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Abstract

The jasmonate ZIM-domain (JAZ) proteins are repressors that function in the regulation of plant growth, development, and
response to stimulation of different signals in the JA signaling pathway. Erigeron breviscapus is characteristic of sporophyte
self-incompatibility (SSI). However, whether JA signaling is involved in regulation of development processes in E. brevis-
capus is unclear. In this study, the JAZ homolog EbJAZI was isolated and characterized from E. breviscapus. EbJAZ1 was
localized to the nucleus, and expressed in roots, stems, leaves and flowers. Ectopic expression of EbJAZI in Arabidopsis
resulted in shorter filament and silique length, and lower seed fertility. In addition, MeJA-induced root growth inhibition was
compromised in transgenic plants. Further qRT-PCR analysis indicated that expression patterns of marker genes for VSP1,
VSP2, JAZI, JAZS, JAZS, JAZI10, MYC2, and bHLH17 were downregulated in transgenic plants compared to wild-type,
suggesting that EbJAZ regulates the development of flower organs, seed fertility, and primary root growth through the JA
signaling pathway. Thus, our results indicate that EbJAZ1 is one of the important regulators possibly involved in SSI and
other developmental processes in Erigeron breviscapus.
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Key message Introduction

e EbJAZ]1 is one of the important regulators involved in
developmental processes in Erigeron breviscapus.

o The ectopic expression of EbJAZ1 can regulate the development
of flower organs, seed fertility, and primary root growth through
the JA signaling pathway.

Erigeron breviscapus is a famous Chinese herb in Aster-
aceae, which has obvious effects on the treatment of car-
diovascular and cerebrovascular diseases (Pharmacopoeia
of the People’s Republic of China 2010). Scutellarin is
one of the main active components in E. breviscapus. At
present, there are more than 30 Chinese patent medicines
extracted from E. breviscapus, with an annual output
value of more than 5 billion yuan. Because of its clear
active ingredients and strong pharmacological activity,
E. breviscapus is anticipated to become an international
plant medicine in the foreseeable future. Accumulating
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evidence has shown that jasmonic acid (JA), a powerful
and effective inducer, has been widely used to improve the
active components of medicinal plants (Lin et al. 2007,
Ma et al. 2015; Liu et al. 2008; Huang et al. 2014a, b;
Wang et al. 2019). For example, methyl jasmonate (MeJA
enhanced the activity of cinnamate-4-hydroxylase (C4H),
coumarin CoA ligase (4CL), and stilbene synthetase STS)
to increase stilbene-like compounds in Polygonum multi-
florum (Liu et al. 2016). In addition, MeJA could improve
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the biosynthesis of triterpenoid saponins in suspension
cells of Panax notoginseng (Hu et al. 2008). Recent study
has also shown that MeJA-induced activities of the signal
pathway in E. breviscapus mainly led to re-programming
of metabolism and cell activity involved in flavonoids
(Chen et al. 2015). However, whether JA is also involved
in regulation of other biological processes in medicinal
plant is still poorly understood.

Plant growth and development are regulated by coordi-
nating different plant hormones and environment factors.
JA has been implicated directly in primary root elonga-
tion (Hou et al. 2010; Withers et al. 2012; Debora et al.
2015), anthocyanin accumulation, trichome initiation
(Qi et al. 2011; Boter et al. 2015; Xie et al. 2016), sta-
men development (Cheng et al. 2009; Shan et al. 2015;
Zhai et al. 2015), and stress responses (Hu et al. 2013;
Wang et al. 2019; Zhang et al. 2019). In the JA signal-
ing pathway, jasmonate ZIM-domain proteins (JAZs) can
inhibit plant root elongation and regulate plant fertility and
anthocyanin accumulation by interacting with downstream
transcription factors MYCs, MYBs, and MBW complex,
respectively. When JA was absent, jasmonate ZIM-domain
protein (JAZ) protein can interact with transcription fac-
tors (MYCs, MYBs, and MBW) resulting in transcription
factors not being able to bind to the promoter of down-
stream target genes, thus inhibiting the function of tran-
scription factors. When JA was present, the functions of
the SCF(COI1) ubiquitin ligase and the 26S proteasome
were activated. It can specifically degrade JAZ protein
through ubiquitination and release the original interact-
ing transcription factors MYCs, MYBs, and MBW. These
transcription factors bind to downstream target genes and
regulate the expression of target genes (Yan et al. 2009;
Sheard et al. 2010; Howe and Yoshida 2019).

