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Trichomes are leaf epidermal cells with important adaptive functions and represent useful systems for studying cell fate deter-
mination. Jasmonic acid (JA) and auxin (indole-3-acetic acid; IAA) share signaling elements that influence growth and devel-
opment, but their roles in epidermal cell differentiation in leaves have been scarcely investigated. In this work, we show that 
trichome formation was stimulated in a JA concentration-dependent manner in leaves of Arabidopsis seedlings, but not in JA 
resistant coi1-1 mutants defective on the JA receptor CORONATINE INSENSITIVE 1, or in auxin signaling double mutant 
arf7/arf19 or cell specification mutants gl2 and rhd6. Noteworthy, jasmonic acid-related mutants jar1 and axr1-3 as well as the 
triple mutant tir1/afb2/afb3 defective in auxin receptors and slr1, displayed normal responses to trichome formation induced by 
jasmonic acid. Our results indicate that the jasmonic acid receptor CORONATINE INSENSITIVE 1 mediates leaf epidermal cell 
differentiation likely acting in concert with ARF7 and ARF19, GL2 and RHD6 transcription factors. 
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Jasmonic acid induces trichome formation in Arabidopsis leaves 
via the receptor CORONATINE INSENSITIVE 1, and crosstalk 
with specific auxin signaling components and cell patterning genes

Introduction
Trichomes are differentiated epidermal cells from the 
aerial part of plants such as leaves, stems, and flowers 
(Wagner et al., 2004; Kabir et al., 2024). Trichomes 
can be single-celled or multicellular, branched or 
unbranched, and glandular secretory or non-glandular; 
characteristics often used for species identification 
(Hauser, 2014). Trichomes assist seed dispersal and 
function as barriers to protect plants against herbivores 
and insect attack, fungal infection, parasitic plants, UV 
radiation, and modulate transpiration (Wagner et al., 
2004; Ishida et al., 2008; Runyon et al., 2010). 

In Arabidopsis, trichomes are unicellular structures 
that can be either unbranched or have two to five 
branches (Mathur and Chua, 2000; Schnittger and 
Hülskamp, 2002). The genetic mechanisms for trichome 
formation involve the R2R3 MYB/basic helix-loop-
helix (bHLH)/WD40 (MBW) complex that includes 
GLABRA1 (GL1), MYB23, MYB5 and WEREWOLF 
(WER), required for differentiation of shoot or root 
epidermal cells (Pesch et al., 2015). The MBW complex 
transcriptionally activates, among other downstream 

genes, the homeodomain transcription factor GLABRA2 
(GL2) for trichome and root hair differentiation (Rerie 
et al., 1994; Di Cristina et al., 1996; Masucci et al., 
1996; Hung et al., 1998). GL1 acts specifically in 
trichome patterning, whereas WER modulates root 
hair patterning, MYB23 works redundantly in both 
trichome and root hair patterning, and MYB25 regulates 
mucilage synthesis, seed coat development and trichome 
morphogenesis (Lee and Schiefelbein, 1999; Kirik et al., 
2001; 2005; Li et al., 2009). However, additional genetic 
components have been involved in root hair formation and 
development, including the transcription factors ROOT 
HAIR DEFECTIVE 6 (RHD6) and CAPRICE (CPC) 
(Wada et al., 1997; Menand et al., 2007). CPC moves 
into trichoblast cells to establish cell identity, through a 
positive regulation of RHD6, which is critical for root 
hair emergence (Menand et al., 2007). Arabidopsis 
mutants affected in CPC or RHD6 are defective in root 
hair number or emergence, respectively, indicating their 
essential role in epidermal cell patterning.

Jasmonic acid (JA) and indole-3-acetic acid (IAA) are 
two important phytohormones that interact in various 
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developmental processes such as seed germination, root 
growth, senescence, lateral root formation, and epidermal 
cell differentiation (Raya-González et al., 2012; 
Wasternack and Hause, 2013; Pérez-Alonso et al., 2021). 
Several proteins involved in jasmonate biosynthesis 
or signaling have been isolated and characterized 
including the CORONATINE INSENSITIVE1 (COI1), 
JASMONIC ACID RESISTANT1 (JAR1), and AUXIN 
RESISTANT1 (AXR1) (Wasternack and Hause, 2013; 
Browse, 2009; Mittal et al., 2024). Among these, JAR1 
conjugates JA to isoleucine forming the bioactive 
(+)-7-iso-JA-Ile that is perceived by COI1, acting as a 
jasmonate receptor (Yan et al., 2009; Mittal et al., 2024). 
The function of AXR1 in both JA and IAA signaling 
indicates that these regulators interact in modulating 
developmental processes (Tiryaki and Staswick, 2002), 
but its possible commonalities orchestrating trichome 
formation remain to be investigated.

