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Abstract

Expressed sequence tags simple sequence repeats (EST-SSRs) are important sources for investigation of
genetic diversity and molecular marker development. Similar to genomic SSRs, the EST-SSRs are useful
markers for many applications in genetics and plant breeding such as genetic diversity analysis, molecular
mapping and cross-transferability across related species and genera. In spite of low polymorphism, these
markers show variation in the expressed part of the genome. In this study, Medicago truncatula EST-SSRs
were used for investigation of transferability between M. fruncatula and some chickpea (Cicer arietinum L.)
genotypes, also genetic diversity between used chickpea genotypes was determined. In this research, 650 M.
truncatula ESTs were searched to find simple sequence repeats (SSRs). A total of 131 EST-SSRs were
contained di-and trinucleotide motif SSRs. In this study, thirty pairs of primers were designed to amplify over
10 chickpea genotypes. Thirteen primer pairs (43%) generated reproducible bands in at least one chickpea
genotype that eight bands (61.5%) were polymorphic in the chickpea genotypes. A total of 24 alleles were
amplified with an average of 3 alleles per primer. The average of polymorphism information content (PIC)
was 78.75% and transferability across M. truncatula and C. arietinum was 43.32%. The results indicate that
the developed EST-SSR markers from M. truncatula as a model plant are valuable genetic markers for
legume species such as chickpea. In addition to suitability of EST-SSR markers for genetic diversity analysis,
their broad range of transferability also proved their potential for comparative genomics studies.
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Introduction

Chickpea is the third most important food the annual production of chickpea grains
legume in the world which is grown as a is 80000 tons and it has an important role
source of protein in more than 40 in the population’s diet as a source of

countries (Varshney et al., 2009). In Iran, protein (Tavakoli et al., 2002). According
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to ILDIS' this self-pollinated diploid
(2X=2n=16) crop is a member of
Fabaceae family which includes 18,000
species in 650 genera. Small genomic size
(around 740 Mb) and short life cycle
(about three months) makes it an
interesting plant for genomics
investigations (Varshney et al., 2009).

Molecular markers are appropriate tools
for assessing diversity and genetic
relationships within populations.
Microsatellites or simple sequence
repeats (SSRs) are 1-6 bp iterations of
DNA sequences. They are ubiquitous in
all over the genomes and study of them
has been facilitated by recent advances in
PCR technology (Gupta et al., 1999). The
microsatellites in transcribed sequences
are now well discovered and are
commonly known as EST-SSR markers
(Morgante et al., 2002 ; Li et al., 2004).
These EST-SSRs are considered as a
cost-effective and valuable molecular
marker (Choudhary et al., 2009).
Extension of EST databases generated a
valuable source to develop SSR markers
for these expressed regions of the
genome. In addition, EST-SSRs are more
conserved than SSR across species and
transferable among related species (Li-
Bin et al., 2008). EST-SSR markers in
genetic studies have been used for a
number of plant species such as rice (Cho
et al. 2000), wheat (Gupta et al. 2003),
alfalfa (Eujayl e al. 2004), cotton
(Qureshi et al., 2004), citrus (Chen et al.

1- International Legume Database & Information
Service [http://www.ildis.org/Leguminosae]

2006), sesame, cotton and soybean (Li-
Bin et al., 2008), tall fescue (Sharifi
Tehrani et al., 2009) safflower (Barati
and Arzani, 2012) and chickpea
(Choudhary et al., 2009 ; Lichtenzveig et
al. 2005). Compared to the other legume
crops, there are limited amount of
genomic resources to chickpea.

Recently, due to collaborative efforts of
ICRISAT and UC-Davis USA, about
20162 Sanger ESTs (Varshney et al.,
2009) and 48796 BAC (bacterial artificial
chromosome) - end sequences (BESs) are
become available (Hiremath et al., 2011).
Some of EST-SSR arrays are three
nucleotides and often they are as a motif
of (ACC), and (CAT), (Gupta et al.,
2003). Buhariwalla et al. (2005) used
some EST sequences of chickpea for
genetic studies as a rich source of genetic
molecular markers. Out of the 106 EST
markers developed, only 14 markers
contain SSR motifs. In another study, 183
primer pairs were designed which 60 of
them showed polymorphism.

Choudhary et al., (2009) reported that for
inter-specific transferability studies, nine
accessions belonging to the five wild
annual Cicer species were used and for
cross-genera studies across legumes, 28
accessions belonging to seven legume
genera were used. Cross- species
transferability ranging of used markers in
this study was from 68.3% to 96.6%
across five annual Cicer and 29.4% to
61.7% across seven legume genera
(Choudhary et al., 2009). In this study we
used M. truncatula (as a model plant for
legume) ESTs for investigation of genetic
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diversity and transferability across some University of Mashhad, Iran (Tablel).
chickpea genotypes. Seeds were disinfected using 1% sodium
hypochlorite for 10 min and were grown
in soil. DNA was extracted from young,

Material and Methods fresh leaf tissues using QIAamp DNA
Plant material and DNA extraction mini extraction kit (Qiagen, Germany).
Plant material containing 10 cultivated Integrity of extracted DNA was estimated
chickpea genotypes and M. truncatula by agarose gel electrophoresis (1%).

(NCBI taxonomy ID. 3880) was prepared
from chickpea Collection of Ferdowsi

Table 1. List of genotypes used in this study (common name, Acc.no, type and
their source).

