
Introduction

With a great number of alleles lost through breed-

ing and selection, more difficulties in wheat im-

provement have emerged for the modern

agriculture system (Allard 1996; Hoisington et al.

1999). The narrow genetic basis weakens the re-

sistance of current wheat cultivars facing adverse

factors and threatened further improvement for

wheat. It is essential and urgent to exploit genetic

resources from relatives of wheat with the richness

of desirable genes.

Durum wheat (Triticum durum L.), a tetraploid

species (genome, AABB) and one relative of

bread wheat, is an important crop for human con-

sumption, being used to make pasta, bulgar and

couscous. It is mainly grown in the Mediterranean

region, Canada, the USA, Argentina and India,

and attracts interest because of its beneficial traits

such as resistance (Beharav et al. 1997), environ-

mental stability (Blum et al. 1989; Almansouri

et al. 2001), yield potential and high quality (Desai

and Bhatia 1978). With many beneficial traits and

easiness of gene transferring, T. durum has been

suggested as one of the most desirable donors for

bread wheat improvement (Blanco et al. 2001;

Valkoun 2001; Wang et al. 2005). The genetic re-

lationship between durum wheat genotypes has

been extensively studied based on morphology

(Belay and Furuta 2001; Watanabe et al. 2002),

agronomic traits (Elouafi and Nachit 2004),

as well as enzymatic and molecular markers (Pujar

et al. 1999; Incirli and Akkaya 2001; Eujayl 2001).

An RFLP-based genetic linkage map has been

published in durum wheat, and genomic

microsatellite markers developed for bread wheat

have been integrated with the RFLP map. How-

ever, the use of these markers has raised many

questions where different genetic relation between

the same sets of varieties and species were re-

vealed by different genetic markers (Thormann

et al. 1994; Powell et al. 1996).
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Microsatellites, also described as simple se-
quence repeats (SSRs), have become for a variety
of reasons the markers of choice among different
types of molecular markers. These microsatellites
are ubiquitous and abundant both in animal and
plant genomes, involving repetitive as well as
unique sequences. EST-SSRs belong to the tran-
scribed region of the genome, and might be rela-
tively well conserved. Therefore, any polymorphism
detected using EST-SSRs might reflect the better re-
lationship between species or varieties. Evaluation
of the germplasm with SSRs derived from ESTs
might enhance the role of genetic markers by as-
saying variations in transcribed and
known-function genes (Eujayl et al. 2002). The
controversy about the current status of the
germplasm pool and the influence of breeding pro-
grams has not been solved for many years
(Maccaferri 2003). Collection of germplasm is
a continuous process requiring accurate monitor-
ing of the status of the elite gene pool. For effec-
tive conservation and use of genetic resources, the
evaluation of genetic variation within collections
is crucial and could be dramatically enhanced by
using molecular genotyping tools (Eujayl et al.
2002). The objective of this study was to estimate
the allelic variation at the expressed sequence
among durum wheat accessions collected from
seven countries using EST-SSR markers and pro-
vide imformation for wheat breeding and im-
provement in southwest China.

Materials and methods

The accessions were kindly provided by

Dr. Bockelaman (American National Plant

Germplasm System) and the germplasm lab of the

Triticeae Research Institute, Sichuan Agricultural

University. A total of 60 durum wheat accessions

from 7 countries were selected to evaluate genetic

diversity based on the adaptability for the environ-

ment of Sichuan, China, after being planted for

a year (Table 1).

Genomic DNA was extracted from bulk sam-

pling of a minimum of ten individual plants for all

accessions, following the procedure described by

Sharp et al. (1988). Primers (Table 2), derived

from bread and durum wheat EST sequences, were

retrieved from the Triticeae EST-SSR coordina-

tion project published by Peng and Lapitan (2005)

and Eujayl et al. (2002). PCR reactions contained

10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM

MgCl2, 0.2 mM dNTPs, 0.25 µM primer and 25 ng

template DNA in a reaction volume of 25 µL.

