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ABSTRACT

Genetic diversity is an essential component for Chickpea breeding. To access this genetic diversity in eighteen
different genotypes, total of twenty ISSR markers were used, out of which seven ISSR primers, yielded a total of
37 amplified loci. Out of these 37 amplified loci, 32 loci were polymorphic whereas 5 loci were found
monomorphic. The numbers of amplified loci varied from minimum of three to maximum of eight bands with an
average of 5.28 loci per primer. It was lowest with Primer 8161-043 and Primer 8161-045 while highest with
Primer 8161-049. One primers viz., Primer 8161-041 gave a total of one unique bands and this was unique to
612 bp for genotype PG105. Dendrogram based on UPGMA analysis of ISSR data grouped 18 genotypes in to
four major clusters namely A, B, C and D. The cluster A had two genotypes. The major cluster B was sub divided
into two groups B, and B, at the demarcation having 68.7 percent similarity. The group B, included ten genotypes
while group B, comprised of four genotypes. The cluster C and D were found to be monogenotypic respectively.
Based on estimated genetic similarity matrix, the highest genetic similarity value 0.930 was noticed between
PG049 and PG081 while lowest similarity value 0.442 was noticed between PG105 and PG055. The study
suggests that the genotypes PG105 and PG055are most genetically distant and beneficial for hybridization
programmes to generate transgressive segregants. Current study also indicates that ISSR show mostly 100%
polymorphism and acts useful tool in determining the genetic diversity and genotyping some of the chickpea

INTRODUCTION

Chickpea is the third most important pulse crop of the world
after dry bean and dry pea, it is traditionally grown in different
parts of the world covering Asia, Europe and north and South
America. India is the largest producer of chickpea in the
world.India contributes 67% of the global chickpea
production. India ranks first in chickpea production and area
with 8.25 million tons produced from 8.75 million hectare
area with productivity hovers around 943kg/ha (Agriculture
Statistics Division, 2010-11). But still chickpea is not at par
with current requirement of Indian population. Therefore to
develop high yielding genotypes from the available materials
is major challenge for pulses breeding. Genetic diversity is
one of the key prerequisite for increasing yields which is been
most lacking in cultivated types of chickpea. Improvement of
crop through utilization of available genetic diversity among
the germplasm is the key to successful breeding programmes
(Renganayaki et al., 2001). Variance of relatively highly
heritable quantitative genetic markers provides estimates of
genetic diversity and thus, genetic variation among diverse
genotypes could be practical to select parents to be crossed.
Thus information regarding genetic diversity and genetic
relationships among different genotypes is very valuable in
crop improvement. Morphological characteristics, is often
difficult, since most of these characteristics are under the
influence of environmental factors therefore molecular markers
are useful for the genetic identification, estimating the genetic

accession regardless of environmental conditions.

diversity among plant genotypes and allow more reliable
differentiation of genotypes. Various molecular markers are
available for analysis of genetic diversity, but Inter-simple
sequence repeat (ISSR) is more consistent markers, as they
generate a greater number of polymorphic loci per primer
(Ratnaparkhe et al., 1998; Aggarwal et al., 2011). Unlike
RAPDs, ISSR markers are detected using longer semiarbitrary
SSR primers at highly stringent conditions. ISSR markers do
not require a prior knowledge of the SSR targets sequences
and are highly reproducible due to their primer length and to
the high stringency achieved by the annealing temperature
and were found to provide highly polymorphic fingerprints
(Bornet and Branchard, 2001). ISSR markers have been
employed to analyze genetic diversity and relationships in a
number of crops (Ajibade et al., 2000; Raina et al., 2001; Bart
etal., 2002). In chickpea, Ratnaparkhe et al. (1998b) reported
that the ISSR technique is helpful in finding markers closely
linked to a disease-resistant gene. In addition, these markers
have been successfully used to study diversity and
phylogenetic relationships in chickpea for the last decade
(Iruela et al., 2002; Rajesh et al., 2003; Rao et al., 2007,
Bhagyawant and Srivastava, 2008; Aggarwal et al., 2011).
Therefore present study was carried out to access the genetic
diversity among the 18 genotypes using ISSR markers to obtain
desirable parents for chickpea breeding programme.

