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Abstract

In advance research studies the PCR based molecular markers have a great contribution in genome analysis and
marker-assisted selection. In the present study, we have utilized RAPD and SSR markers for linkage analysis with chickpea
yield contributing traits. For that purpose, we were obtained 70 chickpea (Cicer arietinum L) accessions from Plant Genetic
Resource Program (PGRP), National Agriculture Research Centre, Islamabad, Pakistan. It was found that 100 seed weight
was highly significantly correlated with seed size quantitatively. For linkage analysis, 20 RAPD and 30 SSR makers were
utilized. In the makers, 5 RAPD and 15 SSR were polymorphic and showed significant levels of coefficient of variation.
None of the RAPD primer was linked to seed size and seed weight while, SSR markers TA72 and TA130 showed linkage
and sorted chickpea accession on the basis of seed weight and seed size. The majority of accessions of USA origin was
observed with maximum100 seed weight (30-57gm) and medium to large (7.2-9.9mm) size seeds including one of the
accession 2562 of Pakistani origin also with large size seeds. Hence, the linkage of these makers and the use of large and
medium size seeds may enhance the yield of chickpea plant in Pakistan.

Key words: Chickpea, Seed weight, Seed size, RAPD and SSR markers, Linkage analysis.
Introduction
In Pakistan the legumes are considered the best
option to support large population food requirements after
animal proteins (Akbar et al., 2011). Chickpea (Cicer
arietinum L.) is a significant sustenance legume of the
temperate and semi-arid tropics used by the people all
over the world due to its high nutritious value. The
production of chickpea however, is not up to the actual
demand of the present day densely populated regions like
Pakistan because no true work has been observed so far to
improve the yield due to an extensive slit existing
between its actual yield and potentiality (Pankaj, et al.,
2001 and Sharif, 2004). Therefore, it is worthwhile to
evaluate different growth parameters in order to increase
the yield of a crop.
Seed size having a direct relationship with seed
weight in chickpea is one of the important growth
parameters to consider for increasing the yield
(Narayanan et al., 1981; Vadivelu & Ramakrishnan,
1983; Dahiya et al., 1985; Upadhyaya et al., 2006). The
genetical studies and understanding of the pattern of
inheritance of traits in crop plants are required to develop
seed of a specific size to meet market demand (Hossain,
2010). There is a great variation existing in seed size of
chickpea Desi and Kabuli types, but sometimes Kabuli
types appeared as small as the size found in Desi type and
the latter has attained a larger size of Kabuli type (Kumar
& Singh 1995). The earlier workers include Sharma et al.,
(1969); Sandhu & Singh, (1972); Gupta et al., (1972);
Katiyar et al., (1970) and Wadud & Yaqoob, (1989)
reported that grain yield has a positive relationship with
100 seed weight.

The grain yield and many related traits correlation
coefficient showed a direct and indirect relationship among
these traits, hence on the basis that the breeder can select
the most effective traits to release varieties (Ulukan et al.,
2003, Yucel et al., 2006). In most of the previous research
the linkage of the two valuable quantitative traits (100 seed
weight and seed size) was examined in the chickpea F2
generation and recombinant inbred line (RIL) populations
developed for QTL analysis using the molecular markers
for future marker-assisted breeding strategies (Hossain,
2010). It is difficult and time consuming procedure to select
and identify the yield contributing components by
developing certain lines. In addition, for selection of better
yield producing parents, marker assisted selection (MAS) is
considered now more useful tool than conventional
breeding methods to improve the production rate of
chickpea plant. Marker assisted selection is most
effectively used as an alternate method to replace the
traditional breeding programs (Allahverdipoor et al., 2011).
In advance research studies the PCR based molecular
markers have a great contribution in genome analysis and
marker-assisted selection (Datta et al., 2010). There are
many studies where PCR based marker RAPD has been
opted for assessment of genetic diversity and germination
patterns (Pervaiz et al., 2010; Mumtaz et al., 2010; Jan et
al., 2011; Shinwari et al., 2011; Akbar et al., 2011)
Recently, the technology of molecular marker has been
greatly developed for plant breeding. In this way the SSR
techniques can be used for direct selection of desirable
traits, when linked them with traits of interest (Edwards &
Mogg, 2001). The present study is proposed to check the
level of genetic correlation of seed size and seed weight
and it was further hypothesized that, is there any sort of
linkage of the quantitative traits (yield contributing traits)
with the molecular markers: RAPD and SSR markers.
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matrix was analyzed using cluster analysis and Two-way
Joining Tree (McCune & Grace, 2002).