The amplification program consisted of the fol-

lowing cycles: 94oC for 4 min, 40 cycles of 94oC

for 1 min, 55 to 63oC (depending on the primer set)

for 1 min and 72oC for 1 min, and a final extension

at 72oC for 10 min. Amplification products were

separated by electrophoresis in 6% polyacryl-

amide gel and silver stained.

The allele counts were scored for the presence

or absence in each sample, based on allele size

measured with DNA Marker 500 bp (Sangon,

Shanghai, China) and compared with the fragment

sizes reported in available literature. The presence

or absence was coded by 1 or 0, respectively, to

generate the raw data matrix. Null alleles are com-

mon in wheat (Plashke 1995). The polymorphic

information content (PIC) was employed for each

locus to assess the informativeness of each

marker. The calculation of PIC for the ith marker

is PIC = 1 – ΣPij(j = 1,2,..., n), where Pij is the fre-

quency of the jth pattern for the ith marker and the

summation extends over n patterns (Peng and

Lapitan 2005).

Population genetic analysis was carried out us-

ing POPGENE version 1.31 (Yeh and Boyle 1997),

based on the model for codominant markers with

diploid individuals. The following parameters

were estimated: the percentage of polymorphic

loci and gene diversity. The raw data matrix was

subjected to the calculation of the genetic similar-

ity coefficient (GS) between accessions:

GS = 2Nij/(Ni+Nj), where Nij is the number of al-

leles in common between accessions i and j, and Ni

and Nj are the total numbers of alleles observed for

accessions i and j, respectively. The dendrogram

was constructed based on the genetic similarity

coefficient using the UPGMA (unweighted pair

group with arithmetic average) method with the

computer software NTSYS-pc (Rohlf 1990).

Meanwhile, the genetic similarity coefficient was

separately estimated for markers of the A and B

genomes. To determine whether the genetic differ-

entiation on the A genome was consistent with the

B genome, the Mantel-test was carried out by

comparing the genetic similarity data matrix of the

A genome with that of the B genome.

Results

Based on the screening of 47 pairs of eSSR prim-

ers for fragment amplification with the criterion of

fragment quality and expected size, 25 primer

pairs were selected to detect the eSSR variations in

the 60 durum wheat accessions. The 25 eSSR
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primer pairs revealed 26 loci on all seven wheat

homologous chromosome groups (more detailed

information in Table 2). The 26 eSSR loci con-

sisted of five SSR types, 4 di-, 17 tri-, 3 tetra-,

1 penta- and 1 hexa-nucleotide repeats. Twenty-

four out of 26 loci (92.31%) were polymorphic,

whereas only two loci (i.e. Xcwem50a and

Xcwem9n) were monomorphic. An additional

polymorphic locus with smaller size profiles of

about 70 bp than the ones reported was detected by

Xcwem3b. Thus, the Xcwem3b was considered

as a two-loci marker. A total of 87 eSSR alleles

were detected, and the number of alleles detected

on a single locus ranged from 1 (Xcwem50a and

Xcwem9n) to 11 (Xcwem40a), with an average of

3.3 alleles per locus. More alleles were identified

on the B genome with an average of 3.57 alleles

per locus than the A genome with 3.08 alleles per

locus. Consistently with the tendency of allele

number change, the average PIC value of each lo-

cus was 0.4595, with the highest of 0.8384 for

Xcwem40a and the lowest of 0 for Xcwem50a and

Xcwem9n. The PIC values showed that the higher

polymorphism level was on the B genome with
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Table 1. Durum wheat accessions used in this study

