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Abstract Rice blast, caused by Magnaporthe oryzae, is
the most devastating disease of rice and severely affects
crop stability and sustainability worldwide. In this study,
a total of 63 single spore isolates, collected during
2010-2013 from different cultivars in the different rice
growing regions of North-East and Eastern India were used
for molecular diversity and mating type analysis. DNA
fingerprinting was used to study the diversity among the
collections of 63 isolates by using POT2-TIR rep-PCR and
MGRS586-TIR. Different lineages were detected for 63
M. oryzae isolates by Pot2-TIR and eight for MGR586-
TIR fingerprints at 75 % similarity. Among the lineages
detected by Por2-TIR, lineage A and I represented the
maximum number of isolates whereas other lineages rep-
resent fewer numbers of isolates. Generally all the lineages
contained isolates of mixed geographical origin. Isolates
from Jharkhand were distributed in all the seven lineages.
The MGR586-TIR DNA fingerprinting detected eight lin-
eages, out of which three (Lineages F, G, H) were site
specific but were represented only by single isolate. Line-
age C contained isolates of Jharkhand only. The lineage A
was the largest represented 46 isolates from all the states
except Madhya Pradesh. Optimization of the sampling may
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result in considerable improvement in the results as clus-
tering of isolates from Jharkhand in a few lineages and
detection of different lineages with limited isolates from
other states could be ascribed to improper sampling.
MGRS586-TIR fingerprints appeared to differentiate the
isolates more strongly compared to POT2-TIR as is obvious
from the distance among isolates of the same lineage
(Lineage A) arbitrarily grouped together at 75 % similarity.
All the 63 isolates were also investigated for MAT1-1 and
MATI-2 mating-type distribution by PCR based molecular
markers. Of the 63 M. oryzae isolates collected, 16 (25 %)
of the isolates were the mating type MATI1-1 while 35
(56 %) were mating type MAT1-2. The MAT1-2 isolates
predominated in Jharkhand and Assam while MATI1-1 is
more predominant in the isolates of Odisha. Both MAT1-1
and MATI-2 were equally distributed in the isolates of
Meghalaya and Tripura. Only single isolate from Jhark-
hand was positive for both the mating type. The results
indicated that sexual recombination might be the one rea-
son for lineage diversity in M. oryzae in fields of large rice-
growing regions in North-East and Eastern states of India.
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Introduction

Many high yielding varieties of rice are available today and
the yield potential is considerably affected by various
biotic and abiotic stresses. Among them rice blast, the most
devastating is caused by heterothallic ascomycete Magna-
porthe oryzae is a serious problem in rice production
globally. In India, rice blast disease is seen in almost all
geographical regions wherever rice is grown. About
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564,000 tonnes of rice is lost due to blast in Eastern India
alone, of which 50 % (246,000 tonnes) in the upland
ecosystem. The blast disease is common to most rice-
growing areas of Eastern India due to blast-conducive
environments during the crop season. Extreme virulence
polymorphism in the pathogen and in-sufficient exposure
of the breeding material to the full range of virulences
present in the pathogen population is responsible for blast
resistance breakdown. The plant-pathogen system in agri-
culture tends to co-evolve, but not simultaneously. The
evolution of plant population occurs at a low rate as
compared to pathogen which evolves faster and thus
breakdown the resistance in plants [1, 2].

Different methods and strategies like elimination of crop
residues, use of resistant cultivars, chemical controls and
biological controls have been developed to prevent and
control the rice blast disease, but without much success
because of the rapid and frequent genetic variation of M.
oryzae [3-5]. The high genetic diversity in M. oryzae poses
a challenge to develop durable strategies for their man-
agement. Environmental stress also exerts evolutionary
pressure which leads to faster mutation rates which helps in
adaptation and survival of M. oryzae [6].

