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Abstract
Wheat blast, caused by Pyricularia oryzae pathotype Triticum, is one of the most notorious diseases of wheat. In this study, 
a total of twenty-four monoconidial isolates representing four major wheat blast affected districts, namely Chuadanga, 
Meherpur, Kustia and Jhenaidah of Bangladesh were analyzed. Eight RAPD and four ISSR primers being used for genetic 
diversity assay produced a total of 94 bands of which 85% were polymorphic. UPGMA dendrogram based on combined 
dataset (RAPD and ISSR) separated all the isolates into two main clusters having similarity ranged from 64 to 93%. Principal 
coordinate analysis showed congruent result with cluster analysis. However, clustering of the isolates according to their origin 
and plant part sampled was not apparent in the dendrogram. The genetic diversity indices unveiled that genetic diversity in P. 
oryzae populations is low. Average Nei's gene diversity (h) and Shannon’s Information Index (I) calculated for isolates from 
each district were found 0.16 and 0.24, respectively. The population structure analysis of the isolates revealed the presence 
of two sub-populations with admixture of alleles. Analysis of molecular variance indicated that significantly higher level 
of variation (96%) in the population was present within districts while a relatively low proportion (4%) of the variation was 
detected among districts. Knowledge generated in this study will give a pace in the development of appropriate wheat blast 
management strategies to control this disease in Bangladesh.
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Introduction

Being the biggest commercial crop in the world, wheat has 
a key contribution to the global food security. It provides 
20% of food calories and protein of majority of the popula-
tion in developing countries (Saharan et al. 2016). Like the 
other part of the world, demand of wheat has been increasing 
rapidly in South Asian countries day by day. In Bangladesh, 
wheat is the second most important grain crop after rice 
from consumption and economic point of view (Hossain and 
Silva 2013).

Wheat blast or ‘brusone’, an explosive disease of wheat, 
is caused by ascomycetous fungus Pyricularia oryzae 
Cavara (Teleomorh: Magnaporthe oryzae B. C. Couch) 

pathotype Triticum which can cause up to 100% yield loss 
under favorable climatic conditions (Cruz and Valent 2017). 
Presence of wheat blast was first reported in Paraná state of 
Brazil in 1985 (Igarashi et al.1986) and then it has spread to 
the adjacent countries with time (Barea and Toledo 1996; 
Viedma 2005; Alberione et al. 2008; Cabrera and Gutiér-
rez 2007). Previously, this disease was restricted to some 
South American countries such as Brazil, Bolivia, Para-
guay, Argentina, and Uruguay except to one report in the 
experimental field in USA in 2011 (Callaway 2016). Emer-
gence of deadly wheat blast was confirmed in Bangladesh 
in 2016, which was its first epidemic outside South America 
(Callaway 2016; Islam et al. 2016; Malaker et al. 2016). The 
first occurrence of wheat blast damaged 15,000 hectares of 
wheat fields that was approximately 15% of Bangladesh’s 
total wheat area (Islam et al. 2016). Since then, wheat blast 
has become a potential threat to wheat production for Bang-
ladesh and other South Asian countries due to the possibility 
of its spread to the neighboring countries. Peng et al. (2011) 
warned that attention should be given to prevent pathogen 
dispersal to protect wheat production which came true when 
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blast was reported from Bangladesh in 2016. Seed-borne 
inoculum might facilitate the long-distance dispersal of 
P. oryzae and allow it to invade different agroecosystems 
(Gomes et al. 2017; Goulart et al. 1995). However, P. ory-
zae conidia dispersed by air seem to play a major role in 
wheat blast epidemiology at the field scale (Urashima et al. 
1993). Favorable climatic condition coupled with suscepti-
ble cultivars may cause severe damage to wheat production. 
In a recent study, applying the climate analog analysis, Mot-
taleb et al. (2018) warned that out of 40.9 million ha of total 
wheat-producing land in India, Bangladesh, and Pakistan, 
more than 17% of the area (6.9 million ha) is vulnerable to 
wheat blast.

