
Abstract Genetic variation present in 64 durum wheat
accessions was investigated by using three sources 
of microsatellite (SSR) markers: EST-derived SSRs
(EST-SSRs) and two sources of SSRs isolated from total
genomic DNA. Out of 245 SSR primer pairs screened,
22 EST-SSRs and 20 genomic-derived SSRs were poly-
morphic and used for genotyping. The EST-SSR primers
produced high quality markers, but had the lowest level
of polymorphism (25%) compared to the other two
sources of genomic SSR markers (53%). The 42 SSR
markers detected 189 polymorphic alleles with an aver-
age number of 4.5 alleles per locus. The coefficient of
similarity ranged from 0.28 to 0.70 and the estimates of
similarity varied when different sources of SSR markers
were used to genotype the accessions. This study showed
that EST-derived SSR markers developed in bread wheat
are polymorphic in durum wheat when assaying loci of
the A and B genomes. A minumum of ten EST-SSRs
generated a very low probability of identity (0.36×10−12)
indicating that these SSRs have a very high discrimina-
tory power. EST-SSR markers directly sample variation
in transcribed regions of the genome, which may en-
hance their value in marker-assisted selection, compara-
tive genetic analysis and for exploiting wheat genetic 
resources by providing a more-direct estimate of func-
tional diversity.
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Introduction

Microsatellites (Tautz and Renz 1984; Tautz 1989), or
simple sequence repeat (SSRs)-based molecular markers
are now the marker of choice in most areas of plant ge-
netics. The advantages of SSRs are well documented
(Powell et al. 1996) and these include: high information
content, co-dominant inheritance, reproductibility and 
locus specificity. This latter attribute is of special impor-
tance and relevance when one considers the application
of SSR genotyping to germplasm collections, which often
requires a long-term commitment to accurate data acqui-
sition from different sources. In addition to their utility
for practical applications, the dynamics of microsatellite
evolution have been extensively studied, particularly in
mammalian genomes (Bowcock et al. 1994; Di Rienzo 
et al. 1994; Chakraborty et al. 1997). These studies have
highlighted the complex mutational patterns operating at
SSR loci, emphasising the need to consider opportunities
to extract microsatellites from different genomic regions
that may be under different selective forces.

Traditional experimental methods for developing SSRs
are based on isolating and sequencing clones containing
putative SSR tracts, together with designing and testing
flanking primers. In order to reduce costs, various pre-
and post-cloning procedures (reviewed by Powell et al.
1996) to create genomic libraries enriched for SSRs have
been developed. These technical developments have made
a significant contribution by generating large numbers of
SSRs in crop plants. The practical utility of such markers
in germplasm analysis, where data integration and com-
parison are critical, requires that each SSR is validated for
quality and robustness of the amplification product. These
approaches may be enhanced by identifying SSRs in cod-
ing as well as non-coding regions of plant genomes.

Significant gene-discovery programs in both the pub-
lic and private sector have been initiated based on single-
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pass sequencing of complementary DNAs (cDNAs) de-
rived from populations of messenger RNA (mRNAs)
from various tissues. The basic strategies and rationale
for such programs are well-documented (Adams et al.
1992) and provide the most-direct route to homology
based gene identification. The initial focus of such efforts
has been on the production of expressed sequence tags
(ESTs) from mammalian genomes (Adams et al 1992,
Takahashi and Ko 1994), Caenorhabitis (Waterston et al.
1992) and various microorganisms (Vassarotti and 
Goffeau 1992; Ajioka 1998). However, significant em-
phasis has been recently placed on generating substantial
EST databases for plants species such as Arabidopsis
(Delseney et al. 1997) and crop plants such as grape
(Scott et al. 2000), rice (Yamamoto and Sasaki 1997; Cho
et al. 2000), and maize (Briggs 1998). In addition, to pro-
viding opportunities for gene discovery, such databases
may also provide a novel source of microsatellites (SSRs)
that are physically associated with coding regions of the
genome (EST-derived SSRs). To address this issue we
have screened 117,000 wheat ESTs from the DuPont
Company database to identify a sample of SSR markers
in order to evaluate their utility and informativeness for
genotyping wheat.

