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Abstract

Chickpea yield reduction was resulted from several biotic and abiotic factors including susceptibility of landraces to frost, drought, water
logging and poor cultural practices; low or no protection measures against weeds, diseases and insect pests and inherently low grain yielding
potential of landraces. Lack of requisite genetic variation in the cultivated species has necessitated systematic collection, documentation and
evaluation of wild Cicer species for use in chickpea variety improvement programmes. Various studies have clearly indicated the possibility
of transferring resistance genes and desirable co-adapted gene complexes from unexploited wild annual species to the cultivated species. At
this juncture, the valuable genetic resources present in the primary gene pool can be successfully utilized in plant breeding programmes for
genetic enhancement of chickpea. However, most of the wild species possessing high degree of resistance to multiple stresses are present in the
secondary and tertiary gene pools where hybridization with the cultivated species is often limited by reproductive barriers. Gene introgression
from the wild species can be monitored effectively with the use of molecular markers, which will expedite the transfer of agronomically important
traits into desirable genetic backgrounds for the development of varieties with durable resistance through marker assisted selection.
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Introduction
they provide a clear justification for protecting a species across

i h ilabili f
Crops improvement depends on the availability of gene its entire geographic range and all the subspecies of major

for better agronomic traits, disease resistance, earliness and
high yield [1]. For this, characterization of genetic variability
of a population is required since genetic variation within
population and between species determines the rate of adaptive

populations.

Genetic variability has been the main driving force used by
man to meet not only its food needs but also to produce better

evolution and response to traditional crop improvement [2].
Genetic diversity is a raw material for evolution, thus enabling
populations of species to survive, evolve and adapt to resist long-
term changes in the environment. This is very important in the
plant breeding strategies for developing high yielding varieties
and for maintaining the productivity of such varieties through
introduction of genes for resistance to disease, insect pests and
other abiotic factor [3]. Genetic diversity of domestic species
allows people to act as agents of selection and develop different
forms of the same species for a variety of purposes, including
enabling the producers to grow the same species in different
environments, each with a different requirement of climate,
pathogens, predators, competitors etc [2]. Differences within
and between plants can be a strategic value to conservation as

cultivars. In the early days, naturally occurring mutations were
the main source of new alleles for obtaining more adapted
materials. This process led to rapid fixation of traits in elite
gene pools and it became more difficult to select for subtle
differences in naturally occurring populations. Mendel’s work
set up the principles and a new scenario for hybridization
programs, through which plant breeders could generate genetic
variability. However, due to linkages there was a need to look for
ways to follow up and select for desirable traits in segregating
populations.

Starting in the 1920’s, many researchers used morphological
markers with some degree of success mainly in maize
improvement program. Nevertheless, this kind of markers
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had serious drawbacks that limited its usefulness, especially
in terms of its low number and its expression being affected
by environmental conditions. In the 1980’s, the advent of DNA
markers made it possible to develop genetic maps in any crop,
and to apply them to get a better understanding of genetic
variation in many gene pools.

Therefore, characterizations of the different traits via
morphological, biochemical and DNA markers for their genetic
variation will help plant breeder to utilize them in the chickpea
improvement.

Role of conventional breeding technique in chickpea
improvement

Plant breeding has been one of the most successful
technologies developed in modern agriculture all over the
world because its methods are adaptable to various production
schemes, require inexpensive inputs and the products have
pervasive social benefits. For most grain crops, yields have
increased continuously since the 1930s and nearly 50% of the
gains may be attributed to the enhanced genetic potential of
the cultivars. Besides increased productivity, plant breeding has
contributed to remarkable transformations in quality, growth
habits and use and adaptation. Though few endeavors were less
successful, the genetic modifications of crop species achieved
through plant breeding have been very positive and important

[4]

To improve the world position of chickpea, the area under
chickpea cultivation needs to be expanded as it is tolerant
to dry conditions and can be used as fallow replacements in
many areas of the arid regions especially in Africa and America,
where area of the crop is small, but yield is much higher than in
Asia. Introduction of higher input use is yet another approach
to increase the chickpea production as practiced in European
countries [5].