1

Common name Acc.no/name type Source
Jam MCC* 361 Macrosperma IRAN
Korosh MCC 397 Macrosperma IRAN
Siahkaka MCC 362 Microsperma IRAN
Pirooz MCC 395 Microsperma IRAN
Hashem MCC 950 Macrosperma IRAN
ILC 482 MCC 252 Macrosperma Turkey
Karaj 12-60-31 MCC 358 Macrosperma IRAN
- MCC 49 Microsperma Unknown
- MCC 736 Macrosperma Unknown
- MCC 737 Macrosperma Unknown
M. trancatula 3880 - - native to the
Mediterranean
region’

MCC*: Mashhad Chickpea Collection

1- http://test].icrisat.org/chickpea/taxonomy/frachc.htm
2- http://medtr.comparative-legumes.org/
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In silico development of EST-SSR
markers

The M. truncatula EST sequences used in
this study were iterated from NCBI’s
database EST
(http://www.ncbi.nlm.nih.gov/sites/entrez
?db=nucest&cmd=search&term=medicag
0%?20truncatulla%20EST%20dadabase).

From 1,309 chickpea EST sequences
available in the NCBI nucleotide database
(up to January 2007), we explored 650
ESTs for the presence of microsatellite
motifs using Simple Sequence Repeat
Identification Tool (SSRIT) downloaded
from the Cornell University web site
(http://www.gramene.org/gramene/search
/ssrtool). This program was used for
detection of di-, tri- and tetranucleotide
motifs with different repeats (Table 2).
CAP3 program was used for cluster
analysis on microsatellite containing
sequences  (EST-SSRs) to  reduce
redundancy (Huang and Madan 1999).
The identified EST-SSR sequences were
deposited in the GenBank to obtain the
accession numbers (see Table 2). The
putative function of the developed
chickpea functional markers was found
by the BLASTX tool of NCBI.

Primer design and PCR reaction

Primer design for non-redundant EST-
SSRs was done using Primer3 software
(http://fokker.wi.mit.edu/primer3/input.ht
m). All the oligonucleotides were
synthesized by Gene works Company
(Urrbrae, SA). PCR reactions were

carried out in 20 pl volume by Bio Rad
termocycler (C1000 Touch ™). Each
reaction included 10 ng of extracted DNA
as template, 1ul MgCI2 (50 mM), 1ul
dNTPs (200 mM), 2ul PCR reaction
buffer 10X (pH=8.5), one unit of Hotstart
DNA Taq polymerase (Bioneer, Korea)
and 1pl of each primer (10 pMol). The
thermal profile for a touchdown PCR was
as: (1) Initial denaturation at 95°C for 5
min, (2) 10 cycles of 94°C for 30s, 56°C
for 30s As annealing step, 72°C for 50s
and reducing annealing temperature of
0.8°C/cycle, (3) 20 cycles of 94°C for
30s, 48°C for 30s and 72°C for 30s, (4)
final extension at 72°C for 10 min. PCR
products were loaded on agarose gel (1%)
and after that to better distinction of
bands they were separated on acrylamide
gel (8%). Acrylamide gel staining was
performed using silver nitrate for 30 min.
All scorable bands were determined and
according to presence or absence of EST-
SSR bands, binary matrices (0 or 1) were
formed. Data were analyzed using
POPGENE software, version 1.32 and
number of alleles (N,), observed
heterozygosity (H), Shannon’s
informative index and fixation index (Fjs)
values were calculated using this software
(Yeh and Boyle, 1997). dendrogram was
constructed using UPMGA method in
NTSYS-pc  version 2.1  software.
Transferability between chickpea and M.
truncatula was calculated according to
Choudhary et al., 2009.
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Table 2. Characteristics of 30 chickpea EST-SSR markers used in this study.

S. No.*  Locus name Primer sequence (5'— 3°) Motif Tm (°C) Expected size GeneBank No.  Putative function (from
(bp) NCBI)

1 EY-ESTSSRI1 Forward:CGGAAGCTTTTGCTTCTGTT (AT); 59 122 EY478355 cytochrome b6
Reverse:GCGAAATACGTGCAAGATCA

) EY-ESTSSR5 Forward: TGACGTGGACGATTTCATGT (TGA),4 59 603 EY478352 unknown
Reverse:ACAAACTCTTGGGGCAGAGA

3 EY-ESTSSR7 Forward:GCTGCACGAACAGAACAGAA (AG), 60 368 EY478350 Conserved hypothetical
Reverse:GTGATGTGGGTCTCGGATTC protein

4 EV-ESTSSR15 Forward:. TTTGCCGGAAACTTCAATTC (TCA); 60 431 EV260523 unknown
Reverse:GGGCGCATGTAACAACTTTT

5 EV-ESTSSR18 Forward: TGGGAACTCCCTTTTCACAC (CT)s 60 186 EV260519 predicted protein
Reverse:ATGGCAGTGCATCGAACATA

6 EV-ESTSSR21 Forward: TGCAACAGCCAACTGGTATC (TC); 60 138 EV260518 hypothetical protein
Reverse: TTGACTTTACAGCGCAGGTG

7 EV-ESTSSR23 Forward:GCATCTCTGCTGGTGATGAA (CA); 60 269 EV260517 glutamine synthetize
Reverse:ATGTCGCCCTGTCAACCTAC

8 EV-ESTSSR27 Forward: CCACCCATCATACCAAAACC (AC); 60 135 EV260515 heat-shock protein
Reverse: GCTTCATGGGTTTCTTTCCA

9 EX-ESTSSR31 Forward: TGATCGGTGATTCCTTGTGA (CA); 60 460 EX526999 H-+-transporting two-sector
Reverse: TGGTCAACAGTTTGGGGATT ATPase