MATERIALS AND METHODS

The present investigation was carried out during Rabi 2012-




DEEPANKAR PANDEY et dl.,

2013 at Norman E. Borlaug Crop Research Centre, Govind
Ballabh Pant University of Agriculture and Technology,
Pantnagar, India. The experimental material comprised of
eighteen chickpea genotypesviz. PG063, PG049, PG119,
PG120,PG081, PG101, PG105, IGB3, PG065, PG045,
PG102,PG038, PG039, PG041, PGO55, PG052, PGO83,
PG033. Fresh leaf samples from 10-15 days old seedlings
were used for DNA extraction. CTAB procedure was used for
isolation of DNA (Doyle et al., 1987). The DNA amplification
reactions were carried out in 0.2 mL PCR tubes using an
eppendorf Thermalcycler with 17-18 mer screened ISSR
primers. The amplification consisted a 5 min. initial
denaturation step at 94°C followed by denaturation at 94°C
for 1.0 min. Annealing of the primer was done at 42°C for 1.0
min, followed by an extension period for 2.0 min. at 72°C.
The reactions were subsequently subjected to 40 additional
cycles after reaching the final annealing temperature. This was
followed by a final extension at 72°C for 10 min. Quantification
of the DNA was done through electrophoresis on a 1% agarose
gel. Twenty ISSR primers were tested for their ability to amplify
scorable and reproducible DNA fragments. Primers resulting
in faint or irreproducible bands were excluded from
subsequent analysis. Finally seven primers were selected for
these studies are given in Table 1.1. The data was analyzed
using the SIMQUAL option to generate a similarity matrix
among all possible pairs of genotypes and primers. The
similarity matrix was run on SAHN clustering (Sokal R. R. and
Michener C. D. 1958) and a dendrogram was created by using
UPGMA and Jaccard’s similarity coefficient (Jaccard P. 1908).
PCA was done by calculating eigen values using EIGEN and
PROJ modules. NTSys pc 2.0 program (Applied Biosystem
Inc. USA) was used to perform the above mentioned functions
(RohlfR. ., 1990).

RESULTS AND DISCUSSION

The ISSR banding pattern was observed among the eighteen
genotypes using 20 primers. Out of the total number of 20
primers taken up for the study, only 7 primers gave
amplification in all the 20 genotypes. Hence the analysis was
carried out with the data generated from those seven primers
(Table 1.1).They showed wide range of polymorphism ranging
between 60-100%. A total of 37 loci were detected, out of
which, 32 loci were polymorphic and5loci was monomorphic.
The numbers of amplified loci varied from 3-8 with an average
of 5.28 loci per primer. It was lowest with Primer 8161-043,
Primer 8161-045while highest with Primer 8161-049.0ne
primers viz., Primer 8161-041 gave a total of one unique bands
and this was unique to 612bp for genotype PG105. The
banding profiles of four primers were depicted in Fig. 1.2.
These ISSR primers gave unique bands in one genotypes which
can be used for identification of the respective genotypes. But
these primers failed to categorize the rest of genotypes. This
may be due to less number of primers which failed to cover
the whole genome. Further study using specific and high
resolution molecular markers can be done, so that the
differences at the DNA level can be achieved.

