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Magnaporthe grisea, the rice blast fungus is one of the
main pathological threats to rice crop worldwide. The
genetic relatedness and the probable mechanisms of
genetic variation among the Indian isolates of rice
blast pathogen were studied. A total of 171 polymorphic
markers were scored using 33 selected random decamer
primers. The isolates exhibited an overall polymorphism of about 64%. The similarity degree value for
the isolates ranged from 0.76 to 0.92. The high polymorphism could be explained by natural and stressinduced transposition and horizontal gene transfer.
Understanding the source of pathogen variation will
aid in designing improved methods for management of
the rice blast disease.
grisea (anamorph: Pyricularia oryzae), a
filamentous ascomycetes fungus, parasitizes over 50 grasses,
including economically important crops like wheat, rice,
barley and millet 1. But the pathogen is best known as the
casual agent of the rice blast disease. Rice is an important
agricultural crop supplying approximately 23% of the per
capita energy for six billion people worldwide 2 . Rice blast
is the most serious disease in all rice-growing regions of the
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world. Under heavy dew, all aerial parts of the plant can be
affected; leaf surfaces become speckled with oval lesions,
plants are liable to lodging if stems are infected. If the
panicle is infected, then a severe yield loss results 1. The
fungus has the ability to overcome resistance within a short
time after the release of a resistant cultivar and thus has made
breeding for resistance a constant challenge. The analysis
of genetic variation in plant pathogen populations is an
important prerequisite for understanding coevolution in the
plant pathosystem3 . Populations of rice blast pathogen
throughout the world have been studied for their phenotypic
and genetic variation4- 8 . Although earlier studies focused
on pathotypic variability 1, recent studies utilized molecular
markers to characterize population diversity. Extensive use
of the MGR586 heterodispersed element 8- 11 to delineate
DNA fingerprint lineages has helped to clarify the genetic
structure of this important pathogen.
Polymerase chain reaction (PCR)-based molecular markers
are useful tools for detecting genetic variation within
populations of phytopathogens I2 ,13. Random amplified polymorphic DNA (RAPD)14,15 markers have been widely used
for estimating genetic diversity in natural populations l6 ,
mainly because the technique does not need previous molecular genetic information and increases marker density for
evaluating genetic relationship. The RAPD technique has
also been used to study genetic diversity among rice blast
pathogens from Portugal 17 . The objectives of the present
investigation were to study the genetic variability among
isolates of M. grisea from different geographical regions.
M. grisea isolates were revived and grown on potato
dextrose agar (PDA, Hi Media) plates at 25°C for 5 days
(Table 1). For DNA extraction, isolates were grown in
100 ml of potato dextrose broth for 4 days at 25°C in a
rotary shaker at 100 rpm. Mycelial mat was filtered, dried
and ground to a fine powder in liquid nitrogen. Powdered
mycelia were vortexed in pre-warmed lysis buffer [100 mM
Tris (pH 8.5), 250 mM NaCl, 0.5 mM EDTA and 0.5%
SDS], incubated at 65°C for 30 min followed by the addition
of 1.7 M potassium acetate solution. The contents were
gently mixed and incubated on ice for 30 min. Samples
were then extracted with chloroform and the total nucleic
acid was precipitated with chilled isopropanol. The pellet
after centrifugation and drying was dissolved in TE (10 mM
Tris and 1 mM EDTA, pH 8.0). After RNAase treatment,
the DNA was purified with phenol: chloroform (1 : 1; v/v)
and chloroform: isoamylalcohol (24: 1; v/v) and precipitated with chilled ethanol after adding 1110th volume of 3 M
sodium acetate. The DNA was dissolved in TE buffer. The
DNA concentration was estimated with a DNA fluorometer
(Hoefer Scientific, San Francisco, USA) using Hoechst
33258 and calf thymus DNA I8 .
Primer survey was carried out using random decamer
primers from kits A, F, G, K, L, M and N (Operon Technologies, Almeda, USA). A total of 128 RAPD primers were
screened using DNA from three isolates, namely Maruteru,
Almora and Karjat CV 4. Thirty-three primers that gave
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reproducible results were selected and used in the analysis
of all 20 isolates.
PCR reaction was carried out in an Eppendorf DNA
thermal master gradient cycler. Each 25 M-l reaction mixture
contained IX Finnzyme reaction buffer, 0.5 U Finnzyme,
100 M-M of each dNTP, 0.6 M-M lO-mer primer and 50 ng
template DNA. The standard RAPD PCR program was
used IS. The amplification products were analysed on 1.6%
agarose gel in IX TBE buffer and stained with ethidium
bromide. The bands were visualized by their fluorescence
under ultraviolet illumination. A negative control (without
DNA template) was included in all PCR reactions.
Each amplification product identifiable after electrophoresis was considered as a DNA marker and was scored
across all samples. Bands were recorded as present (1) or
absent (0). All amplifications were repeated twice and
only reproducible bands were considered for analyses.
The dataset of isolates and reproducible bands were used
to calculate pair-wise similarity coefficient by simple
matching (SM) coefficient method using SIMQUAL program. The matrix of similarity coefficient was subjected
to unweighted pair group method with arithmetic mean
(UPGMA) to generate a dendrogram using average linkage procedure. Bootstrap analysis of the data was performed
with 1000 replications using WINBOOT program. All the
numerical analyses were performed using the computer
program NTSYS-pc, version 2.1 (Exeter Software, New
York).
An attempt was made to assess the genetic variability
among M. grisea isolates and to establish possible genetic
relationships among the Indian isolates of rice blast fungus.
An initial screening with 128 RAPD primers was carried out using three isolates Maruteru, Almora and Karjat

