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Abstract The genetic similarity between 150 acces-
sions, representing 14 diploid and polyploid species of
the Triticeae tribe, was investigated following the
UPGMA clustering method. Seventy-three common
wheat EST-derived SSR markers (EST-SSRs) that
were demonstrated to be transferable across several
wheat-related species were used. When diploid species
only are concerned, all the accessions bearing the same
genome were clustered together without ambiguity
while the separation between the diVerent sub-species
of tetraploid as well as hexaploid wheats was less clear.
Dendrograms reconstructed based on data of 16 EST-
SSRs mapped on the A genome conWrmed that Triti-
cum aestivum and Triticum durum had closer relation-
ships with Triticum urartu than with Triticum
monococcum and Triticum boeoticum, supporting the
evidence that T. urartu is the A-genome ancestor of
polyploid wheats. Similarly, another tree reconstructed
based on data of ten EST-SSRs mapped on the B
genome showed that Aegilops speltoides had the clos-
est relationship with T. aestivum and T. durum, sug-
gesting that it was the main contributor of the B
genome of polyploid wheats. All these results were

expected and demonstrate thus that EST-SSR markers
are powerful enough for phylogenetic analysis among
the Triticeae tribe.

Introduction

The grass family (Poaceae or Gramineae) comprises
the most important cultivated crops in the world. It
includes all the cereals as well as forage crops, sugar
cane, or bamboos. There are more than 10,000 grass
species distributed among 651 genera which originated
and diverged during about 60 million years. They are
grouped in Wve sub-families among which the Bambu-
soideae, the Panicoideae, and the Pooideae which
include the cultivated species such as wheat, barley,
rice, and maize. Wheat species and their close relatives
belong to the Pooideae sub-family and to the Triticeae
tribe which comprises the genera Triticum (wheat),
Aegilops, Secale (rye), and Hordeum (barley). Within
this latter tribe, diploid as well as polyploid species can
be found. In the Triticeae, the basic chromosome num-
ber is seven and the genomes are designated by letters.
These genomes are not perfectly identical but show
high levels of similarity and are thus named “homoeol-
ogous.” Wheat polyploid species originated from
hybridizations between either diploid species or dip-
loid and polyploid species followed by natural genome
doubling. For example, the hexaploid bread wheat
(Triticum aestivum L.em.Thell. 2n = 6x = 42) is an allo-
polyploid species (AABBDD) originated by hybridiza-
tion of a AA-genome diploid species related to
Triticum urartu (2n = 2x = 14, Dvorak et al. 1993;
Huang et al. 2002) with a BB-genome diploid species
from the Sitopsis section giving rise to Triticum dic-
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occoides species (AABB), followed by an additional
hybridization with a DD-genome diploid species, Aegi-
lops tauschii (2n = 2x = 14, McFadden and Sears 1946).
The origin of the B genome remains controversial but
Aegilops speltoides seems to be the most likely living
relative of an extinct or yet to be discovered B-genome
donor species (Sarkar and Stebbins 1956; Riley et al.
1958; Rees and Walters 1965; Natarajan and Sharma
1974; Chen et al. 1975; Jaaska 1980; Hassan and Gus-
tafson 1996; Maestra and Naranjo 1998).

Grasses taxonomy and phylogeny were initially
based on morphological and physiological traits. How-
ever, discrimination between species was sometimes
limited because of a lack of relevant descriptors, or
divergence was overestimated because of the diYculty
in scoring some characters. Morphological traits have
thus been supplanted Wrst by isozymes which have pro-
vided valuable insights into the phylogeny among the
genera and species (McIntyre 1988) and later by DNA-
based molecular markers. The results obtained with
these tools were relatively consistent with the general
taxonomic information provided by earlier morphologi-
cal, physiological, and isozyme markers (Monte et al.
1993). Especially, SSRs were extensively explored in
wheat evolutionary studies because of their high poly-
morphism level, their co-dominant inheritance, and
their reproducibility (Plaschke et al. 1995; Donini et al.
2000; Prasad et al. 2000; Manifesto et al. 2001; Ben
Amer et al. 2001; Leisova and Ovesna 2001; Röder et al.
2002; Zhang et al. 2002; Roussel et al. 2005). However,
interspeciWc phylogenetic studies in wheat using SSRs
were limited to exploration of the relationships between
Ae. tauschii and the D genome of bread wheat (Lelley
et al. 2000) because of the limited transferability of
genomic SSRs to related species (Sourdille et al. 2001).