10 EX-ESTSSR34 Forward: TTAATTGGGGTTGGACCAGA (GTO); 60 156 EX526998 hypothetical protein
Reverse: ACCACTACCTCCACGACCAG

1 EX-ESTSSR39 Forward: CAAATCCTCAGCTGCTTTCC (AAG); 60 304 EX526995 unknown
Reverse: AGGCAACTTCCACATTGTCC

12 EX-ESTSSR48 Forward: ACATTTGTGCGGACTGTGTC (TA); 60 728 EX526990 hypothetical protein
Reverse: ATTGATGCTCTGCCAGGAAC

13 EX-ESTSSR50 Forward: GCTATGGGGCTTAGTGACCA (CA); 60 222 EX526989 unknown
Reverse: AACAAGTGGGCGGAATACAG

DW-ESTSSRS53 Forward: CGACCCATTTCCTCACAACT (TC); 59 321 DWO017290 conserved hypothetical

Reverse: TAGCAAGAAAAAGCCCCAGA
14

protein

*Sequence number
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Table 2. continued.

S. No. Locus name Primer sequence (5'— 3°) Motif Tm (°C) Expected size GeneBank No. Putative function (from
(bp) NCBI)

15 DW-ESTSSR58 Forward: GGATTCCCAAAGTTCAGCAA (AAG); 60 703 DWO017287 heat shock protein
Reverse: CCCTCAATTGCATCCTCAAT

16 DW-ESTSSR62 Forward: TGTTGTTGCCGAGTGTTGTT (AT); 60 482 DWO017285 hypothetical protein
Reverse: TCCGCCTGTAAGCTGAAACT

17 DW-ESTSSR67 Forward: GACCCCCTTGTTCATTTTCA (TC); 59 275 DWO017280 unknown
Reverse: AGCAGCGATGAGTTTGTGTG

18 BQ-ESTSSR73 Forward: ACATTTGGGCTCCTGTTCAC (AT); 60 383 BQ135603 mutant green fluorescent
Reverse: CACGGGGGTTTTATTCAATG protein

19 BQ-ESTSSR78 Forward: CGCTTAGGTGCAGTTGATGA (GC); 60 371 BQ135601 unknown
Reverse: TTGTATAAAGGCCCGGACAC

20 BQ-ESTSSRS§2 Forward: CTAAACAAGCATGGGGGCTA (GA); 60 251 BQ135600 hypothetical protein
Reverse: ATCCGGTTTCTTAGCCCTGT

21 BF-ESTSSR93 Forward: CCTCACCCCTCACTTGAAAC (GAA), 59 203 BF640580 O-methyltransferase
Reverse: TATGCGTAGCTCCACGACAG

2 BF-ESTSSR95 Forward:CAAGCAGAGAAATGGAAGCA (AT),4 59 235 BF640577 cytochrome P450
Reverse: GTTCCATGGGTTTGGATTTG monooxygenase

23 ES-ESTSSR101 Forward: TGGCAATGAGTTTTGTCTCG (TA); 59 363 ES612471 -
Reverse: CACTCACAATGACCCACCAC

24 ES-ESTSSR107 Forward: ACGGACCCTCAAGTTGTCAC (CT)s 60 311 ES612451 unnamed protein product
Reverse: CTCTTCCAATCCCAGAACCA

25 ES-ESTSSR108 Forward: GGCTCTTTTCCCCTATGCTC (AT),4 60 263 ES612450 short-chain
Reverse: CCAACATTGCAAGTCCTGAA dehydrogenase/reductase

2 ES-ESTSSR111 Forward: TTGTACCCACCTCCCTTGAG (GT); 60 223 ES612449 YihY family protein
Reverse: ACCTACGAGGTGGCAAATGA

27 AW-ESTSSR115 Forward: TCCTTCTCATTCCAACCTTGTT (GA); 59 444 AW692381 lysine/histidine transporter
Reverse: CCAGCCAAGATAAGCGAAAG

28 AW-ESTSSR118 Forward: AGGAATGCCACAAAAATTGC (CCT); 60 208 AW697088 unknown
Reverse: CCAACCCATAGATCCCAATG

29 EY-ESTSSR125 Forward: GGGAAAGGATAAAGCGAAGG (AT); 60 711 EY477513 conserved hypothetical
Reverse: AGCAACAGCAATTGGCTACC protein

30 EY-ESTSSR130 Forward: GTGGGAAGATGTTTGGAGGA (AC); 59 239 EY478413 unknown

Reverse: GCCTCTTGGAGAGGTGTCAG
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Polymorphism information content (PIC)
for each primer was calculated by
following formula: Equation:

n
PIC=1 —ZF;.
i=1

In the above equation Pij is the frequency
of the i™ allele for marker j and
summation extends over n alleles (Eujayl
et al., 2004). Frequency of each allele
was calculated by POPGENE software.

Genetic  distances were calculated

adopting the Nie's formula (Nei 1973).

