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The phytochrome B mediated light signaling integrates with various phytohormone signalings to control
plant immune response. However, it is still unclear whether phyB-mediated light signaling has an effect
on the biosynthesis of jasmonate during plant defense response against Botrytis cinerea. In this study, we
demonstrated that phyB-mediated light signaling has a role in this process. Initially, we confirmed that
phyb plants were obviously less resistant to B. cinerea while phyB overexpressing plants showed
significantly enhanced resistance. We also found that the expression of numerous JA biosynthesis genes
was promoted upon treatment with red or white light when compared to that of darkness, and that this
promotion is dependent on phyB. Consistent with the gene expression results, phyb plants accumulated
reduced pool of JA-Ile, indicating that phyB-mediated light signaling indeed increased JA biosynthesis.
Further genetic analysis showed that light-mediated JAZ9 degradation and phyB-enhanced resistance
were dependent on the receptor COI1, and that pif1/3/4/5 (pifq) can largely rescue the severe symptom of
phyb. Taken together, our study demonstrates that phyB may participate in plant defense against
B. cinerea through the modulation of the biosynthesis of JA.

Copyright © 2021 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the process of interactionwith various pathogens, plants have
evolved effective immune system to protect themselves. The pre-
cisely regulated defense responses are vital for plants to success-
fully defense against various pathogens. Based on their lifestyles,
plant pathogens can be mainly clarified into two types, namely
biotrophic pathogens and necrotrophic pathogens. Botrytis cinerea,
as a typical necrotrophic pathogen, kills plants mainly through cell
wall-degrading enzymes and toxins and obtains nutrients from the
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remains (Mengiste, 2012). It causes serious devastating diseases in
both horticultural and agronomic crops and has been widely used
as model fungus to study the interaction between plants and
pathogens.

The phytohormone JA is exquisitely tuned by the ever-changing
environmental conditions and is important for defense responses
to multiple pathogens and herbivorous insects (Browse, 2009;
Bhosale et al., 2013; Havko et al., 2016). JA biosynthesis occurs at
chloroplast, peroxisome, and cytoplasm, and is catalyzed by a series
of enzymes, including 13-lipoxygenase (LOX), allene oxide synthase
(AOS), allene oxide cyclase (AOC), OPDA reductase 3 (OPR3), and
jasmonoyl-isoleucine synthetase (JAR1) (Wang et al., 2019). One of
the end products, JA-Ile, a bioactive form of JA, is perceived by the F-
box protein CORONATINE INSENSITIVE1 (COI1), which subse-
quently facilitates the ubiquitination and degradation of JAZ pro-
teins via the SCFCOI1e26S proteasome pathway (Xie et al., 1998; Xu
et al., 2002; Thines et al., 2007; Yan et al., 2009). Disruption of JA
biosynthesis and signaling pathways greatly impact plant defense
response against B. cinerea. For example, several JA biosynthesis
and signaling associated mutants, such as aos, opr3, jar1, and coi1,
Publishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This
censes/by-nc-nd/4.0/).
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show compromised resistance to B. cinerea (M�endez-Bravo et al.,
2011; Rowe et al., 2010; Scalschi et al., 2015; Chehab et al., 2011).
Conversely, jaz decuple (jazD) is highly resistant to B. cinerea (Guo
et al., 2018).

In Arabidopsis thaliana, phytochromes are red (R) and far-red
(FR) light sensing photoreceptors. Among the five members of
phytochromes, phyA and phyB are the most important phys. There
are two forms of phytochromes: the inactive Pr and the active Pfr.
The Pr and Pfr form are separately located in cytoplasm and nu-
cleus, and can interconvert to each other (Kircher et al., 2002;
Sakamoto and Nagatani, 1996; Yamaguchi et al., 1999). Upon red
light irradiation, the inactive Pr form of phyB converts to active Pfr
which translocates into nucleus, where it interacts with a group of
basic helix-loop-helix transcription factors called phytochrome-
interacting factors (PIFs), to modulate plant growth and adapta-
tions, including seed germination, morphogenesis, shade avoid-
ance, and disease resistance (Kami et al., 2010; Chen and Chory,
2011). There is emerging evidence that phytochrome-mediated
light signaling is involved in defenses against pathogens and her-
bivorous insects (Ballar�e, 2014; Ballar�e and Austin, 2019). For
example, in tobacco, phyB positively influences defense responses
to cucumber mottle virus by modulating the expression of salicylic
acid (SA)-, JA-, and ET-mediated defense genes (Li et al., 2015).
Similarly, the tomato phyB also positively regulates plant defenses
against the herbivorous insect Spodoptera eridania (Izaguirre et al.,
2006). In rice, phytochromes mediate the developmentally
controlled resistance to the blast fungus (Magnaporthe grisea) by
regulating the expression of both JA and SA signaling-associated
genes (Xie et al., 2011). Both phytochrome A (phyA) and phyB in
A. thaliana contribute to defense responses against the incompat-
ible bacterial strain Pseudomonas syringae pv. tomato (Pto) DC3000
through interactions with the pathogen/SA-mediated signal
transduction pathway (Genoud et al., 2002).

