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Induction of defense response against Karnal bunt (KB) by suppressing the pathogenesis was observed upon exogenous
application of jasmonic acid (JA) as evident from decrease in the coefﬁcient of infection and overall response value in
both susceptible and resistant varieties of wheat. The ultra-structural changes during disease progression showed the
signs of programmed cell death (PCD). However, JA strengthened the defense barrier by enhancing the ligniﬁcations
of cell walls as observed in spikes of both varieties by histochemical analysis. Compared to the plants inoculated with
pathogen alone, plants of resistant line (RJP) ﬁrst treated with JA followed by inoculation with pathogen showed
more ligniﬁcations and extracellular deposition of other metabolites on cells, which is supposed to prevent mycelial
invasions. Contrary to this, susceptible (SJP) lines also showed ligniﬁcations but the invasion was more compared to
resistant line. Induction of protease activity was higher in resistant variety than its corresponding susceptible variety.
The protease activity induced during the colonization of the pathogen and its proliferation inside the host system gets
inhibited by JA treatment as demonstrated by the quantitative and in-gel protease assay. The results indicate the role
of JA signalling in inhibiting the proteases due to expression of certain protease inhibitor genes. SDS-PAGE analysis
shows differential gene expression through induction and/or suppression of different proteins in wheat spikes of
resistant and susceptible varieties under the inﬂuence of JA. Thus, exogenously applied JA provides the conditioning
effect prior to the challenge of infection and induces defense against KB probably by maintaining a critical balance
between proteases and protease inhibitors and/or coordinating induction of different families of new proteins.
[Mandal M K, Pandey D, Purwar S, Singh U S and Kumar A 2006 Inﬂuence of jasmonic acid as potential activator of induced resistance against
Karnal bunt in developing spikes of wheat; J. Biosci. 31 607–616]

1.

Introduction

The productivity of wheat, which is one of the commercially
important cereal crops after rice in India, is seriously
hampered by the fungal disease, Karnal bunt (KB) incited by
Tilletia indica (syn. Neovossia indica). The disease, which
is also known as partial bunt, has epidemic occurrence in
Indian sub-continent and other parts of the world and has
serious consequences like impairment of grain quality and
seed vigor and reduction in market acceptability of the
produce. Plant breeders have so far been unable to locate
complete resistance in any of the wheat cultivars, some of
Keywords.

which otherwise have shown varying degree of immunity
against the disease. In order to control the disease, knowledge
of molecular mechanism(s) underlying induction of defense
against KB could provide new leads for the development of
resistant wheat cultivars.
Genetic evidence for the role of jasmonic acid (JA) and
methyl jasmonate (MeJA) in induction and enhancement of
the basal resistance against several fungal pathogens has come
predominantly from studies on Arabidopsis mutants, which
are defective either in the biosynthesis or in perception of
JA. For example, Arabidopsis mutant coi1, which is unable
to have JA response, displays enhanced susceptibility to the
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micrographic fungi Alternaria brassicicola and Botrytis
cineria (Thomma et al 1998). Another JA-insensitive mutant
of Arabidopsis, jar1, allows enhanced levels of growth of
P. syringae pv. Tomato in the leaves (Pieterse et al 1998).
Besides JA which acts as defense activator molecule, some
other molecules such as salicylic acid (SA) and ethylene
also regulate the expression of defense related genes in a
spatio-temporal manner and thus act as signals for induced
systemic resistance (ISR). These signalling molecules or
defense activators, which are produced following plant’s
recognition of elicitors of a particular pathogen, translocate
systemically to un-inoculated plant parts where each of them
is known to act through its own signalling pathway leading
to expression of protein/molecule(s) which then strengthen
the basal resistance of the host against the same or unrelated
pathogens (Sticher 1997). Basal defense pathways, which
are activated by pathogen-associated molecular patterns
generally result in resistance without hypersensitive
response (HR) and appear to be effective against a broad
range of pathogens (Numberger et al 2004).
Jasmonates are part of a large family of oxylipin
products of linolenic acid and probably hexadecatrienoic
acid metabolism (Schaller et al 2005), which are produced
through the induction of octadecanoid pathway. JA, MeJA
and the JA precursor, 12-oxophytodenoic acid (OPDA), all
induce a range of wound-inducible genes, such as proteinase
inhibitors, which have antifungal activity (Wasternack and
Parthier 1997; Penninckx et al 1998). The evidence for this
comes from an experiment in which the wound-induced
activation of the proteinase inhibitor II (Pin2) gene in
potato (Solanum tuberosum) and tomato (Lycopersicon
esculentum) is shown to be dependent upon JA and plant
hormone, like abscisic acid, ethylene and salicylic acid
(Tifarenko et al 1997; Thomma et al 1998; Diaz et al 2002).
Another mutant in tomato, def1, is deﬁcient in jasmonate
biosynthesis and fails to accumulate proteinase inhibitors
(Howe et al 1996). Proteinase inhibitors are well known
regulators of plant proteases. It is known that proteases,
speciﬁcally the caspase like proteins, which process and
release downstream proteins, have major roles to play in cell
death signal transduction pathway (Muzio 1998; Mani et al
2005). During plant-pathogen interaction, there is expression
of caspase like proteases, which are regulated by protease
inhibitors (Solomon 1999; Sethy et al 2003) and hence its
possible role in regulating cell death cannot be ruled out.
While many studies on JA dependent defense have focused
on model plants such as Arabidopsis, tomato, tobacco, the
existence of JA mediated defense in monocotyledonous
cereal plants especially, wheat is still a matter of debate.
However, only scanty information is available in literature
about the role of JA signalling-mediated-acquired
resistance against biotrophic fungus in wheat. In the present
investigation, attempts were made to dissect the possible
J. Biosci. 31(5), December 2006

