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Abstract

Collar rot disease caused by the fungus Sclerotium rolfsii Sacc., results in heavy economic losses to chickpea (Cicer
arietinum L.) crop every year. Previous work on this devastating fungus reported just its morphological and physiological
aspects, but little is known at molecular level. Present research was focused on estimating the genetic variation among 12
strains of S. rolfsii isolated from infected chickpea plants through Random Amplification of Polymorphic DNA (RAPD)
analysis. Fungal strains were obtained from Crop Sciences Institute, National Agricultural Research Centre (NARC),
Islamabad. Out of 40 random decamer primers studied, 6 gave the clear polymorphic amplification pattern in terms of band
number. A total of 52 loci were traced by these primers and 100% polymorphism was obtained. The value of similarity
matrix ranged from 55.8-88.5%. Strain AM-04 and AM-06 shared maximum of 88.5% similarity while AM-07 and AM-09
were 55.8% similar. Similarity of the remaining genotypes was between 55.7-84.6%. Cluster composition results indicated
that AM-07 was the most diverse from the rest of genotypes which showing genetic distance of 35.7%. On the whole, all the
strains were 64.3% similar to each other and only 35.7% variation existed among them.
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Introduction

Collar rot is one of the destructive and fast
spreading fungal diseases of chickpea caused by
Sclerotium rolfsii Sacc. (Javaid & Khan, 2016). This
devastating soil-borne fungal plant pathogen has a wide
host range (Le et al., 2012; Remesal et al., 2012; Javaid
& Igbal 2014). Under favourable environmental
conditions, significant losses in chickpea yield have
been reported due to this pathogen (Akram et al., 2008;
Gopalakrishnan et al., 2010; Singh & Gaur, 2017).
Mathur & Sinha (1970) have reported up to 95%
seedling mortality in chickpea due to S. rolfsii infection.
Disease caused by this pathogen also lead to heavy
losses in vegetable crop yield especially during the wet
season (May & October) when weather conditions are
favorable for both crop production and for the growth
and dissemination of the sclerotia of the pathogen
(Okereke & Wokocha, 2007). For control of such
distressing plant pathogens, the most cost-effective and
feasible measure is the selection of resistant crop
cultivars (Akram et al., 2008).

Studies of variability within the population in a
geographical region are important because these also
document the changes occurring in the population
(Sarma et al., 2002). Given the tools of molecular
biology, investigators now routinely explore micro
evolutionary patterns in plant-fungal associations
(Molina et al., 2005; Ahmad et al., 2014). Advances in
techniques of molecular biology make it possible to
develop large numbers of highly informative DNA
markers to identify genetic polymorphism and to
characterize populations of plant pathogens (Bardakci,

2001). During the last decade, Randomly amplified
polymorphic DNA (RAPD) technique has been one of
the most commonly used PCR based molecular markers.
To assess levels of genetic diversity as well as
phylogenetic relationships within and between species
and to identify particular races, molecular markers may
be used (Cilliers, 2000). The analysis of DNA products
generated through randomly amplified polymorphic
DNA (RAPD) has provided information on variation
(Kerssies et al., 1997) and segregation of genetic traits
among strains (Bergmans et al., 1993). In RAPD-PCR a
small sample of the DNA selectively amplifies a million
fold producing a surplus quantity of concentrated DNA.
This DNA then can be separated into bands of different
molecular weight DNAs through agarose gel
electrophoresis. Banding patterns from -a population or
an individual can then be used as a fingerprint which
distinguishes it from genetic materials of other types
(Ruiz et al., 2000). Differentiation among species of
fungus through morphological and physiological tools is
time consuming, labour intensive and not reliable.
Molecular biology techniques like RAPD-PCR
overcome all the limitations. RAPD-PCR technique is a
useful tool for differentiating between species either
alternatively or complementary to methods based upon
morphological and pathological characteristics (EI-Fadly
et al., 2008). RAPD technique was the most
discriminatory among PCR-RFLP and southern blot.
RAPD technique is much cheaper than the other two
techniques and less time consuming (Smith et al., 2002).

