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Abstract Thirty-six strains of Bipolaris oryzae collect-
ed from infected seed from different geographical loca-
tions in India were used for the analysis of genetic
variability by using molecular markers. The molecular
characterization using three marker systems, i.e., univer-
sal rice primers (URPs), inter-simple sequence repeat
(ISSR) and random amplified polymorphic DNA
(RAPD) was carried out, which revealed differences in
strains from different geographical origins as well as by
clustering of various B. oryzae strains which otherwise
could not be revealed through conventional characteri-
zation. Out of 13 URPs, 20 ISSR and 30 RAPD primers
screened, seven URPs, eight ISSR and 14 RAPD
markers gave very good reproducibility banding pat-
terns. Polymorphic bands ranging between 86.3% and
100% inURP, 81.8% and 100% in ISSR, and 91.6% and
100% were recorded in the case of RAPD markers. The
total number of bands recorded was 1791 with an

average of 255.86 in URP, 2541 with an average of
317.63 in ISSR, and 3226 with an average of 230.42
in RAPD markers. Maximum heterozygosity (Hn) was
revealed by URP 30F (0.26), ISSR 6 (0.36) and RAPD
marker OPB-1 (0.31). The polymorphism information
content (PIC) values ranged between 0.69 and 6.43 in
URP, 3.86 and 8.03 in ISS, and 2.58 and 8.55 in RAPD
marker profiles. Maximum cophenetic correlation was
found in URP (r = 1.000), followed by ISSR (r = 0.813)
and RAPD (r = 0.784). The combined analysis of all
three marker systems showed high cophenetic correla-
tion (r = 0.848), which indicated a good fit of the data
for genetic diversity analysis. Hence, combined use of
three marker systems would be more sensitive and reli-
able in characterizing genetic variability in B. oryzae
strains.

Keywords Genetic diversity . Inter-simple sequence
repeats .Molecular markers . Random amplified
polymorphic DNA . Universal rice primers

Introduction

Rice (Oryza sativa L.) is one of the most important
cereal crops and feeds more than one third of the world's
population (Burgos et al. 2013; Khush 1997). Agricul-
tural population densities onAsia’s rice-producing lands
are among the highest in the world and continue to
increase at a remarkable rate (www.knowledgebank.
irri.org/ericeproduction/Importance_of_Rice.htm).
Rapid population growth puts increasing pressure on the
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already strained food-producing resources. Abiotic and
biotic stresses put additional pressure in declining yields
of rice, which is a great challenge for the scientists. Rice
is susceptible to several leaf spot diseases including
blast and brown spot, which cause significant yield
losses worldwide. The rice brown spot pathogen,
Bipolaris oryzae (Breda de Haan) Shoem, is one of the
most important seedborne diseases of rice, which is
second only to blast disease in economic importance
among the foliar diseases (Ou 1985) causing severe
grain yield losses in both wet and dry seasons. Brown
spot has been noted to reduce yields from 6% to 90% in
Asia and was a cause for the Bengal famine in India
(Mew&Gonzales 2002). This disease is associatedwith
low soil fertility and often referred to as ‘poor man’s
disease’ (Lee 1992). High variability within the patho-
gen leads to a break in the susceptibility nature against
certain fungicides, with the development of either quan-
titative or qualitative resistance against the fungicides.
Tolerance or resistance stability of host varieties for B.
oryzae is not predictable without knowing the genetic
structure of the pathogen. Therefore, understanding var-
iation and diversity in a population of the pathogen and
mechanisms that further influence the genotypic chang-
es in the pathogen population, is an important step in
developing disease management strategies. Very impor-
tantly, pathogen variation is also useful in identifying
and characterizing resistant rice germplasm.

One of the most positive features of genetic diversity
studies is pathogen tracking, by using the genetic pattern
of fungus isolates. Therefore, knowledge of the patho-
gen population variability is necessary for effective host
breeding for resistance (Savary et al. 2011). Variability
in morphology and pathology of B. oryzae isolates has
been reported from various rice-growing countries
(Burgos et al. 2013; Kumar et al. 2011a; Ouedraogo
et al. 2004), but except for one report which was re-
stricted to only one rice-growing state of India (Kumar
et al. 2011a), no studies have been reported from India.
Very little information is known about the molecular
diversity of B. oryzae strains in India.

