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Abstract

Background The exploration of genetic diversity is the key source of germplasm conservation and potential to broaden its
genetic base. The globally growing demand for chickpea suggests superior/climate-resilient varieties, which in turn neces-
sitates the germplasm characterization to unravel underlying genetic variation.

Methodology and results A chickpea core collection comprising of diverse 192 accessions which include cultivated Cicer
arietinum, and wild C. reticulatum, C. echinospermum, and C. microphyllum species were investigated to analyze their genetic
diversity and relationship, by assaying 33 unlinked simple sequence repeat (SSR) markers. The results amplified a total of
323 alleles (Na), ranging from 2 to 8 with an average of 4.25 alleles per locus. Expected heterozygosity (He) differed from
0.46 to 0.86 with an average of 0.68. Polymorphic information content (PIC) ranged from 0.73 to 0.98 with an average of
0.89. Analysis of molecular variance (AMOVA) showed that most of the variation was among individuals (87%). Cluster
analysis resulted in the formation of four distinct clusters. Cluster I represented all cultivated and clusters II, III, and IV
comprised a heterogeneous group of cultivated and wild chickpea accessions.

Conclusion We report considerable diversity and greater resolving power of SSR markers for assessing variability and
interrelationship among the chickpea accessions. The chickpea core is expected to be an efficient resource for breeders for
broadening the chickpea genetic base and could be useful for selective breeding of desirable traits and in the identification
of target genes for genomics-assisted breeding.
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Introduction

Chickpea (Cicer arietinum L.) remains as the second most
important cool season legume crop in the world [1] offer-
ing a cheap source of dietary protein (23% in dry seed), and
provides nutritional, and income security in countries like
India, Pakistan, and Bangladesh among many other develop-
ing countries [2]. It contributes 14.78 million tons to global
food production from 14.56 million hectares area across the
world with average productivity of 0.96 tons per hectare
[3]. In India, chickpea represents national pulse acreage, and
production of 35 and 46%, respectively. India serves as the
largest chickpea producer (69%), consumer, and importer of
chickpea globally [4]. The genome sequence of both Kabuli
[5], and Desi type [6], whose advanced version was later
published by [49] are available thus making chickpea a can-
didate crop for legume genetic, and genomic research.

The genetic variability for the traits of economic impor-
tance, and the relationship between the cultivated, and its
wild relatives are of paramount importance for advanced
chickpea programs. Domestication, modern plant breeding,
and agricultural systems have narrowed the genetic base of
cultivated chickpea. This has promoted the need for new
sources of variation arising within the germplasm that might
be useful in plant breeding programs [5]. However, the large
size of germplasm collections, and its inadequate data/infor-
mation, have resulted in low use (< 1%) of germplasm fur-
ther narrowing the genetic base in many crops [7]. India is
known for its largest diversity in cultivated chickpea [24].
Despite the availability of a diverse, and large number of
chickpea germplasm collection at the Gene banks like the
National Bureau of Plant Genetic Resources (NBPGR), and
International Crop Research Institute of Semi-arid Trop-
ics (ICRISAT), a very small proportion has been used in
crop improvement/breeding programs mainly because the
resources available for evaluation of such large collection is
quite limited. The core approach which represents the mini
crop collections capturing most of the available genetic
diversity in the whole germplasm collection, is an effica-
cious methodology to advance crop improvement programs.
Such core sets are cost-effective, easy to maintain by indi-
vidual breeders, and help in the appropriate assessment of
genetic diversity, population structure, association analysis,
and targeted gene mining. Many national programs around
the world are actively involved in the utilization of mini
cores of crops like chickpea, pigeonpea, groundnut, foxtail
millet sorghum, pearl millet, and finger millet, which have
led to new and diverse sources of variation for, qualitative,
and quantitative (biotic/abiotic stress resistance) traits in
various crops.

