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Abstract Expressed sequence tags (ESTs) in public

databases and cross-species transferable markers are

considered to be a cost-effective means for developing

sequence-based markers for less-studied species. In

this study, EST-simple sequence repeat (SSR) mark-

ers developed from Lathyrus sativus L. EST

sequences and cross-transferable EST-SSRs derived

from Medicago truncatula L. were utilized to inves-

tigate the genetic diversity among grass pea popula-

tions from Ethiopia. A total of 45 alleles were detected

using eleven EST-SSRs with an average of four alleles

per locus. The average polymorphism information

content for all primers was 0.416. The average gene

diversity was 0.477, ranging from 0.205 for marker

Ls942 to 0.804 for MtBA32F05. FST values estimated

by analysis of molecular variance were 0.01, 0.15,

and 0.84 for among regions, among accessions

and within accessions respectively, indicating that

most of the variation (84%) resides within accessions.

Model-based cluster analysis grouped the accessions

into three clusters, grouping accessions irrespective of

their collection regions. Among the regions, high

levels of diversity were observed in Gojam, Gonder,

Shewa and Welo regions, with Gonder region showing

a higher number of different alleles. From breeding

and conservation aspects, conducting a close study on

a specific population would be advisable for genetic

improvement in the crop, and it would be appropriate

if future collection and conservation plans give due

attention to under-represented regions.
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Introduction

Grass pea, Lathyrus sativus L. (2n = 14), belongs to

the family Leguminosae, subfamily Papilionoideae,

and is the only species widely cultivated as a food crop

in the genus Lathyrus, whereas others species are

cultivated to a lesser extent for both food and forage. It

can survive in harsh environmental conditions, mak-

ing the crop suitable for drought-prone areas of Africa

and Asia (Campbell 1997). A strong and penetrating

root system allows grass pea to grow in a wide range of

soil types including very poor soils and heavy clays

(Tiwaril and Campbell 1996), while its ability to

utilize remnant water and soil nutrients makes the

species adapted to low or zero inputs. In addition, it
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effectively nodulates with Rhizobium leguminosarum

(Yadav and Bejiga 2006), leaving the soil enriched in

nitrogen for the following crop (Duke 1981; Campbell

et al. 1994). Compared with other legumes, grass pea

also has better resistance to many pests, including

storage insects (Palmer et al. 1989).

Since it is a crop that can survive in harsh weather

conditions, grass pea can serve as a survival food in

difficult times. These appealing peculiarities make

grass pea an interesting crop and encourage a thorough

and extensive characterization of its germplasm.

Unfortunately grass pea, together with many other

legumes, belongs to the ‘research orphan crops’ and

little information is available on it, particularly at the

molecular level. DNA-based markers utilized so far in

this species include random amplification of polymor-

phic DNA (RAPD) (Croft et al. 1999), amplified

fragment length polymorphism (AFLP) (Tavoletti and

Iommarini 2007) and very recently simple seqeunce

repeat (SSR) (Lioi et al. 2011). Restriction fragment

length polymorphism (RFLP) (Chtourou-Ghorbel

et al. 2001) and inter-simple sequence repeat (ISSR)

(Belaid et al. 2006) markers have also been utilized to

evaluate the genetic relationships between different

species in the genus. Microsatellites or SSRs are

markers that consist of tandemly repeated units of

short nucleotide motifs that are 1–6 bp long and can be

amplified using polymerase chain reaction (PCR)

(Weber and May 1989). Microsatellites are widely

distributed throughout the genome, are codominant,

usually multiallelic and hyper-variable (Katti et al.

2001). They have a high mutation rate which makes

them highly polymorphic. SSR markers have been

used in genome mapping, gene tagging, DNA finger-

printing, characterization of germplasm and cytoge-

netics research (reviewed by Gupta and Varshney

2000). The development of SSR markers is expensive

and laborious, hence their application is largely

limited to economically important crops and model

species (Zane et al. 2002).

The presence of SSRs in gene coding regions and the

availability of full and partial cDNA/EST (expressed

sequence tag) sequences for many plant species provide

an effective way to develop novel SSR markers directly

from ESTs (Holton et al. 2002; Kantety et al. 2002;

Choudhary et al. 2009), thus allowing the limitations to

be overcome, especially in crops for which molecular

information is scant. Molecular marker development

using publicly available EST sequences can be achieved

for species for which substantial sequencing data are

available. For many crop species, however, this is not

the case and consequently this approach cannot be

exploited. However, the cross-species transferability of

molecular markers is an alternative approach, making it

possible to use primers developed for other related

species, check for their transferability and use them for

the species of interest. Since EST-SSR markers are

derived from transcribed regions of the DNA, they are

expected to be more conserved and have a higher rate of

transferability than genomic SSR markers (Scott et al.