Selection of various appropriate traits is an important
criterion to improve the crop production. In chickpea, variation
for growth duration, yield, biomass and disease resistance are
recorded. Seed mass is another highly heritable and important
yield component in chickpea, which can be used effectively
as an indirect selection criterion for improving seed yield [6].
Development of new plant types like erect/upright plant with
few branches instead of traditional bushy plant canopy for
better light interception and canopy air exchange and; tall plant
height for better competition against weeds and suitability for
mechanical harvesting can be manipulated to increase the yield
potential. Seed cost can be reduced to improve the production,
as the costs are very high because of strong demand and short
supply. Also, regular application of fertilizers, pesticides and
fungicides will improve the yield of this legume crop. Apart from
these conventional approaches, productivity enhancement in
chickpea can be achieved by amalgamation of classical breeding
techniques and the biotechnological advances especially in
developing countries. This will also help to enhance profitability
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of chickpea, particularly in the major chickpea growing countries
where yields are low.

Genetic markers and their applications

Genetic marker can be defined as a specific gene that
produces a recognizable trait and can be used in family or
population studies. There are different genetic markers for
evaluating genetic variation: morphological, biochemical and
DNA markers [7]. Using such markers, genetic variation studies
were conducted on different crops so far, including cereals,
pulses, horticultural crops and fruits.

Morphological markers

Morphological markers are a classical method to distinguish
variation based on the observation of the external morphological
differences (phenotypic characters) such as flower color, seed
shape, growth habits or pigmentation. They can be scored quickly
without specialized laboratory equipment, but their expression
occurs at specific growth stages. The possibility of analyzing
only a limited number of markers in a single population limits
their use in breeding programs. Moreover, they are generally
dominant traits, and they often exhibit epistatic interactions
with other genetic traits and are influenced by environmental
factors [8].

Dulloo et al. [9] reported that morphological traits and
statistical analysis of quantitative agro-morphological traits
along with ecogeographic information are used in estimating
genetic diversity. Morphological studies of Ethiopian chickpea
landraces showed that there is considerable variability with and
between chickpea population [10]. The author indicated that
there is a variation of chickpea in different regions and altitude.
This report also indicated high significance difference between
populations for most of the quantitative morphological traits
except for days to maturity, grain yield/plot, biological yield
and harvest index. Mengesha [11] also indicated high variation
of chickpea in Shewa; medium variation in Gonder, Gojam
and Tigray. Kumar et al. [12] also reported high coefficient of
variation for biological yield followed by grain yield, pods/plant
and effective branches. They also indicated low of variation for
days to flower, plant height, and seeds/pod. A Research report
on the Ethiopian chickpea landraces also showed low variation
in traits such as days to flowering and maturity and plant height
[10]. Some morphological traits are confined to certain areas
[13] that resulted from homologous mutation. On chickpea there
was showing that black seeded chickpeas are mainly confined
in Ethiopia and absent in Turkish, Afganstan and Caucasus [13].

Although morphological markers are technically simple,
they have several limitations. Discrete morphological traits,
which show high heritability, are limited in number, each being
governed by a few genes and hence, cover only a small portion of
the genome. Quantitative traits are influenced by environmental
factors, implying that these traits show continuous variation.
This results in low heritability and high genotype by environment
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interactions that make it difficult to determine genetic variation
accurately.

There are various studies on heritability and genetic gain for
different morphology traits of chickpea. High value of genetic
gain and heritability was for seed weight, number of pods and
seed yield [14], seed index, number of seeds/plant and time
to flowering [15]. High heritability coupled with high expected
genetic gain may result due to high additive gene effects and
thus selection applied on such traits lead to yield improvement
[16]. On the contrary, there was low expected genetic gain for
days to flowering and seeds/pod [14], plant height, number
of pods, number of pods and yield/plant [15]. In such traits,
most of the variation is environmental thus leading to low
heritability and low expected genetic gains from selections and
eventually results in low progress of selection. The usefulness
of estimates of heritability and expected genetic advance from
selection depends on their repeatability, which is found to vary
with methods of estimation, cross, generation, sample size,
and the environment [17]. These authors described that for
most characters the genetic gain from selection were low that
might be due to restricted genetic variation. Association among
these morphological traits are useful for selecting genotypes
possessing groups of desired characters although
correlation coefficients could vary with genotypes studied and
the environment where the test is carried out [18]. Among the
seed yield components effective plant height and effective pods/
plant are important for seed yield improvement [19].

