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Jasmonates (JAs) regulate a wide range of developmental processes in plants and play a central role in
regulating plant defense against biotic stresses such as pathogen infections and insect attacks. A transgenic
Arabidopsis line containing the JA inducible VSP1 promoter linked to the Luciferase (LUC) reporter gene was
mutagenized using random T-DNA insertion tags. Previous genetic screening of these lines through LUC activity
identified 12 Arabidopsis mutants with reduced (jas mutants) or enhanced (jae mutants) P VSP1::Luciferase
reporter gene expression upon JA treatment. Here we report phenotypic evaluation of these mutants in response
to pathogen infection using Pseudomonas syringae pv. tomato DC 3000 strain. Out of 12 JA-related mutants, five
(jas1, jas2, jas5, jas9 and jae1) showed increased susceptibility compared to the parental line, while one mutant
(jas7) expressed significant resistance to the bacterial DC 3000 strain. Further molecular characterization of the
selected resistant (jas7) and susceptible (jas1) mutants was conducted. Although both mutants were identified
as jasmonate-signaling suppressors (jas) at the protein level, the LUC gene was constitutively expressed in jas7
at the mRNA level, while it was abolished in jas1. On the other hand, the endogenous VSP1 gene was
constitutively expressed in jas1, but not in jas7 and the parental line. In addition, the expression of two
pathogen responsive marker genes (PDF1.2 and THI2.1) were constitutively expressed in the disease resistant
mutant (jas7), while expression in the disease susceptible mutant (jas1) was nearly undetectable before JA
treatment. Genetic analysis of the jas1 mutant in an F 2 segregation population demonstrated that a single
recessive gene in jas1 regulates its disease susceptibility.
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Introduction

external signals, allowing adequate and finetuned responses to environmental conditions.
One of the mechanisms by which plants
regulate their protective responses against both
biotic and abiotic stresses is through plant
phytohormones, such as jasmonic acid (JA),
abscisic acid (ABA), salicylic acid (SA), ethylene
(ET) and indole acidic acid (IAA). Of these, JA, SA
and ABA are at center stage in governing the
environmental-defense system in plants. JA and
SA play a major role in plant biotic stress
defense while ABA plays a critical role in plant
abiotic stress defense. Cross-talk and
established networks among all these
hormones are the keys to plant defense
systems [5, 6]. For example, JA also plays

Adverse environmental factors, such as
pathogens and insects, are a continuous threat
to land plants throughout their life cycles [1, 2].
These adverse environmental factors affect
crop productivity for all crop species [3] and
cause significant economic losses world-wide,
especially in developing countries [4]. Biotic
stresses such as fungal, bacterial and viral
infections, and insect attack, caused 31-42
percent ($500 billion) economic losses
worldwide [4].
To cope with the variable stresses, plants have
evolved intricate mechanisms for perceiving
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important roles in plant defense against abiotic
stress through a key regulator, JIN1/MYC2,
which mediates crosstalk between biotic and
abiotic stress response pathways via JA and ABA
signaling [7-10].

level and the mutation lies on the cellulose
synthase gene, suggesting that the inhibition of
cellulose synthesis activates JA- and ethylenedependent stress responses [34]. cev1 mutant
was resistant to pathogen infections [31].

JAs are fatty acid-derived signaling molecules
that are terminal products of the octadecanoid
pathway. JA synthesis is induced by a number of
biotic and abiotic stresses, such as insect attack,
pathogen infections, and drought [11]. JA
induces the expression of wound and pathogen
responsive genes including vegetative storage
proteins [12] and thionins [13].

A critical issue in the improvement of crop
stress tolerance is the lack of knowledge on the
mechanisms used by plants to defend
themselves against stresses. Therefore,
understanding
these
mechanisms
and
identifying genetic components of the signaling
pathways regulating stress defense responses in
plants is essential. Identification of such new
genetic components will enable scientists to
develop new strategies for improving stress
tolerance in crops. In spite of the importance of
JA in mediating the response to stresses which
include ozone exposure, wounding, insect
attack, water deficit, and pathogens [35-38],
current knowledge about the JA signaling
pathway is limited. Several JA-related mutants
have been identified and extensively studied
[16, 23-25, 39], however, their utilization in
crop improvement is not yet demonstrated. In
addition, many components in JA signaling
pathways are currently unknown, and
mechanisms controlling JA-mediated plant
defense have yet to be elucidated. Identifying
these components is important for a
comprehensive understanding of JA signaling
and plant defense regulation, and may thus lead
to the improvement of crop stress tolerance.

Mutant screening based on insensitivity to a JA
analog, coronatine, identified the COI1 gene
that belongs to F-box proteins involved in
protein degradation [14-17]. COI1 complex
directly targeted transcriptional repressors,
such as JAZ proteins [18-21]. JAZ proteins are
differentially expressed in response to various
environmental conditions [18, 19, 21, 22]. Out
of 12 JAZ genes, at least 6 are induced by
DC3000 infection [21, 22] suggesting an
essential role of the JA pathway in plant biotic
defense. In addition to COI1 and JAZ genes,
other JA-insensitive mutants identified include
jar1 [23], jin1 and jin4 [24], and jue1, jue2, and
jue3 [25]. Among these, only jar1 and
jin1(myc2) have been identified at the
molecular level [9, 26]. JA mutants exhibit
varying susceptibility to different types of
pathogens. For example, coi1 is more resistant
to bacterial pathogens [14, 27] but more
susceptible to fungal pathogens Alternaria
brassicicola and Botrytis cinerea [28]. Similarly,
jin1/myc2
mutants
displayed
reduced
susceptibility to P. syringae pv. tomato DC3000
[29, 30]. On the other hand, jar1 mutant
showed no detectable effect on Arabidopsis
susceptibility to P. syringae pv. tomato DC3000
[27, 29].

