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Summary:

Chickpea (Cicer arietinum L.) is an ancient self-
pollinated legume crop possibly originated in south-
eastern Turkey and the adjoining part of Syria. The
major objectives of chickpea breeding are to increase
yield either by upgrading the genetic potential or by
eliminating the effects of disease, pests and stress.
Numerous selection techniques for pest resistance
and agronomic traits have been developed and
Molecular markers is one of them. Progress in
breeding necessitates a better understanding of the
genetics underlying these traits. Marker assisted
selection (MAS) would allow a superior targeting of
required genes. Genetic mapping in chickpea is
hampered by little polymorphism for a long time but
today, it is facilitated by highly polymorphic and co-
dominant microsatellite based markers. This paper
reviews the analysis of genetic diversity in chickpea
by using different approaches of molecular marker
system.

Chickpea: An important grain legume

Chickpea (Cicer arietinum L.) is the third most
important pulse crop worldwide. It is the only
cultivated species belonging to the Cicer genus,
which is a member of the Leguminosae family
Cicereae Alef tribe (van der Maesen, 1987).
Chickpea is an annual, winter-grown legume that
stands between 20 cm and 1 m tall (Muehlbauer and
Tullu, 1997). Among grain legumes, chickpea, the
major crop of our country, occupies 82% of total area
under pulses and contribute 79% of the total pulse
production in the world. In spite of various measures
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taken for the improvement of yield in chickpea, the
annual growth rate of chickpea production has been
very slow at 1.9% and yield have risen at the rate of
only 0.6% annually. World production is 8.6 million
metric tons annually from 11.2 million hectares
(FAOSTAT data, 2005). It is one of the most
important legume crops in the Indian sub-continent.
India produces 5.97 million tons of chickpea during
2008, which was 75% of the world’s production
(FAO, 2008). The major growing areas of the crop
are the Indian sub-continent and the Mediterranean
basin because large number of cultivars and landraces
subsists there. Regardless of its agronomic
importance, the seed productivity of chickpea is quite
low i.e. nearly 700 kg/ha (Singh et al., 1994).
Currently, productivity of chickpea is very low
(World average apprx. 0.8 t/ha, FAOSTAT, 2005).
The main reason for decreasing yield is the
susceptibility of the plant to many pests like pod
borer, most importantly to fungal disease such as
ascochyta blight caused by Ascochyta rabiei and
fusarium wilt caused Fusarium oxysporum (Singh
and Saxena, 1992). Both these diseases are very
damaging and account for major (10 to 90%) crop
losses every year.

The crop is a self pollinated diploid (2n = 2x
=16) with a quite small genome (740 Mb,
Arumuganathan and Earle, 1991). The major
producers India, Pakistan and Turkey contribute
65%, 9.5% and 6.7% respectively; to the world
harvest (FAOSTAT, 2005). Chickpea seeds contain
20-30% protein, about 40% carbohydrates and only
3-6% oil (Gil et al., 1996) and furthermore, they are a
good source of calcium, magnesium, potassium,
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phosphorus, iron, zinc and manganese (lbrikci et al.,
2003). Compared to other grain legumes, anti-
nutritive components are almost absent (Williams
and Singh, 1987). In some countries, chickpea is used
as a feed for livestock (Oplinger et al., 1997) and as a
traditional medicine (Muehlbauer and Tullu, 1997).
Thus, chickpea is considered as a functional food or
nutraceutical (Agharkar, 1991; Mclntosh and
Topping, 2000; Charles et al., 2002). Still, there is a
need of more research to illuminate and enlarge the
food and nutraceutical benefit of this crop through
breeding. The cultivated species has many common
names including chickpea(English), Bengal gram
(Indian), garbanzo (Latin America), homes, hamaz
(Arab world), nohud, lablabi (Tukey) and shimbra
(Ethiopia) (Muehlbauer and Tullu, 1997).

