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ABSTRACT

Pyricularia grisea fungus which causing rice blast disease is one of the main pathological races threats to rice crop in
Egypt and worldwide. Thirty isolates out of known 144 strains of this fungus were selected according to geographical locations.
Isolates of P. grisea, were analyzed by SSR markers to determine the amount of genetic variability among these races. Sixteen
primers out of 26 were amplified and produced a total of 83 alleles . Number of alleles per marker ranged from 3 for C7-1.4, P9-
0.4 and P9-1.9 to 9 for H6-0.8-5 primer, with an average of 5.2. The polymorphic information content (PIC) values were high for
all markers with an average of 0.70 and ranged from as low as 0.51 for C7-1. 4 to high of 0.83 for H6-0.8-5 marker. UPGM A-
cluster-analysis based on genetic distance coefficients clearly separated all isolates of P. grisea. The results showed that the
studied isolates were classified into 4 lineages by cutting off the dendrogram at 0.70 similar linkage level. Group D was the major
group and represented most of those isolates. The average similarities within cluster was greater than the average similarities
between clusters. In general, the results of this investigation confirmed that microsatellite markers would be useful and suitable

for determining the genetic diversity in P. grisea populations.
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INTRODUCTION

Rice blast disease caused by Pyricularia grisea
is one of the most important rice diseases which attack
rice throughout its life cycle from the nursery to the
farm [Ou 1985] in all rice countries including Egypt.
Therefore, many studies were done to control it
[Khodaparast and Sahragard 2004]. DNA markers show
the differences of DNA. These markers were used
because of being unlimited in numbers, not being
affected by environmental factors and furthermore their
detection and identification throughout their plant
growth processes [Winter and Khal 1995]. The genetic
diversity range and instability in Pyricularia grisea has
been the long-term discussion among the blast studies.
The application of the molecular markers in the genetic
study of the population presented classification of the
epidemiologic information which was not possible
before. Molecular marker would detect the genetic
contents directly and they could validly refer to genetic
and phenotypic variations [Babujee and
Gnanamanickam 2000]. Liu et al. [2008] evaluated 46
isolates of rice blast fungus that obtained from different
geographical areas in order to determine its DNA
configuration by the use of SSR markers. The first
results indicated that each locus had a range of different
alleles from 2 to 10 and the results of SSR showed
genes which were polymorphic in nature [Liu et al.
2008]. Silva et al. [2009] evaluated the genetic
diversity of P. grisea on rice in Brazil. The genetic
analysis of isolates showed the highest genetic diversity
population belonged to 103 haplotypes in Bonanca and
49 in Primavera. Mottalebi et al. [2009] examined P.
grisea populations isolated from rice and weeds and
analyzed the genetic variability of complex species of
this fungus by Rep-PCR and concluded that genetic
diversity in these isolates is low. Piotti et al. [2005]
determined the genetic structures of isolates of P. grisea

in Italy and fingerprinted the DNA of the pathogen
using the PCR. The cluster analysis showed the
existence of three Italian main genetic groups which had
80% similarities. The goal of this study was to
determined the phenotypic and genetic variability of the
selected races of P. grisea by using SSR based on the
PCR as well as the similarities among these races. In
other study, fingerprinting of eleven isolates of P.
oryzae by retrotransposon — microsatellite amplified
polymorphism (REMAP) showed a high level of
polymorphism and  variability = among  them.
Phylogenetic analysis using REMAP markers separated
one rice isolate from others [Vanaraj et al. 2013] .
Random amplified polymorphic DNA markers were
used to find out genetic variability in P. grisea isolates
that obtained from farmer's fields in Northeast India.
28S rRNA gene sequences of the isolates were
compared with other related taxa retrieved from Gene
Bank database. The results confirmed the genetic
variability of rice blast fungus in Northeast India [Gad
et al. 2013]. Motlagh et al. [2015] studied the genetic
and molecular characterization of P. grisea by using
SSR markers based on the PCR in Guilan province of
Iran. They determined the similarities as well as the
genetic differences among the studied populations. The
results showed that genetic distance was large between
isolates of west and east of Guilan and the genetic
similarity among these isolates of the two populations
was low. However, there was a maximum of genetic
distance or a minimum of genetic similarity among the
populations of center and east of Guilan isolates.