such

Molecular markers and biochemical markers (isozymes)

Biochemical and DNA markers are developed to overcome
limitations of morphological data although it does not mean that
any of the biochemical or molecular techniques or both replace
morphological marker. A variety of molecular techniques are
available for detecting genetic diversity and relationships within
and among cultivated crops including chickpea. According to
Sharman et al. [20] molecular markers have several advantages
over morphological markers. These include numerous markers
that can be identified in a single breeding population with
relatively large number of alleles available for one marker,
most of them exhibiting as co-dominant mode of inheritance.
They are generally silent in their effects on phenotypes. The
environments do not influence them, and they can be scored
at a very early development stage allowing early population
screening. A number of molecular markers including isozyme,
Restriction Fragment Length Polymorphism (RFLP), Random
Amplified Polymorphic DNA (RAPD), Amplified Fragment
Length Polymorphism (AFLP), Diversity Array Technology
(DArt), Single Nucleotide Polymorphisms (SNPs) and Simple
Sequence Repeats (SSR) etc are available for different uses at
different time. Different research findings showed that these
different molecular markers have been reliably used in:

a. Cultivars identification,
b.  Diversity analysis,
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c. Construction of genetic maps,

d. Tagging agronomically important genes,
e. Prediction of hybrids,

f. Germplasm management,

g. Assessment of genetic purity of inbred lines and
varieties,

h.  Selection of recurrent parental genome in backcrosses
and segregating generations thereby reducing the number of
generations required in producing inbred lines,

i. Paternity analysis in perennial and tree crops,

j- Monitoring genetic stability of germplasm conserved
in the form of seeds and tissues and their detection of
somaclonal variants,

k. Screening of duplicate accessions in gene bank etc [21].

Chickpea breeding, especially resistance breeding will
also benefit from the application of molecular markers for
development of superior resistant cultivars [3].

In general, biochemical markers include variants in
various biochemicals including physiochemical variations of
bio-molecules such as storage (seed) proteins, carbohydrates
and lipids, and as such biochemical markers are generally
intermediate between morphological and DNA markers since
they are often the intermediate results of gene expressions.
Among the biochemical markers, the most widely used genetic
markers are the many protein variants of an enzyme referred to
as isozymes, having slightly different molecular structures and
arising from different alleles. Isozymes, or otherwise termed
“allozymes” when referring to the corresponding loci of the
isozymes, can be resolved by electrophoresis and are very useful
genetic markers. The alleles of most isozyme markers segregate
in a co-dominant manner and rarely show epistatic interactions,
which allows accumulation of many polymorphic isozyme loci
in a single F2 population and increases the efficiency of gene
mapping. Once the map locations of isozyme genes are known,
they can be used efficiently as biochemical markers to map other
genes for morphological, physiological and Phyto pathological
traits [22].

Isoenzyme is popular biochemical markers that used in
diversity analysis of different plants [9]. It possesses several
positive attributes for use in genetic analysis: its electrophoresis
could provide relatively quicker and easier access to be used
as reliable biochemical marker; only small amounts of tissues
are required; alleles exhibit simple Mendelian inheritance
and co-dominate expression in most cases and comparisons
of homologous loci across populations and related species are
straightforward [23]. Isoenzyme electrophoresis of chickpea had
revealed insufficient polymorphism particularly in cultivated
chickpea as aresult of a narrow genetic variability [10]. However,
as Winter [3] reviewed by citing Kazan et al. [24], showed that
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there is already developed map based on the morphological
and isoenzyme markers for crosses between C. arietinum, C.
reticulum and C. echinospermum, in to which a DNA marker map
could be integrated.