Interestingly, recent research has produced evidence that the
JA-triggered defense responses can be suppressed by the inactiva-
tion of phytochrome B (phyB) during the shade avoidance response
via a mechanism involving the increased stability of JAZ repressors,
enhanced degradation of MYCs, and reduced plant sensitivity to JA
(Moreno et al., 2009; Robson et al., 2010; Cerrudo et al., 2012, 2017;
de Wit et al., 2013; Chico et al., 2014; Leone et al., 2014; Cargnel
et al., 2014), suggesting that phyB-mediated light signaling plays
an important role in regulating JA signaling pathways. Most
recently, it has been reported that far-red light supplementation
which inactivates phyB and facilitates shade avoidance response,
affects the JA-Ile content of plants to keep a balance between
growth and resistance via ST2a-involved sulfation (Fern�andez-
Milmanda et al., 2020), suggesting that phyB-mediated light
signaling has a function in JA metabolism. Moreover, light has been
found to promote jasmonate biosynthesis to regulate hypocotyl
elongation in a COI1-JAZ-MYCs-dependent manner (Yi et al., 2020).

In this study, we demonstrated that phyB-mediated light
signaling enhances plant defense responses by positively regu-
lating the concentration of JA. We also demonstrated that the phyB
mediated defense is closely associated with JA signaling. Thus, our
results provide compelling evidence that the phyB functions coor-
dinately with JA pathway to control plant defense response against
B. cinerea.

2. Materials and methods

2.1. Materials and growth conditions

The wild type and mutant plants used in this study are in Col-
0 background. The mutants phya (SALK_014575C), phyb
(SALK_069700C), and pif1/3/4/5 (pifq, CS66049) were purchased
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from Arabidopsis Biological Resource Center. The seeds of coi1-16
were provided by Zhixiang Chen (Purdue University). The over-
expression plants phyB-OX (Jiang et al., 2016) and JAZ9OE2 (Yang
et al., 2012) have been described. The phya/phyb, JAZ9OE2/coi1-16,
coi1-16/phyB-OX, JAZ9OE2/phyB-OX, and phyb/pifq were generated
by genetic crossing. Seeds were sterilized in 10% bleach, and then
sown on 1/2 MS medium (pH 5.8) containing 0.5% agar and 1%
sucrose. After 3 days at 4 �C, seeds were grown under 16 h light/8 h
dark (LDs) or 12 h light/12 h dark at 22 �C. Approximately
60 mmol m�2 s�1 of red light and 100 mmol m�2 s�1 of white light
were used for light treatment. Primers used for PCR genotyping and
sequencing are listed in Supplementary Table S1.
2.2. Botrytis cinerea infection

Botrytis cinerea (B05.10) strainwas cultivated and propagated on
Potato Dextrose Agar. We resuspended and collected the spores in
Sabouraud Maltose Broth. The concentration of spore suspension
was calculated by using hemocytometer. Plants and detached
leaves were spray- and drop-inoculated respectively.
2.3. Quantitative real-time PCR analysis

We extracted the total RNA fromArabidopsis seedlings using the
TRIzol reagent (Invitrogen), and then synthesized the cDNA from
1ug of total RNA using PrimeScript™ RT reagent Kit (Takara). 1 ml
cDNA was subjected to qPCR on a Roche LightCycler 480, using the
SYBR Premix Ex Taq (Takara). ACTIN2 used as the reference gene.
The primers used for RT-qPCR are provided in Supplementary
Table S1.
2.4. Measurement of OPDA, JA and JA-Ile contents

Plants were grown on 1/2MSmedium under LD conditions for 8
days. After pre-treated with darkness for 12 h, seedlings were
treated with darkness, red or white light for another 24 h sepa-
rately. Samples were harvested at indicated time. OPDA, JA and JA-
Ile were extracted and analyzed on UPLC-MS/MS system (LCMS-
8040, Shimadzu) as described previously (Qi et al., 2018). Quanti-
fication of OPDA was according to its standard curve. 13C6-JA and
13C6-JA-Ile used as the internal standards for JA and JA-Ile
respectively.
2.5. Western blotting