During the last two decades, several molecular mark-
er techniques such as Random amplified polymorphic
DNA (RAPD), Variable number of tandem repeats
(VNTRs), and Restriction Fragment Length Polymor-
phisms (RFLPs), have been developed for assessing the
genetic diversity variation of B. oryzae from different
countries (Burgos et al. 2013; Kumar et al. 2011a;
Weikert-Oliveira et al. 2002). Repeat sequences from

Korean weedy rice, originally referred to as Universal
Rice Primers (URPs), have been used for fingerprinting
of diverse genomes of plants, animals, and microbes
(Kang et al. 2002). URP-PCR has been used earlier in
molecular analyses of only a few fungi (Aggarwal et al.
2008; Kang et al. 2002). Hence, the aim of our work
was to characterize the isolates of B. oryzae isolated
from O. sativa using three different molecular markers,
viz., inter-simple sequence repeats (ISSR), RAPD and
URP-PCR.

Materials and methods

Isolation and maintenance of B. oryzae

Thirty-six isolates of B. oryzae were isolated from in-
fected rice seeds collected from different rice-growing
states in India (Table 1). The isolates were purified by
modified single spore isolation techniques (Akhtar et al.
2013), maintained on potato dextrose agar (PDA) me-
dium (HiMedia, Bombay, India) with periodic sub-
culturing, and stored at 4°C. Isolates were designated
as DQDO.

Genomic DNA isolation and PCR amplification

Thirty-six isolates of B. oryzae were grown on potato
dextrose broth (HiMedia) at 28 ± 1°C for 7 days. Fresh
mycelial mats were filtered through autoclaved muslin
cloth, and about 1 g mycelia was ground in a pre-chilled
pestle and mortar with liquid nitrogen. Approximately
200 mg of powdered mycelia was taken in a sterile
eppendorf tube and used (HiPurATM fungal DNA puri-
fication kit; HiMedia) for DNA extraction as per the
manufacturer’s protocol. The purified DNAwas quanti-
fied by Nanodrop spectrophotometer (Thermo Fisher
Scientific, Mumbai, India) and the final concentration
of the template was adjusted to 25 ngμl-1 for use in PCR
analysis.

The sequences of URP primers (derived from the
repeat sequences of Korean weedy rice) were adapted
from Kang et al. (2002) and URP, ISSR and RAPD
primers were synthesized from Promega Inc. (Pragati
Biomedical, New Delhi, India). PCR amplifications
were carried out in a reaction volume of 25 μl contain-
ing 25 ng of template DNA. The reaction mixture
consisted 10x PCR buffer (100 mM Tris-HCl,
500 mMKCl, 0.8% (v/v) Nonidet P40), 10 mM dNTPs,
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1 U Taq DNA polymerase, and 0.2 μM primer. All the
PCR reaction components were obtained from
Fermentas, Thermo Fisher Scientific, India. The ampli-
fications were performed using a Thermal Cycler

(GenePro PCR, Bioer, Portsmouth, NH, USA). For
URP, ISSR and RAPD markers, PCR temperature pro-
files were as follows: initial DNA denaturation at 94°C
for 4 min, followed by 35 PCR cycles at 94°C for 1 min,

Table 1 Bipolaris oryzae isolates used in this study and their place and year of collection