Programs for breeding resistance gene into
high yielding cultivars are underway in some parts of
world, but these are time consuming and it is to
achieve pyramidal resistance by conventional means.
In the past decade, biotechnology have led to the
development of a number of novel tools that offer the
promise of making plant breeding more precise and
faster. Among the most promising are molecular
markers, which are segments of plant DNA that
breeders use to detect the presence or absence in
experimental plants of specific alleles of interest and
thus use them as selection tools. Such a selection of
desirable plants based on linked markers is termed as
Marker-Assisted ~ Selection (MAS). By using
molecular markers, breeders can by-pass traditional
phenotype-based selection methods, which involve
growing plants to maturity and closely observing
their physical characteristics in order to infer
underlying genetic makeup (Varshney et al., 2004).

In recent years there has seen remarkable
improvement in the development of novel genetic
tools such as DNA molecular markers and genetic
maps profiling techniques. Although they can be
fully applied only to a few model species but these
new technologies are spectacularly improving our
understanding of basic ideology of plant metabolism.
Now, it is up to researchers and breeders to exploit
these new opportunities to improve chickpea yield for
the benefit of farmers and consumers.

Diversity analysis in chickpea: a major
prerequisite for molecular breeding

Knowledge of the inheritance of agronomic
traits is a basic requirement to identify and integrate
genes in linkage maps for marker—assisted selection
(MAS). In recent years, molecular markers have been
extensively used to assess genetic diversity within
plant species and tagging of important genes for
agronomic traits. In order to improve the productivity
of chickpea, the use of DNA based molecular

markers has been proposed for marker assisted
selection (MAS), mapping of QTL (Quantitative
Trait Loci) and positional cloning of genes in
chickpea (Winter and Kahl, 1995). Molecular
markers, both biochemical (Ahmad et al., 1992;
Labdi et al., 1996) and DNA based like RFLP (Udapa
et al., 1993), RAPD (Sant et al., 1999; Iruela et al.,
2002; Sudupak et al., 2002; Chowdhary et al., 2002)
were unable to address the genetic variation within
chickpea. The low polymorphic ability of isozymes,
RAPD and RFLP markers may be due to lesser
polymorphism in structural genes in chickpea
genome (Rheenen et al., 1993). It was also reported
that amplified fragment length polymorphisms
(AFLPs) were also rare within Cicer arietinum
(Huttel et al., 1999).

In recent years, the microsatellite
and STMS (Sequence tagged microsatellite site)
markers has been shown to be more useful and to be
highly polymorphic. Microsatellites or simple
sequence repeats (SSRs) are short tandem repetitive
DNA sequences with a repeat length of few (1-6)
base pairs (Litt and Luty, 1989). These sequences are
abundant, dispersed throughout the genome and are
highly polymorphic in comparison with other
molecular markers (Akkaya et al., 1992; Morgante
and Olivieri, 1993; Wang et al., 1994). Another
technique based on microsatellites employs sequence
regions to design locus — specific PCR primer pairs.
This so called "sequence tagged microsatellite site"
(STMS) approach produces almost optimal molecular
markers, as they are co-dominant, highly abundant,
and often polymorphic within populations. This
increases the probability of detecting polymorphism
many folds. Therefore, a study on genetic diversity is
essentially the first step for any genetic improvement
programme.

Genetic Diversity reported using various markers:
Quantitative trait loci (QTL) mapping is a
highly effective approach to identify and tag, disease
resistance genes in plants (Young, 1996). QTL
mapping may be appropriate for identifying the
number and position of genes conferring disease
resistance, because previous reports suggest that
resistance is controlled by multiple genes (Tekeoglu
et al., 2000). Knowledge of the extent of genetic
diversity within a species is a critical factor when
selecting parents for QTL mapping, because
sufficient DNA polymorphism must exist between
parents for segregation analysis and genetic mapping
(Collard et al., 2003). But little or no polymorphisms
have been detected among chickpea genotypes using
traditional morphological and biochemical markers.
Ahmed et al, (1992) studied isozyme
polymorphism in the genus Cicer L. They observed
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alloenzyme  variation among 50 accessions
representing the cultivated chickpea and 8 wild
annual Cicer species. Sixteen enzymes revealed 22
putative and scorable loci of which 21 showed
polymorphism. They further reported that no isozyme
polymorphism was detected in 25 accession of
cultivated chickpea accession originating from 6
different geographical regions. This is surprising in
view of the diverse in Asia, the Middle East and
several Mediterranean countries, some of which have
grown chickpea for at last 7000 years (Van der
Maesen, 1987) and the presence of abundant genetic
variation for other qualitative and quantitative traits
(Muehbauer and Singh, 1987). Previously, Oram et
al., (1987) studied isozyme variability for 27 isozyme
loci in 20 cultivated chickpea accession and
concluded that as a species, chickpea was relatively
poor in genetic variation at isozyme loci. Tuwafe et
al., (1988) surveyed isozyme variability in 1392
accession of cultivated chickpea from 25 countries
and found polymorphism for only 4 isozyme loci.
Gaur and Slinkard (1990 a,b) did not find any genetic
variation for isozyme loci in Cicer arietinum and
consequently utilized interspecific hybrids of Cicer
arietinum with Cicer reticulatum and Cicer
echinospurmum to study their genetics and linkage.
This again indicates the limited variability present at
isozyme loci in cultivated chickpea.