2000). The availability of well studied model species

facilitates the finding of cross-species transferable

markers to be used in genetic studies of less-studied

species. Like genomic SSRs, EST-SSRs (genic-SSRs)

are useful for many applications in genetic studies

including diversity analysis (Gupta et al. 2003; Thiel

et al. 2003).

Grass pea is an important crop of economic

significance in Ethiopia. It is the fifth most important

pulse crop in the country and covers about 9% of the

total pulse growing area (Tsegaye et al. 2005; CSA

2007). Diversity is a potential resource and a guaran-

tee for improving a species of interest. It is also the

source of new genes for combating threats to agricul-

tural production caused due to biotic or abiotic factors

(Frankel et al. 1995; Gepts 2006). Information about

the level and extent of polymorphism of conserved

materials is hence of great value for utilization of

conserved genetic materials. In this study we took

advantage of the available L. sativus EST sequences in

the public domain to develop EST-SSRs in L. sativus;

additionally, we utilized EST-SSR markers that were

developed in the model species Medicago truncatula

L., validating their cross-transferability to grass pea.

The work then focused on studying the genetic

variation and population structure among grass pea

accessions collected from different regions of Ethiopia

in order to understand the present diversity status and

acquire information that will contribute to future

collection, management and utilization of the crop.

Materials and methods

Plant material

Twenty grass pea accessions comprising a total of 240

individual plants (12 plants per accession) from
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different regions of Ethiopia were kindly provided by

the Institute of Biodiversity Conservation, IBC/Ethi-

opia (Electronic Supplementary Material Table 1;

Electronic Supplementary Material Fig. 1). The

GenElute Plant Genomic DNA Miniprep Kit

(Sigma-Aldrich, St. Louis, MO, USA) was used to

isolate genomic DNA from 2 to 3-weeks-old grass pea

leaves. DNA quality and quantification were estimated

on 1% agarose gel electrophoresis and ethidium

bromide staining, using lambda DNA as a reference.

EST-SSR marker development

Nineteen primer pairs were designed from the 178

L. sativus ESTs deposited in the public database

(http://www.ncbi.nlM.nih.gov/dbEST), using Batch-

primer3 software (http://probes.pw.usda.gov/cgibin/

batchprimer3/batchprimer3.cgi). SSR-containing seq-

uences consisting of di-, tri-, and tetranucleotide

repeats with a minimum of seven, four, or three sub-

units, respectively, were selected (Electronic Supple-

mentary Material Table 2). In addition, 24 EST-SSRs

from M. truncatula, which were proven to be trans-

ferable to other legume species (Gutierrez et al. 2005),

were selected and used (Electronic Supplementary

Material Table 3).

PCR reaction and fragment analysis

PCR was performed in a final reaction volume of

15 ll containing 30 ng genomic DNA, 59 PCR

buffer, 0.2 mM each of dNTPs, 0.5 unit GoTaq�

polymerase (Promega), 0.3 ll each of forward and

reverse primers, 0.02 mM labeled M13 primer (6-

FAM/VIC/PET/NED) (Schuelke 2000). Amplicons

were analyzed using an ABI3130xl genetic analyser

(Applied Biosystems).

Data analysis

Allele size was determined as base pairs using

GeneMapper� software v3.7 (Applied Biosystems).

Allelic data were used to calculate the number, range

and distribution of amplified alleles to determine

variation level in the accessions studied. Allele

frequency, gene diversity and polymorphic informa-

tion content (PIC) of each EST-SSR marker were

computed using the software PowerMarker 3.25 (Liu

and Muse 2005). MICRO-CHECKER 2.2.1 (Van

Oosterhout et al. 2004) was used to check for potential

genotyping errors such as allelic dropouts, stuttering

or null alleles. Within each accession the frequency of

null alleles was determined using Brookfield’s esti-

mate (Brookfield 1996), and allele and genotype

frequencies were then adjusted accordingly. Numbers

of alleles per locus, percentage of polymorphic loci,

observed and expected heterozygosity were analyzed

using GenAlEx 6.1 (Peakall and Smouse 2006) for

each accession and accessions pooled by region of

collection.