In the present work, we tested the effects of JA on 
trichome formation on leaves of Arabidopsis seed-
lings. We show that JA increases trichome density in a 
dose-dependent manner and analyzed this process in a 
variety of Arabidopsis mutants defective in JA and aux-
in signaling, and epidermal cell patterning. Our results 
show that COI1, but not JAR1 or AXR1, is involved in 
jasmonate-induced trichome formation. Indeed, genetic 
analysis demonstrated that the ARF7 and ARF19 tran-
scription factors, previously involved in the formation 
of lateral roots in response to auxin, directly or indirectly 
crosstalk with GL2 and RHD6 to orchestrate trichome 
development in Arabidopsis leaves.  

Materials and methods 

Biological material and growth conditions
For the different experimental designs, Arabidopsis 
thaliana seeds from Columbia (Col-0) and Wassilewskija 
(Ws) ecotypes were used, as well as mutants resistant 
to JA, coi1-1 (Feys et al., 1994),  jar1-1 (Staswick and 
Tiryaki, 2004) and axr1-3 (Lincoln et al., 1990), mutants 
defective in auxin signaling, tir1/afb2/afb3 (Parry et 
al., 2009), arf7/arf19 (Wilmoth et al., 2005), slr1-1 
(Fukaki et al., 2002), mutants affected in epidermal cell 
differentiation cpc (Wada et al., 1997), rhd6 (Masucci 
and Schiefelbein, 1994), gl2 (Rerie et al., 1994) and 
its respective reporter construct GL2:uidA (Masucci 
et al., 1996). Seeds were surface sterilized by placing 
them in Eppendorf tubes, where 95% (v/v) ethanol 
was added and shaking applied for 5 min. Ethanol was 
then removed and 20% (v/v) bleach was added for 7 

min. Subsequently, bleach was removed and 5 washes 
were performed with sterile distilled water, seeds were 
incubated in darkness at 4 °C for 48 h. 

The disinfected seeds were germinated and grown 
under sterile conditions on agar plates containing 0.2x MS 
salts (Murashige and Skoog, 1962) supplemented with 
sucrose 0.6% (w/v), phytagar 1% (w/v) and pH adjusted 
to 7. Plates were placed vertically at an angle of 65° in 
a growth chamber (Percival AR-95L) under controlled 
photoperiod of 16 h of light and 8 h of darkness, light 
intensity of 100 µmol m-2 s-1, temperature of 22 °C and 
80% humidity. JA was dissolved in ethanol and added 
to the media at the required concentrations. In control 
treatments, the solvent was supplied to the medium in 
a volume equivalent to the highest concentration of JA 
tested in the bioassay. MS basal salts mixture and JA 
were acquired from Sigma-Aldrich, while Phytagar, 
which was used to solidify the media, was purchased 
from PhytoTechnology.

For coi1-1 mutant selection, seeds from a coi1-1/
COI1 segregating population were screened for normal 
primary root growth in agar solidified 0.2x MS medium 
supplemented with 4 µM JA. Putative JA resistant 
mutants with long primary roots were selected and 
transferred to plates with different treatments to analyze 
trichome development.

Trichome measurements
Arabidopsis trichomes were analyzed using a stereoscopic 
microscope (Leica, MZ6/L2), at 2X objective. The 
images were captured using a SAMSUNG SCC 131-A 
digital camera adapted to the microscope. To determine 
trichome density in wild-type and mutant seedlings 
under control conditions and in response to JA, Image 
J software was used to indicate an area of 1 mm2 on the 
leaf surface, and the number of trichomes within the area 
was quantified. Trichome quantification was performed 
on the second true leaf of Arabidopsis 12 days after 
germination.  For all experiments with wild-type and 
mutant lines, data were statistically analyzed using the 
STATISTICA 10 program (Dell StatSoft, Austin, Texas, 
USA). Univariate and multivariate analysis with a 
Tukey’s post hoc test were performed. Different letters 
were used to indicate means with significant difference 
(P <0.05). 

