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Abstract Morphological traits and three molecular markers
techniques: start codon targeted (SCoT), inter-simple se-
quence repeat (ISSR) and directly amplified minisatellite
DNA (DAMD) markers were compared for fingerprinting
of 40 landraces chickpea genotypes collected from different
geographical locations of north-west of Iran. Variance anal-
ysis of ten measured morphological traits showed significant
differences existed between genotypes. Cluster analysis
based on morphological traits, divided genotypes in three
distinct clusters. Average polymorphism information con-
tent (PIC) for ISSR, DAMD and SCoT markers was 0.216,
0.232 and 0.232, respectively, and this revealed that SCoT
markers were more informative, followed by ISSRs marker,
than other markers for the assessment of diversity amongst
genotypes. Cluster analysis for three different molecular
types revealed that genotypes taken for the analysis can be
divided in three and four distinct clusters. Accessions from
same geographical regions mostly showed more genetic
similarities than those from origins far isolated apart.
These results suggest that efficiency of SCOT, DAMD and
ISSR markers was relatively the same in fingerprinting of
genotypes but SCOT and DAMD analysis are more effec-
tive in fingerprinting of chickpea genotypes. To our knowl-
edge, this is the first detailed report of a comparison of
performance among two targeted DNA region molecular
markers (SCoT and DAMD) and the ISSR technique on a
set of samples of chickpea. Overall, our results indicate that
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Abbreviations

DAMD Directly amplified minisatellite DNA
ISSR Inter simple sequence repeat

PCR Polymerase chain reaction

PIC Polymorphism information content
SCoT Start codon targeted

Introduction

The studies on genetic diversity was carried out in the region
located between South east Turkey and north-west of Iran
and the adjoining areas of Syria which has been proposed to
be the Vavilovian center of origin for the cultivated chickpea
(Cicer arietinum L.) (van der Maesen 1987; Talebi et al.
2008a). India and Ethiopia have been proposed as secondary
centers of diversity of cultivated chickpea (Harlan 1992).
However, Zeven and de Wet (1982) suggested that chickpea
has different secondary centers of diversity located in at
least four regions; the Near East Region (comprising the
Fertile Crescent), Hindustani Region (basically the current
India and East Pakistan), Central Asian Region (with
Afghanistan, Western Pakistan, Iran and the south of the
former USSR) and the Mediterranean Region (including
Lebanon and Palestine). Assessment of the extent of genetic
variability within chickpea is fundamental and important for
chickpea breeding and conservation of genetic resources,
and is particularly useful as a general guide in the choice
of parents for breeding hybrids (Talebi et al. 2008b). Today
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it is realized that the use of genetically different varieties is an
effective strategy in order to minimized genetic vulnerability
(Fatehi et al. 2011). Depending on their geographical regions,
landraces had specific genetic background that can be used in
genetic research program (Harlan 1975). In addition, land-
races are important genetic resources that improve gene pools
of modern cultivars by introducing new alleles (Nevo and
Payne 1987). Criteria for the estimation of the genetic diver-
sity can be different, which include morphological traits,
biochemical or molecular markers (Carvalho 2004; de
Vicente et al. 2005). However, it is generally believed that
the use of molecular markers is more reliable and repeatable as
compared to characterization based on morphological charac-
ters (Carvalho 2004). A number of DNA based markers are
now available for the effective quantification of genetic vari-
ation in plant species. Collectively, techniques such as AFLP,
ISSR and RAPD, have been termed as arbitrarily amplified
dominant (AAD) markers (Wolfe and Liston 1998) and are
increasingly used for diagnostic genomic fingerprinting, ge-
netic and qualitative trait loci (QTL) mapping and population
genetic studies in chickpea (Iruela et al. 2002; Talebi et al.
2008a,b; Mahmood et al. 2011). More recently, the microsat-
ellite sequences have been used as primers in polymerase
chain reaction, where repeat motifs are anchored either at 5’
or 3’ end with one or few specific nucleotides and amplify the
sequences between the two microsatellite loci referred to as
inter simple sequence repeat (ISSR) markers. In addition,
ISSRs can be targeted towards particular sequences, which
are reported to be abundant in the genome and can overcome
the technical difficulties of RFLP and RAPD (Rajesh et al.
2002). In recent years, many new alternative and promising
marker techniques have been developed in line with the rapid
growth of genomic research (Gupta and Rustgi 2004). With
initiating a trend away from random DNA markers towards
gene-targeted markers, a novel marker system called Start
codon targeted (SCoT) (Collard and Mackill 2009) was de-
veloped based on the short conserved region flanking the ATG
start codon in plant genes. SCoT markers are generally repro-
ducible, and it is suggested that primer length and annealing
temperature are not the sole factors determining reproducibil-
ity. Minisatellite DNAs are tandemly repeated regions of
genomes, many of which show high levels of length differ-
ences due to variations in the number of repeat units (Jeffreys
et al. 1985). This technique was first reported by Heath et al.
(1993) and termed as directed amplification of minisatellite-
region DNA (DAMD). It is speculated that minisatellites and
the DNA sequences flanking them are involved in inversions,
which results in their distribution on both strands in opposite
orientations. From a few morphological, AFLP and RAPD
marker-based studies in Iran, it has been reported that there
exists high morphological but low biochemical and molecular
diversity (Talebi et al. 2008a; Saeed et al. 2011; Naghavi and
Jahansouz 2005). Another study was also conducted based on
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SSR markers but was limited to a few Iranian landrace acces-
sions and additional varieties and wild spp., from other coun-
tries (Saeed et al. 2011). Here, the use of SCoT polymorphism
and DAMD marker based techniques for studying genetic
diversity was reported for the first time in chickpea genotypes.
Objectives of the present study are as follows: (1) to determine
the potential of these methodologies to generate polymorphic
markers in chickpea; (2) to investigate whether SCoT and
DAMD markers could be effectively used in determining ge-
netic relationships among chickpea genotypes compared to
ISSR markers data; and (3) to identify the relationships of
different types of molecular fingerprinting with morphological-
based clustering of genotypes.