In this study, the genetic and molecular
characterization of P. grisea races were determined
using SSR markers based on the PCR in six rice
growing governorates in Egypt and the similarities as
well as the genetic differences among these races were
determined.
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MATERIALS AND METHODES

The present study was carried out in both the
experimental farm and the green house of the Rice
Research and Training center (RRTC), Rice Pathology
Department, Sakha, Kafr EI- Sheikh, Egypt and
Department of Agric. Botany, Faculty of Agriculture,
Kafr el-sheikh University during the period from 2008
to 2012.

Fungus isolates selection:

Thirty isolates out of knownl44 isolates of
Pyricularia grisea fungus were selected according to
geographical location, physiological races and seasons .
Each isolate was grown for 15 days at room temperature
(25 to 27°C) in100 ml of potato dextrose broth. The
mycelia harvested by filtration with air bump.
Microsatellite marker analysis:

Total genomic DNA was extracted from fresh
fungus mycelia about 0.5g from each isolate using
CTAB (Cetyl-tetramethyl ammonium bromide) method,

(Murray and  Thompson, 1980). Purity and
concentration of DNA was monitored
spectrophotometrically at a wavelength of 260 and 280
nm using Nano-Drop ND-1000 Spectrophotometer
(Wilmington, USA). The thirty isolates used initially
were subjected to DNA polymorphism screening using
26 SSR markers. Sixteen markers out of those 26 (Table
1) were amplified and used to determine the genetic
diversity and molecular characterisation of Pyricularia
grisea populations. PCR amplifications were performed
in a 20 pl reaction volume: each reaction contained 1.0
pl template DNA; 0.10ul Taq polymerase, 4ul of 10X
buffer, 1ul of 10mM of each of the four (dNTPs), 1.0l
of 10 mM forward and reverse primers. The volume was
brought up to 20 pl by autoclaved double distilled H20.
The amplification protocol of 5 min at 94 °C, 35 cycles,
each cycle performed with 40 sec at 94°C; 40 sec at
lower annealing temperature of the primer about 50 up
to 68 °C; 1min at 72 °C, and a final extension step of
10 min at 72 °C.

Table 1:List of SSR primer used for molecular analysis.

No. Name marker F. marker sequences R. marker sequences

1 C7-14 TGCCGCCTGCTCTAAGTAAA TATCCTTCACCAACGACACC
2 CUT1 TATAGCGTTGACCTTGTGGA TAAGCATCTCAGACCGAACC
3 E10 ACCAGGTGACGTCGATAAGC CTGACGCCAAAAGCAAGTTA
4 ERG2 GCAGGGCTCATTCTTTTCTA CCGACTGGAAGGTTTCTTTA
5 H6-0.8-4 GGACAAGCAAGACAAGGTAT CGACAAAGCAGAGAAAGAGG
6 H6-0.8-5 CATCTACAACCCGAGCAAGG TGTAAAACAGCCCATCAAAG
7 H6-1.1-5 TGTATGATGCGAGCGGACTT TGGACTGGGTATTGTTGAGC
8 H6-1.1-7 AGTGGTGGATACGAGCAGGG AGGAAACACAAAGCGAGGAT
9 J13-1.4 CCTAACCAGTTCCTCCGTAT TATGCTCCCCATTTTTAT TA
10 J16-0. GTTAGGGCTACAGGCGGAAG CTGTGGCGACGATCTGTGGT
11 J16-0.9 TTGACTGTATTGITGCCGTT GGGCGACAGGTTGAAGAGTT
12 P9-0.4 CGGCAAATACTTCCACCATA GGTCCTTCGTTGAGCAGATA
13 P9-1.9 ACCCCACTCGCTGACCTTTA CGGACGCTTGATTGCTGTTA
14 PWL2 TCCGCCACTTTTCTCATTCC GCCCTCTTCTCGCTGTTCAC
15 S9 TCTGAAAGCCGTCCCCACAT ACACCCCTCCAAAACCACAA
16 Y16 ATTTAGAAGGCAGGGGTGTC TGTGTGAAAACAAGGCAAGC