Histochemical analysis
For β-glucuronidase activity analysis, transgenic 
Arabidopsis seedlings expressing the GL2:uidA marker 
(Szymanski et al., 1998) were incubated overnight at 37 
°C in a micro-plate with 0.1% X-Gluc (5-bromo-4-chloro-
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3-indol β-D-glucuronide) dissolved in a phosphate buffer 
(NaH2PO4 and Na2HPO, 0.1 M, pH 7) with the addition 
of 2 mM potassium ferrocyanide and 2 mM potassium 
ferricyanide. For tissue clearing, X-Gluc solution was 
removed and seedlings were incubated 60 min at 62 °C 
with 0.24 N HCl in 20% methanol (v/v). The solution was 
substituted by 7% NaOH (w/v) in 60% ethanol (v/v) for 
20 min at room temperature. Seedlings were dehydrated 
with ethanol treatments at 40%, 20% and 10% (v/v) for 
a 20 min period each, and fixed in 50% glycerol (v/v). A 
representative seedling was chosen for each treatment and 
photographed using the Leica CME microscope. For each 
treatment at least ten seedlings were analyzed. 

Results 

Jasmonic acid induces trichome formation in 
Arabidopsis
Previous reports indicate that JA regulates trichome for-
mation (Traw and Bergelson, 2003). However, to the 

best of our knowledge, detailed information about the 
connection between JA and IAA in this developmental 
response is still lacking. The effects of JA on leaf tri-
chome patterning were analyzed in Arabidopsis (Col-
0) seedlings, which were germinated and grown on 
agar-solidified Petri plates supplied with 0.2x MS medi-
um in the presence of the solvent (control) or increasing 
concentrations of JA. Figure 1 shows that JA increases 
trichome density in a concentration-dependent manner, 
stimulating up to twice its numbers in JA concentrations 
of 16 and 32 μM (Figure 1a). Besides increasing tri-
chome number, JA slightly induced anthocyanin produc-
tion on leaves, particularly at the highest concentrations 
tested (Figure 1b). These results indicate that JA modu-
lates cell differentiation in leaf epidermal cells.

The coi1-1 mutant is insensitive to jasmonic acid 
effects in trichome formation
The CORONATINE INSENSITIVE1 (COI1) gene en-
codes for a jasmonate receptor (Katsir et al., 2008). 
To understand the involvement of COI1 receptor on 
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Figure 1. Jasmonic acid promotes trichome formation in Arabidopsis thaliana. (a) Trichome density in leaves from 12 day-old Arabidopsis 
thaliana seedlings treated with the solvent or increasing jasmonic acid concentrations. Trichome density was determined by counting the 
number of trichomes per mm2 of leaf surface (n = 10). Bars indicate the means and standard errors. (b) Representative images of leaves from 
seedlings grown in the different treatments. Scale bar = 1 mm. The experiment was repeated three times with comparable results.
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trichome formation, the effect of JA in wild-type and 
coi1-1 mutant seedlings was compared. Because coi1-
1 mutant is infertile, homozygous mutant seeds are not 
available, we then performed a previous selection sup-
plying 8 μM JA and analyzing primary root growth in 
seedlings from a coi1-1/COI1 segregating population, 
taking as main indicator the insensitivity of homozygous 
coi1 to JA on root growth (Feys et al., 1994). Wild-type 
and coi1 seedlings were transferred to agar-solidified 
MS 0.2x medium supplied with the solvent, or increas-
ing JA concentrations. When compared to the WT, 
coi1-1 mutants developed fewer trichomes in leaves in 
medium without JA. Indeed, the mutants were clearly 

resistant to the application of JA on trichome formation 
and anthocyanin production (Figure 2a, b). These re-
sults indicate that JA requires COI1 to induce trichome 
formation in leaves.