The molecular characterization of the core collec-
tion will further enhance its use in genomics for crop
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improvement programs. Molecular markers can explore
the genetic variation in plants, and are useful in detecting
the duplicates among the core collection, and thereby help
in designing efficient strategies for optimal sampling from
the existing variation. The utility of DNA-based markers
for unbiased estimation of molecular diversity and estab-
lishing precise phylogenetic relationships among spe-
cies as compared to morphological, cytological and bio-
chemical markers have been well understood. In chickpea,
diverse molecular markers including AFLPs [8], STMS
[9], RAPDs [11], ISSRs [12], and SSRs [13—16] have been
already used to unravel the genetic diversity available in
chickpea. The desirable genetic attributes (co-dominant
inheritance, reproducibility, bi-/multi-allelic nature, and
abundant genomic distribution) of sequence-based robust
microsatellite/SSR markers have encouraged their use for
many applications of chickpea genetics, genomics, and
breeding including cultivar identification, allele mining,
genetic mapping, association studies, genetic diversity
analysis, population structure studies, and establishing
phylogenetic relationships [32, 50]. The draft genome
sequence of chickpea has led to the identification of over
48,000 SSRs for use as genetic markers [5].

Our recently published information of intensive screening
and genetic evaluation of the composite set of 384 chickpea
germplasm has led to the identification of chickpea core
collection, which would enhance the utilization of chickpea
genetic resources in crop improvement programs [10]. The
present investigation was aimed to further evaluate the level
of genetic diversity and allelic richness in the above selected
chickpea core set of 192 accessions, using a larger number of
thirty-three genome-wide SSR markers. The results derived
from this study could be used for more efficient utilization of
the entire collection. The microsatellite markers used in the
present study were also tested for their ability to detect the
extent of genetic diversity by using polymorphism informa-
tion content values.

Methods
Germplasm collection

Experimental material for the study comprised of a core set
of 192 chickpea accessions, consisting of landraces, elite
cultivars, advanced breeding lines, and wild species from
the primary, secondary, and tertiary gene pools. These lines
include annual cultivated 178 Cicer arietinum lines from
the three seed types (kabuli, desi, and intermediate pea-
shaped) and the fourteen (14) wild relatives belonging to
Cicer reticulatum Ladiz. (8), Cicer echinospermum P. H.
Davis (5), and a perennial Cicer microphyllum Benth (1)
species. The seed material of accessions from primary and
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secondary gene pools has been collected from different hot
spots in Turkey under USAID project ‘Chickpea Innovation
Lab’’, and the same has been procured by us from ICRISAT,
Hyderabad, India. And tertiary gene pool has been collected
from its wild natural habitat in Leh/Ladakh region of state
Jammu and Kashmir, India. The seed material of cultivated
chickpea has been attained from various ethnic/ global insti-
tutes. (Supplementary Table EMS_1). Details of some of
the accessions like their cold tolerance/ nutrient density are
available elsewhere [17, 18]. The passport data of the spe-
cies is presented in Table 1.

DNA isolation

Young leaf tissues of each accession were lyophilized to
extract the total genomic DNA following CTAB-DNA
extraction protocol [19] with some minor modifications.
The extracted DNA was purified by treating with RNase
to remove the RNA contamination. The purified DNA was
quantified, and its quality was assessed by 0.8% agarose gel
electrophoresis). Based on the intensity of the bands, DNA
was diluted for marker genotyping.

SSR markers

A total of 33 SSR markers spanning the entire chickpea
genome, one marker at least covering each arm of the 8
linkage groups, were selected to characterize the set of 192
core chickpea accessions (Fig. 1). These SSR primer pairs
were selected from the composite collections of the chick-
pea database (CicArMiSatDB: the chickpea microsatellite
database (https:// cegresources.icrisat.org/CicArMiSatDB/)
developed by ICRISAT. The database contains SSRs which
are reported by [5]. The details of SSR primer-pairs are pro-
vided in Supplementary Table EMS_2.