Recently, Zhang et al. (2005) demonstrated that
bread wheat EST-derived SSR markers (EST-SSRs)
developed from EST sequences showed a high level of
transferability to close and wild relatives of wheat
because they are derived from conserved coding
regions. In addition, they are still a source of informa-
tion for assessing genetic relationships (Eujayl et al.
2001, 2002) as suggested by Bandopadhyay et al.
(2004), who studied DNA polymorphism among 18
species of Triticum–Aegilops complex and were able to
construct a dendrogram separating the diploid and tet-
raploid species.

In this paper, we studied the genetic similarity
among 150 accessions from 14 diVerent Triticeae spe-
cies representing 16 diVerent genomes using a set of 73
EST-SSRs that we recently developed (Zhang et al.
2005) with the Wnal aim as the evaluation of the poten-
tial of wheat EST-SSRs for phylogenetic studies among

diVerent diploid, tetraploid, and hexaploid sub-species
of the Triticeae tribe.

Materials and methods

Plant material

A total of 150 accessions representing 14 species and 16
genomes of the Triticeae tribe were used (see Supple-
mentary Table 1, seeds available on request). This
included diploid and polyploid species and autogamous
as well as allogamous species. Similar numbers of
accessions (between two and Wve) for each species
were randomly chosen among our collection, except
for T. aestivum and T. durum, where 23 varieties were
selected for each species. Seeds were obtained from
the Centre of Biological Resources on Cereal Crops
(INRA-Clermont-Ferrand, France) and from Jacques
David (INRA Montpellier, France, tetraploid and
Aegilops species). For each species, between Wve and
ten seeds from self-pollinated ears (when available or
possible) were sown for further DNA extraction.

DNA extraction, PCR ampliWcation and SSR detection

DNA was extracted from fresh leaves ground in liquid
nitrogen using a CTAB protocol as previously
described (Tixier et al. 1998). A set of 73 EST-SSRs
(Zhang et al. 2005; http://www.wheat.pw.usda.gov/
ITMI/EST-SSR/) was selected (Supplementary
Table 2) according to their ability to be transferable to
the studied species. PCR reactions using the M13 pro-
tocol were carried out as described in Nicot et al.
(2004) with an annealing temperature of 60°C for 30
cycles (30 s 94°C, 30 s 60°C, 30 s 72°C) and 56°C for 8
cycles. AmpliWcation products were visualized using an
ABI PRISM®3100 Genetic Analyzer (Applied Biosys-
tems). Finally, fragment sizes were calculated using
GENESCAN and GENOTYPER softwares (Applied Biosys-
tems), where diVerent alleles are represented by diVer-
ent ampliWcation sizes for tandem repeats. Two alleles
are considered as identical when they show the same
fragment size. To discriminate between PCR failure
and null allele, PCR reactions were done twice.

Estimation of genetic similarity

Because only a limited number of accessions was tested
for each species (between two and Wve), it was not pos-
sible to accurately measure the allelic frequency for
each SSR and to use statistical analyses such as
AMOVA or F statistics. For phylogenetic studies, we
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decided thus to generate a binary matrix as followed:
presence of an ampliWed product of a given size was
scored as “1” while the absence of the same ampliWca-
tion product was scored as “0.” The binary data were
used to compute the distance matrix as 1—the Jac-
card’s similarity coeYcient (Jaccard 1908). Phylip soft-
ware was used to identify the genetic similarity
(Felsenstein 1993). As all the species studied belong to
the Triticeae tribe, the assumption of a molecular clock
was acceptable. Therefore, the dendrograms were
obtained by the UPGMA clustering method. The reli-
ability and goodness of Wt of dendrograms obtained
from EST-SSRs data were tested through bootstrap-
ping based on 100 samples (Felsenstein 1985). This led
to 100 dendrograms summarized in a consensus tree
which indicated the proportion of bootstrapped trees
showing that same clade.