Durum wheat [Triticum turgidum (L.) Thell. Convar.
durum (Desf.) MK] is a tetraploid wheat species (geno-
mes AABB) which is mainly grown in the Mediterra-
nean region, Canada, USA, Argentina and India. Despite
its agricultural significance this species has received rel-
atively little genetic-research attention. A genetic linkage
map based on RFLPs (Blanco et al. 1998) has recently
been published and genomic microsatellite markers de-
veloped for bread wheat have been integrated with the
RFLP map (Korzun et al. 1999).

For effective conservation and the use of genetic re-
sources, evaluation of the genetic variation within col-
lections is crucial and could be dramatically enhanced by
using molecular genotyping tools. Evaluation of germ-
plasm with SSRs derived from ESTs (EST-SSRs) may
enhance the role of genetic markers by assaying varia-
tion in transcribed and known-function genes. The over-
all purpose of this project was to compare the utility of
various sources of wheat SSRs to discriminate between
durum genotypes that had been previously characterised
with RFLPs, morpho-physiological traits, gliadins and
coefficient of parentage (Sorrells et al. 1995; Autrique et
al. 1996). Furthermore, since the EST-SSR markers re-
present transcribed regions of the genome, it is also of
interest to compare estimates of genetic diversity calcu-
lated from both genomic and EST-derived SSR markers.

In this manuscript we report our results on: (1) an
evaluation of the ability of EST SSR markers to detect
polymorphism between durum wheat genotypes obtained
from a world-wide collection and compare their useful-
ness with SSR markers derived from genomic DNA, and
(2) the generation of a set of fluorescentally labelled
SSRs that are of high quality for genetically fingerprint-
ing durum wheat cultivars. These SSRs provide a robust
set of PCR primers that will allow fingerprinting and the
integration of data from the A and B genomes of wheat.

Materials and methods

Genetic material

Sixty-four durum wheat selections, landraces and varieties were
obtained from the Genetic Resources Unit of ICARDA in Aleppo,
Syria (Table 1). This subset of durum lines originates from differ-
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Table 1 Durum accessions genotyped with SSRs together with their country of origin

Genotype Country Genotype Country Genotype Country

Hedba Algeria (1)a Bicre (Bittern/Crane) Var. (6) M 21 Morocco (1)
Oued zenati 368 Algeria (2) Furat 1 Var. (7) M 3 Morocco (2)
Jennah Khetifa Algeria (3) Nile Var. (8) M 20 Morocco (3)
Pelissier Can/USA Hazar Var. (9) M 1090 Morocco (4)
Wakooma Canada (1) Om Rabi 14 Var. (10) Casablanca Portugal (1)
DT 369 Canada (2) Karasu Var. (11) Santa Marta Portugal (2)
Kyperounda 1 Cyprus Gr/Boy Var. (12) Entre Largo Portugal (3)
IC8373 Ethiopia Sajur Var. (13) Corado11639 Portugal (4)
Vatan ExUSSR Ain Arous Var. (14) Haurani Nawani Syria (1)
Agathe France (1) Sebou Var. (15) Huarani 27 Syria (2)
Ardente France (2) Belikh Var. (16) Akbash Syria (3)
Neoder France (3) Cham1(Frigate,Waha) Var. (17) Kishk Syria (4)
Romanou 2 Greece (1) Lahn Var. (18) Baladia Hamra Syria (5)
Mavragani Iraklion Greece (2) Siliana Var. (19) Razzak Tunisia
Moundros 2 Greece (3) Heider(Marajawi) Var. (20) H.O.FAO25918 Turkey (1)
Atsiki 3 Greece (4) Iran 1 Iran Kirmizi Turkey (2)
Local Iraklion Greece (5) Tripolino Italy (1) Aric31708 USA (1)
Tensifit 1 Var.b (1) Scorsonera Italy (2) N.D Line No.10 USA (2)
Gedifla Var. (2) Sicilia Lutri Italy (3) Rugby USA (3)
Chahba 88 Var. (3) Sentore Cappelli Italy (4) Ward USA (4)
Sabil 1 Var. (4) Coll 86 NO 42 Jordon (1)
Loukos 1 Var. (5) Coll 86 No 44 Jordon (2)

a Figures in parenthesis refer to the genotypes in Fig.1
b Improved variety



Statistical analysis

Electropherograms obtained by GenScan 3.0 from the gel images
(see Fig. 1) were scored for allele size and presence or absence in
each sample. Presence or absence was coded by 1 or 0, respective-
ly, and represented as a binary matrix. The genetic similarity ma-
trix was obtained by the SIMQUAL sub-routine of the NTSYS-pc
software statistical package (Rohlf 1990) based on Jaccard’s algo-
rithms. The similarity coefficients were used to construct genetic-
distance phenograms using the SAHN method based on UPGMA.