Polymerase chain reaction (PCR)-based molecular mark-
ers are useful tools for estimating genetic variation within 
populations of phytopathogens (Vakalounakis and Fragki-
adakis 1999; Kolmer and Liu, 2000). Random amplified 
polymorphic DNA (RAPD), inter simple sequence repeats 
(ISSRs), amplified fragment length polymorphism (AFLP), 
restriction fragment length polymorphism (RFLP) and sim-
ple sequence repeat (SSRs/microsatellites) are the most 
commonly used molecular markers to study the genetic vari-
ation in the genome of Pyricularia spp. populations (Sharma 
et al. 2002; Séré et al. 2007; Ashtiani et al. 2016). RAPD and 
ISSR fingerprinting methods are inexpensive, less time con-
suming to AFLP, RFLP and SSRs, highly polymorphic and 
they do not require any prior sequence information (Godwin 
et al. 1997; Gillings and Holley 1997). Moreover, applica-
tion of RAPD markers coupled with other reproducible 
markers such as ISSR provides more reliable assessments of 
genetic diversity in pathogen populations (Schlotterer 2004; 
Ashtiani et al. 2016).

Previous studies on wheat blast pathogen found con-
siderable morphological variations among the isolates 
(Al Noman et al. 2021) and also revealed that the isolates 
with high virulence were prevalent in Bangladesh P. ory-
zae population (Noman and Shamsi 2021). Evolutionary 
potential and the ability to adopt resistant cultivars and 
fungicide treatments have a relationship with the genetic 
diversity in plant pathogen population. Although wheat 
cultivars IPR 85, CD 113 and BR 18 from Brazil and 
cultivar Paragua CIAT and Parapeti CIAT from Bolivia 
showed considerable resistance against blast, cultivar 
Milan derived from CIMMYT (International Maize and 
Wheat Improvement Center) line showed the highest level 
of resistance (Kohli et al. 2011; Islam et al. 2019). Wheat 
cultivation using resistant varieties might be an effective 
strategy against wheat blast. But disease resistance can be 
affected by high genetic diversity of the pathogen. There-
fore, a fundamental understanding on the extent of genetic 
variation in plant pathogen populations is essential in dis-
ease epidemiology and developing breeding strategies to 
develop cultivars with durable resistance. However, to the 

best of our knowledge, no study has been reported on the 
genetic diversity of wheat blast pathogen from Bangla-
desh after its emergence in 2016. Again, report on genetic 
diversity of wheat-infecting P. oryzae populations around 
the globe is also scanty. Considering the above facts, the 
present investigation had been undertaken to gain insight 
into the genetic diversity and genetic structure of P. oryzae 
isolates from major wheat blast affected districts of Bang-
ladesh through RAPD and ISSR.

Materials and methods

Collection of wheat blast samples

Infected leaves and panicles showing characteristics blast 
symptoms were collected from the four highly wheat 
blast affected districts of Bangladesh namely Chuadanga, 
Meherpur, Kustia and Jhenaidah during the tenure of 
2017–18 wheat season (Supplementary Fig. S1). Samples 
were collected in brown paper bags from the fields and 
stored at 4 °C in the laboratory for further analyses.

Isolation and maintenance of monoconidial cultures

A total of twenty-four monoconidial isolates were isolated 
from the field samples following single conidium isolation 
technique as described by Al Noman and Shamsi (2021). 
Monoconidial cultures were obtained by transferring single 
germinating conidium from 3% water agar to potato dextrose 
agar (PDA) plate using fine glass needle and then incubat-
ing at 25 °C with a 12-h photoperiod for 14 days. Details of 
the isolates are articulated in Table 1. Spores of different 
isolates were micro-photographed at 40X under compound 
microscope facilitated with digital camera (Nikon optiphot-2 
trinocular microscope, Japan) using ImageFocus Alpha soft-
ware. Photos of colony and conidia of the isolates are shown 
in Supplementary Figs. S5–S8. All the isolates were main-
tained in PDA slants at 4 °C. For long-term storage, isolates 
were grown on sterile filter paper disks and kept at – 80 °C.

Genomic DNA extraction

DNA was extracted from 1 g of fungal mycelium collected 
from 10-day-old monoconidial cultures of each isolate fol-
lowing method as described by Amer et al. (2011). DNA 
quality was checked by running on 1% agarose gel and the 
quantity was measured using NanoDrop (Thermo Scientific) 
spectrophotometer. Extracted DNA was stored at – 20 °C for 
further analyses.
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ITS rDNA amplification and sequencing