Polymerase chain reaction (PCR)

To study polymorphism in the chickpea core collection,
PCR amplification was carried out in a Universal Gradient
Thermal Cycler with 96 wells using a 20-pL reaction mix-
ture: 2 pL of template DNA (25 ng/pL), 10 X PCR buffer
(1.8 mM, MgCl12, 10 mM Tris—HCI, 50 mM KCl), 2.5 mM
dNTPs (Molecular Biology for Life Science, Fermentas,
Lithuania, USA), 5 pM each of forward and reverse primer
and 5U of Taq DNA polymerase (Sigma Aldrich USA. The
thermal cycler (Peqlab) was programmed as follows: initial
denaturation for 5 min at 94 °C followed by 40 cycles of
denaturation for 30 s (s) at 94 °C, annealing at temperature
specific for each primer pair for 30 s and extension at 72 °C
for 30 s. The final extension was allowed for 10 min at 72 °C
and storage at 4 °C until further use. The resulting PCR
products were run on 10% Poly-acrylamide Gel Electro-
phoresis (PAGE) using a Dual Gel Vertical Electrophoresis
System (Peqlab) and silver stained for manual visualization
of bands on gel documentation system.

Data analysis

To calculate genetic diversity parameters GenALex software
version 6.5b3 [20] was used. The overall diversity, num-
ber of different alleles (Na), the effective number of alleles
(Ne), number of private alleles, and gene diversity measured
as expected heterozygosity (He), was measured along with
other parameters. Total genetic variation was partitioned
among populations, among individuals, and within indi-
viduals, by performing an analysis of molecular variance
(AMOVA). Allellic frequency was calculated using Poly-
morphism Information Content (PIC) values which indicates
the ability of markers to differentiate the genotypes was cal-
culated as 1-X (fij)* where fij is the frequency of the jth allele
for ith locus summed across all alleles for the locus [21]. For
the calculation of the pairwise genetic distances, DARwin

Table 1 Some passport information on Cicer accessions used in the present study

S.No Species Biological status  Breeding cycle Gene pool Inbreeding Origin Geographical Latitude range
distribution (°N)
1 C. arietinum Cultivated Annual 1° Inbreeder  India North, Central 8.7-40.0
and Peninsular
India
2 C. reticulatum Wild Annual 1° Inbreeder  Turkey East Turkey 37.3-38.1
Ladizinsky (South East
Anatolia)
3 C. echinosper- Wild Annual 2° Inbreeder  Turkey and Syria East Turkey 36.9-37.9
mum P.H.Davis (East Anatolia),
North Iraq
4 C. microphyllum  Wild Perennial 3° Outbreeder India and Turkey North India (hot  34.1-35.0
Benth spots of Leh/
Ladakh)
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Fig. 1 The distribution of 33 SSR markers on different chickpea chromosomes used during the present study

version 5.0 was used [22]. The dissimilarity matrix obtained
was subjected to cluster analysis, using the Unweighted Pair
Group Method with Arithmetic Average (UPGMA) based
hierarchical clustering for the construction of dendrograms.

Results

A set of 33 primer pairs physically mapped across eight
chickpea chromosomes showing reproducible amplifica-
tion, and 100% polymorphism were genotyped across the
core collection of 192 cultivated and wild Cicer accessions
using the polyacrylamide gel-based assay. The SSR markers
used in this study were found informative enough to explain
genetic variation among core chickpea accessions.

Allelic and gene diversity

A total of 323 alleles (Na) were identified at 76 marker loci
generated by 33 SSR markers giving an average of 4.25
alleles per marker locus. The microsatellite marker locus
CaGMO06707A (mapped on LG2) was the most variable with
maximum (eight) 8 alleles and microsatellite marker locus
CaGMO06221B was least variable with only (two) 2 alleles.
The total number of effective alleles (Ne) was 263.96 with
an average of 3.47 alleles/locus. The number of effective
alleles was lower than the total number of alleles, showing
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that only a few alleles contributed to the variation. The
average number of private alleles i.e., the number of alleles
unique to single population was 4.25.

Gene diversity (expected heterozygosity; He) was vari-
able across loci reflecting the different number and frequen-
cies of the alleles found. The average gene diversity of the
core collection was found moderate (0.68), showing that two
randomly chosen genes will carry different alleles roughly
half of the time. The lowest He (0.46) was recorded for SSR
marker locus CaGM12686E and the highest He (0.86) for
SSR marker locus CaGMO06707A. For each population, the
observed heterozygosities (Ho) were less than the expected
heterozygosities (He) (Table 2, Fig. 2).