Keeping in view the significance of chickpea and the
threat of S. rolfsii to chickpea, the present study was
carried out to assess the genetic variability among the
different strains of S. rolfsii using RAPD.
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Materials and Methods

Isolation of pathogen: The present study was carried out
during 2009-10 at Pir Mehr Ali Shah Arid Agriculture
University, Rawalpindi, Pakistan. The cultures of 12
strains of S. rolfsii were isolated from stem sections of
infected chickpea plants with visible symptoms of collar
rot disease and further sub-cultured in Crop Protection
Laboratory, Crop Science Institute, National Agricultural
Research Centre (NARC), Islamabad, Pakistan.

The diseased samples were surface sterilized with
clorox for one minute, washed three times with sterilized
distilled water, dried on blotting paper and inoculated on
autoclaved chickpea seed meal extract agar medium
(dextrose 20 g, agar 20 g, chickpea seed meal extract 1 L)
in 9-cm Petri plates under aseptic conditions. Plates were
incubated at 25+2°C under for 7 days diffused light.

The isolated fungal strains were further sub-cultured
by growing on freshly prepared chickpea seed meal
extract agar medium. With the help of sterilized cutter, 10
mm diameter circular discs were punched out from the
margins of actively growing colonies and placed onto the
centre of medium plates with mycelial side facing
downwards. Inoculation was done in replication of four
and each plate was labeled for future identification. These
plates were placed in incubator at 25£2°C under diffused
light. After about 3-5 days sclerotial formation started.
Initially the colour of sclerotia was white which turned
brown with the passage of time. After 25 days, Petri
plates were completely filled with mature sclerotia. Pure
cultures were obtained by inoculating the media plates
with 2-3 sclerotia of respective strains and incubated at
25+2°C for 7 days. Mycelia from these pure cultures were
used for growing sclerotia for each strain.

Mass culture of sclerotia: Twenty five grams of wheat
straw were soaked overnight in 2% sucrose solution.
Water was removed so that straw retain only moisture.
Two grams of straw were transferred to each 500 mL
flasks and autoclaved at 121°C for 20 min and cooled
inside laminar flow.

Sterilized wheat straw was inoculated with 10 mm
mycelial discs of the respective strains of S. rolfsii taken
from the margin of actively growing cultures using a
sterilized cutter and incubated at 25+2°C under diffuse
light for 5 days. Afterward flasks were placed in thermo
scientific plant growth environmental chamber at 28+2°C
for 23 days. Inoculation was done in replication of four.
After 28 days incubation, mature brown sclerotia were
collected, air dried for one day, labeled and stored in
eppendorf tubes at 4°C for further analysis.

DNA extraction: DNA was extracted under optimized
conditions as described by Punja & Sun (2001) from fresh
sclerotia of each fungal strain. Sclerotia (200 mg) were
taken in autoclaved pestle and mortar and crushed to fine
paste using 800 uL lysis buffer (200 mM Tris Base pH
8.0, 100 mM EDTA pH 8.0, 500 mM NaCl, 2% SDS, 1%
2-mercaptoethanol). The homogenate was transferred to
1.5 mL eppendorf tubes with the help of micropipette and
incubated at 24°C for 30 minutes in water bath (1 800-A,
Irmeco GmbH, Germany). Chloroform: isoamylalcohol
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(24:1 viv) equal to the volume of homogenate was added
to eppendorf tube containing homogenate. After
vortexing, the mixture was centrifuged at 12000 rpm for
20 minutes in a microcentrifuge (Eppendorf, Germany) at
room temperature. The supernatant was transferred to a
another eppendorf tube. The DNA was precipitated by
addition of an equal volume (600 pL) of ice chilled
isopropanol and mixed by gently inverting up and down.
The tubes were placed at 4°C for 10 min and then
centrifuged at 12000 rpm for 10 min at temperature 4°C.
The supernatant was discarded and DNA was collected as
a pellet. The pellet was air dried and washed with 200 uL
of 70% ethanol and centrifuged at 12000 rpm for 5 min at
4°C. Finally, the pellet was air dried for 15 minutes by
inverting it on blotting paper. The pellet was dissolved in
100 pL of TE buffer (1M Tris HCI pH 8.0, 0.5 M EDTA
pH 8.0). To remove RNA, the DNA samples were treated
with 7 pL of RNase A (10 mg ml?, #ENO0531, Lot:
00022967, Fermentas) and the mixture was incubated for
30 minutes in a water bath maintained at 37°C.

