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The JAZ Proteins Link Jasmonate Perception with
Transcriptional Changes

The oxylipin jasmonic acid (JA) and its metabolites, collectively

known as jasmonates, are important plant signaling molecules

that mediate biotic and abiotic stress responses as well as

aspects of growth and development. Although it is well known

that JA regulates transcription, the mechanism of this regulation

has been largely unknown. Recently, this situation changed

dramatically with the discovery of a novel family of transcrip-

tional regulators called jasmonate ZIM-domain (JAZ) proteins.

Three groups independently identified members of this family in

Arabidopsis and showed that they function as repressors of

JA-regulated transcription. Furthermore, genetic, molecular, and

biochemical studies indicate that the JAZ proteins are degraded

by the ubiquitin protein ligase SCFCOI1 in response to JA. In

addition, one group showed that JAZ proteins interact with the

positive regulator of JA signaling, MYC2. These data support an

important new model of jasmonate signaling and response. In

this essay, we summarize this recent work and discuss some

remaining questions concerning JA signal transduction.

THE ROLE OF SCFCOI1 IN JASMONATE SIGNALING

Coronatine is a phytotoxin produced by the plant pathogen

Pseudomonas syringae that is structurally related to methyl

jasmonate (MeJA) and produces very similar effects when

applied to plants (Feys et al., 1994). The Arabidopsis coronatine-

insensitive1 (coi1) mutant was isolated in a forward genetic

screen exploiting coronatine’s inhibitory effect on root elonga-

tion (Feys et al., 1994). This mutation confers insensitivity to

coronatine and MeJA, as well as male sterility (Feys et al., 1994).

Subsequent studies demonstrated that coi1 mutants are com-

pletely deficient in every aspect of jasmonate response (Xie

et al., 1998), indicating that COI1 has an essential function in JA

signaling. Ultimately, it was demonstrated that COI1 encodes an

F-box protein closely related to the auxin receptor/F-box protein

TIR1 (Xie et al., 1998). This finding suggested that COI1 might

act as part of an SCF (Skp/Cullin/F-box) E3 ubiquitin ligase to

mediate jasmonate signaling (Xie et al., 1998). Indeed, COI1 was

shown to associate with components of SCF complexes,

including ASK1, ASK2, CUL1, and RBX1 (Xu et al., 2002).

Further support for the importance of the ubiquitin proteasome

pathway in JA signaling came from observations that mutations

in genes required for SCF function, such as AXR1, CUL1, and

JAI4/SGT1b, result in reduced jasmonate responses (Devoto

et al., 2002; Xu et al., 2002; Gray et al., 2003; Lorenzo et al.,

2004; Lorenzo and Solano, 2005; Ren et al., 2005). Based on

these data, it was hypothesized that SCFCOI1 targets proteins for

degradation by the 26S proteasome to promote jasmonate-

mediated transcriptional changes.

JASMONATE TRANSCIPTIONAL RESPONSES

Large-scale transcriptional profiling has identified a number of

COI1-dependent jasmonate-regulated genes in Arabidopsis

(Devoto et al., 2005; Jung et al., 2007). Moreover, a number of

transcription factors that control these changes have been

identified, including ERF1, WRKY70, ORA47, ORA59, and

MYC2 (reviewed in Wasternack, 2007). Other recent work has

demonstrated that WRKY18 (Xu et al., 2006) and two previously

uncharacterized transcription factors, At1g74930 and At3g53600,

which belong to the AP2/EREBP and C2H2 families, respec-

tively (Wang et al., 2007), are positive regulators of JA responses

to wounding and are dependent on COI1. The most well-

characterized transcription factor in jasmonate signaling to date

is MYC2, which was identified in two independent genetic

screens from the mutants methyl-jasmonate resistant1 and

jasmonate-insensitive1 (Berger et al., 1996; Lorenzo et al., 2004).

MYC2 positively regulates genes involved in wounding re-

sponses but negatively regulates genes involved in pathogen

defense (Lorenzo et al., 2004). Interestingly, ERF1 also differen-

tially regulates these two branches of the JA signaling pathway

but with the opposite effect of MYC2 (Lorenzo et al., 2003,

2004). Several studies have demonstrated that MYC2 preferen-

tially binds to G-box or G-box–related hexamers in the pro-

moters of target genes (Abe et al., 1997; de Pater et al., 1997;

Yadav et al., 2005; Chini et al., 2007; Dombrecht et al., 2007). A

number of genes encoding transcription factors involved in

JA-mediated transcriptional regulation have these G-box motifs

in their 5# regulatory sequences, including MYC2 and ERF1

(Dombrecht et al., 2007).

IDENTIFICATION OF THE JAZ PROTEINS

Three groups independently identified a family of proteins in

Arabidopsis that function as repressors in the JA signaling

pathway using either genetic or transcript profiling approaches.

