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ABSTRACT

The objective of the present study was to assessxtent of genetic diversity and the relationstdpsong the 4
black gram varieties based on DNA data. A total bemof 10 ISSR primers that produced polymorphid an
reproducible fragments were selected to amplifyogein DNA of the urd bean genotypes under investigaien
primers amplified a total number of 269 bands unil@8 loci across four genotypes. The cultivars leixéd an
overall 65.05% polymorphism. The value of Jacaasifsilarity coefficient ranged from 0.557 to 0.69he four
urd bean cultivars were grouped into 3 clustats5.7 per cent similarity. In comparison to otloeiftivars, Gautam
showed most genetic variability, suggesting utileraof this species over others namely Sulatainkabnd Sarada
for breeding programme and in transferring the dters into different urd bean cultivars. Overalhigh degree
of genetic diversity among the urd bean cultivaes wecorded. It could be concluded that black gteam sufficient
amount of genetic diversity and a wide range inggienbase of the studied genotypes which can be fosecrop
improvement.
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INTRODUCTION

Vigna mungaL.) Hepper, commonly known as urd bean or blackmgior mash, is a grain legume domesticated
from V. mungovar. sylvestris™. Urd bean originated in Indi& and is now widely cultivated in the Indian
subcontinent as well as to a lesser extent in @hdil Australia and other Asian and South Pacifimtges!™.

Black gram is one of the important pulse crop gramva wide range of agro-climatic conditions of teuntry. It is

cultivated in all the seasons in India. Durkiwarif season, it is grown as a sole crop or mixed witigtaam, pearl

millet and pigeon pea. Irabi and zaid (summer) seasons, it is cultivated as a pure muftl It is cultivated as
follow-up crop after rice cultivatioH!. However, its productivity is very low and the jotaconstraints in achieving
higher yield of this crop are low yield potentialdanarrow genetic base of existing cultivars, absenf suitable
genotypes for different cropping system, poor hstniedex and susceptibility to diseas®d!. Lack of suitable
varieties and genotypes with adaptation to localldémn is among the factors that also affectspiroaluction.

It is an excellent source of easily digestible, dygmality protein. Iforms one of the important constituents in the
dietary practices of the local population and ferafable due to lower price than that of other paldHowever, the
global productivity of pulses in general, and ushb in particular, is very low as compared to dsrdadia is the
largest producer and consumer of pulses in thedw&low pulse production growth has substantiagdiyuced the
per capita consumlotion of pulses, especially il@m@nantly vegetarian countries (from 63.0 g/day®61 to 27.3

g in 2010 in India}®.
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Characterization and cataloguing of germplasm Haesen traditionally carried out by using morpho-agmmic
traits. However, these traits may not be signifilsadistinct and usually require growing plantsnbaturity prior to
identification. Moreover, morphological charactemsay be unstable due to environmental influencese Th
morphological markers were not quite enough to sgpthe genetic diversity and do not reflect reatege
relationships. Molecular markers based on the DRgugnce are more varied and reliable. They argectafl by
environment and detectable in all stages of dewetsrt. The molecular markers are a powerful todl taa yield
significant information and enhances the scopesafgigermplasm in the crop improvement programnfgsong
the several DNA marker systems that are now besegl in diversity studies of plants, inter simplguance repeat
(ISSR)®®! is an important one. It is a simple, rapid, felkaand inexpensive technique. Moreover, it is ebéool
than RAPD for phylogenetic studies as the ISSR @rinproduce more information in terms of total nemtf loci
and polymorphic bandd. ISSRs fingerprinting has been commonly used ¢ntifly germplasms, resolve uncertain
parentage, to study genetic diversity, populatiemagics, taxonomy and phylogeny of many plant sseé.
Identification of different genotypes of crop spexis essential when diverse accessions of crappesm are to
be characterized, newly developed cultivars ateetoegistered and purity of the variety is to beedwrined™. The
evaluation of the genetic diversity would promdte efficient use of genetic variation in the bregdprogramme.
Genetic diversity studies in various cultivars ofl lobean using DNA-based marker system are limited targer
extent.

The objective of the present study was to invetdigad compare genetic diversity among four urdhlzEzessions
using inter simple sequence repeat (ISSR). Thisldvbelp in the identification and differentiatiorf warious

cultivars being cultivated, which is especially ionfant for export. The assessment of diversity madeld provide

us a correct picture of the extent of variationittfar helping us to improve the genotypes. The rinfdion

generated from this study will be used to idengffective strategies for the sustainable manageimwietite genetic
resources of black gram.