Sl. No. Host Accession number of
host

Place of collection of infected seed samples Designated isolate
name

Year of
collection

1 Oryza sativa IC 384178 Chhattisgarh (EPHR) DQDO-1 2011

2 Oryza sativa ITCC 5326 Chhattisgarh (EPHR) DQDO-2 2011

3 Oryza sativa EC 545101 Chhattisgarh (EPHR) DQDO-3 2011

4 Oryza sativa EC 545193 Chhattisgarh (EPHR) DQDO-4 2011

5 Oryza sativa EC 545093 Chhattisgarh (EPHR) DQDO-5 2011

6 Oryza sativa IC 449849 Uttar Pradesh (UGPR) DQDO-6 2011

7 Oryza sativa IC 449709 Uttar Pradesh (UGPR) DQDO-7 2011

8 Oryza sativa IC 449501 Uttar Pradesh (UGPR) DQDO-8 2011

9 Oryza sativa IC 17095 Uttar Pradesh (UGPR) DQDO-9 2011

10 Oryza sativa IC 461230 Uttar Pradesh (UGPR) DQDO-10 2011

11 Oryza sativa IC 461223 Uttar Pradesh (UGPR) DQDO-11 2011

12 Oryza sativa IC 451749 Uttar Pradesh (UGPR) DQDO-12 2011

13 Oryza sativa IC 451404 Uttar Pradesh (UGPR) DQDO-13 2011

14 Oryza sativa RT 2-109 Haryana (TGPR) DQDO-14 2011

15 Oryza sativa T7 55 Haryana (TGPR) DQDO-15 2011

16 Oryza sativa 503 Haryana (TGPR) DQDO-16 2011

17 Oryza sativa RCPL-1-76 Haryana (TGPR) DQDO-17 2011

18 Oryza sativa T3 55 Haryana (TGPR) DQDO-18 2011

19 Oryza sativa IC 114483 Haryana (TGPR) DQDO-19 2011

20 Oryza sativa IC 114767 Haryana (TGPR) DQDO-20 2011

21 Oryza sativa IC 114434 Haryana (TGPR) DQDO-21 2012

22 Oryza sativa IRGC 21741 Orissa (EPHR) DQDO-22 2012

23 Oryza sativa IRGC 45770 Orissa (EPHR) DQDO-23 2012

24 Oryza sativa IRGC 46721 Orissa (EPHR) DQDO-24 2012

25 Oryza sativa IRGC 46826 Orissa (EPHR) DQDO-25 2012

26 Oryza sativa IRGC 46936 Orissa (EPHR) DQDO-26 2012

27 Oryza sativa IC 124818 Orissa (EPHR) DQDO-27 2012

28 Oryza sativa ITCC 1319 Orissa (EPHR) DQDO-28 2012

29 Oryza sativa IC 578966 New Delhi (TGPR) DQDO-29 2012

30 Oryza sativa IC 578533 New Delhi (TGPR) DQDO-30 2012

31 Oryza sativa IC 572846 New Delhi (TGPR) DQDO-31 2012

32 Oryza sativa IC 579924 New Delhi (TGPR) DQDO-32 2012

33 Oryza sativa IC 577835 New Delhi (TGPR) DQDO-33 2012

34 Oryza sativa IRO82-187 New Delhi (TGPR) DQDO-34 2012

35 Oryza sativa MSSR001190 Tamil Nadu (SPHR) DQDO-35 2012

36 Oryza sativa IC 583129 Meghalaya (LGPR) DQDO-36 2012

EPHR-Eastern plateau and hills region, UGPR-Upper gangetic plains region, TGPR-Trans-gangetic plains region, SPHR-Southern plateau
and hills region, LGPR-Lower gangetic plain region.
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1 min for primer specific annealing temperature
(Table 2), 72°C for 2 min and a final cycle at 72°C for
10 min. All the amplified PCR products were resolved
by electrophoresis on 1.6% agarose for 2.5 h in 1x TBE
buffer at 80 V, stained with ethidium bromide and
photographed using the Gel Documentation System
(AlphaImager® Corporation, Santa Clara, CA, USA).

Data analysis

The resolved DNA bands were documented and proc-
essed for data analysis. The clear, unambiguous and
reproducible bands present across the DNA samples
were scored as ‘1’ and absence of bands was recorded
as ‘0’. The genetic relationship among the 36 isolates
was analyzed from the combined 0/1 matrix data of
URP, ISSR and RAPD profiles using the software pro-
gram NTSYSpc version 2.02e (Exeter Software, E.
Setauket, NY, USA) (Rohlf 1998) and the Jaccard’s
similarity coefficient and unweighted pair group method
using arithmetic average (UPGMA) (Sneath & Sokal
1973). The resultant matrix data were also analyzed for
correlation analysis and matrix correspondence test
(Mantel 1967) using the same software. Polymorphism
percentage was calculated as per the proportion of poly-
morphic bands over the total number of scored bands of
respective primer. The practical utility of a marker for
detecting genetic variation was estimated using
GenAlEx 6.41, calculating (i) expected heterozygosity
(Hn), (ii) effective multiplex ratio (EMR), (iii) polymor-
phism information content (PIC), (iv) marker index (MI)
and (v) resolving power (RP) (Peakall & Smouse 2006;
Prevost &Wilkinson 1999). The confidence level of the
clustering in the dendrogram was estimated through
bootstrap analysis using the PAST version 2.03 program
with 1000 permutations (Hammer et al. 2001).

