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Abstract

Infection due to any pathogen triggers a series of reaction in plant which alters the levels of various
pathogenesis related (PR) proteins governing the degree of resistance of that plant. Amongst the various
plant viruses infecting cowpea crop, Blackeye cowpea mosaic virus (BICMV) is one of the important and
widespread one responsible for reduction in yield of the crop. Changes in the PR proteins viz. B-1, 3
glucanase, Phenylalanine ammonia lyase (PAL), peroxidase and polyphenol oxidase were estimated from
leaves of cowpea genotypes inoculated with BICMYV. The results indicated that resistant varieties had
higher levels of PR proteins than moderately resistant. In susceptible variety decreasing trend in PR
proteins over the period was recorded indicating that more induction of PR proteins in cowpea is
positively correlated with resistance to BICMV.
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1. Introduction

Diseases are prominent biotic stresses known to affect productivity of pulses and particularly
that of cowpea crop. Amongst various biotic stresses of the crop, viruses constitute the major
group of pathogens (Mali and Thottapilly, 1986) 4. In fact, viral diseases are significantly
contributing to the reduced yield of cowpea in Asia, Africa and Latin America. The effect of
viruses could be devastating and a major constraint to the production of cowpea. The crop is
infected by about 40 viruses worldwide (Hughes and Shoyinka, 2003) Fl. Blackeye cowpea
mosaic virus (BICMV) belonging to potyvirus group is the dominant and important one
infecting cowpea crop in Maharashtra state (Mali and Kulthe, 1980) [°. The virus is reported
to cause varying degrees of symptoms ranging from mild mosaic, mottling, yellowing, leaf
distortion to stunting in cowpea.

Infection by pathogen triggers a defense mechanism in the plant due to which the levels of
various biochemical parameters either increases or decreases. These biochemical synthesized
in plant after pathogen infection plays a crucial role in governing resistance of plant to the
pathogen. In fact, these are important markers in deciding resistance or susceptibility of the
plant. Therefore, during present investigation, levels of various pathogenesis related (PR)
proteins in cowpea cultivars in response to BICMV infection were estimated.

2. Material and Methods

The virus infected cowpea leaves typical symptoms of BICMV were collected from farmer’s
field and experimental farm of Pulses Improvement Project, MPKV, Rahuri. The virus was
maintained under glasshouse conditions on susceptible cowpea variety VCM-8 as a systemic
host. The identity of the virus was confirmed as BICMV by electron microscopy and host
range studies. Twenty five (25) promising cowpea genotypes obtained from Pulses
Improvement Project, MPKV, Rahuri were screened under glasshouse conditions against
BICMV by artificial sap inoculation method. The seedlings were raised in earthen pots filled
with sterilized soil and were inoculated with the virus sap at vegetative growth stage. The
plants were observed regularly for virus symptoms and per cent disease incidence was worked
out. Based on disease incidence, genotypes were categorized as resistant (< 10%), moderately
resistant (10-30%) and susceptible (> 30%). Genotypes showing resistant, moderately resistant
and susceptible reaction were selected for biochemical analysis. For this, seeds of theses
genotypes were sown under glasshouse conditions and the plants were inoculated with the
virus sap. The changes in the levels of various PR proteins viz., B-1, 3 glucanase,
Phenylalanine ammonia lyase (PAL), peroxidase and polyphenol oxidase from the leaves of
the plants by adopting standard procedure 15, 30, 45 and 60 days after sowing of the seeds.
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Firstly, soluble protein content was determined by method of
Lowry et al. (1951) © while reducing sugar by Nelson
Somogyi’s method (Somogyi, 1952) (161, The assay of B-1, 3
glucanase was carried out as per method described by Rakshit
et al. (2000) [, PAL activity by method of Campos et al.
(2004) ™ and peroxidase and polyphenol oxidase was
determined by method given by Kumar and Khan (1982) (81,

3. Results and Discussion

Upon artificial inoculation, the virus produced symptoms viz.,
chlorosis, mosaic, mottling and stunting etc. on the
susceptible cultivar VCM-8 within 20-22 days under
glasshouse conditions. The electron microscopy of the virus
was carried out using Transmission Electron Microscope
(TEM) available with Department of Plant Pathology and
Agril. Microbiology, MPKYV, Rahuri. The microphotographs
revealed the presence of flexous rod shaped particles of the
virus typical to potyvirus group. The host range was typical to
that of BICMV. Thus based on symptoms, particle
morphology and host range the virus was identified as
BICMV which is regarded as strain of Bean common mosaic
virus.

