
Jasmonate

Jasmonates are ubiquitously occurring lipid-derived compounds with signal functions 
in plant responses to abiotic and biotic stresses, as well as in plant growth and 
development.

In 1962, jasmonic acid methyl ester was isolated for the first time from the essential oil 
of Jasminumgrandiflorum

The first physiological effects of JAME, however, and its free acid (JA) were only 
observed two ŘŜŎŀŘŜǎ ƭŀǘŜǊΦ Lƴ мфулΣ ¦ŜŘŀΩǎ ƎǊƻǳǇ ƛƴ hǎŀƪŀΣ Japan, described a 
senescence-promoting effect of JA, and {ŜƳōŘƴŜǊΩǎgroup in Halle, Germany, isolated 
and characterized these compounds as growth inhibitors

History



Oxylipin

Oxylipins are biologically active signaling molecules derived from oxygenated 
polyunsaturated fatty acids and are found ubiquitously in most living organisms.

In mammals, the eicosanoids, which include prostaglandins, are one of the best-
studied groups of biologically important oxylipins.

Of the various oxylipins synthesized enzymatically through the oxylipin (also 
known asoctadecanoid) pathway, the plant hormones JAs (e.g.jasmonic acid and 
its methyl ester, MeJA) are often considered to be the structural and, in some 
cases, functional analogues of prostaglandins in animals.

In 1984,Vick and Zimmerman provided one of the first insights into the 
biosynthesis of jasmonate (JA)



Prostaglandin E1

http://en.wikipedia.org/wiki/Image:Prostaglandin_E1.svg


LOX- Lipooxygenase
AOS-allene oxide synthase
AOC-allene oxide cyclase

HL- hydroperoxy lyase

Jasmonate Biosynthesis



Application of LA to plants results in accumulation of JA

The A. thaliana fad3-2 fad7-2 fad8 mutants which have very low levels of linolenic acid
are unable to accumulate JA in response to wounding

Free LA levels doubled within 1 h after wounding, while JA levels rose 10-fold.
Therefore, the wound-induced increase in JA level could have resulted from release of 
linolenic acid from phospholipids, or the utilization of LA present before wounding for 
JA biosynthesis.

This indicates that the level, distribution, or availability of LA could determine the rate 
of JA biosynthesis.



Intracellular location of enzymes and intermediates in JA biosynthesis, illustrated on a 
SEM of a barley mesophyll cell showing the associated cellular compartments





JA inhibits root elongation and this property has been extensively exploited for the 
identification of JA signaling mutants

Jasmonate Signaling





One of the first JA signaling mutants identified was the Arabidopsis coronatine
insensitive1(coi1) mutant. Root elongation of coi1 mutant seedlings showed reduced 
sensitivity to JAs but also to coronatine (COR), a functional JA homolog and toxin 
produced by the bacterial pathogen Pseudomonas syringae. The COI1 locus encodes an F-
box protein

COI1 (CORONATINE INSENSITIVE)

JAR1 (JASMONATE RESISTANT1)

JIN1 (JASMONATE INSENSITIVE1)

jar1 shows reduced sensitivity to exogenous JAs. JAR1 encodes a JA amino acid synthetase
involved in conjugating jasmonic acid to Ile

jin1 also shows reduced sensitivity to exogenous JAs. JIN1 (also known as MYC2) encodes
a basic helix-loop-helix-type transcription factor involved in the transcriptional regulation 
of JA-responsive gene expression
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Protein degradation

JA responsive gene expression 

JIN1/MYC2
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jai3 shows a dominant JA insensitive phenotype. JAI3 is an early-JA responsive gene and 
required for JA insensitivity. It encodes a protein of unknown function containing a ZIM
(zinc finger protein expressed in inflorescence meristem) domain. It was renamed as 
JASMONATE ZIM DOMAIN3 (JAZ3, Chini et al., 2007).

Thines et al., (2007) used a reverse genetic approach and analyzed the functional 
significance of JA inducible JAZ protein family in JA signaling. They found when a truncated 
version of JAZ1 called JAZ1D3 was transgenically expressed in Arabidopsis, a coi1-like 
Phenotype could be observed.

Experimental evidence from these two groups further support that JAZ1 and JAZ3 are indeed
long-sought repressors of JA signaling pathway, and their degradation by ubiquitination is
required for the activation of JA-responsive gene expression.