DNA fingerprinting has been widely used for studying
the population structure of M. oryzae. DNA fingerprinting
analyses of M. oryzae population from different rice
growing regions of the world with probes MGR-586, Pot2
rep-PCR, RAPD, Por2-TIR rep-PCR and SSR clearly
reveals that the populations are organized into discrete
groups or lineages [7-10]. The diversity of blast pathogen
using MGR586 probe in southern region and using Pot2-
rep PCR in the eastern region [11] has been demonstrated.
Pot2 rep-PCR has advantages with respect to the ease of
application for the analysis of a large number of samples in
population studies excepting that it requires a long elec-
trophoretic run time. Suzuki et al. [9] demonstrated that
using Pot2-TIR rep-PCR with outwardly directed primers
complementary to sequences in terminal inverted repeats
(TIRs) of the individual transposable elements for rep-PCR
fingerprinting, which is simpler and more rapid with high
fingerprinting ability.

The ability of M. oryzae isolates to produce perithecia
indicating a complex phenotype and mating ability is an
excellent criterion for examining the relationship among
isolates of the fungus. The genetic relationship between
female fertility and pathogenicity to rice in M. oryzae
segregates randomly. M. oryzae has single mating type
gene having two alleles, MAT1-1 and MAT1-2. The fun-
gus requires both mating types in order for sexual repro-
duction to occur. The mating type alleles have been used as
a marker to measure population diversity in the patho-
gen [12]. Fertility in M. grisea is a complex pheno-
type. The degree of fertility ranges from strains that are

hermaphroditic (both female and male fertile) to those that
behave only as male fertile (female sterility) or female
fertile (male sterility) in crosses. While hermaphroditic
isolates produce two rows of perithecia when crossed with
compatible fertile tester strains, isolates that form a single
band of perithecia are either male fertile or female fertile.
M. oryzae isolates from rice (Oryza sativa L.) are known to
have low fertility even when crossed with fertile tester
strains [12].

The purpose of this study was to investigate for the first
time the DNA fingerprinting pattern and genetic structure
of M. oryzae isolates and the presence of both mating-types
and also to measure and assess the spatial diversity existing
on commonly grown rice cultivars from the major rice-
producing areas in North-East and Eastern India and
determine if sexual reproduction is possible in these col-
lected isolates. The main aim of our study was to explore
the feasibility of genetic diversity and mating-type results
for developing blast-resistant cultivars for the region.

Materials and Methods
Fungal Strains

A collection of 63 isolates of M. oryzae was obtained from
sporulating lesions on leaves and panicles of different rice
cultivars from North-East and Eastern India during
2010-2013 (Table S1). A single conidial isolate for each of
the cultivar sampled was were maintained on sterilized
filter paper discs at 4 °C in the refrigerator. The collection
of isolates originated from nine regions distributed across
six states Jharkhand (Hazaribag, 26; Balumath, 1; Ranchi,
12), Odisha (Semliguda, 4), Assam (Tatabar, 5; Gerua, 6;
Golaghat, 2), Tripura (Lembuchera, 4), Meghalaya (Bara-
pani, 2) and Madhya Pradesh (Rewa, 1). The leaf and neck
blast samples were collected during the wet season.

DNA Preparation and Rep-PCR with Pot2-TIR
and MGR586-TIR

Stored cultures of the fungal isolates were revived by
inoculating the colonized filter disc on oat meal agar slant.
10-day-old cultures were inoculated into 100 ml yeast
extract and glucose broth in a 250 ml conical flask and kept
under constant shaking at 28 °C for 5-7 days. Mycelia
were harvested and filtered through Whatman No 1 filter
paper. The dry mycelia were ground in liquid nitrogen into
a fine powder with a mortar and pestle. Fungal genomic
DNA was extracted using DNeasy Plant Mini Kits (QIA-
GEN) following the manufacturer’s instructions. DNA
quality and concentration were determined by electropho-
retically in 0.8 % agarose gel and spectrometrically by
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NanoDrop 2000c (Thermo Scientific, USA). The outwardly
directed primers Por2-TIR (5 ACAGGGGGTACGCAAC
GTTA 3’) and MGR586-TIR (5 TCCGGGGTCCTGAT-
GAACCACGT 3') designed from the 45-bp TIR sequence
of the 1861-bp Por2 element and the 42-bp TIR sequence of
the 1860-bp MGR586 element, respectively were employed
for fingerprinting [9]. The PCR amplification was per-
formed in 20 pl volume according to the method described
by Suzuki et al. [9]. PCR products were separated by
electrophoresis on 1 % agarose gel and visualized with
ethidium bromide staining. PCR analysis was done at least
twice for each DNA sample to ensure only reproducible
bands were scored.