Allelic variation is calculated from the frequencies of geno-
types at each locus as the diversity index (DI) according to Weir
(1990), i.e., DI=1–Σpi2, where pi represents the frequency of the
ith SSR allele. To account for residual heterogeneity a direct count
of heterozygosity was calculated as the number of genotypes,
which were heterozygous (more than one band amplified by one
pair of primers) at a given locus, divided by the total number of
genotypes scored at that locus. The probability of identity (PI) was 

calculated as: according to Paetkau 

(1995). The PI over a number of loci was calculated as the product
of the PI for those loci.

Results

SSR marker polymorphism

The primer sequences of the EST-SSRs, which range be-
tween 18 and 25 bp, are presented in Table 3. Based on
the screening of 245 pairs of primers for fragment ampli-
fication, fragment quality and polymorphism, 42 were
identified for fingerprinting the 64 durum genotypes 
(Table 2). Approximately 25% of the EST-derived SSRs
were polymorphic compared to over 50% for the other
sources of SSR markers. However, both the GWM and
WMC primers had been previously screened for infor-
mativeness in hexaploid wheat. An important feature of
the EST-derived SSR markers is the high quality frag-
ment-patterns obtained which are devoid of stuttering
(Fig 1.). In this example we have an A-genome amplifi-
cation product generated from primers that amplify a 
trinucleotide repeat (AAG) that detects a total of six 
alleles. The clarity of the amplification profiles will cer-
tainly ease the application of EST-derived SSR markers
in cultivar identification. The 22 selected EST clone se-
quences were subjected to BLAST; 11 showed convinc-
ing homology with gene sequences for which a putative
gene function is established (Table 3). The characteris-
tics of the PCR-amplified fragments is presented in 
Table 4, including the number of repeats, the allele sizes
amplified in Chinese Spring, allele size range amplified
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ent geographic regions and different breeding backgrounds. The
wheat variety Chinese spring was used as the DNA and RNA 
template for the construction of the wheat microsatellite markers.
The International Triticeae Mapping Initiative (ITMI) mapping
population, Opata 85 x W7984 RILs, was used for genetic-linkage
mapping.

Microsatellite markers sources

Genomic SSR primer information was obtained from two sourc-
es. The first primer set was obtained from Röder et al. (1995,
1998) from a conventional genomic library and designated as
GWM, and the second was obtained from the wheat microsatel-
lite consortium (WMC) provided by Agrogene, S.A., from ge-
nomic libraries enriched for wheat SSRs. EST sequences from the
DuPont company were subjected to BLAST (Altschul et al. 1990)
to identify SSRs. The EST-SSR primers were designed at the
flanking regions of the repeats with Primer 3 software (S. Rozen
and H.J. Skaletsky; available at http://www-genome.wi.mit.edu/
genome_ software/other/primer3.html). The primer-design criteria
included a Tm of 60 to 65°C with no greater than a 3°C differ-
ence in the Tm between primer pairs. The primers were designed
to produce PCR products ranging from 150- to 300-bp in length.
The DuPont SSR set was designated as DuPw, and their primer
sequence information is given in Table 3. The sixty four 
durum DNA samples were screened for polymorphism with 
137 EST-SSR (DuPw), 68 GWM and 40 WMC microsatellite
primers.

