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ABSTRACT

(Cicer arietinum L.) is one of the important legume rabi season crop in production among
the world pulse crops. The aim of the study was to identify quantitative trait loci (QTLS)
linked to seed yield and yield related traits in a recombinant inbred lines (RIL) derived

Keywords from the cross of Fusarium wilt susceptible (JG62) and resistant (WR315). The population

consisting of 125 RILs was grown under field condition over two seasons. The population
RILs, Linkage were genotyped with sixty polymorphic markers and phenotyped for agronomic and yield
group, Genetic map, related traits. A genetic map composed of two linkage groups (LGs) covering 768.92 cM
QTLs, PVE was constructed. QTL analysis was performed by composite interval mapping (CIM) using
Article Info ICIM QTL Mapping version 4.00 software. Total five QTLs were identified for

productivity related traits with a LOD score from 3.18 to 11.42. One QTL (gPods 13-2-1)
Accepted: for number of pods per plant explaining a phenotypic variance (PVE) of 11.05% were
02 May 2018 observed in 2013, four QTLs were identified in 2014, two QTLs (gFlowering 14-1-1 and
Available Online: gFlowering 14-1-2) for days taken to 50% flowering explaining a PVE of 28.07% and
10 June 2018 40.10% respectively and two QTLs (qTW 14-1-1 and qTW 14-2-1) for 100 seed weight

explaining a PVE of 11.56% and 19.29% respectively. The identified markers could be
used in marker assisted selection (MAS) in chickpea breeding programmes after
validation.

Introduction of the world chickpea production followed by

Australia (6.21 %), Pakistan (5.73 %), Turkey

Chickpea (Cicer arietinum L.), is an annual
self-pollinated and diploid (2n=16) most
important grain legume rabi season crop with
genome size of ~738 Mb (Karami et al.,
2015). Globally, chickpea is cultivated on
11.55 million hectares with an annual
production of 10.46 million tons and average
productivity of 905 kg/ha. India is the largest
producer of chickpea, accounts for about 70 %
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(3.86 %), Myanmar (3.74 %), Iran (2.25 %),
USA (0.84 %), Canada (0.78 %), and Mexico
(0.62 %) (FAO, 2015).

Chickpea was first cultivated in an area of
south-eastern Turkey and adjoining Syria but
is now cultivated throughout the semi-arid
regions of the world (Knights et al., 2007). In
cultivated chickpea, there are two distinct
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types - desi and kabuli, mainly based on their
seed colour and shape. Desi chickpea is
usually small seeded, angular in shape, with
seed colours ranging from white to black, and
seed surface is smooth or rough. The aerial
plant parts usually have anthocyanin
pigmentation and the plants usually have pink
or purple flowers with semi-erect or semi-
spreading growth habit. They are mostly
distributed in south Asia, Ethiopia, Tanzania
and to some extent in Mexico, and Iran. They
are adapted to winter sowing in the sub-tropics
and hilly areas of tropics. The kabuli, on the
other hand, are usually large seeded with
Owl's head shape and white or light pinkish
seed coat. The plants are green, lack
anthocyanin pigmentation and the flowers are
white with semi-spreading growth habit.
Kabuli chickpea is distributed mainly in the
Middle East and Mediterranean region, Spain,
Chile and Mexico and are adapted to spring
sowing at higher altitudes. In recent years
these are also grown in the United States of
America (Karami et al., 2015).

Yield is a complex trait, resulting from
complete development of the plant. Therefore,
yield usually shows low heritability. In
chickpea, correlations have been reported
between seed yield and its components (seeds
per pod, pods per plant, seeds per plant, yield
per plant, seed size, etc.) (Maynez et al., 1993;
Karami, 2011; Talebi and Karami, 2011).
However, results obtained do not tend to
corroborate each other possibly because of the
differences in the material used (collections or
segregate  populations) or environments
(different locations or years). Number of days
to flowering is an important trait for crop
adaptation and productivity, especially under
dryland farming systems that experience
terminal drought conditions. Therefore, the
ability to manipulate flowering time is an
essential component of chickpea improvement
(Kumar and Abbo, 2001). The low yield of
chickpea is mostly due to its susceptibility to
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various biotic and abiotic stresses. Molecular
marker based linkage maps have been useful
in identifying and localizing important genes
controlling both qualitatively and
quantitatively inherited traits in a wide range
of species (Tanksley et al., 1989). Marker
assisted selection (MAS) of agronomical
desirable traits such as yield, quality, biotic
and abiotic stress resistance, etc. requires an
intra-specific linkage map saturated with co-
dominant and single-locus PCR based markers
like SSRs. SSRs also enable transfer of
linkage information among maps developed
from different populations and can be used as
anchors to combine the maps to develop a
highly saturated consensus map.