Material and Methods
Plant material: A total of 70 local and exotic
accessions obtained from Plant Genetic Resource
Program (PGRP), National Agriculture Research Centre,
Islamabad, Pakistan. Recommended agricultural
practices were carried out till harvest. The plants were
grown in the field of Malakand University in
Randomized Complete Block Design (RCBD) in
replicate for the purpose to achieve pure lines. The
plants were harvested in 2011-2012.
Categories: The accessions were categorized into three
classes: (i) small (ii) medium (iii) and large based on the
length and width of each seed and the size was measured
by the procedure defined by Ahirwar, 2012. The data
obtained in centimeter (cm) was then converted into
millimeter (mm) for valid comparisons. The samples of
seeds were categorized into different size ranges from 3 to
9.9 mm (Table 1). The mean values of 100 seed weight,
however were taken from already scored data and the
correlation coefficient was estimated by following Ahmad
et al., 2012.
Polymerase chain reaction: For PCR reaction, DNA
was extracted from 70 accessions using Kang et al.,
1998 described a protocol. The DNA was quantified
with the help of spectrophotometer (Manning, 1991).
For RAPD analysis the PCR reaction was optimized
with initial denaturation temperature 94ºC for 3 minutes,
annealing 34-40 ºC for 1 minute and final extension
temperature 72ºC for 5-7-minutes. While, for SSR
markers the PCR conditions were the same with
exception of annealing temperature, which was 50-56
for 1 minute. Data of both RAPD and SSR markers
were scored and the binary data matrixes were
developed. The matrix was subjected for statistical
analysis, i.e., Standard deviation, t-test and correlation
coefficient by statistical software “STATISTICA
version 6” (Nisar et al., 2008). For linkage analysis the

Results
Correlation: The correlation study was carried out
among 100 seed weight, seed size and unique SSR locus 1
and 2. It was found that 100 seed weight was highly
significantly correlated with seed size; unique locus 1 and
2, at 0.50, 0.64 and 0.69 levels respectively. Furthermore,
seed size was also highly significantly correlated with
both unique loci at 0.596 and 0.615 levels, respectively
with p≥0. 001 (Table 2).
Frequency distribution: Out of 70 accessions, 40% were
having seed size ranged 3-4 mm and categorized into
small seed size germplasm. While 44% were ranged from
4.2–7.2 mm and 16% ranged from 8-9.9 mm seed length,
they were categorized into medium and large size
respectively. The cumulative frequency was calculated,
which showed that 84% were small and medium sized
ranged from 4.2–7.2 mm in length (Table 3: Fig. 1). It is
evident from table 4 that medium and large size chickpea
accessions have attained maximum 100 seed weight,
ranged from 29.26-57.18gm.
Genetic diversity: The accessions were tested through
20 RAPD and 30 SSR markers for estimation of genetic
diversity in the collected lines based on loci presence
and absence. Out of which 5 RAPD and 15 SSR markers
were polymorphic, while the remaining markers did not
consider for further analysis due to their poor
amplification, reproducibility and monomorphic nature.
Among RAPD markers, UBC 733b, UBC 181 showed
89.80 and 77.43% allele polymorphism respectively
(Table 5). While among the SSR markers CaSTMS15,
CaSTMS2, TA194 and TA71 indicated 97.88%,
82.24%, 71.19% and 70.46% allele polymorphism
respectively regarding genetic variability among the
accessions (Table 6).

Table 1. A seed size distribution based on length and width of chickpea accessions.
S.#

1.

2.

