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Abstract 

 

Microsatellite markers from chickpea, common bean, fieldpea and lentil were studied for their transferability and ability to reveal 

polymorphism in pigeonpea with an objective to use them in linkage map construction and tagging of agronomically important traits.  

Out of total one hundred and sixty three genic and genomic markers from four legume genera screened on six pigeonpea genotypes, 

58 were found to be transferable in pigeonpea. Maximum transferability (47%) was shown by markers from common bean, followed 

by lentil, fieldpea and chickpea. The average polymorphism information content value with genic and genomic markers was found to 

be 0.60 to 0.50 respectively. These transferable markers will add to the pool of available markers for genotyping and mapping of 

important traits in Cajanus. This study also demonstrated that genic markers are not only transferable across genera but also are at 

par with genomic markers in detecting polymorphism. 

 

Keywords: Cajanus cajan; genic SSRs; genomic SSRs; legumes; polymorphism; transferability. 

Abbreviations: EST_Expressed Sequence Tags; PIC_Polymorphism Information Content; SSR_Simple Sequence Repeat; 

UPGMA_Un-weighted Pair Group Method with Arithmetic Mean. 

 

 

Introduction  

 

Pigeonpea (Cajanus cajan L. Millspaugh) is one of the major 

grain legume crops of the tropics and subtropics and belongs 

to the Cajaninae sub-tribe of the economically important 

leguminous tribe Phaseoleae that contains soybean (Glycine 

max L.), common bean (Phaseolus vulgaris L.) and 

mungbean (Vigna radiata L.). Out of total global production 

of 4.41 million tons, India alone contributes 2.9 million tons 

from 4.42 million ha area (FAOSTAT 2011). Inspite of its 

economic importance, the average productivity is low 

(740kg/ha) due to various biotic and abiotic production 

constraints. Conventional breeding efforts could not make 

much progress in improving productivity of pigeonpea 

mainly due to its narrow genetic base, high sensitivity to 

environmental factors and high genotype X environment 

(GE) interactions (Kumar and Ali, 2006). Moreover, limited 

research on pre-breeding efforts coupled with repeated use of 

only few parents in the current breeding programs have 

further narrowed down the genetic diversity of its cultivated 

gene pool (Singh et al., 2006). Presently, only a few cultivars 

are extensively grown in India, which accounts for more than 

73% of the global production. This has led to erosion of a 

large number of land races, a major source for genes for 

stress tolerance in breeding programs. Recently, with the 

publication of draft genome sequence (Singh et al., 2011; 

Varshney et al., 2011), stage has been set now to enrich 

genomic resources to aid molecular breeding in pigeonpea.  

Although, these genomic resources are expected to make 

available breeder-friendly tools like molecular markers, so 

far, studies on molecular diversity in pigeonpea have been 

limited by the paucity of PCR based polymorphic markers. 

Although the dominant markers such as random amplified 

polymorphic DNA (RAPD), restriction fragment length 

polymorphism (RFLP) and amplified fragment length 

polymorphism (AFLP) were occasionally employed in 

pigeonpea, but they tend to present reproducibility problems 

and were inadequate in assessing diversity within the species 

(Nadimpalli et al., 1992; Ratnaparkhe et al., 1995; Panguluri 

et al., 2006). Additionally, pigeonpea is an often cross-

pollinated crop (upto 40% out-crossing) and maintenance of 

the genetic purity of a released cultivar possesses a serious 

problem (Ratnaparkhe et al., 1995; Souframanien et al., 

2003). Therefore use of molecular markers, particularly the 

neutral markers to unravel genetic relationships between and 

among cultivars becomes very important. Microsatellite 

markers are highly polymorphic, locus specific, easily 

transferable, cost effective and distributed throughout the 

genome. Significant efforts have been made to develop 

microsatellite markers in many crop species during the last 

decade. They are now widely used for investigating genetic 

diversity among cultivars and genetic resources, for 

developing genetic maps suitable for Quantitative Trait Loci 

(QTL) detection studies and marker assisted selection 

programmes. Together, these characteristics make 

microsatellite loci one of the best markers for genetic 

mapping. Microsatellite markers have been developed from 

plant genomes from both coding and non-coding sequences 

containing simple repeats (Brown et al., 1996; Blair et al., 

2003; Buhariwala et al., 2005). Genomic microsatellites are 

developed from non-coding regions of genome viz. introns or 

intergenic spacers. DNA libraries and/or enrichment 

procedure are often used to increase the prevalence of simple 

sequence repeats (SSR). SSRs are also found in gene coding 

regions (exons) of higher eukaryotes and recently many 

markers have been developed from expressed sequence tags 
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(EST) sequences  or gene sequences (Eujayl et al., 2004) and 

are referred as genic markers. Sequence data obtained from 

several crop plants indicate sufficient homology existing 

between genomes in the region flanking the SSR loci. This 

allows primer pair designed on the basis of the sequence 

obtained from one crop to detect SSRs in related crop 

species. Such homology in the flanking region of SSRs loci 

has extended the utility of these markers to related species or 

genera where very little information on SSR is available. This 

phenomenon is sometimes described as transferability of 

microsatellite primers across species/genera. Several reports 

have established transferability of SSR markers from one 

genera/species to other (Pandian et al., 2000; Choumane et 

al., 2004; Eujayl et al., 2004; Datta et al., 2010a, b, 2012). 

