the
WRKY transcription superfamily comprises an esti-
mated 74 members that can be divided into three major
structural groups, based both on the number of WRKY
domains and the features of their zinc fingerlike motifs
(Eulgem et al., 2000, 2005; Rushton et al., 2010). Genetic
and molecular biological studies have demonstrated
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that WRKY members play important roles in various
biotic and abiotic stress responses (Rushton et al., 2010;
Chen et al., 2012), and several developmental and
physiological processes (Johnson et al., 2002; Lagacé
and Matton, 2004; Song et al., 2010; Xu et al., 2004; Miao
and Zentgraf, 2007; Zhang et al., 2004; Zou et al., 2004,
2011; Chen et al., 2017). Recent functional analyses have
provided some evidence to demonstrate that WRKY
proteins also participate in flowering time regulation.
For example, WRKY?71 is involved in flowering regu-
lation by directly activating the expression of FT and
LFY (Yuetal., 2016). WRKY12 and WRKY13 oppositely
modulate flowering time under SD conditions via the
direct regulation of FUL (Li et al., 2016).

Despite the evidence for WRKY transcription factor
involvement in flowering time regulation described
above, the molecular mechanisms underlying the ef-
fects of WRKY transcription factors during floral initi-
ation are still largely unknown. In this study, we used a
molecular genetic approach to investigate the role of
WRKY75 in flowering time regulation. Our results
demonstrated that altered expression of the WRKY75
gene affects floral initiation. Further investigation in-
dicated that WRKY75 acts as a transcriptional activator
to transmit GA-mediated flowering signals by directly
binding to downstream target sequences such as FT.
Moreover, investigation of the associated mechanisms
revealed that DELLAs physically interact with WRKY75
and repress its activation ability. Our results thus pro-
vide evidence that WRKY75 functions as a positive
regulator of flowering in Arabidopsis.

RESULTS
Mutation of WRKY75 Delayed Flowering Time

To investigate the possible regulatory roles of Ara-
bidopsis WRKY transcription factors in plant develop-
mental processes, we screened WRKY-associated T-DNA
insertion mutants and RNAI lines to identify potential
WRKY proteins that may be involved in flowering time
regulation. From this screen, we identified two T-DNA
insertion mutants (wrky75-1 and wrky75-25) with altered
flowering time compared with the wild type. As shown in
Supplemental Figure S1, quantitative real-time PCR (qRT-
PCR) analysis demonstrated that WRKY75 was effectively
knocked down by T-DNA insertion. Then, to determine
the possible functions of WRKY75 in flowering-time
regulation, we analyzed the flowering phenotypes
of wrky75-1 and wrky75-25. Wild-type, wrky75-1, and
wrky75-25 seeds were germinated simultaneously and
grown in soil under the same growth conditions. As shown
in Figure 1, A to C, under LD (16 h light/8 h dark)
conditions, wrky75 mutant plants exhibited a relatively
delayed flowering phenotype, as measured by the total
rosette leaf number (RLN) and days from germination
to flowering (DTF). Similarly, under SD conditions,
wrky75 mutant plants also showed delayed flowering
compared with their wild-type counterparts (Fig. 1, D
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Figure 1. Flowering phenotype of A
wrky75 mutant plants. A, Representative
images of wrky75 mutant plants showing
their flowering phenotype under LD con-
ditions. Three independent experiments
were performed with each replica con-
taining more than 30 plants for each line.
Representative plants were photographed.
B and C, Flowering phenotype of wrky75
mutant plants assessed by RLN (B) and DTF
(O) under LD conditions. D and E, Flow-
ering phenotype of wrky75 mutant plants
assessed by RLN (D) and DTF (E) under
SD conditions. For (B) to (E), values are
mean * sp of approximately 30 plants
(*P < 0.05). Asterisks indicate Student’s

t-test significant differences. The ex- -|- wrky75-1 wrky75-25
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and E). Thus, mutation of WRKY75 caused a delayed
flowering time in Arabidopsis.

Ectopic Expression of WRKY75 Dramatically Accelerated
Flowering Time

To further investigate the role of WRKY75 in flower-
ing time regulation, we generated transgenic Arabi-
dopsis plants constitutively expressing WRKY75 under
the control of the Cauliflower mosaic virus 355 pro-
moter. Two transgenic lines that showed obviously en-
hanced expression of WRKY75 were selected from
13 primary T1 WRKY75 overexpression lines for further
analysis (Supplemental Fig. S2). In contrast to wrky75
mutant plants, flowering was clearly accelerated in 35S:
WRKY75 plants compared with wild-type plants, as
measured by total RLN and DTF, under both LD and SD

792

conditions (Fig. 2). Constitutive overexpression of WRKY75
thus dramatically accelerated flowering time in Arabi-
dopsis. These results confirmed that WRKY75 plays an
important role in flowering time regulation.