Jasmonic acid induces trichome formation 
independently of JAR1 and AXR1
JA signaling involves the genetic components JAR1, 
which encodes an enzyme that conjugates JA to isole-
ucine forming JA-Ile (Staswick and Tiryaki, 2004) and 
AXR1, an Arabidopsis auxin-resistance gene, which en-
codes a protein related to ubiquitin-activating enzyme 
E1 (Leyser et al., 1993). Initially, both genes were iden-
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Figure 2. The jasmonic acid receptor coronatine insensitive 1 (COI1) mediates trichome response to jasmonic acid. Wild-type seedlings 
(Col-0) were germinated and grown during 4 days in MS 0.2X medium and coi1-1 homozygous seedlings were selected from the segregating 
population coi1-1/COI1 in medium supplemented with 4 μM JA. Four day-old seedlings were transferred and grown side by side in MS 0.2X 
medium supplied with the solvent or different concentrations of jasmonic acid. 8 days after transfer, trichome density (a) was determined. Scale 
bar = 1 mm. (b) Representative images of leaves from wild-type and coi1-1 seedlings under different jasmonic acid treatments. The bars in (A) 
represent the means ± standard error. The experiment was repeated three times with comparable results.
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tified from mutants that are resistant to JA on primary 
root growth. However, there is poor knowledge about 
their participation in trichome formation in response 
to JA. Therefore, the responses of WT and JA signal-
ing mutants axr1-3 and jar1-1 to the effect of JA on 
trichome formation were evaluated in leaves of plants 
12 days after germination. It was found that both mu-

tant lines presented a similar response to the WT under 
control conditions and when supplied with increasing 
JA concentrations (Figure 3a, b). These results indicate 
that trichome formation in response to JA is specifically 
altered in coi1 but not in other JA-related Arabidopsis 
mutants.
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Figure 3. Induction of trichomes by jasmonic acid occurs independently of the signaling elements JAR1 and AXR1. (a) Trichome density 
per mm2 on leaves of Arabidopsis thaliana seedlings. (b) Representative images of leaves from plants grown under varied jasmonic acid 
supplementation. Scale bar = 1 mm. The experiment was repeated twice with comparable results.
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AUXIN RESPONSE FACTORS 7 and 19 mediate 
jasmonic acid induction of trichomes
JA and IAA interact to orchestrate several developmental 
programs (Pérez-Alonso et al., 2021). A possible 
interaction between JA signaling and IAA in trichome 
formation was determined at the genetic level by 
analyzing the responses of the WT and a battery of 
mutants defective in auxin perception and signaling 
including tir1/afb2/afb3, arf7/arf19 and slr1 in response 
to increasing JA supplementation. It was found that the 
arf7/arf19 double mutant is resistant to JA promoting 
effect on trichome formation (Figure 4), whereas tir1/
afb2/afb3 and slr1 undergo a comparable response to 
wild-type seedlings (Figure 4). These results imply 
ARF7 and ARF19 in JA-induced trichome formation 
and define a novel JA-IAA genetic interaction at the 
level of epidermal cell specification.

Role of epidermal specification genes GL2, RHD6 
and CPC in trichome formation in response to 
jasmonic acid
The GL2 protein selectively regulates epidermal cell 
differentiation in Arabidopsis, acting as a positive 
regulator of trichome formation (Masucci et al., 1994). 
To determine the possible participation of GL2 in JA-
induced trichome formation, we evaluated the effect 
of JA on leaves of wild-type, transgenic Arabidopsis 
seedlings expressing the GL2:uidA marker, and gl2 
mutant seedlings. Trichome density was increased in a 
JA concentration-dependent manner in the WT (Figure 
5a), which correlated with increased expression of 
GL2:uidA on these structures at the leaf epidermis as the 
JA concentration increased. On the other hand, under 
control conditions, gl2 mutant seedlings lacked trichomes 
(Figure 5b), a phenotype not restored with JA application 
at low concentrations (1 and 4 μM). Moreover, at a high 
concentration of JA (16 μM), the formation of aberrant, 
unbranched trichomes was observed at leaf margins 
(Figure 5b). Thus, JA stimulates trichome formation 
and differentiation via GL2.

The RHD6 and CPC play critical roles in root hair 
initiation and epidermal cell differentiation, however, 
their possible participation on trichome formation 
remains unknown (Shibata et al. 2019). We next 
decided to study the effect of JA on mutants affected in 
these genes. As in the WT (Ws ecotype), JA increased 
trichome density in Arabidopsis cpc mutants, being even 
more sensitive than the WT, since JA increased trichome 
density by about 20% in cpc compared to Ws seedlings 
(Figure 6). Interestingly, rhd6 forms less trichomes than 
the WT with or without JA supplementation (Figure 6). 

These results indicate that RHD6 and CPC play opposite 
roles in JA-induced trichome formation.