Pandian et al. (2004) observed high level of sequence 

conservation of microsatellite markers across vetch, lentil, 

chickpea and fieldpea. Datta et al. (2010a, b, 2012) analyzed 

the transferability of microsatellite markers across different 

legume taxa and reported marker transferability from 36% -

95%. An effort to develop linkage map and studying 

germplasm diversity of pigeonpea has been slowed due to 

availability of only few polymorphic markers. As compared 

to large number of markers in common bean (Yu et al., 2000; 

Blair et al., 2003; L’taief et al., 2008), soybean (Cregan et al., 

2004; Hisano et al., 2007), chickpea (Buhariwalla et al., 

2005; Sethy et al., 2006 ; Qadir et al., 2007; Choudhary et al., 

2009) and lentil (Hamwieh et al., 2005), only 141 

microsatellite markers were reported till recently in 

pigeonpea (Burns et al., 2001; Odeny et al., 2007, 2009; 

Saxena et al., 2010) and these are derived from genomic 

sequences. Dutta et al. (2011) have reported 71 genic SSR 

markers by deep transcriptome sequencing. Recently, Bohra 

et al. (2011) have identified 842 polymorphic SSR markers 

from end sequences of BAC clones and using these markers, 

a SSR-based genetic map comprising of 239 loci was 

developed in pigeonpea. Although, this is a significant 

progress, there is still an urgent need to increase the number 

of polymorphic microsatellite markers in pigeonpea for 

diversity analysis and mapping of important traits. Moreover, 

transferability of markers from closely related legume species 

also allows studying genome synteny and considerably saves 

cost in marker development. Linkage maps are now available 

for a variety of leguminous crops including chickpea (Winter 

et al., 1999, 2000; Nayak et al., 2010), lentil (Hamwieh et al., 

2009) and common bean (Blair et al., 2003). But till very 

recently, there was no genetic map available for pigeonpea 

and the two published maps do not cover the whole genome 

(Yang et al., 2011; Bohra et al., 2012). A saturated genetic 

map of pigeonpea based on microsatellite markers would be 

tremendously useful for marker assisted selection projects as 

well as further genetic studies. To this end, we have tried to 

develop a set of transferable microsatellite markers from 

other legume genera/species for mapping of different traits in 

pigeonpea along with other available microsatellite markers.  

 

Results 

 

In order to assess the transferability and polymorphism 

detection  ability of microsatellite markers from four different 

legume genera in pigeonpea, genomic DNA from six 

pigeonpea cultivars were amplified with 163 markers, of 

which most were genomic microsatellite markers. Majority of 

markers were from chickpea (33%) and fieldpea (28%); 

whereas rest were from common bean (21%) and lentil 

(18%). Markers from common bean produced maximum 

amplification (47%), whereas, minimum amplification (26%) 

was recorded with chickpea markers (Table 1). Maximum 

numbers of genomic markers were from chickpea (44.2%) 

whereas maximum number of genic markers belongs to field 

pea (54%). These makers amplified a total of 92 alleles of 

which 57 alleles were from genomic markers and 35 were 

from genic markers in all the six genotypes studied. 

Maximum number of alleles (4) was amplified by 

PSBLOX13.1, PEAACPLHPPS and PSP4OSG whereas 

majority of markers amplified only one allele. Alleles that did 

not produce any amplicon in pigeonpea genotypes were 

considered as null alleles. 

 

Transferability of legume microsatellite markers in 

pigeonpea 

 

Microsatellite markers from common bean (34) exhibited 

highest transferability of 47%, whereas 30 markers from 

lentil showed 40% transferability (Fig.2, Table 1). The extent 

of genomic similarity between two species determines the 

extent of transferability and use of molecular markers from 

one species to other related species (Gupta et al., 2013).The 

high level of transferability of common bean markers in 

pigeonpea might be ascribed to the fact that common bean 

and pigeonpea belong to the same tribe Phaseoleae. 

Transferability of 45 fieldpea markers was also found to be 

low where only 35.5% transferability was recorded. Of the 54 

markers from chickpea, only 25.9% were found to be 

transferable in pigeonpea. The low level of transferability of 

chickpea markers in Cajanus might be attributed to the fact 

that they belong to two different tribes, chickpea belongs to 

Cicerae and pigeonpea falls in Phaseoleae (Choi et al., 

2004).  

  

Transferability of genic microsatellite markers  

 

Majority of genic markers used in the present study were 

from Pisum (27) and rest were from Phaseolus (19) and 

Cicer (4). Of the total 50 genic markers, only 19 markers 

produced good amplification. Out of 19 markers, BMd 47 

and BMd 52 showed the maximum (100%) whereas BMd 53 

and PEAATPSYND showed the minimum transferability 

(17%). In the six genotypes studied, Asha produced 

amplification with maximum (84.2%) markers, whereas, 

36.8% markers amplified in 67 B (Fig. 3). The genic markers 

from Cicer did not amplify any allele in pigeonpea, however 

47.3% transferability was observed with 19 genic markers 

from Phaseolus. Out of 27 genic markers from Pisum, only 

10 (37%) amplified specific alleles in pigeonpea. Marker 

PEACPLHPPS was found to be most informative by 

amplifying highest number (4) of alleles. The overall 

transferability of the genic markers was found to be 38%. 

 

Transferability of genomic microsatellite markers  

 

A total of 113 genomic markers were used in the present 

study, out of which 50 (44.24%) were from Cicer, 15 

(13.27%) from Phaseolus, 18 (15.9%) from Pisum and 30 

(26.54%) from Lens.  Total 39 markers amplified alleles in 

pigeonpea and showing a transferability frequency of 34.5%. 

Maximum transferability (100%) was observed with TR1, 

TA76 S, AGLC 34, AGLC 52, TR 26, NPS 7, NPS 13, SSR 

13, SSR 59-2, SSR 99 and minimum (16%) with TA59, BMd 

40, BMd 42. Of all the six genotypes studied, highest marker 

transferability (89%) was found in Asha, whereas, lowest 

transferability (43.5%) was seen in 67B. Average 

transferability with all the six genotypes was 62.5%. (Fig.3) 

Among genomic markers from four legume genera, 

maximum (46%) transferability was observed with markers  
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Table 1. Amplification results of genic and genomic markers from different legumes in pigeonpea.     