One of the JA-responsive genes is the
vegetative storage protein gene (VSP) first
identified in soybean [40]. VSPs were originally
named based on their localization in vacuoles of
paraveinal mesophyll cells and accumulation in
leaves upon de-podding [40, 41]. They were
presumed to act as a temporary storage of
amino acids during growth inhibition due to lack
of water [41]. VSP gene expression is induced
by wounding, insect attack, water deficit and JA
treatment [41]. The soybean VSP promoter is
well characterized and the JA-, sugar- and
phosphate-response domains are well defined
[42]. Arabidopsis VSP was shown to be

Mutants with constitutive or enhanced
responses to JA include cev1 [31], cet1 to 9 [32],
cex1 [33], and joe1/2 [25]. Among them, only
cev1 has been characterized at the molecular
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regulated similarly to soybean VSP [43]. AtVSP
expression is well characterized and suitable for
dissection of signal transduction pathways as
VSP gene expression is activated by mechanical
wounding, insect feeding and JA treatment [43].
Though some components of JA signaling are
known, there are many components in JA
signaling that are poorly understood or
unknown. Exploiting VSP as a target gene of JA
will enable scientists to identify new
components of JA signaling and elucidate the
mechanisms governing JA-mediated plant
defense.

Wild type Arabidopsis (ecotype Col-0 and/or
WS4) and the parental line WS-LUC, together
with 12 previously isolated JA-related mutants
were grown in pots in a 14-hr-light/10-hr-dark
growth chamber at temperature of 23oC. Light
intensity and humidity were controlled at
approximately 130 µmol m-2 and 50%
respectively. The 12 JA mutants analyzed in this
study were named jas1-9 and jae1-3; jas
mutants exhibited luciferase activities lower
than the parental line, while jae mutants
displayed
enhanced
luciferiase
activity
compared to the parental line.

Previously, we transformed an AtVSP promoterreporter fusion construct into the Arabidopsis
WS4 ecotype using the firefly luciferase (LUC)
reporter gene. Subsequent T-DNA mutagenesis
generated 12 novel mutants that exhibited
altered reporter gene expression upon JA
treatment [44]. Further characterization of
these mutants in response to different stresses
and identification of the corresponding genes
will provide deep insights into the involvement
of the JA pathway in plant defense and may
provide new strategies to improve stress
tolerance in crops. The objectives of this study
are to develop an in vitro pathogen inoculation
system and use it to investigate the response of
JA mutants to P. syringae strain DC 3000
infection. Molecular characterization was also
performed for the resistant mutant jas7 (see
materials section) and the selected susceptible
mutant jas1 (see materials section). In addition,
genetics on disease susceptibility in jas1 was
analyzed in an F2 segregation population
generated between jas1 and Arabidopsis
ecotype Col-0. A single recessive gene mutation
was responsible for the susceptibility to DC
3000 in jas1. Further genetic studies and mapbased cloning of the corresponding gene in jas1
may lead to new strategies for improvement of
crop disease resistance.

For bacterial pathogen DC3000 growth and
recovery, all cultures and recovered bacteria
from the infected leaves were incubated on
King’s B (KB) medium at 30oC with (bacteria
preparation) or without (bacteria recovery)
shaking.
In vitro pathogen inoculation system
An in vitro system for evaluating plant disease
resistance was developed using wild-type
ecotype Col-0. Leaves from 3-week old WS4
plants were inoculated with P. syringae pv.
tomato strain DC 3000 (ATCC). DC 3000 bacteria
were cultured overnight, diluted in a 1 to 10
ratio, and then grown at 30oC until the OD 600
reached 0.6-0.9. 1 ml of the freshly cultured
bacteria was centrifuged and the pellet was resuspended in 1 ml MgSO4 (10mM). The final
concentration of the bacteria was adjusted to
OD = 0.001 with MgSO4. To improve pathogen
attachment onto the leaf surfaces, the
pathogen-MgSO4 mixture was supplemented
with 0.05% Silwet L-77. For in vitro inoculation,
leaves from position 5 or 6 were detached from
Col-0 plants and plated on water-agar medium.
Leaves were inoculated with 5 µL of OD=0.001
DC 3000 mixture or a mock solution (10 mM
MgSO4 and 0.05% Silwet L-77) as a control. The
inoculated and control leaves were covered and
incubated at 23oC 14/10 light dark cycle.
Bacterial growth rate on leaves was quantified
by rescuing bacterial cultures from inoculated
leaves on day 0, 1, 2, 3, and 4. Leaves were
disinfected with 70% ethanol then ground in