Results

DNA fingerprint analysis

Genetic variation was detected among 36 strains of
B. oryzae by using URP, ISSR and RAPD markers. Of
the 13 URPs, 20 ISSR and 30 RAPD primers screened,
seven URPs, eight ISSR and 14 RAPD markers gave
very good reproducibility banding patterns (Fig. 1). The
number of amplified products ranged from 9 to 23 in
URP, 17 to 26 in ISSR and 12 to 25 in RAPD markers.

The average number of amplified products obtained per
primer was 16.86, 20.75 and 19.71 in URP, ISSR and
RAPD, respectively. The total number of bands record-
ed was 1791, with an average of 255.86 in URP, 2541
with an average of 317.63 in ISSR, and 3226 with an
average of 230.42 in RAPD markers. Polymorphic
bands ranges recorded were between 86.3% and 100%
in URP; 81.8% and 100% in ISSR; and 91.6% and
100% in the case of RAPD markers.

Maximum heterozygosity (Hn) was revealed byURP
30F (0.26) and URP 6R (0.24) and the least by URP 6F
(0.11). In ISSR marker, maximum Hn was observed by
ISSR 6 (0.36) and ISSR 15 (0.32) and the least by ISSR
1 (0.17). In the RAPD marker, the maximum Hn was
revealed byOPB-1 (0.31) followed byOPA-9 and OPC-
2 (0.30), and the least by OPC-4 (0.13) (Table 2). In
URP-PCR, effective multiplex ratio (EMR) ranged from
8.0 to 23.0, in which URP 2F scored high EMR (23.0)
followed by URP30F (19.0) and URP 17R (17). In
ISSR-PCR, EMR ranged from 15.0 to 26.0, in which
ISSR 15 scored high EMR (26.0) followed by ISSR -1, -
18 and -19 (21.0), and the least by ISSR 20 (15.0). In
RAPDmarker, EMR ranged from 11.0 to 25.0, in which
OPA-9 scored high EMR (25.0), followed by OPC-10
(23.0) and the least by OPC-4 (11.0). The polymor-
phism information content (PIC) values ranged from
0.69 to 6.43 in URP, 3.86 to 8.03 in ISSR, and 2.58 to
8.55 in RAPD marker profiles. URP2F scored the
highest PIC values (6.43) among seven URPs, whereas
ISSR 15 scored the highest PIC value (8.03) among
eight ISSR primers and OPA-9 scored the highest PIC
value (8.55) among 14 RAPD primers on genetic diver-
sity analysis of B. oryzae (Table 2).

Based on band informativeness, the marker index
(MI) values ranged from 0.88 to 5.06 in URP, 3.57 to
8.32 in ISSR, and 1.43 to 7.50 in RAPD marker studies.
In URP-PCR, URP 2F showed the highest MI value
(5.06) followed by URP 30F (4.94) and URP 17R
(3.74). Among ISSR primers, ISSR 15 showed the
highest MI value (8.32) followed by ISSR 6 (6.84) and
ISSR 19 (6.10). In the case of RAPD marker, OPA-9
showed the highest MI value (7.50) followed by OPC-
10 (6.44) and OPA-4 (6.38). The resolving power (RP)
values ranged from 6.11 to 25.22 in URP, 10.89 to 24.67
in ISSR, and 5.39 to 19.78 in RAPD marker profiles.
The highest RP was revealed by URP 30F (25.22)
followed by URP 6R (15.33) and the lowest by URP
13R (6.11). In the case of ISSR markers, the highest RP
value was marked by ISSR 15 (24.67) followed by ISSR
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Table 2 Primer names with their sequences and genetic diversity analysis of URP, ISSR and RAPD showing various marker utility
parameters

Sl.
No.