Allele scoring and data analysis:

Ethidium bromide staining of agarose gels
generally showed several bands. The size of the most
intensively amplified band for each microsatellite
marker was determined based on its electrophoretic
mobility relative to molecular weight markers
(increments of 50 bp). Amplified products from SSR
analysis were scored qualitatively for presence and
absence of each marker allele-isolate combination. Each
SSR band amplified by a given primer was treated as a
unit character. Data was entered into a binary matrix as
discrete variables, 1 for presence and 0 for absence of
the character. The most informative markers were
selected based on the extent of polymorphism. The
polymorphic information content (PIC) value of a
marker was calculated according to Anderson et al.,
(1993). Mean allele numbers, PIC values, and genetic
similarities were calculated on the basis of different rice
genotypes and microsatellite  classes.  Genetic
similarities between all pair of the isolates were
calculated according to Nei and Li (1979). A cluster
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diagram was constructed based on these distances by the
UPGMA (average linkage) method to develop a
dendogram. The similarity matrix, genetic distances and
dendogram analysis were computed using Numerical
Taxonomy and Multivariate Analysis system, Version
2.1(Rolhf, 2000 NTSYSpc).

RESULTS AND DISCUSSIONS

Thirty isolates were selected according to
geographical location, physiological races and seasons
as presented in Table 2. Nucleic acid i.e. the DNA of
these isolates were extracted and subjected to 26
specific primers for Pyricularia grisea fungus. The
molecular markers were selected from those in Table 1
to determine the genetic diversity and molecular
characterization of Pyricularia grisea populations.

The results showed that the most common race
groups were ID which represented 31.95 % from the
total races followed by IH and IG race groups. These
common race groups represent all main rice growing
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governorates except Damietta governorate. While 1C
race group appeared in Kafrelsheikh, Beheira and
Gharbia isolates, IB race group from Kafrelsheikh,
Dakahlia, Beheira and Gharbia, 1l race group from
Kafrelsheikh, Sharkia, Dakahlia and Damietta, IF race
group from only Kafrelsheikh. Also, 1A and IE race
groups were collected from only Kafrelsheikh
governorate. This may indicate that the existence of new
pathotype (s) in some locations raises the inoculums
levels in these areas, and enhance the frequency
pathotypes. These results are in agreement with the

findings of Sehly et al. (2002) who reported that the
distribution of physiological blast races varied among
rice growing governorates. The common physiological
races (pathotypes) suggest the existence of a wide
genetic variability of blast races in Egypt. The genetic
variability of the rice pathogen P. grisea in Egypt, in the
northern half of the Nile Delta, especially, the six
northern governorates namely; Dakahlia, Kafrelsheikh,
Beheira, Sharkia, Gharbia and Damietta which
altogether share about 98% of the total rice acreage
(Badawi et al. 2002).