Allelic/gene diversity across sub-populations
(cultivated and wild)

The allelic/genetic patterns studied across the popula-
tions are presented in Table 2. The allelic diversity, when
studied within two sub-populations (cultivated v/s wild),
revealed a total number of 345 alleles with an average
of 4.25 alleles/locus observed in the cultivated sub-pop-
ulation, as against a total number of 201 alleles with an
average of 3.28 alleles/locus in wild sub-population. The
average number of effective alleles (Ne) was observed to
be 3.46 in cultivated chickpea, and that of 2.60 in wild
chickpea. The number of alleles with frequency > 5 percent
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Table2 Comparison of diversity estimates in the whole population
and two sub-populations (cultivated and wild) of core chickpea acces-
sions

Whole population Sub-popula- ~ Sub-

tion (Culti- population
vated) (Wild)
Diversity parameters Mean
N 191.605 177.605 13.052
Na 4.250 4.250 3.289
Na Freq.> =5% 4.026 4.026 3.263
Ne 3.473 3.468 2.602
Number of private  4.250 0.961 0.000
alleles
He 0.687 0.686 0.572
UHe 0.688 0.688 0.592

N = sample size, Na = no. of different alleles, Na = Freq.> =5%
number of different alleles with a frequency> =5%, Ne = no. of
effective alleles, He = expected heterozygosity, UHe = unbiased
expected heterozygosity

(Na Freq. >5%), (i.e., measurement taken to alleviate the
sampling error associated with the sampling of distinct
alleles) was for cultivated and wild sub-populations was
4.02 and 3.26, respectively. The average number of private
alleles (alleles unique to a single population) was 0.96 in
the cultivated sub-population. However, no private allele
was found among the wild sub-population. Since the sam-
ple size between the two sub-populations was not equal,
the resampling technique was therefore used, to make valid
comparisons of diversity, wherein a small sample size i.e.,
14 for wilds was drawn randomly 3000 times from the 178

Fig.2 Comparison of allelic
5.000

cultivated group and average mean alleles were recorded.
The mean alleles/locus for the cultivated group based on
a sample size of 14 genotypes was found to be 3.65. The
more diversity apparent in cultivated sub-population may
be attributed to the presence of private alleles in the group
(mean private alleles =0.96), while no private alleles were
present in the wild sub-population. Similarly, gene diver-
sity (expected heterozygosity; He) was observed to be
higher in cultivated sub-population and varied from 0.14
to 0.80 with an average of 0.68, and from 0.09 to 0.75 with
an average of 0.57 in wilds (Fig. 2).

Polymorphic information content (PIC)

The PIC value provides an idea about the polymorphism
detected by the marker system and its suitability for the
study of genetic diversity. The higher the PIC value of a
locus, the higher the number of alleles detected. During
the present study, the PIC value of all the 76 polymor-
phic SSR marker loci for all 192 chickpea core set varied
from 0.73 to 0.98 with an average of 0.89. Interestingly,
all the marker loci were highly informative with the PIC
value of > 0.50. Markers CaGMO06707A, CaGM12686E,
and CaGM19859B were most informative with high PIC
value of 0.98, 0.98, and 0.97, respectively. SSR marker
CaGM12686E and CaGM06221B showed the least PIC
value of 0.72 and 0.73, respectively. (Table 3). The cor-
relation worked out between the PIC value and the number
of alleles was significantly positive (r=0.67, p<0.01).