Materials and methods
Plant materials and field evaluation

Forty landraces chickpea (Cicer arietinum L.) accessions
from different geographical location of Kurdistan province,
North-west of Iran, were investigated for the study of ge-
netic variation both at morphological and molecular level
(Table 1, Fig. 1). All chickpea landraces were sown on 15
February 2010, in well-prepared seed beds, using random-
ized block design with three replications. Seeds were hand
drilled and each genotype was sown in three rows of 4 m,
with row to row distance of 0.40 m. The trials were hand-
weeded twice and were grown under rain-fed conditions.
The grain yields (g m ?) were measured by harvesting each
plot at crop maturity. Six plants were randomly chosen from
each plot to measure the number of seeds per plant, number
of pods per plant, Plant height, number of primary and
secondary branches and 100-seed weight. For plant bio-
mass, three randomly selected plants from each plot at crop
maturity were weighted for dry plant biomass. Flowering
time were recorded when 50 % of plants in each plant
flowered. Leaf relative water content (RWC) was deter-
mined according to the methods of Barrs and Weatherley
(1962), based on the following equation:

RWC = (FW — DW)/(SW — DW) x 100,

where FW is leaf fresh weight, DW is dry weight of leaves
after drying at 85 °C for 3 days, and SW is the turgid weight
of leaves after soaking in water for 4 h at room temperature
(approximately 20 °C). Half of the third (from the top) fully
expanded leaf was used.

Genomic DNA extraction

DNA was extracted from 2 g of young leaves collected from
10 days old seedling plants of each accession using the
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Table 1 Accession, source and

origin/collection site of the Number Gene Bank Collection site Number Gene Bank Collection site

Chickpea accession used in the Accession Code Accession Code

present study
1 4339-40 Marivan 21 502640 Sanandaj
2 4340-40 Marivan 22 513040 Marivan
3 4341-40 Marivan 23 5132-40 Sanandaj
4 4342-40 Marivan 24 524940 Sanandaj
5 4445-40 Marivan 25 525040 Sanandaj
6 4927-40 Qorveh 26 5252-40 Sanandaj
7 4928-40 Qorveh 27 525340 Marivan
8 4929-40 Qorveh 28 525440 Marivan
9 493040 Qorveh 29 5255-40 Marivan
10 4931-40 Qorveh 30 537040 Sanandaj
11 4932-40 Qorveh 31 5371-40 Sanandaj
12 4933-40 Qorveh 32 537240 Sanandaj
13 4934-40 Qorveh 33 537340 Sanandaj
14 4935-40 Qorveh 34 537540 Sanandaj
15 493640 Qorveh 35 5377-40 Sanandaj
16 4937-40 Qorveh 36 537840 Sanandaj
17 4938-40 Qorveh 37 5379-40 Sanandaj
18 5023-40 Sanandaj 38 538040 Saqez
19 5024-40 Sanandaj 39 5381-40 Marivan
20 5025-40 Sanandaj 40 40-53387 -

CTAB method (Lassner et al. 1989) with the modification
described by Torres et al. (1993). The final concentration of
DNA was determined by agarose-gel electrophoresis using a
known concentration of uncut A DNA as a standard.