In Vivo Interaction of WRKY?75 with the FT Promoter

Considering that FT functions as a central node of
floral integration and many external inputs are chan-
neled into the transcriptional regulation of FT to regu-
late flowering (Corbesier et al., 2007; Tamaki et al., 2007;
Andrés and Coupland, 2012; Pin and Nilsson, 2012), we
then compared the FT expression levels among 35S:
WRKY75 transgenic plants (L3 and L6), the wild type,
and wrky75-1 and wrky75-25 mutant plants. As shown
in Figure 3A, the FT transcript levels were substantially
higher in 355:WRKY75 transgenic plants but were
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Figure 2. Flowering phenotype of 35S:
WRKY75 transgenic plants. A, Repre-
sentative images of 355:WRKY75 trans-
genic plants showing their flowering
phenotype under LD conditions. Three
independent experiments were performed
with each replica containing more than
30 plants for each line. Representative
plants were photographed. B and C,
Flowering phenotype of 35S:WRKY75
transgenic plants assessed by RLN (B)
and DTF (C) under LD conditions. D
and E, Flowering phenotype of 35S:
WRKY?75 transgenic plants assessed by
RLN (D) and DTF (E) under SD conditions.
For (B) to (E), Values are mean * sp of
approximately 30 plants (**P < 0.01).
Asterisks indicate Student’s t-test signifi-
cant differences. The experiments were
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B 15 C 3 results.
- I
e 25¢ T .
2 1 . £ - T
510 "I‘ [ S 20 L T
a 1 z
D 1 ©
S <15
P S
-g 5 §.|0
-4 5t
0 é& > 5 0 & e o
Y Y ¢ )
“-\ﬂ' /\‘: = ‘\5 .{/\‘J\,
A y
%"\@ & gt g
3 & P Sl
D 70 E 120
6ot I -
5 i i i " : .
5 50 1 - . r
3 1 5 80 i T
< 40 z
5 = 60
230 g
220 240
> a
%10 20
0 y 0 ™ -
& Wy & £ & &
S o & e
& & & &
K o r S
" r\")c" e 5

relatively reduced in WRKY75 mutant plants compared
with those in wild-type plants. Given that FT mainly
expressed in the vascular tissues (Adrian et al., 2010),
we then tested whether WRKY75 also has expression in
the vascular tissues. Analyses of theB-glucuronidase (GUS)
reporter expression in transgenic plants expressing GUS
under control of the WRKY75 promoter demonstrated
that this promoter was active in the vascular bundle cells
(Fig. 3B). These results suggested that WRKY75 may
promote flowering through the activation of FT.

Plant Physiol. Vol. 176, 2018

WRKY transcription factors function by bind-
ing directly to a putative cis-element, the W-box
(T/CTGACC/T), in the promoters of their target genes
(Eulgem et al., 2000; Ulker and Somssich, 2004). Our
data suggested that WRKY75 plays an important role in
flowering time regulation by positively modulating the
expression of FT. Interestingly, a search of the Arabi-
dopsis genome sequence uncovered several putative
W-box elements in the promoter of FT. The presence
of these elements indicated that the modulation we
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Figure 3. WRKY?75 promotes flowering by activating FT transcription. A, Expression of FT in the indicated genotypes. Ten-d-old
plants grown under normal growth conditions (22°C, LD) were harvested at the indicated ZT for total RNA extraction and qRT-
PCR assays. Transcript levels of FT in untreated Col-0 leaves at ZTO were arbitrarily set to 1. Values are mean * sp of three in-
dependent biological replicates. Two-way ANOVA was performed for statistical analysis; asterisks indicate significant differences
as compared to controls, *P < 0.05, **P < 0.01. B, WRKY75:GUS expression in 12-d-old seedlings. The expression of WRKY75
was detected by GUS staining. Representative seedlings were photographed. Scale bar: 1 mm. C, The promoter structure of the FT
gene and fragment used in the ChIP assay. The upper panel shows schematic representation of the FT promoter regions containing
W-box clusters. The diagram indicates the number and relative position of the W-boxes in the respective promoters relative to the
ATG start codon. In the promoter fragment names, the prefix “p” indicates promoter. Pink lines indicate the sequences detected by
ChlP assays. ChlIP assays were performed with chromatin prepared from WRKY75:YFP-WRKY75:3'-WRKY?75 transgenic plants,
using an anti-GFPantibody (immunoprecipitated). ChIP results are presented as a percentage of input DNA. Values are mean = sp
of three independent biological replicates. Asterisks indicate Student’s -test significant differences as compared to controls, **P <
0.01. D, The EMSA analysis of the binding of recombinant WRKY?75 protein to the promoter of FT. The oligonucleotides (proFT-
W1/2/3/4/5 and proFT-W1/2/3/4/5-m) were used as the probes. Underlining signifies W-box sequence and asterisk represents the
mutated base in the W-box element (as exampled with W1). GST, GST-WRKY?75, biotin-probe, labeled mutated probe, and
unlabeled probe ata 10X and 100X molar excess were present (+) or absent (—) in each reaction. E, Schematic of the FT:NLS-GFP
reporter and WRKY?75 and GUS effectors. F, Transient expression assays showed that WRKY75 activates the expression of FT. GFP
fluorescence was detected 48 h after coinfiltration with the indicated constructs. The experiment was repeated three times with
similar results and representative photos were displayed. Scale bar, 50 um. G, qRT-PCR analysis of the accumulation of GFP
transcripts. Total RNAs were extracted from leaves of N. benthamiana coinfiltrated with combinations of various constructs in (E).
The N. benthamiana ACTIN gene was used as an internal control. Values are mean = sp of three independent biological rep-
licates. Asterisks indicate Student’s t-test significant differences as compared to controls, **P < 0.01. Biotin-Probe-m, biotin-
labeled probe with a single nucleic acid mutation from TGAC to TAAC; Cold-Probe, unlabeled probe.
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observed may have been caused by the direct interaction
of WRKY?75 with the FT promoter. To examine whether
FT is a direct target of WRKY75, we first conducted
chromatin immunoprecipitation (ChIP) experiments
using WRKY75:YFP-WRKY75:3'-WRKY75 transgenic
plants (Rishmawi et al., 2014). The ChIP-qPCR results
showed that WRKY75 could bind to the promoter of FT
via the W-box sequence (pFI-1, pFT-3, and pFT-4, re-
spectively; Fig. 3C). Additionally, we conducted an EMSA
with the GST-WRKY75 recombinant protein to determine
the in vitro binding of WRKY75 to these regions. As
shown in Figure 3D, WRKY75 was capable of binding to
the probes containing W1, W2, W4, or W5, but not W3.
The binding signals decreased after the addition of unla-
beled wild-type competitors. In contrast, the WRKY75
protein did not bind to the mutant probe carrying a mu-
tated W box (Fig. 3D). The GST protein alone also did not
bind to the W boxes (Fig. 3D). These data suggest that
WRKY?75 directly binds to the promoter of FT.