Analysis of Lineage Structure

The DNA fingerprint profiles generated by Por2-TIR and
MGRS586-TIR were compared to determine relatedness
among isolates. The presence or absence of each DNA
band of particular molecular weight in all the isolates was
scored manually. A binary data matrix with 1 indicating the
presence of a band of particular molecular weight and 0
indicating its absence was generated for both. A similarity
matrix was generated from the binary data using Jaccard’s
similarity coefficient in the SIMQUAL program of the
NTSYS-pc package [13]. Cluster analysis was performed
with the unweighted pair group arithmetic mean method
(UPGMA) in the SAHN program of the NTSYS-pc pack-
age. The dendrogram with the best fit to the similarity
matrix based on cophenetic values (COPH) and matrix
comparison (MXCOMP) was chosen.

Mating-Type Analysis

The gene encoding for the mating-type was amplified by
the polymerase chain reaction (PCR) using these primers:
L1 (5-ATGAGAGCCTCATCAACGGCA) and L2 (5'-
ACAGGATGTAGGCATTCGCAGGAC) for MAT1-1 and
T1 (5 ACAAGGCAACCATCTGGACCCTG) and T2 (5'-
CCAAAACACCGAGTGCCATCAAGC) for MATI-2
[14]. 1 pl (100 ng/pl) of genomic DNA was used as the
template in a 10 pl PCR mixture (1 pl of 10x PCR buffer,
10 mM dNTP mix, 5 uM of each primer, and TAQ poly-
merase). PCR was performed using a Pro-S (Ependroff)
thermalcycler. The mixture was subjected to 35 cycles of
amplification. Thermocycling conditions consisted of an
initial hold at 94 °C for 5 min, followed by 35 cycles of
94 °C (60 s), 60 °C (30 s), and 72 °C (1 min), and a final
hold of 72 °C for 10 min. The PCR products were elec-
trophoresed in 1.5 % agarose gel, stained with ethidium
bromide and then visualized under UV. M. oryzae Isolates
that was not amplified by the MATI-1 primer was pro-
cessed again with the MAT1-2 primer.
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Results and Discussion

DNA Fingerprinting Based on Rep-PCR with Pot2-TIR
and MGR586-TIR Primers

A total of 63 M. oryzae isolates were collected from fields
and nursery in the North-East and Eastern India for DNA
fingerprint analysis to assess their genomic diversity. DNA
polymorphisms of the isolates were detected by rep-PCR
with the Por2-TIR and MGRS586-TIR primers. Both the
primers yielded distinct DNA banding patterns. The M.
oryzae isolates showed 2-25 amplified bands for Pot2-TIR
primer and 2-23 amplified bands for MGR586-TIR primer of
different molecular weights (Figs. S1, S2). The amplified
bands ranged in length from 0.3 to 05 kb for Pot2-TIR primer
(Fig. S1) and 0.2 to 5 kb for MGR586-TIR primer (Fig. S2).