Table 1. Isolates of Magnaporthe grisea used in the
study from different locations ofIndia
Isolate
Almora
Gujarat II
Karjat CV4
Pondicherry
Karjat CVII
Titabar
Nawagam P203
Nellore
Nawagam S4/CVI02
Mandya
Chip lima
Pantnagar
Jagadalpur
Malan
Karjat 184
Warangal
V. Karjat 2
Almora-tetep
Mandya-NBI
Maruteru

State
U ttaranchal
Gujarat
Maharashtra
Pondicherry
Maharashtra
Assam
Gujarat
Andhra Pradesh
Gujarat
Karanataka
Orissa
U ttaranchal
Madhya Pradesh
Himachal Pradesh
Maharashtra
Andhra Pradesh
Maharashtra
U ttaranchal
Karnataka
Andhra Pradesh
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CV 4. These isolates were selected because of their diverse
geographical locations. The primers that resulted in monomorphic, indistinct or sub-optimal amplification products
were excluded from further studies. The selected primers
(33) were used to study the RAPD patterns among the 20
isolates (Table 2). The size of the amplification products
varied from 0.2 to 3 kb. The RAPD profile obtained with
primer OPK-13 is shown in Figure 1. The isolates exhibited
an overall polymorphism of about 64%. The number of amplification products obtained was specific to each primer and
ranged from three (OPF-03) to fourteen (OPG-IO and
OPG-17). The average number of amplification products
obtained per primer was 8.2. Overall, the RAPD patterns
showed a high level of polymorphism. Out of a total of 269
bands, 171 polymorphic and around 64 low frequency bands
(present only in 25% or less of the isolates) were obtained.
A dendrogram was generated by SM coefficient (Figure 2).
The similarity degree (SD) value for the isolates ranged

Table 2.

Primer
OPF-OI
OPF-02
OPF-03
OPF-04
OPF-05
OPF-07
OPF-08
OPF-09
OPF-IO
OPF-13
OPF-14
OPG-02
OPG-06
OPG-07
OPG-08
OPG-09
OPG-IO
OPG-II
OPG-13
OPG-14
OPG-15
OPG-16
OPG-17
OPG-18
OPM-16
OPM-20
OPK-07
OPK-12
OPK-13
OPK-14
OPK-18
OPL-02
OPL-17

Informative primers selected and degree of polymorphism
obtained among the 20 isolates
Primer
sequence
(5' ~ 3')

Total
no. of
bands

ACGGATCCTG
GAGGATCCCT
CCTGATCACC
GGTGATCAGG
CCGAATTCCC
CCGATATCCC
GGGATATCGG
CCAAGCTTCC
GGAAGCTTGG
GGCTGCAGAA
TGCTGCAGGT
GGCACTGAGG
GTGCCTAACC
GAACCTGCGG
TCACGTCCAC
CTGACGTCAC
AGGGCCGTCT
TGCCCGTCGT
CTCTCCGCCA
GGATGAGACC
ACTGGGACTC
AGCGTCCTCC
ACGACCGACA
GGCTCATGTG
GTAACCAGCC
AGGTCTTGGG
AGCGAGCAAG
TGGCCCTCAC
GGTTGTACAC
CCCGCTACAC
CCTAGTCGAG
TGGGCGTCAA
AGCCTGAGCC

12
6
3
13
13
4
12
4
7
8
4
6
13
7
5
5
14
9
II
II
5
9
14
10
6
II
6
4
13
4
5
9
6

Total

269

NPB
6
3
3
9
8
3
9
3
4
6
II
6
3
3
8
6
5
10
3
4
II
4
6
3
6
10
3
3
4
5
17l

Percentage
polymorphism
50
50
100
69.2
61.5
75
75
25
42.9
50
25
100
84.6
85.7
60
60
57.1
66.7
45.5
90.1
60
44.5
78.5
40
100
32
100
25
77
75
60
44.4
89.3
63.6%

LFB
3
2
2
3
4
2
2
3
2
2
2
0
4
2

2
6
3
2
0
3
4
0

64

LFB, Low frequency bands; NPB, Number of polymorphic bands.
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Figure 1. Gel electrophoresis of RAPD products amplified from 20
isolates with random decamer primer OPF-08. Numbers at the top correspond to isolates indicated in Table 1. Lane M, 100 bp molecular
weight marker.
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Figure 2. UPGMA cluster analysis of 20 isolates studied using simple
matching coefficient. Bootstrap values above 60% are shown.