Six-day-old seedlings grown on 1/2 MS medium under LD
conditions were placed in darkness for 12 h before treatment. Then,
seedlings were treated with darkness, red light and white light for
24 h separately. Samples were harvested at indicated time, total
proteins were extracted using extraction buffer containing 100 mM
TriseHCl, pH 7.5, 100 mM NaCl, 5 mM EDTA, 1% SDS, 1 � complete
protease inhibitor cocktail (Roche) and 50 mM MG132. Protein
concentration was determined by the Bio-Rad protein assay. The
anti-HA (Santa Cruz) and anti-Actin (Affinity) were used to detect
HA-JAZ9 and Actin, respectively. The immunoblot bands were
quantified by ImageJ.
2.6. MeJA treatment

The seven-day-old WT and phyb plants grown on soil were
sprayed with the indicated concentrations of MeJA each day at ZT0
and ZT12 for 20 days under 12 h light/12 h dark at 22 �C.
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3. Results

3.1. phyB enhances plant defense against Botrytis cinerea

Previous studies discovered that low red/far-red ratios,
perceived by phyB, decrease the resistance of A. thaliana to the
necrotrophic fungal pathogen B. cinerea (Cerrudo et al., 2012, 2017;
deWit et al., 2013). To further characterize phyB regarding defenses
response against B. cinerea, the phyb mutant and phyB-over-
expressing (phyB-OX) lines were inoculated with this pathogen.
Compared with the wild type (WT) plants, the phyb mutant plants
developed more severe necrotic symptoms, whereas the phyB-OX
plants had less extensive disease symptoms and most of their
leaves remained green (Fig. 1A). Moreover, when isolated leaves
were drop-inoculated with B. cinerea spores, the lesion on the phyb
mutant leaves was 2-times larger than that on the WT leaves.
However, the phyB-OX leaves had less severe lesions than the WT
leaves (Fig. 1B). To confirm these disease symptoms, we quantified
the fungal biomass in inoculated plants by examining the accu-
mulation of B. cinerea b-tubulin transcripts. Compared with the WT
plants, the phyb plants accumulated more b-tubulin mRNA, while
phyB-OX had less (Fig. 1C). Thus, consistent with previously re-
ported results (Cerrudo et al., 2012, 2017; de Wit et al., 2013), our
Fig. 1. Loss of phyB function compromises the resistance of Arabidopsis against
Botrytis cinerea. (A) Disease phenotypes of spray-inoculated plants. The phyb and phyB-
OX plants exhibit enhanced susceptibility and resistance to B. cinerea respectively. The
28-day-old WT, phyb and phyB-OX plants grown under 12 h light/12 h dark conditions
were sprayed with B. cinerea spores (5 � 105 spores/ml). Representative plants were
photographed at 6 dpi. The experiments were repeated three times with similar re-
sults. (B) The detached leaves of WT, phyb and phyB-OX were inoculated with 8 ml drop
of a suspension of B. cinerea spores (5 � 105 spores/ml). Disease phenotypes of drop-
inoculated leaves were photographed at 3 dpi. Relative lesion size was measured at 3
dpi. Values are mean SD over 20 leaves. (C) Accumulation of pathogen in plants
sprayed with B. cinerea. RNA was isolated from spray-inoculated plants at 0 and 4 dpi,
and the relative accumulation of b-tubulin mRNA was used to analyze the biomass of
B. cinerea. Error bars indicate the SD of three independent experiments. In (B) and (C)
the different letters above columns indicate significant differences (one-way ANOVA;
P < 0.05).
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data indicated that phyB positively regulates plant defense against
B. cinerea in Arabidopsis.

3.2. phyB-mediated light signaling promotes the expression of JA
biosynthesis genes

Considering JAZ proteins are stabilized under low red/far-red
light conditions (Chico et al., 2014; Leone et al., 2014), we pro-
posed that phyB-mediated light signaling may modulate JAZ sta-
bility by controlling JA biosynthesis. To test this possibility, we first
examined the expression of JA-synthesis genes following an
exposure to darkness, red or white light irradiation. Compared with
the effects of darkness, the light treatments dramatically up-
regulated the expression of JA synthesis and metabolism genes,
including AOS, AOC1, AOC2, AOC3, OPR3, and JAR1 (Fig. 2A). How-
ever, the white light-induced expression levels of AOS, AOC1, AOC2,
and OPR3 were considerably lower in the phyb and phya/phyb
mutant plants than in the WT plants (Fig. 2B). Thus, these results
demonstrated that phyB plays an important role in light promoted
expression of JA biosynthesis genes.