 Chickpea Common bean Lentil Field pea 

 Genic Genomic Genic Genomic Genic Genomic Genic Genomic 

Marker tested 4 50 19 15 - 30 27 18 

No amplification 4 36 10 8 - 18 17 12 

Monomorphic - 7 2 0 - 3 - - 

Polymorphic - 7 7 7 - 9 10 6 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

Fig 1.  Amplification profile of different cross genera SSR markers in Pigeonpea genotypes. PCR amplification of markers AGLC 34, BMd 12, SSR 13 and PEACPLHPPS in pigeonpea 

genotypes. The PCR amplification products were separated on 3% Agarose gel and visualized under UV light in the presence of ethidium bromide. Lanes (left to right): 100 base pair DNA 

ladder, pigeonpea genotype Asha, UPAS 120, Bahar, 67-B, Type 7 and Dholi dwarf. 

 

 

        

 

 

 

 

 

 

 

 

Fig 2.  A summary of the average transferability obtained with cross genera legume markers   in Cajanus. 
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derived from Phaseolus which was closely followed by 

markers from Lens (40%), whereas Pisum and Cicer markers 

showed transferability of 33% and 28% respectively.  

 

Polymorphism with genic markers 

 

Nineteen genic markers, which were transferable in 

pigeonpea, were further analyzed for their ability to reveal 

polymorphism. Amplification results based on 

presence/absence and size variation among alleles showed 

that 17 (89.5%) markers were polymorphic, whereas, only 2 

markers produced monomorphic bands. These 19 markers 

amplified a total of 35 easily scorable alleles with an average 

of 1.84 alleles per locus, ranging from 100 to 450 base pairs. 

Maximum numbers of alleles (4) were amplified by marker 

PEACPLHPPS. Three alleles each were amplified by 

markers PSARGDECA and BMd 35. Two alleles each were 

amplified by BMd 27, BMd 28, BMd 47, BMd 48, BMd 55, 

PSGAPA1, PSY14273, PSU58830, PEAATPSYD, 

PEAOM14A and PSU51918. Nineteen markers amplified a 

total of 107 alleles in all the six genotype tested with an 

average being 17.8 alleles per genotype.  Dholi dwarf 

amplified a maximum of 31 alleles  whereas only 10 alleles 

were amplified in 67 B. Maximum PIC value was obtained 

with BMd 53 (0.97) and minimum (0.06) was observed with 

BMd 28 with the average PIC with all the genic markers 

being 0.60. With microsatellites derived from common bean, 

the similarity coefficient between cultivars ranged from 0.55 

to 0.91 (Avg. 0.83) while markers from Pisum showed 

similarity coefficient value ranges from 0.13 to 1.0 (Avg. 

0.56) indicating average genetic diversity of 16.9%.   

 

Polymorphism with genomic markers 

 

Of the 39 transferable genomic markers, 29 (74.3%) were 

polymorphic and 10 were monomorphic. Amplicon size 

ranging from 150 to 900 base pairs was obtained by the cross 

species amplifications. Maximum number (4) of alleles were 

amplified by markers PSBLOX13.1 and PSP4OSG while 

majority of markers amplified only one allele. Thirty nine 

markers amplified a total of 182 alleles in all the six genotype 

tested with an average of 30.3 alleles per genotype. Genotype 

Asha amplified a maximum of 35 alleles, whereas, only 17 

alleles were amplified in the genotype 67 B. Maximum PIC 

value (0.99)  was obtained with marker NPS 5 and minimum 

(0.31) with the markers AGLC 16, NPS 2, NPS 35, SSR 107, 

SSR130, SSR 212-1, SSR 233. The average PIC with all the 

genomic markers was 0.50. Genetic similarity matrix based 

on Jaccard’s similarity coefficient with genomic markers 

ranged from 0.48 to 0.87 with the average being 0.77. Eight 

markers from Phaseolus showed similarity coefficient values 

ranging from 0.22 to 1.00 with an average 0.65. 

Microsatellite markers from Lens revealed similarity 

coefficient values ranged from 0.50 to 0.96 with an average 

of 0.82. 

 

Comparison between genic and genomic markers 

 

The Mantel matrix correspondence test (Mantel et al., 1967) 

was used to compare the similarity matrices and the 

correlation coefficient between genic and genomic SSRs was 

found to be 0.87. The test indicated that clusters produced 

based on genic and genomic microsatellite markers were 

conserved since the minimum required matrix correlation 

value was 0.80. The finding of this study showed that genic 

SSRs are equally good for polymorphism studies along with 

genomic SSRs. Hanai et al. (2007) observed similar results 

while comparing genic and genomic SSRs in common bean. 

 

Genetic relationship and diversity 

 

Polymorphism data from the transferable SSRs were used to 

test their potential in genetic studies by ascertaining the 

genetic diversity/interrelationship among the genotypes (Fig. 

4). Unweighted Paired Group Method of Arithmetic 

Averages (UPGMA) dendrogram based on all the 

transferable markers clearly divided the six genotypes into 

two clusters. Two genotypes Asha and Dholi Dwarf grouped 

together in first cluster. The second cluster further subdivided 

into two sub clusters, where, genotypes UPAS 120 and Bahar 

grouped together in first sub cluster and 67 B and Type 7 in 

the second. Overall topology including clades within major 

clusters did not change except minor variation in dendrogram 

based on the genic and genomic markers separately as well as 

together.  

