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Evaluation of Genetic Diversity in Aegilops tauschii
Accessions Using Morphological and AFL.P Markers
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Abstract: Thirty two accessions of Aegilops tauschii were used to assess its genetic diversity by
morphological and AFLP data and to evaluate relationship between morphological and AFLP markers. Thurty
AFLP primer combinations led to the amplification of fragments ranging from 50 to 500 bp of which, 97 were
polymorphic across the 32 accessions. Although both AFLP and morphological data clagsified accessions in
two groups, one possessing subsp. fauschii accessions and the other contained all accessions of subsp.
strangulata with some accessions from the subsp. tauschii. This may be explaned by intermediate and hybrid
forms between these two subspecies. Comparison of UPGMA dendrograms of morphological and AFLP markers
using the cophenetic correlation indicated a non significant correlation (r = 0.37). Nevertheless, AFLP and
selected morphological characters appear as useful and complementary techniques for evaluation of genetic

diversity in subspecies of A. tauschii.
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INTRODUCTION

The diploid goat grass Aegilops tauschii Coss. [syn.
Triticum tauschii (Coss.) Schmal., Aegilops squarrosa
auct. Non L., 2n=14] 1s the D-genome donor to
bread wheat (Triticum aestivum L., 2n = 42, AABBDD)
(Van Slageren, 1994). The level of genetic variation in
D genome of bread wheat is reported to be low
(Dvorak et al., 1998). In contrast, the level of genetic
variation in A. tauschii 13 broaden particularly for
resistance to biotic and abiotic stresses than the D
genome of 7. aestivum (Lubbers et al., 1991), therefore
represents a potential source for the improvement of
bread wheat. Either via direct hybridization or using
appropriate  synthetic hexaploid wheats, many
agronomically beneficial genes have been introgressed
from A. tauschii into common wheat (Gill and Raupp,
1987; Hussien et al., 1997).

Based on the morphphological traits, A. tauschii is
divided inte two subspecies named tauschii and
strangulata (Van Slageren, 1994). The D genome of
T. aestivurn was shown to be genetically most closely
affiliated with the subsp. strangulata gene pool in
Transcaucasia, Armenia in particular and southwestern
shore of Caspian Sea, Iran, where T. aestivirn was likely
originated (Dvorak et al, 1998). Accessions of subsp.
strangulata from Armenia and Western Caspian Tran were
suggested to be genetically similar to the D genome of

wheat (Dvorak et af., 1998). Lagudah and Halloran (1988)
found that subsp. stramgulata occurring only along
Southern part of Caspian Sea, Tran.

DNA-based markers have been applied successfully
for the study of the 4. teuschii gene pool (Lubbers et al.,
1991, Dvorak et al., 1998, Pestsova et al, 2000,
Monte et al., 2001 ; Katherine et al., 2004; Sasanuma et ol ,
2004). Also, Genetic diversity of A. tauschii subspecies
has been evaluated usmg  morphological  data
(Knaggs et al., 2000, Naghavi and Amirian, 2005). But it
is important to determine whether different diversity
estimation methods provide similar mformation
concerning the degree of variation among subspecies.
However, the goals of this study were to evaluate the
genetic diversity of 4. tauschii subspecies using
morphological and AFLP markers, to assess the
relationship between the morphological and AFLP loci
employed in this study and consequently the genetic
diversity study of genetic resources of such species
including in wheat evolution may provide significant
information regarding their potential for breeding

purposes.

MATERIALS AND METHODS

Plant materials: Thity two accessions of 4. tauschii
were provided by the collection of college of Agriculture,
University of Tehran, Tran. Twenty accessions belong to
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subspecies of tauschii and 12 accessions belong to
subspecies strangulata were used. The accessions
originated from Tran, Turkey, Azerbaijan, Tajikistan,
Twkmenistan and Afghanistan and the origin of 2
accessions was unknown (Table 1).

AFLP analysis: Total genomic DNA was 1solated from
young leaves of greenhouse-grown plants using the
modified Dellaporta method (Dellaporta et af., 1983). The
AFLP analysis was performed as described by Vos et al.
(1995) with minor modifications. Approximately 250 ng of

Table 1: Aegilops tarischii accessions used in this study

Geographic Total No. of subsp. No. of subsp.
origin accessions tausc hii strangulata
Iran 17 12 5
Afghanistan 2 1 1
Azerbaijan 4 1 3
Tajikistan 2 1 1
Turkmenistan 2 1 1
Turkey 3 3 0
Unknown 2 1 1

Total 32 20 12

Table 2: Primer combinations and number of polymorphic bands

Total Polymorphic Polymorphic
Primer polymorph  bands insubsp.  bands in subsp.
combination bands taischii stranguiata
E-ACG/M-CAA 6 6 4
E-ACG/M-CTA 5 5 4
E-ACG/M-CTT 10 9 9
E-ACC/M-CAA 11 11 8
E-ACC/M-ACA 7 5 7
E-ACC/M-CCT 6 6 5
E-ACC/M-CTG 7 6 6
E-ACC/M-ACG 11 11 11
E-AAC/M-CAA 5 5 5
E-AACM-CCA 9 9 8
E-AAG/M-CAA 6 4 5
E-AAGM-CTG 7 6 5
E-AAG/M-CCA 7 7 5
Average 746 6.84 6.38