Random Amplified Polymorphic DNA (RAPD) also
represents a source of genetic variation that is easy to access,
very quick, efficient in the production of DNA polymorphism
[25]. It provides supplementary information to morphological
or agronomic characters. It can detect misclassification of
accessions in collections obtained [26]. Its protocol is ready
for use in breeding, for registration, control of distribution of
commercial cultivars, the control of seed purity, categorizing
accessions in germplasm stock, determining the relation
between population and creating subsets of genetically closer
populations, reorganizing and comparing germplasm collections
characterized by morphological descriptors, creating subsets
within the same morphological group and quantifying their
variability [21]. Furthermore, the number of potential RAPD
markers is higher in magnitude than for the morphological
or isozyme markers, leading to a much higher level of marker
saturation on genetic maps. RAPD analysis was used in
diversity analysis of different plants such as coffee, cereals [27],
horticulture [28]. RAPD was also used in study the relationships
among annual Cicer species and revealed existence of genetic
relationships among these species [29]. However, Hardys et al.
[30] identified the following drawback of RAPD. First, there is
a problem of dominant allelic expression and the associated
problem of having to assume two alleles per locus.

As aresult, RAPD provides less genetic information on a per
locus basis than co-dominant loci when applied to questions
of population genetic structure, paternity, outcrossing rates or
hybridization. Second, a primer size determines the degree of
specificity in genome scanning. A primer having short length
may amplify unreasonably large number of sequences and those
larger primers will amplify too few sequences to be routinely
informative. Increasing primer length beyond certain point
may also increase nonspecific primer annealing; consequently,
increasing the probability of random non reproducible
amplification patterns. Third, the assumption of the use of RAPD
techniques is that the amplified fragments are unique. Eluting
individual PCR products from gels and reprobing the products
via southern analysis can easily detect the co-migration. Fourth,
the principal limitation of RAPD arises from its sensitivity to the
reaction condition and a slight change in the reaction condition
may affect the reproducibility of the amplification. Fifth, there
is non-Mendelian inheritance indicating that RAPD artifact
that may lead to misleading results in some applications. Sixth,
unlike other methods, the nature of the sampling regions and
differences in band intensity in RAPD is poorly understood.
Finally, there is a general prevalence of non-parental artificial
bands that could reduce the utility of RAPD in molecular genetics,
especially in paternity studies.
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In general, multivariate analysis performed on sets of traits
(agro/morphological, biochemical and agro/morphological plus
biochemical traits) showed that the relation between agro/
morphological and biochemical descriptors were low. The two
markers reflect different patterns of diversity even though
neither of them identifies unique phenotypes. Gepts [31] also
pointed out that results from morphological, biochemical and
DNA trait studies are not always correlated and this discrepancy
may be attributed to possible selective effects that more likely to
be associated with morphological traits than molecular markers.
Suchresults imply no single method (biochemical, morphological
or DNA markers) is adequate for assessing genetic variation in
germplasm as these different methods sample genetic variation
at different levels and hence, differ in their power of genetic
resolution as well as the quality of information. Because of their
high polymorphism and high resolution, DNA markers should
be considered only as complementary to morphological and
biochemical characterization and analysis [32].

Assessment of genetic diversity and its importance in
chickpea improvement

The study on genetic diversity of species is emphasized
because modern breeding practices have narrowed the genetic
diversity of cultivated crops. This reduction in genetic diversity
could severely limit future breeding programs for adaptive
traits such as resistance to biotic and abiotic stresses and
reduce stability of crop yields [33]. Pedigree information or
morphological characteristics [34], qualitative and quantitative
traits, biochemical and isozyme markers [35], seed storage
protein analysis [36], and DNA based markers have been
exploited to estimate the genetic diversity in various crops.

The main advantages of using molecular markers are that
they measure the genetic diversity at DNA level, can account
for the effects of selection, are environment-independent, and
are available in an enormous number. Further, invention of PCR
technology and its technical simplicity to detect even single-base
pair difference facilitated its use in the analysis of phylogenetic
relationships, cultivar identification, genetic diversity, parentage
determination and marker-assisted selection in several plant
genera. Although extensive studies were carried on phylogenetic
relationship in Cicer species using allozymes [37] and seed
storage proteins [29], very few reports are available at the
DNA level except RFLP analysis [38], RAPD studies [29], allelic
variation studies at a microsatellite locus [39] and STMS analysis
[40]. Hence, the enormous potential of molecular markers can
be further explored in chickpea for genetic relationship studies,
genome mapping and indirect selection (marker assisted
selection), gene tagging of qualitative and quantitative traits,
marker-aided prediction and improvement of hybrid vigor.