Population structure was examined using Struc-

ture 2.3.1 (Pritchard et al. 2000; Falush et al. 2003).

The analysis was performed considering both the

admixture model and the correlated allele frequencies

between populations, with values of K set from 1 to 10

without incorporating population information into the

analyses. K is the probable maximum population

number that is assumed to represent and to contribute

to the genotypes of sampled individuals. Each run was

performed with 20,000 burn-in iterations and 200,000

subsequent Monte Carlo Markov Chain (MCMC)

runs. To check the consistency of the results between

runs with the same K, ten replicates were run for each

assumed K value. The approach suggested by Evanno

et al. (2005) was adopted to calculate the most likely

value of K based on the second-order rate of change of

the likelihood function with respect to K (DK). Once

the number of genetic clusters was established, each

individual was assigned to a cluster, and the overall

membership of each sampled individual in the cluster

was estimated. The genetic structure of the grass pea

accessions was further investigated by analysis of

molecular variance AMOVA using GenAlEx 6.1

(Peakall and Smouse 2006).

Results

Microsatellite validation and variability

From L. sativus ESTs, out of 19 SSR-containing

sequences, three were duplicates and were excluded.

Six of the primer pairs failed to give amplification

products, one marker amplified a single fragment of

more than the expected range and nine of the primer

pairs gave amplification products of the expected range.

From a total of 24 M. truncatula-derived EST-SSRs, 12

gave amplified fragments of the expected size in grass
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pea. These and the nine L. sativus-derived EST-SSRs

were subsequently tested for their ability to detect

polymorphism in five grass pea accessions from differ-

ent regions, each represented by 12 individuals. Poly-

morphism information content (PIC) values, which

provide an estimate of the discriminatory power of each

EST-SSR locus, were computed and polymorphic EST-

SSRs were chosen. Eleven EST-SSRs (seven L. sativus-

and four M. truncatula-derived EST-SSRs) that allowed

polymorphism discovery either between or within

accessions were utilized in the diversity analysis.

The 11 polymorphic EST-SSRs detected a total of

45 alleles in the 240 individual plants genotyped. The

number of alleles per locus ranged from two (Ls942) to

seven (MtBA32F05) and averaged four. PIC ranged

from 0.184 (Ls942) to 0.776 (MtBA32F05) with a

mean value of 0.416 (Table 1). The most informative

markers were MtBA32F05 and MtBA10B02 with PIC

values of 0.776 and 0.639, respectively. Rare alleles

(frequencies \0.05) were observed in all markers

except Ls942, the highest being in Ls074. Rare alleles

represent 35% of the total alleles identified. The

correlation coefficient between gene diversity (GD)

and the number of alleles was high: r = 0.825

(P \ 0.05). Allele frequencies were re-adjusted within

populations to account for null alleles and diversity

analysis was performed using the adjusted data. There

was no evidence for large allele drop-out or stuttering

for any of the SSR loci.

Diversity among accessions

Percentage of polymorphic loci, mean number of

alleles per locus, Shannon’s information index and

observed and expected heterozygosity were calculated

for each accession (Table 2). The effective number of

alleles per locus ranged from 1.76 to 2.26 with an

average of 1.96. The percentage of polymorphic loci

ranged from 80 to 100% with mean 95.5%. Observed

and expected heterozygosity ranged from 0.320

(accession 9) to 0.504 (accession 15) and from 0.354

(accession 20) to 0.470 (accession 6), respectively.

Mean observed and expected heterozygosity were

0.404 and 0.419, respectively. Shannon’s information

index averaged 0.704, and showed the same trend as

expected heterozygosity, with accession 20 showing

the least diversity (0.595) and accession 6 being the

most diverse (0.814).

Diversity among regions

To measure the diversity among regions, data of

accessions belonging to the same region were pooled.

The effective number of alleles per locus ranged from

1.76 to 2.35 with an average of 2.07 (Table 3). The

percentage of polymorphic loci ranged from 90.91%

to 100% with mean 97.4%. Shannon’s diversity index

ranged from 0.595 to 0.855 with mean 0.760.