Allelic Patterns across Populations
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Table 3 Profile of 76 SSR

marker loci detected during the Marker Locus Na He PIC Marker Locus Na He PIC
present study across the core CaGMO1708A 3 0.65 0.88 CaGM17047A 3 0.65 0.88
chickpea accessions CaGMO01708B 6 0.77 0.95 CaGM17047B 5 0.78 0.95
CaGMO01708C 4 0.70 0.91 CaGM18946A 4 0.74 0.93
CaGMO1843A 5 0.53 0.78 CaGM 189468 4 0.66 0.89
CaGMO01843B 3 0.58 0.83 CaGM19859A 4 0.66 0.89
CaGM02077A 4 0.64 0.87 CaGM 198598 7 0.83 0.97
CaGM020778 3 0.62 0.86 CaGM19859C 4 0.74 0.93
CaGM02077C 4 0.70 0.91 CaGM21172A 4 0.72 0.92
CaGMO05058A 4 0.68 0.90 CaGM21172B 7 0.80 0.96
CaGMO05058B 3 0.57 0.82 CaGM21237A 4 0.65 0.88
CaGMOG6221A 4 0.68 0.90 CaGM21237B 3 0.65 0.88
CaGMOG6221B 2 0.47 0.73 CaGM21237C 3 0.62 0.86
CaGMO06707A 8 0.86 0.98 CaGM22088A 4 0.74 0.93
CaGMO06707B 5 0.77 0.95 CaGM22088B 6 0.77 0.95
CaGM06707C 4 0.73 0.93 CaGM2251A 4 0.73 0.93
CaGMO06707D 3 0.65 0.88 CaGM25867A 5 0.73 0.93
CaGMO07849A 4 0.74 0.94 CaGM25867B 4 0.74 0.94
CaGMO07849B 4 0.73 0.93 CaGM27129A 3 0.62 0.86
CaGMO07849C 5 0.78 0.95 CaGM27129B 4 0.66 0.89
CaGMO08077A 6 0.82 0.97 CaGM30464A 3 0.52 0.77
CaGMO08077B 6 0.70 0.97 CaGM30464B 5 0.71 0.92
CaGM08077C 5 0.59 0.91 CaGM30464C 4 0.69 0.90
CaGMO08077D 3 0.66 0.83 CaGM31868A 4 0.64 0.88
CaGM10213A 3 0.65 0.88 CaGM31868B 6 0.74 0.94
CaGM10213B 4 0.74 0.94 CaGM32104A 3 0.58 0.83
CaGM10213C 6 0.82 0.97 CaGM32104B 3 0.58 0.83
CaGM 109224 3 0.55 0.80 CaGM32104C 5 0.74 0.93
CaGM10922B 3 0.61 0.85 CaGM3430A 3 0.65 0.88
CaGM10922C 7 0.78 0.96 CaGM37999A 5 0.74 0.94
CaGMI12686A 7 0.80 0.96 CaGM37999B 4 0.71 0.92
CaGM12686B 3 0.54 0.79 CaGM4755A 3 0.66 0.89
CaGM12686C 3 0.48 0.74 CaGM6470A 3 0.64 0.87
CaGM12686D 4 0.65 0.88 CaGM7233A 4 0.74 0.96
CaGMI2686E 4 0.46 0.72 CaGM30437A 6 0.78 0.96
CaGMI16791A 4 0.71 0.92 CaGM29870A 3 0.56 0.81
CaGMI16791B 4 0.64 0.87 CaGM29870B 4 0.70 0.91
CaGM16791C 4 0.70 0.91 CaGM29870C 4 0.66 0.89
CaGM16840A 4 0.69 0.90 CaGM27129A 5 0.55 0.80

*Na Number of different alleles, He Expected Heterozygosity, PIC Polymorphic information content

Analysis of molecular variance (AMOVA)

AMOVA was carried out among and within the two sub-
populations (cultivated and wild). The results of the analysis
showed that the observed variance was mostly partitioned
among individuals (87%), whereas 7 percent of the variance
was partitioned within individual accessions and the rest 6
percent was among populations (Table 4). The low level of
genetic variation among populations is indicative of gene
flow between populations. Since the maximum number (8)
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of the wilds in the present study are from C. reticulatum
which is the progenitor of cultivated species C. arienitum
leading to smooth introgression of genes. There is a mod-
erate amount of genetic differentiation between the groups
(Fgr=0.10), indicating that the groups are less genetically
distinct. The Fig and Fip values are 0.92 and 0.82, respec-
tively indicating that the chickpea accessions making up the
individual groups are inbred lines. Furthermore, the gene
flow (Nm) between the groups was observed to be 4.26, sug-
gesting a high level of gene flow.
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Table4 Analysis of molecular variance for variation among and
within sub-population based on 33 SSRs