ISSR and DAMD markers analysis

For ISSR analysis, a set of 10 primers representing di, tri, tetra
and pentamer repeats (UBC set # 9) was procured from the
Biotechnology Laboratory, University of British Columbia,
Canada (Table 2). Following the optimization of PCR condi-
tions and pre-screening of the first 10 primers on genotypes,
seven primers providing clear and informative amplicon pro-
files across species were selected to survey ISSR variation in

Fig. 1 Map of Iran showing the
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the accessions (Table 5). DAMD-PCR markers (originally
derived from the repeat elements of weed rice) (Kang et al.
2002) were used in this study. Out of the ten primers screened
(Table 2), seven with a GC content of 50-60 % were selected
to generate the DNA fingerprint profiles of all the accessions
at 48 °C annealing temperature (Table 5). PCR amplification
was performed in 20 pl reaction containing 1x PCR buffer,
30 ng sample DNA, 2.5 uM primer, 200 uM of each dNTP,
1.5-2.5 mM MgCl, and 1.5 unit of Taqg DNA polymerase
(Cinnagene, Iran). All amplification were carried out in a
Eppendorf thermocycler as follows: 94 °C for 3 min,
followed by 35 cycles of denaturation at 93 °C for 45 s,
annealing at optimum 7m for 45 s, and extension at 72 °C
for 90 s. A final extension cycle at 72 °C for 10 min followed.
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PCR products were separated on 1.2 % agarose gels, stained
with ethidium bromide and scored for the presence or absence
of bands.

SCoT PCR

Primer sequences employed in the present study were
designed by Collard and Mackill (2009) based on the con-
sensus sequences of translation initiation codon region in
higher plants with ATG codon at positions +1, +2, +3; ‘G’ at
position +4; and ‘A,” ‘C,” and ‘C’ at positions +7, +8, and +
9, respectively (Table 2). PCR was optimized for 15 primers
as described previously by Collard and Mackill (2009). PCR
amplification was performed in 20 pl reaction containing 1x
PCR buffer, 50 ng sample DNA, 2.5 uM primer, 200 uM of
each dNTP, 3 mM MgCl, and 1.5 unit of Taq DNA poly-
merase (Cinnagene, Iran). All amplification were carried out
in a Eppendorf thermocycler as follows: 94 °C for 3 min,
followed by 35 cycles of denaturation at 93 °C for 1 min,
annealing at 48 °C for 1 min, and extension at 72 °C for
2 min. A final extension cycle at 72 °C for 10 min was
followed. PCR products were separated on 1.2 % agarose
gels, stained with ethidium bromide and scored for the
presence or absence of bands.

Data analysis

For morphological traits, variance analysis for grain yield
and other related characteristics were performed over trails
after verifying the homogeneity of trail variance error using
Bartlett’s test. Least significant difference (LSD) values
were calculated at the 5 % probability level. The SAS
(SAS Institute, Inc. 1996) procedures and programs were
used for these calculations. Amplified bands obtained with
all the molecular markers were scored visually for the pres-
ence (1) and absence (0) of bands for all the 40 accessions.
Nei,s genetic distance (Nei 1973) was determined among
the genotypes and used for grouping of the genotypes by
UNJ (Un-weighted Neighbor Joining) cluster method
(Perrier et al. 2003). The fit of dendrograms obtained were
checked by bootstrapping using 100 replications. NTSYS
ver 2.02 (Rohlf 1998) and DARwin ver 5.0 (Perrier and
Jacquemoud-Collet 2006) were used for clustering. Mantel
statistic was used to compare the dissimilarity matrices as
well as the dendrograms produced by the ISSR, DAMD and
SCoT techniques through NTSYS software. Polymorphic
information content (PIC) values were calculated for each
ISSR, DAMD and SCoT primers according to the formula:

PIC =1 - (Pij)*,

where Pj; is the frequency of the i pattern revealed by the ™
primer summed across all patterns revealed by the primers
(Botstein et al. 1980).
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Results
Diversity of morphological and agronomic traits

In variance analysis, the genotypic variance was significant
for eight of the ten observed traits (Table 3). This indicated
that differences existed between the accessions for these traits.
Genotypes show high variation for number of pods per plant,
days to flowering, number of secondary and primary
branches. The morphological traits measured and their ratios
were variable. There were significant differences among ac-
cessions (ANOVA, P<0.05) for ten measured traits (Table 4).
The traits like number of pods per plant, number of seeds per
plant and biomass showed higher range of variation compared
to other traits (Table 4). Forty accessions were grouped into
three clusters (Fig. 2). Cluster I included seven genotypes that
divided in to two sub-clusters. These genotypes originated
from different zones that showed moderately high plant
height, 100-seed weight and consequently moderate high
yield. Sub-clusters of cluster II obtained 6 genotypes.
Genotypes included in this cluster showed high yield com-
pared to other clusters and most of them originated from
‘Sanandaj’ and ‘Marivan’. Remaining genotypes were
grouped in cluster III. Genotypes belonged to this cluster
showed moderately high 100-seed weight, plant height and
seed yield. In general, genotypes included in cluster IT and 11T
showed close distance with each other and significantly sep-
arated from cluster I (Fig. 2).

