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Regulation of the WD-repeat/bHLH/MYB complex by gibberellin and jasmonate
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ABSTRACT
The phytohormones gibberellin (GA) and jasmonate (JA) regulate various aspects of plant development,
growth and defense. Previous studies showed that both DELLA repressors in GA pathway and JA-ZIM
domain (JAZ) proteins in JA pathway interact with and repress the WD-repeat/bHLH/MYB transcriptional
complex to inhibit trichome initiation, and GA and JA respectively induce DELLAs and JAZs degradation to
synergistically enhance trichome formation. In this study, we showed that the DELLA protein RGA and
JAZ1 competitively bind to ENHANCER OF GLABRA3 (EGL3), a bHLH component of the WD-repeat/bHLH/
MYB complex. GA and JA differently affect the expression and protein stability of the components of the
WD-repeat/bHLH/MYB complex, and EGL3 and GL3 repress the expression of JAZ genes as a feedback. The
novel findings help to understand the mechanism of the WD-repeat/bHLH/MYB complex in GA/JA-
regulated trichome formation.

KEYWORDS
Gibberellin; jasmonate; WD-
repeat/bHLH/MYB complex

The plant hormone gibberellin (GA) plays essential roles in
root growth,1 seed germination,2 leaf expansion and senes-
cence,3 stem elongation,4 flower development,5 trichome initia-
tion,6 and plant resistance.7 The GA receptors GA-
INSENSITIVE DWARF1a/b/c perceive GA signals and recruit
DELLA repressors RGA, GAI, RGL1, RGL2, and RGL3 for
ubiquitination and subsequent degradation, and release various
DELLA-targeted proteins to control plant development and
resistance.8,9

The phytohormone jasmonate (JA) induces the interac-
tions of the JA receptor Coronatine Insensitive 1 (COI1)
and JA-ZIM domain (JAZ) proteins, subsequent ubiquitina-
tion and degradation of JAZ proteins, which releases the
diverse JAZ-inhibited transcriptional factors to regulate
plant development, metabolism and defense, such as stamen
development,10 trichome initiation,11 anthocyanin accumu-
lation,12 root growth,13 leaf senescence14 and defense against
herbivores and pathogens.15

The WD-repeat/bHLH/MYB transcriptional complex16,17

that is responsible for trichome initiation consists of the WD
protein TRANS-PARENT TESTA GLABRA1 (TTG1), a bHLH
transcription factor GLABRA3 (GL3) or ENHANCER OF
GLABRA3 (EGL3), and the R2R3-MYB transcription factor
GLABRA1 (GL1), and is the direct target of the DELLA
repressors and JAZ repressors.12,18 Both JAZs and DELLAs
interact with and repress the transcriptional activity of the
bHLH and MYB components.12,18 GA and JA respectively pro-
mote DELLAs and JAZs degradation, and synergistically

enhance trichome initiation by activating the WD-repeat/
bHLH/MYB complex.12,18

Previous study exhibited that the DELLA protein RGA
and JAZ1 physically associate with and synergistically
repress the transcriptional activity of GL1 and EGL3.12,18 In

Figure 1. RGA and JAZ1 Competitively Bind to EGL3. In vitro pull-down assay
showed that the interaction between MBP-EGL3 and GST-JAZ1 is attenuated by
myc-RGA in a dosage-dependent manner. GST and GST-JAZ1 proteins were puri-
fied from E. coli using GST resin beads, and MBP-EGL3 protein was purified from E.
coli using amylose resin beads. Total protein was extracted from 5 g of myc-RGA
transgenic plants. Immobilized EGL3 was incubated with GST, GST-JAZ1 or myc-
RGA as shown. The immunoprecipitated proteins were separated on SDS-PAGE
and detected by anti-GST or anti-myc antibodies. The plus sign indicates the
amount of myc-RGA. The total input of MBP-EGL3 was detected by anti-MBP
antibody.
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Figure 2. Regulation of the Expression of WD-repeat/bHLH/MYB Complex by Gibberellin. (A) Real-time PCR analysis for GL1, GL3, EGL3 and TTG1 in Col-0 wild-type treated
without (Mock) or with Gibberellin (GA). ACTIN8 was used as the internal control. Error bars represent SE. (B) Real-time PCR analysis for GL1, GL3, EGL3 and TTG1 in the
Landsberg erecta (Ler) wild-type, ga1-3, Q1 (ga1-3 gai-t6 rgl1-1 rgl2-1, wild-type for RGA and RGL3), Q3 (ga1-3 gai-t6 rgl1-1 rga-t2, wild-type for RGL2 and RGL3), penta
(ga1-3 gai-t6 rga-t2 rgl1-1 rgl2-1, wild-type for RGL3) and della (gai-t6 rga-t2 rgl1-1 rgl2-1 rgl3-1) plants grown on MS medium. ACTIN8 was used as the internal control.
Error bars represent SE.