Cluster analysis
ISSR marker based UPGMA analysis divided 18 genotypes

into four major clusters A, B, Cand D. The major cluster B was
sub divided into two groups B, and B, at the demarcation
having 68.7 percent similarity. The group B, included ten
genotypes PG033, PG052, PG041, PG039, PG038, PG102,
PG045, PG065 IGB-3and PG101. PG038 and PG 102 together
showed a similarity of 90.7 percent with PG045. While IGB-3
showed a similarity of 93.0 with PG065, PG045, PG038 and
PG039. The group B, comprised of four genotypes PG049,
PG119, PG120 and PG081. PG081 and PG049 which were
93.0 percent similar to each other.The cluster A had two
genotypes are (PG063, PG083) and having 79.1 percent
similarly. The cluster C contained one genotype PGO55 having
53.4 percent similarly with PG063 which is member of cluster
A and far from PGO055. The cluster D had one genotype i.e.
PG105 (Fig. 1.1).Based on estimated genetic similarity matrix,
the highest genetic similarity value 0.930 was noticed between
PG049 and PG081, PG038 and IGB3, IGB3 and PG065, IGB3
and PGO045 followed by 0.907 between PG119 and PG120,
PG120 and PGO81, PG101 and IGB-3, PG081 and PGO041,
PG065 and PG045, PG065 and PG102, PG065 and PGO38,
PG045 and PG102, PG045 and PG038 (Table1.2). Based on
these similarity coefficients it can be said that these genotypes
were more similar genetically. The lowest similarity value 0.465
was noticed between PG105 and PG083 followed by 0.512
between PG055 and PG083, 0.535 between PG038 and
PG083, PG065 and PG083, 0.406 between PG063 and
PG055.Thus the above results suggest that crosses obtain from
parents viz. PG105x PG055, PG083 x PG055, PG052 x
PG105, PG063 x PGO055, PG065 x PGO083 are highly

Table 1.1: Seven ISSR primers used for amplification of DNA

Primer  Total Total Total Polymorphism
code no. of no of no. of (%)
amplified polymorphic monomorphic
loci loci loci
8161-041 8 8 0 100
8161-043 3 3 0 100
8161-045 3 3 0 100
8161-047 5 5 0 100
8161-049 8 5 3 62.5
8161-050 5 0 0 100
8161-054 5 3 2 60
L1 PG063
m 1 117PG08
: LTPGO3
’ L5 PGO5
L: L3PG119
14 PG120
4 L6PG101
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Figure 1.1 - ISSR marker based UPGMA analysis
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productive and divergent enough to get fair amount of
variability.
Genetic Diversity

The overall range of similarity was found to be 0.44 to 0.93
among the eighteen genotypes which is similar to that found
by Irula et al., where the similarity between 14 Cicer species
ranged from 0.30 to 0.98. This indicated that large scope
exists to use the different exotic germplasm to broaden the
genetic base of Indian chickpea cultivars. Thus present study
indicates that the parent PG105 and PG083 are divergent
enough so that they can be crossed to obtain better sergeants.
The conducted study also refers that ISSR maker either singly
or in combination may be of great potential use in the
establishing of identities of unknown genotypes and to monitor
the designed crosses involving these genotypes. Similar types
of findings had also been reported by Souframanien et al.
(2002), Souframanien et al. (2004) in Vigna, Datta et al. (2007)
in different pulses and Singh et al. (2008) in pigeon pea.
Chattopadhyay et al. (2005) employed ISSR and RAPD to assess
the genetic diversity among mungbean germplasm comprising
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Figure 1.2 - ISSR marker based Gel documentation of two primers

Table 1.2: Genetic relatedness through similarity index by ISSR marker

varieties, landraces and wild accessions and reported efficiency
of ISSR markers in giving higher frequency of polymorphic
bands and polymorphic information content values. Similar
studies in pulses were performed earlier by Sudupak et al.
(2004), Gunjanjyoti et al. (2005), Choudhury et al. (2006) and
Rao et al. (2007).

The results obtained in the present investigation show that the
ISSR primers are informative markers which can be examined
to correlate banding patterns and genetic relatedness. The
unique band as produced by the primer in the PG-105
genotype may serve as unique identifier for this particular
phenotype. Furthermore, we observe that using DNA marker
technology like ISSR, identification of variability became
relatively easier then morphological basis. It is more suitable
for the selection of suited parental lines for transgressive
breeding and combining favorable alleles. In current study
we found these following suitable crosses PG105x PGO055,
PG083 x PG055, PG052 x PG105, PG063 x PG0O55 and
PG065 x PG083 for crossing to get the heterotic F s as well as
chances of getting transgresive segregents in F, generation.
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Genotype Relatedness
Close relative Percent similarity Distant relative Percent similarity