Molecular markers analysis

DNA fingerprint database has been reported using the three
different PCR-based molecular markers (ISSR, DAMD and
SCoT) systems for 40 landraces chickpea accessions
belonged to different geographical areas of Kurdistan prov-
ince, north-west of Iran. Our results indicated that primers
which were obtained from the different regions of genomic
DNA, successfully amplified accessions template DNAs.
All the three molecular markers used in this study were able
to distinguish and identify each of 40 accessions to referred
geographic region. Salient features of fingerprint database
obtained using different markers are given below:

ISSR analysis

ISSR analysis revealed a distinct scorable fragment per
primer and in total, 49 bands, both polymorphic and mono-
morphic were obtained using seven primers in 40 chickpea
genotypes (Table 5). The number of amplified fragments
varied from 5 to 11, with an average 7 bands per primer. Out
of 49 bands, 32 bands were polymorphic and the polymor-
phism percentage averaged to 0.65 across all the genotypes.
Maximum number of polymorphic bands (7 of the 11 bands)
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Table 2 Primers used in ISSR,
DAMD and SCoT analyses

Primer Sequence 5'-3' %CG Annealing temperature
ISSR
UBC807 AGAGAGAGAGAGAGAGT 47 48°C
UBC828 TGTGTGTGTGTGTGTGA 47 50°C
UBC878 GGATGGATGGATGGAT 50 48°C
UBC899 CATGGTGTTGGTCATTGTTCCA 45 50°C
UBC822 TCTCTCTCTCTCTCTCA 47 48°C
UBC874 CCCTCCCTCCCTCCCT 75 50°C
UBCS816 CACACACACACACACAT 47 48°C
UBC880 GGA GAG GAG AGG AGA 60 52°C
UBCS815 CTC TCT CTC TCT CTC TG 52 44°C
UBCS812 GAG AGA GAG AGA GAG AA 47 45°C
DAMD
URPIF ATCCAAGGTCCGAGACAACC 55 48°C
URP2F GTGTGCGATCAGTTGCTGGG 60 48°C
URP6R GGCAAGCTGGTGGGAGGTAC 65 48°C
URP4R AGGACTCGATAACAGGCTCC 55 48°C
URPYF ATGTGTGCGATCAGTTGCTG 50 48°C
URPI13R TACATCGCAAGTGACACAGG 50 48°C
URP17R AATGTGGGCAAGCTGGTGGT 55 48°C
URP25F GATGTGTTCTTGGAGCCTGT 50 50°C
URP30F GGACAAGAAGAGGATGTGGA 50 50°C
URP38F AAGAGGCATTCTACCACCAC 50 50°C
SCoT
SCoTl1 CAACAATGGCTACCACCA 50 48°C
SCoT2 CAACAATGGCTACCACCC 55 48°C
SCoT11 AAGCAATGGCTACCACCA 50 48°C
SCoT12 ACGACATGGCGACCAACG 61 48°C
SCoT13 ACGACATGGCGACCATCG 61 48°C
SCoT14 ACGACATGGCGACCACGC 66 50°C
SCoT16 ACCATGGCTACCACCGAC 61 50°C
SCoT20 ACCATGGCTACCACCGCG 66 48°C
SCoT22 AACCATGGCTACCACCAC 55 48°C
SCoT24 CACCATGGCTACCACCAT 50 48°C
SCoT25 ACCATGGCTACCACCGGG 66 50°C
SCoT28 CCATGGCTACCACCGCCA 66 48°C
SCoT33 CCATGGCTACCACCGCAG 61 50°C
SCoT35 CATGGCTACCACCGGCCC 72 48°C
SCoT36 GCAACAATGGCTACCACC 55 48°C

Table 3 Mean squares for 10 agronomic traits in 40 landrace chickpea accessions evaluated at Sanandaj, north-west of Iran in 2009-2010

S.0.V df  Yield DT NSB NPB TSW PP SP Bio PH RWC
Replication 2 0.007 0.68 2422 0.34™" 0.69 33.59 34.07 8.16 479" 1.92
Genotypes 38 0.008 24.89" 19.51°" 0.317" 68.96 135.41" 234.07 42.19° 59.11° 473"
Error 76 0.006 3.58 1.15 0.021 38.42 19.22 80.77 10.71 9.77 0.91
CV% 10.51 1.91 12.91 16.21 12.72 19.11 21.12 30.11 14.5 20.77