Figure 3. Effects of Jasmonate and Gibberellin on the Protein Stability of the WD-repeat/bHLH/MYB Complex. The Agrobacterium strain containing myc-fused GL1 (myc-
GL1), GL3 (myc-GL3), or EGL3 (myc-EGL3) was infiltrated into N. benthamiana leaves. After 50 h, total protein was extracted from N. benthamiana leaves, incubated with-
out (Mock) or with jasmonate (JA), gibberellin (GA), or MG132 for the indicated time (hours), and myc-GL1 (A), myc-GL3 (B), or myc-EGL3 (C) was detected by immunoblot
using anti-myc antibody. The PVDF membrane was stained with Memstain to serve as loading control.
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Figure 4. Expression of JAZ Genes in wide-type and the gl3 egl3 Double Mutant. Real-time PCR analysis for JAZ1, JAZ2, JAZ5, JAZ6, JAZ7, JAZ8, JAZ9 and JAZ10
in the 2 week-old seedlings of wild type (WT) and gl3 egl3 treated with 100 mM Methyl-jasmonate for 0, 1 or 2 hours. ACTIN8 was used as the internal control.
Error bars represent SE.
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this study we investigated whether RGA and JAZ1 competi-
tively or concurrently bind to the components of the WD-
repeat/bHLH/MYB complex by a pull-down assay. The
purified EGL3 protein, fused with the maltose binding pro-
tein (MBP), was incubated with GST or GST-JAZ1. The
results showed that MBP-EGL3 retained GST-JAZ1 but not
GST (Fig. 1). When MBP-EGL3 was incubated with GST-
JAZ1 and the increasing concentrations of myc-RGA, the
ability of MBP-EGL3 in retaining GST-JAZ1 was attenuated
by myc-RGA (Fig. 1), demonstrating that RGA competi-
tively binds to EGL3.

The expression of EGL3 could not be induced by JA,
while GL3 and GL1 exhibit JA-induced expression pat-
tern.12 Our quantitative real-time PCR analysis showed
that GA treatment clearly enhanced the expression of GL1
and GL3 in wild-type Arabidopsis plant, but could not
affect EGL3 and TTG1 expression (Fig. 2A). The expres-
sion of GL1 and GL3 was inhibited in the GA-deficient
mutant ga1-3 (wild-type for RGA, GAI, RGL1, RGL2
and RGL3), and was recovered in Q3 (ga1-3 gai-t6 rgl1-1
rga-t2, wild-type for RGL2 and RGL3), penta (ga1-3 gai-t6
rga-t2 rgl1-1 rgl2-1, wild-type for RGL3), but not in Q1
(ga1-3 gai-t6 rgl1-1 rgl2-1, wild-type for RGA and RGL3)
(Fig. 2B), suggesting that RGA inhibits the expression of
GL3 and GL1. On the other hand, the expression of EGL3
and TTG1 was not affected in these GA-deficient mutants
(Fig. 2B). Taken together, our results demonstrated that
GA promotes the expression of GL1 and GL3, but not
EGL3 and TTG1.

Having shown that GA and JA induce the expression of
GL1 and GL3 (Fig. 2),12 we next explored whether GA and
JA affect the protein stability of GL1, GL3 and EGL3. As
shown in Fig. 3A, JA displayed no effect on the GL1 degra-
dation, while GA delayed the degradation of GL1. We
observed that the degradation of myc-fused GL3 or EGL3,
transiently expressed in N. benthamiana, was attenuated by
the 26S proteasome inhibitor MG132 (Fig. 3B, 3C),19 sug-
gesting that both GL3 and EGL3 are degraded through the
26S proteasome pathway. However, the degradation of GL3
and EGL3 was not enhanced or delayed by GA or JA
(Fig. 3B, 3C), indicating that GA and JA don’t affect their
protein stability.

Previous studies showed that JAZ-targeted transcription
factors may activate JAZ expression to serve as a negative
feedback regulation.20 We further examined the JA-regu-
lated expression of JAZ genes, including JAZ1, JAZ2, JAZ5,
JAZ6, JAZ7, JAZ8, JAZ9 and JAZ10, in wild-type and the
gl3 egl3 double mutant. The results showed that, compared
with that in wild-type, gl3 egl3 exhibited enhanced
JA-induced expression of JAZ genes (Fig. 4), suggesting that
GL3 and EGL3 negatively regulate the expression of JAZs to
form a positive feedback loop.

GA and JA antagonistically regulate plant growth and
defense,21,22 while they synergistically control trichome initi-
ation, stamen development, and sesquiterpene biosynthe-
sis.18,23,24 Our results provide novel mechanistic details of
GA/JA-regulated trichome initiation: DELLAs and JAZs
competitively bind to EGL3 for repression; GA and JA pro-
mote the expression of GL1 and GL3, but not EGL3, and

only GA can stabilize the protein level of GL1; moreover,
GL3 and EGL3 inhibit JAZ expression to form a positive
feedback loop, which will be helpful for understanding the
molecular synergism between GA and JA in plant develop-
ment and metabolism.
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