Results & Discussion

Development of EST-SSR Markers

650 Medicago truncatula ESTs were
explored for finding of ESTs containing

6

Number of motifs

_
2 2 3 &

simple sequence repeats (EST-SSR). A
total of 131 EST-SSRs were used in
searching for the best SSRs. 30 EST-
SSRs that had 3 or more repeats of SSRs
were selected. In this study, thirty primer
pairs were designed for 30 EST-SSRs and
explored over 10 chickpea genotypes.
Approximately, in 30  EST-SSR
sequences, 27 sequences (90%) had 3
replications and 3 sequences (10%) had 4
replications (table 2). Among these 30
EST-SSR sequences, 7 motifs were three-
nucleotides (23.3%) and others were di-
nucleotides (76.7%). Among all the
motif, AT motifs were the most abundant
(20%) followed by CA (10%) and TC
motif (10%) (Figure 1).

A
TGA
GTC

GC
GCA

GT
CCA

AC

Figure 1. Distribution of the SSR motifs in the 30 selected EST-SSR.

Polymorphism of the EST-SSR markers

A total of 30 primer pairs were used for
investigation of genetic diversity among
chickpea genotypes. Thirteen primer pairs
(43%) produced scorable SSR bands in at
least one chickpea genotypes and eight

out of 13 primer pairs (61.5%) were
polymorphic in the chickpea genotypes
(Table3). PIC of EST-SSR markers
varied from 53% (EY-EST-SSR1) to 99%
(EST-SSR107) with the average of
78.75% (Table 3). Transferability for M.
truncatula  EST-SSR  markers across
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chickpea genotypes was 43.3%. We
previously found that using EST-SSR
markers among chickpea accessions had a
low level of polymorphism (16%)
(Choudhary et al., 2009).

Although  we  attained a low
polymorphism in EST-SSR markers,
which is mostly attributable to using
cDNA as template, the variation mirrors
variation in genomic coding region which
is highly valuable (Varshney et al., 2009).

investigation of relationships among
chickpea genotypes. EST-derived SSRs
exhibit less polymorphism than SSR
markers but they are -cost-effective,
valuable source for molecular markers
generation and transferable across related
genus. Number of alleles, Shannon’s
informative  index  (/), observed
heterozygosity (H) and fixation index
(Fis) in eight polymorphic EST-SSR loci
are presented in Table 4.

The surveying loci that exhibiting high
polymorphism is so important in

Table 3. Eight polymorphic EST-SSR loci. From thirteen primer pairs eight pairs showed polymorphism in used chickpea
genotypes.

GeneBank . , , Expected . o
S. No. Locus name No. Primers Sequence (5'— 3°) size (bp) Motif  PIC (%)
EY-EST-SSR1 EY478355 Forward:CGGAAGCTTTTGCTTCTGTT
1 122 (AT), 0.99
Reverse: GCGAAATACGTGCAAGATCA
5 EV-EST-SSR18 EV260519 Forward: TGGGAACTCCCTTTTCACAC 186 CT) 0.96
Reverse: ATGGCAGTGCATCGAACATA } '
3 EV-EST-SSR20 EV260518 Forward: TGCAACAGCCAACTGGTATC 138 (TO) 0.73
Reverse: TTGACTTTACAGCGCAGGTG ’ '
EX-EST-SSR50 EX526989 Forward:GCTATGGGGCTTAGTGACCA
4 222 (CA)3 0.71
Reverse: AACAAGTGGGCGGAATACG
DW-EST-SSR53 DW017290 Forward:CGACCCATTTCCTCACAACT 101 TC 0.60
> Reverse: TAGCAAGAAAAAGCCCCAGA (TO)s
6 DW-EST-SSR62 DW017285 Forward: TGTTGTTGCCGAGTGTTGTT 4% (AT) 0.53
Reverse: TCCGCCTGTAAGCTGAAACT ’
BQ-EST-SSR78 BQ135601 Forward: CGCTTAGGTGCAGTTGATG
7 371 (GC), 0.99
Reverse: TTGTATAAAGGCCCGGACA
ES-EST-SSR107 ES612451 Forward: ACGGACCCTCAAGTTGTCAC
8 311 (CT)s3 0.79

Reverse:CTCTTCCAATCCCAGAACCA
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Table 4. Number of alleles (N,), observed
heterozygosity (H), Shannon’s informative index and
fixation index (Fjs) values for eight polymorphic loci.

Locus H 1 Fig

EY-EST-SSR1 0.1653 0.3046  0.6900
EV-EST-SSR18 0.2975 0.4741  0.6842
EV-EST-SSR20 0.281 0.4453  0.6913

EX-EST-SSR50
DW-EST-SSR53
DW-EST-SSR62
BQ-EST-SSR78

0.1653 0.3046  0.689%4
0.4099 0.5981  0.6886
0.4297 0.6207  0.6881
0.1653 0.3046  0.6884
ES-EST-SSR107 0.2644 0.4239  0.6907
Average 0.2723 0.4344  0.6888
SD 0.1401 0.1770

U)\ll\)l\)kllwl\)v—‘l\)g

Na= Observed number of alleles, H= (Nei 1973) gene
diversity, I= Shannon's Information index and Fig= fixation
index (Lewontin 1972).