Previously, we found that E. breviscapus has sporophyte
self-incompatibility (SSI) characteristics by self-pollination
and cross-pollination (Zhang et al. 2015). Further compara-
tive transcriptomics identified some candidate genes (e.g.,
MLPK, ARC1, CaM, EXO70A1I) that may be related to SSI of
E. breviscapus, although their function has to be verified yet
(Zhang et al. 2015). However, recent studies found that the
S-RNase controlling the gametophytic self-incompatibility
(GSI) in pear (Pyrus bretschneideri) and apple (Malus
domestica) could stimulate JA production by entry of both
self and non-self S-RNase into pollen tubes (Shi et al. 2017,
Gu et al. 2019). Thus, it is interesting to investigate whether
JA could have a role in sporophyte self-incompatibility (SSI)
in addition to GSI. To this end, it is the genes associated
with the JA signaling pathway that should be characterized
in terms of SSI species. In this study, we characterized a
gene encoding JAZ protein in E. breviscapus, a typical SSI
plant species, and found that JA signaling is also involved in
sterility and root growth in E. breviscapus.
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Materials and Methods
Materials and Plant Growth Conditions

The phytohormone derivative MeJA was purchased from
Sigma (St. Louis, Missouri, USA). Ex Tag DNA polymerases
and SYBR Green Master Mix were purchased from Takara
Biotechnology (Dalian, China), and other common chemi-
cals were obtained from Shanghai Sangon (Shanghai, China).
The seeds of Arabidopsis thaliana ecotype Columbia (Col-0)
and EbJAZ1-overexpressing Arabidopsis lines were grown
on Murashige and Skoog (MS) medium with 0.7% (w/v)
agar plates, and MeJA-treated plants were grown in media
containing 25 pM or 50 pM MeJA. These plates with seeds
were placed in an artificial growth chamber at 22 °C under
a 10-h light/14-h dark photoperiod. Seedlings were used to
measure root length, and RNA was extracted for qRT-PCR.

Bioinformation Analysis

The coding sequence (CDS) of EbJAZI was obtained from
E. breviscapus genomes database (www.herbal-genome.cn).
JAZ protein sequences from other species were acquired
from publicly available databases (https://www.arabidopsis.
org/; https://www.ncbi.nlm.nih.gov/). Nucleotide and amino
acid sequences were analyzed using Clustal Omega (www.
clustal.org/omega) and a phylogenetic tree constructed using
MEGA 6.06 software (www.megasoftware.net).

Vector Construction and Plasmid Transformation

The EbJAZI CDS was amplified using primers are list in
Supplementary Table 1 that contained BamHI/Xbal restric-
tion endonuclease sites to assay the subcellular localization
of EbJAZ1. The amplified EbJAZI CDS was inserted into
the pocA30-35S::GFP vector to generate the recombinant
plasmid to construct the model structure diagram. To gen-
erate transgenic plants overexpressing EbJAZI, the EbJAZI
CDS were amplified with primers containing BamHI/Sall
restriction endonuclease sites and inserted into the pocA30-
CaMV-35S vector. The plasmids were transformed into A.
tumefaciens EHA105 by freeze thawing, and the plasmids
were transformed into Col-0 plants by the floral dipping
method. Kanamycin-resistant plants were selected, and their
T2 progenies were propagated for analysis.

Subcellular Localization Analysis

The recombinant pocA30-CaMV-35S::EbJAZI1-GFP and
the control pocA30-CaMV-35S::GFP plasmids were trans-
formed into A. tumefaciens EHA105, and cultured overnight
at 28° C. A. rumefaciens was harvested by centrifugation
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Fig. 1 Sequence analysis of EbJAZ1. a Amino acid sequence align-
ment of JAZ proteins from Lactuca sativa (LsJAZ, XP_023734481.1),
Artemisia annua (AaJAZ2, PWA92554.1), and Helianthus annuus
(HaJAZ, XP_022033525.1). The conserved ZIM and JAS domains
are indicated. b Phylogenetic tree of EbJAZ1 and JAZs from other
plant species, including Arabidopsis (AtJAZ1, AEE29814.1; AtJAZ2,
ANMS59944; AUJAZ3, AEE76018; AtJAZ4, AEE32304; AtJIAZS,
AEE29581; AtJAZ6, AEE35326; AtJAZ7, AEC08997; AtJIAZS,
AEE31184; AUAZ9, AEE35101; AUAZ10, AED91867; AUAZI1,

and resuspended in infiltration liquid media containing
0.15 mM acetosyringone, 10 mM MgCl,, and 10 mM MES-
KOH at pH 5.6. Leaf epidermis cells of N. benthamiana
were imaged using a confocal laser scanning microscope