Primer
name

Primer sequence
(5’———— 3’)

Annealing
temperature (°C)

Average
band size

Number of
bands

PM
(%)

Hn EMR PIC MI RP

URP

1 URP 2 F GTGTGCGATCAGTT
GCTGGG

54 2.0 kb- 0.10
kb

23 100.0 0.22 23 6.43 5.06 12.56

2 URP 2R GCCAGCAACTGATC
GCACAC

54 1.5 kb - 0.10
kb

15 86.6 0.17 13 3.60 2.21 10.67

3 URP 6 F GGCAAGCTGGTGGG
AGGTAC

54 0.6 kb - 0.20
kb

9 88.8 0.11 8 0.69 0.88 14.67

4 URP 6R GGCAAGCTGGTGGG
AGGTAC

54 0.8 kb - 0.10
kb

16 87.5 0.24 14 3.72 3.36 15.33

5 URP
13R

TACATCGCAAGTGA
CACACC

49 2.0 kb - 0.20
kb

14 92.8 0.13 13 2.85 1.69 6.11

6 URP
17R

AATGTGGGCAAGCT
GGTGGT

50 1.5 kb - 0.10
kb

19 89.4 0.22 17 5.73 3.74 13.50

7 URP
30 F

GGACAAGAAGAG
GATGTGGA

49 3.0 kb - 0.30
kb

22 86.3 0.26 19 5.28 4.94 25.22

Total 118 - 1.35 107 28.30 21.88 98.06

Average 16.86 - 0.19 15.29 4.04 3.13 14.01

ISSR

1 ISSR 1 CACACACACACACA
CAG

43 3.0 kb - 0.20
kb

21 100.0 0.17 21 3.86 3.57 10.89

2 ISSR 6 GTGTGTGTGTGTCC 36 2.1 kb - 0.30
kb

19 100.0 0.36 19 4.16 6.84 19.11

3 ISSR 8 GACACGACACGACA
CGACAC

53 1.8 kb - 0.10
kb

19 89.4 0.26 17 4.84 4.42 18.67

4 ISSR 10 GAGAGAGAGAGA
GAGAYG

46 2.8 kb - 0.25
kb

22 81.8 0.26 18 6.18 4.68 20.28

5 ISSR 15 DBDACACACACAC
ACAC

39 2.5 kb - 0.15
kb

26 100.0 0.32 26 8.03 8.32 24.67

6 ISSR 18 AGAGAGAGAGAG
AGAG

40 2.5 kb - 0.20
kb

21 100.0 0.21 21 5.52 4.41 11.72

7 ISSR 19 GAGCAACAACAACA
ACAA

40 3.0 kb - 0.30
kb

21 100.0 0.29 21 5.83 6.10 18.17

8 ISSR 20 AGAGAGAGAGAG
AGAGVC

46 1.5 kb - 0.15
kb

17 88.2 0.27 15 4.58 4.05 17.61

Total 166 - 2.14 158 43.00 42.39 141.12

Average 20.75 - 0.27 19.75 5.38 5.30 17.64

RAPD

1 OPA-1 CAGGCCCTTC 34 2.5 kb - 0.20
kb

20 100.0 0.23 20 6.23 4.60 10.78

2 OPA-4 AATCGGGCTG 32 1.8 kb - 0.20
kb

22 100.0 0.29 22 8.30 6.38 15.06

3 OPA-8 GTGACGTAGG 32 2.5 kb - 0.25
kb

18 94.4 0.20 17 4.35 3.40 11.33

4 OPA-9 GGGTAAACGCC 34 3.0 kb - 0.15
kb

25 100.0 0.30 25 8.55 7.50 19.78

5 OPA-10 GTGATCGCAG 32 1.8 kb - 0.20
kb

16 100.0 0.19 16 4.30 3.04 6.94

6 OPB-1 GTTTCGCTCC 32 2.5 kb - 0.30
kb

19 100.0 0.31 19 6.48 5.89 15.11

7 OPB-4 GGACTGGAGT 32 2.5 kb - 0.20
kb

18 100.0 0.29 18 6.27 5.22 13.67
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10 (20.28) and the lowest by ISSR 1 (10.89). Among
RAPD markers, the highest RP value was scored by
OPA-9 (19.78) followed by OPC-10 (15.33) and the
lowest by OPC-4 (5.39) (Table 2).