The internal transcribe spacer (ITS) regions of sixteen P. 
oryzae isolates were amplified using ITS1 as forward and 
ITS4 as reverse primer (White et al. 1990). The PCR was 
performed in a 25 μL reaction mixture containing 1.0 μL 
forward and reverse primer, 12.5 μL master mix (Clever 
Scientific Ltd., Warwickshire, UK), 2.0  μL template 
DNA and 8.5 μL nuclease free water. The PCR consists 
of 30 cycles involving initial denaturation step at 94˚C 
for 5 min, followed by 94, 54 and 72 °C each for 30 s, 
with a final extension step of 5 min at 72 °C and ended 
with 4 °C. The PCR products were electrophoresed in 1% 
agarose gel. Amplified PCR products were sequenced 
through automated sequencer (SeqStudio Genetic Ana-
lyzer, Thermo Fisher Scientific, USA) in the Centre for 
Advanced Research in Sciences (CARS), University of 
Dhaka, Dhaka, 1000. The obtained sequences were com-
pared with the sequences already available in the National 
Center for Biotechnology Information (NCBI) using 
BLASTn tool (http:// www. ncbi. nlm. nih. gov/ BLAST) and 
these sequences were deposited in the GenBank database.

RAPD and ISSR amplification

Seven RAPD primers OPA-03, OPA-10, OPA-13, OPB-
10, OPB-13, OPF-04 and OPM-20 (Macrogen, Inc., Seoul, 
South Korea) and four ISSR primers including ISSR5, 
ISSR7, UBC881 and UBC890 (Eurogentech, Germany) 
(Table 2) that produced consistent and reproducible pro-
files and showed high polymorphism in the previous stud-
ies (Sharma et al. 2002; Chadha and Gopalakrishna 2007; 
Vanaraj et al. 2013; Srivastava et al. 2014; Ashtiani et al. 
2016) for Pyricularia spp. were chosen to determine DNA 
polymorphism among P. oryzae isolates in this study. PCR 
amplifications were performed in a 25 µL reaction volume 
containing 12.5 µL of PCR master mix (Clever Scientific 
Ltd., Warwickshire, UK), 1.0 µL of RAPD or ISSR primer, 
9.5 µL of nuclease free water and 2.0 µL of genomic DNA 
at 15 ng/μL. PCR amplification using RAPD primers was 
conducted with the following program: 45 cycles of 94 °C 
for 1 min (denaturation), 35 °C for 1.5 min (annealing) and 
72 °C for 2 min (extension) with the initial denaturing of 94 
°C for 4 min and final extension of 72 °C for 10 min. Ther-
mal cycling profiles for ISSR were:45 cycles of 94 °C for 

Table 1  Details of the studied 
Pyricularia oryzae isolates

a Internal transcribed spacer (ITS) regions of the isolates that were not sequenced are indicated by “–”

Serial no. Strain District Host cultivar Plant part NCBI accession no.a

1 PO-M1 Meherpur BARI Gom-24 (Prodip) Panicle –
2 PO-M2 Meherpur BARI Gom-24 (Prodip) Panicle –
3 PO-M3 Meherpur BARI Gom-24 (Prodip) Panicle –
4 PO-M15 Meherpur BARI Gom-24 (Prodip) Panicle MT358613
5 PO-M16 Meherpur BARI Gom-24 (Prodip) Panicle MT358614
6 PO-M4 Meherpur BARI Gom-21 (Shatabdi) Leaf MT358605
7 PO-M5 Meherpur BARI Gom-21 (Shatabdi) Leaf MT358606
8 PO-M19 Meherpur BARI Gom-21 (Shatabdi) Leaf MT358616
9 PO-M20 Meherpur BARI Gom-21 (Shatabdi) Leaf MT358617
10 PO-M21 Meherpur BARI Gom-21 (Shatabdi) Leaf MT358618
11 PO-C6 Chuadanga BARI Gom-24 (Prodip) Panicle –
12 PO-C7 Chuadanga BARI Gom-24 (Prodip) Panicle MT358607
13 PO-C8 Chuadanga BARI Gom-24 (Prodip) Panicle –
14 PO-C22 Chuadanga BARI Gom-24 (Prodip) Panicle –
15 PO-C9 Chuadanga BARI Gom-24 (Prodip) Leaf MT358608
16 PO-C10 Chuadanga BARI Gom-24 (Prodip) Leaf MT358609
17 PO-K11 Kustia BARI Gom-26 Panicle MT358610
18 PO-K12 Kustia BARI Gom-26 Panicle –
19 PO-K13 Kustia BARI Gom-24 (Prodip) Leaf MT358611
20 PO-K14 Kustia BARI Gom-24 (Prodip) Leaf MT358612
21 PO-J17 Jhenaidah BARI Gom-24 (Prodip) Panicle MT358615
22 PO-J18 Jhenaidah BARI Gom-24 (Prodip) Panicle –
23 PO-J23 Jhenaidah BARI Gom-24 (Prodip) Leaf MT358619
24 PO-J24 Jhenaidah BARI Gom-24 (Prodip) Leaf MT358620

http://www.ncbi.nlm.nih.gov/BLAST
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1 min (denaturation), 55 °C for 1.5 min (annealing) and 72 
°C for 2 min (extension) with the initial denaturing of 94 °C 
for 5 min and final extension of 72 °C for 10 min.