4. Biochemical changes in cowpea genotypes due to
BICMV

On the basis of disease reaction data of the 25 genotypes
screened against BICMV by mechanical sap inoculation, two
resistant (Phule vithai and PCP-090210), two moderately
resistant (PCP-09024 and Phule Pandhari) and one susceptible
(PCP-09037) genotype were analyzed for levels of various
biochemical parameters.

5. B-1, 3 glucanase

The data obtained on activity of B-1, 3 glucanase from
inoculated leaves of cowpea cultivars is presented in Table 1.
It was observed that the B-1, 3 glucanase activity was
markedly increased in resistant varieties viz., Phule Vithai and
PCP-090210 (1.95 to 8.41, 1.94 to 9.05 mg of glucose
released mg-1 protein hr-1, respectively) than moderately
resistant varieties viz., PCP-09024 and Phule Pandhari (1.49
to 5.60 and 1.95 to 6.09 mg of glucose released mg-1 protein
hr-1, respectively) from1l5 to 60 DAS. However the
susceptible variety (PCP-09037) showed lowest activity of -
1, 3 glucanase. Thus, comparatively higher B-1, 3 glucanase
activity was recorded in resistant cultivars.

These results are in agreement with Rakshit et al. (2000) [*4]
who reported that B-1, 3 glucanase activity in powdery
mildew resistant lines (1.87 + 0.20 p mole glucose eq min-
1mg-1 protein) was 2.03 times more than powdery mildew
susceptible lines (0.92 + 0.20 p mole glucose eq min-1 mg-1
protein). Similarly, maximum enhancement of f-1, 3
glucanase activity in pea cultivars resistant to Erysiphi
polygoni than susceptible cultivars was observed by Katoch et
al. (2004) '],

Table 1: -1, 3 glucanase (mg of glucose released mg protein hr?t)
activity from the leaves of cowpea genotypes

Genotype 15 Das | 30 Das | 45 Das | 60 Das
PCP 09024 (MR) 1.49 2.15 4.80 5.60
Phule Pandhari (MR) 1.95 2.20 4.20 6.09
PCP 09037 (S) 1.10 1.34 1.52 1.29
Phule Vithai (R) 1.95 4.97 7.51 8.41
PCP 090210 (R) 1.94 4.70 8.13 9.05
Mean 1.68 3.07 5.23 6.09

SE (¥) 0.011 | 0.010 | 0.010 | 0.012

CD at 5% 0.033 | 0.032 | 0.031 | 0.038

MR-Moderately resistant, S-Susceptible, R-Resistant

6. Phenylalanine ammonia lyase (PAL)

A significant increase in PAL activity was observed in
resistant variety than susceptible. The increasing trend of PAL
was noticed in varieties viz., Phule Vithai and PCP-090210 at
15, 30, 45 and 60 DAS than moderately resistant varieties viz.,
PCP-09024 and Phule Pandhari. The susceptible variety PCP-
09037 had lowest PAL activity.

Similar results were reported by many researchers. Kale and
Choudhary (2001) [ investigated expression of PAL activity
in groundnut cultivar in response to biotic stress
Cercoporidum personatum. Maximum activity was observed
in resistant cultivars as compared to susceptible cultivar.
However, increased level of PAL enzyme in resistant and
susceptible cotton plants after inoculation with Verticillium
dahlia were recorded by Xu et al. (2011) 7], but the increase
was greater in the resistant lines as compared to control. Patel
et al. (2013) [*¥ investigated the biochemical changes in
mungbean induced by MYMYV and reported that PAL was
found in decreasing trend in the susceptible leaves as
compared to resistant.