Observed and expected heterozygosity ranged from

Table 1 Characteristics of the EST-SSR markers used for germplasm analysis

Marker name Repeat

motif

No. of

alleles

Size range

(bp)

Allele size with high

frequency (bp)

Major

AF (%)

GD H PIC

Ls989 (GT)8 4 157–165 159 45 0.628 0.297 0.551

Ls074 (TC)7 5 160–168 162 67 0.477 0.430 0.413

Ls617 (GTTG)3 3 164–172 168 54 0.500 0.375 0.379

Ls576 (ATG)5 3 173–179 176 86 0.237 0.150 0.212

Ls744 (TTC)4 4 132–147 144 80 0.325 0.391 0.279

Ls848 (CAT)4 4 158–173 170 80 0.321 0.378 0.274

Ls942 (CCAA)3 2 137–145 137 88 0.205 0.223 0.184

MtBA10B02 (TGG)7 5 338–368 344 39 0.695 0.435 0.639

MtBA52F10 (TC)17 5 117–125 119 55 0.556 0.300 0.470

MtBB52E08 (AG)7 3 79–91 81 58 0.504 0.630 0.399

MtBA32F05 (AG)5 7 162–176 172 29 0.804 0.646 0.776

Mean 4 0.477 0.387 0.416

AF frequency of alleles, GD gene diversity, H heterozygosity, PIC polymorphism information content. All parameters were estimated

using a set of 240 plants
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0.320 to 0.434 and from 0.354 to 0.478, respectively.

Mean observed and expected heterozygosity were

0.390 and 0.430, respectively. Regions Gojam, Welo

and Gonder showed higher values in diversity mea-

sures, whereas Arsi and Hararge regions exhibited a

low level of diversity.

Analysis of molecular variance (AMOVA)

Within and among components of total genetic

variation were evaluated by AMOVA (Table 4). The

results showed that the within-accession diversity

explained most of the genetic diversity (84%). The

Table 2 Diversity

parameters of the 20

accessions of grass pea

analyzed using EST-SSRs

P percentage of

polymorphic loci, Na
number of different alleles,

Ne number of effective

alleles, I Shannon’s

information index, Ho
observed heterozygosity,

He expected heterozygosity

Accession code Accession no P Na Ne I Ho He

1 46019 100.00 2.63 2.00 0.711 0.429 0.431

2 234043 90.91 2.82 1.95 0.709 0.357 0.405

3 236700 100.00 2.82 1.98 0.726 0.372 0.421

4 235018 90.91 2.82 2.26 0.782 0.407 0.455

5 238241 90.91 2.91 1.91 0.717 0.404 0.418

6 238945 100.00 3.09 2.16 0.814 0.468 0.470

7 238955 100.00 2.73 1.91 0.689 0.345 0.408

8 236562 100.00 2.45 1.79 0.677 0.359 0.422

9 231325 90.91 2.73 1.97 0.686 0.320 0.392

10 238931 100.00 3.00 2.21 0.799 0.417 0.452

11 236568 100.00 2.54 1.99 0.708 0.389 0.428

12 46106 90.91 2.82 1.95 0.687 0.336 0.405

13 46015 100.00 2.54 1.88 0.696 0.451 0.430

14 238929 100.00 2.82 2.08 0.737 0.448 0.427

15 215706 100.00 2.36 1.95 0.692 0.504 0.441

16 46050 80.00 2.27 1.76 0.598 0.413 0.382

17 215246 100.00 2.54 1.86 0.653 0.469 0.402

18 207497 100.00 2.63 1.91 0.712 0.437 0.434

19 212742 90.91 2.81 1.97 0.692 0.424 0.427

20 241143 90.91 2.54 1.77 0.595 0.326 0.354

Overall 95.5 2.69 1.96 0.704 0.404 0.419

Mean (SE) (1.25) (0.073) (0.054) (0.025) (0.015) (0.013)

Table 3 Diversity parameters among seven regions of Ethiopia

Region P Na Ne I Ho He

Shewa 100 3.09 2.12 0.787 0.388 0.464

Tigray 100 3.36 2.04 0.781 0.403 0.442

Gojam 100 3.54 2.24 0.832 0.430 0.478

Welo 100 3.36 2.12 0.787 0.429 0.462

Gonder 100 3.63 2.35 0.855 0.434 0.474

Arsi 90.91 2.73 1.97 0.686 0.320 0.392

Hararge 90.91 2.54 1.76 0.595 0.326 0.354

Overall 97.40 3.18 2.07 0.760 0.390 0.430

[Mean (SD)] (0.15) (0.10) (0.046) (0.022) (0.023)

P percentage of polymorphic loci, Na number of different alleles, Ne number of effective alleles, I Shannon’s information index, Ho
observed heterozygosity, He expected heterozygosity
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mean Apt value (analogous to FST) of 0.15 indicated

the presence of a moderate level of differentiation

among accessions and a low level of differentiation

(1%) among regions.