Discussion
Trichomes are specialized leaf epidermal cells with 
relevant protective functions to biotic and abiotic 
stress. Here, we tested the possible crosstalk between 
auxin and jasmonic acid signaling in trichome 
formation in Arabidopsis leaves at the genetic level. 
JA supplementation to the growth medium promoted 
trichome formation in a dose-dependent manner, an 
effect coincident to that reported for foliar treatment 
with JA, or during the leaf wounding response, which 
increases trichome formation (Traw and Bergelson, 
2003). 

To determine whether trichome formation in response 
to JA is orchestrated via canonical components of the JA 
or IAA signaling pathways, we evaluated the effect of JA 
on WT Arabidopsis seedlings and selected mutants. The 
F-box protein COI1 acts as a JA receptor, which directly 
binds JA-Ile (Xie et al., 1998; Yan et al., 2009), while 
JAR1 is responsible for JA conjugation to isoleucine 
(Staswick and Tiryaki, 2004) and AXR1 is a subunit 
of the RUB1-activating enzyme that is necessary for 
protein degradation required for responses to either JA 
or IAA (Lincoln et al., 1990). Quantification of trichome 
numbers in leaves from WT, coi1-1, jar1-1 and axr1-
3, showed that only coi1-1 showed resistance to JA-
induced trichome formation, which indicates that the 
formation of these epidermal structures requires the JA 
receptor COI1, but not the signaling elements JAR1 and 
AXR1, opening the possibility that other JA conjugates 
with lower activity may be responsible for trichome 
formation in those mutants since JAR1 mutation does 
not dismiss all JA-amino acid conjugates (Staswick and 
Tiryaki, 2004). These results are consistent with previous 
reports, which indicate that COI1 is a key component, 
whereas JAR1 and the JA-signaling transcription 
factor MYC2, are not involved in trichome formation 
in response to JA (Traw and Bergelson, 2003; Yoshida 
et al., 2009). Interestingly, although AXR1 is not 
implicated in trichome formation, it has been considered 
a key player in trichome morphogenesis. Recently, 
Liu et al. 2023, isolated an Arabidopsis mutant named 
aberrantly branched trichome3-1 (abt3-1), which 
showed reduced trichome branching. Genetic mapping 
indicated that ABT3 is a new allele of AXR1 (Liu et al., 
2023). Genetic and biochemical analysis showed that 
AXR1/ABT3 physically interacts with ROP2, a member 
of Rho GTPase of plants (ROP) family. Transgenic 
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Figure 4. The induction of trichomes by jasmonic acid occurs independently of canonical auxin signaling elements. (a) Effect of JA on 
trichome formation in wild-type and auxin related tir1/afb2/afb3, arf7/arf19 and slr1 mutant seedlings germinated and grown in medium with 
the solvent (control) or increasing concentrations of JA. (b) Representative images of leaves from plants grown under varied jasmonic acid sup-
plementation. Graph bars represent the means ± standard error. The experiment was repeated twice with comparable results. Scale bar= 1 mm.
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Figure 5. Jasmonic acid induces trichome formation and patterning via GL2. Wild-type (Col-0) Arabidopsis seedlings and gl2 mutants 
were germinated and grown during 12 days in MS 0.2X medium supplemented with solvent (control) and increasing JA concentrations. 
(a) Trichome number per mm2 in leaves was determined. The bars represent standard error. (b) Representative images of leaves of Col-0, 
GL2:uidA expressing line and gl2 mutant seedlings grown at increasing JA supplementation. The experiment was repeated three times with 
similar results. Scale bar = 1 mm.
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Figure 6. Roles of root hair patterning genes CPC and RHD6 in jasmonic acid induced trichome formation. Wild-type (Ws) seedlings, 
cpc and rhd6 mutants were germinated and grown for 12 days in MS 0.2X medium supplemented with the solvent (control), 1, 2, 4, and 8 μM 
JA. (a) Number of trichomes per mm2 was determined by microscopical analysis. Bars represent standard error. (b) Representative images of 
leaves of WT (Wassilewskija, Ws ecotype) besides cpc and rhd6 mutant seedlings grown under different JA treatments. Scale bar = 1 mm. The 
experiment was repeated three times with comparable results.
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plants expressing an active form of ROP2 (CA-ROP2) 
reduced trichome branching, whereas elevated AXR1 
expression in CA-ROP2 transgenic plants, repressed 
ROP2 expression and rescued the defects of trichome 
branching in CA-ROP2, indicating that AXR1 negatively 
regulates ROP2 via ubiquitin-proteasome pathway (Liu 
et al., 2023).   