Table 2: Physiological blast races with its collecting locations which used to simple sequence repeats

technique.
Serial No. Isolate No. Location Variety Race Year
1 17 Kafrelsheikh S.101 IE-7 2008
2 38 Kafrelsheikh S.101 IF-3 2008
3 13 Kafrelsheikh IRTP21662 -1 2008
4 43 Kafrelsheikh Giza 159 IG1 2008
5 56 Kafrelsheikh S.101 IC-13 2009
6 60 Kafrelsheikh H2 IH-1 2009
7 76 Kafrelsheikh S.104 1A-41 2009
8 91 Kafrelsheikh Reiho ID-5 2009
9 125 Kafrelsheikh IR70554-48-1-2 IB-33 2010
10 2 Behera S.101 IC-31 2008
11 19 Behera G171 IG1 2008
12 85 Behera S.101 IH-1 2009
13 119 Behera S.101 ID-13 2010
14 121 Behera Pi No.4 I1B-41 2010
15 28 Sharkia S.101 11-1 2008
16 68 Sharkia S.101 IG-1 2009
17 102 Sharkia Pi No.4 IH-1 2009
18 114 Sharkia G171 ID-13 2010
19 26 Damietta S.101 -1 2008
20 88 Damietta Dinebra retroflexa -1 2009
21 21 Dakahlia S.101 -1 2008
22 25 Dakahlia S.101 IB-61 2008
23 27 Dakahlia S.101 IH-1 2008
24 78 Dakahlia S.101 IG-1 2009
25 122 Dakahlia S.101 ID-13 2010
26 53 Gharbia S.101 ID-9 2009
27 62 Gharbia S.101 IG-1 2009
28 63 Gharbia S.101 IH-1 2009
29 87 Gharbia S.104 I1B-29 2009
30 92 Gharbia S.101 IC-13 2009
In this investigation, the isolates were expected  cultivars. While, the weed isolates infected only the old
to be representative of the Egyptian fungal races due to  commercial rice cultivars. In a similar condition,

some reasons i.e., (i) this region is the site where the
different rice varieties were cultivated for a long term
about over the last 100 years; (ii) blast symptoms have
been observed in this region on the susceptible cultivars
throughout the years, thus creating a continuous source
of inoculums and (iii) Pyricularia grisea has a wide
host range, where it parasitizzs more than 50 other
species of grasses and sedges, many of which are
common weeds in rice fields (Ou, 1985). Fifteen weed
isolates obtained from different rice growing
governorates during 2009 and 2010 were identified as 4
races in Egypt as IGl (6.6%), 1B (26.7%) and ID
(6.7%), Sehly et at (2009). They found that the rice
isolates were able to infect old and new commercial rice

04

Brondani et al. (2000) found a striking complex genetic
structure in the P. grisea population sampled in the year
2000 in a Brazilian area (1.0 ha). The thirty isolates
used initially were subjected to DNA polymorphism
screening using 26 SSR markers. Sixteen markers out of
those 26 were amplified and showed high
polymorphism with all tested isolates. SSR markers
were used to determine the genetic diversity and
molecular characterization of Pyricularia grisea
populations. Figures 1,2 and 3 illustrated the come out
results from three primers out of 16 primers that used in
this study and showed high level of polymorphism
through all the tested isolates.
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Fig. (1): Polymorphism surwey of 30 races using SSRmarkers, the primers shown is (C7-1.4) and M is 1500

bp ladder, where:
Lanel : 17- 1E-7 Lane 7: 76-1A-41 Lanel3: 119-1D-13 Lanel9: 26-11-1 Lane25: 122-1D-13
Lane 2: 38-1F-3 Lane 8: 91-1D-5 Lane 14: 121-1B-41 Lane20: 88-11-1 Lane26: 53-1D-9
Lane 3: 13-11-1 Lane 9: 125-1B-33 Lane 15: 28-11-1 Lane21: 21-11-1 Lane27: 62-1G-1
Lane 4: 43-1G-1 Lane 10: 2-1C-31 Lane 16: 68-1G-1 Lane22: 25-1B-61 Lane28: 63-1H-1
Lane 5: 56-1C-13 Lane 11: 19-1G-1 Lane 17: 102-IH-1 Lane23: 27-1H-1 Lane29: 87-1B-29
Lane 6: 60-1H-1 Lane 12: 85-1H-1 Lane 18: 114-1D-13 Lane24: 78-1G-1 Lane30: 92-1C-13

