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Abstract. Chitinase, capable of degrading the cell walls of invading phytopathogenic fungi, plays an
important role in plant defense response, particularly when this enzyme is overexpressed through genetic
engineering. In the present study, Brassica plant (Brassica juncea L.) was transformed with chitinase
gene tagged with an overexpressing promoter 35 S CaMV. The putative transgenics were assayed for
their inhibitory activity againstAlternaria brassicae, the inducer of Alternaria leaf spot of Brassica both
in vitro and under polyhouse conditions. In in vitro fungal growth inhibition assays, chitinase inhibited
the fungal colony size by 12–56% over the non-trangenic control. The bioassay under artificial epiphy-
totic conditions revealed the delay in the onset of disease as well as reduced lesion number and size in
35S-chitinase Brassica as compared to the untransformed control plants.

Alternaria blight caused byAlternaria brassicae is a
serious threat to mustard (Brassica juncea) cultivation
[16]. The expensive and non-ecofriendly conventional
chemical approach is practically insufficient to combat
the new emerging virulent pathotypes [4, 5]. Further, the
development of resistant lines/cultivars through breeding
approach is of limited scope due to the lack of suitable
resistant donors [4]. As an alternative, the constitutive
expression of pathogenesis-related proteins (viz. chiti-
nase, glucanase, osmotin, etc.) in the plant system
through genetic engineering approach has got prime im-
portance [4, 12]. Chitinase catalyzes the hydrolysis of
chitin, a �-1-4-linked polymer of N-acetyl D-glu-
cosamine and a major component of the cell wall of most
filamentous fungi [2, 3, 7, 9, 10]. Chitinase overexpression
in transgenic plants leading to increased resistance to fungal
pathogens has been reported [2, 3, 7, 9, 10, 15]. Effort in
this direction in Indian Brassica has also been employed [3,
4, 5, 12]. However, the conformation of transgene expres-
sion in the transformed plants through molecular analysis
would in no way be effective in inducing defense response
in the targeted plants until their performance is judged
through pathogen challenged conditions. In the present

study, the performance of the chitinase transgenic of Indian
Brassica under pathogen challenged conditions (both in
vitro and polyhouse conditions) are discussed.

Materials and Methods

The gene construct of chitinase designed for overexpression and suitable
for plant transformation was used to transformBrassica juncea (cv.RLM
198) [18]. Five independent transgenic lines were confirmed for gene
integration [6, 7] by PCR and Southern hybridization techniques [14].

In vitro inhibitory assay. The protein chitinase extracted from leaf of
transgenicBrassica juncea was used for in vitro inhibitory effect on
growth of Alternaria brassicae, the incitant of Alternaria blight of rape-
seed-mustard. The protein from non-transgenic plants and protein extract-
ing buffer were served as control. Five wells (4 mm diameter) were made
on antibiotic assay agar plate (AAA, Himedia Co.) and wells were first
filled with 50 �l of spore suspension (2� 106 spores/ml). After keeping
overnight at 30°C in BOD incubator, each well was treated with 50�l of
either leaf extract, boiled transgenic leaf extract, buffer, or commercial
chitinase (1.5�g/40�l). The observations were recorded as radial growth
of A. brassicae at 25°C after 24 h intervals up to 5 d. The percent inhibition
of hyphal growth was calculated based on the following formula:

Percent inhibition�

diameter of fungal colony in treatments

diameter of fungal colony in control (untransformed plant)

� 100. (1)Correspondence to: K.K. Mondal; email: kalyanmondal@yahoo.com
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Polyhouse screening of transgenic. The transgenics were subjected to
artificial epiphytotic conditions maintained in a polyhouse. The tem-
perature was maintained around 26°C and humidity was around 80%.
Fifty plants of each independent transgenic clone were assayed. The
spore suspension (1 � 106 spores per ml) in water was prepared from
virulent isolate of Alternaria brassicae (72-h-old culture). The plants
were kept turgid by spraying sterile water and covered with a polypro-
pylene bag before 8 h of inoculation. Then plants were inoculated with
spore suspension by atomizing. The untransformed plant was main-
tained as control. The observations were recorded as number of lesions
per leaf (average of three leaves per plant) and lesion diameter (in mm)
after 5 d of inoculation. Percent disease protection was calculated as the
number of lesions per leaf in transgenic divided by the number of
lesions per leaf in untransformed plant, multiplied by 100.