 

 Discussion 

 

In this study, we tested the ability of genic and genomic 

SSRs from different legume genera to amplify in pigeonpea 

and reveal the polymorphism. The genic markers from 

Phaseolus showed maximum transferability. The possible 

reason behind this may be that Cajanus and Phaseolus 

belong to the same tribe, Phaseoleae, and share higher 

genome synteny. In our study, overall transferability of the 

genic microsatellite markers was greater (38%) than the 

genomic microsatellite markers (34.5%) which may be due to 

the fact that there is greater sequence conservation in 

transcribed region of the genome. Transferability of genic 

microsatellite markers to related species or genera has been 

demonstrated in several studies. In Medicago truncatula 

genic SSRs, Eujayl et al. (2004) observed that 89% of the 

genic SSRs were transferable. Similarly, Castillo et al. (2008) 

observed 100% transferability of barley genic microsatellite 

markers in Hordeum chilense, and 25.6% genic markers to be 

polymorphic. In a similar study with barley genic SSRs, 

Varshney et al. (2005a) could successfully amplify a sub-set 

of 165 genic-SSR markers of barley to wheat, rye and rice. A 

higher proportion, i.e., 78.2% of barley markers showed 

amplification in wheat followed by 75.2% in rye and 42.4% 

in rice. Furthermore, in silico comparison with 185 mapped 

barley genic-SSR loci against 13,69,182 publicly available 

cereal ESTs showed significant homology with ESTs of 

wheat (93.5%), rye (37.3%), rice (57.3%), sorghum (51.9%) 

and maize (51.9%). In addition, the genic SSRs are good 

candidates for the development of conserved orthologous 

markers for genetic analysis and breeding of different species 

(Varshney et al., 2005b). For example, a set of 12 barley 

EST-SSR markers was identified that showed significant 

homology with the ESTs of four monocotyledonous species 

(wheat, maize, sorghum and rice) and two dicotyledonous 

species (Arabidopsis and Medicago) and could potentially be 

used across these species (Varshney et al., 2005a). We found 

that the transferability rate of microsatellite markers from all 

four selected legume genera to pigeonpea was lower (35.6%) 

than the earlier reports in other legumes (Pandian et al., 2000; 

Choumane et al., 2004; Gutierrez et al., 2005; Datta et al., 

2010a,b, 2012). Peakall et al. (1998) reported 65% cross-

species amplification within the genus Glycine. Reddy et al. 

(2009) examined cross-genera transferability of SSR markers 

from Trifolium pratense, Medicago truncatula, and Pisum 

sativum and observed successful amplification of 62% 

Trifolium markers followed by Medicago (36%) and Pisum  
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Fig 3.  Average transferability of individual genotype with genic and genomic markers. 

 

 

 
         Similarity coefficient value with genic markers                                  Similarity coefficient value with genomic markers 

 

 

Fig 4. Phylogenetic relationship among six pigeonpea genotypes based on amplification events obtained using genic and genomic 

sequences from cross genera legume species markers Dendrogram showing phylogenetic relationship among 6 Cajanus cajan 

genotypes generated from 58 genic and genomic SSR markers. Scale at the bottom of the dendrogram indicates the level of similarity 

between the genotypes. 

 

 

(25%) in lentil. Gutierrez et al. (2005) reported 40%, 36.4% 

and 37.6% transferability of M. truncatula microsatellites in 

fababean, chickpea and fieldpea, respectively. In another 

study, Choumane et al. (2004) observed 54.4% sequence 

conservation among Cicer, Lens and Pisum. We have earlier 

analyzed the transferability of microsatellite markers across 

different taxa viz.  Lens, Cajanus, Lathyrus, Vigna and 

Phaseolus. The transferability of microsatellite markers as 

determined through robust amplification on pigeonpea 

genotypes was 47%, 46%, 36% and 45% for common bean, 

chickpea, fieldpea and lentil derived markers, respectively. 

The transferability was 55% with chickpea markers and 65% 

with lentil markers. Similarily, 28% chickpea markers, 60% 

pigeonpea markers and 46% lentil specific markers were 

transferrable to Phaseolus species (Datta et al., 2010 a, b, 

2012). These results indicate that transferability of markers 

amplifying the microsatellite loci across related 

genera/species have vast potential for their utilization 

genomics enabled improvement of food legumes.The lower 

rate of marker transferability in few cases, compared well 

with the results of Pandian et al. (2000) who reported 5% and 

18% transferability of microsatellite markers from Cicer to 

Lens and Pisum. The transferability rate of SSRs depends on 

many factors which includes number of markers used for 

SSR amplification, PCR conditions and plant species 

involved in the study. It has been observed that genomic 

microsatellite markers exhibits low transferability when used 

across genera (Peakall et al., 1998). Evolutionary distance 

and rate of evolution also contributes in amplification of 

particular locus from one plant species with primer designed 

from another species (Torres et al., 2008). The conserved 

primer binding sites in all four legume genera and pigeonpea 

can be exploited for enhancing the genomic resources for 

comparative genome analysis within and beyond legumes 

and will also contributes as additional markers for diversity 

analysis and mapping of for useful genes in pigeonpea. The 

microsatellite markers derived from EST are considered less 

powerful in the discrimination of genotypes than genomic 

region derived SSR marker. This is mainly due to the 

conserved nature of the EST sequences. Eujayl et al. (2001) 

compared genic and genomic SSR markers to investigate 

genotypic variation of 64 durum wheat lines, land races, and 

varieties obtaining 255 polymorphic loci among 137 EST 

SSR markers and 505 among 108 genomic SSR markers with 



1995 

 

an average of 4.1 and 5 alleles per locus, respectively. 

However Scott et al. (2000) found the opposite results in the 

case of apricot and grape, where the genic microsatellite 

markers showed higher polymorphism. In our study, EST 

derived microsatellite markers showed higher polymorphism 

percentage and PIC value (89.5%, 0.60) as compared to that 

of genomic markers (74.3%, 0.50). Odeny et al. (2009) tested 

transferability of 161 genic-SSRs from soybean to pigeonpea 

and found 24 markers were polymorphic in pigeonpea. 