role of JA in plant conditioning or building up of acquired
resistance prior to challenge by inoculation with sporidia of
T. indica in wheat.
2.
2.1

Materials and methods

Collection of seeds and pathogen

Two cultivars of wheat, one highly susceptible (WH-542)
and another resistant (HD-29) to Karnal bunt, were collected
from Crop Research Centre, Pantnagar; Department of
Genetics and Plant Breeding, Punjab Agriculture University,
Ludhiana and GB Pant University of Agriculture and
Technology, Pantnagar respectively. The virulent strain
of Tilletia indica (Pantnagar isolate) was collected form
Department of Plant Pathology, GB Pant University of
Agriculture and Technology. After 21 days growth of fungal
mycelium in PDA, the sporidial suspension was extracted
and diluted to 50,000 sporidia/ml. The suspension was
aliquoted and stored at 40C till inoculation at boot leaf stage
of wheat plants grown in pots.
2.2

Pathogen inoculation and JA treatment under
ﬁeld conditions

The pot experiment was laid out in a randomized block
design having four different treatments [control (C), JA
treatment (J), Pathogen inoculation (P) and JA treatment
followed by pathogen inoculation (JP)] in both susceptible
and resistant wheat cultivars having ﬁve replicates. JA was
sprayed at boot stage and then allowed to systemically act
up to the stage of early ear head formation. JA treatments
were given at the rate of 10 sprays per spike of each plant
with the help of an atomizer having spray volume of 40 µl
for each spray (400 µl for 10 sprays). The concentration of
JA used was 1µg/µl per treatment. The spraying was done
during evening in the month of February. Five ear heads
of the plants in each treatment (JP and P) were artiﬁcially
inoculated with the 21 days old sporidial cultures (50,000
sporidia/ml). For infection, the inoculum was injected with
the help of a hypodermic syringe into the boot just as awns
emerged (Chona et al 1961; Duran and Cromarty 1977;
Singh and Krishna 1982; Aujla et al 1980).
2.3

Disease scoring

Disease scoring was done on the basis of the percentage
of infected kernels. Average percent-infected grains were
calculated after harvesting. As most of the bunted grains
were partially infected, numerical values, depending upon
the extent of damage to the grains, were given for calculating
coefﬁcient of infection. Number of grains showing incipient
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infection, blackening extended up to half of the grain, threeforth of grain and infected grains were multiplied with
the numerical values 0.25, 0.5, 0.75 and 1.0 respectively,
and then divided by 100 to obtain percent coefﬁcient of
infection.
2.4

Histochemical staining/microtomy and
measurement of fungal colonization

In order to monitor the development of T. indica and
inﬂuence of JA on disease progression in developing wheat
spikes, calli and wheat spikes at 15 days and 30 days after
inoculation of sporidia respectively were processed for
histochemical staining. The stained sections were mounted
in DPX and observed under light microscope (400X,
Polyvar).
2.5