Gel electrophoresis and staining

The amplified PCR products of RAPD and ISSR were sepa-
rated electrophoretically on 1% agarose gel, stained with 
ethidium bromide and visualized under UV light. The sizes 
of the amplicons were estimated by comparing with 1 kb 
DNA ladder (Clever Scientific Ltd., Warwickshire, UK).

Data analyses

Bands generated in the RAPD and ISSR analyses were 
expressed in binary characters and scored manually as 1 for 
presence and 0 for absence of the band. Polymorphic infor-
mation content (PIC) was calculated as described by Smith 
et al. (1997). Marker index (MI) was calculated as the prod-
uct of PIC and effective multiplex ratio (EMR), where EMR 
is the product of the fraction of polymorphic loci and the 
number of polymorphic loci (Milbourne et al. 1997; Prev-
ost and Wilkinson 1999). Observed number of alleles (Na), 
effective number of alleles (Ne), Nei's gene diversity (h) 
and Shannon’s information index (I) were calculated  using 
POPGENE version 1.31 (Yeh et al. 1999). Dendrograms 
were constructed by NTSYSpc version 2.1 (Exeter Software, 
New York, USA) using the SAHN clustering program with 

the unweighted pair group method using arithmetic averages 
(UPGMA) method. Principal coordinate analysis (PCoA) 
was performed using DARwin version 6.0.21 (Perrier and 
Jacquemoud-Collet 2006) software. Population structure 
and individual clustering (K) of the isolates were inferred 
using the Bayesian clustering method by means of STRU 
CTU RE version 2.3.4 (Pritchard et al. 2000). The number of 
hypothetical sub-populations (K) was set to vary between 1 
and 10. ΔK method was applied to best estimate K and was 
computed using Structure Harvester ver. 0.56.3 (Earl 2012). 
GenAlEx version 6.5 (Peakall and Smouse 2012) was uti-
lized for the analysis of molecular variance (AMOVA) with 
9999 permutations.

Results

Morphological and molecular identification

All the isolates produced characteristic pyriform-shaped 
asexual conidia (Supplementary Figs. S7 and S8). Those 
conidia were three celled with each having single nucleus 
per cell and hyaline to pale gray in color. Identification based 
on morphological characters was performed by comparing 
with available literature (Cruz and Valent 2017; Urashima 
2010; Islam et al. 2016). Molecular identification was done 
by matching the obtained ITS sequences with the already 
available sequences of P. oryzae in NCBI database. Newly 

Table 2  Details of each RAPD 
and ISSR markers used in this 
study

TB total bands, PB polymorphic bands, PPB percentage polymorphic bands, PIC polymorphic information 
content, MI Marker index, Ne Effective number of alleles, h Nei's gene diversity

Markers Primer sequences (5ʹ–3ʹ) TB PB PPB PIC MI Ne h

RAPD
OPA-03 AGT CAG CCAC 7 7 100 0.72 5.04 1.30 0.22
OPB-10 CTG CTG GGAC 14 14 100 0.88 12.32 1.62 0.35
OPM-20 AGG TCT TGGG 11 11 100 0.80 8.80 1.63 0.32
OPA-10 GTG ATC GCAG 8 8 100 0.89 7.12 1.44 0.28
OPF-04 GGT GAT CAGG 8 8 100 0.70 5.6 1.38 0.26
OPB-18 CCA CAG CACT 9 9 100 0.96 8.64 1.22 0.16
OPA-13 CAG CAC CCAC 8 8 100 0.92 7.36 1.23 0.17
OPB-13 TTC CCG CGCT 4 4 100 0.98 3.92 1.23 0.18