Cluster analysis

Individual data analysis of URP marker showed the
genetic similarity coefficient to be 32.1% to 87.3%.
The least similarity difference (32.1%) observed be-
tween DQDO-16 and DQDO-27 strains collected from
Haryana state, i.e., trans-gangetic plain region and Oris-
sa state, i.e., eastern plateau and hills region, respective-
ly. The highest similarity (87.3%) with bootstrap value
88% was observed between DQDO-3 and DQDO-4
strains, both collected from Chhattisgarh state, i.e., east-
ern plateau and hills region, and DQDO-12 and DQDO-
13 strains (with bootstrap value 98%) collected from
Uttar Pradesh, i.e., upper-gangetic plain regions. URP-
based UPGMA analysis of all the strains was classified
into three major clusters and subclusters with a few
individual strains grouping – barring a few exceptions
– based on geographical regions, i.e., strains fromOrissa
and Chhattisgarh as the first group, Uttar Pradesh and
Haryana as the second group, New Delhi and Meghala-
ya as the third group, with a few strains from Orissa as a
separate group (Fig. 2a).

In the case of ISSR marker genetic similarity
coefficient was relatively higher, ranging from
22.1% to 95.5% among all the strains and also
compared with URP and RAPD. The least similarity
difference was observed between DQDO-16 and
DQDO-22 strains collected from Haryana state, i.e.,
the trans-gangetic plain region and Orissa state, i.e.,
eastern plateau and hills region, respectively. The
highest similarity difference was observed between
DQDO-29 and DQDO-36 strains (95.5% with boot-
strap value 71%) collected from New Delhi state,
i.e., trans-gangetic plain region and Meghalaya state,
i.e., lower gangetic plain region. ISSR-based
UPGMA analysis of all the strains was classified
into four major clusters (12 strains belong to Chhat-
tisgarh, Uttar Pradesh and Orissa as the first group,
11 strains belong to Haryana, New Delhi, Meghalaya
and Uttar Pradesh as the second group, three strains
from New Delhi and Haryana as the third group,
and five strains from Tamil Nadu, Uttar Pradesh and
Haryana as the fourth group) and subclusters with a
few individual strains (two strains from Haryana and
one strain from Orissa) grouping – barring a few
exceptions – based on geographical regions
(Fig. 2b).

Among all the marker systems, RAPD-based genetic
similarity coefficient was relatively lower and ranged

Table 2 (continued)

Sl.
No.

Primer
name

Primer sequence
(5’———— 3’)

Annealing
temperature (°C)

Average
band size

Number of
bands

PM
(%)

Hn EMR PIC MI RP

8 OPB-6 TGCTCTGCCC 34 1.8 kb - 0.20
kb

17 100.0 0.25 17 4.62 4.25 12.67

9 OPC-1 TTCGAGCCAG 32 2.9 kb - 0.20
kb

22 100.0 0.19 22 4.88 4.18 12.89

10 OPC-2 GTGAGGCGTC 34 1.8 kb - 0.20
kb

20 100.0 0.30 20 7.57 6.00 14.5

11 OPC-4 CCGCATCTAC 32 2.5 kb - 0.30
kb

12 91.6 0.13 11 2.58 1.43 5.39

12 OPC-6 GAACGGACTC 32 3.0 kb - 0.15
kb

22 100.0 0.22 22 6.57 4.84 11.56

13 OPC-8 TGGACCGGTG 34 2.5 kb - 0.15
kb

22 100.0 0.25 22 6.78 5.50 14.67

14 OPC-10 TGTCTGGGTG 32 2.5 kb - 0.15
kb

23 100.0 0.28 23 8.47 6.44 15.33

Total 276 - 3.43 274 85.95 68.67 179.68

Average 19.71 - 0.25 19.57 6.14 4.91 12.83

PM Polymorphic, Hn Expected Heterozygosity, EMR Effective multiplex ratio, PIC Polymorphism information content,MIMarker index,
RP Resolving power
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from 19.3% to 77.1% among all strains and also com-
pared with URP and ISSR markers. The least similarity
difference was observed between DQDO-16 and
DQDO-29 strains collected from Haryana state, i.e.,
trans-gangetic plain region and New Delhi state, respec-
tively. The highest similarity difference was observed
between DQDO-30 and DQDO-31 strains (77.1% with
bootstrap value 68%) both collected from New Delhi
state, i.e., trans-gangetic plain region. RAPD-based
UPGMA analysis of all the strains was classified into
more than five major clusters and subclusters with very
few individual strains grouped as a single strain
(Fig. 2c).