3.3. phyB-mediated light signaling enhances JA biosynthesis and
JAZ degradation

To verify whether phyB-promoted expression of JA biosynthesis
genes could elevate JA biosynthesis, we analyzed the content of
OPDA, JA, and JA-Ile in wild type, phyb, and phya/phyb. Consistent
with the gene expression results, we observed that the white light
treatment increased the contents of OPDA and JA-Ile (Fig. 3A and C).
However, the synthesis of these compounds was greatly inhibited
in the phyb and phya/phyb plants, and exogenous supplement of
MeJA at the concentration of 50 or 100 mmol/L can decrease the
relative lesion size of phyb leaves to the wild type level (Fig. 3A and
C and Fig. S1). These results imply that phyB-mediated light
signaling can positively modulate JA-Ile pool. To investigate
whether the increased JA-Ile pool under light conditions contrib-
utes to JAZ degradation, we examined JAZ9 stability in response to
light treatments. The red and white light irradiations promoted
Fig. 2. Light promotes the expression of JA biosynthesis gene in a phyB-dependent
manner. (A) The JA biosynthesis and metabolism genes expression in 8-day-old WT
plants, pre-treated in darkness for 12 h and then treated with darkness, red and white
light for 24 h. (B) The JA biosynthesis and metabolism genes expression in 8-day-old
WT, phyb and phya/phyb plants, pre-treated in darkness for 12 h and then treated with
white light for 24 h. For (A) and (B), error bars indicate the SD of three independent
experiments. Asterisks indicate Student's t-test significant differences (*P < 0.05,
**P < 0.01).



Fig. 3. phyB regulates JA-Ile pool and JA signaling. (A), (B) and (C) Measurement of
OPDA, JA and JA-Ile contents in WT and indicated mutant plants in darkness (D), red
(R) and white (W) light separately. (D) Western-blot detection of HA-JAZ9 degradation.
HA-JAZ9/Actin ratios were calculated and shown. Similar results were obtained from
three biological repeats. In (A), (B) and (C), error bars indicate the SD of three inde-
pendent experiments. Asterisks indicate Student's t-test significance (*P < 0.05,
**P < 0.01).

Fig. 4. The functional relationship between phyB and JA signaling in defense response.
(A) The phenotypes of detached leaves of WT, coi1-16, phyB-OX, and coi1-16/phyB-OX
inoculated with 8 ml spore suspension (5 � 105 spores/ml). At 3 dpi, disease pheno-
types were taken and relative lesion size was measured. Error bars indicate SD of more
than 15 leaves. (B) The disease phenotypes of WT, JAZ9OE2, JAZ9OE2/phyB-OX and
phyB-OX plants. Two-week-old plants grown under 12 h light/12 h dark conditions
were inoculated with B. cinerea (1 � 105 spores/ml), and photographs were taken at 4
dpi. The experiments were repeated three times with similar results. (C) The accu-
mulation of B. cinerea b-tubulin transcripts. RNA was isolated from spray-inoculated
plants at 0 and 4 dpi, and the biomass of B. cinerea was analyzed in the correspond-
ing plants. Error bars indicate the SD of three independent experiments. In (A) and (C),
the different letters above columns indicate significant differences (one-way ANOVA;
P < 0.05).

S. Xiang, S. Wu, Y. Jing et al. Plant Diversity 44 (2022) 109e115
JAZ9 degradation compared to darkness (Fig. 3D). Moreover, the
light-promoted degradation of JAZ9 was decelerated in the coi1-16
background (Fig. 3D), implying that JAZ degradation upon light
irradiation is dependent on COI1. The coi1-16 mutation involves a
C-to-T substitution that introduces the L245F change in the enco-
ded protein. The mutated protein may remain partially functional,
as suggested by the fact coi1-16 plants were fertile at 16 �C, unlike
the coi1-1 plants, which were infertile because of a premature
termination during protein expression (Ellis and Turner, 2002).
These findings may help to explain why JAZ9 may still be slightly
degraded upon white light irradiation in plants with the coi1-16
background. Considered together, these results indicated that the
phyB-mediated light signaling can promote JAZ degradation by
enhancing JA-Ile concentration upon white light irradiation.