DT day to flowering, NSB number of secondary branch, NPB number of primary branch, 7SW 100 seed weight, PP number of pods per plant, SP
number of seeds per plant, Bio plant biomass, PH plant height, RWC relative water content. * Significant at P=0.05; ** Significant at P=0.01
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Table 4 Mean of different
morphological traits evaluated in Genotype number PH PP

Bio TSW NPB NSB SP DT RWC  Yield (g/m2)

40 landrace chickpea accessions

in 2009-2010 1 339 213
2 37.3  20.1
3 312 156
4 30.8 221
5 312 245
6 304 307
7 346 14.1
8 35.5 346
9 29.3  20.1
10 284 145
11 272 22.6
12 245 8.1
13 277 11.6
14 31.1 258
15 293 11.1
16 333 145
17 352 16.7
18 29.1 149
19 341 173
20 342 205
21 32.1  19.1
22 21.7 8.7
23 36 12.5
24 35.7 253
25 35,6 185
26 35 21.3
27 285 11.3
28 32.8 328
29 38.1 185
30 29.1 242
31 31.1 218
32 33.6 182
33 274 18.1
34 272 23.1
35 31.8 252
36 35.1 203
37 339 138
38 31.6 229
39 32 32
40 454 7.8
Mean 32.1 194
Max 454 34.6
Min 217 7.8
LSD(0.05) 52 397

102 193 1.8 10.1 17.7 67 4.7 15.2
13.7  21.1 2.1 131 132 65 32 19.2
126 238 1.8 85 341 67 2.7 20.7
89 10.6 1.9 125 307 67 29 17.7
104 108 1.8 141 343 70 33 20
10.7  10.8 26 184 148 70 3.6 18.7
1.7 16.6 28 168 391 74 2.7 17.7
124 127 1.9 127 215 67 4.8 19.2
13.1  20.1 24 123 13.6 67 4.4 18.2
11.8 223 1.7 83 278 68 3.1 21.2
139 215 1.5 9.5 292 70 3.1 23.7
53 238 1.5 6.7 1.1 74 23 17.5
75 215 22 78 373 67 2.7 18.7
10.8 105 2.1 109 118 68 3.6 18.5
83 211 22 9.1 145 69 2.9 17
124 169 2.3 89 187 66 2.5 14.7
12.7 208 1.9 79 127 67 4.1 15.7
102 208 22 109 174 67 2.6 17.5
14.1 18.6 2.1 89 18 67 3.1 15.7
13.6  20.6 2.3 87 112 66 3.8 21
159 179 2.1 9.8 182 71 2.1 21.5
10.1 19.8 1.6 75 125 70 1.7 16.2
10.5 994 1 11 34.1 68 1.3 16.2
12.3 10.7 26 156 188 67 3.6 17
13.7 183 1.8 11.7 233 68 34 18.75
59 188 2.1 111 126 68 4.2 15.5
13.4 8.1 22 9.1 411 77 1.1 20.5
139 103 2.1 158 184 69 43 15
88 211 22 126 321 66 3.7 15.2
18.7 102 1.8 114 264 65 32 22.8
11.1 10.6 22 127 174 67 2.8 15.2
72 16.1 23 128 251 69 3.1 15.2
85 10.1 2.1 106  30.8 68 2.5 15.5
19.5 102 1.5 119 338 68 3.1 22.5
146 109 22 114 215 68 3.6 16.5
12.1 14.3 23 117 11,6 73 3.1 18.5
195 235 22 105 189 67 2.7 15.5
20.1 214 1.9 145 31 70 4.5 15.7
11.1 19.6 1.8 14 294 69 6.1 18.7
159 11.3 23 126 9 77 2.2 16.2
122 164 20 114 224 687 32 17.9
20.1 238 2.8 184 411 77 6.1 23.75
5.3 8.1 1 6.7 9 65 1.1 14.75
281 4.7 1.1 419 997 477 111 3.34

were obtained for UBC807. The average polymorphic in-
formation content (PIC) was 21.6, ranging from 0.019 to
0.311. The highest PIC value obtained by UBCS878 (0.311)
(Table 5). From the dendrogram constructed by DARwin
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using un-weighted neighbour joining method, it was dis-
cernible in to three major clusters (Fig. 3). Cluster I and III
contained maximum number of genotypes. Some of geno-
types in these clusters were grouped close to each that
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Fig. 2 Dendrogram of the chickpea accessions based on the dissimi-
larity matrix developed using morphological markers

observed in morphological cluster analysis, but relatively
low homology between these clusters and morphological-
based cluster were observed. Cluster I mostly contained
genotypes from Sanandaj, while most of the genotypes that
originated from Qorveh grouped in cluster III. Cluster II
contained genotypes for both Sanandaj and Marivan