M1 234 56 7 8% 9 101112 1314 1516 17 18 1920 2122 23 24 2526 2728 2030

Fig. (2): Polymorphism surwey of 30 races using SSR markers, the primers shown is (CUT 1) and M is 1500

bp ladder, where:
Lanel: 17- 1E-7 Lane 7: 76-1A-41 Lanel3: 119-ID-13 Lanel9: 26-11-1 Lane25: 122-1D-13
Lane 2: 38-IF-3 Lane 8: 91-1D-5 Lane 14: 121-1B-41 Lane20: 88-11-1 Lane26: 53-1D-9
Lane 3: 13-11-1 Lane 9: 125-1B-33 Lane 15: 28-11-1 Lane21: 21-11-1 Lane27: 62-1G-1
Lane 4: 43-1G-1 Lane 10: 2-1C-31 Lane 16: 68-1G-1 Lane22: 25-1B-61 Lane28: 63-1H-1
Lane 5: 56-1C-13 Lane 11: 19-1G-1 Lane 17: 102-1H-1  Lane23: 27-1H-1 Lane29: 87-1B-29
Lane 6: 60-1H-1 Lane 12: 85-1H-1 Lane 18: 114-1D-13 Lane24: 78-1G-1 Lane30: 92-1C-13
M1 2 34 5 678 91011121314 1516 17 181920 2122 2324 252627 28 29 30

Fig. (3): Polymorphism surwey of 30 races using SSR markers, the primers shown is (E 10) and M s 1500 bp

ladder, where:
Lanel : 17- 1E-7 Lane 7: 76-1A-41 Lanel3:
Lane 2: 38-1F-3 Lane 8: 91-1D-5 Lane 14:
Lane 3: 13-11-1 Lane 9: 125-1B-33 Lane 15:
Lane 4: 43-1G-1 Lane 10: 2-1C-31 Lane 16:
Lane 5: 56-1C-13 Lane 11: 19-1G-1 Lane 17:
Lane 6: 60-1H-1 Lane 12: 85-1H-1 Lane 18:

The simple sequence repeat markers (SSR) is
considered as a useful tool for diversity assessment due
to their high level of polymorphism (McCouch et al.
2002).

In this investigate 83 polymorphic fragments
were generated. Sizes of bands were floating between
180-950 bp. The largest base pair was generated by C7-

119-1D-13 Lanel9: 26-11-1 Lane25: 122-ID-13
121-1B-41 Lane?20: 88-11-1 Lane26: 53-1D-9
28-11-1 Lane21: 21-11-1 Lane27: 62-1G-1
68-1G-1 Lane22: 25-IB-61 Lane28: 63-1H-1
102-1H-1 Lane23: 27-1H-1 Lane29: 87-1B-29
114-1D-13 Lane24: 78-1G-1 Lane30: 92-1C-13

1.4 primer and the smallest by the P9-1.9 primer. The
most generated bands were amplified at the time of
application of primer H6-0.8-5 and the least generated
bands were amplified with application of primers (C7-
1.4, P9-04 and P9-1.9), respectively. The average of
generation was 5.2 bands for each of the primers (tab.
3). All the generated bands were polymorphic
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Table 3. Number of bands and amplified band size by each marker.

Number of strains possessing each of alleles

Name of marker No. of alleles in Non- Bands size
each marker bands 1 2 3 4 5 6 7 8 9 (bp)
C7-14 3 - 6 13 11 850-950
CUT1 7 - 10 5 5 12 8 7 6 770-950
E10 6 3 1 4 7 3 9 12 250-950
ERG2 5 - 6 5 23 6 11 400-900
H6-0.8-4 7 - 2 7 15 5 15 7 8 340-900
H6-0.8-5 9 - 1 12 7 14 9 8 21 7 5 320-900
H6-1.1-5 5 2 7 8 19 15 3 250-900
H6-1.1-7 4 - 5 15 28 4 230-350
J13-1.4 5 - 12 15 3 21 13 350-700
J16-0. 5 2 2 4 14 11 18 300-700
J16-0.9 4 2 2 17 13 3 200-400
P9-0.4 3 - 16 17 17 700-800
P9-1.9 3 - 6 10 29 180-400
PWL2 5 - 13 14 3 22 5 550-900
S9 8 - 10 12 5 13 15 12 10 10 500-950
Y16 4 1 1 10 18 22 400-700