Similar results were obtained by Hempel and Peakall (2003); 

they found 23 primers pairs transferable from Glycine max to 

its wild relative G. clandestina and produced 19 polymorphic 

loci.  Recently, Dutta et al. (2011) observed high level 

polymorphism (PIC 0.63) in pigeonpea with genic SSR 

markers of ≥ 20 bp. In a similar study, Yue et al. (2004) 

found that microsatellite derived from EST’s showed higher 

allele number than the ones isolated from genomic libraries. 

This finding was true in our study also, genic markers were 

found to amplify higher number of alleles (1.84) per locus 

than the genomic markers, which amplified 1.46 alleles per 

locus. Several studies have found that genic microsatellite 

markers are useful for estimating genetic relationship and at 

the same time provides provide opportunities to examine 

functional diversity in relation to adaptive variations. The 

low level of polymorphism detected with genic SSRs in 

several other studies may be compensated by their higher 

cross species/genus transferability. Although cross 

species/genera amplification was observed with genomic 

SSRs as well, comparatively higher rate of transferability has 

been observed in this study especially across genera. 

 

Material and Methods 

 

Plant material and DNA extraction 

 

Total genomic DNA from six pigeonpea genotypes (which 

have been used as parents in mapping population 

development at IIPR, Kanpur, India) was isolated from young 

leaves, using modified CTAB method (Abdelnoor et al., 

1995). The extracted DNA was purified with RNase 

treatment (10 g/ml) for 1 hour at 37C followed by 

treatment with phenol: chloroform: isoamyl alcohol 

(25:24:1). The pellet was dissolved in appropriate amount of 

TE (Tris10mM, EDTA 1mM) buffer. DNA from different 

samples was quantified both by visual quantification, by 

comparing the DNA band intensity with that of λ DNA of 

known concentration, as well as through UV 

spectrophotometer and finally diluted to a concentration of 5 

ng/l. 

 

Microsatellite markers and PCR amplification 

 

A total of 163 SSR primer sequences representing 54 from 

chickpea (Cicer arietinum) (Winter et al., 1999; Buhariwalla 

et al., 2005; Qadir et al., 2007), 34 from common bean 

(Phaseolus vulgaris) (Blair et al., 2003), 30 from lentil (Lens 

culinaris ssp. culinaris) (Hamwieh et al., 2005) and 45 from 

pea (Pisum sativum) (Burstin et al., 2001) were used for PCR 

amplification to study transferability as well as their utility in 

parental polymorphism within six genotypes, which are used 

as mapping parents (Supplementary Table 1 and  

Supplementary Table 2). The length of these primers varied 

from 18 to 29 nucleotides. These primers were custom 

synthesized from Operon Technologies, Alameda, USA. PCR 

amplification was performed in a 5 l reaction volume 

containing 1X PCR buffer (10 mM Tris HCl pH 9.0, 1.5 M 

MgCl2, 50 mM KCl, 0.01% gelatin), 0.2 mM each of dNTP 

(Bangalore Genei), 0.1 U of Taq DNA polymerase 

(Bangalore Genei, Bengaluru) and 5 pmol each of forward 

and reverse primers. PCR tubes contained 5 ng of genomic 

DNA as template. An initial denaturation was given for 3 

min. at 95C. Subsequently, five touch-down PCR (Don et 

al., 1991) cycles comprising of 94C for 20 s, 60-55C 

(depending on the marker as given in supplementary Table 1) 

for 20 s, and 72C for 30 s were performed. These cycles 

were followed by 40 cycles of 94C for 20 s with constant 

annealing temperature (depending on marker) for 20 s, and 

72C for 20 s, and a final extension was carried out at 72C 

for 20 min. All PCR amplicons were resolved by 

electrophoresis on 3% agarose gel and visualised with 

ethidium bromide under UV illumination to identify the 

informative SSR loci across all the six genotypes. GeneRuler 

100 bp DNA ladder (MBI Fermentas, La Jolla, CA, USA) 

was used to estimate the allele size (Fig.1). The gels were run 

for 4 hours at 45 volts and SSR fingerprint profiles were 

recorded with BioRad Gel Doc XR version 2.0. The SSR 

bands were scored as present (1) or absent (0) for each primer 

genotype combination and a binary raw matrix was 

generated. 

 

Molecular data analysis   

 

The amplification data generated by transferable markers 

were analyzed using SIMQUAL route to generate Jaccard’s 

similarity coefficient (Jaccard 1908) using NTSYS-PC, 

software version 2.1 (Rohlf 1998). These similarity 

coefficients were used to construct a dendrogram depicting 

genetic relationships among the cultivars by employing the 

(UPGMA) algorithm and Sequential, Agglomerative, 

Hierarchical, Non-overlapping (SAHN) clustering. The 

Polymorphism Information Content (PIC) (Anderson et al., 

1993) was calculated for each marker using the following 

equation:                     

                                                                               
  

Where, Pij is the frequency of the jth allele for the ith marker, 

and summed over ‘n’ alleles. In order to estimate the 

congruence among dendrograms, product moment correlation 

(r) was computed and compared using Mantel statistics (t) in 

MXCOMP program. 

 

Conclusions  

 

Our study suggests that microsatellites can be utilized across 

species or sometimes even across unrelated genera. This is 

not surprising, because the coding sequences for similar 

functions should remain conserved over a wide range of 

species, so that the microsatellites and their flanking 

sequences, carried by these coding sequences, should also 

remain conserved. The transferability results suggest that a 

proportion of microsatellites can certainly be utilized for 

comparative genome mapping in legumes. The transferable 

genic SSR markers can be further tested for studying genome 

structure and evolution. The present study clearly indicates 

potential for the transferability of SSR markers from cross-

genera legumes, thus circumventing laborious cloning and 

screening procedures involved in characterizing SSR loci for 
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pigeonpea. These markers would be useful for improving 

availability of markers of breeder’s choice for genetic 

diversity analysis and ultimately toward development of a 

widely distributed and well-saturated linkage map of 

pigeonpea. The present study has also provided insights into 

the genetic base of few selected important pigeonpea 

cultivars in India and will enable breeders to involve new 

germplasm in hybridization programs. 