Origin Accessions Name Type Origin Accessions Name Type

Australia CItr5122 Huguenot Cultivar Russian CItr1337 Red Bald Cultivar

CItr5136 Indian Runne Cultivar CItr1515 Pererodka Landrace

CItr5140 Medeah Cultivar CItr5014 Beloturka Cultivar

China CItr5077 FHB4495 Landrace CItr10125 Cultivar

CItr5083 FHB4501 Landrace CItr10128 Landrace

CItr5094 FHB4512 Cultivar CItr10131 Cultivar

CItr11495 Wash.No.2628 Cultivar CItr10135 Cultivar

CItr11496 Wash.No.2606 Cultivar CItr10136 Cultivar

As2234 Huimoto Cultivar Tunisia CItr6870 Souri Landrace

As2247 Baidamao Landrace CItr6871 Realforte Landrace

As2248 Maweiba Cultivar CItr6872 Biskri Landrace

As2280 Tachengmotou Cultivar CItr6874 Hamira Landrace

As2367 Sanlichun Cultivar CItr6876 Mahmoudi Landrace

Ethiopia CItr14097 ELS 6304-56 Landrace USA CItr1493 Arnautka1963P Cultivar

CItr14101 ELS 6404-59 Landrace CItr1494 Arnautka Cultivar

CItr14102 ELS6404-60-1 Landrace CItr5296 Mindum Cultivar

CItr14105 ELS6404-61-2 Landrace CItr6236 Spelmar Cultivar

CItr14431 286b Landrace CItr6519 Nodak Cultivar

CItr14432 286b Landrace CItr6881 Akrona Cultivar

CItr14434 377b Landrace CItr10001 Peliss selectionNO.14 Cultivar

CItr14435 378b Landrace CItr11476 Kubanka 75-3-15 Cultivar

CItr14438 421b Landrace CItr11477 Golden ball Cultivar

CItr14439 421b Landrace CItr14562 66B362 Cultivar

CItr14441 665b Landrace Canada CItr14266 DT 182 Cultivar

CItr14447 R74 Landrace CItr14268 DT 184 Cultivar

CItr14600 ELS6404-62-6 Landrace CItr14270 RL 3661 Cultivar

CItr14602 ELS6404-62-8 Landrace CItr14272 RL 3686 Cultivar

CItr14608 ELS6404-63-5 Landrace CItr14273 UM6301 Cultivar

CItr14611 ELS6404-63-8 Landrace CItr14559 Hercules Cultivar

CItr14624 ELS6404-73-3 Landrace

CItr14629 ELS6404-75-3 Landrace



an average of 0.4774 than the A genome with that

of 0.4387. The frequency distribution of the 87 al-

leles was shown in Figure 1. The observed allelic

frequencies ranged from 0.0083 to 1, with an aver-

age of 0.2988. Thirty-two alleles (36.78%) ap-

peared with the frequencies of 0.10 or lower, while

only five alleles (5.75%) were present in most of

durum wheat accessions with frequencies of 0.90

or higher. Amongst them, two alleles were ob-

served in all the durum wheat accessions because

of no variation in the Xcwem50a and Xcwem9n

loci.

The Mantel-test showed that the genetic simi-

larity coefficient matrix obtained from A genome

markers was significant linear relative to that from

the B genome (r = 0.2055, P < 0.001), which sug-

gested that the genetic differentiation among ac-

cessions reflected by the two genomes was

resemblant.

