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[Abstract- The present study was undertaken to identify the genetic variation present among different mungbean genotypes. Out of 25 RAPD primers only 17 were\
amplified. A total of 104 amplified bands, 91 polymorphic, 13 monomorphic bands and 88 % polymorphism. A total of 112 amplified bands were obtained from 18 ISSR
primers, out of which 88 polymorphic. The average number of bands per primer was 6.22 and average numbers of polymorphic bands per primer 4.89. The RAPD and
ISSR data were evaluated to obtain a combined similarity matrix and cluster tree analysis. The similarity coefficient values lay between 0.46-0.68 and cluster tree
analysis showed that the eight genotypes could be divided into 4 clusters. The genotype BM-4 was grouped in separate VI cluster and PDM-139 was grouped on
cluster IIA. In the light of RAPD and ISSR study the parents of the cross BM-4 x PDM-139 noticed for their genetic diversity. Here validation of these data compared
with phenotypic character in the field and revealed that cross BM-4 x PDM-139 turned out to be the most promising on the basis of its high per se performance and also

for their high genetic diversity.
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Introduction

India is the largest producer and consumer of pulses in the world accounting 33
per cent of the area and 25 per cent of the global out-put. Green gram [Vigna
radiata (L.) Wilczek) is the most important legume crop in India after chickpea and
pigeonpea. It belongs to family Leguminaceae, subfamily Papillionaceae [1]and its
chromosome number is 2n = 2 x = 22. India is the primary green gram producer
and contributes to about 75 per cent of the world pulses production. Green gram is
extensively grown in India under varying soil types and climatic conditions and it
improves soil fertility by fixing atmospheric nitrogen. It is a small herbaceous
annual drought tolerant crop and suitable for dry land farming and predominantly
used as intercrop with other crops. It contains about 24 per cent protein of high
digestibility and quantity which is about two third of the protein content of soybean,
twice that of wheat and thrice that of rice [2,3]. Besides being a rich source of
protein, green gram enriches soil fertility through atmospheric nitrogen fixation
with the help of rhizobium bacteria in nodules and humus thus, plays a crucial role
in furthering sustainable agriculture.

For any successful breeding programme to improve grain yield and component
characters, it is essential to know precisely the genetic architecture of these
characters under prevailing conditions. Morphological markers used for diversity
studies on different crop cultivars or crop varieties are not adequate, cause these
markers are subject to environmental influences, whereas the DNA based
molecular markers have proven better. In contrast to the morphological markers,
molecular markers, are now available in plant system involves improvement in the
efficiency of conventional plant breeding by carrying out indirect selection through
QTL, RAPD and ISSR techniques that provide a new alternative for cultivar

identification [4-7]. Ever since thermo stable DNA polymerase was introduced in
1988, the use of PCR [8,9] in research has increased tremendously. The DNA
markers become the marker of choice for the study of crop genetic diversity,
especially those based on DNA sequence variations which are increasingly being
utilized in crops for construction of genetic maps and marker-assisted selection
studies. Application of molecular markers to plant breeding has established the
need for information on variation in DNA sequence even in those crops in which
little classical genetic and cytogenetic information is available. The present
investigation was carried out to analyse relatedness and diversity among eight
mungbean parents and find out the best hybrid.

Material and Methods

Final experimental trial comprising 8 parents along with 28 F1s was evaluated
during kharif, 2014 in randomized block design with three replications at RCA
college farm, MPUAT, UDAIPUR. From 21 no of green gram genotypes, eight
diverse genotypes were selected as parents for 8 x 8 diallel crossing programme,
these are IPM-99-125, BM-4, ML-131, IPM 02-03, PDM-139, RMG-1035, RMG-
344 and RMG-1045 [Table-1].

Molecular analysis using RAPD and ISSR markers was done exclusively for the
parental material only [10]. Molecular marker analysis was done for the parental
material to see the diversity present among the parental material. DNA extracted
from different green gram cultivars were compared using RAPD and ISSR
methodology. The leaves were harvested after 21 days and DNA was isolated with
the help of [11] given protocol. DNA was extracted from young leaves around 3-4
weeks old using CTAB method. The amplified samples were separated on
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agarose gel electrophoresis (1.2%).