Genetic relationships between chickpea
genotype

Genetic diversity among 10 cultivated
chickpea genotypes was investigated
using Medicago truncatula EST-SSRs
markers. According to allelic banding
pattern of eight primer pairs, the genetic
distance was varied from 0 to 0.61. The
highest genetic similarity was detected
between genotypes MCC 358 and MCC
49 and the highest genetic distance was
found between MCC 361 and MCC 737.
Chickpea genotypes and M. truncatula
were clustered in completely distinct
branches  (Figure 2).  Constructed
phylogenetic tree illustrated that these
EST-SSR markers could not separate
MCC 358 and MCC 49 base on these
primer pairs and may be other primers
could separate them. These results
suggest that coding sequences of MCC

358 and MCC 49 may have been related
to the same evolutionary pathway.
However, it is required to compare them
with other locus results. The observed
heterozygosity values ranged from 0.140
to 0.429 with an average of 0.272 (Table
4). Generally, the diversity level of
chickpea genotypes is low. Other studies
verified a low level of sequence diversity
that was observed in chickpea cultivated
species (Gujaria, 2011).

Multiple alignment and sequence
analysis

To evaluate the variation among chickpea
genotypes, 5 different homologous alleles
which amplified by DW-EST-SSR62
(MCC 49, MCC 252 upper and lower
band, MCC 950 and M. truncatula), were
sequenced  (Figure  3). Multiple
alignments of nucleotide sequences for
locus DW-EST-SSR62 was carried out
using BioEdit software and also
dissimilarity of these sequences were
detected in this software (Figure 4). A
new sequence for this locus was
identified and deposited in NCBI
database with JF681971 accession
number. Comparison between sequences
exhibited the presence of a (AT), repeat
motif at position 34-40 bp. There is an
additional nucleotide (T) in repetitive
motif in MCC 49 at position 38 bp. Some
transition mutations (T—C) at position 26
and 97 bp, (A—GQG) at position 42 and 45,
(G—A) at position 57 in MCC 252 were
observed. Also, transversion mutation
(T—G) at position 28, (C—A) at position
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59 and (A—C) at position 65 in MCC
252 were detected. Since SSRs in
expressed regions are highly protected,
increases or decreases of repetitive unit
caused changes in length of gene and the
EST-SSR markers can detect these
polymorphisms very well (Sergio, 2003).
Insertion/deletion mutations are the main
cause of length size variation and cause
allelic size variation in some of the

genotypes. Several investigations have

MCC 361

MCC 358
MCC 49

MCC 362

MOCC 7306

MCC 395

MOCC 252 |

DCC 397 |

emphasized that microsatellites undertake
expansion through evolution (Zhu et al.,
2000; Peakall et al., 1998). In this study
there was an expansion of A motif at
position 102-104 bp in MCC 252 caused
length size variation (Figure 4). Another
study have reported that the GA motif
was the most abundant motif in dicots
ESTs like Medicago (Tian et al., 2004)
but in this study dominance of AT motif
was observed.

MCOC 737 J

MCC 950

M. freerrcatiia

.00 0.20

040 060
coefficient

Figure 2. The dendrogeram of ten cultivated chickpea genotypes and M. truncatula using 8 EST-SSR primer
pairs. The dendrogeram was constructed whit UPGMA method in mega4 software media.

L M 1 2 3 4

-

500 bp e

400 bp &

N S e i N

6 7 8 9 10 L
o
e

|l '
-

Figure 3. Electrophoretic patterns of SSR alleles at locus DW-EST-SSR62. 1) MCC 737, 2) MCC 736, 3)
MCC 49, 4) MCC 358, 5) MCC 252,6) MCC 950, 7) MCC 395, 8) MCC 362, 9) MCC 397, 10) MCC 361,
M) M.trancatula and L)1 k bp ladder. The acrylamaide gel was stained using silver staining.
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3 15 23
MCC 49 TETTGTTGCC GAGTSTTGTT TCATACC
MCC 25Z2-up TGTTGTTGCC GAGTETTGTT TCATACC
MCC 252-low TGTTGTTGECC GAGTGTTGTT TCATACT
MCC 350 TETTGTTGCC GAGTSTTGTT TCATACC
M.trancatula TGTTGTTGCC GAGTGTTSTT TCATACC

I

|
=
e}

3 13
MCC 48 GARRBATTGE AERLAGTTTT
MCC 25Z2-up CARAEATTEE ARARAGTTTT
MCC 252-low GRARERTTGE AMRAAGTTTT
MCC 350 GAAMEATTGE AEARAGTTTT
M.trancatula GRARMRTTGG MERAMGTTTT

(V%)

on

i —
G LN

N

T2 B-AATATEAT G TCAAGS
T EBERLTA s CE TCAAGEG
TL BERATR 1 CE TCRAAGG
TLZ B-AATATEAT CE TCALG
TLZ @CRATA T CE TCALG

-
HES

4

4
]

K33 3
Bl

I
f
01 a1 a1 oGn i

S

=]
st
ﬂ'\l

Figure 4. Partial sequence alignment for locus DW-EST-SSR62 across 5 different chickpea genotypes in
comparison with Medicago truncatula. Gray parts show that these genotypes are different in these parts for

this locus.

Advantages and deployment of EST-
SSR markers

Model plants are important tools in many
genetic studies. M. truncatula is a useful
legume model plant which has been
widely used for several genetic studies
and a large number of molecular markers
have been developed from this plant to
other legumes.