The DNA quality was checked by electrophoresis in
1% agarose gel. Concentration of DNA was estimated
spectrophotometrically. A 1:1 dilution of DNA was made
for subsequent RAPD analysis. DNA samples were stored
at —80°C in ultrafreezer (Sanyo).

Polymerase chain reaction: The 40 GL (Gene Link)
decamer (10 oligonucleotide) primers set A and B were
initially screened to detect polymorphism among 12
strains of S. rolfsii. The primer, which indicated higher
degree of polymorphism was further selected for the
diversity analysis studies.

Optimization of PCR conditions: The volume of
RAPD-PCR reaction mixture was 20 pL. The PCR
reaction contained 1.2 pL template DNA (50 ng pl?), 2
ML (6 pMol) of respective primers, 0.4 uL dNTPs (25
mM dNTP stock), 2 uL PCR buffer, 1.6 uL MgCl, (25
mM), and taq polymerase 0.2 pL (5 units pL™).
Deionized water was used to make the total reaction
volume up to 20 pL.

Amplification conditions: The assembled reaction was
kept in programmable Thermal Cycler (Eppendorf AG
22331, Hamburg, Germany). Fragments were amplified
from the genomic DNA. For RAPD analysis, DNA
amplification was done using the following temperature
profile: denaturation at 94°C for 5 minutes, followed by
40 cycles each consisting of a denaturation step at 94°C
for 1 minute, annealing step at 36°C for 1 minute and an
extension step at 72°C for 2 minutes. After the last cycle,
10 minutes were given to the extension step at 72°C and
then held at 4°C for 12 hours.

Agarose gel electrophoresis: On completion of PCR
amplification, the PCR tubes were removed from the
thermal cycler A. After the reaction, DNA was analyzed
through gel electrophoresis (Plate 2 B). After adding 3 pL
of loading buffer (0.1% bromophenol blue, 0.05% xylene
cyanol FF and 30% glycerol), 10 pL of the PCR product
was loaded on 1.5% agarose gel. Using TBE buffer,
electrophoresis was performed for 45 min at 100 volts in an
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electrophoresis apparatus (Biorad). After staining the get
with ethidium bromide, photography was done under UV
illumination. Using gel documentation system and
computer program (Gel Doc XR, Quantity One), UV light
was used to visualize DNA fragments. In all cases genetic
ruler, 1 kb DNA Ladder (Catalogue # SMO313, Lot:
00018968, concentration: 0.1 pg uL! Fermentas), was used
for quantification and sizing of wide range double stranded
DNA fragments on agarose gel. For direct loading on gel,
the ladder was premixed with 6X loading dye.

Statistical analysis: For scoring RAPD data for analysis,
ethidium bromide stained agarose gel photographs were
used. For statistical analysis, each band was considered as
a single locus/allele. The fungal isolates were compared
with each other using their RAPD-PCR profiles and bands
of the DNA fragments. The presence of a band was
scored as 1 and absence as 0 for each of the primers used.
Bands having the same mobility were considered as
identical fragments. PCR bands positions were compared
with molecular weight standards. Software package
Gelcompar II version 4.602 Applied Maths Inc. USA was
used for analysis. After gel images processing, all pair
wise similarity values were calculated using a similarity
coefficient. The genetic similarity matrix was generated
on the basis of similarity coefficients. A dendrogram
based on the similarity coefficients was constructed using
UPGMA (unweighted pair group method with arithmetic
mean) clustering algorithm (Nei & Li, 1979).