Source df SS MS Esti- % variance
mated
Variance

Among Popula- 1 134.50 13450 1.52 6

tions

Among Individuals 190 9517.43  50.09 24.04 87

Within Individuals 192 384.00 2.000 2.00 7

Total 383 10,035.93 27.57 100

“df degree of freedom, SS sum of squares, MS mean sum of squares

Cluster-1V,

Cluster-ll

Cluster-ll

Cluster-I

opbD———— o1

Fig. 3 Hierarchical clustering based on simple matching dissimilarity
matrix genotyped across 192 core chickpea accessions using 33 SSR
marker; Black lines indicate cultivated, Red ones are C. reticulatum,
blue ones are C. echinospermum and green is C. microphyllum

Cluster analysis

Cluster analysis based on the dissimilarity index values
delineated 192 chickpea accessions into 4 main clusters by
employing all the 76 marker loci, the results of which are
presented in Fig. 3. The cluster-I contained 25 accessions
which were all cultivated species. Cluster-II possessed 29
accessions, which include wilds from the three gene pools
(C. reticulatum (3), C. echinospermum (5), and C. microplyl-
lum (1)) and the remaining 20 in the cluster were cultivated
C. arietinum. A slight speciation pattern of structure was
detected especially in cluster-1I, where the wild accessions

belonging to three different gene pools were grouped in
close vicinity. Cluster-III had a total of 53 accessions
wherein all cultivated except 1 wild species (C. reticula-
tum) were included. Cluster-IV was the largest cluster with
85 accessions which included four C. reticulatum species
and 81 cultivated species. These results infer that wild C.
reticulatum belonging to primary gene pool was present with
C. arietinum (cultivated) in three out of four clusters, owing
to the origin of cultivated C. arietinum from the wild pro-
genitor. Also, among all the four clusters, the cluster II was
found to be the most heterogeneous.

Discussion

An extensive characterization of plant genetic resources,
and an understanding of the genetic relationships in the
germplasm collection is essential for effective conserva-
tion, management, and exploitation of genetic resources in
varietal improvement programs. Also, the use of wild spe-
cies provides a wider genetic base in otherwise, less diverse
cultivated chickpea and is known as a potential source
of resistance genes for various biotic and abiotic stresses
[23]. Thus, the investigation of the nature and magnitude
of genetic diversity and relatedness within and among the
cultivated chickpea and its wild relatives is an obvious
necessity to identify new sources of variation in the exist-
ing germplasm. A core set of chickpea acts as a working
collection having an optimal and convenient size that can be
evaluated for all important traits with minimum error rates.
Intensive screening and evaluation of the core collections
have led to the identification of diverse accessions leading to
the advancement of plant breeding and thus paving the way
towards booming crop improvement programs. To cite an
example, the utility of the chickpea core set (300 accessions)
capturing 78.1% alleles of the composite collection, devel-
oped at ICRISAT [25] has been extensively used in breeding
as well as germplasm management and improvement. The
molecular characterization of the core collection provides
information related to unique/rare alleles from cultivated and
wild species which could be used to select distinct genotypes
for allele mining. Among the variety of molecular markers
already developed and used in breeding programs, SSRs are
considered markers of choice [26, 27]. Universal distribution
and high density in a multitude of genomes along with other
merits associated with SSR markers enhance their desirabil-
ity, especially for germplasm characterization and have been
extensively used for identification of variation in chickpea
germplasm. Therefore, efforts were made during the present
study to carefully select random SSR markers covering all
the eight linkage groups of chickpea genome.

