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Abstract

Aim:

Methodology:

Results:

Interpretation:

K e y  w o r d s :

 Molecular characterization of Macrophomina phaseolina isolates collected from different cluster bean growing areas of Rajasthan and adjoining 
state.

 Genetic variation among ten isolates of Macrophomina phaseolina were examined for Random Amplified Polymorphic DNA (RAPD) 
genetic marker with ten decamer primers of OPB and OPG series. All the 76 bands were found to be polymorphic and the level of polymorphism was 100 
per cent. Genetic similarity estimated by Jaccard’s coefficient based on RAPD banding patterns was used for cluster analysis to ascertain the genetic 
relationship in the form of dendrogram. 

 The range of genetic similarity 
among Macrophomina phaseolina 
isolates was found between 0.22 (Mp-
DLI and Mp-CUR) to 0.63 (Mp-HMG and 
Mp-SNGR). The average genetic 
similarity coefficient observed was 0.46. 
The clustering analysis separated all the 
ten isolates in three major groups. 
Group I included (Mp-BKN, Mp-CUR, 
Mp-SGNR, Mp-HMG, Mp-JJN, Mp-
SWM, Mp-AWR) whereas Group II 
consisted of two isolates (Mp-HSR and 
Mp-NNL), Group III (Mp-DLI). 

 With the help of RAPD 
techniques, useful information for 
characterization of fungal pathogens 
can be generated when the quantity of 
available DNA is low. 

 C l u s t e r  b e a n ,  
Macrophomina phaseolina, Genetic 
variability, RAPD
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Introduction

Clusterbean (Cyamopsis tetragonoloba (L.) Taub.), also 
known as guar, is an important leguminous cash crop grown in 
kharif season in arid and semi-arid regions of India. It is grown for 
different purposes viz., vegetable, green fodder, green manure, 
animal feeds and most importantly for extraction of gum. The gum 
content ranges from 28 to 33 per cent. The gum is used in the 
various industries viz., paper, textile, pharmaceuticals, 
petroleum, cosmetics, food processing, explosives, mining, oil 
drilling, etc. (Joshi and Arora, 1993). Over the past decade, 
production, productivity trend of cluster bean indicates that 
potential yield levels are not achieved and gum quality also 
deteriorated because of its cultivation in rainfed areas, marginal 
and sub-marginal lands, low soil fertility, biotic and abiotic 
stresses. Although good number of varieties with high yield 
potential have been released but these are susceptible to fungal 
and bacterial diseases. Among diseases, dry root rot caused by 
the fungus Macrophomina phaseolina (Tassi) Goid. (= 
Rhizoctonia bataticola (Taub.) Butler) has become a serious 
problem in cluster bean growing areas and causes loss upto 42.6 
to 53.8 per cent of total yield. (Lodha et al., 1996). The dry root rot 
fungus Macrophomina phaseolina (Tassi) Goid has a wide host 
range, infecting about 500 plant species in more than 100 families 
throughout the world (Mihail and Taylor, 1995; Srivastava et al., 
2001). It is one of the most destructive plant pathogens in the 
tropics and sub-tropics, causing disease in a wide range of host 
crops. Existence of variability among various fungi including M. 
phaseolina is a common phenomenon. The aim of the present 
study was to determine genetic diversity among Macrophomina 
phaseolina isolates collected from different cluster bean growing 
areas of Rajasthan and adjoining state. Among the different 
available methods, molecular marker represents very effective 
tool for analysis of genetic diversity in any research programme. 
Among molecular markers like RFLP, AFLP, RAPD etc., RAPD 
technology offeres a rapid and reliable method for estimation of 
variability among different isolates. RAPD analysis is a relatively 
simple and rapid technique, other techniques are labour intensive 
and require several restriction enzymes processing steps and 
high amount of DNA. RAPD facilitate identification of the 
pathogen which can be utilized in disease management 
programs (Kumar et al., 2014 and Kandan et al., 2016).

Materials and Methods

Collection of samples : Isolates of M. phaseolina were obtained 
from various cluster bean growing geographical sites of 
Rajasthan and adjoining states, cultured on Potato Dextrose Agar 
slants, and stored at 4°C in refrigerator, prior to use (Table 1). 

DNA extraction and PCR amplification : Pure cultures of M. 
phaseolina were grown in potato dextrose broth for 10 days at 
25–28°C in dark conditions. The harvested mycelial mats of the 
individual isolates were filtered through filter paper (Whatman No. 