Knowledge of genetic diversity and relatedness in the
germplasm of both cultivated and wild species is a prerequisite
for their better utilization in crop improvement programmes.
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Genetic markers have been widely used to detect genetic
variation at individual gene loci (alleles of a gene), among
several loci or gene combinations, between individual plants
within plant populations, or between populations. In chickpea,
as in most other plant species and organisms, phenotypic or
morphological traits, isozymes and other biochemical markers,
RFLP, RAPD, synthetic oligo-nucleotide probes and SSRs have
been used to assess genetic diversity and relationships.

RFLP and RAPD markers

Similar to that of the morphological and biochemical
(isozyme) markers, RFLP and RAPD markers also show very
low level of genetic variation between chickpea cultivars
[41,42]. The low polymorphism may have been caused by
narrow ancestry and self-pollinated nature of the crop [41].
Sant et al. [21] employed RAPD and oligo-nucleotide probes
to assess genetic diversity between 29 elite Indian chickpea
cultivars. Out of 35 RAPD primers tested, only 10 primers (29%)
generated polymorphic patterns between the cultivars, which
indicate narrow genetic base of the cultivated species. The
genetic distance values ranged from 0.09 to 0.27 based on RAPD
analysis, whereas genetic distance ranged from 0.42 to 0.61 with
oligo-nucleotide probes.

In another study, out of 78 RAPD primers tested, only 20
primers revealed polymorphisms between the chickpea cultivars
[42]. Most of the RAPD polymorphisms appeared as single
major band polymorphisms. The low degree of genetic variation
detected by RFLP and RAPD markers in cultivated chickpea limit
mapping of large number of these markers in a given cross.

Oligo-nucleotide fingerprinting/ in-gel hybridization

Oligo-nucleotide fingerprinting involves use of synthetic
oligo-nucleotide probes complementary to microsatellites
or Simple Sequence Repeats (SSRs) for in-gel or Southern
hybridization with genomic DNA digested with individual
restriction enzymes and electrophoresed on agarose gel. The
probes can be designed without any sequencing efforts. Since
repetitive DNA is present ubiquitously in all eukaryotic genomes
[43], a large number of hybridizing fragments with varying
sizes are generally obtained. These multi-locus probes may be
useful for genetic characterization of cultivars and breeding
lines, estimation of degree of relatedness and tagging of
gene(s) of interest. If linkage with a gene is detected, sequence
tagged microsatellites can be developed by sequencing the
representative fragment, so that unique flanking sequences can
be used as locus specific starting points for chromosome walking
experiments [44].

Oligo-nucleotide probes representing microsatellites
present as polymorphic repeats in the chickpea genome and
detected intra as well as inter-specific variation in chickpea [44].
The number of hybridizing fragments varied between different
probes and from species to species and the fingerprints are
somatically stable.

& Micro. 2018; 10(1): 555780. DOI: 10.19080/AIBM.2018.10.555780

According to Sant et al. [21] the genetic diversity among
chickpea cultivars revealed by oligonucleotide fingerprinting is
much higher as compared to RAPD markers. Since these probes
yield more polymorphisms, few probes will be sufficient for
thorough coverage of the genome, and show high reproducibility
as compared to RAPDs. Therefore, these oligonucleotide probes
may be useful for developing molecular markers and for gene
introgression in a crop like chickpea with a narrow genetic
base. However, the approach is limited with the following
disadvantages:

a) Extensive clustering of simple sequence repeats.

b) High mutation rates leading to unexpected fragments
(non-parental bands) in the progeny.

c) Dominantinheritance.

The occurrence of non-parental bands during linkage
analysis may be minimized by the inclusion of parental and
F1 DNAs in the segregation analysis and the preferred use of
accession rather than individual specific probes [20].

SSR markers

The majority of the SSRs amplifies single loci with multiple
alleles, and thus serves as viable alternative to synthetic oligo-
nucleotide probes. The relatively simple interpretation and
genetic analysis of single locus markers make them superior
to multi-locus DNA markers, especially for map construction
and DNA fingerprinting [45]. The ability of SSRs in detecting
intra-specific variation in chickpea has been demonstrated by
Huttel et al. [20]. Sixteen SSR loci detected 2-4 alleles at intra-
specific level out of 22 loci tested. Two SSR loci, CaSTMS10
and CaSTMS15 detected 25 and 16 alleles, respectively, upon
testing on a large number of chickpea accessions. Sethy et al.
[46] used 25 polymorphic SSR markers to analyse intra-specific
genetic diversity within 36 geographically diverse chickpea
accessions. Based on cloning and sequencing of size variant
alleles at two microsatellite loci revealed that the variable
numbers of AG repeats in different alleles were the major source
of polymorphism.