Materials and methods
Materials and growth conditions
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500 µl MgSO4. Series of dilution were made
depending on the incubation time and
symptoms. 20 µl of the diluted sample was
spread on solid KB medium containing 25 mg/L
rifamycine and incubated at 30oC for 2 days.
The number of bacterial colonies rescued from
infected leaves was recorded and bacterial
growth rates were calculated.

primer 5’-GAAGTTCACCGGCGTCAT-3’) and
endogenous AtVSP1 gene (forward primer 5’GTCGATGGATCCATGAAAATCCTCTCACTTTCAC-3’
and reverse primer 5’-CGTGCGCTCGAGTTA
AGAAGGTACGTAGTAGAGT-3’) were examined
for their expression and response to JA
treatment. The expression of JA and pathogen
responsive marker genes Thi2.1 (forward primer
5’-GGTCATGGCACAAGTTCAAGTA-3’ and reverse
primer
5’-GGTGGGACTACATAGCTCTTGG-3’),
PDF1.2 (forward primer 5’-TCATGGCTAA
GTTTGCTTCC-3’ and reverse primer 5’AATACACACGATTTAGCACC-3’),
were
also
examined. Arabidopsis actin 1 gene (forward
primer
5’-ATGCTGGTATCCATGAAACCACCT-3’
and reverse primer 5’-CCTGTGAACAATCGA
TGGACCTGA-3’) was used as loading control.
PCR products were resolved by electrophoresis
on 1% agarose gels and detected by UVP gel
imagining system.

Evaluation of Disease Resistance in Mutants
To evaluate the mutants’ responses to
pathogens, leaves from 3-week old mutant
plants were inoculated with P. syringae strain
DC 3000 as described above. After 3 days
incubation, photographs were taken to assess
the disease symptoms. The bacterial growth
rates on the leaves were quantified as
described above on leaves 3 days post
inoculation. The number of bacterial colonies
rescued from inoculated leaves was recorded
and bacterial growth rates were calculated. All
experiments were biologically duplicated and
the results were statistically analyzed using
Student’s t-test.

Results
Development of in vitro pathogen inoculation
system
The in planta inoculation system, either by dip
infection or leaf infiltration, has been widely
used for plant disease resistance evaluation in
Arabidopsis [21, 45]. We developed and
validated an in vitro inoculation system for
Arabidopsis to accelerate the disease resistance
evaluation and screening process. Leaves
excised from 3-week-old Col-0 plants were
placed on water-agar medium and inoculated
with P. syringae strain DC3000 or a mock
solution as a control. Mock-inoculated leaves
showed no signs of infection within a 4-day
incubation period (Figure 1A) and no DC3000
bacteria were recovered (data not shown).
However, DC 3000 inoculated leaves gradually
developed infection symptoms within the 4-day
period (Figure 1A). Bacteria recovery was
performed 0, 1, 2, 3, and 4 DPI (Day Post
Inoculation). Over the first 3 DPI, DC3000
bacteria grew significantly and the amount
recovered increased steadily (Figure 1B).
However, after 3 days of inoculation, bacterial

Total RNA Isolation and RT-PCR
To molecularly characterize JA mutants, leaves
from three-week old plants from parental line
and the selected mutants were treated with 0.1
mM MeJA or in the mock solution (control) for
24 hrs. Total RNAs were extracted using the
Spectrum Plant Total RNA Kit (Sigma, St. Louis,
MO, USA) following the manufacturer’s
instructions. Total RNAs were quantified by
NanoDrop and quality assessed by agarose gel
electrophoresis. RT-PCR reactions were
performed using 2 µg of total RNA in a 20 µl
reaction with a one step reverse transcriptase
Superscript III (Invitrogen, Carlsbad, CA, USA) as
per the manufacturer’s instructions. The PCR
reactions were performed with gene specific
primers using 1 µl of the RT mixtures as
template under the following conditions: 95oC,
3 min, then 30 cycles of amplification (95oC for
1 min, 60oC for 1 min, and 72oC for 1 min) and a
final elongation period of 10 min at 72oC. Both
LUC reporter gene (forward primer 5’CTGCCTGCGTCAGATTCTCG-3’, and reverse
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A:

Previously, we identified 12 novel JA-related
mutants using PVSP::Luciferase as the reporter
[44]. Because JA signaling affects several
responses to biotic factors, we wanted to
determine whether the newly isolated JA
mutants had altered responses to pathogen
infections. We used P. syringae strain DC3000,
to inoculate leaves from 3-week old plants
grown in a growth chamber with 14/10 hour
L/D cycle. As shown in Figure 2, considerably
different responses were observed among JA
related mutants. Of these, the jas7 mutant
showed strong resistance to DC3000 infection,
whereas jas1, jas2, jas5, jas9 and jae1 mutants
displayed significantly increased susceptibility
to pathogen infection. All other mutants
showed no difference compared to the parental
line WS-LUC.