Total 69 69
Mean 8.63 8.63 100 0.86 7.35 1.38 0.24

ISSR
ISSR5 CAC ACA CAC ACA CACAA 10 7 70 0.64 3.14 1.31 0.24
ISSR7 CAC ACA CAC ACA CAC AGC 5 3 60 0.51 1.53 1.51 0.27
UBC 881 GGG TGG GGT GGG GTG 4 0 0 0 0 1 0
UBC 890 VHVGTG TGT GTG TGT GT 6 1 16.66 0.14 0.02 1.16 0.08

Total 25 11
Mean 6.25 2.27 36.67 0.32 1.17 1.25 0.15
Cumulative data (RAPD + ISSR) 94 80 85 0.59 4.26 1.32 0.2
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generated sequences of this study were submitted to NCBI 
GenBank and the obtained accession numbers are given in 
Table 1.

RAPD analysis

Eight RAPD primers generated a total of 69 bands rang-
ing from 250 to 3200 bp with an average of 8.63 bands per 
primer (Table 2; Fig. 1 and Supplementary Figs. S2 and S3). 
All the primers generated polymorphic bands among the 
isolates. Average PIC value, as a measure of informativeness 
of genetic markers, was found 0.86. The highest MI value 
(12.32) was shown by the primer OPB-10 and lowest (3.92) 
was observed for primer OPB-13. Effective number of alleles 
(Ne) ranged between 1.22 and 1.63. Primer OPM-20 showed 
the highest number of effective alleles per locus (1.63) and 
the lowest alleles were observed in OPB-18 with the value 
of 1.22. The mean value of the Nei’s gene diversity(h) was 
0.24, with the highest value for primer OPB-10 (0.35) and 
the lowest for OPB-18 primer (0.16).

ISSR analysis

Four ISSR primers used in this study could produce a total 
of 25 fragments varying from 250 to 4000 bp with an aver-
age of 6.25 bands per primer (Table 2; Fig. 1 and Suppli-
mentary Fig. S4). Primer ISSR5 generated maximum num-
ber of bands (10 bands) whereas primers UBC 890, ISSR7 
and UBC 881 produced 6, 5 and 4 bands, respectively. In 
total, 11 Polymorphic bands were obtained with an average 

of 2.27 polymorphic fragments per primer. Average percent-
age of polymorphic bands was 36.67% with the highest value 
for the primer ISSR5 (70%). ISSR5 also displayed highest 
PIC and MI value (0.64 and 3.14, respectively). However, 
primer ISSR7 revealed maximum effective number of alleles 
(Ne) and Nei's gene diversity (h).

A total of 94 bands were generated by RAPD and ISSR 
markers cumulatively of which 80 fragments (85%) were 
polymorphic. The combined average PIC and MI values 
were found 0.59 and 4.26, respectively. Average values of 
effective number of alleles (Ne) and Nei's gene diversity (h) 
for both the RAPD and ISSR primers were 1.32 and 0.2, 
respectively.

Cluster analysis

UPGMA dendrogram based on cumulative data of both 
RAPD and ISSR markers was generated to analyze the 
genetic relationship among the isolates. Cluster analysis 
showed distinction among the isolates by dividing them into 
two major clusters namely cluster A and cluster B (Fig. 2). 
The range of similarity among the isolates was 64–93% 
indicating a high degree of diversity among them. Cluster 
A is further divided into two sub-clusters viz., sub-cluster 
A1 and sub-cluster A2. Sub-cluster A1 consisted of sixteen 
isolates from four studied districts and sub-cluster A2 con-
tained three isolates from Kustia, Jhenaidah and Meherpur 
each. Cluster B comprised of five isolates all from Meherpur 
district. On the basis of RAPD and ISSR analyses, it was 
evident that due to the genetic variation among the isolates, 

Fig. 1  Banding patterns of 24 
Pyricularia oryzae isolates 
collected from four wheat blast 
affected districts of Bangladesh 
using OPF-04 (RAPD) and 
UBC 881 (ISSR) [First lane (M) 
of the gel indicates 1 kb DNA 
ladder]
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a clustering according to the origin of the isolates and plant 
organs sampled was not apparent in the dendrogram.

Principal coordinate analysis (PCoA)

PCoA analysis was performed to evaluate the dissimilar-
ity of the isolates and to verify the clustering pattern from 
the dendrogram. Both RAPD and ISSR fingerprinting data 
of the isolates were used to prepare a scatter plot obtained 
from principal coordinate analysis. Here, PCoA result was 
consistent with the cluster analysis (Figs. 2, 3), i.e., isolates 
were grouped in the scatter plot as in the UPGMA dendro-
gram. Major clusters and sub-clusters (A1a, AIb, A2 and B) 
in the dendrogram are shown in PCoA to demonstrate the 
consistency of results between these two methods.