Further, Udupa et al. [47] studied dynamics of microsatellite
evolution in chickpea and for this they selected di ant tri
nucleotide repeat (TA) n and (TAA) n, respectively, and based
on polymorphism they observed that the two loci do not evolve
in complete independence. Below a threshold level they evolve
independently and above that threshold level if one allele
increases in size the other closely linked locus decreases in its
size and vice versa, without change in the overall ratio. Sethy
et al. [48] cloned and sequenced microsatellite sequences
from C. reticulatum and developed 11 SSR markers to analyse
29 accessions representing all nine annual Cicer species.
Efficient marker transferability (97%) of the C. reticulatum was
observed as compared to microsatellite markers developed from
cultivated species. Based on cluster analysis all the accessions
(except two C. judaicum accessions) distinguished from one

How to cite this article: Tibebu Belete. The Role of Conventional and Molecular Techniques for Chickpea (Cicer arietinum L) Improvement. Adv Biotech


http://dx.doi.org/10.19080/AIBM.2018.10.555780

Advances in Biotechnology & Microbiology

another and revealed intra and inter-species variability. An
annual Cicer phylogeny was depicted which established higher
similarity between C. arietinum and C. reticulatum. In the study
placement of C. pinnatifidum in the second crossability group
and its closeness to C. bijugum was supported. Two species
C. yamashitae and C. chorassanicum were grouped distinctly
and seemed to be genetically diverse from members of first
crossability group. Recently, a large scale genetic diversity
study in chickpea revealed detection of 1683 alleles in 2915
accessions from composite collections using 48 SSR markers and
based on the molecular diversity deciphered a reference (core)
set of 300 chickpea genotypes was constituted [49]. The above
studies suggest that microsatellite markers are highly suitable
for genome analysis in chickpea because of their rich allelic
diversity and informativeness compared to other DNA markers.

Genome Mapping and Gene Tagging Followed by
Marker Assisted Selection

Gaur & Slinkard [50] developed the first rudimentary linkage
map of Cicer, with 4 linkage groups consisting of 13 isozyme
loci, although the linkage analysis among morphological traits
were initiated an year earlier [51]. Three additional linkage
groups were then established using both morphological and
isozyme loci. With the advent of DNA markers, Cicer map was
further expanded with 9 morphological, 28 isozyme, 44 RAPD,
9 RFLP and 6 other markers [52]. Currently existing map of
Cicer consists of 354 various kinds of markers, approximately
at an average distance of 6.8cM between markers [53], which
is much higher than that of rice linkage maps comprising 2000
mapped molecular markers each approximately at every 0.9cM
[54]. Many traits have not been mapped in the comprehensive
map of Cicer except fusarium wilt resistance [53]. Hence,
development of a high-density map with many morphological
traits for Cicer must be the first step towards chickpea genomics.
Such type of high-density molecular maps makes it feasible to
identify, map and measure the effect of genes and gene blocks
that contribute substantially to quantitative traits. Molecular
markers have pronounced applications in indirect selection
for linked traits like leaf rust resistance genes in wheat [55],
fusarium wilt resistance in chickpea, accelerated backcrossing,
analysis and selection of quantitative traits such as ascochyta
blight in chickpea [56], identification of hybrids, selection for
resistance to pests and pathogens not present in the immediate
environment (quarantine traits) and the analysis of alien
chromosome segments. Marker assisted breeding programs
have been estimated to reduce the time-to-market by 50-70%
[57]. Isolation of almost twenty R-genes from genetically well-
characterized plant species has been facilitated because of
molecular markers through map-based cloning over the past five
years [58,59]. However, the use of markers to study genotype
X environment interactions and to genetically dissect complex
traits has gained enormous importance recently.