Seed size

Seed class

(mm)

Distribution

3- 4

4.2- 7.2

Small

Medium

Representative accessions

8 ≥ 9.9

Large

Origin

1898, 1936, 1998, 2023, 2188, 2237, 2272, 2273,
2278, 2532, 2544

Pakistan

2595, 2611, 2616, 2629, 2650, 2831, 3011, 3015,
3016 3033, 3035, 3041, 3057

USA

1995, 2234, 2235, 2236, 2430, 2441, 2473, 2497,
2499, 2531, 2553

Pakistan

2654, 2819, 2859, 3017, 3020, 3021, 3023, 3024,
3027, 3031, 3032, 3037, 3039, 3040, 3042, 3044,
3045, 3046, 3058, 3059, 3062, 3063, 3065, 3066

USA

2558, 2562
3.

Country of

2855, 3022, 3026, 3043, 3047, 3054, 3056, 3061
3064

Pakistan
USA
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Table 2. Correlation of 100 seed weight, seed size and
SSR loci in chickpea70 accessions.
Traits
100 seed weight
Seed size
100 seed weight
1.000
0.504**
Seed size
0.504**
1.000
Unique SSR –locus1
0.644**
0.596**
Unique SSR -locus 2
0.69**
0.615**
**p≥0.001 denoted the correlation is highly significant

S. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

2115

Table 3. The frequencies and cumulative frequencies
of seed size categories in chickpea 70 accessions.
S.
No.

Seed size
distribution

Frequency Cumulative
(%)
frequency

Ranged

1.

Small

40

40

3-4 mm

2.

Medium

44

84**

4.2-7.2 mm

3.

Large

16

100

8-9.9 mm

Table 4. The accessions of medium and larger size with maximum 100-seed weight.
Accession No.
Origin
Mean/100 seed weight
Seed size (mm)
3056
USA
57.18
9.9
3037
USA
56.66
4.2
3054
USA
53.16
9.9
3043
USA
46.19
9.9
44.27
4.2
3040
USA
3065
USA
39.37
7.2
3027
USA
37.65
4.2
3026
USA
37.63
9.9
3063
USA
37.11
7.2
3059
USA
35.51
7.2
3058
USA
32.53
7.2
3021
USA
31.78
7.2
3023
USA
31.72
7.2
2654
USA
31.15
4.2
3020
USA
31.12
7.2
3047
USA
30.92
8
3064
USA
30.70
8
2562
Pakistan
30.33
8
3022
USA
29.81
8
3061
USA
29.26
9.9

Category
Large
Medium
Large
Large
Medium
Medium
Medium
Large
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Large
Large
Large
Large
Large

Table 5. Sequences of the RAPD primers used in the present study for molecular analysis of chickpea germplasm.
S. No.
Primer
Sequence
Bands
Mean
Std. Dev.
t-value
Coef. Var.
1.
UBC 733b
GGGAAGGGAG
17
1.11
1.00
9.32
89.80**
2.
UBC 181
ATGACGACGG
17
1.26
0.97
10.81
77.43**
3.
OPA4
AATCGGGCTG
9
1.77
0.64
23.12
36.18
4.
OPA9
GGGTAACGCC
6
1.86
0.52
29.95
27.94
5.
OPG13
CTCTCCGCCA
16
1.94
0.34
48.44
17.27
St. Dev. = Standard deviation, Coef. Vr. = Coefficient of variation

Linkage analysis of SSR markers: The observed
results with regard to linkage analysis of 20 RAPD and
30 SSR markers revealed that only SSR markers TA72
and TA130 were linked with 100 seed weight and seed
size (Figs. 2, 3). To check the linkage distances of the
accessions with respect to the linked SSR markers, the
banding profile of each utilized maker was scored. The
presence of alleles (bands) was scored as “1” and
absence of allele noted as “0”. For estimation of linkage
distance the scored data was put in binary data matrix to
develop dendrogram based on Un-weighted Pairs Group
Mean Average (UPGMA). Based on genetic distance
with respect to genetic disagreement, 70 accessions were
grouped into two lineages, L- I and L- II at a linkage
distance 0.6. While at a linkage distance 0.4 the lineage-