3.4. phyB-mediated defense is dependent on JA signaling pathway

JA plays crucial roles during plant defense against necrotrophic
fungal pathogens, such as B. cinerea and Alternaria brassicicola. The
mutation of COI1, a receptor required for JA signaling, makes plants
more susceptible to B. cinerea (M�endez-Bravo et al., 2011). To assess
the relationship between phyB-mediated light signaling and JA
signaling in defense responses to B. cinerea, we generated coi1-16/
phyB-OX plants via cross. The decreased lesion size and enhanced
resistance of the phyB-OX plants weremostly suppressed by coi1-16
(Fig. 4A). Furthermore, overexpression of JAZ9 in the phyB-OX
background also dramatically decreased the resistance of phyB-OX
plants (Fig. 4B and C). According to these data, we assumed that the
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phyB-mediated light signaling may be coordinated with the JA
signaling in defense responses to B. cinerea.

3.5. pifq largely rescues the enhanced susceptibility of phyb mutant
plants

The PIFs function as the central regulators of the transduction of
light signals perceived by phyB (Castillon et al., 2007; Leivar and
Quail, 2011). An earlier study revealed that pifq can significantly
rescue the long hypocotyl phenotype of phyb plants (Leivar et al.,
2012). Recently, PIFs have been reported to redundantly control
JA/ET signaling to regulate plant resistance against B. cinerea (Xiang
et al., 2020). Thus, we assessed the relationship between PIFs and
phyB in controlling JA-regulated defense response. The phyb plants
were crossed with pifq plants to generate phyb/pifq quintuple mu-
tants. The phyb/pifq plants were more resistant to B. cinerea than
the phyb plants (Fig. 5A and B), suggesting pifq can rescue the
diseased phenotype of phyb plants. It has been shown that the phyb
mutants or plants grown under simulated shade accumulate lower
level of ORA59 and PDF1.2 transcripts upon MeJA treatment
(Moreno et al., 2009; Cerrudo et al., 2017), and that supplemental
FR radiation reduces Botrytis-induced expression of these genes in
plants (Cerrudo et al., 2012). Furthermore, we analyzed their
expression in phyb, phya/phyb and phyb/pifq plants. As shown in
Fig. 5C and D, phyb and phya/phyb plants had significantly reduced
expression of ORA59 and PDF1.2 compared to wild type upon



Fig. 5. PIF proteins are involved in phyB-mediated defense response. (A) Phenotypic
analysis upon Botrytis infection. The WT, phyb, phyb/pifq and pifq plants grown on soil
for 28 days under 12 h light/12 h dark conditions were sprayed with 5 � 105 spores/ml
of Botrytis cinerea, and representative photograph was taken at 5 dpi. Similar results
were obtained from three biological repeats. (B) qPCR analysis of B. cinerea b-tubulin
mRNA accumulation. RNA was isolated from plants inoculated with 5 � 105 spores/ml
of B. cinerea at 0 and 4 dpi, and the biomass of B. cinereawas analyzed. (C) and (D) The
expression of ORA59 and PDF1.2 in WT, phyb, phya/phyb and phyb/pifq plants upon
B. cinerea infection. The 21-day-old soil grown plants were spray-inoculated with
B. cinerea (5 � 105 spores/ml). The relative expression of ORA59 and PDF1.2 was
examined at 24h after inoculation. For (B), (C) and (D), error bars indicate the SD of
three independent experiments. The different letters above columns indicate signifi-
cant differences (one-way ANOVA; P < 0.05).
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B. cinerea inoculation; and the compromised expression of these
genes in phyb mutant was also rescued by pifq plants, biologically
relevant to the enhanced resistance of phyb/pifq plants when
compared to phyb mutant. Therefore, we concluded that phyB-
mediated light signaling is essential for plant resistance regulated
by JA signaling against B. cinerea and that PIFs function downstream
in this process.

4. Discussion

Light is a crucial environmental cue that represents an energy
source for photosynthesis and also helps regulate plant develop-
ment. Photoreceptor-mediated light signaling was recently re-
ported to be involved in plant defense responses. For example, the
blue light receptor cryptochrome CRY1 modestly regulates SA
accumulation and SA-induced PR-1 expression to promote R
protein-mediated plant resistance to P. syringae (Wu and Yang,
2010). Demkura and Ballar�e (2012) confirmed that UV-B radiation
113
can promote A. thaliana resistance to B. cinerea by enhancing
sinapate production in a UVR8-dependent manner. Additionally,
the low red/far-red ratios of environmental light conditions in-
crease the susceptibility of plants to B. cinerea because of the
decreased production of glucosinolates and camalexin (Cargnel
et al., 2014). Moreover, the red and far-red light photoreceptor
phyB reportedly regulates defense responses to B. cinerea by
influencing JAZ stability (Leone et al., 2014; Chico et al., 2014),
implying that phyB-mediated light signaling may crosstalk with JA
signaling during defense responses to this pathogen.