The abundance and polymorphism of 38
different SSR motifs was studied in 4 accessions of
cultivated chickpea by in gel hybridization of
synthetic oligonucleotide to genomic DNA, digested
with 14 different restriction enzymes. Among 38
probes tested, 35 yielded detectable hybridization
signals. The abundance and level of polymorphism of
the target sequences varied considerably. The high
level of intraspecific polymorphism detected by
oligonucleotide fingerprinting suggests the suitability
of SSR probes as molecular markers for gene
mapping (Sharma et al., 1995).

Ratnaparkhe et al., (1998) studied the
inheritance of an inter simple sequence repeat (ISSR)
polymorphism in a cross of cultivated chickpea
(Cicer arietinum L.) and closely related wild species
(Cicer reticulatum L.) using primer that anneal to a
simple repeat of the various lengths. The ISSR loci
showed virtually complete agreement with expected
Mendelian ratios. 22 primers were tested for analysis
and yield a total of 31 segregating loci. They reported
an ISSR marker linked to the gene for resistance to
fusarium wilt race 4. Sudupak, (2004) studied intra-
species ISSR variations in 43 chickpea genotypes and
showed a gene diversity of 0.24.

Singh et al., (2002) employed PCR based
RAPD markers to assess genetic diversity in 23
chickpea genotypes. Forty out of 100 random primers

screened revealed polymorphism among the
genotypes. Most of the primers revealed single
polymorphic bands and only 14.2 % of the products
are polymorphic. Estimate of genetic similarity based
on jaccard's coefficient ranged from 0.92 to 0.99
indicating narrow genetic variability among
genotypes based on RAPD markers. Rao et al.,
(2007) investigated genetic relationship between 19
chickpea cultivars and five accessions of its wild
progenitor Cicer reticulatum L. using RAPD and
ISSR markers. On an average, six bands per primer
were observed in RAPD analysis and 11 bands per
primer in ISSR analysis. Taran et al., (2007)
conducted research to map genetic factors for
resistance to ascochyta blight using a linkage map
constructed with 144 sample sequence repeat markers
and 1 morphological marker (fc, flower colour). A
total of 556 cutting-derived plants were evaluated for
their reaction to ascochyta blight under controlled
conditions. Composite interval mapping identified 3
genomic regions that were associated with the
reaction to ascochyta blight. One quantitative trait
locus (QTL) on each of LG3, LG4, and LG6
accounted for 13%, 29% and 12%, respectively, of
the total estimated phenotypic variation for the
reaction to ascochyta blight. Together, these loci
controlled 56% of the total estimated phenotypic
variation. The QTL on LG4 and LG6 were in
common with the previously reported QTL for
ascochyta blight resistance, whereas the QTL on LG3
was unique to the current population.

Huttel et al., (1999) used 22 STMS primer
pairs proved to be informative at an intraspecific
level in Cicer arietinum. Galvez et al., (2003) showed
that out of 164 primers/primer pairs screened
between the parents, only 65 (39.6%) revealed DNA
polymorphism, generating a total of 82 reproducible
and segregating markers for linkage analysis. Bhatia
et al., (2006) used 74 functional STMS primer pairs.
This  analysis revealed 66% intraspecific
polymorphism within chickpea.