To further confirm the positive regulatory function of
WRKY75, we generated and analyzed an FT promoter-
driven nuclear localization signal (NLS)-GFP fusion
protein (FT:NLS-GFP) in transient expression assays in
tobacco (Nicotiana benthamiana) leaves. FT:NLS-GFP
was used as a reporter plasmid. Effector plasmids were
generated that contained either a WRKY75 or a GUS
gene driven by the CaMV 35S promoter (355:WRKY75
and 355:GUS; Fig. 3E). Coexpression of the WRKY75
gene with the reporter plasmid resulted in significantly
enhanced GFP signals compared with the control (Fig.
3, F and G). This result supported the hypothesis that
WRKY75 acts as a positive regulator of flower time
control.

358:FT

358:FT/
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WRKY75 Promotes Flowering in an FT-dependent Manner

The phenotypic analysis, and biochemical and mo-
lecular evidence demonstrated that the transcription
factor WRKY75 positively regulates flowering time
through the direct activation of FT expression. To fur-
ther confirm this conclusion, the genetic relationship
between WRKY75 and FT was explored. The wrky75-25
mutant was crossed with 355:FT transgenic plants, and
the flowering phenotypes of wrky75-25 and 35S:FT/
wrky75-25 were examined. Under our experimental
conditions, we detected an early flowering phenotype
in 35S5:FT plants, and mutation of WRKY75 did not
change this in terms of the RLN and DTF (Fig. 4, A to C),
although the wrky75-25 mutant showed a delay in floral
transition (Fig. 1). Additionally, we generated plants
overexpressing WRKY75 in the ft-10 mutant back-
ground (ft-10/355:WRKY75) by genetic crossing, and
examined the floral phenotype of ft-10 and ft-10/35S:
WRKY75. The mutation of FT changed the early flow-
ering phenotype of 355:WRKY75 (Fig. 4, D to F) so that
it mimicked the clearly late flowering phenotype of
ft-10. Thus, the genetic analysis indicated that WRKY75
acts upstream of FT and functions as a positive regu-
lator of flowering time in an FT-dependent manner.

Physical Interaction of WRKY?75 with DELLA Repressors

To understand how WRKY75 participates in flower-
ing time regulation, we used the yeast two-hybrid
system to identify its potential interaction partners.
The full-length WRKY75 coding sequence was fused
to the Gal4 DNA binding domain of a bait vector

WT  35S:WRKY75-L3  fi-10 fi-10/
35S:WRKY75-L3

wrky75-25
BEIS %35 Eg40 EDGD
El15 £30 £10 £50
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Figure 4. The genetic analysis of WRKY75 and FT. 35S:FT/wrky75-25 and ft-10/355:WRKY75-L3 were generated by genetic
crossing, and then the flowering time phenotype of these genotypes was examined. A and D, Representative images of the in-
dicated genotypes showing their flowering phenotype under LD conditions. Three independent experiments were performed with
each replica containing more than 30 plants for each line. Representative plants were photographed. B, C, E, and F, Flowering
phenotype of the indicated genotypes assessed by RLN (B and E) and DTF (C and F) under LD conditions. For (B), (C), (E), and (F),
Values are mean = sp of approximately 30 plants (*P < 0.05,**P < 0.01). Asterisks indicate Student’s -test significant differences.
The experiments were repeated at least three times with similar results.
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(BD-WRKY?75). Yeast cells harboring the bait were
transformed with a library of cDNAs containing inserts
for prey proteins fused to GAL4-AD. After screening,
three independent clones encoding RGL1 were identi-
fied by prototrophy for His and Ade. To confirm the
interaction of these clones with WRKY?75 in yeast, the
open reading frame sequences of the clones were fused
with the AD domain of the pGADT? vector and used
for further interaction experiments with WRKY75. The
bait and prey vectors were cotransformed into yeast,
and the protein-protein interactions were reconstructed
(Fig. 5A). We further investigated the interactions of
WRKY75 with all five Arabidopsis DELLA proteins in the
yeast two-hybrid system. Besides RGL1, WRKY75 also
interacted with GAI and RGA (Fig. 5A).

The interactions of WRKY75 with RGL1 and GAI
were corroborated by coimmunoprecipitation (ColP)
and bimolecular fluorescence complementation (BiFC)
assays. RGL1 and GAI were used as representatives in
the ColP and BiFC assays. For the ColP analysis, Myc-
WRKY75 and GFP-RGL1/GAI were coexpressed in
Nicotiana benthamiana leaves. The protein complexes
were incubated with anti-GFP and A /G-agarose beads,
and then separated by SDS-PAGE for immunoblotting
with an anti-MYC antibody. WRKY75 pulled down
RGL1 and GAI (Fig. 5B). To determine whether these
interactions also occur in plant cells, we then used BiFC.
Full-length RGL1, GAI, and WRK75 proteins were
fused to the N-terminal or C-terminal fragment of a
yellow fluorescent protein (YFP), yielding RGL1-nYFP,

pGBKT7-WRKY75 .

pGBKT7

GAI-GFP

RGLI-GFP
B

Anti-GFP
IP GFP
Anti-Myc

Anti-GFP
Input

Anti-Myc

GAInYFP, and WRKY75-cYFP, respectively. Agro-
bacterium cells harboring each interaction pair were
infiltrated into N. benthamiana leaves. In parallel, empty
vectors in combination with each fusion construct were
coinfiltrated into N. benthamiana leaves. After 48-h in-
cubation, the resultant YFP signals were observed
by fluorescence microscopy. The samples coinfiltrated
with an interaction pair showed YFP fluorescence in the
cell nuclei, whereas none of the control samples yielded
any signal (Fig. 5C). These results indicated that
WRKY75 and its partners colocalize and interact in
plant cell nuclei. Taken together, these results dem-
onstrated that WRKY75 physically interacts with
RGL1 and GAI implying that WRKY75 functions as
a direct target of DELLAs.