Arithmetic Means (UPGMA) procedure is as follows:

Gnyz 1' dxy/dx+dy'dxy

where,

GDxy = Genetic distance between two genotypes

dxy = Total number of common loci (bands) in two genotypes
dx = Total number of loci (bands) in genotype 1

dy = Total number of loci (bands) in genotype 2.

Based on the data of RAPD primers, the bivariant 1-0
data matrix for each fungal strain was used to construct a
dendrogram with a computer program “Popgene 3.2”
version 1.31 (Yeh et al., 1999).

Results

In the present study, the selected strains of S. rolfsii
were subjected to molecular characterization using RAPD-
PCR. To detect DNA polymorphism a total of 40 GL (Gene
Link) decamer primers were screened on 12 strains of S.
rolfsii. Out of these 40 primers used, only 6 primers viz.
OPA-02, OPA-04, OPA-06, OPA-09, OPA-10 and OPA-12
showed clear polymorphic bands. These six primers were
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chosen to amplify the whole 12 strains. The oligonucleotide
sequence of these 6 primers is given in Table 1.

Only clear and intense bands were scored while faint
bands against smear background were not considered for
the further analysis. The loci were scored as 1 (present)
and O (absent). Total number of loci/alleles traced by
these primers were 52. All the 52 bands were
polymorphic and none was detected as monomorphic. The
mean percentage of polymorphism among these
genotypes was 100%. The size of amplification product
ranged from 250 bp to 10,000 bp.

The highest number (26) of scorable bands was
obtained with primer OPA-10 while the lowest number
(15) was obtained with primer OPA-06. Maximum
genotypes (12) were amplified by primer OPA-09 and
minimum (9) by primer OPA-06. Different primers
showed variation in the number of polymorphic
fragments. Primer OPA-09 showed the highest number of
polymorphic fragments (11). Primers OPA-2 and OPA-04
showed the lowest number of polymorphic fragments (7).

Genotypes AM-03, AM-05, AM-6, AM-07, AM-08,
AM-09, AM-10, AM-11 and AM-12 were amplified with
maximum number of primers (6) whereas genotype AM-
01 was amplified by only one primer. Gel electrophoresis
patterns of OPA-02, OPA-04, OPA-06, OPA-09, OPA-10
and OPA-12 RAPD primers are shown in Figs. 1 to 6,
respectively. The efficiency of these primers to amplify
the genotypes ranged from 9 genotypes by primers OPA-
06, 11 genotypes by primers OPA-02, OPA-04, OPA 10,
OPA-12 and 12 genotypes by primers OPA-09.

Fig. 1 represents the amplification profile of 12
samples by primer OPA-02 in which 11 samples gave 21
scorable bands. Sizes of scorable bands ranged from 250
to 10,000 bp. Maximum scorable bands (5) were given by
AM-07 and minimum number of scorable band (1) was
detected in AM-03, AM-04, AM-06, AM-09, AM-10,
AM-11 and AM-12. All the genotypes that showed
scorable bands were overall polymorphic. Seven
polymorphic bands were detected. AM-07 revealed
unique bands at the band size of 350 bp and 1000 bp.
Another unique band was given by AM-05 at 4000 bp.
Total genomic DNA from AM-01 did not amplify using
OPA-02 and hence was not included in the analysis.

Fig. 2 summarizes the amplification profile of 12
samples with primer OPA-04 in which 11 samples gave
20 visible scorable bands. Sizes of scorable bands ranged
from 250 to 10,000 bp. Maximum scorable bands (3)
were given by AM-03, AM-08 and AM-12 and minimum
number of scorable band (1) was detected in AM-02, AM-
04, AM-07, AM-09 and AM-10. A total of 7 polymorphic
bands were detected. A unique band was observed in
AM-03 at 400 bp and in AM-06 at 740 bp. Total genomic
DNA from AM-01 did not amplify using OPA-04 and
hence not included in the analysis.