Shan et al, (2004) reported 98%
polymorphism using 146 Cicer accessions. Analysis
of the 146 Cicer accessions with six selective
amplification primer pairs identified a total of 455
AFLP markers, of which 447 are polymorphic in the
whole collection. In another study, the six primer
combinations detected substantial polymorphism in
all species of the primary and secondary gene pools.
The total number of bands observed ranged from 180
to 231 within a species, and the number of
polymorphic loci detected ranged from 158 to 213
accounting for 77.5 to 92.2% of total AFLP bands
generated (Shan et al., 2007).
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Conclusion:

The present review demonstrates the
potential of different molecular markers in detecting
polymorphism among chickpea cultivars. The STMS
and AFLP analysis clearly indicated that even with
few polymorphic primers reliable estimation of
genetic diversity could be obtained and these markers
successfully identified genetic variation in chickpea.
The variation identified was greater than that
revealed by the other biological markers like
isozymes, RFLPs, RAPD etc used in studies of
genetic relationships among Cicer species. Therefore,
AFLP and STMS markers comes very close to the
ideal molecular marker system because they are
highly polymorphic, highly reproducible, occur
abundantly in eukaryotic genomes and inherited in a
co-dominant fashion.

This information could be very valuable in
the management of genetic resources in this species.
Further, large amount of genetic variation which
exists between chickpea cultivars and its wild
accessions can be used efficiently for gene tagging
and genome mapping of wild and cultivar crosses to
intrigues the disease and insect resistance into the
cultivated genotypes. Increasing and stabilising seed
yield is the major aim of chickpea breeding. The
development of molecular markers and more efficient
tools in plant breeding will continue to be a very
dynamic process in future.

References:

Agharkar, S.P. (1991): Medicinal Plants of Bombay
Presidency, Scientific Publications, Jodhpur, India,
pp. 62-63.

Ahmed, F., Gaur, P. M. and Slinkard, A. E. (1992):
Isozyme polymorphism and phylogenetic
interpretations in the genus Cicer L. as revealed by
polyacrylamide electrophoresis of seed storage
proteins. Theor. Appl. Genet., 84 : 688-692.

Akkaya, M.A., Bhagwat, A.A. and Cregan, P.B.
(1992): Length polymorphisms of simple sequence
repeat DNA in soybean. Genetics, 132: 1131-11309.

Arumuganathan, K. and Earle, E.D. (1991): Nuclear
DNA content of some important plant species. Plant.
Mol. Biol. Rep., 9: 208-218.

Bhatia, S., Sethy, N.K., Shokeen, B. and Edwards,
K.J. (2006): Development of microsatellite markers
and analysis of intraspecific genetic variability in
chickpea (Cicer arietinum L.). Theor. Appl. Genet.,
112: 1416-1428.

Charles, M.T., Dominique, R., Kumar, J. and Dangi,
O.P. (2002): A preliminary study of the functional
properties of chickpea leaves. In: Annual Meeting of
the Canadian Society of Food and Nutrition, May
2002, Edmonton, Alberta, Canada.

Chowdhury, M.A., Vandenberg, V. and Warkentin,T.
(2002):  Cultivar identification and  genetic
relationship among selected breeding lines and
cultivars in chickpea (Cicer areitinum L.). Euphytica,
127: 317-325.

Collard, B.C.Y., Pang E.C.K. and Tayler P.W.J.
(2003): Selection of wild Cicer accessions for the
generation of mapping populations segregating for
resistance to ascochyta blight. Euphytica, 130: 1-9.
FAO- Food and Agriculture Organization of the
United Nations. (2008).

FAOSTAT (2005) http://faostat.fao.org

Galvez, H.F., Ford R., Pang E.C.K. and Taylor
P.W.J. (2003): An intraspecific linkage map of the
chickpea (Cicer arietinum L.) genome based on
sequence tagged microsatellite site and resistance
gene along markers. Theor. Appl. Genet., 106: 1447-
1456.

Gaur, P.M. and Slinkard A. E. (1990a): Inharitance
and linkage of isozyme coding genes in chickpea. J.
Hered., 8: 455-461.