The dendrogram of DNA fingerprint groups by two
primers obtained from 63 M. oryzae isolates from North-
East and Eastern India by using NTSYS. DNA fingerprint
data for both the primers yielded high lineage diversity. At
75 % similarity cluster analysis of the PCR banding pat-
terns of the 63 isolates for both the primers showed that
haplotypic diversity was very high at all sites. Different
lineages were detected for 63 M. oryzae isolates by Pot2-
TIR and eight for MGR586-TIR fingerprints (Fig. S3a, b).
Among the lineages detected by Pot2-TIR, lineage A and I
represented the maximum number of isolates from differ-
ent states whereas other lineages represent fewer numbers
of isolates. Clustering of isolates from Hazaribagh and
Ranchi is a result of unequal sampling. Stratified or hier-
archical sampling of isolates based on geographichic,
temporal, and/or genotypic variation would reduce the
anomalies and improve the reliability of results. Further,
the possible of differentiation of isolates from a single
lineage into sub-groups consisting of one to two isolates
cannot be ignored as it would suffice to contribute to dif-
ferent virulence patterns. Generally all the lineages con-
tained isolates of mixed geographical origin. Isolates from
Jharkhand were distributed in seven lineages. The
MGR586-TIR DNA fingerprinting detected eight lineages,
out of which three (Lineages F, G, H) were site specific but
were represented only by single isolate. Lineage C con-
tained isolates of Jharkhand only. The lineage A was the
largest represented 46 isolates from all the states except
Madhya Pradesh (Table S2). The DNA fingerprinting
analysis of 63 isolates from North-East and Eastern India
clearly indicated that in general, the M. oryzae isolates
cannot be delineated into region-specific groups.

Mating-Type Analysis

Assessment of mating types was made in the collected
isolates from North-East and Eastern India. Both mating
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types were identified in the surveyed fungal isolates.
MATI-1 (male) isolates generated a 522 bp amplicon and
the MATI1-2 (female) isolates generated a 390 bp ampli-
con. An example of MAT1-1 and MATI1-2 is depicted in
Fig. S4. The figure represents the amplification of band of
respective size of both mating types. Each isolate produced
a single fragment of the expected size. Of the 63 M. oryzae
isolates analysed, 16 (25 %) of the isolates were of the
mating type MATI1-1 while 35 (56 %) were of the mating
type MATI1-2 (Table S3). Eleven (11) isolates did not
produce a PCR product with either of these two mating
types. The results clearly revealed the presence of both
mating type in the isolates from all the states except one
single isolates from Madhya Pradesh. The MAT1-2 isolates
predominated in Jharkhand and Assam while MAT1-1 was
more predominant in the isolates of Odisha. Both MAT1-1
and MATI-2 were equally distributed in the isolates of
Meghalaya and Tripura. Only single isolate from Jhark-
hand was positive for both the mating types.

Genotype and pathotype diversity of M. grisea was the
focus of previous investigations in different rice growing
regions of India [8]. The work reported here represents the
first attempt to characterize M. oryzae isolates in North-
East and Eastern India using single primers complementary
to sequences in the terminal inverted repeat (TIR) of Pot2
and MGR586, transposable elements found in M. oryzae. A
total of 63 isolates of M. oryzae were obtained from the
fields of different states of North-East and Eastern India
was subjected to DNA fingerprint analysis to assess their
genomic diversity. Por2-TIR rep-PCR fingerprinting dif-
ferentiated nine fingerprint lineages designated A, B, C, D,
E, F, G, H and I while MGR586-TIR differentiated eight
lineages among 63 field isolates. Previously also the
diversity of rice blast populations was examined by rep-
PCR using Pot2 primers and pathotyping [15, 16]. Mul-
tilocus microsatellite typing has also been widely used to
identify the genetic diversity of M. oryzae population [17].