B:
Log value of total bacteria recovered

10
9
8
7

The number of DC3000 colonies rescued from
inoculated leaves was recorded to quantify
bacterial growth rates as a measure of
susceptibility to pathogen infection in JA
mutants (Figure 3). Consistent with the
observed phenotypes (Figure 2), the amount of
bacteria recovered from inoculated jas7 leaves
was significantly less than the amount
recovered from the parental line (Figure 3). On
the other hand, significantly more bacteria were
recovered from infected jas1, jas2, jas5, jas9
and jae1 leaves than that of wild-type. Taken
together, we concluded that among all mutants
tested, the mutant jas7 was strongly resistant
to pathogen infection, while mutant jas1, jas2,
jas5, jas9 and jae1 were significantly susceptible
to DC 3000 infection.
Alternation of pathogen responsive genes in
disease resistant and sensitive mutants
The relationship between JA and disease
resistance was further investigated by analyzing
the expression of several JA and pathogen
responsive marker genes in the jas1
(susceptible) and jas7 (resistant) mutants. We
first examined the expression of the reporter
gene luciferase in response to JA treatment. In
the parental line WS-LUC, as predicted, LUC
gene expression was considerably induced upon
JA treatment ( Figure 4 ). In contrast, LUC

6
5
4
3
2
1
0
0

1

2

3

4

Day

Figure 1. Development of in vitro pathogen inoculation and
evaluation system in Arabidopsis. A. Disease symptoms developed
during 4-day incubation period. Upper panel is representatives
from control (inoculated with 5 µl of mock solution) experiment;
lower panel are representative leaves that were inoculated with 5
µl DC 3000 bacteria at OD=0.001. B. Bacterial growth in
Arabidopsis wild type Col-0 following in vitro inoculation. Data
points represent the average of two replicates. Bars represent
standard deviation (SD).

growth reached stationary stage, and the
number of bacteria recovered did not change
significantly between day 3 and day 4. This
result is comparable to those found using the in
planta leaf-infiltration inoculation system [4547]. Therefore, the in vitro inoculation system
was used in this study to examine the response
of JA-related mutants to pathogen infections.
Evaluation of DC 3000 induced responses in
mutants
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Figure 2. Disease symptoms of all 12 novel JA-related mutants 3 days after inoculation with 5 µl of DC 3000 (OD=0.001). Upper panel showed
jas1-5 and lower panel showed jas6-9 and jae1-3. At least two leaves were inoculated for each mutant. Photographs showed the
representatives for each.

expression in jas1 was completely inhibited,
even after JA treatment, consistent with our
previous findings at the luciferase protein level
[44]. On the other hand, LUC gene expression
was constitutive in the mutant jas7, regardless
of JA treatment. Previously we identified jas7 as
JA-signal suppressive mutant at the protein
level [44]. These contradictory results may
implicate that post transcriptional regulation
may be involved in LUC gene expression in jas7.

parental line, but barely detectable in jas1.
When treated with JA, these two genes were
significantly induced in both the parental line
and jas1, however no changes were observed in
their expression in the resistant mutant jas7.
The constitutive expression of PDF1.2 and
THI2.1 may confer DC 3000 resistance to jas7
mutants.
A single recessive allele regulates disease
susceptibility in jas1 mutant
To further genetically characterize the
corresponding gene in jas1 mutant, jas1 was
crossed to Arabidopsis ecotype Columbia (Col0), and disease susceptible phenotypes of jas1
mutants in the F2 progeny were screened using
in vitro inoculation system. Figure 5 showed
representatives of inoculated leaves from
individual F2 plants. Segregation among F2
individuals on disease susceptibility was
observed. 47 of 159 F2 progenies tested were
susceptible to DC3000 infection while 112
showed resistance (or no difference with wildtype) phenotype (Table 1). Chi square test
confirmed a single recessive allele controlling

We then investigated the expression of
Arabidopsis endogenous VSP1 gene. Both
parental line and the mutant jas7 showed the
expected expression patterns: low or no
expression before JA treatment, and significant
induction by JA treatment (Figure 4).
Surprisingly, in jas1, VSP1 was constitutively
expressed. Lastly, we analyzed the expressions
of two marker genes in plant defense
responses, PDF1.2 and THI2.1. The expression
of these two genes in wild type Arabidopsis was
both induced by JA and pathogen infection [4849]. As shown in Figure 4, before JA treatment,
both genes were slightly expressed in the
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jas1

jas7

WS-LUC

jas1

jas7

MeJA

WS-LUC

Figure 3. Recovery of bacterial growth in Arabidopsis JA-related mutants after 4 days in vitro inoculation with 5 µl DC 3000 (OD=0.001). Data
represent the average of two replicates. * indicates significant difference with the parental line (WS-LUC) at P=0.05. Bars represent standard
deviation of the means (SD).
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+

+

+

LUC
VSP1

PDF1.2
THI2.1

ACTIN1
Figure 4. Molecular characterization of jas1 (susceptible) and jas7 (resistant) mutants. The parental plants, jas1 and jas7 mutants were treated
with 0.1 mM JA or mock for 24 hours prior to total RNA isolation. Transcript levels for LUC, VSP1, PDF1.2 and THI2.1 were monitored by reverse
transcription-polymerase chain reaction (RT-PCR). Arabidopsis actin1 gene was used as an internal control.
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TableTable
1. 1.Chi
square
statistics
forcontrol
oneofgene
Chi square
statistics
for one gene
disease control
resistance inof
F2 disease
population. resistance in F2 population
Phenotype

Observed

Expected

Resistant

112

119

47

40

159

159

Susceptible
Total
Chi-square for 3:1 ratio

1.6368

P-value

0.20<P<0.975

susceptibility to DC3000 infection in jas1
mutant (Table 1).

proper modification, can be extended to crop
species.
With the in vitro inoculation system, incubation
conditions can be easily synchronized so
pathogens grow uniformly. This system is
suitable for large scale mutant screening. In
addition, since the same amount of pathogen
was applied to all leaves, the symptoms will be
due to the response to infection, and not on
variations of initial inoculum levels. If bacterial
recovery is desired for the experiment, the
procedure is simplified because leaf areas do
not have to be considered.