Fig.2 Sub-cellular location
of EbJAZ1. a The schematic
of GFP-tagged EbJAZ1
protein (35S::EbJAZ1-GFP).
b 35S::GFP (control) and
358::EbJAZI1-GFP constructs
were introduced Nicotiana
benthamiana leaves. Merge,
GFP, DAPI and bright field
images

35S::EbJAZ1-GFP

HaJAZ 0.22283

AEE77795; AtJAZ12, AED92902.1; AtJAZ13, XP_002885495.1),
Lactuca sativa (LsJAZ, XP_023734481.1), Artemisia annua
(AaJAZ2, PWA92554.1; AaJAZ6, PWARB(0949.1), and Helianthus
annuus (HaJAZ, XP_022033525.1), Nicotiana tabacum (NtJAZ3,
BAG68657.1), Cynara cardunculus (CcJAZ, XP_024969891.1),
Coffea eugenioides (CeJAZ, XP_027168422.1), Chrysanthemum x
morifolium (CmJAZl-like protein, QBK47074.1), Medicago trun-
catula (MtJAZ, XP_003595354.1), Solanum lycopersicum (SUAZ,
XP_004252407.1), Oryza sativa (OsJAZ1, Q7XEZ1)

(Olympus, Tokyo, Japan). The localization patterns of the
GFP-tagged fusion protein were observed at 450 nm excita-
tion and 490 nm emission, and samples were stained with
DAPI to visualize the nuclei.

B Bright field

GFP
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Fig.3 gRT-PCR analysis of the tissue-specific expression patterns of
EbJAZLI in E. breviscapus. Abbreviations are as follows: R: roots; St:
stems; L: leaves; F: flowers; Se: seeds

EbJAZ1 Expression Analysis in E. breviscapus

In order to investigate the expression patterns of EbJAZI in
E. breviscapus, total RNA first-strand cDNA was synthe-
sized using the M-MuLV reverse transcriptase (Fermentas,
EU) with oligo (dT) 18 primers. qRT-PCR was performed
using SYBR Green Master Mix on a Roche Light-Cycler 480
real-time PCR machine, following the manufacturer’s pro-
tocol. The primers used in the qRT-PCR assay are listed in
Supplementary Table 1. EbPACTIN2 was used as the internal
control, and expression data was analyzed based using the
comparative 2~22T method.

MeJA Treatment Assay

For MeJA treatment, 25 pM and 50 pM MeJA was added
to the MS agar medium. Wild-type and transgenic lines
seeds were grown at 22 °C in MS-only, 25 pM, and 50 pM
MeJA media with agar, where the MS medium served as the
control. Root lengths of the seedlings were measured after
15 days of treatment.

RNA Extraction and qRT-PCR

Wild-type and transgenic lines cultivated for 13 days in MS
media were subsequently treated with 50 pM MeJA or water
for 8 h. Total RNA was extracted from wild-type and trans-
genic Arabidopsis lines using the TRIzol reagent (Invitro-
gen). Quantitative real-time PCR (qQRT-PCR) was performed
as described previously (Hu et al. 2012). Briefly, first-strand
cDNA was synthesized from 1.5 pg DNase-treated RNA
in a 20-pl reaction using M-MuLV reverse transcriptase
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Fig.4 Overexpression of EbJAZI affects fertility in Arabidopsis. »
a qRT-PCR characterization of EbJAZI expression in three inde-
pendent transgenic lines (35S::EbJAZI-L1, 35S::EbJAZI-1.2, and
35S8::EbJAZI-L3). b The fertility of transgenic lines and wild type
cultivating in soil for 35 days (top) and 60 days (bottom). ¢ Charac-
terization of filament length and pollen granules in transgenic lines
and wild type. d Silique phenotype on main stem of transgenic and wild
type. e Seed number per silique of transgenic lines and wild type. f Silique
length of transgenic lines and wild type. Error bars indicate SDs (*P <0.05)

(Fermentas, EU) with oligo (dT) 18 primers. qRT-PCR was
performed using SYBR Green Master Mix on a Roche Light-
Cycler 480 real-time PCR machine, following the manufac-
turer’s instructions. Measurements were taken from at least
three biological replicates for each sample, and at least two
technical replicates were conducted for each biological rep-
licate. ACTINI was used as the control, and primers used in
this experiment are listed in Supplementary Table 1.