I comprised of cluster-1, based on the presence and
absence of alleles, enclosed category 2 (Medium) and
category 3 (large) seeds with presence of both the alleles
for seed weight and size. Cluster-2 of the same lineage
included the seeds of small size represented by category
1 indicated the allele for seed size only. On the other
hand cluster- 3 of lineage- II enclosed medium
(category-2) and large (category-3) size accessions with
presence of allele for seed weight only. Similarly
cluster- 4 of lineage- II, grouped medium, large and
small categories of seeds which did not score any allele
for 100 seed weight and seed size (Fig. 4). The linkage
distance of the accession was retested through Cross
validated interpretation of two- way clustering, which
showed the same pattern of linkage (Fig. 5).
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Table 6. Sequences of the SSR primers used in the present study for molecular analysis of chickpea germplasm.
S. No.

Name

Sequences forward/Reverse

Bands

M.Wt (bp)

t-value Coef. Vr.

2

114/110

10.173

82.24**

1.

ATTTTACTTTACTACTTTTTTCCTTTC
CaSTMS2
AATAAATGGAGTGTAAATTTCATGTA

2.

CaSTMS15

CTTGTGAATTCATATTTACTTATAGAT
ATCCGTAATTTAAGGTAGGTTAAAATA

1

159

8.547

97.88**

3.

CaSTMS21

CTACAGTCTTTTGTTCTTCTAGCTT
ATATTTTTTAAGAGGCTTTTGGTAG

1

60

12.689

65.94**

4.

TA72

GAAAGATTTAAAAGATTTTCCACGTTA
TTAGAAGCATATTGTTGGGATAAGAGT

1

198

39.256

21.31

5.

TA130

TCTTTCTTTGCTTCCAATGT
GTAAATCCCACGAGAAATCAA

1

219

13.134

63.7**

6.

TA194

TTTTTGGCTTATTAGACTGACTT
TTGCCATAAAATACAAAATCC

2-3

204/190

4.887

71.19**

7.

TA71

CGATTTAACACAAAACACAAA
CCTATCCATTGTCATCTCGT

1

202

11.874

70.46**

8.

TA22

TCTCCAACCCTTTAGATTGA
TCGTGTTTACTGAATGTGGA

1

228

18.262

45.81

9.

TA200

TTTCTCCTCTACTATTATGATCACCAG
TTGAGAGGGTTAGAACTCATTATGTTT

1

296

19.238

43.49

10.

TA46

TTTATTGCAATAAAACTCATTTCTTATC
TTCTTTTTGTGTGAAAAAAAAATATAGTA

1

239

16.613

50.36**

11.

TA135

TGGTTGGAAATTGATGTTTT
GTGGTGTGAGCATAATTCAA

1

192

19.238

43.49

12.

TR1

CGTATGATTTTGCCGTCTAT
ACCTCAAGTTCTCCGAAGT

1

224

13.134

63.7**

13.

TR7

GCATTATTCACCATTTGGAT
TGTGATAATTTTCTAAGTGTTTT

1

204

23.125

36.18

14.

TR29

GCCCACTGAAAAATAAAAAG
ATTTGAACCTCAAGTTCTCG

2

220/270

39.256

21.31

15.

TR31

CTTAATCGCACATTTACTCTAAAATCA
ATCCATTAAAACACGGTTACCTATAA

1

217

15.906

52.6**

M. Wt. = Molecular weight maker, Coef. Vr. = Coefficient of variation

Discussion

Fig. 1. A comparative graph between frequency (%) and
cumulative frequency of seed size grouping in chickpea local
and exotic accessions. Series-1= frequency (%), series-2=
cumulative frequency (%).