Table-1 Experimental material and their pedigree
Parent \ Pedigree \ Source

IPM 99-125 PM 3 x APM 36 IIPR, Kanpur
BM4 MUTANT of T44 ARS, Badnapur
ML 131 ML 1x ML23 ARS, Durgapura
IPM 02-03 IPM 99-125 x Pusa bold 2 IIPR, Kanpur
PDM 139 ML 2019 x ML 5 IIPR, Kanpur
RMG 1035 RMG 492 x ML 818 ARS, Durgapura
RMG 344 MOONG SEL.1xJ 45 ARS, Durgapura
RMG-1045 RMG-62 x KM 2170 ARS, Durgapura

The details of the technique of DNA isolation, RAPD and ISSR are as given below:
The DNA content in 20 pl of the reaction mixture was 50 ng. The reaction
contained 10X reaction buffer, 200 uM each of dNTPs, 0.5 uM of each primer and
1 unit of Taq DNA polymerase [Table-2].

Table-2 PCR reaction mixture content

Components Final Single tube/20
f

DNA template 50ng 2.00

Master Mixture

(i) dNTP MIX 200uM 1.6 4l

(ii) Tag polymerase 1U 0.33l

(iii) Reaction buffer (10x) | 1X 2.00 4l

(iv) Primer 0.5 uM 1.00p!

(vi)dd H.0 12,07yl

Submerged gel electrophoresis unit was used for fractionating amplified PCR
products on 1.2% agarose gel. The gel was prepared in 1X TAE buffer containing
0.5 ug/ml of ethidium bromides. Bands were designated on the basis of their
molecular size ranging between 100-1000 bp. Electrophoresis was carried out at
100 V for 3 hr in 1X TAE electrophoresis buffer. The details of operon code
sequence of the primer and G:C contents are given in [Table-3].

Table-3 PCR reaction cycle

First cycle 94°C 5min - - -

2-35 Cycle
Last cycle

94°C 1 min Tm(Pr) | 45sec | 72°C | 2min
- - - - 72°C | 10min

Gel was viewed under UV transilluminator and photographed by gel
documentation system. Presences of amplified product were scored as 1 and its
absence as 0 for all genotypes and primer combinations. These data matrices
were then entered into NTSYS-PC [12]. The genetic distances obtained from
cluster analysis through UPGMA were used to construct the dendrogram,
depicting the relationships of the genotypes using computer program NTSYSpc
version 2.02.

Result and Discussion

The RAPD and ISSR techniques are more informative for estimating the extent of
genetic diversity and relationships between green gram varieties. So far, very little
attention has been given to varietal improvement of legumes [13]. The present
study aimed to analyze the extent of genetic diversity, using a total of 25 RAPD
and 25 ISSR primers, respectively, to generate DNA fingerprints of eight parents
of V. radiata L. with a view to detect polymorphism and access to information on
diversity among these genotypes. The present investigation was carried out to
analyse relatedness and diversity among eight parents viz. IPM 99-125, BM-4,
ML-131, IPM 02-03, PDM-139, RMG-1035, RMG-344 and RMG-1045 [Table-4].
757 to 1518 ng/ul amount of DNA was isolated from different genotypes of green
gram. The genotype RMG-344 yielded the lowest amount of DNA (757ng/ul) and
[PM 02-03 yielded the highest amount of DNA (1518 ng/ul). Whereas the lowest
amount of DNA (757ng/ul) was obtained from genotype RMG-344. The ratio of
absorbance (A260/A280) ranged from 1.70 to 1.89 revealing that the DNA
obtained was free from contaminants like polysaccharides, protein and RNA. The

quality of DNA as also checked by gel electrophoresis revealed a single discrete
band in all genotypes showing that genomic DNA was intact and had high
molecular weight, free from any mechanical or enzymatic degradation, free from
RNA contamination and was of high quality.

Table-4 Quality and quantity of total genomic DNA of V. radiata L. isolated and

purified by CTAB method
Genotypes  Parents’  Concentration Ratio
Name (ng/ pl) 260/280

P1 IPM 99-125 1420 1.81
P2 BM-4 968 1.77
P3 ML-131 1250 1.79
P4 1PM 02-03 1518 1.89
P5 PDM-139 1251 1.80
P6 RMG-1035 1012 1.81
P7 RMG-344 757 1.74
P8 RMG-1045 998 1.82

RAPD has been used extensively for classification of varieties, identification of
cultivars and diversity estimation in various crops such as green gram [14].
Similarly, ISSR markers are useful in detecting polymorphism among accessions
by generating a large number of markers that target multiple microsatellite loci
distributed across the genome [15].