Both sexual and asexual stages in their life cycles are
seen in ascomycetous fungi. In many fungi, including M.
oryzae sexual cycle is controlled by mating type genes. M.
oryzae can only mate when two fertile opposite mating-
types are present. Sexual propagation in M. oryzae is
controlled by a single mating-type (MAT) locus, which is
represented by two idiomorphs known as MATI1-1 and
MATI-2 [18-20]. The M. oryzae isolates collected from
different cultivars may have different level of fertility and
genetic differences in compatibility of isolates determined
the nature of fertility in population. Therefore, the fertility
status and mating-type of an unknown M. oryzae isolate
can be better assessed by using PCR-based method rather
than using tester strain for in vitro crosses. The PCR-based
method will allow determining the mating-type indepen-
dent of fertility and incompatibility factors [14]. In this

study two primer pairs LI, L2 and T1, T2 were used for
amplification of MATI-1 and MATI1-2 idiomorphs to
determine mating-type alleles in M. oryzae isolates in
North-East and Eastern India. The results revealed the
presence both mating-types and the MAT1-2 mating-type
dominated in all the sampled isolates. If a single mating-
type predominates in a particular rice growing region, M.
oryzae may not be sexually reproducing in that region and
this may be important in the population dynamics of this
pathogen. In past studies, MATI-1 has been identified as
the dominant mating-type associated with rice [21]. For
example, only MATI1-1 mating-type was observed in
Karnataka, Andhra Pradesh, Andaman Islands, Haryana,
and Punjab [21]. The presence of only MATI1-1 in the
pathogens is not uncommon as it was also detected in the
M. oryzae population in Japan and other regions [22]. The
presence of both mating-types has also been reported from
the states of Meghalaya and Himachal Pradesh, but only
two out of 90 isolates were MAT1-2 [21]. Thailand and in
Central Himalayan Region of India higher frequency of
occurrence of both mating-type has also been observed [23,
24]. Rathour et al. [25] also recovered sexually fertile
isolates in high frequency from in vitro mating among M.
grisea isolates from different hosts including rice.

DNA fingerprinting of M. grisea rice population of Ut-
taranchal has revealed high genetic diversity and lack of
discrete DNA fingerprint groups. Since the blast fungus
originates from South-East Asia and has invaded almost all
the continents through infected seed exchange, the chances
of finding diverse M. oryzae population decreases [1]. The
high genetic diversity of M. oryzae helps in determining
the partial resistance of the rice variety [2]. Kumar and
Ziegler [24] suggested the possibility of sexual recombi-
nation in M. grisea population of Himalayan regions. Both
mating type and sexually fertile M. grisea rice isolates have
also been reported from the hilly areas of the Yunnan
province of China and Thailand.

The observation that both mating-types were present in
the states of Jharkhand, Odisha, Assam, Meghalaya and
Tripura, suggests the possibility of sexual recombination in
nature and this can affect diversity and dissemination. In
this study, the degree of genetic diversity in terms of
lineage composition observed in the small population of M.
oryzae isolates analyzed and presence of both mating-types
appears to support this suggestion. This high lineage
diversity might indicate the co-evolution of rice and M.
oryzae for long time. As stated earlier, genetic diversity
and mating-type studies formed the basis of suggestion that
M. oryzae exists as a recombinant population. However,
detection of sexual form in natural field conditions and the
pathogenicity of its progenies on rice still remain elusive
[26] despite the existence of firm populations. The presence
of both mating-type as detected by PCR based molecular
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markers are basically useful to identify the mating type
locus in the field isolates of M. grisea but not effective to
identify the fertile M. grisea strains because fertility is also
influenced by genes other than the mating-type genes [21].

Conclusion

The data on mating type distribution and lineage diversity
presented in this study indicate that sexual recombination
might be the one reason for lineage diversity in M. oryzae
in fields of large rice-growing regions in North-East and
Eastern states of India. The other reason that may shape or
influence the genotypic variation of M. oryzae could be
evolutionary forces like mutation, vegetative compatibility,
parasexual recombination, random genetic drift, migration
and gene flow. Further research is needed to determine the
fertility status and the significance of various evolutionary
forces in shaping of genetic structure of the M. oryzae
populations from North-East and Eastern states of India.
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