Table 1. RAPD primers and the percentage of polymorphic bands.

Count Primer Nucleotide Size of fragments Polymorphic Polymorphism

code sequence (bp) bands (%)
1 OPA-02 TGCCGAGCTG 250 to 10,000 7 100
2 OPA-04 AATCGGGCTG 250 to 10,000 7 100
3 OPA-06 GGTCCCTGAC 250 to 10,000 8 100
4 OPA-09 GGGTAACGCC 250 to 10,000 11 100
5 OPA-10 GTGATCGCAG 250 to 10,000 9 100
6 OPA-12 TCGGCGATAG 600 to 10,000 10 100
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Fig. 3 shows an agarose gel electrophoresis pattern
obtained using the primer OPA-06. This primer has
amplified a total number of 9 strains of the fungus. Size of
scorable bands ranged from 250 to 10,000 bp. A total of
15 scorable bands were obtained. 8 loci were
polymorphic. This primer showed maximum bands (4) in
genotypes AM-07 and minimum number of bands (1)
were detected in AM-03, AM-06, AM-08, AM-09 and
AM-10. A unique band was found in AM-05 at the band
size of 500 bp. AM-07 gave unique band at 1200 bp. AM-
12 showed unique bands at 4000 bp, respectively. Total
genomic DNA from remaining 3 genotypes AM-01, AM-
02 and AM-04 did not amplified using OPA-06 and hence
was not included in the analysis.

Fig. 4 indicates that primer OPA-09 has amplified all
the 12 genotypes. Maximum polymorphic fragments were
amplified by this primer. Sizes of scorable bands ranged
from 250 to 10,000 bp. A total of 21 scorable bands were
obtained and 11 loci were polymorphic. Unique band was
found in AM-01 at 4000 bp, AM-09 at 1200 bp and AM-12
at 550 bp. Bands of 1000 bp, 2000 bp and 6000 bp were
found only in AM-04. The primer has produced maximum
bands (4) in AM-04 and minimum bands (1) in AM-01,
AM-02, AM-05, AM-06, AM-08, AM-10 and AM-11.

Fig. 5 represents the amplification profile of 12
samples using primer OPA-10 in which 11 samples gave
26 visible bands. Maximum scorable (26) bands were
obtained by this primer and 9 loci were polymorphic. Size
of scorable bands ranged from 250 to 10,000 bp.
Maximum scorable bands (5) were detected for the
genotypes AM-08 and AM-10 and minimum band (1) was
obtained in genotypes AM-03, AM-05 and AM-11.
Unique bands were found in AM-08 at the band size of
300bp and 350 bp. AM-10 revealed unique bands at
1300bp and 1500 bp. Another unique band was found in
AM-12 at 1000 bp. Total genomic DNA from remaining 1
sample AM-01 did not amplify using OPA-10 and hence
was not included in the analysis.

Fig. 6 depicts the amplification profile of 12 samples
using primer OPA-12 out of which 11 samples gave 25
visible bands and 10 loci were polymorphic. Size of
scorable bands ranged from 600 to 10,000bp. Maximum
scorable bands (3) were detected for the genotypes AM-
06, AM-07, AM-09, AM-10, AM-11 and AM-12 and
minimum band (1) was obtained by genotypes AM-02,
AM-03 and AM-08. A unique band was found in AM-05
at 740 bp. AM-07 gave unigue band at 1200 bp. Unique
bands were also found in AM-08 and AM-12 at 500 bp
and 2500 bp respectively. Total genomic DNA from
remaining 1 sample AM-01 did not amplify using OPA.-
12 and hence was not included in the analysis.