To study the primers efficiency and to determine
the surface of polymorphism, the polymorphism
information content (PIC), Nei’s genetic diversity,
observed number of alleles (na), and effective number
of alleles (ne) were calculated and are presented in
Table 4.

PIC was the first important index in
determination of primers efficiency [Agrama and
Tuinstra 2003]. The amount of PIC was the reflection of
allele diversity among the isolates. The high
polymorphism in microsatellites showed the high
diversity and it suggested the high amount of mutation
which occurred in microsatellites sequences [Zhou et al.
2003]. The observed polymorphism information (PIC)

of all used primers ranged between 0.51 to 0.83 as seen
in Table 4. When the number was close to 1 suggested
presence of more alleles indicating polymorphism in
that population which showed more uniform distribution
of polymorphism bands among the isolates. The results
showed that primer H6-0.8-5 with PIC = 0.83 had the
most PIC among the 16 markers, and it could show the
genetic distances between isolates better than the other
primers. The C7-1. 4 primer with PIC = 0.51 showed
the less PIC. The average of PIC was 0.70 for all the
markers which suggested that the almost perfect choice
for the primers which study the genetic diversity of the
isolates in this study.

Table 4: Polymorphism information content (PIC), observed number of alleles (na), number of effective
alleles (ne), Nei’s index (Nei) in microsatellite sites in all the studied isolates.

Name of marker PIC na ne Nei

C7-14 0.510 3 221 0.510
CUT1 0.792 7 3.09 0.792
E10 0.739 6 3.39 0.739
ERG2 0.715 5 2.79 0.715
H6-0.8-4 0.795 7 2.86 0.795
H6-0.8-5 0.830 9 3.82 0.830
H6-1.1-5 0.735 5 2.75 0.735
H6-1.1-7 0.642 4 2.07 0.642
J13-1.4 0.723 5 2.57 0.723
J16-0. 0.729 5 3.15 0.729
J16-0.9 0.651 4 1.95 0.651
P9-0.4 0.530 3 1.86 0.530
P9-1.9 0.570 3 1.90 0.570
PWL2 0.732 5 3.18 0.732
S9 0.820 8 3.36 0.820
Y16 0.673 4 2.58 0.673
An average 0.70 5.2 2.72 0.70

According to the results, the most Nei’s genetic
diversity in all isolates was observed in primer H6-0.8-
5 and the least amount was observed in primer C7-1.4
as presented in Table 4. The average of genetic diversity

A}

in all the primers for all isolates was 0.70 which
suggested the perfect allele’s diversity used in this
study. AIll the primers used in this research were
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polymorphic and generated a variety of alleles with
different sizes.

The maximum observed number of alleles
(9 alleles) and maximum effective number of alleles
(3.82) in all the isolates like the maximum of the PIC
and maximum of the genetic diversity were seen by
primer H6-0.8-5. This suggested that this primer in
addition to producing maximum alleles it would be
introduce as one of the perfect microsatellite primers for
studying the genetic diversity of Pyricularia grisea
where these alleles had a uniform distribution among
the reviewed isolates. The minimum observed number
of alleles (3) in all the isolates like the minimum of PIC
and Nei’s genetic diversity were seen in primer C7-1.4,
but the minimum of effective number of alleles (1.86)
derived from primer P9-0.4 (table 4).