Population genetic diversity

The genetic diversity indices calculated for P. oryzae iso-
lates from four different districts are represented in Table 3. 
The percentage of polymorphic bands fell in the range of 
27.7–74.47%, with an average of 43.88%. The observed 
number of alleles (Na), effective number of alleles (Ne) and 
Nei's gene diversity (h) ranged from 1.28 to 1.74, 1.2 to 
1.42 and 0.11 to 0.25, respectively, for the four different 
populations (Meherpur, Chuadanga, Kustia and Jhenai-
dah). Isolates from Meherpur district showed highest Na 
(1.74), Ne (1.42) and h (0.25) values while these values 
were lowest for isolates from Kustia (Na = 1.74, Ne = 1.2 
and h = 0.11). Based on the Shannon’s information Index (I), 

the highest diversity was revealed in P. oryzae population 
from Meherpur (I = 0.38), whereas it was lowest for Kustia 
(I = 0.17) population. Average Nei's gene diversity (h) and 
Shannon’s information Index (I) were found 0.16 and 0.24, 
respectively, for studied P. oryzae populations.

Analysis of molecular variance (AMOVA) conducted 
using both RAPD and ISSR data indicated that most of the 
variation (96%) in the population was attributable to the dif-
ferences among isolates within districts, while a relatively 
low proportion (4%) of the variation was detected for among 
districts (Table 4).

Structure analysis

Cumulative RAPD and ISSR data set was also used to infer 
population structure and number of sub-populations among 
P. oryzae isolates. Structure analysis on the basis of maxi-
mum likelihood and delta K values revealed existence of two 
sub-populations with genetic admixture and are represented 
by two different colors (Fig. 4).

Discussion

Multilocus RAPD and ISSR fingerprinting methods have 
been widely used for the determination of genetic varia-
tion among P. oryzae isolates in rice (Sharma et al. 2002; 
Chadha and Gopalakrishna 2007; Ashtiani et al. 2016) as 
well as other plant pathogenic fungi (Bayraktar et al. 2008; 
Baysal et al. 2010; Nasehi et al. 2014; Singh et al. 2019). 

Fig. 2  UPGMA dendrogram 
based on combined RAPD and 
ISSR data showing genetic rela-
tionship among P. oryzae iso-
lates collected from Chuadanga, 
Meherpur, Kustia and Jhenaidah 
districts of Bangladesh
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Cumulative data of RAPD and ISSR markers were utilized 
to analyze genetic variation among wheat infecting P. oryzae 
isolates from the studied districts of Bangladesh. Such use 
of combined marker fingerprints to assess genetic variability 
in fungal population has been previously demonstrated in 

Fusarium oxysporum f. sp. ciceris (Bayraktar et al. 2008), 
Alternaria alternata (Kandan et al. 2014), Fusarium solani 
(Arif et al. 2015), Bipolaris sorghicola (Kandan et al. 2016) 
and Fusarium oxysporum f. sp. carthami (Singh et al. 2019). 
In this study, RAPD and ISSR markers combinedly pro-
duced a total of 94 bands of which 85% were polymorphic. 
The amplification of large number of polymorphic bands 
suggested that the primer sets used in this study could be 
of significance for the measurement of genetic diversity 
in P. oryzae population. UPGMA dendrogram based on 
both RAPD and ISSR data revealed considerable genetic 
variation among the isolates. Principal coordinate analysis 
(PCoA) showed congruent result with cluster analysis. The 
topology of the dendrogram suggested that isolates from 
same district were distributed in different clusters and sub-
clusters, depicting presence of no clear correlation between 

Fig. 3  Scatter plot obtained 
from principal coordinate analy-
sis (PCoA) of P. oryzae isolates 
based on cumulative marker 
data (RAPD + ISSR). Major 
clusters and sub-clusters (A1a, 
A1b, A2 and B) in UPGMA 
dendrogram obtained from both 
RAPD and ISSR data are also 
marked

Table 3  Genetic diversity 
indices for Pyricularia oryzae 
isolates belonging to different 
districts

PB Percentage polymorphic bands, Na observed number of alleles, Ne effective number of alleles, h Nei's 
gene diversity, I Shannon's information index