(Fig. 3).
DAMD analysis

A polymorphic chain reaction (PCR) based approach
involving the direct amplification of minisatellite region
DNA (DMAD) with seven monisatellite core sequences
as primers was used to diversity analysis in 40 chickpea
genotypes. Analysis indicated that the PCR profile and
the optimized chemical concentrations resulted in repro-
ducible and reliable DNA amplification. In the chickpea
genotypes the number of amplified DAMD products var-
ied from 8 to 12 fragments depending on the primers used.
Total number of bands scored was 71 of which 49 were
polymorphic (Table 5). PIC values ranged from 0.087 to
0.337, with an average value of 0.232 per locus. Cluster
analysis grouped chickpea genotypes in four clusters
(Fig. 4). Cluster I and IV contained maximum number of
genotypes. Cluster II included genotypes that all of them
originated from ‘Sanandaj’ and these genotypes showed mod-
erately low yield potential compare to genotypes belonged to
other clusters. Cluster III contained six genotypes that mostly
originated from ‘Marivan’ and this cluster showed similar
grouping pattern with those obtained by ISSR data.

SCoT Analysis

A set of 15 SCoT primers were used to fingerprint 40
chickpea accessions. Only primers that exhibited unambig-
uous and reproducible band patterns were selected for fur-
ther analysis. Thus, a total of 10 primers that exhibit distinct
and reliable band patterns were utilized for bands scoring,
following genetic similarity analysis and cluster analysis. A
total of 95 bands were detected among 40 chickpea geno-
types using 10 SCoT markers out of which 65 were poly-
morphic (Table 5). Number of bands were ranged from 5
(SCoT35) to 14 (SCoT2) with an average 9.5 per
primers. Percent polymorphism ranged from 33 % to
as high as 100 % with an average polymorphism of
68 % across all accessions. PIC values ranged from
0.142 to 0.366, with an average value of 23.2 per
primer (Table 5). Based on un-weighted neighbour-
joining method, a dendrogram demonstrating the genetic
relationships among the chickpea accessions were
constructed. The 40 chickpea accessions fell under three
major groups (Fig. 5). Cluster II and III divided into
two sub-clusters. Cluster I contained maximum numbers
of genotypes and showed relatively similar grouping
pattern with cluster I that obtained by ISSR and
DAMD markers. Similarity between genotypes clustering
in SCoT analysis and morphological based clustering was
relatively higher than those obtained by ISSR and DAMD
markers. This finding also observed with relatively higher
coefficient similarity obtained by mantel test (Table 6). The
general dendrogram (Fig. 6) that was constructed using the
combined data of the three sets of molecular markers divided
in three distinct clusters was relatively similar to those
obtained separately with each marker. The dendrogram from
ISSR and SCoT data was most congruent with the general
dendrogram.

Correlation between the similarity values measured
using three marker systems

Cophenetic coefficient were acceptable in all three molecular
markers systems (ISSR=0.89; SCoT=0.84 and DAMD=
0.81) indicating good fit for clustering. The values of mantel
test correlation showed a positive correlation between the
three marker types. The correlation coefficient (r) was 0.53
between ISSR and DAMD (significant P>0.05), 0.42 be-
tween ISSR and SCoT (significant P>0.05) and 0.48 (signif-
icant P>0.05) between DAMD and SCoTs. All three
molecular marker types showed positive but non-significant
correlation with morphological cluster (Table 6). In order to
estimate the genetic distance among genotypes, the dissimi-
larity matrix was computed. The mean value of genetic dis-
tance obtained by ISSR, DAMD and SCoT markers were
0.42, 0.44 and 0.37, respectively.
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Table 5 Polymorphism and PIC

values in chickpea accessions as Primer No. of amplified bands No. of polymorphic bands Polymorphism% PIC value

revealed by ISSR, URP and

SCoT markers ISSR
UBC807 11 7 63 0.230
UBC828 9 6 66 0.260
UBC878 5 4 80 0.311
UBC899 8 6 75 0.270
UBC822 5 3 60 0.192
UBC874 5 4 80 0.241
UBC816 6 2 33 0.014
DAMD
URPIF 11 10 91 0.337
URP2F 10 5 50 0.214
URP6R 10 8 80 0.254
URP4R 8 5 62 0.147
URPYF 12 4 33 0.087
URPI13R 12 9 75 0.274
URPI17R 8 8 100 0.312
SCoT
SCoT22 10 9 90 0.322
SCoT13 11 11 100 0.366
SCoT28 12 9 75 0.248
SCoT35 5 2 40 0.164
SCoT20 4 44 0.174
SCoT36 8 5 62 0.212
SCoT11 2 33 0.142
SCoT12 13 8 62 0.157
SCoT2 14 11 79 0.298
SCoT1 7 4 57 0.244