Results

Transferability of the EST-SSRs to the diVerent spe-
cies was high and ranged from 100% for T. aestivum
sub-species compactum and petropavlovsky, to 62.3%
for barley (Zhang LY et al., unpublished results). Since
transferability was not complete, null alleles were not
considered and were quoted as missing data since there
was a higher probability that the lack of ampliWcation
was due to the presence of numerous mutations in the
Xanking sequences, which are obviously diVerent
among the species rather than to a deletion of the
genes which could have been considered as similar
events. This also justiWes the choice of the Jaccard dis-
tance index (Jaccard 1908) which does not consider as
informative a shared absence of a given trait (here an
ampliWcation product). However, we only retained
markers for which the percentages of missing data
were low and never exceeded the maximum of one
missing data/locus for each species. Thus, estimation of
genetic distances was quite accurate.

Clustering of the diploid grass species

We selected the 46 accessions of diploid species (Sup-
plementary Table 1), including the A-, B- (or S), and D-
genome donors of hexaploid wheat, Aegilops umbellu-
lata (UU), Aegilops comosa (MM), barley (HH), and
rye (RR). The clustering of the lines was based on 1,170
informative fragments produced from 73 EST-SSRs.
The Jaccard genetic distance coeYcients (Jaccard 1908)
ranged from 0.307 between Triticum monococcum
accessions 68191 and 68212 to 0.978 between Aegilops
tauschii accession 15 and rye accession SCW 3. The con-

sensus tree obtained (Fig. 1) showed that all the acces-
sions bearing the same genome were clustered together
without ambiguity, the bootstrapped values for each
group being generally higher than 85%. The A-genome
sub-species were divided into two groups, one including
T. urartu sub-species only, the other where T. monococ-
cum and T. boeoticum sub-species were clustered
together. This latter group presented two clusters, one
mainly corresponding to T. monococcum sub-species,
the other one to T. boeoticum sub-species. Within the
A-genome sub-species, the T. boeoticum accessions
68182 and 68184 and the T. urartu accession 78096 were
not clustered with the other accessions of the same sub-
species. T. boeoticum accession 68182 was associated
with T. monococcum sub-species while T. boeoticum
accession 68184 was with T. urartu sub-species. On the
contrary, the T. urartu accession 78096 was clustered
with T. boeoticum sub-species. However, the bootstrap
values of the nodes leading to these groups were,
respectively, 23 and 26% indicating that these groups
were not highly reliable.

Similarly, the B-genome sub-species were divided
into two groups, one where Aegilops searsii, Aegilops
bicornis, and Aegilops longissima were clustered
together, while Ae. speltoides was apart. Within the B-
genome sub-species, the Ae. bicornis accession 471323
(AEBIC-47) was associated with two of the Ae. longiss-
ima accessions while Ae. longissima accession 330486
(AELON-330) was associated with the Ae. bicornis
accession 70 (AEBIC-70). Concerning the relationships
among the three diploid ancestors of hexaploid wheat,
the Ae. tauschii species was more closely related to the
B-genome species than to the A-genome species. How-
ever, this grouping was found in less than 60% of the
trees indicating that relative position of these species
was not accurate. Ae. umbellulata (UU) and Ae. comosa
(MM) were clustered together and formed a group
which was associated with the one including B- and D-
genome sub-species in 87% of the dendrograms. Barley
was found to be closer to all these wild species com-
pared to rye but in less than 60% of the trees. This indi-
cated that the relative positions of barley, rye, and
wheat related diploid wild species need to be clariWed.

From this tree, we can conclude that wheat EST-
SSRs are powerful enough to assess the genetic vari-
ability of wheat diploid relatives. Also, clustering of
some accessions should be reconsidered according to
the results we report.