A similarity matrix was generated by RAPD
amplification data to estimate genetic diversity and
relatedness among 12 selected fungal genotypes.
Similarity matrix is presented in Table 2. The value of
similarity coefficient of selected fungal genotypes ranged
from 0.558 (55.8%) to 0.885 (88.5%). Genotypes which
showed maximum similarity of 88.5% were AM-04 and
AM-06. On the other hand minimum similarity of 55.8%
indicated high diversity in genotypes AM-07 with AM-
09. The similarities of remaining genotypes lie between
the range of 55.8% and 88.5%. Genotypes showing above
80% similarity were AM-01 with AM-02 having 84.6%
similarity. AM-02 with AM-04, AM-05 and AM-06
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having 82.7% similarities. AM-03 with AM-04 and AM-
06 having 82.7% similarities. AM-03 with AM-01 and
AM-02 having 80.8% similarities. AM-05 with AM-06
having 80.8% similarity. AM-11 with AM-04, AM-05,
AM-06, AM-10 and AM-12 having 80.8% similarities.
Dendrogram shows the precise analysis of genetic
distance by doing the grouping of genotypes on the bases
of similarities and differences. Bivariate data 1 and O were
used to estimate genetic distances (GD) between the
genotypes by using UPGMA. The dendrogram of RAPD
based genetic diversity evaluation of S. rolfsii clearly
indicated four main clusters A, B, C and D. Dendrogram
drawn for the genetic distances is shown in the Fig. 7.
Cluster A included a total of 2 genotypes viz. AM-07
and AM-08, which are the most diverse genotypes from
the remaining genotypes showing maximum genetic
distance. Due to large genetic distance both genotypes in
cluster A are subdivided into two subclusters Al and
subcluster A2. Within Al subcluster, genotype AM-07 is
present. AM-07 had maximum genetic distance with rest
of the strains in cluster B, C and D. Genotype AM-07 is
genetically diverse strain showing a genetic distance of
0.357 (35.7%) with the remaining 11 genotypes.
Subcluster A2 included genotype AM-08 having a genetic
distance of 0.343 (34.3%) with the remaining genotypes.
Cluster B included a total of 3 genotypes viz. AM-12,
AM-10 and AM-09. Within this cluster, maximum
genetic distance is shown by genotype AM-12 which is
0.256 (25.6%). This genotype is diverse from other two
genotypes in cluster B. AM-10 and AM-09 had a genetic
distance of 0.21 (21%) with each other. Cluster C
included 2 genotypes viz. AM-05 and AM-11. Both the
genotypes shared genetic distance of 0.191 (19.1%).
Cluster D included 5 genotypes viz. AM-01, AM-02,
AM-03, AM-04 and AM-06. This cluster is subdivided into
two subclusters D1 and D2. Subcluster D1 included AM-03,
AM-04 and AM-06. Genotype AM-03 had a genetic distance
0.175 (17.5%) with other two genotypes in this subcluster.
Genotypes AM-04 and AM-06 shared a genetic distance of
0.115 (11.5%). AM-04 and AM-06 are closely related strains
among all the other genotypes as they shared least genetic
distance. Subcluster D2 included genotypes AM-01 and
AM-02 having genetic distance 0.155 (15.5%).

Discussion

Often differences among the fungal strains cannot be
revealed with sufficient reliability by classical taxonomic
and morphological characters. To detect polymorphisms
in fungi, various molecular techniques such as RAPD-
PCR have been successfully used (Mahmoud et al., 2012;
Kordalewska et al., 2015; Yang et al., 2017). In the
present study, molecular evaluation of the selected strains
of S. rolfsii suggested that the allelic diversity of this
germplasm can be used for improving chickpea crops
against infection of S. rolfsii strains. So molecular
evaluation is helpful to reveal the pathogenic
characteristics of this fungus (Kokub et al., 2007). The
results obtained under the present study confirmed the
efficiency of RAPD-PCR technique for determination and
estimation of genetic similarities and differences among
fungal strains used in this study. Thus the RAPD analysis
was found to be an informative DNA marker system to
assess genetic relatedness and diversity among different
strains (Tanwir et al., 2007).
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Fig. 3. RAPD amplification pattern using primer OPA-06 (GGTCCCTGAC) numbering from 1 to 12 corresponds to 12 experimental
fungal strains from AM-01 to AM-12.
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Fig. 4. RAPD amplification pattern using the OPA-09 (GGGTAACGCC).
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Fig. 6. RAPD amplification pattern using primer OPA-12 (TCGGCGATAG) numbering from 1 to 12 corresponds to 12 experimental

fungal strains from AM-01 to AM-12.
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Fig. 7. Dendrogram obtained from RAPD analysis of 12 strains of S. rolfsii using Popgene 3.2 version 1.31.
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Table 2. Genetic similarity index showing Nei’s similarity coefficient among 12 strains of
S. rolfsii generated by UPGMA analysis.

