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ABSTRACT

Expressed Sequence Tags (ESTs) deposited in the public domain are providing a cost-effective means of developing
sequence based molecular markers. In this study, publicly available grass pea (Lathyrus sativus) EST sequences
were used to develop 21 molecular markers for L. sativus (grass pea). Out of these, thirteen markers were
polymorphic. Evaluation of the transferability of the newly developed markers to five other legume species
resulted in transferability percentage of 95.23% in L. cicera, 61.9% in field pea, 52.38% in faba bean, 38.1% in
chickpea, and 33.33% in lentil. The markers developed will be useful for genetic studies in grass pea and other
legume species.
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RESUME

Les marqueurs exprimés de séquence Tag (ESTs), disponibles dans le domaine publique fournissent des moyens
moins chers de développement des marqueurs moléculaires. Dans cette études, les séquences EST publiquement
disponibles de la gesse (Lathyrus sativus) étaient utilisés pour dsvelopper 21 marqueurs moléculaires de la gesse
L.sativus. Parmi ces derniers, treize marqueurs étaient polymorphiques. L’évaluation de la transferabilité des
marqueurs nouvellement développés en cinq autres especes de légumineuses ont induit un pourcentage de
transferabilité de 95.23% dans L. cicera, 61.9% dans le pis, 52.38% dans la féve, 38.1% dans le pois chiche, et
33.33% dans les lentilles. Les marqueurs développés seront utiles dans des études génétiques de la gesse et autres
especes de légumineuses.

Mots Clés: Séquence Tag exprimée, Lathyrus sativus

INTRODUCTION cross species transferability of markers have been

studied and utilised in different species

Molecular markers are useful tools in genetic
analysis of plants. Currently, different types of
molecular markers are available, which differ in
abundance in the genome, reproducibility, degree
of polymorphism, locus specificity and technical
demand (Agrawal et al., 2008). Development of
highly informative sequence based molecular
markers is expensive; hence, in plants such
markers have been developed mainly for species
of high economic importance. To overcome this,

(Erpelding et al., 1996; Varshney et al., 2005;
Chandra and Dubey, 2007; Jensen et al., 2007).
Additionally, large-scale sequencing projects that
aim at discoveries of novel genes have generated
large amount of expressed sequence tags (EST)
deposited in publicly available sequence
databases, offering a potential resource for the
development of genetic markers (Gupta and
Rustagi, 2004). EST based markers are derived
from transcribed regions of the DNA and, hence,
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it is expected that these markers would be more
conserved and have a higher rate of
transferability than genomic markers (Scott et al.,
2000). Transferable EST based markers have been
used in phylogenetic studies (Rouf et al., 2005),
characterisation of allelic diversity on a set of
accession of different species (Zang et al., 2007),
and genetic diversity studies (Gupta et al., 2003).
Lack of genomic resources is a characteristic of
most legume crops. However, recent efforts by
various research groups on different model
legumes and crops are providing information that
has implications on their improvement (Varshney
et al., 2009). Understanding the conservation of
genome structure among legumes assures the
transfer of technology from well studied or model
legume species to others (Fredslund et al., 2006).
Conserved and cross species transferable
markers have many applications in this aspect.
They are useful in constructing comparative
genetic maps, thus facilitating the study of
synteny conservation and collinearity among
related genomes (Gupta and Rustgi, 2004). In
legumes, comparative mapping have been utilised
to illustrate relationship between model species
and other legumes (Aubert, 2006; Phan et al.,
2007; Ellwood et al., 2008).

Grass pea (Lathyrus sativus L.) is a food and
forage legume cultivated in Central, South and
Eastern Europe, West Asia, North Africa and
Ethiopia. The crop is tolerant to extremely dry
conditions in areas susceptible to drought and it
is also tolerant to excessive floods (Campbell,
1997). Grass pea has been recommended as a
potential source of disease resistance genes for
use in grain legume breeding programmes
(McCutchan, 2003). Like most crop legumes,
genetic information available for grass pea is
minimal. There are few published sequence
derived markers which were developed by
converting L. sativus defense-related ESTs into
mapable genetic markers (Skiba et al., 2003), of
which some have been used for generating a
linkage map of L. sativus (Skiba et al., 2004).

The genus, Lathyrus, is a member of the
Vicieae tribe, together with Pisum, Lens and Vicia,
which are important food legumes, with whom it
could share genes, physiological processes and
defense mechanisms. For this reason, the
Lathyrus spp. may serve as potential sources of
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new and useful genetic traits, such as resistance
genes, for closely related genera.

The objective of this study was to develop
molecular markers useful for genetic studies of
grass pea, and examine the cross species
amplification of the newly developed markers in
other legume species.