Genetic structure

Structure software was run for K = 1–10 based on the

distribution of 41 alleles at ten EST-SSR loci among

240 grass pea individual plants; locus Ls989, which

showed null alleles in most of the analyzed accessions,

was removed from the analysis. Structure simulation

demonstrated that the K value showed the highest peak

at K = 3, suggesting that three populations could

contain all individuals with the greatest probability.

Hence a K value of 3 was selected to describe the

genetic structure of the 20 accessions analyzed.

The estimated population structure of the acces-

sions analyzed displayed partial membership to

multiple clusters, with a few populations exhibiting

distinctive identities. A graphic representation of the

estimated membership coefficients to the three groups

for each individual is given in Fig. 1a. Each individual

is represented by a single vertical line broken into

K segments, whose lengths are proportional to each of

the K inferred clusters. Large admixture was observed

among the accessions; however some of them (acces-

sions 7, 8, and 11 from Shewa region), and accessions

13 and 16 from Gojam region appeared in distinct

clusters, with less than 25% admixture from other

clusters, suggesting that little gene flow occurred

between these and other accessions.

Representation of the three clusters (Fig. 1b) indi-

cated that cluster I was mainly composed individuals

from Northern regions (Tigray, Gojam, Gonder and

Welo). Cluster II contained individuals from all the

growing regions, and cluster III consisted of individ-

uals primarily from Shewa and Gojam, and a few

representatives from Welo and Gondar regions. None

of the clusters had individuals exclusively from one

region.

Discussion

EST-SSRs developed from L. sativus EST sequences

and transferable EST-SSRs from M. truncatula were

evaluated and used for diversity analysis in Ethiopian

grass pea. The PIC value of each marker was used to

assess their informativeness, which is determined by

the number of alleles and their frequency distribution

within a population. Selecting only highly polymor-

phic markers might result in overestimating the overall

genetic diversity, and thus to reduce the bias, all the

markers were used for the diversity assay. In an

independent study, Lioi et al. (2011) used L. sativus

Table 4 Analysis of genetic differentiation among accessions of grass pea by AMOVA

Source of variation df SS MS Est. var. % P value

Among regions 6 120.357 20.059 0.086 1 0.004

Among populations 13 223.847 17.219 0.974 15 0.001

Within population 220 1,216.667 5.530 5.530 84 0.001

Total 239 1,560.871 6.590 100

df Degrees of freedom, SS sum of squares deviations, MS mean squared deviation, Est. Var. estimates of variance components, %
percentage of total variance contributed by each component

Fig. 1 a Estimated population structure of the grass pea

landraces from Ethiopia (K = 3); each individual is represented

by a single vertical line broken into K segments, with lengths

proportional to each of the K inferred clusters. b Summary plot

of estimated membership of 240 individuals in three clusters
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ESTs to develop EST-SSR markers and studied the

diversity in Italian grass pea. Six of the EST-SSRs

used were developed from similar ESTs used in our

study; however there are differences in the target core

motifs in three of them. In terms of total number of

alleles, 25 alleles were detected in the Ethiopian

samples using seven EST-SSRs of L. sativus origin,

and 17 alleles in Italian samples using six EST-SSRs.

The number of alleles detected per marker and

diversity level depends on the number and origin of

genotypes analyzed and hence it is not easy to compare

the level of diversity between different studies;

nevertheless both studies have confirmed the value

of EST-SSRs in assessing diversity in grass pea. To

date, there have been no genomic SSRs developed for

grass pea, and hence it was not possible to compare the

level of polymorphism detected with genomic and

EST-SSRs. Some studies that compared genomic and

EST-SSRs using the same set of genotypes indicated

polymorphism detected with EST-SSRs to be lower

than that of genomic SSRs (Gupta et al. 2003;

Chabane et al. 2005).

Cross-species transferability of molecular markers

is beneficial for species that lack sequence informa-

tion. In grass pea, transferability of SSRs from

L. japonicus has been tested and low rate of transfer

have been reported (Lioi et al. 2011). Among the

model legumes, transferability of M. truncatula-

derived markers to other legumes (Gutierrez et al.