In this study, every SSR primer pair successfully ampli-
fied the target DNA in a core set of 192 chickpea accessions.
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The 33 random markers generated 76 polymorphic loci and
were useful for detection of a total of 323 alleles (Na) at
all marker loci. The average number of alleles/locus (4.25)
found in this study are within the ranges reported by many
earlier studies. A relatively higher diversity was observed in
our core collection when compared to our previous study on
genetic diversity in a composite set of 384 genotypes using 8
SSR markers which generated a total of 63 (Na) alleles with
an average of 3.7/locus, indicating that the chickpea core
maximized the diversity available in the entire composite
germplasm set. Our observations are fairly comparable with
earlier genetic diversity studies on the cultivated and wild
Cicer accessions using random microsatellite markers with
some deviations. For instance, the use of 478 microsatel-
lites identified a total of 3703 alleles with an average of
4.26 alleles/marker locus in 94 cultivated and wild chick-
pea accession [28]. Similarly, 38 accessions of Cicer ari-
etinum using 100 SSR markers generated an average of 4.8
amplicons per locus [17]. Likewise, a total of 59 alleles with
an average of 4.2 alleles/locus in 60 chickpea accessions
were reported using14 SSR markers [15]. Similar results
were also observed by [16] where he reported an average of
3.88 alleles/locus in 66 Cicer arietinum accessions. How-
ever, the level of diversity detected in the present study was
less while comparing it with average number of alleles/
locus (35, 17, 10.3, 7.4, 8.61, 7.75, 10.5) detected by [13,
30-35]. There are also reports where even less diversity than
in our case has been reported. For example, 33 microsatel-
lites were used to study genetic diversity in 155 chickpea
accessions which resulted in a total of 111 bands with a
range of 2-5 alleles/locus and on average 3.364 bands per
marker [14]. In another study, using 27 SSR markers a total
of 81 alleles with an average of 3.0 alleles per locus were
detected in 50 chickpea genotypes [36]. The use of more
cultivated chickpea accessions which possess narrow genetic
base as reported by various researchers [37-40] may have
led to observance of less diversity in our study. Likewise,
higher polymorphic potential among the species/accessions
originating from Fertile Crescent (79.5% polymorphism)
in contrast to those from Central Asia- India (35.8%) was
also reported by [28]. Since most of the germplasm used in
the present study is indigenous which may have attributed
to the presence of less diversity in our chickpea core col-
lection. The inclusion of more chickpea wild species could
produce a higher number of allele count/locus as suggested
by [15, 30]. The overall genetic diversity (He) showed rela-
tively moderate value of expected heterozygosity (He =0.68)
which are comparable to previous studies [15, 33, 41, 42].
Differences in results for estimated genetic diversity between
studies may be attributed to the different number of acces-
sions, different number of loci examined, nature of markers,
and perhaps the geographical origin of the accessions used
in each study. The inter and intra- specific polymorphism,
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when studied within two sub-populations (cultivated vs
wild), did not differ much from the single population of 192
chickpea accessions, where the average number of alleles
per locus for cultivated sub-population was 4.25, while that
for wild was found to be 3.28. These results indicate that
the number of accessions could still be reduced to study
genetic diversity. The mean private alleles in cultivated was
(0.96) and no private alleles in wilds were detected within
the two sub-populations. Similar results were shown by [30],
where no rare alleles were found in wild accessions. Among
the two sub-populations, cultivated chickpea showed more
diversity (possessing more number of private alleles and an
average number of alleles/locus than wild population, which
could be due to very less number of wild accessions involved
in our study as compared to the large number of cultivated
accessions used. The inclusion of more wild accessions par-
ticularly from secondary and tertiary gene pools could result
in a higher level of diversity since most of the desirable
gene complexes are present in them. For instance, a higher
degree of polymorphism was detected among the accessions
belonging to the secondary gene pool as compared to pri-
mary gene pool [28].