MATERIALS AND METHODS

DNA extraction. DNA was extracted from leaf
tissues of two weeks old seedlings of grass pea
(L. sativus), lentil (Lens culinaris), field pea
(Pisum saivum), faba bean (Vicia faba), chickpea
(Cicer arietinum), and Lathyrus cicera, using
GenFElute Plant Genomic DNA Miniprep Kit
(Sigma-Aldrich, St. Louis, MO).

Primer design. Forty sequence tagged site
(STS) primers were designed from L. sativus EST
sequences available in Genbank (http://
www.ncbi.nlm.nih.gov) using Primer3.0 software
(Rozen and Skaletsky, 1998). The parameters used
for designing the EST-STS primers were: primer
length of 18-24 bp with an optimum of 20 bp,
annealing temperature of 50-60 °C with an
optimum of 55 °C, percentage GC in the range of
40-50% and amplification of 100-400 bp fragment
length. Similarly, using Batchprimer3 software
which allows detection of simple sequence
repeats (SSRs) (You et al., 2008), nineteen primer
pairs flanking a microsatellite region were
designed. SSR-containing sequences consisting
of di-, tri- and tetranucleotide repeats with a
minimum of seven, four, or three subunits,
respectively were selected.

PCR condition. For EST-STS markers, PCR
amplifications were performed in 20 pl reactions
containing 5 pul 5x PCR buffer, 0.2 mM of each
dNTPs, 0.4 uM of the forward and reverse primers
1 U of GoTaq® polymerase (Promega), and 30 ng
of genomic DNA. Cycle conditions were initial
denaturation step at 94 °C for 5 minutes followed
by 30 cycles of 94 °C for 45 s, annealing at optimum
annealing temperature (Ta) for 60 s, extension at
72 °C for 60 s with a final extension at 72 °C for 5
minutes. Amplified products were run on 2%
agarose gel stained with Ethidium bromide. For
STS markers that gave monomorphic bands with
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amplicons more than the expected fragment size
restriction enzymes were used to convert them
to polymorphic markers (Table 1).

For EST-SSR markers, PCR was performed in
a final reaction volume of 15 ul containing 30 ng
genomic DNA, 5X PCR buffer, 0.2 mM each of
dNTPs, 0.5 unit GoTag® polymerase (Promega),
0.3 pl each of forward and reverse primers and
0.02 mM labeled M13 primer (6-FAM/VIC/PET/
NED). PCR was performed in two phases: first
with a 5 min initial denaturation step at 94 °C,
followed by the first 30 cycles with conditions at
94°C for 30 s, 30 s at the optimal annealing
temperature and extension at 72 °C for 45 s; and
second with 15 cycles with conditions 94 °C for
30s, 61 °Cfor30s, and 72 °C for 45 s, with a final
extension at 72 °C for 10 minutes. PCR products
(2 - 2.5 pl) were mixed with 10 pl of formamide (Hi-
Di™ Formamide) and 0.3 pl labeled size standards
(GeneScan™-500 LIZ® Size Standard) per
reaction, denatured for 5 min at 94 °C and
analysed using an ABI3130xl genetic analyser
(Applied Biosystems).

Marker transferability. To test the potentials
for cross-species amplification of L. sativus
derived markers to other legume species, the
newly designed primer pairs were used to amplify
genomic DNA of lentil, field pea, faba bean,
chickpea and L. cicera under the same PCR-
conditions applied for amplifying genomic DNA
of grass pea. For each primer pair amplification
success was scored as positive only if a clear
and reproducible band was observed.

RESULTS

Marker development and polymorphism
evaluation. Out of the 40 EST derived primer pairs
screened for amplification in genomic grass pea
DNA, 80% gave amplification products. After
optimisation, 12 markers (30%) gave amplification
of a single fragment. Of these, nine of the primer
pairs directed amplified products larger than the
predicted size. Digestion of seven of these single
monomorphic PCR products with a range of
restriction endonucleases resulted in 6
polymorphic STS markers (Table 1).
Amplification product from marker Ls175 was
digested with six different types of restriction

EST-STS markers, primer sequences, PCR conditions, product sizes and results of restriction endonuclease digestions

TABLE 1.
NCBI

Amplified Ta(°C)  Enzymesresultingin
polymorphism

fragment size (bp)

Expected

Primer sequence

Primer
name

size (bp)

accession No.