Results
Sequence and Phylogenetic Analysis of EbJAZ1

The homolog gene encoding jasmonate ZIM-domain pro-
teins (JAZs) was cloned from E. breviscapus, and designated
as EbJAZI. EbJAZI has a 633-bp CDS that encodes a pro-
tein with 220 amino acids. EbJAZI1 contains ZIM and JAS
domains that are similar to those of Lactuca sativa LsJAZ,
Artemisia annua AalAZ?2, and Helianthus annuus HaJAZ
(Fig. 1a). Among the JAZs, the JAZ domain was highly
conserved which displays an average amino acid sequence
identity of 80%, as described by Thines et al. 2007. The
phylogenetic analysis indicated that EbJAZ1 clusters more
closely with LsJAZ and AaJAZ2, while clusters loosely with
AtJAZs and OsJAZ1 from Arabidopsis thaliana and Oryza
sativa (Fig. 1b).

Subcellular Localization and Tissue-Specific
Expression Patterns of EbJAZ1

To investigate the subcellular localization of EbJAZI, we
transiently expressed GFP-tagged EbJAZI in N. bentha-
miana leaves to observe the localization of the GFP using
confocal laser canning microscopy (Fig. 2a). The EbJAZ1-
GFP fusion protein was observed solely in the nucleus,
whereas control GFP protein was found in both nucleus and
cytoplasm (Fig. 2b). Subsequently, the expression levels of
EbJAZI in different E. breviscapus tissues were examined by
gqRT-PCR. The results showed that EbJAZI was expressed
in all tissues, with higher levels of expression in flower and
lower levels of expression in seeds (Fig. 3).
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Fig.5 Overexpression of A
EbJAZ]I affects MeJA-mediated
root growth in Arabidopsis. a
Root growth of wild-type and
transgenic lines. b Root length
of wild-type and transgenic

) i & . MOCK |

lines. For each biological repli-

cate, we examined three times

as technical replicates. Data are

means +SDs (n=10). Asterisks

are significant different between

treatments at P <0.05)
25 pm MeJA
50 um MeJA

Overexpressing EbJAZ1 in Arabidopsis Leads
to Sterility

To explore whether plant fertility is regulated by EbJAZI,
Arabidopsis plants overexpressing EbJAZI were con-
structed by transforming the recombinant plasmid into
wild-type plants. Three transgenic lines (35S::EbJAZI-
L1, 358::EbJAZI-L2, and 35S::EbJAZI-L3) were gener-
ated, showing that EbJAZI was highly expressed in three
independent transgenic lines, but not in wild-type plants
(Fig. 4a). Phenotype observation showed that the number
of lateral branches of 35S::EbJAZI-LI, 35S::EbJAZI-L2,
and 35S::EbJAZI1-L3 were more than of wild type, indi-
cating that EbJAZI is possibly involved in the regulation
of lateral branch development in Arabidopsis thaliana
(Fig. 4b). Simultaneously, we found that 35S::EbJAZI-L1
and 35S::EbJAZI-L2 plants which did not have pollen were
almost completely sterile, while 35S::EbJAZI-L3 carrying
few pollen granules was semi-sterile; this result also was
confirmed by staining assay. We observed few normally
germinated pollen on the stigma of 35S::EbJAZI-L3 that
showed that the pollen viability of 35S::EbJAZI was normal,
while there was no pollen on the stigma of 35S::EbJAZI-LI
and 35S::EbJAZI-L2 (Fig. 4b, c). These results indicated
that EbJAZ1 regulates anther dehiscence. Furthermore,
the silique length in 35S::EbJAZI-LI1, 358::EbJAZI-L2,
358::EbJAZI-L3 was significantly shorter than that in wild
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type, while the seed number per silique was significantly
less in those transgenic lines compared to that in wild type
(Fig. 4d—f). In addition, there was no significant difference
in filament length between transgenic plants and wild-type
plants (Fig. 4c). These results suggest that overexpression of
EbJAZ] possibly disrupts the anther dehiscence, thus lead-
ing to sterility in the transgenic Arabidopsis plants.