 

Acknowledgements 

 

We thank the Indian Council of Agricultural Research for 

generous funding through NPTC- Genomics and Indo-US 

AKI - PGI Projects which helped to carry out this work. 

 

References 

 
Abdelnoor RV, Barros EG, Moreira MA (1995) Determination of 

genetic diversity within Brazilian soybean germplasm using 

random amplified DNA amplification techniques and comparative 
analysis with pedigree data. Braz J Genet 18:265-273. 

Anderson JA, Churchill GA,  Autrique JE, Sollers ME, Tanksley SD 

(1993) Optimizing parental selection for genetic linkage maps. 
Genome 36:181-186. 

Blair MW, Pedraza F, Buendia HF, Gaitan-Solis E, Beebe SE, Gepts 

P ,Tohme J (2003) Development of a genome-wide anchored 
microsatellite map for common bean (Phaseolus vulgaris). Theor 

Appl Genet 107:1362-1374. 

Bohra A, Dubey A, Saxena RK, Penmetsa RV, Poornima KN, 
Kumar N, Farmer AD, Srivani G, Upadhyaya HD, Gothalwal R, 

Ramesh R, Singh D, Saxena KB, Kavi Kishor PB, Singh NK, 

Town CD, May GD, Cook DR, Varshney RK (2011) Analysis of 
BAC-end sequences (BESs) and development of BES-SSR 

markers for genetic mapping and hybrid purity assessment in 

pigeonpea (Cajanus spp.). BMC Plant Biol 11:56. 
Bohra A, Saxena RK, Gnanesh B, Saxena KB, Byregowda M, 

Rathore A, Kavi Kishor PB, Cook DR, Varshney RK (2012) An 

intra-specific consensus genetic map of pigeonpea [Cajanus cajan 

(L.) Millspaugh] derived from six mapping populations. Theor 

Appl Genet 125:1325–1338. 
Brown SM, Hopkins MS, Mitchell SE, Wang TY, Kresovich S, 

Duncan RR, Senior ML, Gonzalez-Candelas F (1996) Multiple 

methods for the identification of polymorphic simple sequence 
repeats (SSRs) in sorghum [Sorghum bicolor (L.) Moench ]. Theor 

Appl Genet 93:190-198. 

Buhariwalla HK, Jayashree B, Eshwar K, Crouch JH (2005) 
Development of ESTs from chickpea roots and their use in 

diversity analysis of the Cicer genus. BMC Plant Biol 5: 16-30. 

Burns MJ, Edwards KJ, Newburg HJ, Ford Loyd BV, Baggott CD 
(2001) Development of simple sequence repeat (SSR) markers for 

the assessment of gene flow and genetic diversity in pigeonpea 

(Cajanus cajan). Mol Ecol Notes 4:283-285. 
Burstin J, Deniot G, Potier J, Weinachter C, Aubert G, Baranger A 

(2001) Microsatellite polymorphism in Pisum sativum. Plant Breed 

120:311-317. 
Castillo A, Budak H, Varshney RK, Dorado G, Granner A, 

Hernandez P (2008) Transferability and polymorphism of barley 

EST-SSR markers used for phylogenetic analysis in Hordeum 
chilense. BMC Plant Biol 8:97. 

Choi HK, Mun JH, Kim DJ, Zhu H, Baek JM, Mudge J, Roe B, Ellis 

N, Doyle J, Kiss GB, Young ND, Cook DR (2004) Estimating 
genome conservation between crop and model legume species. 

Proc Natl Acad Sci USA 101:15289-15294. 

Choudhary S, Sethy N, Shokeen B, Bhatia S (2009) Development of 
chickpea EST-SSR markers and analysis of allelic variation across 

related species. Theor Appl Genet 118:591-608. 

Choumane W, Winter P, Weigand F, Kahl G (2004) Conservation of 
microsatellite flanking sequences in different taxa of Leguminosae. 

Euphytica 138:239-245. 

Cregan PB, Bhagwat AA, Akkaya MS, Rongwen J (2004) 

Microsatellite fingerprinting and mapping of soybean. Meth Mol 
Cell Biol 5:49-61.  

Datta S, Kaashyap M, Kumar S (2010a) Amplification of chickpea-

specific SSR primers in Cajanus species and their validity in 
diversity analysis. Plant Breed 129:334-340. 

Datta S, Mahfooz S, Singh P, Choudhary AK , Singh F, Kumar S 

(2010b) Cross-genera amplification of informative microsatellite 
markers from common bean and lentil for the assessment of 

genetic diversity in pigeonpea. Physiol Mol Biol Plants 16:123-

134. 
Datta S, Kaashyap M, Singh P, Gupta PP, Anjum KT, Mahfooz S, 

Gupta S (2012) Conservation of microsatellite regions across 

legume genera enhances marker repertoire and genetic diversity 
study in phaseolus genotypes.  Plant Breed 131:307-311. 

Don RH, Cox PT, Wainwright BJ, Baker K, Mattick JS (1991) 

Touchdown PCR to circumvent spurious priming during gene 
amplification. Nucl Acid Res 19: 4008. 

Dutta S, Kumawat G, Singh BP, Gupta DK, Singh S, Dogra V, 

Gaikwad K, Sharma TR, Raje RS, Bandhopadhya TK, Datta S, 
Singh MN, Fakrudin B, Kulwal P, Wanjari KB, Varshney RK, 

Cook DR, Singh NK (2011) Development of genic-SSR markers 

by deep transcriptome sequencing in pigeonpea [Cajanus cajan 
(L.) Millspaugh ]. BMC Plant Biol 11:17. 