AM-01 AM-02 AM-03 AM-04 AM-05 AM-06 AM-07 AM-08 AM-09 AM-10 AM-11 AM-12

AM-01 1

AM-02 0.846 1

AM-03 0.808 0.808 1

AM-04 0.788 0.827 0.827 1

AM-05 0.750 0.827 0.788 0.769 1

AM-06 0.788 0.827 0.827 0.885 0.808

AM-07 0635 0.788 0.635 0.654 0.692 0.692 1

AM-08 0.712 0712 0635 0.615 0.692 0.615 0.615 1

AM-09 0.769 0.769 0.769 0.788 0.712 0.788 0.558 0.596 1

AM-10 0750 0.750 0.750 0.769 0.769 0.769 0577 0.654 0.788 1
AM-11 0.788 0.788 0.788 0.808 0.808 0.808 0.654 0.615 0.788 0.808 1
AM-12 0712 0712 0750 0731 0.769 0.769 0577 0.615 0.673 0.769 0.808 1

In the present study, RAPD data analysis of 12 S.
rolfsii strains revealed 4 main clusters. The cluster
composition using RAPD primers revealed that genotypes
AM-07 (35.7%) and AM-08 (34.3%) are highly diverse
genotypes. While diversity of remaining genotypes was
between 11.5% and 25.6%. Collectively 118 bands were
produced with an average of 19.6 bands per primer.
Hundred percent polymorphism was observed among 12
fungal strains. This revealed that these strains have high
genetic diversity and polymorphic RAPD primers resulted
in 100% polymorphism.

Genetic similarity matrices indicated that AM-04
and AM-06 are closely related genotypes showing
88.5% similarity with respect to RAPD primers. While
AM-07 and AM-09 showed 55.8% similarity and are
diverse from each other. Among 12 genotypes, AM-07
was found to be the most diverse in the dendrogram. On
the whole all the strains were 64.3% similar to each
other and only 35.7% variation existed among them.
Kokub et al. (2007) worked on the same lines and
reported results similar to that obtained in the present
research work. The highly polymorphic pattern was
obtained among 8 strains of S. rolfsii collected from the
host chickpea from different locations of Pakistan. It
was confirmed by RAPD analysis that on the whole all
the strains were 81.26% similar to each other and only
18.74% variation existed among them. The genetic
diversity study revealed that the population of S. rolfsii
showed more diversity and polymorphism among its 132
isolates than 15 isolates of S. delphnii (Punja & Sun,
2001). Sources of polymorphism in RAPD assay might
be due to deletion, addition or substitution of base
within the priming site sequence. Polymorphism in DNA
amplified by PCR vyield valuable information especially
when comparing large groups of strains (Williams et al.,
1990). This supports the present finding that the
population of S. rolfsii had high diversity and high level
of polymorphism among its strains. In another study,
Prasad et al. (2010) reported genetic variability among
the virulent isolates of S. rolfsii using RAPD.

Results obtained in the present study are in agreement
with the results reported by Molina et al. (2005) that yet
isolates obtained from the same habitat have different

RAPD patterns, indicating that many populations of this
fungus are made up of more than one genet and that few
are derived clonally. More divergent isolates originated in
the areas with the single crop which suggested that
significant heterogeneity and variability at the molecular
level can be observed in different isolates of the same
Sclerotium species affecting the same crop (Paramasivan et
al., 2009). It has been reported that a wide diversity among
fungal groups can occur within a limited area, within a host
or in geographically isolated regions.
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