Overexpressing EbJAZ1 in Arabidopsis Affects
MeJA-Dependent Root Growth Inhibition

It has been confirmed that JAZ-MYC2 transcriptional
regulatory cascade is involved in JA-mediated root growth
responses. Therefore, we examined root length changes
treated with MeJA (Fig. 5a). The root length in transgenic
lines was similar with wild-type plants in normal media.
However, when cultured in 25 and 50 pM MeJA media,
MeJA-induced root growth inhibition could be alleviated
in three independent transgenic plants (Fig. 5a, b), indicat-
ing that overexpresing EbJAZI in Arabidopsis can reduce
sensitivity to MeJA and negatively regulate JA response.
To verify whether increased root growth in transgenic
plants is associated with the regulation of signaling pathway,
we further examined the expression of several downstream
target genes in the JA signaling pathway, including VSPI,
VSP2, JAZI, JAZS5, JAZS, JAZI10, MYC2, and bHLH17.
The results showed that the expression levels of those
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Fig.6 gPCR analysis of genes involved in JA downstream signal-
ing. The expression levels of AtJAZ1, AtJAZS, AtJAZ8, AUJAZI10,
AtVSP1, AtVSP2, AtMYC2, and AtBHLH17 in 35S::EbJAZ1-L1,

JA-responsive genes were downregulated in 35S::EbJAZI-
LI and 35S::EbJAZI-L2 seedlings compared to the wild type
when treated with 50 pM MeJA (Fig. 6). These results indi-
cated that EbJAZI inhibits the expression of genes involved
in JA downstream signaling.

Discussion

The jasmonate ZIM-domain (JAZ) proteins are repressors
that function in the regulation of plant growth, development,
and response to stimulation of different signals in the JA
signaling pathway. In this study, EbJAZ1 was cloned from
E. breviscapus, and first characterized in medicinal plants
in terms of its roles in development. EbJAZ1 is located in
the nucleus and has complete and conserved characteristics
of the JAZ domain (ZIM and Jas) (Figs. 1 and 2), which is
consistent with the reports in Arabidopsis, Salvia miltior-
rhiza, and Pohlia nutans (Thines et al. 2007; Pei et al. 2018;
Liu et al. 2019). Further tissue-specific expression showed
that EbJAZ1 was expressed in all tissues, and the expression
level in flowers was relatively high, while that in seeds was

MeJA

35S::EbJAZI1-L3, and wild-type plants were examined after treating
with 50 pM MeJA for 8 h. Error bars denote SDs (*P <0.05)

relatively low (Fig. 3), suggesting that it might be involved
in the growth and development of these tissues.

In Arabidopsis, MYB transcription factors 21, 24, 57,
and 108 positively regulate the fertility of plants in func-
tional redundancy. In the myb2Imyb24 mutant, the length
of filaments was significantly shorter than that of stigma.
Later studies found that this process depends on the inter-
action between JAZs and MYBs in the JA signaling path-
way. In addition, it was found that JAZs can also interact
with the bHLH transcription factor MYCs and/or MYB/
bHLH complex to regulate the filament growth and seed
development (Mandaokar et al. 2006; Song et al. 2011;
Qi et al. 2015). In this study, the ectopic expression of
EbJAZI in Arabidopsis resulted in shorter filament and
silique length and reduced seed fertility (Fig. 4), suggest-
ing that EbJAZI may play an important role in SSI of E.
breviscapus. We speculate that overexpression of EbJAZI
resulted in the incomplete degradation of JAZ proteins by
endogenous JA, which depressed the activation of MYBs
and MYCs to regulate downstream response genes, thus
resulting in Arabidopsis sterility. Among the 12 JAZs
in Arabidopsis, JAZ1, 8, and 11 have been proven to be
able to interact with MYB21 and 24 (Song et al. 2011).
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Unfortunately, EbJAZ1 did not interact with Arabidopsis
MYB21 and 24 (data not shown). Because EbJAZ1 clus-
ters loosely with all Arabidopsis JAZs in a genetic rela-
tionship (Fig. 1b), there is a possibility that EbJAZ1 may
interact with other Arabidopsis MYBs that have not been
characterized. Further transcriptomics and yeast screen-
ing assay will confirm this hypothesis. Meanwhile, pre-
vious studies have shown that plant branching is mainly
regulated by abscisic acid (ABA), auxin, strigolactones,
and cytokinin (Zhu and Wagner 2019). JAZ protein was
the key regulator of the JA signal, which affects the func-
tion of JA. In this study, we found that overexpression
EbJAZ]1 can promote plant branching (Fig. 4b). JA cross
talks with ABA, auxin, and cytokinin signaling to regulate
many physiological growth and development processes of
plants, such as seed germination, plant freezing tolerance,
and accumulation of secondary metabolites (Pan et al.
2020; Hu et al. 2017). EbJAZ]1 possibly affects the func-
tion of ABA, auxin, and cytokinin in regulating branching
through JA signaling.