Gaur, P.M. and Slinkard. A.E. (1990b): Genetic
control and linkage relation of additional isozyme
markers in chickpea. Theor. Appl. Genet., 80: 648-
656.

Gil, J.S. Nadal, D.L., Moreno M.T. and De Haro, A.
(1996): Variability of some physico-chemical
characters in Desi and Kabuli chickpea types. J. Sci.
Food. Agric., 71: 179-184.

Huttel, B., Winter, P., Welsing, K., Choumane, W.,
Weigand, F. and Kahl, G. (1999): Sequence-tagged
microsatellite site markers for chickpea (Cicer
areitinum L.). Genome, 42: 210-217.

Ibrikci, H., Knewston, S. and Grusak, M.A. (2003):
Chickpea leaves as a vegetable green for humans:
Evaluation of mineral composition. J. Sci. Food.
Agric., 83: 945-950.

Iruela, M., Rubio, J., Cubero, J.I., Gil, J. and Millan,
T. (2002): Phylogenetic analysis in the genus Cicer
and the cultivated chickpea using RAPD and ISSR
markers. Theor. Appl. Genet., 104: 643-651.

396



ISSN NO 2320-5407

International Journal of Advanced Research (2013), Volume 1, Issue 4, 393-398

Labdi, M., Robertson, L.D., Singh, K.B. and
Charrier, A. (1996): Genetic diversity and
phylogenetic relationships among annual Cicer
species as revealed by isozymes polymorphism.
Euphytica, 88: 181-188.

Litt, M. and Luty, J.A. (1989): A hypervariable
microsatellite revealed in vitro amplification of
dinucleotide repeat within cardiac muscle actin gene.
Am. J. Hum. Genet., 44: 397-401.

Mclintosh, G.H. and Topping, D.L. (2000): Food
legumes in human nutrition. In: R. Knight (Ed.),
Linking Research and Marketing Oppurtunities for
Pulses in the 21% Century, Kluwer Academic
Publishers, Dordrecht, The Netherlands, pp. 655-666.

Morgante, M. and Olivieri, A.M. (1993): PCR
amplified microsatellite as markers in plant genetics.
Plant. J., 3:175-182.

Muehlbauer, F.J. and Tullu, A. (1997): Cicer
arietinum L., NewCROP FactSHEET. Washington
State University, USDA-ARS, Seattle, WA, pp. 6.

Muehlbauer, F.J. and Singh, K.B. (1987): Genetics
of chickpea. In : Saxena MC, Singh KB (eds) The
chickpea. CAB Int Publ. UK. pp. 99-126.

Oplinger, E.S., Hardman, L.L., Oelke, E.A,
Kaminski, A.R., Schulte, E.E. and Doll, J.D. (1997):
Chickpea (garbanzo bean). Alternative Field Crops
Manual:
http://www.hort.purdue.edu/newcrop/afcm/chickpea.
html, pp. 8.

Oram, R.N., Shaikh, M.A.Q., Zaman, K.M.S. and
Brown A.S.D. (1987): Isozyme similarity and genetic
difference in morphology between Hyprosala, a high
yielding, high protein mutant of chickpea (Cicer
arietinum L.) and its parental cultivar. Environ. Exp.
Bot., 27: 455-462.

Rao, A.S., Usha Rani, P., 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 L.
Genet. Resourc. and Crop Evol., 54 (6): 1235- 1244,

Ratnaparkhe, M.B., Santra, O.K., Tullu, A. and
Muehlbauer, F.J. (1998): Inheritance of Inter Simple
Sequence Repeat Polymorphisms and linkage with a
fusarium wilt resistance gene in chickpea. Theor.
Appl. Genet., 98: 348-355.

Sant, V.J., Patankar, A.G., Sarode, N.D., Mhase,
L.B., Sainani, M.N., Deshmukh, R.B., Ranjekar, P.K.
and Gupta, V.S. (1999): Potential of DNA markers in
detecting divergence and analysis in heterosis in
Indian elite chickpea cultivars. Theor. Appl. Genet.,
98: 1217-1225.