Discussion

Although chickpea has a narrow genetic base, with the
discovery of diverse molecular markers from different tar-
gets regions of the genome, it is now possible to conduct
extensive molecular diversity study in this important crop to
identify genetically diverse germplasm with beneficial traits
for use in crop improvement programs. The assessment of
genetic diversity is important not only for crop improvement
but also for efficient management and conservation of germ-
plasm resources. DNA-based molecular markers such as
random amplified polymorphic DNA (RAPD; Iruela et al.
2002; Talebi et al. 2008a) and RFLP (Powell et al. 1996)
were unable to address the reliable genetic variation within
chickpea (Saeed et al. 2011). Genetic fingerprinting in
chickpea, for a long time hampered by the little variability
in chickpea’s genome, can be facilitated by highly polymor-
phic functional markers such as SCoT and DAMD. In this
study, we have compared the marker data-sets produced
using morphological and three different marker systems,
ISSR, DAMD and SCoT, to define genetic relationships
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within a set of 40 genotypes representing different geo-
graphical areas of north-west of Iran, and to know if these
marker systems can be effectively used in breeding
programme. We found relatively acceptable genetic diversi-
ty within available Iranian landrace chickpea accessions
which is contrary to the findings of Iruela et al. (2002),
who reported low level of genetic diversity within C.
arietinum compared to the wild species. In present study,
the genotypes were selected based on the presence or ab-
sence of field resistance to Ascochyta blight, cold (data not
presented), drought and some morphological traits and dif-
ferences in source of collection. The relationship observed
using molecular markers may provide information on the
history and biology of genotypes, but it does not necessarily
reflect what may be observed with respect to agronomic
traits (Métais et al. 2000). Previous studies have shown that
the measurements of genetic divergence obtained from
morpho-agronomical traits are not completely similar to
molecular-based results (Talebi et al. 2008a; Saeed et al.
2011). We found that there was no strong relationship be-
tween morphological divergence and geographical origins



Physiol Mol Biol Plants (October—December 2013) 19(4):563-574 571

Fig. 3 Dendrogram of the
chickpea accessions based on
the dissimilarity matrix
developed using ISSR markers

Fig. 4 Dendrogram of the chickpea accessions based on the dissimi- Fig. 5 Dendrogram of the chickpea accessions based on the dissimi-
larity matrix developed using DAMD markers larity matrix developed using SCOT markers
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Table 6 Mantel test correlation coefticients among similarity matrices
obtained using IS

ISSR DAMD-PCR SCoT Morphology
ISSR -
DAMD-PCR  0.53" -
SCoT 0.42" 0.48" -
Morphology 0.18 0.13 0.21 -

because accessions from one place entered into more than
one cluster. Conversely, accessions from different geograph-
ical origins were relatively unique and tend to be clustered
in one part of the dendrogram, which information suggests
that the morphological variation analyzed is determined not
only by environmental differences but also by genetic fac-
tors. In our analysis, we were able to define groups of
accessions (cluster I and cluster II) that were significantly
different from each other for characters of interest. These
finding are in agreement with previous studies on Iranian
chickpea accessions using morphological traits by Naghavi
and Jahansouz (2005). Considerable genetic variation which
exists between chickpea genotypes in present study can be
used efficiently for gene tagging and genome mapping of
crosses to introgress the favorable traits such as high yield
potential into the cultivated genotypes. Characters such as