Clustering of the tetraploid grass species

Similarly, we used the 48 accessions of tetraploid
grass species (Supplementary Table 1) to construct a
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dendrogram. The clustering of the lines was elaborated
based on 167 informative fragments produced from 73
EST-SSRs. The Jaccard genetic distance coeYcients
(Jaccard 1908) ranged from 0.322 between Triticum
turgidum accessions 7786 and 387456 to 0.674 between

Triticum carthlicum accession 94753 and T. dicoccoides
accession 467014. The consensus dendrogram obtained
from bootstrapped data is presented in Fig. 2. Separa-
tion between the diVerent sub-species was less clear
compared to the diploid species. However, all the

Fig. 1 Consensus tree of 46 accessions of diploid species recon-
structed from 100 UPGMA trees obtained from data resampled
in a set of 73 EST-SSRs. The accession codes are the same as
those indicated in Supplementary Table 1 (SCE rye, AELON Ae.
longissima, AEBIC Ae. bicornis, AESEAR Ae. searsii, AESPEL

Ae. speltoides, AETAU Ae. tauschii, ACO Ae. comosa, AEUMB
Ae. umbellulata, TMO T. monococcum, TBE T. boeoticum, TUR
T. urartu, HVU barley). The branch lengths are proportional to
the number of times that each group appeared. Additionally,
numbers indicated bootstrap values larger than 60%
123
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T. durum accessions were grouped except the French
variety “Amidonnier Blanc Barbu.” Most of the polon-
icum (4/5) and the turgidum (3/5) sub-species were

associated with the same group. The carthlicum sub-
species were associated with the dicoccum sub-species
while the dicoccoides sub-species formed a separate

Fig. 2 Consensus tree of 48 accessions of tetraploid species
reconstructed from 100 UPGMA trees obtained from data resam-
pled in a set of 73 EST-SSRs. The accession codes are the same as
those indicated in Supplementary Table 1 (TPO T. polonicum,

TDU T. durum, TTU T. turgidum, TCA T. carthlicum, TDM T.
dicoccum, TDS T. dicoccoides). The branch lengths are propor-
tional to the number of times that each group appeared. Addi-
tionally, numbers indicated bootstrap values larger than 60%
123
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cluster. The carthlicum accession 94753 was completely
isolated.

From this tree, we can conclude that the relation-
ships among all the wheat tetraploid species are closer
compared to what was observed between the diploid
species. This suggests that tetraploid species are more
closely related than the diploid species indicating that
they diverged more recently.

Clustering of the hexaploid grass species

Fifty accessions of hexaploid wheat species (Supple-
mentary Table 1) were used to construct a dendrogram
from 207 informative fragments produced from 73
EST-SSRs. The Jaccard genetic distance coeYcients
(Jaccard 1908) ranged from 0.231 between Triticum
aestivum ssp. macha Landrace 4 and T. ae. ssp. macha
accession 102V to 0.646 between T. aestivum cv Aurore
and T. ae. ssp. compactum accession Lo To Mai. The
consensus dendrogram obtained from bootstrapped
data is presented in Fig. 3. Two groups were obtained.
The Wrst one was obtained in 48% of the bootstrapped
trees and was made of most of the T. aestivum cultivars
(15/22). On the contrary, the second one included all
the others plus seven T. aestivum cultivars. Within this
group, only spelta and macha sub-species were clus-
tered together but UPGMA trees were found in less
than 60% of the cases indicating that the clustering was
not sure. The European accessions trended to cluster
while the Asian ones were closer to each other.

Our results suggest that T. aestivum varieties seem
to be split into two main groups: one includes most of
the European and Asian (Korea, China, Afghanistan,
Pakistan) varieties which is closer to other T. aestivum
sub-species (macha, spelta...), the other includes the
remaining varieties from other countries. This may
indicate a common ancestral origin for each of the two
groups.

Relationships between the A and B genomes for bread 
wheat and related diploid species bearing
homoeologous genomes

Two sets of 16 and 10 markers evenly located on the A
and B genomes of hexaploid wheat, respectively
(Zhang et al. 2005), were selected to investigate the
relationships among these two genomes of hexaploid,
tetraploid, and diploid wheat species.