Generating the different alleles by the SSR
markers were reported in the previous studies by Liu et
al. [2008] who found genetic variability in P. grisea
using SSR markers reporting a range of 2 to 10 alleles.
Motlagh et al. [ 2015] studied the genetic diversity of P.
grisea by using SSR markers and found a range of 3 to
8 alleles. The number of alleles that generated by
different SSR markers used in this study were in
agreement with the previous studies.

Based on PIC amounts in this study, 16 used
primers had suitable distribution between isolates in
addition to producing the almost suitable polymorphism
bands. A similar study was done on the genetic diversity
of this fungus in the central regions of Brazil by SSR
markers [Brondani et al. 2000]. Amount of PIC ranged
from 0.44 to 0.54 for different microsatellite primers.
Motlagh et al. [2015] studied the genetic diversity of P.
grisea populations of Guilan province in Iran. They
reported that the amount of PIC ranged from 0.661 to
0.862 for 14 SSR markers. The amount of PIC in this
study ranged from 0.51 to 0.83. The amount of PIC was
in agreement with the previous studies.

Genotyping grouping were performed based on
Numerical Taxonomy System of Multivariate Programs
(NTSYS) similarity coefficients. The genetic distance
matrix was utilized for cluster analysis based on
UPGMA. Using sixteen SSR markers to construct
phylogenetic relationships among 30 isolates of
Pyricularia grisea to be classified into two main groups
(A & B) and further subdivided into six subgroups. The
coefficients of similarity ranged from 67 % to 100 % as
seen in Figure 4.

The average similarity within cluster was greater
than the average similarity between the clusters.
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Fig. 4: Dendrogram derived from banding patterns of 30 isolates of Pyricularia grisea by UPGMA.

The first main group (A) included one isolate
with number 14(121) that was identified as IB-41. The
second main group (B) included the remain of 29

1y

isolates. The second main group (B) was also divided
into two subgroups (C and D). The subgroup (C)
included two isolates with numbers 26 (53) and 29 (87)
and were identified as ID-9 and 1B-29, respectively with
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74 % similarity. The subgroup (D) consisted of 27
isolates with numbers 1 (17), 2(38), 5(56), 30(92),
6(60), 12(85), 17(102), 28(63), 23(27), 4(43), 27(62),
11(19), 16(68), 24(78), 10(2), 13(119), 18(114),
25(122), 22(25), 3(13), 15(28), 20(88), 21(21), 19(26),
7(76), 8(91) and  9(125) with 70% similarity. The
second subgroup (D) was further divided into two sub-
subgroups (E and F). The first sub- subgroup (E)
included one isolate with number 1(17) and was
identified as IE-7. The sub- subgroup (F) included 26
isolates with numbers 2(38), 5(56), 30(92), 6(60),
12(85), 17(102), 28(63), 23(27), 4(43), 27(62), 11(19),
16(68), 24(78), 10(2), 13(119), 18(114), 25(122),
22(25), 3(13), 15(26), 20(88), 21(21), 19(26), 7(76),
8(91) and 9(125).

The sub- subgroup (F) included two groups (G
and H). Group (G) consists of eight isolates with
numbers 3(13), 15(26), 20(88), 21(21), 19(26), 7(76),
8(91) and 9(125), but group (H) included 18 isolates
with  numbers 2(38), 5(56), 30(92), 6(60), 12(85),
17(102), 28(63), 23(27), 4(43), 27(62), 11(19), 16(68),
24(78), 10(2), 13(119), 18(114), 25(122) and 22(25)
with 75 % similarity. Results in Figure (4) and Table (2)
show that there are relationships between pathotype
(race) and lineages (group), but there are no
relationships between locations, varieties and lineages
(groups). Two isolates, out of 30 isolates, namely 1(17)
and 2(38) were identified as IE-7 and IF-3, respectively,
with one unique group for everyone. While, isolates
numbers 5(56) and 30(92) which were identified as IC-
13 were placed into one group with 100% similarity
and were collected in the same season (2009 season).
Also, isolates numbers 6(60), 12(85), 17(102), 28(63)
and 23(27) which belong to IH-1 race group found to be
grouped together in the same group with 100 %
similarity and collected in the same season (2009
season), except isolate number 23(27) which was
collected in 2008 season. On the other hand, race group
IG-1 which included isolates numbers 4(43), 27(62),
11(19), 16(68) and 24(78) placed into two groups with
similarity ranged from 98 % to 100% and collected
from two different seasons (2008 and 2009 seasons).
Isolates numbers 13(119), 18(114) and 25(122) which
were identified as ID-13 were grouped together in the
same group with 100 % similarity and collected from