Protein extraction and analysis

Proteins from both resistant and susceptible cultivars
were extracted by Tris buffer saline (20 mM Tris, 20 mM
NaCl, 1 mM EDTA, 0.5% PVP, pH 7.8) and separated by
centrifugation (9000 g, 40C). Protein was estimated by the
method of Bradford (1976) using BSA as standard. The
quantitative estimation of protease activity was done by
tyrosine standard plot using Lowry method. The inﬂuence
of JA on the protease activity was determined after 15 days
and 30 days of its application in dual culture and developing
wheat spikes respectively.
2.6

SDS-PAGE electrophoresis

2.6a In-gel protease assay: In-gel protease assay employing
the substrate gelatin (0.3%) copolymerized with acrylamide
was carried out to detect the activity of individual proteases
induced in response to JA treatment. The proteins of
wheat spikes were fractionated on 15% SDS-PAGE gel at
70 V. After electrophoresis, protease activity was re-natured
initially by placing the gel in 10 mM Tris (pH 7.5) and then
0.25% Triton X-100 for 45 min. The gel was incubated in
staining solution overnight, subsequently de-stained for
observation of proteolytic cleavage of gelatin in the gel.
2.6b Determination of protease activity: For quantitative
estimation of protease activity, 100 µl of different protein
samples were added in an eppendorf tube and then in
each tube 150 µl of 10 mM CaCl2 was added, after which
250 µl of 50 mM Tris-HCl (pH=7.5) buffer followed by
250 µl of 0.12% gelatin (substrate) were added. All the
tubes were shaken and incubated at 370C for 4 h. After
incubation, 750 µl of TCA (20%) were added in each tube
and incubated at 40C for few hours. All the tubes were
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centrifuged at 40C at 10000 rpm for 10 min and supernatant
was estimated for tyrosine concentration by Lowry method
using tyrosine standard. On the basis of tyrosine release,
the speciﬁc activity of different proteases in protein
samples were calculated, since the speciﬁc activity of
protease is that amount of protease which can release 10 µg
of tyrosine per hour, per g of callus under standard assay
condition.
3.

Results and discussion

3.1 Effect of JA on morphological changes of spikes
and seeds pathogenesis and infection during KB in both
resistant and susceptible cultivars
3.1a Wheat spikes: To investigate the effect of JA on
morphology of ears, the plants were ﬁrst treated with JA
followed by pathogen inoculation (50,000 sporidia ml-1)
after 5 days of treatment in ﬁve replications. As a result of
the pathogen inoculation on both resistant and susceptible
lines, the ear heads were observed to have shriveled due
to the colonization of the KB pathogen inside the ovary
of spikelets (ﬁgure 1a). In the standing crop, silvery black
shinning spikelets were observed in pathogen inoculated
lines especially at the stage when ears and grains were still
green but tending towards ripening. This effect was more
pronounced in susceptible lines than the resistant lines. The
infected and JA-treated plants had short spikes and reduced
number of spikelets. JA-treated but pathogen inoculated
spikes showed reduction in KB infection especially at their
basal portion. The spikes were compact but not shriveled
like in the pathogen inoculated varieties. The spikes of JAtreated control plants were more compact and healthy than
those in other treatments. As no infection was observed in
these spikes of JA-treated control plants, it further implied
the possible role of JA in induction of defense against KB.
The JA-treated plants showed the reduction in height and
maximum reduction in height was in varieties treated with JA
followed by pathogen inoculation (RJP and SJP). This may
be due to stresses involved in plant-pathogen interaction in
combination with induction of different signalling pathways
involved to provide the defensive mechanisms against the
pathogen so that energy involved in the growth may be
diverted to JA-pathogen interaction.
3.1b Wheat seed: The mildest common symptom was
black point, a narrow, black coloured band that surrounded
the base of the grain and extended higher up to the groove
on the adaxial face. Variations in symptoms resulted from
varying degrees of extension of the blackening, in the
adaxial groove (table 1). In most severe infection, the grain
converted in to fragile, shriveled, sori – a typical symptom
of KB disease (ﬁgure 1b).
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Figure 1. Effect of JA on KB pathogenesis in both susceptible and resistant varieties. (a) Morphological changes of spikes, (b) KB
infection on seeds. (c) Disease scoring after crop harvest on the basis of pathogenicity testing of KB sporidia under ﬁeld conditions. SC,
control susceptible variety; SJ, jasmonic acid-treated susceptible variety; SP, pathogen inoculated susceptible variety; and SJP, pathogen
inoculated and JA conditioned susceptible variety.