Optimization of PCR Conditions for RAPD and ISSR Analysis

PCR amplification conditions such as concentration of template DNA, primers,
concentration of MgClz, Tag DNA polymerase and annealing temperature were
optimized for RAPD and ISSR primers. Reproducible and clear banding pattemns
were obtained in a reaction mixture of 20 pl containing 50 ng of template DNA, 2
pl of 10 X Tag DNA polymerase buffer, 1.5 mM MgClz, 200 uM of each dNTP,
0.30 uM of primer and 1 U of Tag DNA polymerase, at an annealing temperature
of 37°C (RAPD) and 42.9°-67° C (ISSR) for PCR amplification. Similarly,
optimization of the concentration of template DNA, MgClz, Taq polymerase and of
primers were found similar [16]. Out of 25 RAPD primers only 17 were amplified. A
total of 104 amplified bands were obtained of which 91 were polymorphic and 13
monomorphic that showed 88 % polymorphism [Table-5]. The total number of
amplified bands varied between 5 and 8.

Table-5 Details of the RAPD and ISSR primers used for amplification of DNA in

green gram

DNA primers RAPD ISSR
Total number of primers 25 25
Number of primers which showed 17 18
amplification
Number of primer which showed 17 18
polymorphism
Total number of monomorphic bands 13 21
Total number of polymorphic bands 91 88
Total number of bands 104 109
Total number of amplicon produced 391 563

The average number of bands per primer was found to be 6.12 and average
numbers of polymorphic bands per primer were 5.35. The polymorphism amongst
all genotypes of V. radiata L. was 88% and the overall size of PCR amplified
products ranged between 100 bp to 2500 bp. The per cent polymorphism ranged
from as low as 60 % (OPA-15 and OPB-06) to as high as 100 % (OPA-09, OPA-
10, OPA-08, OPB-03, OPB-07, OPE-03, and OPA-16). A total of 112 amplified
bands were obtained from the 18 ISSR primers, out of which 88 were polymorphic
[17-19]. The total number of amplified bands varied between 5 and 8 [Table-7].
Average polymorphism across all the genotypes of V. radiata L. was found to be
79%. Overall size of PCR amplified products ranged between 100 bp to 2000 bp
[20-22].

Similarity Matrix for Combined RAPD and ISSR Markers
Perusal of the combined RAPD and ISSR similarity matrix data revealed that the
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values for different genotypes ranged from 0.42-0.68 [Table-6]. The average
similarity value across the genotypes was found out to be 0.55, indicating that
there is sufficient genetic diversity among the genotypes. The genotypes that

exhibited the highest similarity matrix values (0.68) are RMG-1035 and RMG-44;
RMG-1035 and RMG-1045. However, BM-4 and IPM 02-03 were found to be
genetically diverse with a minimum similarity value of 0.42 [23-25].

Nath Anamika, Maloo S.R., Jain Devendra, Nath Srikanta, Chakma Ashim and Verma Rajani

Table-6 Similarit

matrix of green

gram genotypes

IPM-99125  BM-4 = ML-131 | IPM-02-03 PDM-139 RMG-1035 RMG-344  RMG-1045
IPM-99-125 1.00
BM-4 045 1.00
ML-131 0.56 0.44 1.00
IPM-02-03 0.48 042 049 1.00
PDM-139 0.44 047 0.52 045 1.00
RMG-1035 048 048 0.58 0.46 0.60 1.00
RMG-344 0.50 047 0.59 047 0.60 0.68 1.00
RMG-1045 048 047 049 044 0.59 0.68 0.62 1.00

ISSR Primer

Sequence (5™-3')

Total No of bands (a)

ISSR Primer

Table-7 List of RAPD and ISSR primers
Total no. of polymorphic
bands (b)

Polymorphism %
(b/a X 100)

Range of band size

1 ISSR-01 (GGC)5AT 8 8 100 100-1500
2 ISSR-02 (AAG)5GC 7 4 57 200-2000
3 ISSR-03 (AAG)5TC NA NA NA

4 ISSR-04 (AAG)5CC 5 3 60 100-700
5 ISSR-05 (AGC)5CA 7 6 86 200-2000
6 ISSR-06 (AGC)5CG NA NA NA

7 ISSR-07 (GGC)5TA 8 6 75 100-1500
8 ISSR-08 (AGC)5GA 8 7 88 100-1000
9 ISSR-09 (AAG)5CG 5 3 60 100-700
10 ISSR-33 (AG)BAT NA NA NA

1 UBC-810 (GA)8T 7 4 57 300-1000
12 UBC-811 (GA)8C 7 6 86 300-1000
13 UBC-813 (CT)8T NA NA NA

14 UBC-817 (CA)8A 5 5 100 200-600
15 UBC-818 (CA)BG 6 6 100 200-1000
16 UBC-820 (GT)8T 5 5 100 100-700
17 UBC-822 (TC)8A 7 5 71 100-1500
18 UBC-824 (TC)8G NA NA NA