1), followed by removal of excess moisture using tissue paper. 
Three grams of mycelial mat of the fungus were homogenized in 
liquid nitrogen using pestle and mortar till then, total genomic DNA 
was isolated and DNA was extracted by CTAB method described 
by Doyle and Doyle (1990) and treated with RNase to eliminate 
RNA. The homogenized material was transferred to 20 ml pre-
warmed (60°C) DNA isolation Buffer (2X CTAB DNA Extraction 
Buffer - 100 mM Tris, 20 mM EDTA, 1.4 M NaCl, 2% CTAB and 2 μl 

-1ml  β-mercaptoethanol) in capped polypropylene tubes and 
Incubated for 1 hr at 60 ºC with occasional mixing by gentle 
swirling in water bath. After removing from water bath, one 
volume of chloroform: Isoamyl alcohol (24:1) was added and 
mixed by inversion for 15 min to ensure emulsification of the 
phases followed by centrifugation at 5000 rpm for 5 min. The 
upper aqueous phase so obtained by precipitation with double 
volume of ice-cold absolute alcohol was again centrifuged. 
Twenty milliliter of 70% ethanol was added to the pellet of DNA 
and was kept for 20 min with gentle agitation The tubes were 
inverted and ethanol was drained on a paper towel. The pellet was 
washed with 70% ethanol and dried over night at room 
temperature. Finally, the DNA was dissolved in 500μl of TE buffer. 
The integrity of DNA was judged through gel analysis by casting 
150 ml agorose gel (0.8%) in 0.5X TBE (Tris Borate EDTA) buffer 

-1containing 0.5 μg ml  of ethidium bromide. Two μl of DNA per 
sample was loaded in each well. Known amount of uncut Lambda 
phage DNA (Plate 1) was also loaded as control and 
electrophoresis was conducted at 50 V for 1 hr. Finally gel was 
visualized under UV light using Trans illuminator, the presence of 
single compact band at the corresponding position to λ phage 
DNA indicated high molecular weight of isolated DNA (Plate 2, 3).

Quantization of DNA : For the quantization of DNA, 200 μl T.E. 
buffer was taken in a cuvette and spectrophotometer was 
calibrated at 260 nm as well as at 280 nm wavelengths, than 4 μl 
of DNA was added in it and mixed properly, finally the absorbance 
(A) at both 260 and 280 nm was recorded. The quality of DNA was 
judged from the ratio of A values recorded at 260 and 280 nm 
(Table 2). The available quantity of DNA was diluted to final 

-1concentration of 25 ng μl  in TE buffer (10 mMTrisHCl, 1 mM 
EDTA, pH 8.0) for RAPD amplification. Eighteen primers 
belonging to OPB and OPG series were screened using one 
selected M. phaseolina isolate. Based on banding pattern, ten 
Random Amplified Polymorphic DNA primers were used to detect 
the molecular variability among the ten M. phaseolina isolates 
(Table 1). 

Random amplification of polymorphic DNA (RAPD) was 
done by using ten decamer primers of OPB and OPG series 
obtained from ‘OPERON TECHNOLOGIES’ (Inc. Alameda, 
California). The RAPD-PCR amplifications were carried out in a 
final volume of 25 μl containing 10X Assay Buffer (Bangalore 
Genei), 1.0 unit of Taq DNA polymerase (Bangalore Genei), 200 
μM each of dNTPs (Fermentas), 10 pmols / reaction of random 
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Plate 1 : RNase treated high molecular weight Macrophomina phaseolina genomic DNA.

Plate 2 : RAPD patterns generated by OPB-5 in isolates of Macrophomina phaseolina.

Plate 3 : RAPD patterns generated by OPG-3 in isolates of Macrophomina phaseolina.

*M- Lambda uncut DNA marker 

A=Mp-BKN              B= Mp-AWR      C=Mp-CUR          D=Mp-DLI             E= Mp-HSR

F=Mp-HMG             G=Mp-NNL        H= Mp-SNGR       I=Mp-SWM           J=Mp-JJN
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primers (OPERON TECHNOLOGIES) and 50 ngof template 
DNA. The PCR was performed in “Biometra Thermocycler” using 
the following cycling parameters: Denaturation (94°C) 5 min 
followed by 43 cycles of denaturation at 94°C for 1 min, primer 
annealing at  37ºC for 1 min followed by primer extension at 72°C 
for 2 min and final extension at 72°C for 7 min. Following the 
amplification, the PCR products were loaded on 1.2% agarose 
gel (Himedia, molecular grade), which was prepared in 1X TBE 

-1buffer containing 0.5 μg ml  of ethidium bromide. The amplified 
products were electrophoresed for 3-3.5 hrs at 100 V with cooling. 