RGL1-mediated Repression of WRKY75 Activation Ability

Previous studies have revealed that DELLAs function
as repressors by directly interacting with downstream
transcription activators, such as MYC2, PHYTOCHROME
INTERACTING FACTORS (PIFS), BRASSINAZOLE
RESISTANT1 (BZR1), and ETHYLENE-INSENSITIVES3,
to inhibit their DNA-binding and transcriptional activi-
ties (An et al., 2012; Hong et al., 2012; Xiang et al., 2012).
Likewise, DELLAs can interfere with several compo-
nents of hormonal and developmental signaling path-
ways through protein-protein interactions (Hou et al.,
2010; Zhang et al., 2011; Qi et al., 2014). Several
researches have also demonstrated that DELLAs can
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‘
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Figure 5. Interaction between WRKY75 and DELLAs. A, Yeast two-hybrid assay analysis. Interaction was indicated by the ability
of cells to grow on synthetic dropout medium lacking Leu, Trp, His, and Ade. The GAL4 activation domain expressed by pGADT7
(shown as “AD”) was used as negative controls. The experiment was repeated three times with similar results and representative
photos were displayed. B, ColP analysis. GFP-fused RGL1 and GAIl were immunoprecipitated using anti-GFP antibody, and
coimmunoprecipitated Myc-WRKY75 was then detected using anti-Myc antibody. Protein input for GFP-RGL1T and GFP-GAl in
immunoprecipitated complexes were also detected and are shown. The experiment was repeated three times with similar results
and representative photos were displayed. C, BiFC analysis. Fluorescence was observed in nuclear compartments of N. ben-
thamiana leaf epidermal cells; the fluorescence resulted from complementation of the C-terminal portion of YFP fused to RGL1 or
GAI (RGL1-cYFPand GAI-cYFP) with the N-terminal portion of YFP fused to WRKY75 (WRKY75-nYFP). No signal was observed
from negative controls. The experiment was repeated three times with similar results and representative photos were displayed.

Scale bar: 25 um. DAPI, 49,6-diamidino-2-phenylindole.
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act as coactivators, for instance by interacting with
INDETERMINATE DOMAINs (IDDs), including the
GAF]1 transcription factor, to mediate the GA responses
(Fukazawa et al., 2014; Yoshida et al., 2014). Based on
the fact that WRKY75 and RGL1/GAI play opposite
roles in regulating floral transition, we proposed that
interaction with DELLA repressors may repress the
transcriptional activation ability of WRKY75 on target
genes.

To test this possibility, FT:NLS-GFP was again used
as a reporter plasmid. Effector plasmids were generated
that contained either a WRKY75, RGL1, GAI, or GUS
gene driven by the CaMV 35S promoter (355:WRKY75,
355:RGL1, 355:GAI and 355:GUS; Fig. 6A). When the
reporter construct was transformed into N. benthamiana
leaves and incubated at 22°C, a very low fluorescence
signal was observed (Fig. 6B). When FI:NLS-GFP and
355:WRKY75 were coinfiltrated into N. benthamiana
leaves, a much stronger fluorescence signal was ob-
served (Fig. 6B). In contrast, coinfiltration of FT:NLS-
GFP and 355:RGL1 or 35S5:GAI generated relatively
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— 355 GAl
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35S5:WRKY75 358:GAI 358:WRKY75
35S8:GUS 358:GAI
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lower fluorescence levels (Fig. 6B). Additionally, coin-
filtration of FT:NLS-GFP with 355:WRKY75 and 35S:
RGL1 or 355:GAI generated a dramatically weaker
fluorescence signal than coinfiltration of FT:NLS-GFP
with 355:WRKY75 (Fig. 6B). As a control, coinfiltration
of FI:NLS-GFP with 355:GUS and 35S:WRKY75 was
performed, but no obvious differences in fluorescence
signal were observed compared with coinfiltration of
FT:NLS-GFP and 35S:WRKY75 (Fig. 6B). Taken to-
gether, these results demonstrated that both GAI and
RGL1 repressed the WRKY75 activity.