MAS provides an efficient means of selecting
specific alleles, and also for selecting against
undesirable traits introduced as a result of a
wide cross. The identification of appropriate
markers requires the definition of linkage
relationships, and some of the requisite
mapping populations in chickpea have been
developed from crosses between C. arietinum
and C. reticulatum (Simon and Muehlbauer,
1997; Winter et al., 2000; Tekeoglu et al.,
2002; Abbo et al., 2005).

Several attempts have been made to map
quantitative trait loci (QTLs) and their
flanking regions for different agronomic traits.
Cho et al., (2002) developed an intraspecific
genetic linkage map and determined map
positions of genes that confer double
podding(s) and seed traits using a population
of 76 Fyo derived RILs from the cross ICCV 2
(large seeds and single pods) x JG 62 (small
seeds and double podded). Further, several
molecular studies has been reported for
agronomic traits (Abbo et al., 2005;
Lichtenzveig et al., 2006; Cobos et al., 2009;
Hossain et al., 2010; Gowda et al., 2011,
Jamalabadi et al., 2013; Saxena et al., 2014;
Karami et al., 2015; Das et al., 2015). These
maps have allowed for a range of genes and
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QTL to be linked to markers because these
maps are based on different mapping
population, traits, location and years (Winter
et al., 2000; Abbo et al., 2005; Cobos et al.,
2006). However, no single population would
segregate for all the economic traits of
interest, genes for those traits need to be
mapped on linkage maps developed from
different segregating populations. As the map
becomes saturated with more markers,
complex traits could be dissected and utilized
efficiently in breeding programs. Therefore,
the objective of the present study was to
construction of a genetic linkage map and
molecular marker analysis to identify QTLs
that control seed yield and yield related traits
using a recombinant inbred lines (RILS)
developed from intraspecific cross between
JG62 and WR 315. The identified QTLs/
linked markers can be utilized for MAS in
improving the yield of chickpea.

Materials and Methods
Plant material

A set of 125 intraspecific Fip.11RILS of a cross
between JG 62 (susceptible) and WR 315
(resistant) segregating for Fusarium wilt (FW)
resistance were selected. The genotype JG 62,
is an Indian origin desi type, early flowering,
double podded whereas, WR 315 is a desi
landrace from central India and resistant to
race 1A, race 2, race 3, race 4 and race 5 of
FW (Mayer et al., 1997).

The mapping population (RILs) was
developed by single seed descent method and
evaluated for six morphological traits: days to
50 % flowering, plant height at maturity (cm),
number of branches per plant, number of pods
per plant, seed yield per plant and test weight
under field conditions over two rabi seasons
2013 and 2014 at University of Agricultural
Sciences, GKVK, Bengaluru. The first season
trial was laid out in Augmented design and
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second season Randomized Complete Block
design with two replications. However, in both
the seasons each line was grown in a row of
2.5 m length with 30 cm spacing between
rows and 10 cm with in row. All the
recommended agronomic practices with
regular irrigations were followed for better
crop growth.

Genomic DNA extraction and marker
analysis

The genomic DNA was extracted from
vegetative buds and young leaves of RILs and
parental lines by CTAB method with slight
modifications (Doyle and Doyle, 1990). DNA
quantity and quality were assessed with a
spectrophotometer. A set of  novel
microsatellite markers developed at National
Institute of Plant Genome Research (NIPGR),
New Delhi, along with earlier reported SSR
markers were used to survey parental
polymorphism (Jhanwar et al., 2012). The
genic SSRs  were developed from
transcriptome sequence of various tissues of
chickpea variety 1CC4958, wusing next
generation sequencing platforms (Garg et al.,
2011). The genomic markers were based on
the draft genome sequence of desi chickpea
(Jain et al., 2013). The parental lines JG62 and
WR315 were tested for polymorphisim with
SSR markers in 10uL reactions using thermal
cycler (Master cycler gradient, Eppendorf,
Hamburg, Germany). The PCR products from
each tube along with5 yL of loading dye were
separated electrophoretic ally using 3.0%
agarose gels containing 0.05 ug/mL ethidium
bromide and 8% PAGE with silver staining.
The amplification products were examined
under UV light and photographed using Alpha
digidoc 1000 system (Alpha Innotech
Corporation, USA) gel documentation system.
The polymorphic markers were used to
genotype all the RILs and the data was
recorded and subsequently used for mapping
studies.
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Linkage constriction