To visualize genetic relationships between the

60 durum wheat accessions, a dendrogram was

constructed (Figure 2). Cluster analysis showed

that 60 durum wheat accessions could be divided

into three major groups. All landraces from Ethio-

pia and two cultivars from China were clustered

into group III, three accessions from China and

one cultivar from the USA were put into group II,

and the remaining accessions were included in

38 H.-Y. Wang et al.

Table 2. Chromosome locations, number of alleles, repeat motif and

PIC values of EST-SSR markers

Locus Chromosome
location

Number
of alleles

Repeat PIC value

Dupw038 1A 2 (GCC)9 0.499

Xcwem5e 2A 5 (AGC)6 0.615

Dupw210 2A 2 (AAG)6 0.124

Dupw227 3A 3 (AAG)7 0.659

Xcwem9d 3A 2 (CAGG)5 0.255

Dupw004 4A 4 (AC)13 0.652

Dupw108 4A 2 (AT)5(ATC)5 0.464

Xcwem9n 5A 1 (CAGG)5 0

Xcwem13b 5A 7 (GCT)5 0.745

Dupw167 6A 5 (AAGCAT)5 0.700

Xcwem50a 6A 1 (CTG)5 0

Xcwem8d 7A 3 (TAC)5 0.550

Xcwem1d 1B 2 (CAG)5 0.064

Xcwem6c 1B 3 (AG)12 0.287

Xcwem14b 2B 2 (CTT)6 0.064

Xcwem3b 3B 2 (AC)7 0.480

Xcwem3b-1 3B 2 (AC)7 0.433

Xcwem9e 3B 3 (CAGG)5 0.407

Dupw023 4B 3 (GCT)9 0.597

Dupw043 4B 8 (CAA)10 0.798

Dupw115 5B 3 (ACG)7 0.515

Dupw205 5B 4 (AAG)6 0.589

Xcwem40a 5B 11 (TCT)6 0.838

Dupw217 6B 2 (AAG)12 0.493

Dupw216 6B 2 (AAG)9 0.455

Dupw398 7B 3 (AGATG)5 0.663

Mean 3.3 0.460



group I. All the landraces from Ethiopia and most of

cultivars from Canada (except for CItr14273) were

clustered into one group or subgroup, respectively, re-

flecting the close genetic relationships within the two

groups. The three landraces of China, distinguished

evidently from the cultivars, clustered closely and

constituted the major part of group II. Cultivars or

landraces from the other countries overlapped with

each other, especially those from the USA and Russia.

Discussion

Microsatellite markers are becoming the markers

of choice due to the level of polymorphism, as well

as higher reliability (Plaschke et al. 1995; Fu et al.

2005). In wheat, abundant wheat genomic SSR

markers are now available and mapped (Roder

EST-SSR variation in durum wheat 39

Figure 2. The genetic relationship between groups with different geographical origination based on their Nei’s (1978)

genetic distance

Figure 1. The frequency distribution of 87 alleles in 60 durum wheat accessions



et al. 1998), making them a useful resource for fur-

ther studies. Genomic SSRs, therefore, have been

used in wheat for a variety of purposes, including

genome mapping, physical mapping, gene tag-

ging, and genetic diversity estimates. Compared

with the high polymorphism of genomic SSRs,

EST-SSR is less powerful in providing informa-

tion on genetic variations (Eujayl et al. 2002; Thiel

et al. 2003). In this study, 24 out of 26 loci

(92.31%) were polymorphic with an average of

3.3 alleles per locus, among which 19 loci re-

vealed fewer than 3 alleles. The PIC value of

markers indicates the usefulness of DNA markers

for gene mapping, molecular breeding and

germplasm evaluation (Peng and Lapitan 2005).

In this study, the average PIC value in durum

wheat accessions was 0.460, which is lower than

that detected by genomic SSR markers (0.540,

Roder et al. 1995), but higher than RFLP markers

(0.300, Anderson et al. 1993). The lower PIC of

eSSRs relative to genomic SSRs is perhaps due to

the high conservation of coding regions among

cultivars within a species (Eujayl et al. 2002).

In spite of the higher polymorphism, gSSRs could

not reflect agronomic differences in the genetic re-

source evaluation, which could be explained by

the fact that all gSSR markers were not found in

the transcribed regions (Li et al. 2006). Therefore,

eSSRs would be more efficient for evaluating the

polymorphism, differentiation, phylogenetic rela-

tionship and population structure of genetic re-

sources.

In this study, more alleles were identified on the B

genome (with an average of 3.57 alleles per locus)

than the A genome (with 3.08 alleles per locus),

and PIC values confirmed that the higher poly-

morphism level was on the B genome than the A

genome. The higher polymorphism level of the B

genome rather than that of the A genome was de-

tected in a high-resolution T. durum ×

T. dicoccoides map using AFLP markers (Peng

et al. 2000). This was consistent with the fact that

the non-random distribution of molecular mark-

ers, such as RFLP, AFLP and SSR, showed more

loci in the B genome than the A genome (Marino

et al. 1996; Roder et al. 1998; Lotti et al. 2000;

Nachit et al. 2001). The difference in polymor-

phism level between the A and B genomes might

be explained by the evidence from cytogenetic and

molecular investigations showing that the B ge-

nome is the most differentiated and divergent from

the ancestral donors among the three wheat

genomes (Zohary and Feldman 1962; Blake et al.