3.2

Pathogenicity testing of cultivars after JA treatment
and boot inoculation of sporidial suspension

Results of infectivity tests carried out by boot injection
are presented in table 1. No bunted grains were detected in
any of the un-inoculated controls. Compared to resistant
cultivar, severity of infection was higher in susceptible
cultivar inoculated with pathogen. The data indicate that
application of JA in both cultivars induces defense against
the pathogen. However, defense was more pronounced in
resistant cultivar than the susceptible one (table 1). This
can be seen by observing that JA changes overall responsive
value from 51.84 to 9.8 for the susceptible cultivar and
from 19.36 to 2.5 for the resistant variety (ﬁgure 1c).
The coefﬁcient of infection is also high in the absence of
JA in pathogen treated varieties. But, JA application
decreases its value from 0.09 to 0.05 in case of susceptible lines and from 0.08 to 0.025 in case of resistant lines
J. Biosci. 31(5), December 2006

(ﬁgure 1c). These observations clearly showed the role of
JA in inhibition of infection due to induction of induced
resistance and its’ conditioning effect to the cultivar before
pathogen inoculation is done.
3.3

Inﬂuence of JA on ultra-structural changes in host
by histochemical staining

The histological observations pertaining to differential
fungal invasion and disease progression of T. indica in
spikelet tissue section (10 µm) of both the resistant (Triticum
aestivum, HD 29) and susceptible line (T. aestivum, WH
542) of different treatments (control, pathogen inoculated,
JA and pathogen, and JA treated) showed that JA treatment
(RJ) alone causes cell wall’s ligniﬁcations in the form of
dark lesions encircling the cells (ﬁgure 2). The above effect
induced by JA may be a defense response, which further
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Table 1. Inﬂuence of different treatments on disease scoring for KB infections under ﬁeld conditions after the harvest of resistant and
susceptible varieties.
Treatments

Total No.
of seeds

No. of seeds with
susceptible reaction

Percentage
infection

Coefﬁcient of
infection

Overall response
value****

152

0

0

0

0

Susceptible
SC
SJ

116

0

0

0

0

SJP

100

14 (8*; 6**)

14

0.05

9.8

SP

100

24 (12*; 12**)

24

0.09

51.8

115

0

0

0

0

Resistant
RC
RJ

97

0

0

0

0

RJP

100

10 (10*)

10

0.025

2.5

RP

50

11 (6*; 5**)

22

0.08 (0.04 x C***)

19.4

*Incipient infection. **Blackening of seed up to ½. ***Correction factor multiplied (C=2). ****Products of numerical values in column
3, 4, 5.

Figure 2. Inﬂuence of JA on the ultra-structural changes in
susceptible and resistant hosts by histochemical staining. SC,
Control susceptible variety; SJ, jasmonic acid-treated susceptible
variety; SP, pathogen inoculated susceptible variety; and SJP,
pathogen inoculated and JA conditioned susceptible variety.

provides a conditioning effect that triggers the defense in
case of invasion by pathogen. The lesion developed due
to ligniﬁcations causes withdrawal of essential nutrients
required to support its’ growth and proliferation and it
also restricts the aggressor as it is exposed to a suite of
antimicrobial proteins and small molecules. The ligniﬁed
cells were also present in susceptible variety (SJ) but the
extent of ligniﬁcations was not as prominent as in the
resistant plant rather it was found to be extending through
out the tissues (ﬁgure 2).
In resistant line HD 29(RP), cotton blue staining of
infected spikelet section revealed the existence of zone of
hallow or a defensive line which represents only intercellular
invasion of fungal mycelium that is unable to colonize
the entire tissue. In contrast, susceptible WH 542(SP)
shows profuse invasion of mycelia even inside the cells.
Compared to the plants inoculated with pathogen alone,
plants of resistant line (RJP) ﬁrst treated with JA followed
by inoculation with pathogen showed more ligniﬁcation and
deposition of other metabolites on cells, which is supposed
to prevent mycelial invasions (ﬁgure 2). Contrary to this,
susceptible (SJP) lines also showed ligniﬁcation but the
invasion was more as compared to resistant line. Arrest of
fungal mycelial growth of KB pathogen under the inﬂuence
of JA indicates its behaviour more like a necrotroph.
Jasmonate mediated induced general responses are required
for defense responses to necrotrophic pathogens in some
other plant species as well (Thomma et al 1998; Diaz et al
2002; Coego et al 2005). This further supports the defensive
role of JA as formation of dark lesions due to cell wall’s
ligniﬁcations is selectively used to restrict the spread of
pathogens during a defense response.
J. Biosci. 31(5), December 2006
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3.4