Rsal

575
575

384

413

F: GGTTGGGTCAAGCAAGAAAAR: TGGGTATTCTTGAGCGCAGT
F: GCCTTGTCCTTCCTCTTCCTR:TTTTGCCCAGTTCCCATAAA

Ls048*

DY396274

Haelll, Alul, Apol

NA
NA

575

575

888

Ls060*
Ls093
Ls094

DY396277

345

F: GAGTACGCGGGGAAAGACTC R:GGCATCCAGCAAAACAATTT

DY396284

406

F: GGTTGCAAAGCAAGAAGGTC R:CCTACCAGACCAAACCGATCT

F: GAATCTGGTCATTGGGATCG R:-TGGGTTTTTCTTTTCGAACG

DY396285

Haelll, Hinfl, Rsal, Apol, Ddel

575

1000
1000
1350

403
400
402
39
412
406

Ls109*
Ls125*
Ls137*
Ls148

DY396289

Haelll, Hinfl, Rsal, Apol, Ddel

575

F: GACACCGGAATCTGGTCATT R:TTTTCTTCTCGAACGCATCC

DY396292

Haelll, Hinfl, Alul, Rsal, Apol,

575

F: CCATCAACTTTCCCACTTCA R: AGCACCTTTCGCAGTTTTTG

DY396294

F: ACGGGGGATATCAAACACAC R:CACGATGAGCACACACATAACTT

F: AACATGGGTGTGGGTCAGAT R:CGAGCCTCAACAATGTTTCA

DY396296

950

Ls160*
Ls162

DY396300

F: CCTCTACTGTGCCTCCTGCT R: GGCTTGAAAAGAGCATCACC
F: TCGCTCTCTTCGTCCTCTTC R: CATTCCCTGGGCTATCGTAA

DY396301

1000

397

Ls175

DY396304

NA

575

700

148

F: GAGCTGAGCGATTAACAGATA R: CATCTGCTGAAGAAGATTTTG

Ls619

DY396361

155

NA = not analysed, * = polymorphic markers
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enzymes (Haelll, Hinfl, Rsal, Apol, Dde, Alul I),
but none of them resulted in polymorphism.

Among 19 primer pairs flanking microsatellite
fragments, 12 (63%) gave successful amplicon of
the expected range. Blast analysis revealed that
amplified fragments from primers L.s848 and Ls792
aligned as identical fragments and Ls709, Ls481
and Ls459 also aligned in a similar manner
showing that these were redundant sequences.
Hence, only two of these EST-SSRs (Ls848 and
Ls709) were used for further analysis. Screening
of the nine EST-SSRs for polymorphism on grass
pea genotypes resulted in seven polymorphic
markers (Table 2).

Cross-species amplification. For evaluating
cross-species amplification, all the 21 EST derived
primer pairs were screened in five legume species
(lentil, field pea, faba bean, chickpea, and L.
cicera) and resulted in various level of
transferability. A marker was considered to be
transferable if it gave a comparable fragment size
with that obtained for L. sativus. The majority of
the markers in this study yielded good quality
PCR products in all the legumes tested (Fig. 1).
Five of the primer pairs (23%) amplified across all
five species, and five other primer pairs amplified
only within the genus (L. cicera). The average
transferability success for all markers was 56.19%.
One marker (Ls694) was specific to grass pea.
Considering all the 21 markers, amplification
success revealed by species was 95.23% in L.
cicera, 61.9% in field pea, 52.38% in faba bean,
38.1% in chickpea, and 33.33% in lentil (Table 3).
The highest transferability rate was detected in
L. cicera and the lowest in lentil. The highest
transferability outside the genus was detected in
field pea (61.9%). Considering only EST-SSR
markers, the highest transferability was detected
in L. cicera (100%) and the lowest in chickpea
(44%).

DISCUSSION

Publicly available L. sativus EST sequences were
used to develop sequence based molecular
markers for grass pea. Twenty-one markers were
developed and 13 of them were polymorphic
within L. sativus. Seven of these primer pairs were

TABLE 2. Primer sequences, PCR conditions, product sizes and characteristics of EST-SSR markers analysed

Ta(°C)

Forward F and Reverse R primer sequence

Repeat mofif Size (bp)

Marker name

NCBI accession No.

882

F: GGGCTTGTTACACTGATATGTR: AACAGCATAAATACCCCTTTT
F: ATGCTTCAGATGCAAAAGATR: TCAAAAGTTGAAACAGAGAGC
F:ATGGTTGATTGCTGGTATTTAR: GAAGCAAATGCAGGTTTTATT

157-165
160-168
164-172
173179
132-147

5

F: GGAAAACCTGAAGAAGATAGCR: TAACTATCCTTGGGACTCCTC

F: CAGAAAAAGATGAAAACGATGR: ACAAGAATCTCTTACGCTTCA
F: TTGAAACTATTGAGGCAACATR: AGACTTTCAAGGAAAATGCTT
F: GAATTCGATTAAGCAGTGGTAR:ACCTTTCTTCACTCTGTTTCC