from 0.76 to 0.92. Analysis with Dice and Jaccard's coefficients showed analogous results. Six loci specific for Gujarat
11 were identified. Three pairs of isolate Malan-MandyaNBI (0.92), Pantnagar-Jagadalpur (0.92) and Karjat
CVl84-Warangal (0.90) were closely related with high
SD values. For a SD higher than 0.75, it was possible to
differentiate the twenty isolates into two major clusters,
A and B, each consisting of two subclusters. It was observed
that all the three isolates from Uttaranchal were grouped
together in subcluster AI. Similarly, isolates from Assam
and Orrisa were found to be grouped together in subcluster
B2, while isolates from Kamataka, Maharashtra and Andhra
Pradesh were distributed almost equally in clusters A and B.
The analysis of RAPD polymorphism in isolates of M.
grisea from different regions across India revealed the
occurrence of high level of polymorphism, indicating a
1468

wide and diverse genetic base. A repeat sequence termed
MGR586 was identified in the genome of rice infecting
strains of M. grisea 7 . This sequence has been widely used
for DNA fingerprinting of M. grisea to investigate the
epidemiology of the rice blast disease 8- 11 . Another retrotransposon, fosbury has also been used for genetic differentiation studies 7 and the results indicate that isolates
from Bangladesh lack both MGR586 and fosbury.
MGR586 probe also failed to detect karyotypic changes l9 .
Thus there is a need to develop different DNA fingerprinting techniques to identify various forms of M. grisea
diversity. RAPD markers used in this investigation increase
the marker density for finding out genetic relationships.
Population structure studies done in the Americas 4 ,5,
Europe 9 and Asia6 ,20 revealed simple population structures
and suggested that M grisea populations are generally composed of only a few clonal lineages. M. grisea population
in Americas and Europe may have a few introductions,
which might have occurred since the introduction of rice
cultivation during the past few centuries. Population studies performed in Indian Himalayas, the centre of rice diversity, revealed a clear case of evolving M. grisea
population structure 8 . The phylogenetic grouping based
on our RAPD data did not appear to be congruent with
geographical locations. The topology of the dendrogram
suggests that most isolates are more than 15-20% different
from each other, indicating that both local and geographical
polymorphisms exist. Overall, a high genetic diversity was
obtained in Indian rice blast fungus. Our results are consistent
with previous reports 8 ,11. Genetic mechanisms that could
explain such diversity include simple mutations, meiotic
recombination, and mitotic (parasexual) recombination 21 ,22 .
Some indirect evidences suggest that M. grisea has the
potential for sexual reproduction in certain geographic regions ll . There have been few investigations on the perfect
state of M. grisea in India. The sexual cycle does not seem
to be a source of variation for the rice blast pathogen in
India8 . Similar results have also been reported from other
parts of the world 23 . If sexual reproduction occurs in blast
pathogen, it is probably infrequent and might not be significant in terms of rice blast epidemiology.
The significant amount of diversity among Indian isolates
of M. grisea can be explained mainly by evolution resulting from natural and stress-induced transposition 24 . Other
mechanisms like horizontal gene transfer between rice
blast fungus and its host 25 , may also be of importance because varieties deployed within a region are based on
crop seasons along with other biotic and geographic factors.
A significant amount of diversity within the isolates from
Andhra Pradesh, Maharashtra and Kamataka can be correlated with different crop seasons. The high similarity between
isolates from high altitude states like Uttaranchal and
Himachal Pradesh and those of Madhya Pradesh and
Kamataka, indicates the possibility of seed-borne transmission of the pathogen. Thus migration of the pathogen
to a newer location has occurred, resulting in homogenizing
CURRENT SCIENCE, VOL. 88, NO.9, 10 MAY 2005
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population and deploying genetic variability through extensive gene flow, although neither the time frame nor the direction can be determined currently from the available data.
On the basis of the present study, it is concluded that the
Indian population of rice blast fungus is genetically heterogeneous and the interrelationships amongst the different
isolates can be easily, precisely and reliably explained by
RAPD.
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Brugia malayi infection: Correlation
between chronicity of infection and
lymphoid cell proliferation and DNA
damage of host
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The present study was undertaken to investigate whether
the hypo responsiveness of the host induced by filarial
infection was due to suppression of cell proliferation
or DNA damage or both, of splenocytes or lymph node
cells and its relation to chronicity of infection. Lymph
node cells and splenocytes from Mastomys coucha infected with Brugia malayi at 1-2 months (amicrofilaraemic) , 6-7 months (microfilaraemic) and >12 months
(chronic microfilaraemic) infection were studied by
Comet assay and lymphocyte transformation test. Cells
from all chronically infected animals showed both DNA
damage and suppressed proliferative response to filarial antigen/ConA, while this was seen only in 75% of
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