Inﬂuence of JA on protein extractability and speciﬁc
activity of proteases from susceptible and resistant
cultivar of wheat spikelets

The amount of protein extracted in Tris buffer saline was
generally more in susceptible variety (WH 542) than in
the resistant variety (HD 29) at all treatments. The data
(table 2) indicate that the level of proteins increased after JA
treatments and pathogen inoculation when compared with the
control of both varieties except in the case of the susceptible
variety (SP) inoculated with pathogen alone. The observed
increase in the amount of proteins indicates the induction of
expression of proteins either on JA treatment or pathogen
inoculation in case of SP and RP. The extracted proteins was
found to abruptly increased in plants treated with both JA
and pathogen inoculation. This reveals either synergistic or
antagonistic expression of proteins. The obvious increase
in protein content after fungal infection indicates that the
bound proteins are released during fungal invasion. Further,
the amount of protein measured reﬂects a balance between
protein that was released from the sequestered or bound form
and the protein which decreased due to proteinase activity.
A possible explanation for the increase in amount of protein
extracted in case of SJP and RJP is that both JA and pathogen
inoculation induce the release of sequestered protein. The
other reason for this increase in extracted protein could be
due to the induction of synthesis of new protein and other
peptidal metabolite during cell death/necrosis which occurs
in pathogenesis or hypersensitive response. It is already
known that the pathogenesis-related proteins belonging to
different classes, are induced in plants during infection (Carr
and Klessig 1989).
The results of this study revealed that the protease activity
was higher in resistant than its corresponding susceptible

cultivars (table 3). This high protease activity results due
to the inherent resistance pathway. However upon pathogen
colonization; the increase in protease activity may be due
to production of proteases by the pathogen when it invades
the cells which help it to colonize the entire host. It has been
speculated that such proteases mediate defense responses
either by directly processing R proteins, or by generating
elicitors that could potentially be recognized by R-proteins
(Kruger et al 2002; Shao et al 2002). The increased protease
activity is an indication that plants may be resistant to the
invading fungus through operation of elicitor mediated
signalling cascades involved in prevention of PCD. A
question then arises why protease activity is not sufﬁciently
triggered by susceptible plants? The most plausible
explanation for this is that T. indica is semi-biotrophic fungal
Table 3. Determination of speciﬁc activity of protease expressed
in response of JA in susceptible and resistant cultivars.
Total amount
of tyrosine
(µg)

Protein
concentration
(µg/µl)

Total unit/g
of spikelet

SC

3.2

3.5

6.9

SJ

2.0

4.4

3.4

SJP

2.4

5.4

3.3

SP

3.0

2.7

8.3

RC

2.8

1.7

12.0

RJ

1.7

1.5

6.7

RJP

5.6

2.7

15.0

RP

4.8

2.3

16.5

Treatments
Susceptible

Resistant

Table 2. Inﬂuence of JA on protein contents extracted from spikelets of susceptible and resistant cultivars of wheat after 30 days of
treatment.
Weight of spikelet
(g) (µg/µl)

Protein
concentration

Volume of
extract (ml)

Protein/gram of
spikelet

SC

1

3.5

1

3450

100

SJ

1

4.4

1

4400

+27.5

SJP

1

5.4

1

5400

+56.5

SP

1

2.7

1

2700

-21.8

Treatments

Percent increase and decrease
in the protein extractability

Susceptible (WH-542)