For the A genome, 244 informative fragments
obtained from 16 EST-SSRs assigned to the A genome
of bread wheat were used. The Jaccard genetic dis-
tance coeYcients (Jaccard 1908) were calculated using
these data and ranged from 0.052 between T. durum cv

Ixos and Kubanka to 0.973 between T. monococcum
accession 74036 and T. aestivum cv Seuseun 27. The
consensus tree obtained from bootstrapped data is
shown in Fig. 4. Tetraploid species (AB) were clus-
tered together and were closely related to hexaploid
species (ABD). Surprisingly, the French varieties
Apache and Ornicar were closer to durum species than
to aestivum species. Within the hexaploid species, the
same separation into two groups as previously
described (see previous section) was observed but the
bootstrap values were not highly signiWcant. On the
contrary, the diploid species bearing the A genome
were divided into two groups, one including all the
accessions of T. urartu, the other grouping the sub-
species T. monococcum and T. boeoticum. Within this
latter group, monococcum and boeoticum sub-species
were separated except T. monococcum accession 68191
which was linked to the boeoticum sub-group. T. urartu
showed a closer relationship with T. aestivum and
T. durum compared to T. monococcum and T. boeoticum
conWrming that T. urartu is the most probable ancestor
of the A genome of polyploid wheats.

Similarly, 117 informative fragments obtained from
10 EST-SSRs assigned to the B genome of bread wheat
were used to investigate the relationships between the
species bearing B or related to B genomes. In this case,
Jaccard genetic distance coeYcients (Jaccard 1908)
ranged from 0.074 between T. aestivum cv Chortand-
inka and Coppadra to 0.952 between Ae. longissima
accession 1 and T. aestivum cv Aifeng. The data were
bootstrapped to obtain a consensus tree from 100
UPGMA trees (Fig. 5). Similar to the previous study,
tetraploid species were clustered together and were
closely related to hexaploid species. Ae. speltoides
accessions were grouped together while other sub-spe-
cies were more dispersed. In this tree, Ae. searsii acces-
sion 4 was clustered with the polyploid wheats but in
less than 60% of the UPGMA trees indicating that this
linkage was not highly signiWcant. However, this was in
accordance with the results from Feldman (1978) who
proposed Ae. searsii as a potential candidate for the B-
genome donor. Ae. speltoides sub-species had also
close relationships with the polyploid wheats which
may suggest that both Ae. searsii and Ae. speltoides
may have contributed to the elaboration of the B
genome of polyploid wheats. A larger number of
Ae. searsii accessions should be tested to conWrm or
reject this hypothesis.

In both cases, tetraploid and hexaploid wheats were
found to be closely related but with no clear and sig-
niWcant splitting between them. This is probably due to
the fact that they diverged only recently about
250,000 years ago.
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Discussion

Bread wheat EST-SSRs were tested to explore their
potential in phylogeny analyses of a large set of Triti-
ceae species (14). We were thus able to compare the
species according to their ploidy level (diploid species
as well as tetra- and hexaploid species). We also com-
pared the relationships between the diploid and the

polyploid species according to the genome (A or B)
using previously assigned EST-SSRs (Zhang et al.
2005).

Many methods exist for phylogenetic studies but
there is a growing realization that the data on SSRs
should be recorded as speciWc alleles in diVerent geno-
types and then used for analysis (Reif et al. 2005). This
makes co-dominant SSRs better markers than other

Fig. 3 Consensus tree of 50 accessions of hexaploid species
reconstructed from 100 UPGMA trees obtained from data resam-
pled in a set of 73 EST-SSRs. The accession codes are the same as
those indicated in Supplementary Table 1 (TSP T. spelta, TMA T.
macha, TAE T. aestivum, TCO T. compactum, TSH T. sphaero-

coccum, TVA T. vavilovi, TPE T. petropavlovskyi). The branch
lengths are proportional to the number of times that each group
appeared. Additionally, numbers indicated bootstrap values larg-
er than 60%
123
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dominant markers because if data are recorded as alle-
lic variants, more powerful statistical analyses such as
AMOVA or F statistics (Slatkin 1995) can be con-
ducted. However, in this study, we analyzed a limited
number of accessions for each species and because
these species gave diVerent number of alleles com-

pared to wheat, the frequencies could not be estimated
accurately. Moreover, some species were allogamous
(Lolium, Ae. speltoides) and it was assumed that the
diversity available within an accession was compen-
sated by extracting DNA from a mix of several plants
(see “Materials and methods”). It was thus inappropri-