19 UBC-836 (AG)8YA 5 4 80 300-900
20 UBC-840 (GA)BYT NA NA NA

21 UBC-845 (CT)8RG 7 3 43 200-600
22 UBC-848 (CA)8RG 5 4 80 300-1000
23 UBC-854 (TC)8RG 6 6 100 200-1500
24 UBC-873 (GATA)4 NA NA NA

25 UBC-878 (GGC)5AT 4 3 75 500-2000

RAPD Primer

1 OPA-02 TGCCGAGCTG 7 6 86 200-1000
2 OPA-05 AGGGGTCTTG 6 5 83 300-2000
3 OPA-07 GAAACGGGTG 7 6 86 300-1000
4 OPA-08 GTGACGTAGG 7 7 100 400-2000
5 OPF-19 CCTCTAGACC 6 4 67 200-1500
6 OPP-03 CTGATACGCC 5 4 80 300-1500
7 OPB-06 TGCTCTGCCC 5 3 60 100-900
8 OPA-10 GTGATCGCAG 6 6 100 200-1000
9 OPP-10 TCCCGCCTAC 8 8 100 200-1500
10 OPA-11 CAATCGCCGT 6 5 83 400-1500
1 OPA-14 TCTGTGCTGG NA NA NA -

12 OPA-15 TTCCGAACCC 5 3 60 400-1000
13 OPC-01 TTCGAGCCAG NA NA NA -

14 OPB-03 CATCCCCCTG 6 6 100 100-1500
15 OPA-09 GGGTAACGCC 7 7 100 200-2500
16 OPB-07 GGTGACGCAG 6 6 100 300-1000
17 OPC-05 GATGACCGCC NA NA NA -

18 OPE-03 CCAGATGCAC 5 5 100 400-1500
19 OPA-16 AGCCAGCGAA 6 6 100 400-2000
20 OPC-06 GAACGGACTC NA NA NA -

21 OPB-02 TGATCCCTGG 6 4 67 400-2000
22 OPB-04 GGACTGGAGT NA NA NA -

23 OPB-05 TGCGCCCTTC NA NA NA

24 OPB-08 GTCCACACGG NA NA NA

25 OPB-10 CTGCTGGGAC NA NA NA
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RAPD and ISSR Markers Based Combined Cluster Tree Analysis

The average linkages between V. radiata L. genotypes were used for constructing —
a tree depicting the phylogenetic relationship among eight V. radiata L.

BT Pl of Mhamghens prvam graerand suh primers CFF 1% OFF &1 (W4n st OF3 4

genotypes. The RAPD and ISSR data were evaluated to obtain a combined
similarity matrix [Table-7]. The similarity coefficient values lay between 0.46-0.68
[26, 27). The RAPD and ISSR cluster tree analysis showed that the eight
genotypes could be divided into 4 clusters [Fig-2]. Cluster | included two
genotypes viz,, IPM 99-125 and ML-131 that were similar to each other at a
coefficient of 0.56. Cluster Il included two sub clusters, sub cluster Il A included
genotype PDM-139 and Il B divided in two sub clusters, genotypes RMG-1035
and RMG-344 included in sub clusters IIB 1 at similarity coefficient 0.68, while sub

clusters IIB 2 has only one genotype RMG-1045. Cluster Il and cluster IV included
with each other at similarity coefficient 0.46 [19,21,28-31].
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Fig-2 Dendrogram of greengram genotypes using RAPD and ISSR markers

Conclusion
Molecular analysis through RAPD and ISSR markers revealed that cross BM-4 x i TR
PDM-139 turned out to be the most promising on the basis of its high per se R R TR e

performance both for seed yield and its components. The parent BM-4 was
grouped in cluster II A while PDM-139 in cluster IV thereby confirming that there
was concurrence between the results obtained by molecular (RAPD and ISSR)
and morphological markers along with their known pedigree. Therefore, this study
suggested that this cross can be gainfully utilized for plant breeding programme.

1
im

Application of research: This research finding will help to know the diversity
present among the selected green gram genotypes, can choose the best parents

for cross combination, as well as F+ hybrid, which can be used for further breeding ‘ —
programme.
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Fig-4 PCR profiles of mungbean genotypes using ISSR markers

International Journal of Genetics

ISSN: 0975-2862 & E-ISSN: 0975-9158, Volume 10, Issue 3, 2018
|IBioinfoPublications||

368




Nath Anamika, Maloo S.R., Jain Devendra, Nath Srikanta, Chakma Ashim and Verma Rajani

Abbreviations

RAPD-Random Amplified Polymorphic DNA,
ISSR- Inter Simple Sequence Repeat,
PCR-Polymerase chain reaction

CTAB- Hexadecyltrimetyl ammonium bromide
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