Comparison of different marker systems

Three different aspects of the performance of marker
systems (URP, ISSR and RAPD) were considered for
comparison. Combined data analysis of URP, ISSR and

RAPD showed genetic similarity ranging from 27.4% to
87.8%. The least similarity difference (27.4%) was ob-
served between DQDO-16 and DQDO-22 strains col-
lected from Haryana state, i.e., trans-gangetic plain re-
gion and Orissa state, i.e., eastern plateau and hills
region, respectively. The highest similarity difference
was observed betweenDQDO-29 and DQDO-30 strains
(87.8% with bootstrap value 92%) both collected from
New Delhi state, i.e., trans-gangetic plain region. Two
major clusters were observed in combined data analysis,
indicating all strains belong to the upper-gangetic plain
(Uttar Pradesh state) as a single subcluster and other
strains belong to the eastern plateau and hills region
(Chhattisgarh state) and trans-gangetic plains region
(Haryana state) grouped in subclusters. Similarly, we
observed other major cluster strains belonging to the
trans-gangetic plain region (Haryana and New Delhi
states) and the eastern plateau and hills region (Orissa
state) grouped in separate subclusters (Fig. 2d).

Fig. 1 DNA fingerprinting profiles of 36 Bipolaris oryzae strains
obtained with (a) URP 30 F, (b) ISSR 10 primers, and (c) RAPD
primer OPA-9. Lanes with serial numbers 1–36 are fingerprinting

profile of each B. oryzae strain (Table 1), NC – Negative control,
M – 100 bp plus DNA ladder (Fermentas).

Phytoparasitica (2015) 43:5–14 11



Arithmetic means of expected heterozygosity (Hn),
polymorphic information content (PIC), effective mul-
tiplex ration (EMR), marker index (MI) and resolution
power (RP) were calculated. The highest mean number
of DNA markers (20.75), mean number of bands
(317.63), mean polymorphic bands (19.75), arithmetic
mean of Hn (0.27), EMR (19.75), MI (5.30) and RP
(17.64) were detected with ISSR compared with URP
and RAPD. The highest mean value of PIC (6.14) was
observed in RAPD compared with URP and ISSR
(Table 2). The Mantel test was carried out on three
marker systems to obtain reliable estimates of genetic
similarities among the B. oryzae strains tested with their
cophenetic correlation values. Maximum cophenetic
correlation was found in URP (r = 1.000) followed by

ISSR (r = 0.813) and RAPD (r = 0.784) (Table 3). The
combined analysis of all three marker systems showed
high cophenetic correlation (r = 0.848), which indicated
a good fit of the data for genetic diversity analysis. The

Fig. 2 Dendrogram based on UPGMA clustering of individual
and pooled molecular data obtained from (a) URP, (b) ISSR, (c)
RAPD, and (d) URP+ISSR+RAPD markers among 36 Bipolaris
oryzae strains along with their place of collection. Correlation

coefficient r, calculated by the Mantel test, represents goodness
of fit of the dendrogram. The percent bootstrap values above 50 %
are indicated in the major forks.

Table 3 Mantel test and cophenetic correlation (r) for comparison
of similarity matrices derived fromURP, ISSR and RAPDmarkers

URP ISSR RAPD All*

URP 1.000

ISSR 0.296 0.813

RAPD 0.317 0.417 0.784

All* 0.544 0.750 0.821 0.848

*Combined analysis of all the markers
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results of the Mantel test showed a poor or fair correla-
tion between any two marker systems (Table 3).

Discussion

Brown spot of rice caused by B. oryzae has been reported
in all rice-growing countries in Asia, the Americas and
Africa, but information on the variability of the pathogen’s
population is limited. The first andmost important factor in
plant protection is sufficient information about the genetic
structure of pathogen populations and more information
would certainly be effective in selecting efficient strategies
of pathogen control (Nagaty & El Assal 2011). In the
present investigation, we collected 36 strains of B. oryzae
from different geographical regions of India.