Results and Discussion

In the present study, five independent clones of 35S-
chitinase Brassica (Brassica juncea L.) cv. RLM 198
were assayed for their efficacy in inhibiting the growth of
Alternaria brassicae (the incitant of Alternaria leaf spot
of Brassica) both under in vitro as well as under poly-
house conditions. The extract from 35S-chitinase Bras-
sica reduced the hyphal growth by 12–56 percent over
the untransformed control (Fig. 1). Among the five in-
dependent clones of 35S-chitinase Brassica, clone C10

performed best in inhibiting hyphal growth (by 56%),
which is almost closer to that of commercial chitinase
(Fig. 2), followed by the clone C6 (44%) under in vitro
fungal growth inhibition assays (Fig. 1). No inhibition
was detected in the presence of either boiled extract or
extracting buffer (Fig. 2) indicating that the observed
growth inhibitory effect may arise from enzyme-cata-
lyzed hydrolysis of newly formed chitin and resultant
disruption of the growing hyphal tips [3, 11, 13, 17].
Studies at protein level also showed two- to fourfold

increases in enzyme expression in transgenic plants com-
pared to non-transgenic plants [6].

The polyhouse screening assay of transgenic re-
vealed that the clones C10 and C6 exhibited quite appre-
ciable suppression of the disease (52 and 46%, respec-
tively) over the non-transgenic control (Fig. 3). The
lesions on leaves of the transformed Brassica were found
to be reduced in diameter (2–4 mm in diameter) as well
as in number (less than 10 lesions per leaf) as compared
to the untransformed Brassica (5–15 mm in diameter and
more than 50 lesions per leaf) under artificial epiphytotic
conditions. The overexpression of chitinase in transgenic

Fig. 1. Percent reduction in hyphal growth of A. brassicae by transgenic
leaf extracts.

Fig. 3. Performance of 35S-chitinase Brassica in protecting the Alter-
naria leaf spot over control (untransformed) plants under polyhouse
conditions.

Fig. 2. In vitro growth inhibition activity of leaf extracts obtained from
35S-chitinase Brassica (C10 clone) after 24 h of incubation. Each well
[containing 50 �l spore suspension (2 � 106 spores/ml)] treated with
50 �l of either transgenic extract (a), boiled transgenic extract (b),
commercial chitinase at 1.5 �g/40 �l (c), non-transgenic extract (d), or
buffer used for leaf extraction (e).
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plants leading to increased resistance to fungal pathogens
have been well documented in different host-pathogen
systems [1, 3, 6, 8, 9, 10, 12, 19]. Further, the onset of
disease (as indicated by the appearance of lesions) was
delayed by a period of 10–15 d in the transgenic Brassica
as compared to the untransformed control plants. This in
turn suggested that the pathogen took longer to get
established into the host harbouring chitinase genes, re-
sulting in a delay in disease inception as well as reduced
lesion size [3]. The delay in appearance of symptoms as
well as the lower severity of disease was observed when
35S-chitinase tobacco was challenged to Rhizoctonia
solani (causing root rot disease) infection [3]. Therefore,
the present study concluded with the fact that the over-
expression of chitinase gene through 35S promoter in
Brassica resulted in activation defense response against
the fungal pathogen Alternaria brassicae and thereby
protecting the plant in terms of decreased severity as
compared to the untransformed control.
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Fig. 4. Leaves challenged with A. brassicae showing minute lesions in
the case of 35S-chitinase Brassica (b) as compared to the untrans-
formed control (a) under polyhouse conditions.
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