Fig. 4 Consensus tree of 62 Triticeae accessions (22 T. aestivum,
25 T. durum, 5 T. monococcum, 5 T. urartu, and 5 T. boeoticum)
reconstructed from 100 UPGMA trees obtained from data resam-
pled in a set of 16 EST-SSRs assigned to the A genome. The

accession codes are the same as those indicated in Supplementary
Table 1. The branch lengths are proportional to the number of
times that each group appeared. Additionally, numbers indicated
bootstrap values larger than 60%
123
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ate to use AMOVA and F statistics in our case which
led us to score the data on SSRs in a binary format
(presence/absence of alleles). In this study, we used a

phenetic method based on the Jaccard’s distance
matrix (Jaccard 1908). As the divergence between all
the species studied was quite recent, the molecular

Fig. 5 Consensus tree of 58 Triticeae accessions (22 T. aestivum,
25 T. durum, 4 Ae. speltoides, 2 Ae. searsii, 2 Ae. Bicornis, and 3
Ae. longissima) reconstructed from 100 UPGMA trees obtained
from data resampled in a set of ten EST-SSRs assigned to the B

genome. The accession codes are the same as those indicated in
Supplementary Table 1. The branch lengths are proportional to
the number of times that each group appeared. Additionally,
numbers indicated bootstrap values larger than 60%
123
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clock was assumed which led us to choose UPGMA
clustering method rather than the NJ method (Saitou
and Nei 1987). Under this assumption, dendrograms
based on UPGMA can be discussed from a phyloge-
netic point of view. Similarly, the inadequacy of one
marker system over a number of marker systems and
morphological traits was also demonstrated (Gupta
and Varshney 1999). In order to solve both problems
(type of markers and analyses), it would thus be inter-
esting to test a larger number of accessions from each
species together with a larger number of EST-SSRs
and compare the results obtained with other types of
markers (gSSRs, RFLPs, AFLPs, SNPs) in order to
know which type and how many markers and samples
give the best results for phylogenetic studies among
members of the Triticeae tribe.

When genetic similarity among diploid relatives of
hexaploid wheat was investigated, most of the acces-
sions of each species were clustered into their corre-
sponding group in our dendrogram. The three groups
of ancestral diploid species were clustered which was
consistent with other taxonomic studies of the Triti-
ceae tribe (Appels et al. 1989). The close associations
observed between the B-genome and the D-genome
donors were in agreement with previous studies using
RFLP markers (Monte et al. 1993). The same authors
showed that the ancestral diploid species were more
closely related to Hordeum species compared with
Secale species, which was also consistent with what we
found. Regarding the B-genome possible donors, we
tested four species which were divided into two distinct
groups in our dendrogram. This was in accordance with
previous studies which mentioned similar classiWca-
tions (Ogihara and Tsunewaki 1988; Sasanuma et al.
1996, 2004), and this is also in agreement with the clas-
siWcation of the Sitopsis section into two subsections,
one for Ae. speltoides alone and the other including
Ae. longissima, Ae. searsii, Ae. sharonensis and Ae. bicornis
(von Eig 1929). Concerning the discrepancies that we
reported in our results, this suggests that we should
reconsider the classiWcation of some of our accessions.

The relationships between the tetraploid species
were more confused. T. durum, T. polonicum, and
T. turgidum sub-species were clustered together. This can
be explained by the fact that these are three cultivated
species or because not enough markers have been
tested to clearly separate these species that diverged
only recently. In addition, polonicum accessions were
more or less dispersed among the durum accessions
suggesting that they could have been involved in the
pedigree of some current varieties. On the contrary,
carthlicum, dicoccum, and dicoccoides sub-species
were less related to cultivated accessions. The two

former species were closer to all these tetraploid spe-
cies while dicoccoides was found to be the less related,
which conWrms that this species could be the ancestor
of all the tetraploid wheat species. The divergence
could have occurred from T. dicoccoides to dicoccum,
carthlicum, turgidum, and durum. This was consistent
with the fact that the wild species T. turgidum ssp. dic-
occoides was domesticated to form T. t. ssp. dicoccum
and successive domestication steps generated durum
wheat (T. t. ssp. durum), the most cultivated tetraploid
wheat (Salamini et al. 2002). The origin and classiWca-
tion of T. carthlicum accession 94753, which undoubt-
edly roots the tree, should be conWrmed prior to
concluding on its position.