analysis

map and QTL

The segregation of markers was tested for
goodness of fit to the expected ratio of 1:1
using chi-square (y2) test (P <0.05). Single
marker analysis and linkage mapping was
performed using ICIM QTL Mapping version
4.00 software (http://www.isbreeding.net). A
minimum LOD of 3.0 and maximum
recombination fraction of 0.3 were set as
threshold value for linkage groups (LGS)
determination. ‘Ripple’ command was used
after adding each marker locus to confirm
marker order. Recombination frequencies
were converted into genetic distances in
centimorgans (cM) using Kosambi mapping
function (Kosambi, 1944). Furthermore, the
genotypic data combined with phenotypic data
obtained from two seasons of field data on 125
RILs, were analysed for identification of the
QTLs using ICIM QTL Mapping version 4.00.
The QTL analysis was performed by
composite interval mapping (CIM) (Jansen
and Stam, 1994; Zeng, 1994). A minimum
LOD score of 3.0 was used for declaring the
presence of a putative QTL.

Results and Discussion
Linkage map

A set of 400 SSRs markers were screened for
polymorphism on the parents (JG 62 and WR
315) of RILs and a total of 60 SSRs primers
were consistently polymorphic between the
parents. All the polymorphic primers were
used for genotyping and the entire mapping
population consisting of 125 RILs was
screened.

The segregation of individual markers for the
expected monogenic 1:1 ratio in the RILs was
tested using Chi square test. Out of 60 SSR
markers screened 9 (15 %) showed
segregation distortion (P<0.05) from the
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expected Mendelian ratio (1:1) and five
markers were skewed towards female parent
and four marker towards the male parent. Of
the 60 markers used for mapping, 56 markers
were mapped in two linkage groups (LGSs)
spanning a total length of 768.92 ¢cM with an
average marker density of 13.73 cM (Fig. 1).
The length of the linkage group ranged from
smallest 35.93 cM (LG 2) to largest 732.99
cM (LG 1). The number of markers mapped
per linkage group varied from 3 (LG 2) to 53
markers (LG 1). The highest marker density
was observed in LG 2 with an average marker
density of 11.98 cM and the least marker
density of 13.83 cM was observed in LG 1.

The single marker analysis was carried out to
identify the putative markers associated with
agronomic and yield traits at different seasons
based on phenotypic variance (PVE %). A
total of five markers were associated with seed
yield and vyield related traits with a range of
phenotypic variance from 11.05% to 17.86%
(Table 1). The marker GSSR 87 (17.86%) was
strongly associated with test weight in rabi
2014. The markers GSSR 18 (16.69%), TA
117 (16.88%) and TAA 55 (14.83%) also
showed significant association with test
weight in 2014 season. Similarly, GSSR 18
(11.05%) and UASBC 4 (11.52%) showed
linkage to numbers of pod per plant in 2013
and days taken to 50% flowering in 2014
respectively.

QTL analysis
QTLs analysis for rabi 2013

Only one QTL (qPods 13-2-1) for number of
pods per plant was identified in 2013. The
QTL was located on LG 2 with a LOD score
of 3.18 and flanked by GSSR 18 and NCPGR
48 markers (Table 2). The QTL explained
phenotypic variation of 11.05 % for the trait
and had positive additive effect (6.76) with
male parent contributing for favourable allele.
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QTLs analysis for rabi 2014

A total of four QTLs were identified in 2014
(Table 2), two QTLs (gFlowering 14-1-1 and
gFlowering 14-1-2) for days taken to 50%
flowering and two QTLs (qTW 14-1-1 and
qTW 14-2-1) for 100 seed weight.

Two QTLs (NCPGR 45 - H4G11 and UASBC
4 - TA 72) for days to 50% flowering were
located at 150.0 cM and 205.0 cM on LG 1
and both the QTLs were detected with a LOD
score of 7.26 and 11.42 respectively. The first
(NCPGR 45- H4G11) and second (UASBC 4 -
TA 72) QTLs explained a phenotypic variance
of 28.07 % and 40.10 % for the trait.

The additive effect of QTLs (NCPGR 45 —
H4G11 and UASBC 4- TA 72) had negative (-
1.18) and positive (1.41) with a favourable
alleles were contribution from female and
male parent respectively, for days to 50%
flowering.

Two QTLs (TA 117-GSSR 87 and GSSR 18-
NCPGR 48) for 100 seed weight were located
at 686.0 cM and 6.0 cM on LG 1 and LG 2
and the QTLs were detected with a LOD score
of 3.89 and 3.77 respectively. The QTLs (TA
117 - GSSR 87; GSSR 18 - NCPGR 48)
explained a phenotypic variance of 11.56 and
19.29 % respectively and favourable allele
was from female parent with an additive effect
of —0.47 and — 0.69 respectively.