Discussion
Pathogen infection is a major challenge for crop
production and seed quality improvement.
Identifying novel mutants related to disease
resistance, and understanding their functions in
defense against pathogens are essential to
improve disease resistance in crops. Here, we
developed an in vitro plant disease evaluation
system in Arabidopsis, and used it to investigate
disease resistance ability of novel JA-related
mutants. In planta inoculation has been widely
used for disease resistance evaluation [21, 4547]; however, it is time consuming for
inoculation and needs more space and facilities
for the evaluation. To accelerate the mutant
screening and map-based cloning processes for
disease related mutants, a fast, accurate and
easy screening protocol is needed. An in vitro
inoculation system was evaluated in
Arabidopsis in this study. Excised leaves were
inoculated with bacterial DC 3000 pathogen on
water-agar plates, and were incubated at 23oC
under 14/10 light-dark cycle. Leaves became
symptomatic 3 DPI. The bacterial recovery rate
was monitored from day 0 to day 4, and was
similar to in planta inoculation recovery rates
[21, 45-47]. Therefore, this in vitro inoculation
system can be used for further disease
investigation research in Arabidopsis and, with

Although the roles of JA signaling pathway in
plant stress responses have been widely studied
[35-38], and several JA related mutants have
been identified and extensively characterized
for their disease resistance [16, 23-25, 39],
current knowledge about the JA signaling
pathway is still limited and many genetic
components of the JA signaling pathway remain
to be isolated. In order to understand and
elucidate mechanisms controlling JA-mediated
plant defense, we further investigated our
newly isolated JA mutants on their bacterial
pathogen (DC 3000) susceptibility using the in
vitro inoculation system. Half of these mutants
showed no difference in susceptibility to
infection compared to the parental line (Figures
2 & 3). This is not surprising since the JA
signaling pathway is not only involved in plant
biotic and abiotic stress defense, but also
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Figure 5. Segregation of disease susceptibility in an F2 population between jas1 and Arabidopsis ecotype Col-0. At least two leaves from each
individual F2s were detached from plants and in vitro inoculated with DC 3000 strain. Representative individuals were photographed after 4
days in vitro inoculation.

regulates plant developmental processes such
as growth, and reproductive development [9,
14, 50, 51].

into how the JA pathway regulates plant
defense.
All jas and jae mutants were isolated based on
altered luciferase activity following JA
treatment [44]. jas mutants displayed
significantly lower LUC activity than the
parental line. To further characterize the
disease resistant mutant (jas7) and the selected
disease susceptible mutant (jas1) at the
molecular level, gene expression of LUC and
endogenous VSP1 was analyzed using RT-PCR.
Contrary to luciferase protein activity level, the
LUC gene was constitutively expressed in jas7
regardless of JA treatment, while VSP1 was
induced by JA treatment. Furthermore, LUC
gene was not detectable by RT-PCR in jas1
mutants both before and after JA treatment
(consistent with the LUC activity), however
VSP1 was constitutively expressed. Differences
between gene expression and protein levels of
LUC and VSP1 in jas1 and jas7 mutants suggest
that post transcriptional and/or translational
regulation mechanisms are involved in

Of the 12 JA-related mutants studied, only jas7
showed hyper resistance to DC 3000 strain,
whereas 5 JA mutants (jas1, jas2, jas5, jas9 and
jae1) showed increased susceptibility to
bacterial strain DC 3000 infection (Figures 2 and
3). Of these, jae1 was defined as JA-signal
enhancing mutant, and all jas mutants were
classified as JA-signal suppressing mutants. The
fact that both jas and jae mutants were
susceptible to bacterial pathogen infection
suggests that both positive and negative
regulators of JA signaling are involved in JAmediated plant defense. This is in agreement
with previous reports demonstrating the roles
of both positive regulators of JA signaling, such
as WRKY33 [52] and ERF4 [53], and negative
regulators of JA pathway, such as JAZ genes [21]
in defense against biotic stresses. Further
cloning and characterization of these newly
isolated JA-related mutants will provide insight
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regulating functional expression of LUC and
VSP1 genes in these mutants.

jas1 before JA treatment compared to the
parental line.

Constitutive expression of VSP1 gene (cev1) has
led to constitutive activation of jasmonate
pathways and enhanced resistance to fungal
pathogens [31]. cev1 was isolated through EMS
mutagenesis of the Pvsp1::luciferase reporter
transgenic line by monitoring the LUC activity
without JA treatment. Although the VSP1 gene
was constitutively expressed in jas1, the LUC
activity was completely inhibited. In addition,
cev1 mutant displayed strong resistance to
pathogen infection, whereas jas1 showed
increased susceptibility to pathogen infection.
Thus, jas1 and cev1 belong to different class of
JA related mutants.