To further verify the effect of RGL1 or GAI on
WRKY75’s transcriptional function, we analyzed rela-
tive GFP expression in N. benthamiana leaves. We
detected high levels of GFP transcripts in FT:NLS-GFP-
and 355:WRKY75-coinfiltrated N. benthamiana leaves
(Fig. 6C). In contrast, coexpression of the RGL1 or GAI
protein with WRKY75 significantly suppressed GFP
transcript accumulation (Fig. 6C). These results further
supported the hypothesis that both RGL1 and GAI re-
press the transcriptional function of WRKY?75.
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Figure 6. RGL1 and GAl repress WRKY75 activation ability. A, Schematic of the FT:NLS-GFPreporter and WRKY75, RGL1, GAl,
and GUS effectors. B, Transient expression assays showed that RGL1 and GAl repress transcriptional activation of WRKY75. GFP
fluorescence was detected 48 h after coinfiltration with the indicated constructs. The experiment was repeated three times with
similar results and representative photos were displayed. Scale bar, 50 um. C, qRT-PCR analysis of the accumulation of GFP
transcripts. Total RNAs were extracted from leaves of N. benthamiana coinfiltrated with combinations of various constructs in (A).
The N. benthamiana ACTIN gene was used as an internal control. Values are mean = sp of three independent biological rep-
licates. Asterisks indicate Student’s t-test significant differences as compared to controls, **P < 0.01. D, RGL1 interferes with the
binding of WRKY75 to its target genes (shown in Fig. 3A). 355:Myc-WRKY75 was crossed with 355:RGL1 to obtain Myc-
WRKY75/RGL1T plants. ChIP assays were performed with chromatin prepared from Myc-WRKY75/RGL1 plants, using an antiMyc
antibody (immunoprecipitated). ChlIP results are presented as a percentage of input DNA. Values are mean = sp of three inde-
pendent biological replicates. Asterisks indicate Student’s t-test significant differences as compared to controls, **P < 0.01.
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Figure 7. Overexpression of RGLT partially rescues the early flowering
phenotype of WRKY75 overexpressing plants. A, The flowering phe-
notypes of the indicated genotypes. Plants were grown under long days
at 22°C. Three independent experiments were performed with each
replica containing more than 30 plants for each line. Representative
plants were photographed. B, Expression of WRKY75 and RGL1 in the
indicated genotypes. RNA was isolated form 3-week-old leaves of the
indicated genotype. ACTIN2 gene was used as an internal control.
Values are mean = sp of three independent biological replicates. C and
D, Flowering phenotype of the indicated genotypes assessed by RLN (D)
and DTF (E) under LD conditions. Values are mean = sp of approxi-
mately 30 plants (**P < 0.01). Asterisks indicate Student’s t-test sig-
nificant differences. The experiments were repeated at least three times
with similar results. E, Expression of FT in the indicated genotypes. Ten-
d-old plants grown under normal growth conditions (22°C, LD) were
harvested at ZT15 for total RNA extraction and qRT-PCR assays. Tran-
script levels of FT in untreated Col-O leaves were arbitrarily set to 1.
Values are mean = sp of three independent biological replicates. As-
terisks indicate Student’s t-test significant differences (**P < 0.01).

To determine whether the binding of WRKY?75 to its
target genes is affected by RGL1 interaction, we crossed
355:Myc-WRKY75 with 355:RGL1, and named the prog-
eny Myc-WRKY75/RGL1. Twelve-d-old Myc-WRKY75/
RGL1 seedlings treated with GA or the corresponding
solvent (mock) were used for ChIP-qPCR. The results
showed that GA treatment enhanced the binding of
WRKY75 to the FT promoter compared with mock
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treatment (Fig. 6D). Hence, this result suggested that
RGL1 may decrease the binding ability of WRKY75 to
its target genes in vivo.

Overexpression of RGL1 or Gain of Function of GAI
Partially Rescues the Early Flowering Phenotype of
WRKY75-Overexpressing Plants

To further examine the regulatory effect of DELLA
repressors on the transcriptional function of WRKY75
in Arabidopsis, we investigated whether overexpression
of RGL1 repressed the early flowering phenotype in-
duced by WRKY75 overexpression. We again used the
Myc-WRKY75/RGL1 plants. The Myc-WRKY75/RGL1
plants showed a delayed flowering phenotype com-
pared with 355:RGL1 (Fig. 7, A to D), as measured by
total RLN and DTF, under LD conditions. Furthermore,
expression of FT was also higher in Myc-WRKY75/RGL1
plants than in 355:RGL1I transgenic plants (Fig. 7E). We
also saw similar results in Myc-WRKY75/gai-1 [a gain-
of-function gai-1 (Col-0) mutant generated from the gai-1
(Ler) allele (a GA-insensitive mutant) by backcrossing
gai-1 (Ler) with Col-0 three times] plants (Supplemental
Fig. S3). These results suggested that overexpression of
RGL1 or gain of function of GAI could partially suppress
the early flowering phenotype in 355:WRKY75 plants,
and further supported the hypothesis that RGL1 and
GAI repress the transcriptional function of WRKY75 in
Arabidopsis.

Involvement of WRKY75 in GA-mediated Flowering
Time Regulation

Based on the above results, we wondered whether
knock-down of WRKY75 altered the response to GA
compared with the wild type. If GA promotes flower-
ing independent of WRKY75, flowering should be
similarly accelerated in the wild type and wrky75 mu-
tants. We first investigated the expression level of
WRKY75 upon GA treatment. GA; treatment induced
the expression of WRKY75 (Fig. 8A), implying the
possible involvement of WRKY75 in GA-mediated
flowering time regulation. Consistent with this, knock-
down of WRKY75 led to delayed GA-mediated flow-
ering time compared with the wild type, as indicated by
a relative decrease in leaf number (Fig. 8, B and C).
Thus, our results demonstrated that WRKY75 is at least
partially involved in the regulation of GA-mediated
flowering time control.

DISCUSSION

The proper timing of the floral transition is critical for
reproductive success, and plants have evolved sophis-
ticated and elaborate regulatory mechanisms to coor-
dinately control flowering so that it occurs at the
optimal time. Flowering time is controlled by both
endogenous and exogenous signals. GA serves as an
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Figure 8. GA effects on WRKY75 mutants. A, Expression of WRKY75
upon GA treatment. RNA was isolated form the leaves treated with GA3
or Mock. Transcript levels of WRKY75 in untreated Col-0 leaves were
arbitrarily setto 1. ACTIN2 gene was used as an internal control. Values
are mean = sp of three independent biological replicates (*P < 0.05). B,
Flowering phenotype of the indicated genotypes grown under normal or
GA3-treated conditions assessed by RLN under LD conditions. C, The
reduction ratio in response to GA. The reduction ratio was calculated as
[number of leaves (Mock) — number of leaves (GA3)]/number of leaves
(Mock). Values are mean = sp of approximately 20 plants (*P < 0.05).
Asterisks indicate Student’s t-test significant differences. The experi-
ments were repeated at least three times with similar results.

important endogenous signal to regulate flowering
under both LD and SD conditions. Our results dem-
onstrated that WRKY75 may function as a positive
regulator in flowering time control via the GA path-
way.