These proteins are known as JAZ proteins because their

transcripts increase in abundance upon jasmonate treatment

and they share a 28–amino acid ZIM domain of unknown

function (Chini et al., 2007; Thines et al., 2007). In the study by

Thines et al. (2007), eight members of the JAZ family werewww.plantcell.org/cgi/doi/10.1105/tpc.107.056960
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identified as rapid JA-responsive genes in microarray experi-

ments that involved JA treatment of the jasmonate synthesis

mutant opr3. Database searches identified five additional genes

that encoded related proteins, bringing the total number of family

members to 12 (Thines et al., 2007). In a separate study, Chini

et al. (2007) characterized the mutant jasmonate-insensitive3-1

(jai3-1) they had identified in a forward genetic screen. Positional

cloning of the jai3-1 mutation identified a base change in an

intron acceptor site of the gene now known as JAZ3. The jai3-1

mutation results in the production of a truncated protein that

causes a jasmonate-insensitive phenotype and impaired tran-

scriptional responses to jasmonate (Chini et al., 2007). Finally,

Yan et al. (2007) selected candidate JA signaling genes from

microarray experiments and made transgenic plants over-

expressing these candidate genes. One of the transgenic lines,

overexpressing a predicted alternatively spliced transcript from

a gene they called Jasmonate-Associated1 (JAS1), reduced

MeJA sensitivity in root elongation assays. Using the nomen-

clature of Chini et al. (2007) and Thines et al. (2007), JAS1 is also

known as JAZ10.

JAZ PROTEINS ARE SUBSTRATES OF SCFCOI1

Working with different members of this protein family, all three

groups found that expression of truncated proteins lacking all or

part of a conserved domain in the C terminus reduced plant

sensitivity to jasmonate, whereas expression of the full-length

proteins had little effect (Chini et al., 2007; Thines et al., 2007;

Yan et al., 2007). Subsequent studies found that full-length

JAZ1, JAZ6, and JAI3/JAZ3 proteins are degraded following

jasmonate treatment in a proteasome-dependent manner (Chini

et al., 2007; Thines et al., 2007). However, these same proteins

were stabilized in the coi1-1 background, implicating SCFCOI1 in

a JAZ degradation pathway (Chini et al., 2007; Thines et al.,

2007). Truncated versions of JAZ1, JAZ6, and JAZ3, lacking their

respective C-terminal domains, were resistant to jasmonate-

induced degradation (Chini et al., 2007; Thines et al., 2007).

Moreover, expression of the truncated version of JAI3/JAZ3,

either in transient expression assays or in the jai3-1 background,

blocked the degradation of full-length JAZ3, JAZ1, and JAZ9

(Chini et al., 2007). These results suggest that the dominant

jasmonate-insensitive phenotype of plants expressing truncated

JAZ proteins is due to stabilization not only of the truncated

protein but additional JAZ family members as well. The data are

consistent with a model in which the JAZ proteins are repressors

of jasmonate signaling. Furthermore, mutants harboring null

T-DNA insertion mutations in JAZ2, JAZ5, JAZ7, and JAZ9 failed

to exhibit jasmonate-related phenotypes, suggesting that these

genes function redundantly (Thines et al., 2007). Interestingly,

RNA interference lines that knocked down expression of JAS1/

JAZ10 exhibited hypersensitivity when treated with MeJA

compared with wild-type plants (Yan et al., 2007). Perhaps the

JAS1/JAZ10 RNA interference construct targets additional JAZ

genes leading to the jasmonate phenotype.

Genetic data suggest that the JAZ proteins serve as sub-

strates for SCFCOI1. To test this idea further, both the Browse

and Solano groups examined the ability of JAZ1 and JAI3/JAZ3

to interact with COI1 using in vitro pull-down assays, and both

groups demonstrated an interaction (Chini et al., 2007; Thines

et al., 2007). This interaction was confirmed for JAZ1 using yeast

two-hybrid (Y2H) assays (Thines et al., 2007). Interestingly, Chini

et al. (2007), demonstrated that it is the N-terminal half of JAI3/

JAZ3 that interacts with COI1. This is somewhat surprising given

that C-terminal domain deletions stabilize these proteins.