CONCLUSION

This research indicated that SSR markers would
be a useful tool for the analysis of genetic diversity of P.
grisea and would provide useful results for further
studies including introduction of resistant cultivars.
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the same season (2010 season). Race group (II) which
consists of five isolates; 3(13), 15(28), 20(88), 21(21)
and 19(26) were paced into the same large group with
different subgroups with similarity ranged from 70 % to
80 % and were collected through the same season (2008
season) except isolate number 20 (88) that was
collected in 2009 season. Isolates numbers 22 (25), 9
(125), 29 (87), and 14 (121) which belong to race group
IB were classified into different groups through the
cluster.

The study showed that the isolates which were
originating from the same host plant and from the same
location belong to different groups (Table 2 and Figure
4). The clustering of these isolates was largely
dependent on race (pathotype) background rather than
locations and sources. High level of genetic diversity
detected among Pyricularia grisea isolates reflects the
ability of blast fungus to mutate and generate new
physiological races. The investigation demonstrated the
usefulness of simple sequence repeat technique in
detecting genetic diversity in Pyricularia grisea fungus
populations.

Ying et al. [2004] studied the genetic diversity of
105 isolates of P. grisea collected from the farms of
China by using 7 SSR markers and declared that the
similarity among the isolates was high and by cutting
the cluster analysis diagram from the similarity point of
0.67, they divided isolates into 6 groups. Chadha and
Gopalakrishna [2005] studied the genetic diversity of
this fungus which was collected from different parts of
India and found that the genetic similarity among the
isolates was high with ranges from 0.67 to 0.92. They
also studied 20 isolates of P. grisea divided into two
groups and each group divided into two subgroups.
Consolo et al. [2008] evaluated the genetic diversity of
161 isolates of P. grisea which were collected from the
farms of Argentina and declared these isolates had a
high similarity (more than 70%) and were divided into
five groups by the cluster analysis. Motlagh et al. [2015]
studied the genetic diversity of 30 isolates P. grisea
populations of Guilan province in Iran and they reported
that these isolates had a high similarity. The results
showed that the studied isolates were classified into 3
lineages by cutting off the dendrogram at 0.76 similar
linkage level.
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Cilalaall aladialy 581 -3 Aaill (4 yal cuwall Pyricularia grisea sd jilde 8 Al ed) g o5l
)

4o saa) e g Tdrdia oagd B TGl ae e gpae C el cpalall (n) pal ¢ Glagll agana 3ka
Aos) 30 Gigagd) 3 e cclildl) Gl yal Eiga gaa Y Gl el gay add
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iy Shadll plie 33505 CBDEAY) e 3aa5 e A adl laleal) alasiuly Jalaill Al ) desii) Y el
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bl die aelaet ) lgiand Cuaphadll Y je JSIlils UPGMA 41 sl Adlaal) e adieal) Jalail) jelal 3
ilglinll Jas sia (g S Baa) ol Ao ganall Jala 230 ) 6l lgaliall Jas gie CilS 5 200 ) 6l lealiall As 3 (e 0V (5 s B
sl Sl bl Ao 5 B 3131 a3 Ay Jadl colaleal) o) Al jall a2 il ST Aule ddiay s gaalaall (g 43150
Lein 01,5 clylall pas G5 Pyricularia grisea shé ilial
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