In an effort towards map-based cloning of the
jas1 gene, an F2 mapping population between
jas1 and Arabidopsis wild type Col-0 was
generated. The study indicated that a single
recessive gene in jas1 was associated with
increased susceptibility. Further identification
of the corresponding gene will provide new
insights into the role of the JA pathway in plant
defense and may lead to novel approaches to
improve biotic stress tolerance in crop species.
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It is of interest that jas1 and jas7 showed
different responses to pathogen infection
although they were defined as JA-signaling
suppressors. In order to understand the
molecular mechanisms regulating pathogen
responses, we examined the expression of two
pathogen responsive marker genes, PDF1.2 and
THI2.1. Both genes were induced in response to
JA and pathogen infection in the parental lines
in our study (Figure 4), consistent with previous
studies in wild type Arabidopsis [48-49, 54].
However, the expression of these two marker
genes in jas1 and jas7 mutants is different from
that of the parental line. In jas7, the pathogen
resistant
mutant,
both
genes
were
constitutively expressed regardless of JA
treatment. In cev1 mutant, all of these marker
genes were constitutively expressed and
displayed enhanced resistance to pathogen
infections [31]. Constitutive expression of these
marker genes indicate that the mutant plants
could always turn on their pathogen defense
system. This could be the cause that leads to
the enhanced resistance to pathogen infections.
On the other hand, jas1 mutant showed
enhanced susceptibility to pathogen infection,
even though VSP1 gene was constitutively
expressed. Furthermore, both PDF1.2 and
THI2.1 expression was lower or undetectable in

Reference
1. Boyer JS. 1982. Plant productivity and environment. Science
218: 443-448.
2. Bohnert HJ, Nelson DE, and Lensen RG. 1995. Adaptation to
environmental stresses. Plant Cell 7: 1099-1111.
3. Zhu JK. 2002. Salt and drought stress signal transduction in
plants. Annual Review of Plant Biology. 53: 247-273.
4. Oerke EC, Dehne HW, Schonbeck F, Weber A. 1994. Crop
production and crop protection—estimated losses in major
food and cash crops. Elsevier Science, Amsterdam, pp 808.
5. Bari R, Jones JD. 2009. Role of plant hormones in plant
defence responses. Plant Mol. Biol. 69: 473-488.
6. Robert-Seilaniantz A, Grant M, Jones JDG. 2011. Hormone
crosstalk in plant disease and defense: More than just
JASMONATE-SALICYLATE antagonism. Annual Review of
Phytopathology 49: 317-343.
7. Abe H, Urao T, Ito T, Seki M, Shinozaki K, Yamaguchi-Shinozaki
K. 2004. Arabidopsis AtMYC2 (bHLH) and AtMYB (MYB)
function as transcriotional activators in abscisic acid signaling.
Plant Cell 15: 63-78.
8. Anderson JP, Badruzsaufari E, Schenk PM, Manners JM,
Desmond OJ, Ehlert C, Maclean DJ, Ebert PR, Kazan K. 2004.
Antagonistic interaction between abscisic acid and jasmonateethylene signaling pathways modulates defense gene
expression and disease resistance in Arabidopsis. Plant Cell
16: 3460-3479.
9. Lorenzo O, Chico JM, Sanchez-Serrano JJ, Solano R. 2004.
Jasmonate-insensitive 1 encodes a MYC transcription factor

89

Journal of Biotech Research [ISSN: 1944-3285]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2012; 4:80-91