SSR marker detection

DNA was isolated from five to eight seedlings (3 to 5 days old)
using the DNAzol reagent (Gibco/BRL) and applying the 
method described by Shure et al. (1983). For PCR analysis of
sample DNA, the forward SSRs primer of each pair (genomic or
EST) were commercially labelled by the addition of fluorescent
phosphoramidite as either 6-carboxyfluorescein (6-Fam), hexa-
chloro-carboxyflourescein (HEX) or NED at the 5′ end of the
oligonucleotide (Applied Biosystems/Perkin Elmer). The PCR-
amplification conditions were as described by Röder et al.
(1998) with some modifications. PCR products of samples 
(10 µl) were diluted to approximately one-tenth. One microliter
of diluted sample was added to 3 µl of loading mixture made up
of 0.5 µl of a GenScan 500 ROX (6-carboxy−×−rhodamine) in-
ternal size standard, 2 µl of de-ionised foramide and 0.5 µl of
loading dye. The samples were mixed with 3 µl of loading mix-
ture, denatured at 95°C for 2 min and kept on ice until loading.
Approximately 1 µl was loaded on 6% (w/v) denaturing acryl-
amide:bisacrylamide (19:1) gels. Samples were electrophoresed
in 1× TBE buffer at constant power (2000 W) for 2 to 3 h de-
pending on the expected fragment size of the SSR in an automat-
ic DNA sequencer (ABI 377, Applied Biosystems). The ABI 377
is equipped with GenScan 3.0 software (Applied Biosystems) for
data collection and fragment-size (bp) calculation to two deci-
mals. To assure precision and reproducibility during the poly-
morphism screening process all polymorphic primers were run at
least twice.

401

Table 2 Number of SSR prim-
ers tested, percentage-detecting
polymorphism and the average
number of alleles detected in
the durum accessions studied

Source of Number % Number of Number of Average
SSRs of Polymor- loci alleles number of

primers phism selected detected alleles
tested

EST-SSR 137 24.8 22 89 4.1
GWMa 68 52.9 11 61 5.5
WMCb 40 52.5 9 39 4.3
Total 245 35.9 42 189

a Primers from Röder et al.
(1998)
b Primers from wheat microsat-
ellite consortium (Agrogene)



in the durum genotypes and the chromosomal location of
the SSR markers based on the ITMI population genetic-
linkage map (P. Wolters unpublished data). The number
of alleles detected and the diversity index (DI) for each
microsatellite marker are also given in Table 4. A total of
189 alleles were identified, 89, 61 and 39 being detected
with the EST-SSR, GWM and WMC SSR markers re-
spectively. The most-informative microsatellite marker
was GWM169, which detected 14 alleles in the sample
of durum genotypes evaluated. Null alleles were detected
with three EST-SSRs (DuPw 123, 165, 207).

Genetic relatedness of durum accessions 
and the discriminatory power of SSRs

The probability of identity for any two genotypes (PI)
was calculated for each SSR marker and were quite vari-
able, as were the diversity indices reflecting the range
and frequencies of alleles detected by each SSR marker
(Table 4). The probability of a chance match between
any two genotypes at a given locus in this collection
ranged from 0.009 at GWM169 to 0.940 at GWM149.
The PI at only ten selected EST-SSR loci (shown by as-
terisks in Table 4) was 0.361×10−12. Therefore, it is pos-
sible to identify a small set of EST-SSR markers to
uniquely fingerprint durum genotypes. The genetic simi-
larity between genotypes is depicted in the form of a
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Fig. 1 Electropherogram obtained from the gel image of primer
DuPw227 showing the fragment peaks for eight durum genotypes
and information on fragments size
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dendrogram (Fig. 2). There does appear to be some clus-
tering based on the geographical origin of the genotypes,
with some evidence for the improved varieties also being
grouped together. The dendrogram presented is con-
structed from 189 alleles detected with the three sources
of SSRs. The coefficient of similarity ranged from 0.28
to 0.70, and varied when different sources of SSRs were
used to generate the similarity matrix and estimates of
phenetic distance. The similarity coefficient for the 
EST-SSR-derived similarity matrix (89 alleles) ranged
from 0.37 to 0.72 compared to 0.26 to 0.79 for the com-
bined data from the genomic SSRs (dendogram not
shown).