MATERIALS AND METHODS

Plant Materials

Seeds of four different cultivars of black gram lffeal) were procured from Pulses and Oilseed Relsezation,
Murshidabad, West Bengal, India. Seeds of eachsammewere sown and plants were raised in the.fiébding and
healthy leaves were randomly harvested and bulia@d 25 days old plant, washed to free from dirt dost, then
quickly mopped and dried on blotting sheets. 1 drieaf tissue from each cultivar was subsequerdgldufor each
DNA isolation experiment.

Table 1. List of urd bean cultivars used for ISSR malysis and the sources from where these have bedtained are given below

Sample no.| Sample code Name of the cultivar Source
1 uvi kalindi Pulses and Oilseed Research Staiimshidabad, West Bengal
2 uv2 sarada Pulses and Oilseed Research StatioshiMabad, West Bengal
3 uv3 gautam Pulses and Oilseed Research Statiorshilabad, West Bengal
4 uv4 sulata Pulses and Oilseed Research Statiarstitlabad, West Bengal

Genomic DNA extraction and ISSR-PCR Reaction

Total DNA was extracted from the above mentioned tissue following the CTAB method describedSaghai-
Maroof et al ® (1984) with minor modifications. After purificatiorit was quantified spectroscopically and
visualized under a UV light after electrophoresis @ 0.8% (w/v) agarose gel stained by Qdml ethidium
bromide. The resuspended DNA was stored in autedl@dBO. A total number of 10 ISSR primers (Bangalore
Genei Pvt. Ltd., Bangalore, India) that producddginer number of polymorphic and reproducible fragits were
selected to amplify genomic DNA. PCR amplificatiomere carried out in a thermal cycler (Perkin Elj@ene
Amp thermal cycler 2400) in a final volume of gh containing 25 ng template DNA, 2QM each of the four
dNTPs, 10 picomoles of primers, 3 mM MgCI2, @l5Taq buffer (10 mM Tris HCI pH 9.0, 50 mM KCI) artd2
Unit Taqg DNA polymerase (Bangalore Genei Pvt., LRhAngalore India). The thermo cycler was prograchiiog
an initial denaturation at 98 for 4 minutes followed by 40 cycles at’@for 1 min, annealing at 43 to 48C (for
different primers different annealing temperaturese used) for 1 minute and extension atC7for 2 minutes,
followed by one final extension at %2 for 6 minutes and at last the hold temperature efafC. 10ul of amplified
PCR amplified product was separated by gel elebtgsis on a 1.8% agarose gel stained by ethiditomide
(0.5ug/ml of gel solution) and photographed with a getuimentation system (Uvi Tec, UK). DNA fragmentesiz
on agarose gel were estimated by comparing withremwge DNA Ruler (Range from 100bp to 5Kb) marké&i:.
each experiment the reproducibility of the ampéifion products was tested twice using similar ieaatonditions
at different times. Only those amplification prothud¢hat consistently appeared in two replicatioosngensus
products) were scored for further analysis.
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ISSR Data Scoring and Analysis

In ISSR analysis, the presence or absence of thdsbwas taken into consideration and the differencthe
intensity of the band was ignored. A particular DNAnd which is generated from the genome of oneiespebut
absent of a second species represents a polymorphilee banding patterns obtained from ISSR gel wees to
assign loci for each primer and scored as pred¢rir(absent (0). The data obtained from the markere pooled
for different analyses. Jaccard’s similarity cogiffnt values® were calculated for each pair wise comparison
between genotypes and similarity matrix was coestidl To illustrate the genetic relationships amibregspecies, a
dendrogram was constructed based on the similarétyrix using unweighted pair group method with harietic
Eall}/]erage (UPGMA) cluster analystd. All analyses were done using the computer pachéE8YS-PC ver. 2.00

RESULTS AND DISCUSSION

The objective of the present study was to assessxtent of genetic diversity and relationships agnthe 4 black
gram varieties based on DNA data. Information loa levels and distribution of genetic diversityafy plant
species may contribute to the knowledge of theiolionary history and potential, and is critical their
conservation and managemétt. Cross breeding between genetically differentviitlials is a recommended,
rather than involving individual belonging to reddt genetic group. The evaluation of genetic ditgrand
construction of genetic maps has been considersidatiée for the efficient use of genetic variatiamghe breeding
programme. ISSR analysis reported in the preserk wauld be useful to select parents to be crofsegenerating
appropriate populations intended for both genomppimg and breeding purposés