Screening of EST sequences for finding
hypervariable SSR motifs is the best and
informative way for development of
genetic molecular markers (Choudhary et
al., 2009). To our best of knowledge, this
was the first detailed report of application
of EST-derived SSR markers in chickpea
for Iranian accessions. There is a huge
wealth of EST sequences in publicly
available EST database of legumes
(Fabaceae) which most of them are

11

derived from M.
japonicus and Glycine max (Rami'rez et
al. 2005). Usefulness of EST-SSR M.
markers in

truncatula, Lotus

truncatula comparative
mapping, construction of linkage maps
and QTL discovery in M. truncatula have
been reported (Danesh et al. 2002;
Huguet et al. 2001). The high level of
transferability and low polymorphism of
these markers has also been demonstrated
for legume species such as alfalfa (Eujayl
et al., 2004). High level of transferability
of these markers is useful for comparative
genomic studies. EST is an appropriate
and economic method for developing
both co-dominant and polymorphic
markers (Becher, 2007).

The number of gene-targeted molecular
markers of chickpea are limited, since of
the nature of self-polination they show a
low level of polymorphism in molecular
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markers (Choudhary et al.,2009). Other
study provided evidence that using EST-
SSRs marker in rice (Cho et al., 2000),
sugarcane (Cordeiro et al., 2001) and
wheat (Gupta et al. 2003) displayed lower
levels of polymorphism rather than SSR
markers. This study provides insights into
EST-SSRs of a related species such as M.
truncatula, can be useful for studying
diversity in legumes like chickpea. The
low level of polymorphism in EST-SSRs
may be rewarded for by their ability of
interspecies transferability (Thiel et al.,
2003). The chickpea EST-SSR markers
exhibited high transferability to six Cicer
species and seven legume genera (P.
max, T.
alexandrinum, L. esculenta, and C.
cajan,) (Choudhary et al., 2009). The
transferability of EST-SSR markers has
also been reported in some bean species
(Gutierrez et al. 2005; Yu and Li, 2008).
The SSR markers from Medicago
truncatula showed transferability to faba
bean, chickpea, and pea (Gutierrez et al.,
2005). Transferability of M. truncatula
EST-SSRs in 19 accessions of forage

mungo, P. sativum, G.

legumes comprising 11 genera was 40.6%

References

Barati, M. and Arzani, A. 2012. Genetic
diversity revealed by EST-SSR markers in
cultivated and wild safflower. Biochem
Sys Ecol., 44: 117-123.

Becher, R. 2007. EST-derived microsatellites
as a rich source of molecular marker for
oats. Plant Breed., 126: 274-278.

Buhariwalla, HK. Jayashree, B. Eshwar, K.
and Crouch, JH. 2005. Development of

12

(Chandra, 2011). Some of Chickpea SSR
markers were designed from genomic
sequence and do not show diversity of
coding region and are not useful for
functional genomics (Gujaria 2011).
Functional markers such as EST-SSR
ones are transferable more than other
markers. Here, the EST derived SSR
which has known gene functions can be
used for identification of traits of plant,
thus it will due to explore genes related to
traits.

In conclusion, our study was the first
attempt at characterization of some EST-
SSRs of the several Iranian chickpea
genome. This study not only contributed
to strengthening the chickpea EST
database but also provided some set of
functional SSR markers to evaluation of
chickpea germplasms. In the present
study, it was established that the chickpea
EST-SSRs highly transferable
across M. and chickpea
thereby providing ample opportunity for
mining  of alleles and
development of candidate gene markers

were
truncatula

superior

for use in gene introgression programs
and comparative genomics in legumes.

ESTs from chickpea roots and their use in
diversity analysis of the Cicer genus. BMC
Plant Biol., 5:16.

Chandra, A. 2011. Use of EST database
markers from M. in the
transferability to other forage legumes. J.
Environ. Biol., 32: 347-354.

Chen, C. Zhou, P. Choi, YA. Huang, S.
Gmitter, FG. and Jr .2006. Mining and
characterizing microsatellites from citrus

truncatula



Journal of Plant Molecular Breeding (JPMB) /Vol.1/No.2/ October 2013/ 1-16

ESTs. Theor. Appl. Genet., 112:1248-
1257.

Choudhary, S. Sethy, N.K. Shokeen, B. and
Bhatia, S. 2006. Development of
sequence-tagged  microsatellites  site
markers for chickpea (Cicer arietinum L.).
Mol. Ecol. Notes., 6:93-95.

Cordeiro GM, Casu R, McIntyr CL, Manners
JM and Henry RJ .2001. Microsatellite
markers from sugarcane (Saccharum spp.)
ESTs cross transferable to erianthus and
sorghum. Plant Sci. 160:1115-1123.

Choudhary, S. Sethy, N.K. Shokeen, B. and
Bhatia, S. 2009. Development of chickpea
EST-SSR markers and analysis of allelic
variation across related species. Theor.
Appl. Genet., 118:591-608.

Cho, YG. Ishii, T. Temnykh, S. Chen, X.
Lipovich, L. McCouch, SR. Park, WD.
Ayres, N. and Cartinhour, S. 2000.
Diversity of microsatellites derived from
genomic libraries and GenBank sequences
in rice (Oryza sativa L.). Theor. Appl.
Genet., 100:713-722.

Danesh, D. Shekhawat, NS. Cardinet, G.
Thoquet, P. Mudge, J. Penuela, S. Kim, D.
Kiss, G. Choi, H. Limpens, E. Zeyen, R.
Huguet, T. Cook, DR. Young, ND. 2002.
Integrated microsatellite marker mapping
and powdery mildew resistance in
Medicago truncatula (abstract). In: Plant
and Animal Genome X. The International
Conference on the Status of Plant and
Animal Genome Research, 12—-16 January
2002, San Diego, Calif., pp 196.