Shan, F., Clarke, H.C., Plummer, J.A., Yan, G. and
Siddique, K.H.M. (2005): Geographical patterns of
the genetic variation in the world collections of wild
annual Cicer characterized by amplified fragment
length polymorphisms. Theor. Appl. Genet., 110:
381-391.

Shan, F., Clarke, H.J., Yan, G., Plummer, J.A. and
Siddique, K.H.M. (2007): Identification of duplicates
and fingerprinting of primary and secondary wild
annual Cicer gene pools using AFLP markers. Genet.
Resourc. and Crop Evol., 54: 519-527.

Sharma, P.C., Winter, P., Bunger, T., Huttel, B,
Weigand, F., Weising, K. and Kahl, G. (1995):
Abundance and polymorphism of ditri- and tetra-
nucleotide tandem repeats in chickpea (Cicer
arietinum L.). Theor. Appl. Genet., 90: 90-96.

Singh, P.C., Prasad, D., Singhal, V. and Randhawa,
G.J. (2002): Analysis of genetic diversity in Cicer
arietinum L. using RAPD markers. J. Plant Biochem.
Biotechnol., 11: 109-112.

Sudupak, M.A. (2004): Inter and intra-species Inter
Simple Sequence Repeat (ISSR) variations in the
genus Cicer. Euphytica, 135: 229-238.

Sudupak, A., Akkaya, S. and Kence, A. (2002):
Analysis of genetic relationships among perennial
and annual Cicer species growing in Turkey using
RAPD markers. Theor. Appl. Genet.,, 105: 1220-
1228.

Taran, B., Warkentin, T.D., Tullu, A. and
Vandenberg, A. (2007): Genetic mapping of
ascochyta blight resistance in chickpea (Cicer
arietinum L.) using a simple sequence repeat linkage
map. Genome, 50: 26-34.

Tekeoglu, M., Santra, D. K., Kaiser, W.J. and
Muehlbauer, F.J. (2000): Ascochyta blight resistance
inheritance in three chickpea recombinant inbred line
populations. Crop Science, 40: 1251-1256.

Tuwafe, S., Kahler, A.L., Boe, A. and Ferguson, M.
(1988): Inheritance and geographical distribution of
allozyme polymorphism in chickpea(Cicer arietinum
L.). J. Hered., 79: 70-74.

397



ISSN NO 2320-5407

International Journal of Advanced Research (2013), Volume 1, Issue 4, 393-398

Udupa, S.M., Sharma, A., Sharma, A.P. and Pai, R.A.
(1993): Narrow genetic variability in Cicer arietinum
L. as revealed by RFLP analysis. J. Plant Biochem.
Biotechnol., 2: 83-86.

van der Maesen, L.J.G. (1987): Origin, History and
taxonomy of chickpea. In: M.C. Saxena and K.B.
Singh (Eds.), The Chickpea, CAB International,
Wallingford, UK, pp. 11-34.

Van Rheenen, H.A., Pundir, R.P.S. and Miranda, J.H.
(1993): How to accelerate genetic improvement of
recalcitrant crop species such as chickpea. Current
Science, 65: 5-10.

Varshney, A., Mahapatra, T. and Sharma, R. P.
(2004): Molecular mapping and marker assisted
selection of traits for crop improvement. In: Plant
Biotechnology and Molecular Markers (Eds P.S.

Srivastava, Alka Narula and Sheela Srivastava).
Anamaye Publisher, New Delhi, pp. 289-330.

Wang, Z., Weber, J.L., Zhong, G. and Tanksley, S.D.
(1994): Survey of plant short tendem repeats. Theor.
Appl. Genet., 88: 1-6.

Williams, P.C. and Singh, U. (1987): The Chickpea-
Nutritional quality and the evaluation of quality. In:
M.C. Saxena and K.B. Singh (Eds.), The Chickpea,
CAB International, Wallingford, UK, pp. 329-356.

Winter, P. and Kahl, G. (1995): Molecular marker
technologies for plant improvement. World J.
Microbiol. Biotechnol., 11: 438-448.

Young, N. D. (1996): QTL mapping and quantitative
diseases resistance in plants. Ann. Rev. Phytopath.,
34: 479-501.

*hkhkhkkkkhkkhkkik

398