1 PGO063 PG083,PG102 79 PGO55 53.5
2 PG049 PGO081 93 PGO083 58.1
3 PG119 PG120 90.7 PGO055 58.1
4 PG120 PGO081 90.7 PGO055 58.1
5 PGO081 PG041 90.7 PGO083 60.5
6 PG101 IGB3 90.7 PG105 62.8
7 PG105 IGB3 72.1 PGO055 44.2
8 IGB-3 PGO045, PG038, PGO65 93 PGO083 60.5
9 PGO065 IGB 3 93 PGO083 53.5
10 PG045 IGB 3 93 PGO083 62.8
11 PG102 PGO065, PG045, PG038 90.7 PGO083 58.1
12 PGO038 IGB 3 93 PGO083 53.5
13 PGO039 IGB 3 90.7 PGO083 55.8
14 PGO041 PGO081, PG039,IGB3 90.7 PGO083 55.8
15 PGO55 PG041 76.7 PG105 44.2
16 PGO052 PG039, PG041,PG101 86 PG105 53.5
17 PG083 PGO063 79.1 PGO055 51.2
18 PGO033 IGB 3 86.0 PGO083 60.5

7089




DEEPANKAR PANDEY et dl.,

REFERENCES

Agrawal, P. K. and Srivastava, A. 2010. Assessment of genetic Diversity
among Chickpea Cultivars of India Using RAPD Marker. Indian J.
Human Genetics. 70: 264-270.

Ajibade, S. R., Weeden, N. F. and Chite, S. M. 2000. Inter simple
sequence repeat analysis of genetic relationships in the genus Vigna.
Fuphytica. 111(1): 47-55

Bart, S., Melchinger, A. E. and Lubberstedt, T. 2002. Genetic
diversityin Arabidopsis thaliana L. Heynh investigated by
cleavedamplified polymorphic sequence (CAPS) and inter-
simplesequence repeat (ISSR) markers. Mol Ecol. 11: 495-505.

Bhagyawant, S. S. and Srivastava, N. 2008. Genetic fingerprinting
ofchickpea (Cicer arietinum L.) germplasm using ISSR markersand
their relationships. Afr. J. Biotechnol. 7: 4428-4431.

Bornet, B. and Branchard, M. 2001. Nonanchored Inter Simple
Sequence Repeat (ISSR) markers: reproducible and specific tools for
genome fingerprinting. Plant Mol. Biol. Rep. 19: 209-215.

Chattopadhyay, K., Ali, M. N., Sarkar, H. K., Mandal, N. and
Bhattacharyya, S. 2005. Diversity analysis by RAPD and ISSR markers
among the selected mungbean [Vigna radiata (L.) Wilczek]
Genotypes.Indian J. Genet. and PI. Breed. 65: 173-175

Choudhury, P. R., Tanveer, H. and Dixit, G. P. 2006. |dentification
and detection of genetic relatedness amongimportant varieties of pea
(Pisum sativum L.) grown in India. Genetica. 130: 183-191.

Datta, S., Rai, R., Tiwari, K., Kashyap, M., Hena and Kumar,S.,
2007. Phylogenetic analysis of pulse crops using RAPD markers. /.
Food Legumes. 20(1): 9-11.

Doyle, J. ). Doyle, ). L. 1987. A rapid DNA isolation procedure for
small quantities of fresh leaf tissue. Phytochem Bull. 19: 11-15.
George, K. ., Varma, R., Sandeep., Ganga, G., Utpal, P., Sasikumar,
B., Saji, K. V. and Parthasarathy, V. A. 2006. ISSR markers for
geneticdiversity analysis in Spices-An appraisal. Indian J. Horticulture.
63(3): 302-304.

Gunjanjyoti and Boora, K. S. 2005. Studies on genetic diversity in
pigeonpea [Cajanus cajan (L.) Millsp.] using molecular markers. J.
Arid Legumes. 2(2): 265-269.

Harisatyanarayana, N. and Reddy, N. S. 2000. Genetic divergence in
chickpea. J. Res. ANGRAU. 29: 31-33

Irula, M., Rubio, J., Cubero, J. I., Gil, J. and Milan, T. 2002.
Phylogenetic analysis in the genus Cicer andcultivated chickpea using
RAPD and ISSR markers. Theor. Appl. Genet. 104: 643-651.
Jaccard, P. 1908. Nouvelles recherches surla distribution florale.
Bull. Soc. Sci. Nat. 44: 223-270.