598

158-173
137-145

172

8

F: AAGATTGTGGATGTTTTAGGCR: GTTGAAGAGAAACCTTCTTCC
F: GCTCATCCTTGAAGTAAGTGAR:GCCAAGATTAGCATCAATATC

8

174

o=

Ls989*

DY396423

Ls074*

DY396279

Ls617*

DY396360

Ls576"

DY396353

Ls744*

DY396382

Ls848"
Ls942*
Ls733

DY396400
DY396411

DY396380

Ls709

DY396377

* = polymorphic markers for grass pea
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Figure 1. Example of agarose gelimage of EST-STS (A &B) and EST-SSR (C & D) bands amplified by primer pairs (A) Ls162,
(B) Ls137, (C) Ls744, (D) Ls709 on genomic DNA of: 1-lentil, 2-field pea, 3-faba bean, 4-chickpea, 5-L. cicera, C-grass pea

(control), M-Molecular weight marker.

TABLE 3. Results of cross-species amplification of L. sativus EST-derived markers in five legume species

Genbank Primer name Lentil Fieldpea  Fababean  Chickpea L. cicera  Overall % of
accession number transferability
DY396274 Ls048 - + + + + 80
DY396277 Ls060 - - - - + 20
DY396284 Ls093 - - - - + 20
DY396285 Ls694 - - - - - 0
DY396289 Ls109 - + + - + 60
DY396292 Ls125 - + + + + 80
DY396294 Ls137 - - - + 20
DY396296 Ls148 - + - - + 40
DY396300 Ls160 +* + + - + 80
DY396301 Ls162 + + + + + 100
DY396304 Ls175 - + - - + 40
DY396361 Ls619 + - + + 60
Overall STS 16.6 66.6 416 333 916 50
DY396423 Ls989 - - + 20
DY396411 Ls942 - - - - + 20
DY396400 Ls848 + + + + + 100
DY396382 Ls744 + + + + + 100
DY396380 Ls733 - - + 20
DY396377 Ls709 + + + 100
DY396360 Ls617 +* + + + + 100
DY396353 Ls576 + + + - + 80
DY396279 Ls074 - - + - + 40
Over all SSR 555 55.5 66.6 444 100 64.44
STS+SSR 33.33 61.9 52.38 38.1 95.23 56.19

+ = Successful amplification; — = no amplification; * = showed amplicon size difference with L. sativus
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useful in genetic diversity assessment of grass
pea (Shiferaw et al., 2012).

One of the advantages of markers developed
from EST sequences is the high transferability
between related species. In this study, primer pairs
resulted in amplified fragments of comparable size
in different legume species. This could be due to
the conservation of the target sequence and
flanking regions in the legume species assayed.
However, the level of conservation has to be
confirmed by sequence analysis. In a few cases,
the intensity of the right sized fragment was weak
which probably is due to the use of similar PCR
parameters in all species and hence optimisation
might be necessary in using these markers for
further study.

EST-SSR markers showed higher rate of
transferability in all legumes, with transferability
rate ranging from 44% (lentil) to 100% (L. cicera).
A review by Peakall et al. (1998) reported that
cross-species amplification of microsatellite loci
in plants could range from moderate to complete
primer conservation (50-100%) within genera.
This complete primer conservation explains the
highest rate of transferability observed between
L. sativus and L. cicera. It is hypothesized that
L. sativus was derived from the genetically nearest
wild species L. cicera (Hopf, 1986). All the legume
species tested for marker transferability here
belong to the subfamily Papilionoideae, and all
except chickpea belong to the tribe viceae (Steele
and Wojciechowski, 2003).

Prior studies on cross-species amplification
between legumes using SSRs derived from total
genomic DNA showed various levels of sequence
conservation. Peakall er al. (1998) reported the
transferability of up to 65% of soybean derived
SSR markers within the genus Glycine, and 3—
13% of the SSRs outside the genus. Gutierrez et
al. (2005) reported transferability of Medicago
truncatula EST-SSRs to faba bean (40%),
chickpea (36%) and field pea (37%) while within
genus transferability of M. truncatula derived
EST-SSRs was 74% (Eujayl et al., 2004).
Considering all the 21 markers developed for grass
pea, the average rate of successful transferability
outside and within the genus was 46 and 95%
respectively which is consistent with earlier
findings.

E. SHIFERAW

CONCLUSION

This study has demonstrated the value of
sequence data stored in public database for
developing molecular markers in species that lack
pre-existing genomic information. The cross-
species transferability of 33-61% of the markers
shows the potential of these markers to be used
in comparative mapping and other genetic studied
among different species. Since genomic resources
are scarce in most legume crops, cross-
transferability also allows the use of markers
developed in one species for others.
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