Eujayl, 1. Sledge, MK. Wang, L. May, GD.
Chekhovskiy, K. Zwonitzer, JC. and
Mian, MAR. 2004. Medicago truncatula
EST-SSRs reveal cross species genetic
markers for Medicago spp. Theor. Appl.
Genet., 108:414-422.

Gupta, P.K. Rustgi, S. Sharma, S. Singh, R.
Kumar, N. and Balyan, HS. 2003.
Transferable EST-SSRs markers for the
study of polymorphism and genetic
diversity in bread wheat. Mol Genet
Genomics., 270:315-32.

Gupta, P.K. Varshney, R.K. Sharma, P.C. and
Ramesh, B. 1999. Molecular markers and
their applications in wheat breeding. Plant
Breed., 118: 369-390.

Gujaria, N. Kumar, A. Dauthal, P. Dubey, A.
Hiremath, P. Prakash, A. B. Farmer, A.
Bhide, M. Shah, T. M. Gaur, P. D.
Upadhyaya, H. Bhatia, S. R. Cook, D. D.
May, G. Varshney, R. K. 2011.
Development and use of genic molecular
markers (GMMs) for construction of a
transcript map of chickpea (Cicer
arietinum L.). Theor. Appl. Genet.,
122:1577-1589.

Gutierrez, M.V. Vaz Patto, M.C. Huguet, T.
Cubero, J.I. Moreno, M.T. Torres, A.M.
2005. Cross-species amplification of
Medicago  truncatula  microsatellites
across three major pulse crops. Theor.
Appl. Genet., 110: 1210-1217.

Hiremath, J. P. Farmer, A. Cannon, B. S.
Woodward, J. Kudapa, H. Tuteja, R.
Kumar, A. Bhanu Prakash, A.
Mulaosmanovic, B. Gujaria, N.
Krishnamurthy, L. M. Gaur, P. 1. B.
KaviKishor, P. Shah, T. Srinivasan, R.
Lohse, M. Xiao, Y. D. Town, Ch. R.
Cook, D. D. May, G. and Varshney, R. K.
2011. Large-scale transcriptome analysis
in chickpea (Cicerarietinum L.), an orphan
legume crop of the semi-arid tropics of
Asia and Africa. Plant Biotechnol. J., 9:
922-931.

Huang X, Madan A (1999) CAP3: a DNA
sequence assembly program. Genome
Res., 9:868-877.



Behroozi et al/ Determination of Genetic diversity of cultivated chickpea (Cicer arietinum L.) using....

Huguet, T. Thoquet, P. Gherardi, M. Kereszt,
A. Ane, JM. Vilotte, L. Cardinet, G.
Baquerizo, E. Santoni, S. Prosperi, JM.
2001. The molecular linkage map of the
model legume Medicago truncatula: a tool
for legume genome comparison and gene
mapping. In: 4th Workshop on Medicago
truncatula. University of Wisconsin-
Madison, Wis., pp 51.

Li-Bin, W. Hai-Yang, Z. Yong-Zhan, Z.
Wang-Zhen, G. and Tian-Zhen, Z. 2008.
Developing EST-derived microsatellites in
sesame (Sesamum indicum L.). Acta
agronomica sinica., 34: 2077-2084.

Lichtenzveig, J. Scheuring, C. Dodge, J.
Abbo, S. and Zhang, HB. 2005.
Construction of BAC and BIBAC libraries
and their applications for generation of
SSR markers for genome analysis of
chickpea, Cicer arietinum L. Theor. Appl.
Genet., 110:492-510.

Li, YC. Korol, AB. Fahima, T. and Nevo, E.
2004. Microsatellites ~ within ~ genes:
structure, function, and evolution. Mol.
Biol. Evol., 21:991-1007.

Morgante, M. Hanafey, M. and Powell, W.
2002. Microsatellites are preferentially
associated with nonrepetitive DNA in
plant genome. Nat. Genet., 30: 194-200.

Nei, M. 1973. Analysis of Gene Diversity in
Subdivided Populations. Proc. Natl. Acad.
Sci. U.S.A., 70(12): 3321-3323.

Peakall, R. Glimore, S. Keys, W. Morgante,
M. Rafalski, A. 1998. Cross species
amplification of soybean (Glycine max)
simple sequence repeat (SSRs) within the
genus and other legume
implication for transferability of SSRs in
plants. Mol. Biol. Evol., 15:1275-1287.

Qureshi, S. Saha, S. Kantety, R. V. and
Jenkins, J.N. 2004. Molecular biology and
physiology. EST-SSR: A new class of

genera:

14

genetic markers in cotton. J Cotton Sci.,
8:112-123.

Rami'rez, M. Graham, M.A. Blanco-Lo pez,
L. Silvente, S. Medrano-Soto, A. Blair,
M.W. Herna'ndez, G. Vance, CP. Lara, M
.2005. Sequencing and analysis of
common bean ESTs.
foundation for functional genomics. Plant
Physiol., 137:1211-1227.

Sergio,V.M. Gimenes, A. and Romero Lopes,
C. 2003. Genetic diversity within and
among species of section the genus
Arachis L.(Legominosae) using RAPDs.
Genet. Resour. Crop Evol., 50:841-848.

Sharifi Tehrani, M., Mardi, M. Sahebi, J.
Catala’'n, P. and D1’az-Pe’rez, A. 2009.
Genetic diversity and structure among

Building a

Iranian tall fescue populations based on
genomic-SSR  and EST-SSR  marker
analysis. Plant Syst. Evol., 282:57-70.