Joshi, M., Verma, S. K., Singh, ). P., Barh, A. 2013. Genetic Diversity
Assessment in Lentil (Lens Culinaris Medikus) Genotypes through
ISSR Marker. The Bioscan 8(4): 1529-1532.

Kumar, M., Parthiban, S., Saraladevi, D. and Ponnuswami, D. 2013.

Genetic Diversity analysis of acid lime (Citrus aurentifolia Swingle)
Cultivars. The Bioscan. 8(2): 481-484.

Lazaro, A. and Aguinagalde, I. 2006. Genetic variation among Spanish
pea landraces revealed by Inter Simple Sequence Repeat (ISSR) markers:
its application to establish a core collection The J. Agricultural Science.
144(1): 53-61.

Moreno, S., Martin, J. P. and Ortiz, M. 1998. Inter-simple sequence
repeat PCR for characterizationof closely related grapevinegermplasm.
Fuphytica. 101: 117-125.

Rao, L. S., Rani, P. U., Deshmukh, P. S., Kumar, P. A. and Panguluri,
S. K. 2007. RAPD and ISSR fingerprinting in cultivated chickpea
(Cicer arietinum L.) and its wild progenitor Cicer reticulatum Ladizinsky.
Genet. Res. And Crop Evoln. 54(6): 1235-1244.

Raina, S. N., Rani, V., Kojima, T., Ogihara, Y., Singh, K. P.,
Devarumath, R. M. 2001. RAPD and ISSR fingerprints as useful
geneticmarkers for analysis of genetic diversity, varietal
identificationand phylogenetic relationships in peanut (Arachis
hypogaea)cultivars and wild species. Genome. 44: 763-772.

Rajesh, P. N., Sant, V. J., Gupta, V. S., Muehlbauer, F. J., Rajesh, P.
K. 2002. Genetic relationships among annual and perennial
wildspecies of Cicer using inter simple sequence repeat (ISSR)
polymorphism. Fuphytica. 129: 15-23.

Ratnaparkhe, M. B., Santra, D. K., Tullu, A., Muehlbauer, F.J. 1998.
Inheritance of inter simple sequence repeat polymorphism andlinkage
with fusarium wilt resistance gene in chickpea. Theor. Appl. Genet.
96: 348-353.

Renganayaki, K., Read, J. C. and Fritz, A. K. 2001. Genetic diversity
among texas bluegrass (Poa arachnifera Torr.) revealed by AFLP and
RAPD markers Theor. Appl. Genet. 102: 1037-1045.

Rohlf, R. J. 1990. NTSYS-PC, numerical taxonomy and Multivariate
Analysis System, Version 1.8. ExeterSoftware, Setauket, New York.
Available at http://www.exetersoftware.com/cat/ntsyspc/ntsyspc.html

Sudupak and Mehmet, A. 2004. Inter and Intra - species Inter Simple
Sequence Repeate (ISSR) variations in the genus Cicer. Fuphytica.135:
229-238.

Sokal, R. R. and Michener, C. D. 1958. A statistical method for
evaluating systematic relationships. Univ. Kansas. Sci. Bull. 38: 1409-
1438.

Souframanien, )., Pawar, S. E. and Rucha, A. G. 2002. Genetic
variation in gamma ray induced mutants in blackgram as revealed by
RAPD and ISSR markers. Indian J. Genet. and PIl. Breed. 62(4): 291-
29.

Souframanien, T. and Gopalkrishna, T. 2004. A comparative analysis
of genetic diversity in blackgram genotypes using RAPD and ISSR
markers. Theoretical and Applied Genetics. 109: 1687-1693.

Wang, H., Zong, X., Guan, }., Yang, T., Sun, X., Ma, Y., Redden, R.
2012. Genetic diversity and relationship of global faba bean (Viciafaba

L.) germplasm revealed by ISSR markers. Theoretical and
appliedgenetics. 124(5): 789-797.