MYCs are negative regulators of root elongation in
Arabidopsis. There was no significant change in the root
length of a single mycs mutant, but the root length was
significantly longer in multiple myc2/3/4/5 mutants. It
has been confirmed that JA negatively regulates root
elongation through the interaction between JAZs and
MYCs and inhibits the transcription activity of MYCs
(Fernandez-calvo et al. 2011; Debora et al. 2015). Here,
ectopic expression of EbJAZI in Arabidopsis showed
insensitivity to JA (Fig. 5). Similarly, EbJAZ1 did not
interact with any of Arabidopsis MYC2, 3, 4, and 5
the same as MYBs mentioned above (data not shown).
However, qRT-PCR results in this study showed that the
expression levels of marker genes in EbJAZI transgenic
lines were higher than those in wild type (Fig. 6), which
was consistent with the phenotype (Fig. 5). Some stud-
ies have shown that root length is negatively correlated
with the expression of JAZI, 8, 10, and VSP2 in JA-
treated and untreated plants (Fernandez-calvo et al. 2011;
Dombrecht et al. 2007).

Taken together, ectopic expression of EbJAZI in Arabi-
dopsis can regulate development of flower organs, seed
fertility, and primary root growth through the JA signaling
pathway, suggesting that EbJAZ1 may be indirectly involved
in the SSI of E. breviscapus.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11105-021-01289-4.

Author Contribution YRH and SCY conceived and designed the
research; MC and MY conducted the experiments; WZ, SMH, and
YCL analyzed the data and created the figures; GHZ, BH, and FW
performed the statistical analysis; MC and WF wrote the manuscript.
All authors read and approved the manuscript.

@ Springer

Funding This work was supported by the National Natural Sciences
Foundation of China (Nos. 81760692, 81960684), the Major Science
and Technique Programs in Yunnan province (No. 2017ZF002), and the
special fund project for basic research of local universities in Yunnan
Province (No. 2018FH001-011).

Declarations

Conflict of Interest The authors declare no competing interests.

References

Boter M, Golz JF, Giménezlbaiez S, Fernandez-Barbero G, Franco-
Zorrilla JM, Solano R (2015) FILAMENTOUS FLOWER is a
direct target of JAZ3 and modulates responses to jasmonate. Plant
Cell 27(11):3160

Chen RB., Liu JH, Xiao Y, Zhang F, Chen, JF, Ji Q, Tan HX, Huang
X, Feng H, Hao BK, Chen WS, Zhang L (2015) Deep sequencing
reveals the effect of MeJA on scutellarin biosynthesis in Erigeron
breviscapus. PLoS One. 10(12)

Cheng H, Song SS, Xiao LT, Soo HM, Cheng ZW, Xie DX, Peng JR
(2009) Gibberellin acts through jasmonate to control the expres-
sion of MYB21, MYB24, and MYB57 to promote stamen filament
growth in Arabidopsis. PLoS Genet. 5(3)

Chinese Pharmacopoeia Commission. Pharmacopoeia of the People’s
Republic of China (2010) China medical science and technology
press part 1, 138, 379, 848

Debora G, Chételat A, Acosta IF, Goossens J, Pauwels L, Goossens A,
Dreos R, Alfonso E, Farmer EE (2015) Multilayered organization
of jasmonate signalling in the regulation of root growth. PLoS
Genet 11(6):e1005300

Dombrecht B, Xue GP, Sprague SJ, Kirkegaard JA, Ross JJ, Reid JB,
Fitt GP, Sewelam N, Schenk PM, Manners JM, Kazan K (2007)
MYC2 differentially modulates diverse Jasmonate-dependent
functions in Arabidopsis. Plant Cell 19(7):2225-2245

Fernandezcalvo P, Chini A, Fernandezbarbero G, Chico JM,
Gimenezibanez S, Geerinck J, Eeckhout D, Schweiizer F, Godoy
M, Francozorrilla JM, Pauwels L, Witters E, Puga ML, PazAres
J, Goossens A, Reymond P, DeJaeger G, Solano R (2011) The
Arabidopsis bHLH transcription factors MYC3 and MYC4 are
targets of JAZ repressors and act additively with MYC2 in the
activation of jasmonate responses. Plant Cell 23(2):701-715

Gu ZY, Li W, Doughty J, Meng D, Yang Q, Yuan H, Li Y, Chen QJ,
YulJ, Liu CS, Li TZ (2019) A gamma-thionin protein from apple,
MdD1, is required for defence against S-RNase-induced inhibition
of pollen tube prior to self/non-self- recognition. Plant Biotechnol
J17(11):2184-2198

Hou XL, Lee LYC, Xia KF, Yan YY, Yu H (2010) DELLAs modulate
jasmonate signaling via competitive binding to JAZs. Dev cell
19:884-894