WRKY?75 Positively Regulates Flowering in Arabidopsis

Although the WRKY factors comprise one of the
largest groups of transcription factors in plants, and
substantial progress in functional research on WRKY
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transcription factors has been achieved over the past
20 years (Rushton et al., 2010; Chen et al., 2012), little is
known about their possible involvement in flowering
time regulation. In Arabidopsis, several WRKY tran-
scription factors, such as WRKY12, WRKY13 (Li et al.,
2016), and WRKY71 (Yu et al., 2016), have been repor-
ted to participate in the regulation of flowering. Our
investigation demonstrated that wrky75 mutant plants
show delayed flowering compared with wild-type plants,
whereas WRKY75-overexpressing plants exhibit early
flowering (Figs. 1 and 2), implying that WRKY75 is also
involved in flowering time regulation. Our findings
demonstrate that WRKY75 may function as a new
WRKY member to positively regulate flowering in
Arabidopsis.

As a central node of floral integration, the transcrip-
tion of FT is regulated by a large number of factors,
some of which act as repressors and others as activa-
tors. In our study, FT expression was decreased in
wrky75-1 and wrky75-25 plants and increased in 35S:
WRKY75 transgenic plants (Fig. 3A), as was also the
case for the TWIN SISTER OF FT (TSF; Supplemental
Fig. S4A). This expression model is perfectly consistent
with the flowering time behavior of these lines (Figs.
1 and 2). This observation suggests that WRKY75 is able
to positively regulate the expression of FI. Further-
more, genetic analysis demonstrated that ft-10/35S:
WRKY75 could not alter the ft-10 mutant phenotype
whereas 355:FT /wrky75-25 showed a markedly earlier
flowering phenotype (Fig. 4), which mimicked that of
35S:FT plants, implying that WRKY75 acts to accelerate
flowering in a FT-dependent manner. Previous studies
have demonstrated that GA also controls flowering
initiation by regulating the expression of LFY and
SOC1 (Blazquez et al., 1998; Moon et al., 2003). Anal-
ysis of LFY and SOC1 expression indicated that SOC1,
but not LFY, was positively regulated by WRKY75
(Supplemental Fig. 54, B and C). Furthermore, the ex-
pression of FLOWERING LOCUS C (FLC), a core tran-
scriptional repressor in vernalization pathway (Sheldon
et al., 2000), seems also not obviously affected by WRKY75
(Supplemental Fig. S4D).

Numerous studies have demonstrated that the
WRKY proteins perform their biological functions by
directly binding to the W box (TTGACC/T) present in
their target promoters. FT was found to contain several
WRKY-specific W box cis-elements in its promoter. Our
ChIP experiments revealed that WRKY75 can directly
bind to the FT promoter (Fig. 3, C and D), suggesting
that FT is a direct target of WRKY75. The opposite ex-
pression patterns of WRKY75 and FT in wrky75 mutants
and overexpression lines, and the up-regulation of the
GFP signal in transient expression assays (Fig. 3), fur-
ther suggest that WRKY75 is a positive regulator of FT.
Further investigation showed that WRKY75 do not
directly associate with the SOCI or TSF promoter
(Supplemental Fig. S5). Our study thus provides evi-
dence that WRKY?75 functions as a promoter of flow-
ering and triggers flowering via the direct activation of
FT. Considering that WRKY12 and WRKY13 function
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oppositely in controlling flowering time under SD
conditions by the direct regulation of FUL (Li et al.,
2016) and WRKY71 accelerates flowering via the direct
activation of FT and LFY (Yu et al., 2016), different
WRKY proteins may participate in their distinct flow-
ering pathways by modulating the expression of differ-
ent floral integrators or floral meristem identity genes.
Several previous studies have demonstrated that WRKY
proteins can act as both positive and negative regulators.
For example, our previous study revealed that WRKY8
regulates ABI4 positively and ACS6 negatively upon
crucifer-infecting tobacco mosaic virus infection (Chen
et al., 2013), and that WRKY57 directly represses the
transcription of SENESCENCE4 and SENESCENCE-
ASSOCIATED GENE12 in jasmonic acid-induced leaf
senescence (Jiang et al., 2014). WRKY40 directly inhibits
the transcription of diverse ABA-responsive genes, such
as ABI5, during seed germination and postgermination
growth (Shang et al., 2010). One recent study demon-
strated that WRKY45 directly activates the expression
of PHOSPHATE TRANSPORTER1;1 upon P starvation
(Wang et al,, 2014). Thus, we can deduce that WRKY
proteins extensively participate in the fine-tuning and
tight control of the complex signaling and transcriptional
networks that mediate plant growth and stress responses
by functioning as both repressors and activators.

WRKY?75 Partially Mediates GA Signaling in Flowering
Time Regulation

GA is an essential hormone that regulates diverse
aspects of plant growth and development. Genetic
screening has identified several key molecular compo-
nents in the upstream signaling pathway of GA; how-
ever, the downstream signaling pathway of GA remains
unclear. Several key transcription factors have recently
been identified to function downstream of DELLA pro-
teins. For example, PIFS (de Lucas et al., 2008; Feng et al.,
2008), BZR1 (Bai et al., 2012; Gallego-Bartolomé et al.,
2012), MYC2 (Hong et al., 2012; Wild et al., 2012), the
WD-repeat/bHLH/MYB complex (Qi et al., 2014), and
class 1 TCP transcription factors (Daviere et al., 2014)
function as direct targets of DELLA proteins to regulate
photomorphogenesis, sesquiterpene synthase, JA sig-
naling, trichome development, and plant height, respec-
tively. DELLAs can also competitively interact with JAZ
proteins and fine-tune JA signaling (Hou et al., 2010).
Here, WRKY75 was identified as a new downstream
component of the GA signaling pathway.