The genotypes used in the present study include more
than 60% of the total number of genotypes studied 
earlier by Sorrells et al. (1995) and Autrique et al. (1996)
using RFLP and other markers. The SSR markers were
more polymorphic than RFLPs and, although the same
coefficient of similarity was applied, the genetic relation-
ship between genotypes differed when SSR markers
were deployed. For example, the RFLP (165 alleles)
markers failed to discriminate between two landraces,
Syria 3 and Syria 5, whereas the SSR markers placed
these genotypes into two different groups with a similari-
ty coefficient of 0.41. Additionally, in this study we used
the SSR markers to estimate the proportion of heterozy-

404

Table 4 Nucleotide motif, expected allele size, observed allele size range and the chromosomal location of the 42 SSRs used to geno-
type the durum accessions

Locus Repeat Allele Allele size Chrom. Number of Diversity Proportion of Probability of
size (bp)a range location polymorphic index heterozygosity identity (PI)

alleles (DI)

DuPw004c (AC)13 199 193–203 4A 7 0.84 0.387 0.038
DuPw023c (GCT)9 231 217–233 4B 5 0.71 0.375 0.126
DuPw038c (GCC)9 193 184–201 1A 6 0.79 0.429 0.066
DuPw043c (CAA)10 233 228–246 4B 6 0.80 0.536 0.062
DuPw108 (AT) 5(ATC)5 173 174–181 4A 2 0.35 0.016 0.476
DuPw115 (ACG)7 193 181–190 5B 3 0.53 0.234 0.264
DuPw123 (ACGT)5 199 180–191 NMb 1d 0.09 0.000 0.831
DuPw124c (ACT)7 165 156–164 NM 3 0.63 0.155 0.175
DuPw135 (AGATG)5 246 175–247 NM 3 0.40 0.197 0.394
DuPw165 (AACAGC)5 168 169–172 NM 1d 0.29 0.000 0.544
DuPw167c (AAGCAT)5 237 228–250 6A 4 0.78 0.286 0.071
DuPw168 (AATAG)12 167 149–166 NM 2 0.18 0.031 0.684
DuP173f (AC)6 (AT)9 179 166–182 3D 2 0.09 0.000 0.830
DuPw205 (AAG)6 168 158–178 5B 5 0.63 0.180 0.162
DuPw207 (AAG)23 178 170–285 2B 1d 0.24 0.000 0.604
DuPw210 (AAG)6 227 228–232 2A 2 0.30 0.828 0.511
DuPw216 (AAG)9 186 164–200 6B 7 0.71 0.339 0.131
DuPw217c (AAG)12 225 212–224 6B 5 0.84 0.483 0.046
DuPw227c (AAG)7 193 167–203 3A 6 0.81 0.315 0.060
DuP238f (AC)9 218 209–221 4D 5 0.73 0.241 0.114
DuPw254c (AC)14 150 152–184 7A 8 0.76 0.190 0.083
DuPw398 (AGATG)5 189 177–198 7B 5 0.65 0.254 0.176
WMC017 (CA)16 181 176–220 7A 7 0.63 0.017 0.204
WMC024 (GT)28 152 115–123 1A 3 0.61 0.164 0.197
WMC025 (GT)26 166 167–220 2B 3 0.48 0.091 0.278
WMC027 (GT)26TG(GT)2 389 383–399 NM 5 0.73 0.018 0.109
WMC047 (CA)8GA(GA)5 141 138–144 4B 5 0.77 0.175 0.079
WMC076 (GT)19 256 232–258 7B 3 0.40 0.111 0.384
WMC093 (GT)24 149 232–258 NM 3 0.31 0.078 0.491
WMC106 (CA)21 318 146–170 1A 8 0.84 0.383 0.045
WMC120 (CA)8 (GA)14 (GT)8 215 199–228 6B 2 0.20 0.000 0.652
GWM043e 3 0.03 0.000 0.498
GWM068 2 0.51 0.000 0.353
GWM099 5 0.51 0.016 0.184
GWM149 1d 0.62 0.000 0.940
GWM164 4 0.62 0.797 0.181
GWM169 14 0.96 0.452 0.009
GWM193 3 0.57 0.271 0.285
GWM304 5 0.71 0.091 0.198
GWM410 9 0.32 0.321 0.108
GWM526 8 0.63 0.127 0.153
GWM544 7 0.81 0.018 0.060

a According to ITMI parent Chinese spring
b NM=not mapped
c Selected as the best combination for genotyping
d Null allele detected

e Information on the GWM clones is given by Röder et al. 1998
f Detect polymorphic alleles in two genomes (P. Wolters, unpub-
lished data)
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gosity, which is an important parameter for landraces
and breeding lines. For landraces such a measurement
most-likely reflects residual heterogeneity.