Chickpea crop is recently organized by number of
prodigious disorders, including multiple disease, stress and
other environmental stresses which directly affecting upon
the yield (Jenkins, 2011). The day to day increasing
population made chickpeas as foremost wealth and important
food legume for people because of its higher nutritional and
medicinal value can be used for future food security in the
country. Therefore, it is imperative to adopt suitable
strategies to develop high yielding varieties which are the
main objective of the breeders (Singh & Auckland, 1975;
Byth et al., 1980; Lal & Tomer, 1980). The significant
correlation in yield contributing traits has been always
helpful in the establishment of trait improvement. In
correlation studies 100 seed weight was found positively
highly significantly correlated with grain yield (Ahmad et
al., 2012). Seed weight a valuable quantitative trait was also
proposed as an accurate measure of chickpea seed size
(Upadhyaya et al., 2006). Therefore, to produce seed of an
ideal size, the yield may also be improved (Hossain, 2010).
In present investigation 100 seed weight was found a stable
trait and positively highly significantly correlated with seed
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size, also reported by Bicer, 2009. It is evident from the
study that medium and large size chickpea accessions have
conquered maximum 100 seed weight, ranged from 3057gm. Thus the use of large and medium size seeds may
enhance the yield. Similar findings were obtained Stougaard
& Xue, 2005 and Royo et al., 2006, in wheat by estimating
18% increase in yield while using seeds of larger size and
16% decrease with the use of small size seeds. Among the
total evaluated germplasm a high (44%) frequency (%) was
recorded for medium size chickpea lines followed by smaller
and larger type of seeds. Similarly the cumulative frequency
of the large size accessions was intended to calculate as
100%, such as (%) however indicating an excellent future
trend in chickpea yield enhancement.
In linkage analysis of 20 RAPD and 30 SSR markers,
only SSR markers TA72 and TA130 have shown linkage
with 100 seed weight and seed size respectively. In
addition, among RAPD markers UBC181 and UBC733b
have shown 89.80% and 77.43% allele polymorphism
respectively, which was calculated 97.88%, 82.24%,
71.19% and 70.46% using SSR markers CaSTMS15,
CaSTMS2, TA194 and TA71 respectively. Thus the
significant coefficient of variation found among the
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accessions based on loci presence and absence determined
stability by measuring genetic diversity in chickpea
accessions.
The dendrogram however constructed based on
UPGMA percent disagreement characterized by the
presence and absence of specified alleles using TA72 and
TA130 resulted in groups of 70 accessions into four
clusters. This grouping was based either on the presence of
loci for both the selected traits (100 seed weight and seed
size) or for a single trait only (100 seed weight or seed
size). In addition, cluster-1 was examined the group of
medium and large size seeds with the presence of both loci
for allele 1 and 2, indicated that the accessions with high
(%) of seed weight have also shown larger seed size
irrespective of Desi or Kabuli type. Similar markers were
also reported by Hossain, 2010, who determined that the
inheritance of 100 seed weight was not influenced by any
environmental factor and the small sized seed character is
due to maternal effect which prohibited the full expression
of larger seed size. These results were accorded with the
findings of Rastogi, 1979; Malhotra et al., 1997 and Kumar
& Singh, 1995. While Niknezad et al., 1971 observed
larger seed size, dominant over small size.

Fig. 2. SSR-PCR amplification Products of chickpea local and exotic accessions using SSR primer TA72 (198bp) with 50 bp ladder.

Fig. 3. SSR-PCR amplification Products of chickpea local and exotic accessions using SSR Primer TA130 (219bp) with 100bp ladder.
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Fig. 4. Dendrogram of 70 chickpea accessions based on SSR data for 100 seed weight and seed size using UPGMA Percent disagreement.

Seed weight/size

Unique SSR –locus1

Unique SSR –locus2

Fig. 5. Cross validated interpretation of two- way clustering in chickpea 70 accessions based on binary data matrix of SSR makers.
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Conclusion
Seed weight and seed size are important growth
parameters and having a direct relationship with each
other because in chickpea, seeds of quality, size ranged
from medium (7.2 mm) to large (8-9.9 mm) irrespective
of Desi or Kabuli type have given comparatively better
and higher yield in the evaluated germplasm. Thus the use
of molecular markers in linkage analysis of yield
contributing quantitative traits may provide a better
chance to isolate medium to large size chickpea seeds to
improve the production rate of the crop.
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