Eujayl I, Sledge MK, Wang L, May GD , Chekhovsky K, Zwonitzer 

JC , Milan MAR (2004) Medicago truncatula EST-SSRs reveal 
cross-species genetic markers for Medicago spp. Theor Appl Genet 

108:414-422. 

Eujayl I, Sorrells M, Baum M, Wolters P, Powell W (2001) 
Assessment of genotypic variation among cultivated durum wheat 

based on EST-SSRs and genomic SSRs.  Euphytica 119:39-43. 

FAOSTAT 2011 [http://faostat.fao.org/site/567]. 
Gupta S, Gupta DS, Anjum KT, Pratap A, Kumar J (2013) 

Transferability of simple sequence repeat markers in blackgram 

(Vigna mungo L. Hepper). Aus J Crop Sci 7: 345-353. 
Gutierrez MV, Vaz Patto MC, Huguet T, Cubero JI, Moreno MT, 

Torres AM (2005) Cross-species amplification of Medicago 

truncatula microsatellites across three major pulse crops. Theor 
Appl Genet 110:1210-1217. 

Hamwieh, Udupa SM , Sarker A, Jung C, Baum M (2005) A genetic 

linkage map of Lens sp. based on microsatellite and AFLP markers 
and the localization of Fusarium vascular wilt resistance. Theor 

Appl Genet 110:669-677. 

Hamwieh A, Udupa SM , Sarker A, Jung C, Baum M (2009) 
Development of new microsatellite markers and their application 

in the analysis of genetic diversity in lentils. Breed Sci 59:77-86. 

Hanai LR, Campos T, Camargo LEA, Benchimol LL, Souza AP, 
Melotto M, Carbonell SAM, Chioratto AF, Formighieri 

EF,Siqueira MVBS, Tsai SM ,Vieira MLC (2007) Development, 

characterization, and comparative analysis of polymorphism at 
common bean SSR loci isolated from genic and genomic sources. 

Genome 50: 266-277. 
Hempel K, Peakall R (2003) Cross-species amplification from crop 

soybean (Glycine max) provides informative microsatellite 

markers for the study of inbreeding wild relatives. Genome 
46:382-393. 

Hisano H, Sato S, Isobe S , Sasamoto S, Wada T, Matsuno 

A, Fujishiro T, Yamada M, Nakayama S, Nakamura Y, Watanabe 

S, Harada K, Tabata S (2007) Characterization of the soybean 

genome using EST-derived microsatellite markers. DNA Res 

14:271-281. 
Jaccard P (1908) Nouvelle recherches sur La distribution florale. 

Bull Soc Vaud Sci Nat 44:223-270. 

Kumar S, Ali M (2006) GE interaction and its breeding implications 
in pulses. The Botanica 56:31-36. 

L’taief B, Horres R, Jungmann R, Molina C, Sifi B, Lachaâl M, 

Winter P, Kahl G (2008). Locus-specific microsatellite markers in 
common bean (Phaseolus vulgaris): Isolation and 

Characterization. Euphytica 162: 301-310. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Choi%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Mun%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Baek%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Mudge%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Roe%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Ellis%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Ellis%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Doyle%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Kiss%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Young%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://www.ncbi.nlm.nih.gov/pubmed?term=Cook%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=15489274
http://faostat.fao.org/site/567
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Aladdin+Hamwieh&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Sripada+M.+Udupa&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Ashutosh+Sarker&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Michael+Baum&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Aladdin+Hamwieh&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Sripada+M.+Udupa&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Ashutosh+Sarker&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Michael+Baum&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.ncbi.nlm.nih.gov/pubmed?term=Sasamoto%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Wada%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuno%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuno%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujishiro%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamada%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakayama%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakamura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Harada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18192281
http://www.ncbi.nlm.nih.gov/pubmed?term=Tabata%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18192281


1997 

 

Mantel N (1967) Detection of disease clustering and a generalized 

regression approach. Cancer Res 27:209-220. 
Nadimpalli RG, Jarret RL, Phatak SC, Kochert G(1992) Phylogenetic 

relationships of the pigeonpea (Cajanus cajan) based on nuclear 

restriction fragment length polymorphisms. Genome 36:216-223. 
Nayak SN, Zhu H, Varghese N, Choi HK, Datta S, Horres R, Jüngling R, 

Singh J, Kavi Kishor PB, Kahl G, Winter P, Cook DR , Varshney RK 

(2010) Integration of novel SSR and gene-based marker loci in the 
chickpea genetic map and establishment of new anchor points with 

Medicago truncatula genome. Theor Appl Genet120: 1415–1441.  

Odeny DA, Jayashree B, Ferguson M, Hoisington D, Crouch J, Gebhardt 
C (2007) Development, characterization and utilization of microsatellite 

markers in pigeonpea. Plant Breed 126:130-136. 

Odeny DA, Jayashree B, Gebhardt C, Crouch J (2009) New microsatellite 
markers for pigeonpea (Cajanus cajan (L) Millsp.). BMC Res Notes 

2:35. 

Pandian A, Ford R, Paul W J (2004) Transferability of sequence tagged 
microsatellite site (STMS) primers across four major pulses. Plant Mol 

Biol Rep 18:395a-395h. 

Panguluri SK, K. Janaiah K, Govil JN,  Kumar PA, Sharma PC (2006) 
AFLP fingerprinting in pigeonpea (Cajanus cajan (L.) Millsp.) and its 

wild relatives. Genet Res Crop Evol 53:523-531. 