1999; Zhang et al. 2002; Maccaferri et al. 2003).

It was found that tri-nucleotide repeats ac-

counted for the biggest portion of microsatellites,

but which tri-nucleotide motif was the dominant

type was not in agreement with the other data.

Peng and Lapitan (2005) found that (CCG/CGG)n

was most frequent in wheat EST-SSR, while Gao

et al.(2003) reported that CCG/GGC were most

common in rice and the AAC repeat was prevail-

ing in wheat EST. In this study, 62.96% of markers

were tri-nucleotide motives as the most abundant

SSR type, successfully amplified in the durum

wheat genome, while the remaining ones were

di- (14.81%), tetra- (11.11%), penta- (3.7%) and

hexanucleotides (3.7%). Among the tri-nucleotide

motifs, the AAG (29.41%) was slightly more fre-

quent than the others. The predominance of the

tri-nucleotide SSR might have resulted from the

suppression of non-trinucleotide SSRs in coding

regions, which could reduce frameshift mutations

(Metzgar et al. 2002). Morgante et al. (2002) sug-

gested that the possible reasons for the doubled

frequency of trinucleotide repeats in the coding

portion might include the mutation pressure and

putative selection for specific single amino acid

stretches.

The fact that thirty-two alleles (36.78%) were

present in the accessions with frequencies of 0.10 or

lower, might indicate the evidence of mutation or

introduction of new gene resource in a germplasm

pool. Further analysis for genetic relationship

among accessions showed a similar differentiation

tendency between the A and B genome by compar-

ing genetic similarity data matrices from the two

genomes. It indicated that the coevolution might

have happened on the A and B genome of durum

wheat with different originations undergoing for

years specific selective pressure from some envi-

ronment. Compared to the other accessions, the

landraces from Ethiopia exhibited an evident ge-

netic uniqueness. It was verified by cluster analysis

(Figure 2), in which all landraces from Ethiopia

were clustered into one unique group (II). Ethiopia

is one of the secondary diversity centers for durum

wheat, and the major accessions are landraces

(Vavilov 1951). Brown (1978) described landraces

as geographically or ecologically distinctive popula-

tions, which are conspicuously diverse in their ge-

netic composition both among and within

populations (i.e., among landraces). Furthermore,

the available information from previous studies

(Pecetti et al. 1992; Annicchiarico and Pecetti 1995)

and this study indicated that the durum wheat from

Ethiopia could be distinguished as a specific group

due to the adaptive traits for a specific environment.
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Conclusion

Compared with the high polymorphism of

genomic SSRs, EST-SSR is less powerful in pro-

viding information on genetic variations. The av-

erage PIC value in durum wheat accessions was

0.460, which is lower than that detected by

genomic SSR markers (0.540, Roder et al. 1995),

but higher than RFLP markers (0.300, Anderson

et al. 1993). The difference in the differentiation

degree was displayed among both genomes and

durum wheat accessions with different origins.

More alleles were identified on the B genome than

the A one. The accessions of China had the highest

degree of differentiation, while those from Ethio-

pia exhibited an evident genetic uniqueness.

The fact that thirty-two alleles (36.78%) were

present in the accessions with frequencies of 0.10

or lower, might indicate the evidence of a muta-

tion or introduction of a new gene resource in

a germplasm pool. In spite of lower polymor-

phism, EST-SSR, derived from the coding region,

could more directly reflect influences imposed by

breeding efforts on the elite germplasm. There-

fore, more attention should be focused on the es-

tablishment of a genotype database using

convenient and effective indicators such as

EST-SSR, and hence monitoring the dynamic

change in the gene pools and as a reference for

germplasm management and breeding strategies.
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