Although GA accelerates the transition from vegetative
growth to flowering through degradation of transcrip-
tional repressors (DELLAs), the underlying mechanisms
involved remain elusive. A recent study revealed that the
DELLA proteins interact with the microRNA156-targeted
SQUAMOSA PROMOTER BINDING-LIKE transcription
factors to repress the transcriptional activation of MADS
box genes and miR172 (Yu et al., 2012). We also provided
evidence that GA regulates plant flowering via interac-
tions between DELLAs and CO under LD conditions
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(Wang et al., 2016) and via interactions between DELLAs
and WRKY12/13 under SD conditions (Li et al., 2016).
Thus, DELLAs transduce the GA signal via interactions
with various transcription factors. In this study, we
demonstrated that WRKY75 participates in flowering
time regulation through physical interactions with DELLA
proteins (Fig. 5). It is likely that DELLAs interfere with
the transcriptional function of WRKY75. RT-qPCR
analysis showed that WRKY75 responds to exogenous
GA treatment, implying that WRKY75 can be regulated
by GA at the transcriptional level (Fig. 8A). Transient
expression assays also confirmed that both RGL1 and
GAI can suppress the transcriptional activation of FT by
WRKY75. ChIP-qPCR revealed that RGL1 decreases the
binding ability of WRKY?75 to its target genes in vivo (Fig.
6), and genetic analysis demonstrated that RGL1 allevi-
ates the early flowering phenotype observed in WRKY75-
overexpressing plants (Fig. 7). These data suggest that
DELLA proteins can repress the transcriptional regula-
tory activity of WRKY75.

This study has revealed the molecular mechanisms
underlying the regulation of flowering by WRKY75.
Our findings indicate that WRKY75 functions as a new
component of the flowering regulatory network and
participates in the GA-mediated flowering time regu-
lation via interactions with DELLAs. It will be inter-
esting to further investigate how WRKY75’s transcription
and translation is regulated during the transition from
vegetative growth to reproductive growth, and whether
this mechanism is conserved for other flowering-
associated WRKY transcription factors. Overall, we have
shown that WRKY?75 functions as a new component of the
GA-mediated signaling pathway to modulate the onset
and progression of floral initiation. The molecular mech-
anisms revealed in this study add to our understanding of
the involvement of WRKY transcription factors in flow-
ering time regulation.

MATERIALS AND METHODS
Materials and Arabidopsis Growth Conditions

Taq DNA polymers were purchased from Takara Biotechnology. Other
chemicals were obtained from Shanghai Sangon Biotechnology. The wrky75-
1 (SALK_101367) and wrky75-25 were kindly provided by Dong-Tao Ren and
Martin Hiilskamp, respectively. To generate WRKY75, RGL1, and GAI over-
expression transgenic plants, full-length cDNAs of WRKY75 and RGLI were
cloned into a pOCA30 or pOCA30-GFP vector in the sense orientation behind a
CaMV 35S promoter. Plants used in this study were derived from Arabidopsis
(Arabidopsis thaliana) Columbia-0 (Col-0). Arabidopsis plants were grown in an
artificial growth chamber at 22°C under LDs (16-h light/8-h dark cycle) or SDs
(8-h light/16-h dark cycle). Primers used for identification of mutants or clones
are listed in Supplemental Table S1.

qRT-PCR Analysis

For qRT-PCR analysis, total RNA was extracted using TRIzol reagent
(Invitrogen) and was treated with RNase-free DNase (Fermentas), according to
the manufacturer’s instructions. Total RNA (1 ug) was reverse-transcribed in a
20 uL reaction mixture using the Superscript II (Invitrogen). After the reaction,
1 pL aliquots were used as templates for qRT-PCR. Half-reactions (10 uL each)
were performed with the LightCycler FastStart DNA Master SYBR Green I Kit
(Roche) on a LightCycler 480 real-time PCR machine (Roche), according to the
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manufacturer’s instructions. ACT2 (AT3G18780) was used as a control in
quantitative RT-PCR. The gene-specific primers are listed in Supplemental
Table S1.

Construction of Transgenic Overexpression Lines

To generate the 3565:WRKY75 and 355:RGL1 construct, the cDNA fragment
containing the full coding sequence was excised from a cloning plasmid and
subcloned into the same restriction sites of the Agrobacterium transformation
vector pOCA30 in the sense orientation behind the CaMV 35S promoter. Ara-
bidopsis transformation was performed by the floral dip procedure. The seeds
were collected from the infiltrated plants and selected on 1/2 Murashige & Skoog
medium containing 50 ug/mL kanamycin. Kanamycin-resistant plants were
transferred to soil 8 d after germination and were grown in a growth chamber.

GUS Staining

Histochemical detection of GUS activity was performed with 5-bromo-4-
chloro-3-indolyl b-p-GlcA (X-gluc) as the substrate. Plant tissues were first
prefixed in ice-cold 90% (v/v) acetone for 20 min, then washed three times with
GUS staining buffer (without X-gluc) before incubation in X-gluc solution [1 mm
X-gluc, 50 mm NaPO4, pH 7, 1 mm K Fe(CN),, 1 mm K, Fe(CN),, and 0.05% (w/v)
Triton X-100] under a vacuum for 10 min at room temperature, then incubated
overnight at 37°C. Chlorophyll was removed using several changes of 70% (v /v)
ethanol and the tissues were photographed.