The resistance of A. thaliana to necrotrophic pathogens depends
on the activation of JA signaling (Glazebrook, 2005). Low red/far-
red ratios cannot further increase the susceptibility of phyb
mutant plants to B. cinerea (Cerrudo et al., 2012). Another study
revealed that phyb mutants exhibit down-regulated expression of
JA-inducible genes, such as HEL, and PDF1.2, and compromised
resistance to B. cinerea (Fig. 1; Moreno et al., 2009; Cerrudo et al.,
2012; de Wit et al., 2013). Furthermore, it has been reported that
a far-red light treatment, which inactivates phyB, can stabilize most
JAZs (Chico et al., 2014). Interestingly, one recent research also
showed that phyB signaling can contribute to the disease resistant
of tomato plants against B. cinerea through JA-dependent modu-
lation of soluble sugars (Courbier et al., 2020). These observations
imply that there may be crosstalk between phyB-mediated light
signaling and JA signaling. Our data further demonstrated that the
light-induced expression of JA-synthesis-associated genes is
inhibited in the phyb and phya/phyb plants, thereby preventing the
increased production of JA-Ile (Figs. 2 and 3). Accordingly, phyA and
phyB may function redundantly to control bioactive JA pool
following light irradiation. Consistent with our results, several
other studies also demonstrated that light can regulate both the
expression of JA-synthesis genes (in rice and maize) and the syn-
thesis of wound-induced JA-Ile (in lima bean) (Haga and Iino, 2004;
He et al., 2005; Radhika et al., 2010). What's more, we also found
that the enhanced susceptibility of phyb plants against B. cinerea
can be rescued towild type level by exogenous supplement of MeJA
(Fig. S1).

The effect of phyB-mediated light signaling on JA pools might be
caused by changes in JA biosynthesis or metabolism. Recently, light
has been reported to regulate JA biosynthesis to promote photo-
morphogenesis (Yi et al., 2020). Considering that the significantly
up-regulated expression of JA biosynthesis genes correlates well
with the improved JA-Ile concentration in wild type plants under
white light condition and that phyb and phya/phyb have much
lesser JA-Ile pool under the same condition (Figs. 2 and 3), there is
highly possible that phyB has an important effect on light-regulated
JA biosynthesis. However, it has been reported most recently that
ST2a, which is upregulated by low R:FR ratios and acts as a direct
target of PIF, functions as a sulfotransferase to reduce the concen-
tration of bioactive JA through catalyzing the conversion of OH-JA
to HSO4-JA under shade condition (Fern�andez-Milmanda et al.,
2020), implying that phyB-mediated light signaling could also
have a capability to control JA pools by modulating its metabolism.
Collectively, these studies suggested that phyB modulates JA
signaling by controlling its biosynthesis and metabolism.

Despite the expression of JAZ9was induced by red or white light
treatment (Fig. S2), our protein stability analysis demonstrated that
JAZ9 degradation increased following the exposures to red or white
light in a COI1-dependent manner (Fig. 3D). On the basis of the
increased concentration of JA-Ile and enhanced degradation of JAZ9
upon light irradiation, we deduced that light modulated JAZ sta-
bility by controlling JA pools. Furthermore, a genetic analysis
revealed that phyB regulates plant resistance through JA signaling
and that PIFs also were involved in the complex network (Figs. 4
and 5), implying that phyB-mediated light signaling may
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coordinately function with the JA pathway to mediate plant de-
fenses against necrotrophic pathogens.

5. Conclusions

In nature, light provides plants with energy for photosynthesis
and also function as an important environmental cue to modulate
both growth and defense response. It has been reported that phyB-
mediated light signaling is involved in JA-regulated resistance
against Botrytis cinerea, but the mechanisms underlying this pro-
cess are not well understood. In this study, we provided compelling
evidence to demonstrate that phyB-mediated light signaling par-
ticipates in plant defense responses by promotion of JA biosyn-
thesis. Our study greatly increased our understanding regarding the
relationship between phyB-regulated defense and JA pathway.
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