essential to discriminate between different jasmonateregulated defense response in Arabidopsis. Plant Cell 16:
1938-1950.
Fujita M, Fujita Y, Noutoshi Y, Takahashi F, Narusaka Y,
Yamaguchi-Shinozaki K Shinozaki K. 2006. Crosstalk between
abiotic and biotic stress responses: a current view from the
points of convergence in the stress signaling networks.
Current Opinion in Plant Biology. 9: 436-442.
Creelman RA, Mullet JE. 1995. Jasmonic acid distribution and
action in plants: regulation during development and response
to biotic and abiotic stress. Proc. Natl. Acad. Sci. USA 92:
4114-4119.
Benedetti CE, Xie D, Turner JG. 1995. COI1-dependent
expression of an Arabidopsis vegetative storage protein in
flowers and siliques and in response to coronatine or methyl
jasmonate. Plant Physiol. 109: 567-572.
Epple P, Apel K, Bohlmann H. 1995. An Arabidopsis thaliana
thionin gene is inducible via signal transduction pathways
different from that for pathogenesis-related proteins. Plant
Physiol. 109: 813-820.
Feys BJF, Benedetti CE, Penfold CN, Turner JG.1994.
Arabidopsis mutants selected for resistance to the phytotoxin
coronatine are male-sterile, insensitive to methyl jasmonate,
and resistant to a bacterial pathogen. Plant Cell 6, 751–759.
Bai C, Sen P, Hofmann K, Ma L, Goebl M, Harper JW, Elledge
SJ. 1996. SKP1 connects cell cycle regulators to the ubiquitin
proteolysis machinery through a novel motif, the F-box. Cell
86: 263-74.
Xie DX, Feys BF, James S, Nieto-Rostro M, Turner JG. 1998.
COI1: An Arabidopsis gene required for jasmonate-regulated
defense and fertility. Science 280: 1091-1094.
Glickman MH, Ciechanover A. 2002. The ubiquitinproteasome proteolytic pathway: destruction for the sake of
construction. Physiol. Rev 82: 373-428.
Chini A, Fonseca S, Fernández G, Adie B, Chico JM, Lorenzo O,
García-Casado G, López-Vidriero I, Lozano FM, Ponce MR,
Micol JL, Solano R. 2007. The JAZ family of repressors is the
missing link in jasmonate signaling. Nature 448:666-671.
Thines B, Katsir L, Melotto M, Niu Y, Mandaokar A, Liu G,
Nomura K, He SY, Howe GA, Browse J. 2007. JAZ repressor
proteins are targets of the SCFCOI1 complex during jasmonate
signaling. Nature 448: 661-665.
Sheard LB, Tan X, Mao H, Withers J, Ben-Nissan G, Hinds TR,
Kobayashi Y, Hsu FF, Sharon M, Browse J, He SY, Rizo J, Howe
GA, Zheng N. 2010. Jasmonate perception by inositolphosphate-potentiated COI1-JAZ co-receptor. Nature
468:400-405.
Demianski AJ, Chung KM, Kunkel BN. 2012. Analysis of
Arabidopsis JAZ gene expression during Pseudomonas
syringae pathogensis. Molecular Plant Pathology 13: 46-57.
Thilmony R, Underwood W, He SY. 2006. Genome-wide
transcriptional analysis of the Arabidopsis thaliana interaction
with the plant pathogen Pseudomonas syringae pv. tomato
DC3000 and the human pathogen Escherichia coli O157:H7.
Plant J. 46: 34-53.
Staswick PE, Su W, Howell SH. 1992. Methyl jasmonate
inhibition of root growth and induction of a leaf protein are

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

90

decreased in an Arabidopsis thaliana mutant. Proc Natl Acad
Sci USA 89: 6837-6840.
Berger S, Bell E, Mullet JE. 1996. Two methyl jasmonateinsensitive mutants show altered expression of AtVsp in
response to methyl jasmonate and wounding. Plant Physiol.
111: 525-531.
Jenson AB, Raventos D, Mundy J. 2002. Fusion genetic
analysis of jasmonate-signalling mutants in Arabidopsis. Plant
J. 29: 595-606.
Staswick PE, Tiryaki I, Rowe M. 2002. The Jasmonate response
locus JAR1 and several related Arabidopsis genes encode
enzymes of the firefly luciferase superfamily that show
activity on jasmonic, salicylic, and indole-3-acetic acids in an
assay for adenylation. Plant Cell, 14: 1405-1415.
Kloek AP, Verbsky ML, Sharma SB, Schoelz JE, Vogel J, Klessig
DF, Kunkel BN. 2001. Resistance to Pseudomonas syringae
conferred by an Arabidopsis thaliana corontine-insensitive
(coi1) mutant occurs through two distinct mechanisms. Plant
J. 26:509-522.
Thomma BP, Eggermont K, Penninckx I, Mauch-Mani B,
Vogelsang R, Cammue B, Broekaert WB. 1998. Separate
jasmonate-dependent and salicylate-dependent defenseresponse pathways in Arabidopsis are essential for resistance
to distinct microbial pathogens. Proc. Natl. Acad. Sci. USA 95:
15107-15111.
Nickstadtx A, Thomma B, Feussner I, Kangasjärvi J, Zeier J,
Loeffler C, Scheel D,
Berger S. 2004. The jasmonateinsensitive mutant jin1 shows increased resistance to
biotrophic as well as necrotrophic pathogens. Molecular Plant
Pathology 5: 425-434.
Laurie-Berry N, Joardar V, Street IH, Kunkel BN. 2006. The
Arabidopsis thaliana JASMONATE INSENSITIVE 1 gene is
reguired for suppression of salicylic acid-dependent defenses
during infection by Pseudomonas syringae. Mol. PlantMicrobe Interaction 19: 789-800.
Ellis C, Turner JG. 2001. The Arabidopsis mutant cev1 has
constitutively active jasmonate and ethylene signal pathways
and enhanced resistance to pathogens. Plant Cell 13: 10251033.
Hilpert B, Bohlmann H, op den Camp R, Przybyla D, Miersch O,
Buchala A, Apel K. 2001. Isolation and characterization of
signal transduction mutants of Arabidopsis thaliana that
constitutively activate the octadecanoid pathway and form
necrotic microlesions. Plant J. 26: 435-446.
Xu L, Liu F, Wang Z, Peng W, Huang R, Huang D, Xie D. 2001.
An Arabidopsis mutant cex1 exhibits constant accumulation
of jasmonate-regulated AtVSP, Thi2.1 and PDF1.2. FEBS Lett
494: 161-164.
Ellis C, Karafyllidis I, Wasternack C, Turner J. 2002. The
Arabidopsis mutant cev1 links cell wall signaling to jasmonate
and ethylene responses. The Plant Cell 14:1557-1566.
McConn M, Browse J. 1996. The critical requirement for
linolenic acid is pollen development, not photosynthesis, in an
Arabidopsis mutant. Plant cell 8: 403- 416.
Berger S. 2002. Jasmonate-related mutants of Arabidopsis as
tools for studying stress signaling. Planta 214: 497-504.