The results of PIC values indicate that all the markers
used in the present study were informative with a PIC value
greater than 0.50. The average PIC value for the 76 marker
loci was 0.89 which suggests that the majority of markers
enabled a high level of polymorphism and could be effec-
tive to determine the genetic differences among the chickpea
accessions studied. Similar to our results the PIC value of
0.854 has been reported by [30] and PIC values of 0.77,
0.75, 0.75, 0.72, were observed by [13, 29, 35, 43], respec-
tively. Comparatively, [17, 36, 44, 45] revealed an average
PIC value of 0.53, 0.60, 0.68, and 0.43, respectively which
is relatively less than that of the present study.

AMOVA is a method to study population differentiation
utilizing molecular markers [46]. To evaluate the extent of
population differentiation among/between the sub-popula-
tions (cultivated and wild) in the present study, the molecu-
lar variance based on 99 permutations was analyzed using 33
random SSR markers. The analysis of the two sub-popula-
tions showed that most of the variation was among individu-
als (87%), and 7% of the variation was partitioned within
individuals. The relatively higher variation among individu-
als could be attributed to the differences among genotypes
within sub-populations. In agreement with our results, [47]
reported higher variance (61%) among the populations com-
pared to within (39%) populations. Similarly, 71% of the
allelic variation was documented among the domesticated
and the wild gene pools and the remaining 29% of the allelic
variation was observed within them [48].

To decipher the phylogenetic relationships between
accessions and closest and distant genotypes from each
other, UPGMA based Hierarchical clustering approach was
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found best in the present study for interpretation of results.
The 33 random SSR markers could cluster chickpea core
collection of chickpea accessions into 4 main clusters, and
several sub-clusters and sub-sub clusters, whereby the differ-
ent members within a cluster are assumed to be more closely
related to each other than with those members in different
clusters. From the present investigation, it was found that
accessions of different origins/species were grouped together
in different clusters. The C. reticulatum accessions fell in 3
clusters out of 4 main clusters. All accessions belonging to
C. echinospermum were clustered in a single cluster (clus-
ter IT). Another feature of the tree is the relative position of
the single C. microphyllum accession (belonging to tertiary
gene pool) in close vicinity of C. echinospermum accessions
(secondary gene pool). This may suggest that both species
are closely related to each other (Fig. 3). Results from the
present study support the observations of several workers
[10, 51] the grouping followed a definite pattern with all the
cultivated accessions falling into all distinct clusters while
the wild species grouped into distinct subclusters and in
closer vicinity to each other. Similarly, [8] used Nei’s pair-
wise distance calculations and identified clustering of culti-
vated species Cicer arietinum, Cicer reticulatum and, Cicer
echinospermum in the same group. It can be inferred from
this study that SSR markers were effective in placing chick-
pea accessions in appropriate clusters based on relationships
at an evolutionary level. The allelic/genetic diversity, PIC
values, molecular variation, phylogenetic relationship infor-
mation generated in this study for the set of 192 chickpea
core collection, and with the availability of current genomic
tools, could have implications for many genotyping appli-
cations including allele mining, gene tagging association
analysis and QTL mapping targeting different qualitative and
quantitative traits of agricultural importance in chickpea.

Conclusion

The present study shows the potential use of selected poly-
morphic microsatellite markers in discriminate among the
core set chickpea accessions. Our results revealed considera-
ble genetic diversity with most of the variation found among
the individuals and provided information on phylogenetic
relationships among the members of different gene pools.
The core collection is regarded as the gateway to unravel
the diversity estimates. The results obtained in the present
investigation revealed that the core collection exhibited
equal diversity when compared with the entire composite
chickpea germplasm from which it was derived. Thus, shall
provide greater confidence to the breeding community for
assessment of distinctiveness and relationships among the
various accessions. The grouping of wild species with cul-
tivated C. arietinum indicates that they could possibly serve

as good sources of broadening chickpea genetic base, and
for effective pre-breeding for breaking yield barriers. The
clustering also indicated different genetic basis of different
gene pools. The diverse genotypes could be used as genetic
resources for developing mapping populations and in tran-
scriptomics studies. The chickpea core collection is expected
to ensure effective core deployment, especially for future
chickpea varietal identification, conservation, and manage-
ment, and the development of broad-based/ climate resilient
cultivars that should meet the immediate and future breeding
challenges.
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