After separation, the gel was viewed under UV trans-illuminator 
and photographed by digitalcamera. In order to score and 
preserve banding pattern, a photograph of gel was taken by 
digital photographic system, under UV Trans illuminator. RAPD 
bands were designated on the basis of their molecular sizes 
(length of polynucleotide amplified) λ DNA EcoRI / Hind III double 
digest was loaded with each primer products to estimate the 
molecular size. The distance run by amplified fragments from the 
well was translated to molecular sizes with reference to molecular 
weight marker. The presence of each band was scored as “1” and 

Table 1 : Macrophomina phaseolina isolates used in the present study

Code Place of collection of isolates

Mp-AWR Agricultural Research Station Farm, Navgaon, Alwar
Mp-BKN Agricultural Research Station, Beechwal, Bikaner
Mp-CUR Farmer’s field, Churu
Mp-DLI Indian Type Culture Collection, IARI, New Delhi
Mp-HSR CCS,Haryana Agricultural University, Hisar
Mp-HMH Agricultural Research Sub-Station, Hanumangarh
Mp-JJN Farmer’s field -Kithana, Jhunjhunu
Mp-NNL Farmer’s field -Narnaul, Haryana
Mp-SNGR Agricultural Research Station Farm - ARS, Sri Ganganagar
Mp-SWM Farmer’s field –Swai Madhopur

Table 2 : DNA yield based on absorbance (260 nm) obtained from various isolates of M. phaseolina

-1Isolate OD at 260 nm OD at 280 nm Ratio of A /A Conc. of DNA mg ml260 280

Mp-BKN 0.39 0.20 1.93 1.98
Mp-AWR 0.29 0.15 1.86 1.78
Mp-CUR 0.31 0.16 1.85 1.73
Mp-DLI 0.365 0.20 1.74 1.83
Mp-HSR 0.24 0.12 1.96 1.93
Mp-HMG 0.26 0.13 1.88 1.88
Mp-NNL 0.29 0.16 1.76 1.84
Mp-SNGR 0.275 0.14 1.93 1.78
Mp-SWM 0.31 0.15 1.97 1.74
Mp-JJN 0.36 0.19 1.86 1.76

Table 3 : List of arbitrary primers showing total and polymorphic amplicons generated from ten M. phaseolina  isolates

Primer Sequence (5’ 3’) No. of No. of polymorphic Polymorphism Polymorphism information Discrimination 
bands bands (%) content (PIC) Value power (D)

OPB 1 GTTTCGCTCC 8 8 100.00 0.36 0.98
OPB 5 TGCGCCCTTC 8 8 100.00 0.41 0.98
OPB 7 GGTGACGCAG 8 8 100.00 0.45 0.98
OPB 11 GTAGACCCGT 7 9 100.00 0.44 0.98
OPG 1 CTACGGAGGA 7 7 100.00 0.42 0.93
OPG 2 GGCACTGAGG 7 7 100.00 0.40 0.96
OPG 3 GAGCCCTCCA 7 7 100.00 0.36 0.96
OPG 4 AGCGTGTCTG 8 8 100.00 0.37 0.98
OPG 7 GAACCTGCGG 9 9 100.00 0.43 1.00
OPG 15 ACTGGGACTC 7 7 100.00 0.46 0.96
TOTAL - 76 76 1000.00 4.10 -
AVERAGE - - - 100.00 0.41 0.97
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its absence as “0”. Faintly visible bands were not scored but a 
major band corresponding to faint band was considered for 
scoring. In order to confirm the presence of bands and determine 
reproducibility, all the primers were replicated twice and if 
necessary thrice. Only clear and apparently unambiguous bands 
were scored for RAPD. 

Location Plate 1: (RNase treated high molecular weight 
Macrophomina phaseolina genomic DNA); Plate 2 (RAPD 
patterns generated by OPB-5 in isolates of Macrophomina 
phaseolina); Plate 3 (RAPD patterns generated by OPG-3 in 
isolates of Macrophomina phaseolina).