Peakall R, Gilmore S, Keys W, Morgante M, Rafalski A (1998) Cross-
species amplification of soybean (Glycine max) simple sequence repeats 

(SSRs) within the genus and other legume genera; Implications for the 

transferability of SSRs in plants. Mol Biol Evol 15:1275-1287. 
Qadir SA, Datta S, Singh NP , Kumar S (2007) Development of highly 

poymorphic SSR markers for chickpea (Cicer arietinum) and their uses 

in parental polymorphism. Indian J Genet Plant Breed 67:329-333. 
Ratnaparkhe MB, Gupta VS, Ven Murthy MR, Ranjekar PK (1995) 

Genetic fingerprinting of Pigeonpea (Cajanus cajan L. Millsp) and wild 

relatives using RAPD markers. Theor Appl Genet 91:893-898. 
Reddy MRK, Rathour R, Kumar N, Katoch P, Sharma TR (2009) Cross-

genera legume SSR markers for analysis of genetic diversity in Lens 

species. Plant Breed 129:514-518. 
Rohlf FJ (1998) NTSYS-PC Numerical taxonomy and multivariate 

analysis system Version 2.1, Exeter Software, Applied Biostatistics, 

New York, USA. 
Saxena RK, Prathima C, Saxena KB, Hoisington DA, Singh NK, 

Varshney RK (2010) Novel SSR markers for polymorphism detection in 

pigeonpea (Cajanus spp.). Plant Breed 129:142-148. 
Scott KD, Eggler P, Seaton GG, Rossetto M, Ablett EM , Lee LS, Henry 

RJ (2000) Analysis of SSRs derived from grape ESTs. Theor Appl 

Genet 100:723-726. 
Sethy N, Shokeen B, Edwards KJ, Bhatia S (2006) Development of 

microsatellite markers and analysis of intraspecific genetic variability in 

chickpea (Cicer arietinum L). Theor Appl Genet 112:1416-1428. 
Singh F, Kumar S, Majumdar ND (2006) Genetic base of pigeonpea 

varieties released in India. Indian J Pulses Res 19:179-183. 

Singh NK, Gupta DK, Jayaswal PK, Mahato AK, Dutta S, Singh S, 
Bhutani S, Dogra V, Singh BP, Kumawat G, Pal JK, Pandit A, Singh A, 

Rawal H, Kumar A, Rama Prashat G, Khare A, Yadav R, Raje RS, 
Singh MN, Datta S, Fakrudin B, Wanjari KB, Kansal R, Dash PK, Jain 

PK, Bhattacharya R, Gaikwad K, Mohapatra T, Srinivasan R, Sharma 

TR (2011) The first draft of the pigeonpea genome sequence. J Pl 
Biochem Biotech 21:98-112. 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

Souframanien J, Manjaya JG , Krishna TG, Pawar ME (2003) Random 

amplified polymorphic DNA analyses of cytoplasmic male sterile and 
male fertile pigeon pea (Cajanus cajan (L.) Millsp). Euphytica 129:293-

299. 

Torres AF, Arias AS, Arahana V, Torres ML (2008) Preliminary 
assessment of genetic diversity and phenetic relations for section 

Lasiocarpa by means of Heterologous SSR markers. Crop Sci 48:2289-

2297 
Varshney RK , Sigmund R, Borner A, Korzun V, Stein N, Sorrells M, 

Langridge P, Graner A (2005a) Interspecific  transferability and 

comparative mapping of barley EST-SSR markers in wheat, rye and 
rice. Plant Sci 168:195-202. 

Varshney RK, Garner A, Sorell ME (2005b) Genic microsatellite markers 

in plants: Features and application. Trends Biotech 23:48-55. 
Varshney RK, Chen W, Li Y, Bharti AK, Saxena RK, Schlueter JA, 

Donoghue MTA, Azam S, Fan S, Whaley AM, Farmer A D, Sheridan J, 

Iwata A, Tuteja R, Penmetsa  RV, Wu W, Upadhyaya HD, Yang SP, 
Shah T, Saxena KB, Michael T, McCombie WR, Yang B, Zhang G, 

Yang H,  Wang J, Spillane C, Cook DR, May GD, Xu X , Jackson SA 

(2011) Draft genome sequence of pigeonpea (Cajanus cajan), an orphan 
legume crop of resource-poor farmers. Nat Biotech 30: 83-89. 

Winter P, Benko-Iseppon AM, Huttel B, Ratnaparkhe M, Tullu A, 

Sonnante G, Pfaff T, Tekeoglu M, Santra D, Sant VJ, Rajesh PN, Kahl 
G , Muehlbauer FJ (2000) A linkage map of chickpea (Cicer arietinum 

L.) genome based on recombinant inbred lines from a C. arietinum × C. 

reticulatum cross: Localization of resistance genes for fusarium wilt 
races 4 and 5. Theo Appl Genet 101: 1155–1163. 

Winter P, Pfaff T, Udupa SM, Huttel B, Sharma PC, Sahi S, Arreguin-

Espinoza R, Weigand F, Muehlbauer FJ, Kahl G (1999) 
Characterization and mapping of sequence- tagged microsatellite sites in 

the chickpea (Cicer arietinum L.) genome. Mol Gen Genet 262: 90–101. 

Yang SY, Saxena RK, Kulwal PL, Ash GJ, Dubey A, Harper JDI, 
Upadhyaya HD, Gothalwal R, Kilian A, Varshney RK (2011) The first 

genetic map of pigeon pea based on diversity arrays technology (DArT) 

markers. J Genet 90:103-109. 
Yu K, Park SJ, Poysa V, Gepts P (2000) Integration of simple sequence 

repeat (SSR) markers into a molecular linkage map of common bean 

(Phaseolus vulgaris L.). Heredity 91:429-434. 
Yue GH, Ho MY, Orban L, Komen J (2004) Microsatellites within 

genes and ESTs of common carp and their applicability in silver 

crucian carp. Aquaculture 234:85-98. 