I

Fig. 6 Dendrogram of the chickpea accessions based on the dissimi-
larity matrix developed using ISSR, DAMD and SCoT markers
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100-seed weight, days to flowering and plant height showed
low CVs, which appears to limit the scope of selection for
these traits in the present accessions of chickpea. Hence,
other sources of chickpea are needed in order to find high
variation for these traits. A high level of polymorphism (146
polymorphic bands) were detected using 7 ISSR, 7 DAMD
and 10 SCoT markers, with an average of 4.57, 7 and 9.5
bands per primer, respectively. These results suggested the
presence of a considerable polymorphism at studied molec-
ular markers and revealed a high level of genetic diversity in
the existing chickpea germplasm (Table 5). Base on Mantel
test results, the rate of genetic diversity for genotypes was
nearly the same using SCoT, ISSR and DAMD markers
(Table 6). Although the rate of diversity for the three marker
techniques was approximately equal; we anticipate that the
source of detected diversity is different, as each technique
targets different regions of the genome. This indicates that
the relative genetic diversity of the genotypes is similar
when SCoT, ISSR and DAMD markers are used. The slight-
ly lower level of correlation between these markers in the
present study could probably reflect that these markers are
known to target different genomic fractions involving repeat
and/or unique sequences, which may have differentially
evolved or been preserved during the course of natural or
artificial selection. In this study, the average genetic distance
obtained by ISSR, DAMD and SCoT (0.42, 0.44 and 0.37,
respectively) was the same and this relatively high genetic
dissimilarity among studied genotypes indicating the pres-
ent of a considerable genetic diversity in these genotypes
which can be considered for future parental selection in
breeding programme. We may use more distant genotypes
for future hybridization to improve the degree of genetic
polymorphism available in Iran. The clustering pattern
obtained with each type of markers showed some common
groups and clustered some of the genotypes according to the
location where they were collected. This can be helpful
during strategy development for germplasm collections
and evaluations. SCoT and DAMD markers showed more
percent polymorphism and higher PIC value than ISSR
markers. These techniques were more informative than pre-
viously used biochemical and molecular methods to study
variation and genetic relationships in chickpea such as iso-
zymes, storage proteins (Ahmad and Slinkard 1992; Labdi
et al. 1996), AFLP markers (Talebi et al. 2008b) and RAPD
markers (Talebi et al. 2008a). Based on the independent
replications of DAMD, we observed that reproducible
DNA markers were amplified and also noted that all
DAMD primers used in this study produced RAPD like
results but the numbers of bands were sharp and clear. The
relatively high PCR stringencies in DAMD application ef-
fectively limited the PCR artifacts which commonly occur
in RAPDs (Karaca et al. 2002; Ince et al. 2009). It was
evident from the results that the dendrogram based on
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molecular markers was not completely in accordance with the
dendrogram based on morphological traits (Table 6), as
reported for other crops (Fernandez et al. 2002; Talebi et al.
2008b; Maric et al. 2004). There are several possible explana-
tions for such results: some of them connected with nature and
structure of different molecular markers that designed from
various regions of genome. Another problem was the possibil-
ity of overestimating genetic similarity because fragments with
the same size could have different origins (Talebi et al. 2008a).
Our results demonstrate that high genetic diversity exists
between the investigated accessions belonged to differ-
ent and relatively close geographical locations. As the
genotypes examined are diploid and they have relatively
similar background, this range of diversity is interesting.
SCoT, ISSR and DAMD generated high number of
polymorphic markers which can be used in diagnostic
fingerprinting studies of chickpea. Based on the average
percentage polymorphism and PIC, the efficiency of
SCoT and DAMD for fingerprinting of genotypes was
more than ISSR marker. The efficiency of SCoT, ISSR
and DAMD markers for fingerprinting of genotypes is
relatively the same. In general, these three techniques
could be used in conjunction with each other for diag-
nostic fingerprinting of chickpea. The present study
showed existence of high genetic diversity in Iranian
landrace chickpea germplasm accessions. The magnitude
and pattern of genetic variation detected in this study
can be useful for more systematic germplasm manage-
ment and utilization in breeding programs (Tanya et al.
2011). The exploitation of crosses between genetically
distant parents (e.g., recombinants parents from the local
accessions and the introduced genotypes) and those
from diverse local sources may produce higher hetero-
sis, better genetic recombination and segregation in their
progenies and result in varieties with broad genetic base
(Chahal and Gosal 2002). The selection of genotypes
for this study is primarily based on different geographic
origin and also the important role of north-west of Iran
in chickpea production for poor farmers. Therefore, we
believe that there is a need for molecular markers
based studies as a complementary study for the mor-
phological traits in the field. It will reduce the amount
of materials for study as well as the costs of experi-
ments. Future germplasm collection and utilization strat-
egies should take into consideration the magnitude and
pattern of genetic diversity established by the present
investigation. It is expected that when such diverse
genotypes are involved in breeding programs, as a result
of reshuffling of the alleles due to recombination, there
are better chances for the appearance of transgressive
segregation with beneficial traits that can be selected to
extract high yielding lines with desirable trait combina-
tion (Sofalian et al. 2008). This study has implications

not just for the origin of this crop, but also for the
management of genetic resources and their uses in ap-
plied breeding programmes, particularly for the devel-
opment of a core collection. Information about current
genetic diversity permits the classification of our avail-
able germplasm into various/heterotic groups, which is
particularly important to hybrid/cross-breeding programs
in chickpea. The previous crossing programs in most of the
research institutes of Iran were based on only phenotypic
characters. The current study confirmed the importance of
molecular studies (cheap, fast and informative markers) beside
the morphological data in detecting genetic variation among
genotypes in selecting diverse parents to carry out a new
crossing program successfully.
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