A total number of 10 ISSR primers (Bangalore GeRet. Ltd., Bangalore, India) (Table 2) that prodiice
polymorphic and reproducible fragments were setetbeamplify genomic DNA of the urd bean genotypesler
investigation. Ten primers amplified a total numb&269 bands under 103 loci across four genotyyittsaverage
of 10.3 loci / primer ( Figure 1a and Figure 1bj.tke total 103 loci scored in the 4 cultivars witifferent primers,
67 were polymorphic and 34 were unique. Thereftirte,cultivars exhibited an overall polymorphism6af.05%.
The total number of the amplified loci produceddach primer varied from a minimum number of 10 biynpr
Oligo-01, Oligo-02, Oligo-03, Oligo-04, Oligo-07li@o-08 and Oligo-10 to a maximum of 11 by primdigo-05,
Oligo-06 and Oligo-09. The percentage of polymasphiranged from 50% (primer Oligo-04 and Oligo-10) t
100% (primer Oligo-07). The size of amplified baradso varied with different primers. As many aseseprimers
showed 60% or more polymorphism. In general, theergxof polymorphism found was high enough. Theadat
obtained was subjected to UPGMA analysis to findtbe relationship between the cultivars analyZéda: value of
Jacaard’s similarity coefficient ranged from 0.567.697.

Table 2.List of ISSR primers and their sequences along witsome of the characteristics of the PCR-amplifiednpducts obtained in urd
bean cultivars

Primer name Primer Sequence (5'to 3) Total No. oAmplified Loci | Total No. of Polymorphic Loci | % of Polymorphism
Oligo-01 AGAGAGAGAGAGAGAGC 10 06 60
Oligo-02 AGAGAGAGAGAGAGAGT 10 06 60
Oligo-03 CTCTCTCTCTCTCTCTG 10 09 90
Oligo-04 CTCTCTCTCTCTCTCTA 10 05 50
Oligo-05 ACACACACACACACACG 11 07 63.64
Oligo-06 ACACACACACACACACT 11 06 54.54
Oligo-07 TCTCTCTCTCTCTCTCA 10 10 100
Oligo-08 GAGAGAGAGAGAGAGAC 10 06 60
Oligo-09 GAGAGAGAGAGAGAGAT 11 07 63.64
Oligo-10 CACACACACACACACAG 10 05 50

The four urd bean cultivars were clustered intdz3,¥C1, C2, C3 with 1, 1 and 2 genotypes respebtifFigure 2)
at 55.7 per cent similarity. Cluster C1 consistécwnly one genotype namely Gautawhich was significantly
different from all other genotypes used in the enésinvestigation. Cluster C2 comprised again ofirsgle
genotypes namely Sarada. Cluster C3 comprisedyehdtypes namely Kalindi and Sulata.
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Fig. 1a. Ethidium bromide stained 1.86 agarose gel showing PC-amplified products of 4 black gram cultivars using the ISSR primer
Oligo-01 (5’ AGAGAGAGAGAGAGAGCS3' ); Lane 1to 4 corresponds to black gram cultivars listed inTable 1. Lane-M, low range DNA
Ruler (Range from 100bp to 5Kb) marker

Fig. 1b. Ethidium bromide stained 1.8% agarose gel showing PC-amplified products of 4 black gram cultivars using the ISSR primer
Oligo-02 (5’ AGAGAGAGAGAGAGAGTS3' ); Lane 1 to 4 corresponds to black gram cultivardisted in Table 1. LaneM, low range DNA
Ruler (range from 100bp to 5Kb) marker
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Figure 2. Dendrogram,generated using UPGMA analysisshowing the genetic relationships among th4 cultivars of black gram based
on ISSR markers

In comparison to other cultivars, Gautam showedtrgesetic variability, suggesting utilization ofglspecies ove
others namely Sulata, Kalindi and Sarada for brepgrogramme and in transferring the characters different
urd bean cultivars. Theultivar Kalindi showed most genetical similarityitiv Sulata and formed a cluster. T
cultivar Sarada showed more closeness with S-Kalindi cluster, as shown by high values of siniflaindex
between them. The genotype of Gautam is distaethte( with rest of the genotypes of urd bean, as recole
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low values of the genetic similarity. Overall, ayhidegree of genetic diversity among the urd bedtivars was
recorded. It could be concluded that black gram s#ficient amount of genetic diversity and a widage in
genetic base of the studied genotypes which carsée for crop improvement.

The assessment of nature and extent of geneticsitiveand identification of four different urd beanltivars were
done by ISSR analysis. The obtained results ingéitahat ISSR marker system can be effectively used
determination of genetic relationship among bladag cultivars. ISSR markers successfully revealeshzarkable
molecular discrimination of the four urd bean atdtis under study. All black gram samples could iséndyuished
from one another based on these polymorphic bdS®&R markers are useful in the assessment of Igeah
diversity, through detection of duplicate samplegérmplasm collection, and the selection of a coikction to
enhance the efficacy of germplasm management ®irublack gram breeding and conservation prograsnifiee
genetic diversity obtained in this study might Iseful in future strategies for evolution of desigehotypes.
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