Yeast Two-Hybrid Screening and Confirmation

The full-length WRKY75 CDS was cloned into the bait vector pGBKT7 and
then transformed into the yeast strain Y2HGold (Clontech). Two-hybrid
screening was performed via the mating protocol described in Clontech’s
Matchmaker Gold Yeast Two-Hybrid user manual. To confirm protein-protein
interactions, the full-length RGL1 coding sequences (CDS) were cloned into the
prey vector pGADT?7.

BiFC Assays

The cDNA sequences of enhanced YFP fragments, 173 amino acids located
in the N terminus (nYFP), and 64 amino acids located in the C terminus (cYFP),
were PCR-amplified and cloned into the Xbal-Xhol and BamHI-Xhol sites of
pFGC5941 to generate pFGC-nYFP and pFGC-cYFP, respectively. The full-
length RGL1 and GAI CDS were inserted into pFGC-cYFP to generate a
C-terminal in-frame fusion with cYFP, whereas WRKY75 CDS were introduced
into pFGC-nYFP to form N-terminal in-frame fusions with nYFP. The resulting
plasmids were introduced into Agrobacterium tumefaciens (strain EHA105), and
then infiltration of Nicotiana benthamiana leaves was performed. Infected tissues
were analyzed 48 h after infiltration. YFP and 49,6-diamidino-2-phenylindole
fluorescence were observed under a confocal laser scanning microscope
(Olympus). The primers used for BiFC are listed in Supplemental Table S1.

ColP Assays

For ColIP assays, WRKY75, RGL1, and GAI were individually cloned into
tagging plasmids behind the Myc or GFP tag sequence. Myc-fused WRKY75
and GFP-fused RGL1/GAI were then transiently coexpressed in N. benthamiana
leaves. All infected leaves were treated with 10 uM MG132 and 20 uM paclo-
butrazol (a GA biosynthesis inhibitor) 40 h after infiltration. After 8 h, those
leaves were homogenized in an extraction buffer containing 50 mm 400 Tris-HCl
pH?7.5, 150 mm NaCl, 1 mm EDTA, 0.1% (w/v) Trition-X-100, and 1X Complete
Protease Inhibitor Cocktail (Roche). Then, GFP-fused GAI/RGL1 and GFP was
immunoprecipitated using an anti-GFP antibody, and coimmunoprecipitated
proteins were detected using an anti-Myc antibody.

ChIP Assays

For the ChIP assay, 12-d-old seedlings of Myc-WRKY75 or GFP-WRKY75 and
Col-0 seedlings were used as materials. The ChIP experiment was performed
as described previously (Saleh et al., 2008). The Myc and GFP antibody was used
to immunoprecipitate the protein-DNA complex, and the precipitated DNA
was purified using a PCR purification kit for qRT-PCR analysis. The ChIP
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experiments were performed three times. Chromatin precipitated without an-
tibody was used as the negative control, whereas the isolated chromatin before
precipitation was used as the input control. ChIP results are presented as a
percentage of input DNA. The primers used for qRT-PCR amplification of
different promoters are listed in Supplemental Table S1.

EMSA Assays

The EMSA assay was conducted using a Chemiluminescent EMSA Kit
(Beyotime) following the manufacturer’s protocol. The recombinant GST-
WRKY75 protein and the GST protein were purified from Escherichia coli. The
DNA fragments of the FT promoter were synthesized and biotin was labeled to
the 5’ terminal of DNA. Biotin-unlabeled fragments of the same sequences or
mutated sequences were used as competitors, and the GST protein alone was
used as the negative control.

Transient Expression Assays

The transient expression assays were performed in N. benthamiana leaves.
The NLS was fused with GFP reporter gene behind the native promoter of
FT. The full-length CDS of RGL1, GAI, GUS, and WRKY75 were driven by the
CaMV 35S promoter. These constructs were then introduced into the A. tume-
faciens (strain EHA105). Infected tissues were analyzed 48 h after infiltration.
The GFP signal was observed under a confocal laser scanning microscope
(Olympus). All experiments were repeated with five independent biological
replicates with similar results.

GA Treatments

GA3 (Sigma-Aldrich) was stored in 100% ethanol. Two solutions were then
prepared: 1) GA3 100 uM, Tween 0.1% (v/v); and 2) pure ethanol 1% (v/v),
Tween 0.1% (v/v). The soil grown plants were sprayed with solution 1 (GA3) or
solution 2 (MOCK) every other day until the formation of the first silique.
Twelve-d-old Myc-WRKY75/RGL1 seedlings were incubated in liquid 1/2
Murashige & Skoog supplemented with 50 uM GA or mock for 8 h and then
were harvested.

Accession Numbers

The Arabidopsis Genome Initiative identifiers for the genes described in
this article are as follows: WRKY75 (At5G13080), RGL1 (At1G66350), RGL2
(At3G03450), RGL3 (At5G17490), RGA (At2G01570), GAI (At1G14920), FT
(At1G65480), SOCI1 (At2g45660), TSF (At4g20370), LFY (At5g61850), FLC
(At5g10140), and ACTIN2 (At3g18780).

Supplemental Data

The following supplemental materials are available.
Supplemental Figure S1. T-DNA insertion of Arabidopsis wrky75 mutants.

Supplemental Figure S2. Real-time PCR analysis of 355:WRKY75 trans-
genic plants.

Supplemental Figure S3. Gain of function of GAI partially rescues the
early flowering phenotype of WRKY75 overexpressing plants.

Supplemental Figure S4. Expression of multiple flowering-related genes
was regulated by WRKY75.

Supplemental Figure S5. WRKY?75 does not associate with SOCI and TSF
promoters.

Supplemental Table S1. Primers used in this article.
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