Journal of Biotech Research [ISSN: 1944-3285]

2012; 4:80-91

37. Turner JG, Ellis C, Devoto A. 2002. The jasmonate signal
pathway. Plant Cell 14 Suppl: S153-164.
38. Farmer EE, Almeras E, Krishnamurthy V. 2003. Jasmonates
and related oxylipins in plant responses to pathogenesis and
herbivory. Curr Opin Plant Biol. 6: 372-378.
39. Xiao S, Dai L, Liu F, Wang Z, Peng W, Xie D. 2004. COS1: an
Arabidopsis coronatine insensitive1 suppressor essential for
regulation of jasmonate-mediated plant defense and
senescence. Plant Cell 16: 1132-1142.
40. Wittenbach VA. 1983. Purification and characterization of a
soybean leaf storage glycoprotein. Plant Physiol. 73: 125-129.
41. Mason HS, Mullet JE. 1990. Expression of 2 soybean
vegetative storage protein genes during development and in
response to water deficit, wounding, and jasmonic acid. Plant
Cell 2: 569-579.
42. Tang Z, Sadka A, Morishige DT, Mullet JE. 2001.
Homeodomain leucine zipper proteins bind to the phosphate
response domain of the soybean VspB tripartite promoter.
Plant Physiol. 125: 797-809.
43. Berger S, Bell E, Sadka A, Mullet JE. 1995. Arabidopsis thaliana
Atvsp is homologous to soybean VspA and VspB, genes
encoding vegetative storage protein acid phosphatases, and is
regulated similarly by methyl jasmonate, wounding, sugars,
light and phosphate. Plant Mol Biol. 27: 933-942.
44. Moon JW. 2006. Transcriptional regulation in cowpea bruchid
guts during adaptation to a plant defense protease inhibitor
and screening of mutants that are altered in jasmonateregulated signal transduction pathways using Arabidopsis
thaliana. Dissertation, Texas A&M University, College Station,
Texas, USA.
45. Lu H, Rate R, Song J, Greenberg TJ. 2003. ACD6, a novel
ankyrin protein, is a regulator and an effector of salicylic acid
signaling in the Arabidopsis defense response. Plant Cell 15:
2408-2420.
46. Zipfel C, Robatzek S, Navarro L, Oakeley EJ, Jones JDG, Felix G,
Boller T. 2004. Bacterial disease resistance in Arabidopsis
through flagellin perception. Nature 428: 764-767.
47. Desclos-Theveniau M, Arnaud D, Huang T-Y, Lin G, Chen W,
Lin Y, Zimmerli L. 2012. The Arabidopsis lectin receptor kinase
LecRK-V.5 represses stomatal immunity induced by
Pseudomonas syringae pv. tomato DC3000. PLoS Pathog 8:
e1002513. doi:10.1371/journal.ppat.1002513.
48. Qu ZL, Zhong NQ, Wang HY, Chen AP, Jian GL, Xia GX. 2006.
Ectopic expression of the cotton non-symbiotic hemoglobin
gene GhHbd1 triggers defense responses and increases
disease tolerance in Arabidopsis. Plant Cell Physiol.
47(8):1058-68.
49. Epple P, Apel K, Bohlmann H. 1995. An Arabidopsis thaliana
thionin gene is inducible via a signal transduction pathway
different from that for pathogenesis-related proteins. Plant
Physiology 109: 813-820.
50. Petersen M, Brodersen P, Naested H, Andreasson E, Lindhardt
U, Johansen B, Nielsen H, Lacy M, Austin M, Parker J, Sharma
S, Klessig D, Martienssen R, Mattsson O, Jensen A, Mundy J.
2000. Arabidopsis map kinase 4 negatively regulates systemic
acquired resistance. Cell 103: 1111-1120.

51. Delker C, Stenzel I, Hause B, Miersch O, Feussner I,
Wasternack C. 2006. Jasmonate biosynthesis in Arabidopsis
thaliana - ezymes, products, regulation. Plant Biology 8: 297–
306.
52. Birkenbihl RP, Diezel C, Somssich I. 2012. Arabidopsis WRKY33
is a key transcriptional regulator of hormonal and metabolic
responses towards Botrytis cinerea Infecion. Plant Physiol.
DOI 10.1104/pp.111.192641
53. McGrath KC, Dombrecht B, Manners JM, Schenk PM, Edgar CI,
Maclean DJ, Scheible W, Udvardi MK, Kazan K. 2005.
Repressor- and activator- type ethylene responses factors
functioning in jasmonate signaling and disease resistance
identified via a genome-wide screen of Arabidopsis
transcription factor gene expression. Plant Physiol. 139: 949959.
54. Reymond P, Farmer EE. 1998. Jasmonate and salicylate as
global signals for defense gene expression. Current Opinion in
Plant Biology 1: 404-411.

91