Table 2: Phenylanine ammonia lyase (1 moles of cinnamic acid mg
L protein hr1) activity from the leaves of cowpea genotypes

Genotype 15Das | 30 Das | 45 Das | 60 Das
PCP 09024 (MR) 0.98 1.54 2.75 3.20
Phule Pandhari (MR) 0.95 1.95 3.04 3.43
PCP 09037 (S) 0.64 0.81 0.90 0.73
Phule Vithai (R) 1.40 3.23 5.88 7.14
PCP 090210 (R) 1.47 4.05 6.63 7.71
Mean 1.09 2.32 3.84 4.44

SE (¥) 0.099 0.010 0.011 0.010

CD at 5% 0.260 0.031 0.032 0.030

7. Peroxidase and polyphenol oxidase

Similar trend as that B-1, 3 glucanase activity was also
observed in case of peroxidase and polyphenol oxidase
activity. Higher peroxidase and polypenol oxidase activity
was recorded in resistant cultivars than susceptible. The two
resistance varieties viz.,, Phule Vithai and PCP-090210
showed increasing peroxidase and ployphenol oxidase activity
at 15, 30, 45 and 60 DAS. However, lowest activity was
recorded from the susceptible variety (PCP-09037) indicating
its susceptibility to the virus.

Marked increase in the peroxidase activity in resistant
genotypes had been reported earlier by various workers viz.,
infection of sterility mosaic in pigeonpea (Bhite et al. 1997)
Bl wilt in chickpea (Singh et al. 2003) and Rhizoctonia in
Norway sprus (Nagy et al. 2004) 12, Similarly, Anuradha et
al. (2015) ™ studied the biochemical changes in Banana due
to Banana Bunchy Top Virus and found that the amount of
peroxidase was significantly higher in resistant plant. As
regards polyphenol oxidase activity Arora et al. (2009) [@
inoculated resistant and susceptible genotypes of mothbean
with yellow mosaic virus and found that the activity of
polyphenol oxidase showed an increasing trend in the
inoculated leaves of resistant genotypes.

Thus, in general, it was noticed that the levels of various PR
proteins showed an increasing trend in resistant and
moderately resistant cultivars and the increase was more in
resistant cultivars than the moderately resistant. In case of the
susceptible cultivar the PR proteins increased upto 45 DAS
and thereafter decreased at 60 DAS. This clearly indicated
that more induction of PR proteins in cowpea plants is
positively related with resistance to Blackeye cowpea mosaic
virus suggesting that various PR proteins plays a role in
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governing

resistant/susceptibility of cowpea genotypes

against BICMV. The findings of present investigation will be
helpful in breeding programme for evolving disease resistant
varieties as well as for management of the virus.

Table 3: Peroxidase (AA 340 min't mg protein) activity from the

leaves of cowpea genotypes

Genotype 15 Das | 30 Das |45 Das | 60 Das
PCP 09024 (MR) 080 | 1.95 | 263 | 3.41
Phule Pandhari (MR) | 0.84 | 2.08 | 2.70 | 3.53
PCP 09037 (S) 030 | 041 | 055 | 0.37
Phule Vithai (R) 138 | 3.22 | 458 | 5.99
PCP 090210 (R) 141 | 332 | 485 | 6.81
Mean 095 | 219 | 3.06 | 4.02
SE (¥) 0.009 | 0.010 | 0.01 | 0.07

CD at 5% 0.026 | 0.027 | 0.025 | 0.020

Table 4: Polyphenol oxidase (AA 340 min'* mg™ protein) activity

from the leaves of cowpea genotypes

Genotype 15 Das | 30 Das | 45 Das | 60 Das
PCP 09024 (MR) 024 | 055 | 095 | 1.21
Phule Pandhari (MR) | 0.32 | 0.62 | 1.05 | 1.24
PCP 09037 (S) 016 | 025 | 0.27 | 0.20
Phule Vithai (R) 043 | 155 | 265 | 3.85
PCP 090210 (R) 049 | 192 | 271 | 411
Mean 032 | 098 | 153 | 212
SE () 0.062 | 0.008 | 0.067 | 0.08

CD at 5% 0.152 | 0.023 | 0.193 | 0.024
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