Resistant (HD-29)
RC

1

1.7

1

1700

100.0

RJ

1

1.9

1

1900

+11.7

RJP

1

2.7

1

2700

+58.9

RP

1

2.3

1

2250

+32.9

* Mean value of triplicate independent determinations.
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pathogens which undergoes transition from biotrophic
mode to necrotrophy during pathogenesis and thus require
dead cells for their survival. Decrease protease activity in
prevents elicitor inducible defense responses that plants
are able to muster and thus must promote the cell death as
susceptible response. How they do this is still a mystery?
Although, some fungal species have been suggested to
produce death suppressing glucans and peptide suppressors
of defense responses in its host which perhaps interfere with
signal transduction thereby affecting the PCD (Doke et al
1998). Perhaps, KB pathogen can similarly interfere with
signal transduction pathways leading to plant defense and
pathogenesis.
Although, the protease activity was not completely
abolished in all the treatments, there was observed an
increase in speciﬁc activity of protease(s) in pathogen
inoculated plants which could either be due to high activity
of pathogenic proteases which degrade the cell walls and
release other components (sequestered proteins) into the
cytoplasm or due to induction of expression of speciﬁc
protease(s) like caspase like protein(s) in response to
pathogen. Upon treatment with JA, the speciﬁc activity of
protease was found to decrease. This observation suggests
that JA might act as an activator of defense as it induces
the expression of protease inhibitors (Wasternack and
Parthier 1997; Penninckx et al 1998). This effect helps in
counteracting the effect of pathogenic proteases, which are
triggered after inoculation of the pathogen.
3.5

Inﬂuence of JA on protein proﬁles of wheat spikes
of susceptible and resistant cultivar

In order to study the differential expression of proteins
which are either induced or suppressed in response to
different treatments i.e. control, JA treated, jasmonic and
pathogen inoculated and only pathogen inoculated (5 days
after JA treatment) in both resistant and susceptible lines,
SDS-PAGE (15%) analysis of extracted protein was done
at 4oC under cold chamber conditions. The differences in
the protein banding patterns as separated on SDS-PAGE
electrophoresis are marked in ﬁgure 3. JA treatment in both
susceptible and resistant lines resulted in appearance of one
extra band (mol. wt. 28 kDa) as compared to control. This
is an indicative of differential induction of gene(s) upon
exogenous application of JA. The band corresponding to
MW 40 kDa, which is highly expressed under pathogen
inoculation, appeared to diminish in both SJP and RJP and
did not express at all in both susceptible and resistant variety
treated with JA. This suggests the antagonistic role of JA
which may act at molecular level to decrease the expression
of a pathogenesis-related proteins. One extra band
corresponding to mol. wt. of 12 kDa, which is visible in both
resistant and susceptible line, is absent in susceptible line
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Figure 3. Inﬂuence of JA on the alteration of protein expression
in wheat spikes of susceptible and resistant varieties. SC, Control
susceptible variety; SJ, jasmonic acid treated susceptible variety;
SP, pathogen inoculated susceptible variety; and SJP, pathogen
inoculated and JA conditioned susceptible variety.

under the inﬂuence of JA. This may be a protease that might
be inhibited by JA during the disease progression providing
the conditioning effect or induced resistance. Moreover, in
case of RJP under the interaction of JA and pathogen there
appeared an additional protein band (mol. wt. 18 kDa)
which was absent in all other treatments. Induction of this
additional band further supports the role of JA signalling,
leading to induction of resistance.
Compared to susceptible line, SDS-PAGE protein
proﬁling of resistant line varied due to its inherent resistance
mechanism. The band (mol. wt. 58 kDa), which is expressed
in susceptible line in low intensity, gets diminished in
resistant lines except under the inﬂuence of JA. The band
corresponding to mol. wt. (67 kDa) is highly expressed
in resistant lines upon pathogenesis (RP) but found to be
diminished on exogenous application of JA in pathogen
inoculated plants (RJP). This indicates possible role of JA
signalling in induction of PR-proteins which may diminish
expression of other proteins in response to pathogenesis.
Under the inﬂuence of JA, the band of mol. wt. 28 kDa gets
expressed in both SJ and RJ, whereas there is disappearance
of bands of mol. wt. 48 kDa and 43 kDa in both susceptible
and resistant variety, however, the protein band of mol.wt. 13
kDa expresses only in susceptible plants under the inﬂuence
of JA. It is a critical situation to explain if the disappearance
of protein band(s) is due to the antagonistic effect of JA on
salicylic acid pathway or effect of jasmonate pathway, which
becomes predominant upon exogenous applications of JA or
due to some other unknown mechanisms(s).
Most of the inducible, defense-related genes are regulated
by signalling pathways involving one or more of the three
J. Biosci. 31(5), December 2006
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regulators jasmonate, ethylene and salicylic acid (Delaney
et al 1994; Knoester et al 1998). The deployment of plant
defense responses depends on the type of pathogen and its
mode of pathogenesis (Veronese et al 2006). It has been
also suggested that ethylene-jasmonate and SA pathways
are mutually inhibitory and provide a selective defense
against speciﬁc types of parasites. The outcome of JA-SA
interactions could be tailored to pathogen attack by the
relative concentration of each hormone (Mur et al 2006). It
may be interpreted that under normal condition SA is high
in resistant cultivar and its expression decreases and provides
HR response due to JA treatment. However, in susceptible
cultivar, due to lack of SA-mediated resistance mechanism
towards the pathogen, where the defense was triggered
towards pathogen by JA-mediated pathways upon exogenous
application. In resistant variety there is involvement of PCD
triggered by SA so that the biotrophic pathogen survives but
the cells provide a defense mechanism by reducing the HR
response to the semi-biotroph KB pathogen by the expression
of PR-proteins like β-glucanases and chitinases. Thus,
JA-dependent defense response is required for restricting
the growth of the necrotrophic/semi-biotrophic pathogens
but appear dispensable for resistance against biotrophic
pathogens such as Peronospora parasitica (Thomma et
al 1998). Arabidopsis and tomato mutants altered in JA
and ethylene signaling or biosynthesis show increased
susceptibility to Botrytis and other necrotrophic fungi
(Thomma et al 1998; Diaz et al 2002). The manipulation of
JA-dependent responses via transgenics may therefore offer
signiﬁcant opportunities for conveying resistance against
semi-biographic pathogen like KB in wheat.
3.6