An important issue in JA signaling is the chemical nature of the

signal. Although exogenous JA elicits a response, earlier data

strongly suggest that it is not the active signaling molecule. The

JASMONIC ACID RESISTANT1 (JAR1) protein is an adenylating

enzyme that catalyzes the conjugation of JA to amino acids such

as L-isoleucine (JA-Ile) (Staswick and Tiryaki, 2004). Because

jar1 mutants are resistant to the inhibitory effects of MeJA on

growth, conjugated forms of JA are predicted to be the active

molecules (Staswick et al., 1992). Indeed, the COI1–JAZ1 pro-

tein interaction in Y2H assays was promoted by the inclusion of

JA-Ile but not of JA alone, MeJA, or another precursor called

12-oxo-phytodienoic acid (Thines et al., 2007). In vitro pull-down

assays confirmed the Y2H results and demonstrated that a

JA-Leu derivative could promote the COI1–JAZ1 interaction but

was at least 50-fold less effective than JA-Ile, whereas JA-Phe

and JA-Trp had no activity (Thines et al., 2007).
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Figure 1. Model for Jasmonate Response in Arabidopsis.

(A) MYC2 (green) binds to G-box motifs adjacent to JA-regulated genes.

JAZ proteins (blue) repress MYC2 activity through a direct interaction

between the C terminus of JAZ and the N terminus of MYC2.

(B) JA is conjugated to L-Ile by JAR1 (yellow). JA-Ile promotes the

interaction of JAZ proteins with SCFCOI1 (gray), leading to polyubiquiti-

nation (Ub) and subsequent degradation by the 26S proteasome (pink).

Degradation of the JAZ repressors frees MYC2 to mediate JA-responsive

transcriptional changes.
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JAZ PROTEINS LINK SCFCOI1 WITH

TRANSCRIPTIONAL ACTIVATION

The JAZ proteins do not have an obvious DNA binding domain,

suggesting that their effects on transcription could be indirect

(Chini et al., 2007). Pull-down and Y2H assays indicate that the

C-terminal domain of JAI3/JAZ3 interacts with sequences at the

N terminus of MYC2 (Chini et al., 2007). Therefore, it is possible that

JAI3/JAZ3 directly blocks MYC2 function. JAI3/JAZ3 degrada-

tion via SCFCOI1 in response to JA would permit MYC2 to activate

or repress downstream target genes in JA signaling pathways.

Interestingly, several of the JAZ genes are themselves upregu-

lated in response to jasmonate or are constitutively expressed in

untreated plants expressing MYC2 from the cauliflower mosaic

virus 35S promoter (Chini et al., 2007). These findings indicate

that a negative feedback mechanism may limit the response after

the initial jasmonate perception.

CONCLUSIONS AND FUTURE STUDIES

The discovery of the JAZ proteins and the elucidation of their

role in JA signaling are exciting and important because it links

several active areas of research into a coherent signaling

pathway (Figure 1). The data presented in these recent aricles

imply that JAZ proteins bind and repress the transcription

factors that modulate transcription of JA-responsive genes. In

summary, JAR1 conjugates JA to JA-Ile, which in turn promotes

the interaction between SCFCOI1 and the JAZ repressors. This

interaction results in the degradation of the JAZ proteins and

subsequent derepression of transcription factors, such as

MYC2. It is striking how similar the JA signaling pathway is to

the auxin signaling pathway established only a few years ago

with the discovery that SCFTIR1 serves as an auxin receptor

(Dharmasiri et al., 2005a; Kepinski and Leyser, 2005). Indeed,

COI1 is the closest known relative to the TIR1/AFB family of

F-box proteins (Dharmasiri et al., 2005b), and based on this

similarity, it has been suggested that COI1 may be a JA receptor

(Parry and Estelle, 2006; Tan et al., 2007). Now, with the

identification of COI1 substrates and the recent determination of

the structure of TIR1, it should be possible to test this possibility

directly. However, even with the establishment of COI1 as a

potential site of JA perception, some fascinating questions

remain. For example, what constitutes the JA receptor? Does

JA-Ile bind COI1, JAZs proteins, or are both proteins required to

form the receptor? How many ligands derived from JA promote

the interaction of COI1 and JAZ proteins and is there any

specificity with respect to different JA conjugates and members

of the JAZ family? Coronatine is a phytotoxin from the plant

pathogen Pseudomonas with structural similarity to JA-Ile. Does

it directly promote COI1–JAZ interactions, and how many other

pathogens produce molecules that can directly activate JA

responses through this signaling mechanism?

To date, Aux/IAA proteins are the only known substrates of

SCFTIR1/AFB complexes, but it is possible that there are others.

Are the JAZ proteins the only substrates SCFCOI1? Histone

deacetylases can negatively regulate transcription, have been

shown to interact with COI1 in planta (Devoto et al., 2002), and

have been implicated in JA signaling (Zhou et al., 2005). Could

they also be substrates for COI1? On the other side of the

signaling equation, how many transcription factors can the JAZ

repressors bind and is there any specificity for repressor-

transcription factor binding? As these questions and others are

addressed in the future, we can expect new insights into the

mechanism of JA signaling and its importance in various

aspects of plant growth and survival.
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