2005; Gupta and Prasad 2009), including grass pea

(Chandra 2011), has been demonstrated. In the present

study, 50% of M. truncatula EST-SSRs tested were

transferable to grass pea. These EST-SSRs were

proven to be transferable to faba bean, chickpea and

field pea at a transferability rate of 43, 39 and 40%,

respectively (Gutierrez et al. 2005). The transferability

rate to grass pea was relatively higher probably

because only those EST-SSRs that were proven to be

transferable to other legume crops were used. A higher

transferability rate of EST-based markers is expected

because of the conservative nature of cross-species

transferable markers (Scott et al. 2000).

Though cross-species transferability is an impor-

tant feature of EST-based markers, the screening of

many markers may be needed to obtain informative

ones. In this work, out of nine L. sativus-derived

primer pairs that gave amplification products of the

expected range, seven (77%) were polymorphic; and

out of 12 M. truncatula-derived EST-SSRs only four

(33%) were polymorphic in grass pea. This indicated

that more polymorphic or informative markers were

developed from L. sativus than transferable ones from

M. truncatula. As a result of the establishment of

second-generation high-throughput sequencing tech-

nologies, it is expected that in the near future the

number of EST sequences from Lathyrus deposited in

the public database will significantly increase. This

could facilitate the development and application of a

large set of molecular markers useful for genetic

studies in the species.

Diversity analysis among the various accessions

studied here showed the presence of a moderate level of

diversity. High levels of heterozygosity were observed

in Gojam, Gonder, Shewa and Welo regions. Acces-

sions from Gonder also showed a high number of

different alleles. Tadesse and Bekele (2003) reported

the presence of significant variation among grass pea

accessions from Ethiopia based on morphological data.

Their study showed a higher variability in accessions

from Gondar and Tigray regions. The lowest diversity

using EST-SSR markers was observed in Arsi and

Hararge regions. This might be due to the limited

sampling, since these two regions were represented by

only one accession each. However, this could also be

due to the actual low level of diversity present, since

grass pea is not common in these two regions. Rare

alleles (frequency B0.05) accounted for 35% of the

total number of alleles detected in the analyzed

populations. In addition to contributing to overall

genetic diversity, rare alleles might be of adaptive

significance and hence need due attention in conser-

vation strategy (Park et al. 2008; Roussel et al. 2004).

The result of the genetic differentiation analysis

showed the presence of moderate level of differenti-

ation (mean FST = 0.15, P \ 0.001), indicating that

most of the variation was due to differences that

existed among individuals within accessions (84%). A

similar result has been reported by Chowdhury and

Slinkard (2000) for grass pea accessions from 10

different geographical regions in which the within-

regions diversity accounted for the majority (90.7%)

of the total genetic diversity.

Population genetic structure across the accessions

analyzed identified three groups in which individuals

are clustered independently of their collection region,

and it also showed admixture among accessions. The

low genetic differentiation among regions could be

interpreted by gene flow due to movement of seeds.
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Seed exchange among farmers is a mechanism used to

enhance diversity of local germplasm which may result

in an increase in the distribution of alleles among

different populations irrespective of their geographical

distance (Louette et al. 1997). Grass pea’s reproductive

biology might also have contributed to the distribution

of alleles among different populations. Although the

floral biology of grass pea favors self-pollination

(Yadav and Bejiga 2006; Campbell 1997), there are

records of substantial out-crossing, which is dependent

on environmental and/or genetic factors (Chowdhury

and Slinkard 1997; Gutiérrez-Marcos et al. 2006).

This study demonstrated that the EST-SSRs devel-

oped for grass pea are useful tools for studying genetic

diversity. The results showed the existence of moderate

genetic variability in grass pea populations of Ethiopia

which mostly resides within accessions, and indicated

that different regions harbor comparable levels of

diversity. Although the study was based on a limited

number of markers, this observation should be taken

into account in planning future conservation and

research programs for the species. From the breeding

aspect, conducting a close study on a specific popula-

tion would be advisable when carrying out genetic

improvement in the crop. The current grass pea

collection in the Ethiopian genebank contains predom-

inantly samples from Shewa region (about 45%). Thus,

it would be useful to increase representative samples

from other regions to capture the maximum diversity.
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