Tavakoli, T., Kermani, A. M., and Khazaei, J.
2002. Effects of Normal Pressure, Sliding
Velocity and Moisture Content of
Chickpeas on  Dynamic  Friction
Coefficient on Steel Surfaces. J. Agric.
Sci. Technol., 4: 11-22.

Thiel, T., Michalek, W., Varshney, R.K.,
Graner, A., 2003. Exploiting EST
databases for the development and
characterization of gene-derived SSR-
markers in barley (Hordeum vulgare L.).
Theor. Appl. Genet., 106: 411-422,

Tian, A.G. Wang, J. Cui, P. Han, YJ. Xu, H.
Cong, LJ. Huang, XG. Wang, XL. Jiao,
YZ. Wang, BJ. Wang, YJ. Zhang, JS.
Chen, SY. 2004. Characterization of
soybean genomic features by analysis of
its expressed sequence tags. Theor. Appl.
Genet., 108:903-913.

Yeh, F.C. Boyle, TIB.
genetic  analysis

1997. Population

of codominant and



Journal of Plant Molecular Breeding (JPMB) /Vol.1/No.2/ October 2013/ 1-16

dominant markers and quantitative traits.
Belg. J. Bot., 129:157

Yu, H. Li, Q. 2008. Exploiting EST databases
for the development and characterization
of EST-SSRs in the pacific oyster
(Crassostrea gigas). J. Hered., 99:208-
214,

Varshney, R.K. Hiremath, P.J. Lekha, P.
Kashiwagi, J. Balaji, J. Deokar, A.A.
Vadez, V. Xiao, Y. Srinivasan, R. Gaur,
P.M. Siddique, K.H.M. Town, Ch. D. and
Hoisington, D.A. 2009. A comprehensive
resource of drought- and salinity
responsive ESTs for gene discovery and
marker development in chickpea (Cicer
arietinum L.). BMC Genomics, 10:523.

Zhu, Y. Queller, D.C. Strassmann, J.E .2000.
A phylogenetic perspective on sequence
evolution in microsatellite loci. J. Mol.
Evol. 50:324— 338.

15



Behroozi et al/ Determination of Genetic diversity of cultivated chickpea (Cicer arietinum L.) using....

Medicago truncatula
Sl (32 3 9 68 Lo Jlase (659500 Loy (5 x> sl

U‘)"‘ u.\.e(w.n ‘-\W ‘5.»5.))3 oKl ‘6))5LM.5 oKl 6)9.15&.'3*' 05;

Behroozi@nigeb.ac.ir ;g 40 Lo, 1 Jgiws odius 5%

RS

] Glﬁs.lﬁ.n 6Lb)§.|Lm.| )| oolawl k.;“") 6me‘)5 Er 9 Sz (49,0 &9...) ua..."t.m.t 6‘f WLA.A 6Lbu3L..b) )l
EST- ‘SLD;)LC—‘ "\"'JKSA )Lo.w aQ L-;...J) 65...‘ X e oolauwl Oy90 mfo GL..A )‘ EST-SSR Glﬁﬂﬁ.n dLb)iLmJ
o lgaleis, 1505 & S (55 (oolly B £955 oS 555 oboml 33y b 5 0 ol swig s 3blio 55, 5 SSR
@ axg bail o i SO sdisS o yo oYL i Jsl el il oren b, Sl ol oo oo ol
ol BST sla Jlgs 51 imghs (ol 5o eimess lalS sl (Medicago truncatula) JlS, axsg olS o4 Jow
5555 5 o5 ol ot 8 g JUE] B e 0 ooliial (sel5 0555 o) 5 e S5 55 (o2 8l o5
A 85 L8 ey 9550 1S5 olisS o Jlss (18l (sl EST Jlgs 70+ ulul ¢l 5285 18 bl 0590
Slp S5kl cax Yol gm0 ol eols Laskis S5 aw b 9o L SSR (ggl> EST g VYWY o0
0936 Caigsy S JBlas sl o S 5lel cpl 5 (AFY) cax VY o solatul el); 0938 o8, Vo s (SUUS £95 oy
oaeis JTYE slows S job 4y aiog S8 wix glylo slaws cpl 51 (PV/B) x> A a5 wols olas 1) ail 355
ColBB g 09 LYAIVD oo awlze PIC Sl 09 anseis bB alp 2 50 JTY lawgie job 4 a5 o ool
e 4 azg b as ol lis bl ol aswlxe FYYY M. truncatula 4 (C. arietinum) <l,; o5 oy Jlal
Sl e SO Glaxe 4 olS cpl 5l s e jeiesSd oolgils (gl Jaw oS K lsie 4y ML truncatula oLS o4
EST- slo Silis lawgs oals oloml (55,l L a5 0529 0,5 colainl o poS Koo i) Gl o)y 0 sl Sledibol
o &5...: R le)J S9>g0 EST 6@6”94 )| oolaw! 9) U”‘ )l Sl 00 LQ;)LKJ U”‘ 09)3‘ 39) A.L..ug.w u.cl.u SSR

ML o|) u.!‘ 5o WLA.A 6QL4.J‘ =\.~‘>3.' L‘ 6)‘)." ..\4‘9."50 "L'SL"““"P uLDL.f

Medicago truncatula (Cicer arietinum L.) ¢l,; 5550 « S35 o5 EST-SSR gl Silis : guads wlods'

16