Transcriptional corodination of JA signaling



JA-Auxin cross talk

Proteasome connection:  Like SCF TIR1 , SCF COIplays a central role in JA signaling. Not 
surprisingly, therefore, most cross talk among these pathways revolves around the SCF
E3 ubiquitin ligase.

mutations in CULLIN1/AUXIN RESISTANT6 (AXR6) component of the SCF 
ubiquitin ligase and CSN complexes compromise auxin, JA, and light responses

AXR1, which encodes a subunit of the RUB1-activating enzyme that regulates 
the protein degradation activity of SCF complexes, regulates both SCFTIR1 and 
SCFCOI1involved in auxin and JA signaling, respectively. The axr1mutant shows 
reduced sensitivity to both JA and auxin

Auxin and JA pathways are also interlinked at the level of ARFs. At least two 
ARFs, ARF6 and ARF8, are required for JA biosynthesis and flower fertility the 
arf6/arf8 double mutant shows JA deficiency, aberrant flower development, 
and reduced expression of several JA biosynthesis genes in flowers



JA and ethylene

Cooperation and antagonism: JA and ethylene (ET) can either cooperate or act as
antagonists in the regulation of different stress responses (i.e. to pathogen attack, 
wounding and ozone exposure) and developmental processes.

In the case of pathogens, both hormones cooperate or synergise in the activation 
of defence gene expression. Mutants that are affected in the synthesis or 
perception of either JA or ET are impaired in the induction of defences and show 
an increased susceptibility to pathogens.

However, in the case of the wound response in Arabidopsis, an antagonistic 
interaction between JA and ET has been described in the activation of local 
responses in the damaged tissues.

ERF1 plays a key role in the integration of JA and ET signals in the activation of 
plant defences.ERF1 expression is induced upon necrotrophic pathogen
ƛƴŦŜŎǘƛƻƴ ŀƴŘ ǊŜƎǳƭŀǘŜǎ Ψƛƴ ǾƛǾƻΩ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ defence-related genes, such 
as PDF1.2 and b-CHI. Constitutive expression of ERF1 in transgenic plants is 
sufficient to enhance resistance to several necrotrophic fungi



In addition to being regulated by pathogens, the expression of ERF1 (and ERF1-
targets) is induced by ET and JA, and this induction depends on the simultaneous
action of the JA and ET signalling pathways.

Mutations that block either of these signalling pathways (i.e. ein2or coi1) block 
the induction of ERF1 expression and its targets.

In addition to ERF1, several other ERFs are also induced by JA and ET and are 
possibly involved in the regulation of defences against pathogens, which suggests 
that these genes might share partially redundant functions with ERF1



JA ðABA crosstalk

Both antagonistic and synergistic interactions occur between abscisic acid (ABA) and 
JA signaling in Arabidopsis.

Exogenous application of JA inhibits germination in several species and shows a
synergistic effect with ABA in Arabidopsis. However endogenous JA acts 
antagonistically to ABA for seed germination. For instance,  JA-insensitive 
mutants, coi1-16 and jar1, are hypersensitive to ABA during seed germination

Both ABA and MeJA induce stomatal closure, most likely by triggering the 
production of reactive oxygen species (ROS) in stomatal guard cells

JIN1/MYC2, a negative regulator of JA-dependent pathogen defense gene 
expression, positively regulates ABA-dependent drought responses

ABA and JA have been reported in responses to wounding. ABA perception is 
required for the induction of the PROTEINASE INHIBITOR (PIN) gene in response 
to wounding and induction of JA synthesis (and signalling) by ABA has been 
widely documented



JA signaling scheme



ACX Acyl-CoA oxidase
a-LeA a-linolenic acid
AOC Allene oxide cyclase
AOS Allene oxide synthase
HPL Hydroperoxide lyase
HPOD Hydroperoxyoctadecadienoic acid
HPOT Hydroperoxyoctadecatrienoic acid
IP3 Inositol triphosphate
JA Jasmonic acid
JAME Jasmonic acid methyl ester
JAR1 JA conjugate synthase
JIP Jasmonate-induced protein
LOX Lipoxygenase
OPDA cis(þ)-12-oxophytodienoic acid
OPR OPDA reductase
PA Phosphatidic acid
PIN Proteinase inhibitor
PUFA Polyunsaturated fatty acid
SAG Senescence-associated gene
TD Threonine deaminase

Abbreviations
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