In the present investigation we are reporting
new genomic markers (GSSR 18 and GSSR
87) linked to number of pod per plant and test
weight respectively and genic marker
(UASBC 4) linked for days to 50% flowering.

Furthermore, it is interesting to note that two
QTLs influencing number of pods per plant
and test weight (qPods 13-2-1; qTW 14-2-1)
were located in the same genomic region of
LG2. These QTLs identified in the present
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study were different and not reported earlier.
Therefore, these QTLs are to be further
confirmed before using them in breeding
programmes.

Chickpea is a major food legume and an
important source of protein in many countries
in Asia. Its production in these countries is
still low (0.78 t/ha) and limited by biotic and
abiotic stress factors (Upadhyaya et al., 2001).
Seed yield is a complex character controlled
by several genetic and environmental factors
and depends on the interaction of many other
characters.

We have identified QTLs for three agronomic
and yield traits in chickpea using a set of RILs
as a mapping populations. Total 400 SSRs
markers were screened and of 60 markers
were found polymorphic between the parents
JG 62 and WR 315. The Chi square results
observed that 9 (15 %) markers showed
segregation distortion (P<0.05) from the
expected Mendelian ratio (1:1) and five
markers were skewed towards female parent
and four marker towards the male parent. The
observed segregation distortion in present
study is most favour of the maternal alleles
(JG 62) as reported from Flandez-Galvez et
al., (2003).

This might be due to accumulation of distorted
alleles in the population with progressive
cycles of selfing undergone in the
development of the RILs (Flandez-Galvez et
al., 2003). Segregation distortion affects the
estimation of map distances and the order of
markers when many distorted markers are
used for linkage map construction and hence
affects the QTL analysis. Though, Winter et
al., (2000) observed different amounts of
segregation distortion for different classes of
markers, he reported that segregation
distortion is less related to the class of affected
markers than to the genomic region where
they resided.
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Fig.1 Linkage map showing QTLs identified for agronomic traits in JG62 x WR315 mapping
population of chickpea
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Table.1 Single marker analysis for seed yield and yield traits

Trait Linkage Marker Max | PVE (%) | Additive
Group LOD effect
2

GSSR 18 3.18 11.05 6.76
1 UASBC 4 3.33 11.52 0.75
1 TA 117 5.02 16.88 -0.57
1 GSSR 87 5.34 17.86 -0.59
1 TAA 55 4.35 14.83 -0.54
2 GSSR 18 4.96 16.69 -0.61

PVE = Phenotypic variation explained by the marker

Table.2 QTLs detected for seed yield and yield related traits in RILS

Number of

Rabi
2013

Seasons Trait Linkage | Flanking
group marker
2

GSSR 18-

QTL
Position

Max R Additive
LOD | (%) effect
Score

6.76

3.18 11.05

pods per plant NCPGR 48
Rabi Days for 50 % 1 NCPGR 45-  150.0 726 28.07 -1.18
2 flowering H4G11
Days for 50 % 1 UASBC 4- 205.0 11.42 40.10 1.41
flowering TAT72
Test weight 1 TA 117- 686.0 3.89 1156 -0.47
GSSR 87
Test weight 2 GSSR 18- 6.0 3.77 1929 -0.69
NCPGR 48

Only two out of eight possible linkage groups
were obtained in the present study and map
obtained is also less dense compared to earlier
workers [Winter et al., 2000 (2077.9 cM, 16
LG), Cobos et al., 2005 (330.03 cM, 11 LG),
Radhika et al., 2007 (509.3 cM, 7 LG and
623.9 cM 7 LG) and Nayak et al., 2010 (2602
cM, 8 LG)]. It may be due to use of less
number of markers for mapping and relaxed
recombination fraction 0.3. The different
genotypes of the same species usually show
different rates of recombination, and this
difference may sometimes be more than 20
%. For this reason, genetic distances between
given pairs of markers estimated from
different mapping populations of the same
species may not necessarily be identical.
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The mapping population is vital to have
sufficient diversity to allow mapping of
several traits using the same population. Most
of the mapping studies with molecular
markers have used either F, populations or
backcrosses. But RILs developed by single
seed descent method from F, population have
several advantages over other populations for
genetic mapping. RILs are homozygous and
they can be evaluated in different
environments, which is useful in analysis of
quantitative traits and it also helps in the
accurate assessment of the genetic component
of variance. RILs developed by selfing, there
is a 2 to 4 fold increase in the recombination
frequency between two linked markers. In the
present study RILs were evaluated for six
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yield and yield attributing traits viz., days to
50 per cent flowering, plant height at
maturity, number of branches per plant,
number of pods per plant, 100 seed weight
and seed yield per plant over two seasons.