The hexaploid species were separated into two
groups, one gathering most of the aestivum varieties,
the other including the remaining sub-species and vari-
eties. This latter group mainly contained European and
Asian accessions indicating a possible common origin.
In addition, the aestivum varieties from this group were
dispersed throughout the cluster and were related to
compactum as well as to vavilovi or macha accessions,
suggesting that these species are either closely related
or that they have been used as progenitors of wheat
varieties in a course of European breeding programs.

In both tetraploid and hexaploid species, the diY-
culty in separating accurately the groups of sub-species
can be explained by the high percentage of common
bands between all the species, which probably reXect
the high conservation of the coding sequences between
all the Triticeae species. This problem would probably
be solved by testing a larger number of either EST-
SSRs or genomic SSRs. In this latter case, more diversity
is supposed to be observed because most of genomic
SSR markers detect polymorphism located in the
non-coding regions of the genome which are supposed
to evolve more rapidly (Brown et al. 2001). On the
contrary, EST-SSRs derive from the expressed part of
the genome and detect thus the genetic diversity
appearing within the genes themselves. Using this
strategy, Xu et al. (2004) reconstructed the phyloge-
netic tree for almond from China and the Mediterra-
nean region. Two distinct groups were formed, one for
Chinese cultivars and the other for the Mediterranean
cultivars which agreed with their geographical origin.
This suggests that a clear dendrogram based on a com-
bination of both EST- and g-SSRs could be recon-
structed for the wheat tetraploid and hexaploid
species.

When the dendrogram was constructed based on
data produced by a set of EST-SSRs assigned to the A
genome of bread wheat, a clear phylogenetic relation-
ship was obtained. All the polyploid wheats were
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gathered in the same cluster and the relative positions
of the tetraploid and hexaploid wheat accessions
remained consistent to what was observed when each
group was analyzed separately. This large group was
more closely related to the group including T. urartu
(AuAu) sub-species while the other A-genome diploid
species [T. monococcum (AmAm) and T. boeoticum
(AbAb)] were clustered together and were less related
to polyploid wheats. Earlier cytogenetic studies sug-
gested that the A genome of common wheat was con-
tributed by T. monococcum (Sax 1922; Lilienfeld and
Kihara 1934) but more recent evidence showed that
T. urartu contributed the A genome of hexaploid
wheat (Dvorak et al. 1993; Huang et al. 2002). Our
results support the latter point of view.

Similarly, as for the analysis using A-genome EST-
SSRs, the polyploid wheats were consistently clus-
tered together using B-genome EST-SSRs while fewer
markers were used (10 instead of 16 for the A-genome
markers). This may be due to the fact that the B
genome is frequently more polymorphic than the
other two (A and D) and the markers that are located
on this genome are thus more appropriate to separate
the diVerent species. For the origin of the B genome of
polyploid wheats, our results indicate that T. aestivum
and T. durum are more closely related to Ae. searsii
accession 4 and Ae. speltoides (SS) sub-species than
with other species bearing the S genome [Ae. searsii
accession 3 (SsSs), Ae. bicornis (SbSb), Ae. longissima
(SlSl)]. The origin of the B genome has been the sub-
ject of considerable speculations and investigations
and it still remains largely unresolved. Earlier studies
proposed lots of possible donors in the large range of
the Poaceae family (Miller 1990), whereas other
experiments have focused on Ae. speltoides (Natara-
jan and Sharma 1974; Chen et al. 1975; Jaaska 1980;
Hassan and Gustafson 1996; Maestra and Naranjo
1998). Our results suggest that among the species
bearing the S genome, Ae. speltoides and Ae searsii
sub-species have probably largely contributed to the B
genome of polyploid wheats, which supports its poly-
phyletic origin.

In conclusion, we have shown that common wheat
EST-SSRs can be useful for phylogenetic studies in the
Triticeae tribe especially between distant species such
as rye, barley, and wheat. They can also be used in
elaborating dendrograms agreeing with those obtained
using data from morphological, physiological, RFLP,
and nuclear sequences. It would now be interesting to
scale up the analysis by increasing the number of acces-
sions within each species as well as the number of
markers tested to have more accurate data on the Triti-
ceae phylogeny.
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