Howe GA, Yoshida Y (2019) Evolutionary origin of JAZ proteins and
jasmonate signaling. Mol Plant 12(2):153-155

Hu FX, Zhong JJ (2008) Jasmonic acid mediates gene transcription of
ginsenoside biosynthesis in cell cultures of Panax notoginseng
treated with chemically synthesized 2-hydroxyethyl jasmonate.
Process Biochem 43(1):113-118

Hu YR, Dong QY, Yu DQ (2012) Arabidopsis WRKY46 coordinates
with WRKY70 and WRKY53 in basal resistance against pathogen
Pseudomonas syringae. Plant Sci 185-186:288-297

Hu YR, Jiang LQ, Wang F, Yu DQ (2013) Jasmonate regulates the
INDUCER OF CBF EXPRESSION-C-REPEAT BINDING


https://doi.org/10.1007/s11105-021-01289-4

Plant Molecular Biology Reporter

FACTOR/DRE BINDING FACTORI cascade and freezing
tolerance in Arabidopsis. Plant Cell 25:2907-2924

Hu YR, Jiang YJ, Han X, Wang HP, Pan JJ, Yu DQ (2017) Jasmonate
regulates leaf senescence and tolerance to cold stress: crosstalk
with other phytohormones. J Exp Bot 68(6):1361-1369

Huang H, Wang C, Tian H et al (2014a) Amino acid substitutions
of GLY98, LEU245 and GLUS543 in COI1 distinctively affect
jasmonate-regulated male fertility in Arabidopsis[J]. Science
China Life Sciences 57(1):145-154

Huang ZJ, He SA, Lei B (2014) Clinical analysis of acute cerebral
infarction by Dengzhanhua injection and Xionggin injection
combined with Xuesaitong treatment. Journal of Chinese medic-
inal materials. 37(6)

Liu HC, Wu W, Hou K, Chen JW, Zhao Z (2016) Deep sequencing
reveals transcriptome re-programming of Polygonum multiflo-
rum thunb. roots to the elicitation with methyl jasmonate. Mol
Genet Genomics. 291(1):337-348

Liu SH, Zhang PY, Li CC, Xia GM (2019) The moss jasmonate
ZIM-domain protein PnJAZ1 confers salinity tolerance via
crosstalk with the abscisic acid signalling pathway. Plant sci
280(2019):1-11

Lin LL, Liu AJ, Liu JG, Yu XH, Qin LP, Su DF (2007) Protec-
tive effects of scutellarin and breviscapine on brain and heart
ischemia in rats. J Cardiovasc PharmlJ 50(3):327-332

Liu YM, He W, Lin AH, Zeng FD (2008) Neuroprotective effects
of breviscapine against apoptosis induced by transient focal
cerebral ischaemia in rats. J] Pharm Pharmacol 60(3):349-355

Ma Y, Li HG, Guan SX (2015) Enhancement of the oral bioavail-
ability of breviscapine by nanoemulsions drug delivery system.
Drug Dev Ind Pharm 41(2):177-182

Mandaokar A, Thines B, Shin B, Lange BM, Choi G, Koo YJ, Yoo Y]J,
Choi YD, Choi G, Browse J (2006) Transcriptional regulators of
stamen development in Arabidopsis identified by transcriptional
profiling. Plant J 46(6):984—1008

Pan JJ, Hu YR, Wang HP, Guo Q, Chen YN, Howe GA, Yu DQ
(2020) Molecular mechanism underlying the synergetic effect of
jasmonate on abscisic acid signaling during seed germination in
Arabidopsis. Plant Cell 32(12):3846-3865

Pei TL, Ma PD, Ding K, Liu SJ, Jia YY, Ru M, Dong J, Liang ZS
(2018) SmJAZS acts as a core repressor regulating JA-induced
biosynthesis of salvianolic acids and tanshinones in Salvia miltior-
rhiza hairy roots. J Exp Bot 69(7):1663-1678

Qi TC, Song SS, Ren QC, Wu DW, Huang H, Chen Y, Fan M, Peng
W, Ren CM, Xie DX (2011) The Jasmonate-ZIM-domain proteins
interact with the WD-Repeat/bHLH/MYB complexes to regulate
jasmonate-mediated anthocyanin accumulation and trichome ini-
tiation in Arabidopsis thaliana. Plant Cell 23(5):1795-1814

Qi TC, Huang H, Song SS, Xie DX (2015) Regulation of Jasmonate-
mediated stamen development and seed production by a bHLH-
MYB complex in Arabidopsis. Plant Cell 27(6):1620