In present study we mapped vyield related
traits such as days for 50% flowering, number
of pods per plant and 100-seed weight.
However, days to flowering is considered an
important adaptive trait because crops have to
grow in different temperature and photoperiod
regions (Khanna-Chopra and Sinha, 1987).
The Mediterranean chickpea seems to have
evolved toward long-day sensitivity, but on
the Indian subcontinent and in East Africa,
the chickpea has evolved toward short
photoperiods (Kumar and Abbo, 2001).
Furthermore, the inheritance of flowering
time in chickpea is controlled by two QTLs
with epistatic interaction (Hegde, 2010).
Oligogenic inheritance of flowering time has
been reported by Gumber and Sarvjeet (1996)
and Anbessa et al., (2006), who suggested
that two genes controlled flowering time.
Later, Kumar and van Rheenen (2000)
suggested the presence of a major gene (Efl-
1/efl-1) and minor polygenes for this trait and
these differences among reports are probably
due to differences in the parents used, but
environmental influences such as day length
and temperature may also have differed
between studies. Cho et al., (2002) also
reported a QTL for days to flowering in LG3;
they used a RIL from a cross between the
ICCV2 and JG62. Aryamanesh et al., (2010)
mapped two QTLs for days to flowering on
LG3, and Cobos et al., (2007) reported one on
LG4. Although two QTLs for days to
flowering in our study were found on LG1,
their location and markers on the linkage
group was different from those of Cho et al.,
(2002); Aryamanesh et al., (2010) and
Jamalabadi et al.,, (2013), suggesting the
presence of different genes for the control of
flowering time. It may also reflect differences
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in population, markers, and linkage map
analysis. On the other hand, Lichtenzveig et
al., (2006) reported two QTLs on LG2 and
LG8 for days to flowering, which were also
not detected in our population. Based on these
findings, it is suggests that several unknown
factors affect time to flowering in chickpea.

Several earlier published map linked markers
were on LG1 of the JV (JG 60 x Vijay) map
and LGla of the VI (Vijay x ICC4958) map,
which correspond to the LGs 1, 4 and 5 of the
chickpea reference map (Winter et al., 2000),
contained QTLs for many traits, viz. plant
height, plant spread, number of branches per
plant, number of pods per plant, yield, seed
weight and days to maturity (Gowda et al.,
2011); seed number per plant, 100- seed
weight, days to 50% flowering (Cho et al.,
2002); seed weight and lutein concentration
(Abbo et al., 2005) and seed size, yield and
days to 50% flowering (Cobos et al., 2009).

In earlier study TA 117 is one of the flanking
markers reported for various agronomic and
yield traits viz. plant spread, number of
branches per plant and days to maturity
(Gowda et al., 2011). Recently, Jingade,
(2014) in an intraspecific mapping population
identified QTLs (TA186 - GSSR 50 and
GSSR 50 - TA 72) for seed yield per plant,
QTL (TA 72 - GSSR 41) for plant height at
maturity and two QTLs (GSSR 50 - TA 72
and TA 72 - GSSR 41) for 100 seed weight.
We are also identified QTLs for seed weight
on LG 1 and LG 2 and these results were
agreed to Abbo et al., 2005; Cobos et al.,
2007 but contrast to LG9 (Cho et al., 2002).
Upadhyaya et al., (2006) reported that seed
weight was controlled by at least two major
genes, and these two QTLs also identified in
the present study might correspond to these
genes. On chickpea published map, this
genomic region was poorly saturated, so to
obtain more robust markers in this interesting
region, SSR markers will be more informative
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and effective. However, most of the markers
in present study located on LG 1 but these
markers were located on LG 2 of earlier
consensus map (Millan et al., 2010).
However, the map distances and marker
orders of the common SSR markers differed,
possibly due to the intra-specific nature of our
mapping populations.

In conclusion we have added 14 new markers
to chickpea map and new QTLs have been
identified for number of pods per plant, days
to 50% flowering and test weight. Henceforth,
these trait-regulating QTLs, once successfully
validate in diverse genetic backgrounds, can
be utilized for mapping and tagging of the
genes or QTLs governing traits such as yield
and yield-related agronomic characters, and
quality in chickpea breeding programs.
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