Another application of molecular markers is gene

pyramiding which is mostly a resistance breeding procedure
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where more than one gene is brought together to enhance the
resistance life of an otherwise better performing variety against
the pathogenic races. Identification of markers for resistance
genes can efficiently facilitate pyramiding major genes into
a valuable background in less time and make it more cost
effective. Gene pyramiding was successfully performed in apple
for the scab and mildew resistance [59]. According to Jones [60],
reported that pyramiding of R gene alleles from one species
into a single genotype might not provide durable resistance,
but will select pathogens that can tolerate the loss of multiple
compatibility factors and may lead to yield penalties. Hence it is
suggested that a population which is heterogeneous for different
R genes have an advantage over a single cultivar with all R genes.
In heterogeneous population, only a specific proportion of
the plants can support the growth of any virulent race, so the
rate of epidemic will be correspondingly reduced. The intense
pathogen pressure of avirulent pathogen races may trigger
systemic acquired resistance, which will reduce susceptibility
to virulent races. Furthermore, any mutation affecting the
virulence of a race that can overcome one R gene which enables
it to grow on plants that have another R gene may result in
slightly reduced parasite fitness against the first R gene. The
heterogeneous population approach for developing resistance
against pathogens can be attempted in chickpea to defend
various fungal pathogens especially like Fusarium oxysporum in
which different loci confer resistance to different races of this
fungus and also Ascochyta rabiei [56], by the breeders.

Molecular Marker Assisted Selection (MAS) is based on the
principle that if a gene (or block of genes) is tightly linked to
an easily identifiable genetic marker it may be more efficient
to select in a breeding programme for the marker than for the
trait itself. The effectiveness of MAS depends on the strength
of linkage between the marker and the gene locus controlling
the trait of interest, and genetic control of the trait [61]. In case
of single major gene, MAS can be the most effective means of
transfer of the desired gene by backcross breeding. Isozymes and
DNA markers have been widely used to tag gene(s) conferring
resistance to various fungal, bacterial and viral diseases in
different crop species and provide an opportunity to pyramid
genes in various combinations. The molecular markers and their
applications in plant breeding programmes have been reviewed
extensively [62]. Various factors, including fungal inoculums
levels and environmental conditions such as soil temperature
and/or moisture level often influence disease development in
field experiments. Molecular markers permit genotyping of
individuals at seedling stage itself for the trait of interest in a
disease-free environment. In chickpea, several genes conferring
resistance to biotic stresses as well as agronomic traits have
been tagged using molecular markers.

Molecular markers in pathogen fingerprinting

The pathogens of chickpea biotic stresses are generally soil
or seed-borne and survive in soil up to 6 years even in the absence
of the host plant [63]. The effectiveness of host resistance to the
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fungal pathogens is threatened by appearance of new pathogenic
races that overcome resistance genes [64]. Therefore, it is highly
desirable to determine the genetic variability existing within the
pathogen population in order to breed chickpea cultivars with
durable resistance. With the help of molecular markers there are
different efforts had made on the most important pathogens of
chickpea, such as fusarium wilt pathogen and ascochyta blight
pathogen.

Conclusion

There are different genetic markers for evaluating genetic
morphological, biochemical and DNA markers.
Morphological markers are a classical method to distinguish
variation based on the observation of the external morphological
differences (phenotypic characters) such as flower color, seed
shape, growth habits or pigmentation although morphological
markers are technically simple, they having several limitations.
Biochemical and DNA markers are developed to overcome
limitations of morphological data although it does not mean
that any of the biochemical or molecular techniques or both
replace morphological marker. Molecular markers have several
advantages over morphological markers. Isoenzyme is popular

variation:

biochemical markers that used in diversity analysis of different
plants. Isoenzyme electrophoresis of chickpea had revealed
insufficient polymorphism particularly in cultivated chickpea as
a result of a narrow genetic variability.

Molecular markers such as SSR and SNP are useful for
construction of high density genetic maps of chickpea. These
maps will be useful in identification of genes/QTLs associated
with stress resistance as well as quality traits for undertaking
extensive molecular breeding in chickpea. Systematic pathogen
surveys to identify new virulence and to get an insight into
their regional distribution will help in devising appropriate
management strategies for controlling important fungal
diseases. Novel biotechnological approaches are required for
introgression of useful traits from the wild Cicer species, a
resource that is yet to be harnessed effectively.
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