In-gel protease assay for evaluating the effect of
JA on induction of proteases

The results of in-gel protease assay clearly revealed
activation of protease activity in pathogen inoculated lines
which may be due to the colonization of the pathogen and
its proliferation inside the host system. Figure 4 shows
greater induction of protease activity in resistant line than its
corresponding susceptible line.
The constitutively expressed activity zones of molecular
weights above 97 kDa and 43 kDa get enhanced in
response to pathogenesis and decline in the presence of JA
in both varieties. This means that JA-mediated acquired
resistance is provided by a critical balance of protease and
proteinase inhibitor which are already activated in advance
of fungal attack during disease progression. The protease
bands corresponding to molecular weight of 35 kDa,
20 kDa and 14 kDa, respectively were observed upon
colonization of pathogen. But in the presence of JA, the
intensity of these bands declined in SJ, SJP, RJ and RJP
plants when compared with control plants and plants
J. Biosci. 31(5), December 2006

Figure 4. In-gel protease assay for evaluation of the effect of
JA on the induction of proteases in wheat spikes of susceptible
and resistant varieties. SC, Control susceptible variety; SJ,
jasmonic acid treated susceptible variety; SP, pathogen inoculated
susceptible variety; and SJP, pathogen inoculated and JA
conditioned susceptible variety.

inoculated with pathogen alone. As one particular protease
band corresponding to mol. wt. of 14 kDa was not observed
upon JA treatment, it suggests that JA mediated signalling
event inhibits this protease. However the expression of this
particular protease in RP and SP is due to the high colonizing
effect of pathogen. On comparison of in-gel protease pattern
of the treatments RJ, SJ and SJP and RJP, a decline in
the protease activity was observed under the inﬂuence of
JA and pathogen interaction. These observations, further
led to suggest that JA signalling might be responsible for
inhibition of protease activity as a result of activation of
specialized proteinase inhibitors expressed during disease
progression and programmed cell death. An analysis of
the results pertaining to protein proﬁle and in-gel protease
assay indicates the profound change in differential in gene
expression that occurs in JA conditioned plants before and
after inoculation with pathogen.
In conclusion, present study has led to dissect the role of
intricate JA-mediated signalling pathway in trigger induced
resistance by setting a critical balance of the protease(s)
and proteinase inhibitors which decide ultimate fate of cell
in PCD during pathogenesis and resulting in development
of acquired resistance. As KB pathogen is semibiotrophic
in nature, increased synthesis of proteinase inhibitors by
JA signalling pathway has resulted in inhibition of fungal
proteases and hence development of induced resistance
against the disease. Since proteases are involved in
programmed cell death during plant pathogen interaction,
expression of proteinase inhibitors in wheat transgenics
could be a strategy to combat KB infection through
development of induced systemic resistance. However,
further studies are needed to dissect the role of speciﬁc

Induced resistance against Karnal bunt of wheat
proteinase inhibitors which block the fungal proteases
involved during pathogenesis of KB before such wheat
transgenics could become a reality.
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