Examples of crosstalk between IAA and JA signaling 
involve the auxin-related mutant axr1, which is resistant 
to exogenous supplementation of JA in primary root 
growth inhibition assays (Tiryaki and Staswick, 2002). 
Moreover, JA promotes auxin biosynthesis by up-
regulating YUCCA8 and YUCCA9 (Hentrich et al., 
2013) and homeostasis of IAA and JA can simultaneously 
be regulated by amidohydrolases (Zhang et al., 2016). 
However, to the best of our knowledge, whether JA 
affects trichome development via auxin or auxin-
related genetic elements remained to be investigated. 
The receptors from the TIR1/AFB family and the 
auxin-signaling repressors Aux/IAAs have well defined 
functions in growth and epidermal cell specification. 
For instance, the tir1 mutant, along with its paralogs 
afb1, afb2, and afb3, had decreased root hair growth 
(Dharmasiri et al., 2005). We found that the tir1/afb2/
afb3 and slr1-1 mutants were equally sensitive to the 
WT seedlings in trichome formation, whereas the arf7/
arf19 was somewhat resistant to this effect. These data 
suggest that JA epidermal cell response requires specific 
components of the auxin perception cascade. 

In the Arabidopsis root epidermis, hair cell types 
are specified in a distinct position-dependent pattern 
determined by transcriptional feedback loops in which 
CAPRICE (CPC), and GLABRA2 (GL2) genes play a 
critical role. In addition, the ROOT HAIR DEFECTIVE6 
(RHD6) is required for root hair initiation acting in an 
auxin signaling pathway (Masucci et al., 2004). To further 
understand the roles of these genes in leaf epidermal 
patterning, we examined the phenotypes of WT, gl2, rhd6 
and cpc mutants. At low JA concentrations, no formation 
of trichomes occurred in leaves of gl2 mutants, however 
at the highest JA concentration tested, the formation of 
aberrant trichomes on leaf margins could be observed, 
suggesting that a GL2 independent mechanism is 
employed by JA to promote trichome initiation, but it 
requires GL2 for a normal cell differentiation program 
underlying trichome morphology.

Transgenic plants carrying the GL2:uidA reporter 
gene show GUS activity at all developmental stages of 
trichomes, and in epidermal cells that surrounds the site 
of trichome initiation (Ohashi et al., 2002). Additionally, 
we found that the induction of trichome formation 

in response to JA was accompanied by GL2:uidA 
expression in leaves indicating that GL2 plays positive 
roles in mediating the JA-regulated trichome formation. 
It was observed that seedlings of rhd6 mutants develop 
fewer trichomes on leaves, phenotype that could not 
be rescued by JA. On the other hand, we observed 
more trichomes in cpc mutants compared with the WT 
irrespective of JA supplementation, thus indicating that 
CPC acts as a negative regulator for the JA-induced 
trichome formation in opposition to the proposed role of 
GL2. A schematic model that summarizes the role of JA 
on trichome formation is presented in Figure 7, in which 
JA is recognized by its receptor COI1, which triggers 
the degradation of the JA-signaling repressors of the 
JAZ family, and also auxin-signaling repressors Aux/
IAA. Then, the transcription factors of JA and auxin-
responsive genes, including MYC, ARF7, and ARF17, 
regulate GL2 and RHD6 gene expression, two essential 
elements for epidermal cell differentiation and trichome 
formation.

Taken together, our results indicate that JA alters the 
leaf epidermal cell differentiation program via COI1, and 
by crosstalk with specific auxin signaling components 
and cell patterning genes. The possibility that JA could 
influence this same group of genes for specification 

Jasmonic acid

COI1

Trichome formation

JAZ

MYC GL2 RHD6

AuxIAA

Gene expression

Epidermal cell
differentiation

ARF19

ARF7

Figure 7. Proposed model for the role of JA in trichome formation. 
After activation of defense responses (e.g. herbivory), JA is produced 
and perceived by its receptor COI1, which regulates the activity of 
the transcription factors ARF7, ARF19, and MYC to control gene 
expression and epidermal cell differentiation, which leads to tricho-
me formation. 
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of other kinds of epidermal cells, such as root hairs or 
stomata, is an open question.
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