Shan XY, Wang JX, Chua LL, Jiang D, Peng W, Xie D (2015) The
role of Arabidopsis rubisco activase in jasmonate-induced leaf
senescence. Plant Physiol 155:751-764

Sheard LB, Tan X, Mao HB, Withers J, Nissan GB, Hinds TR, Kobayashi
Y, Hsu FF, Sharon M, Browse J, He SY, Rizo J, Howe GA, Zheng
N (2010) Jasmonate perception by inositol-phosphate-potentiated
COI1-JAZ co-receptor. Nature 468(7322):400-405

Shi DQ, Tang C, Wang RZ, Gu C, Wu X, Hu S, Jiao J, Zhang SL
(2017) Transcriptome and phytohormone analysis reveals a com-
prehensive phytohormone and pathogen defence response in pear
self-/cross-pollination. Plant Cell Rep 36(11):1785-1799

Song SS, Q TC, Huang H, Ren QC, Wu DW, Chang CQ, Peng W, Liu
YL, Peng JW, Xie DX, (2011) The Jasmonate-ZIM domain pro-
teins interact with the R2ZR3-MYB transcription factors MYB21
and MYB24 to affect Jasmonate regulated stamen development
in Arabidopsis. Plant Cell 23:1000-1013

Thines B, Katsir L, Melotto M, Niu YJ, Mandaokar A, Liu GH,
Nomura K, He SY, Howe GA, Browse J (2007) JAZ repressor
proteins are targets of the SCF(COI1) complex during jasmonate
signaling. Nature 448(7154):661-665

Wang JJ, Wu DW, Wang YP, Xie DX (2019) Jasmonate action in plant
defense against insects. J Exp Bot 70(13):3391-3400

Withers J, Yao J, Mecey C, Howe GA, Melotto M, He SY (2012) Tran-
scription factor-dependent nuclear localization of a transcriptional
repressor in jasmonate hormone signaling. Proc Natl Acad Sci U
S A 109(49):20148-20153

Xie Y, Tan HJ, Ma ZX, Huang JR (2016) DELLA proteins promote
anthocyanin biosynthesis via sequestering MYBL2 and JAZ sup-
pressors of the MYB/bHLH/WD40 complex in Arabidopsis thali-
ana. Mol Plant 9(5):711-721

Yan JB, Zhang C, Gu M, Bai ZY, Zhang WG, Qi TC, Cheng ZW, Peng
W, Luo HB, Nan FJ, Wang Z, Xie DX (2009) The Arabidopsis
CORONATINE INSENSITIVELI protein is a jasmonate receptor.
Plant Cell 21:2220-2236

Zhai QZ, Zhang X, Wu FM, Feng HL, Deng L, Xu L, Zhang M, Wang
QM, Li CY (2015) Transcriptional mechanism of jasmonate
receptor COIl-mediated delay of flowering time in Arabidopsis.
Plant Cell 27:2814-2828

Zhang W, Wei X, Meng HL, Ma CH, Jiang NH, Zhang G, Yang SC
(2015) Transcriptomic comparison of the self-pollinated and
cross-pollinated flowers of Erigeron breviscapus to analyze can-
didate self-incompatibility-associated genes. BMC Plant Biol
15(1):248-248

Zhang GF, Zhao F, Chen LQ, Pan Y, Sun LJ, Bao N, Zhang T, Cui CX,
Qiu ZZ, Zhang YJ, Yang L (2019) Jasmonate-mediated wound
signalling promotes plant regeneration. Nat Plants 5(5):491-497

Zhu Y, Wagner D (2019) Plant inflorescence architecture: the forma-
tion, activity, and fate of axillary meristems. Csh Perspect Biol
12(1):a034652

@ Springer



	Ectopic Expression of Erigeron breviscapus JAZ1 Affects JA-Induced Development Processes in Transgenic Arabidopsis
	Abstract
	Introduction
	Materials and Methods
	Materials and Plant Growth Conditions
	Bioinformation Analysis
	Vector Construction and Plasmid Transformation
	Subcellular Localization Analysis
	EbJAZ1 Expression Analysis in E. breviscapus
	MeJA Treatment Assay
	RNA Extraction and qRT-PCR

	Results
	Sequence and Phylogenetic Analysis of EbJAZ1
	Subcellular Localization and Tissue-Specific Expression Patterns of EbJAZ1
	Overexpressing EbJAZ1 in Arabidopsis Leads to Sterility
	Overexpressing EbJAZ1 in Arabidopsis Affects MeJA-Dependent Root Growth Inhibition

	Discussion
	References