Data analysis : The scores (0 or 1) for each band obtained from 
photograph (Plate 2, 3) were entered in the form of a rectangular 
data matrix (qualitative data matrix). Only clear and apparently 
unambiguous bands were scored for RAPD (Table 3). The pair-
wise association coefficients were calculated from qualitative 
data matrix using Jaccard’s similarity coefficient. Cluster analysis 
for genetic distance was then carried out using UPGMA 
(Unweighted Pair Group Method with Arithmetic Mean) clustering 
method. The genetic distances obtained from cluster analysis 
through UPGMA were used to construct the dendrogram, 
depicting the relationships of the clones using computer program 
NTSYS pc version 2.02 (Rohlf, 1998).

The discrimination power (D) of different primers was 
calculated according to Simpson’s index of diversity (Simpons, 
1949) as described by Hunter and Gaston (1988). This index can 
be derived from elementary probability theory and is given by the 
following equation:

Where, N is the total number of strains in the sample population; S 
is the total number of types described; nj is the number of strains 

thbelonging to the j  type. 

The primer efficiency in the form of polymorphism 
information content (PIC) can be estimated using Gene Cal Tool 

programme for Polymorphic information content and 
Heterozygosity values (Binkowski and Miks, 2018 ).

Results and Discussion

The Jaccard’s pair wise similarity coefficient values for 
ten isolates of M. phaseolina (Table 4) indicated that the range of 
genetic similarity was between 0.22 (Mp-DLI and Mp-CUR) to 
0.63 (Mp-HMG and Mp-SNGR). The average genetic similarity 
coefficient observed was 0.46. The higher value of similarity 
coefficient close to one was indicative of close resemblance 
between the different isolates of M. phaseolina. Isolates Mp-AWR 
- Mp-JJN (0.62), Mp-CUR - Mp-BKN (0.62) and Mp-HMG - Mp-
SNGR (0.63) were found closer to each other. Isolate Mp- DLI - 
Mp-CUR (0.22) were found least similar. The clustering analysis 
separated all the ten isolates in three major groups (Fig. 1). Group 
I included (Mp-BKN, Mp-CUR, Mp-SGNR, Mp-HMG, Mp-JJN, 
Mp-SWM, Mp-AWR) whereas Group II consisted of two isolates 
(Mp-HSR and Mp-NNL), Group III (Mp-DLI). Within the group’s 
diversity for Group I was 46 per cent and for Group II it was 49 per 
cent. Both the groups were separated from each other at 58 per 
cent of diversity. Group III included only one isolate, i.e., Mp-DLI 
which separated from all other isolates. The M. phaseolina 
Isolates Mp-BKN, Mp-CUR, Mp-SNGR, Mp-HMG, Mp-JJN, Mp-
AWR and Mp-SWM exhibited 53.8 per cent of similarity level. 
However, clustering was not good as most of the isolates were 
much diverse from each other and joined the group at low levels of 
similarity. Most diverse among the isolates were Mp-HSR and 
Mp-NNL isolates which joined another group at about 50.0 
percent similarity level. The isolate Mp-DLI was clustered in third 
group. The isolates occupying same cluster exhibited same level 
of interaction. Highly virulent isolates, i.e., Mp-BKN and 
moderately virulent isolates viz., Mp-AWR, Mp-SNGR, Mp-HMG, 
Mp-JJN, Mp-SWM and Mp-JJN formed one group. While 
moderately virulent isolates viz., Mp-HSR and Mp- NNL and less 
virulent isolates Mp-DLI formed a separate group. It also 
indicated multigenic nature of virulence in M. phaseolina isolates. 
The results of the present study are also in concurrence with 
earliar workers regarding use of RAPD markers for genetic 

Table 4 : Similarity matrix generated by Jaccard’s similarity coefficient for ten isolates of M. phaseolina

Isolates Mp-BKN Mp-CUR Mp-SNGR Mp-HMG Mp-HSR Mp-JJN Mp-SWM Mp-NNL Mp-AWR Mp-DLI

Mp-BKN 1.000
Mp-CUR 0.629 1.000
Mp-SNGR 0.545 0.532 1.000
Mp-HMG 0.582 0.547 0.639 1.000
Mp-HSR 0.531 0.444 0.415 0.477 1.000
Mp-JJN 0.567 0.508 0.571 0.585 0.462 1.000
Mp-SWM 0.500 0.508 0.433 0.538 0.484 0.571 1.000
Mp-NNL 0.385 0.383 0.333 0.375 0.509 0.403 0.355 1.000
Mp-AWR 0.523 0.438 0.500 0.492 0.413 0.627 0.453 0.373 1.000
Mp-DLI 0.328 0.224 0.339 0.338 0.339 0.365 0.317 0.392 0.379 1.000

D = 1 - 1
N(N - 1)

S
S

j=1
nj (nj - 1)
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