Discussion

Genomic SSR markers have been used for discriminat-
ing between genotypes in bread wheat (Plaschke et al.
1995; Bryan et al. 1997; Prasad et al. 2000; Stachel et al.
2000) but the large genome size of wheat means that
identifying robust and informative SSRs for fingerprint-
ing is challenging. Our results show that with 20 SSR 
loci detecting approximately 100 alleles it was possible
to discriminate all the durum genotypes studied. Further-
more, ten EST-SSRs provide an extremely low probabili-
ty that any two genotypes will exhibit a chance match.
These EST-derived SSRs generate high quality amplifi-

cation products (Fig. 1), a high information content (di-
versity indices in excess of 0.76), and have been floures-
centally labelled which allows detection on an automated
DNA sequencer. This method of allele detection and siz-
ing provides the potential advantage of multiplex analy-
sis, automated data output and elimination of radioactivi-
ty. However, the SSRs described can also be detected 
reproducibly using isotopic labelling or silver staining.

Two other studies have examined the informativeness
of SSRs derived from ESTs in rice (Cho et al. 2000) and
grape (Scott et al. 2000). These two studies concur with
the present investigation in revealing that the overall 
level of informativeness of genomic-derived SSRs is
higher than that observed with EST-derived SSRs. Cho
et al. (2000) found that GC-rich tri-nucleotide motifs 
located in exons or open reading frames showed consid-
erably lower levels of polymorphism as compared to 
microsatellites found in the 3′ or 5′ untranslated regions

Fig. 2 Genetic relationship be-
tween 64 durum accessions,
landraces and varieties, based
on Jaccard’s coefficient and
UPGMA cluster analysis. The
genotype name can be obtained
from Table 1
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or introns. Scott et al. (2000) were also able to show that
SSRs within coding regions were polymorphic and trans-
ferable between species. Similarly, the sample of wheat
EST-derived SSRs evaluated in this study identified in-
formative SSRs. Perhaps, more importantly, mutationally
stable SSRs that are less polymorphic and derived from
ESTs could complement highly variable genomic SSRs
to reconstruct past evolutionary events and identify re-
gions of plant genomes identical by descent. Differences
in mutation rate between di, tri, and tetra-nucleotide re-
peat motifs have been observed in humans (Chakraborty
et al. 1997). In the present study several higher-order re-
peat motifs were identified in the sample of EST-derived
wheat SSRs (Table 4). The tri, tetra and penta-nucleotide
repeats are likely to exhibit varying mutational proper-
ties compared to di-nucleotide repeats and also offer
considerable advantages for allele sizing.

The identification and exploitation of EST-derived
SSRs in wheat also represents a shift in emphasis from
anonymous markers to reveal variation in transcribed re-
gions of wheat genomes. Expansion and contraction of
SSR repeats in genes of known function can now be relat-
ed to phenotypic variation or, more desirably, biological
function. Starch composition in the rice kernel has been
shown to be associated with expansion of a (CT)n repeat
in the 5′ UTR of the waxy gene (Ayers et al. 1997). The
more-widespread application of EST-derived SSRs to the
evaluation of germplasm collections will provide an op-
portunity to examine functional diversity in phenotypical-
ly well -characterised accessions. The power of this ap-
proach will be augmented when meiotic map-location
and putative quantatitive trait data are combined with the
allelic variability detected in various gene pools.

Ultimately, bi-allelic markers in the form of single
nucleotide polymorphisms (SNPs) detected in candidate
genes will provide the basis for linkage disequilibrium or
association mapping. The exploitation of historical re-
combination events identified in germplasm collections,
coupled with SNP-based haplotype detection, will drive
future map-based gene-discovery programmes. Various
methods for SNP detection have been demonstrated 
(Kuklin et al. 1997; Chen et al. 1998; Cho et al. 1999;
Erdos et al. 1999), but the routine detection of SNPs in
polyploid species such as wheat remains challenging
whereas the EST-derived SSRs reported in this study
provides a resource which can be immediately applied to
many aspects of wheat genetics. As large numbers of
publicly available ESTs are generated for other plant
species, it is anticipated that EST-derived SSRs will re-
present an important source of informative and robust
polymorphic markers.
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