Districts Number of 
Isolates

PPB Na Ne H I

Meherpur 10 74.47 1.74 1.42 0.25 0.38
Chuadanga 6 37.23 1.37 1.23 0.14 0.20
Kustia 4 27.7 1.28 1.2 0.11 0.17
Jhenaidaha
Mean

4 33.1
43.88

1.35
1.44

1.25
1.28

0.15
0.16

0.21
0.24

Table 4  Analysis of molecular variance (AMOVA) for Pyricularia 
oryzae isolates

Source of vari-
ation

Degrees 
of free-
dom

Sum of squares Est. var. Variation (%)

Among dis-
tricts

3 41.41 0.43 4

Within districts 20 227.30 11.37 96
Total 23 268.71 11.80 100
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clustering of the isolates in the dendrogram and their area of 
origins. Similar type of result had been documented in previ-
ous studies on Pyricularia spp. isolates from different coun-
tries (Consolo et al. 2008; Chadha & Gopalakrishna 2005; 
Ngueko et al. 2004; El-Wahsh et al. 2016). Again, Maciel 
et al. (2014) found no subdivision among the wheat-infecting 
P. oryzae populations in Brazil while elucidating population 
structure of the wheat blast pathogen using 11 microsatel-
lite loci. Such lack of correlation in our study implies that 
genetic variation among the isolates is independent of their 
area of origin. Possible explanation for such finding might 
be the geographical closeness of the study areas or P. oryzae 
population need more time to evolve region specific races.

The population structure analysis showed admixture of 
alleles and resulted in two sub-populations. Analysis of 
molecular variance (AMOVA) indicated that higher level 
of variation (96%) in the population was present within dis-
tricts while a relatively low proportion (4%) of the varia-
tion was detected among districts. Structure analysis based 
on cumulative RAPD and ISSR data provided no specific 
demarcation of genetic grouping in different populations and 
little amount of variation (4%) among districts was observed 

in AMOVA. These results highlight lower level of genetic 
divergence of P. oryzae isolates among regions sampled and 
are also consistent with the gene flow across the districts 
investigated. Here, human-mediated movement of infested 
seeds or the dispersal of the pathogen via airborne inoculum 
may facilitate gene flow among the study areas.

Average Nei's gene diversity (h) and Shannon’s informa-
tion Index (I) calculated for isolates from each district were 
found 0.16 and 0.24, respectively, indicating that the genetic 
diversity in the studied P. oryzae populations is low. This 
can be explained by the fact that environmental factors may 
not play a vital role in generating high genetic variation, 
as the studied districts were geographically close and may 
share almost same climatic conditions. However, the source 
of genetic diversity among the isolates is unclear. Mutations, 
sexual recombination, parasexual recombination, action of 
transposable elements, selection or hyphal anastomosis can 
be the possible source of genetic diversity in pathogen popu-
lation (Zeigler et al. 1997; Park et al. 2003). Furthermore, 
Maciel et al. (2014) found evidence for mixed reproduc-
tive system characterized by both sexual and asexual repro-
duction in wheat infecting P. oryzae population in Brazil. 

Fig. 4  Population structure 
analysis of P. oryzae isolates 
based on both RAPD and ISSR 
data. A ΔK peak value (40.42) 
was found for K = 2. B Genetic 
composition of the isolates 
showing presence of two sub-
populations with admixture of 
alleles
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However, no evidence of sexual recombination of P. oryzae 
causing wheat blast has been reported yet from Bangladesh. 
This also explains low genetic diversity found among P. ory-
zae populations in this study.

In conclusion, this study indicates the presence of low 
genetic diversity among P. oryzae populations in Bangladesh 
and reveals that the larger part of variability in the popula-
tion was attributable to the differences among isolates within 
districts. As wheat blast pathogen is on move, rapid devel-
opment of efficient and appropriate disease management 
strategies including development of blast resistant variety 
becomes a crying need. Genetic diversity in pathogen popu-
lation may affect disease resistance and also limit the effi-
cacy of fungicide treatments. Hence, knowledge on genetic 
variation and genetic structure of plant pathogen populations 
is one of the prerequisites to provide proper strategies to 
control and manage plant diseases (McDonald and Linde 
2002). Findings of this study will be helpful to understand 
the genetic nature of Bangladesh P. oryzae isolates and give 
a pace in the development of appropriate wheat blast man-
agement strategies in Bangladesh.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00203- 021- 02752-2.
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