Molecular markers are used as important tools for the
characterization of genetic diversity in the pathogenwhere
morphological characteristics are either absent or not able
to differentiate strains properly (Sharma et al. 1999).
Nevertheless, fungal genetic characters are effectively
influenced by various environmental and cultural condi-
tions. Geographic region is also one of the major factors
influencing the genetic structure of B. oryzae in India.
This could be due mainly to various soil types and certain
weed hosts serving asmajor sources of inoculum reservoir
for B. oryzae (Biswas et al. 2008). Therefore, problems
associated with studying different levels of genetic vari-
ability in B. oryzae have been addressed by the use of
molecular marker techniques (Burgos et al. 2013; Kumar
et al. 2011a; Ouedraogo et al. 2004).

The UPGMA cluster analysis based on Jaccard simi-
larity coefficients of URP marker revealed three major
genetic groups among the strains with URP 30F support-
ed by moderate bootstrap confidence values compared
with other URP primers. The critical identity of geo-
graphic populations grouped for a few isolates with few
exceptions shows that the populations were not evident in
the cluster analysis, indicating homogenizing effects of
gene flow between populations coupled with host selec-
tion. URP marker use in the molecular analysis of a few
other fungi, viz., Pleurosis, Chaetomium, Colletotrichum
species, has been reported by earlier workers (Aggarwal
et al. 2008; Kang et al. 2002; Kumar et al. 2011b).
However, the applicability of this URP and ISSR marker
system in the molecular analysis of B. oryzae has not
been reported so far in the literature. The results obtained
with the URP marker in either individual or combined
data analysis with the ISSR and RAPD marker systems

revealed differences at strain level which are not notice-
able when applying conventional classification methods.
Results in the present study are also in agreement with
earlier workers regarding use of the URP marker system
for genetic diversity analysis of fungi. This includes
nucleotide alterations, insertions and deletions at initia-
tion sites of fungi that may result in polymorphic DNA,
which is detectable by the URP-PCR (Aggarwal et al.
2008; Kang et al. 2002; Kumar et al. 2011b).

ISSR markers are useful for studying genetic diver-
sity in B. oryzae isolated from different geographical
regions. These are rapid, reproducible and produce a
large number of polymorphic bands and aid in the
understanding of pathogen population dynamics, which
can facilitate the development of effective control strat-
egies. ISSR-based UPGMA analysis of all the strains
were classified into four major clusters and subclusters.
These results are in agreement with previous reports in
which the ISSR marker showed good polymorphism
within and between Alternaria spp. (Hong et al. 2006),
Rhizoctonia spp. (Li et al. 2011) and Fusarium
oxysporum f. sp. ciceris (Dubey et al. 2012).

Clustering based on UPGMA for 14 RAPD markers
classified 36 B. oryzae strains into two major clusters and
nine subclusters depending on percent similarity coeffi-
cient, although RAPD PCR analysis is widely used for
discriminating among closely related organisms. In our
study, with few exceptions most of the strains were able
to cluster together in the dendrogram, according to their
geographical origin, which strengthened the belief that
RAPD-based variation is related to the geographical ori-
gin of the strains. Whereas earlier reports related to mo-
lecular diversity studies of B. oryzae are partially in
agreement with our present study, i.e., even RAPD data
revealed huge diversity within and between B. oryzae
groups, there is a lack of grouping based on geographical
origin of the strains (Kumar et al. 2011a; Motlagh and
Anvari 2010; Weikert-Oliveira et al. 2002).

Compared with individual marker data analysis –
with the exception of URP data – pooled data were
found to be more informative and showed good fit (r =
0.848) with the data for diversity analysis (Table 3). The
use of these molecular data would aid in programs for
the crop improvement of B. oryzae resistance in varietal
deployment strategies and provide a better understand-
ing of the genetic variability of B. oryzae strains. The
extensive genotypic difference among B. oryzae strains
from India implies that this pathogen can adapt to erratic
climatic conditions better than a population with minor
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variation (McDonald et al. 1989). Although the genetic
variability here was detected by different molecular
marker systems, much information about the inherent
variability of this representative fungus in each geo-
graphical region is the basis for screening disease resis-
tance germplasm in various rice breeding programs.
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