Table 3: Morphological traits and scoring pattern

Trait. Trait character Scoring code
Spike fimmness Frail 0
Firm 1
Stem color Brown 0
Yellow-brown 1
Spike color Brown-purple 0
Yellow-brown 1
Awn color Brown-purple 0
Yellow-brown 1
Stem state Horizontal 0
Straight 1
Spike thickness Thin 0
Thick 1
Seed shape Short 0
Tall 1
Awn state Short 0
Tall 1
No. of seeds in spikelet 1 0
2 1

Table 4: Similarity of Aegifops tauschil accessions and its subspecies
Similarity  All accessions Subsp. tauschii Subsp. strangidata

Max 0.9800 0.9800 0.904
Min 0.2710 0.3020 0.500
Variance 0.0241 0.0295 0.007
Mean 0.5780 0.6090 0.693

the 1solated genomic DNA per sample was double
digested with two restriction enzymes EcoRI and Msel
and ligated with 5 pmol of EcoRT adapter and 50 pmol of
Msel adapter. The ligated DNA was preamplified using
two primers containing with one selective nucleotide.
Selective amplification was conducted in a total volume of
20 uL reaction mixture containing 50 ng of template DNA,
1X buffer, 200 uM of each of the four dNTPs, 1 unit Taq
DNA polymerase, 2.5 mM MgCl, and 0.4 pM of each
primer with 3 selective nucleotides. Thirteen primer
combimations were selected for the analysis of genetic
similarity (Table 2). The amplified DNA product was
separated in a 6% denaturing polyacrylamide gel and
detected by the silver staming method. Polymorphic
amplified fragments were coded by 1 and O for presence or
absence of band, respectively.

Morphological traits: Each accession was planted in 1 m
long rows with 0.5 m row spacing in experimental station
of College of Agriculture, University of Tehran, Tran,
during 2003-2004. Morphological data were recorded
following  descriptors  established for Aegilops
(IBPGR, 1981) with some modifications (Table 3).

Data analysis: For both morphology and AFLP data,
genetic similarities were estimated from binary matrices
(Table 4) using Dice similarity index as described by Nei
and Li (1979). The cluster analysis was performed using
the statistical software package, NTSYS-pc 2.02 (Rohlf,
1998) with the unweighted pair-group method of
arithmetic means (UJPGMA). Cophenetic correlation
between similarity matrices based on morphological and
AFLP data was calculated according to Mantel (1967).

RESULTS

AFLP markers: Thirteen AFLP primer combinations
generated fragments ranging from 50 bp to 500 bp of
which 97 fragments were polymorphic across the 32
accessions. The AFLP primer combinations E-ACC/M-
CAA and E-ACC/M-CTA generated the highest
(11 fragments) number of polymorphic bands and the
lowest (5 fragments) were generated by E-ACG/M-CTT
and E-AAG/M-CTT primer combinations.

A summary of the estimated genetic similarity for all
accessions and also each subspecies is shown in Table 2.
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The highest and the lowest level of genetic similarity
between 32 accessions were 0.980 and 0.271, respectively,
with an average of 0.578. The estimates revealed by the
subsp. tauschii showed the lowest average value (0.609)
and also the widest range of genetic similarity (from 0.980
up to 0.029) than what found by the subsp. strangulata.
The highest range of genetic similarity revealed within
unknown accessions and this was followed by Iraman
accessions. On the other hand, the lowest range of
genetic similarity was obtained within Afghanistan
ACCess10mns.

The dendrogram obtained using UPGMA approach
revealed two main clusters (Fig. 1a). The first, cluster A,
included only subsp. tauschii accessions. The second,
cluster B, contained all accessions of subsp. strangulata
with six accessions from the subsp. tauschii.

Morphology analysis: The UPGMA dendrogram obtained
using morphological characters clearly separated the
accesslons i two main clusters (A and B) (Fig. 1b).
Cluster A, included only subsp. tauschii accessions, but
in cluster B, both subspecies, strangulata and tauschii
was found.

Comparison between AFLP and morphology: Toprovide
an objective comparison, matrices of cophenetic values,
generated from AFLP and morphological data, were
compared using the Mantel test. Not significant and quite
low correlation between the dendrograms was obtained
(r =037, p = 0.97) with the Mxcomp procedure from
NTSYS program.

DISCUSSION

The estimation of the genetic similarities between
genotypes gives useful information to address
breeding program and germplasm resource management
(Roldan-Ruiz et al., 2001). In this study, morphological
data analyses of thirty two accessions of A. tauschii were
coupled to molecular analysis (AFLP) to investigate the
genetic diversity in the subspecies of A. tauschii. There
has been an interest in differentiating between subsp.
tauschii and subsp. strangulata accessions and several
studies have been performed to assess the genetic
diversity and differentiation of these two subspecies
(Tsunewaki et al., 1991; Lubbers et al., 1991; Kim et al.,
1992; Dvorak et al., 1998, Pestsova et af, 2000,
Naghavi and Amirian, 2005).

The genetic similarity between accession pairs within
the subspecies were used to evaluate the genetic
diversity of different sub-species. Although the average
of genetic similarity was greater in subsp. strangulata
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Fig. 1. Dendrogram of accessions of degilops tauschii
based on AFLP markers (a) and Morphological
traits (b). T: subsp. fauschii S subsp.
strangulata

(0.693), the range of similanty was higher in subsp.
tauschii (0.980-0.302). Therefore, subsp. tatschii has a
higher level of genetic variation than sp. strangulata.
This result is in agreement with that of Jaaska (1993) and
Lagudah and Halloran (1988). In both morphological and
AFLP data the maximum level of polymorphism was
observed in Traman and unknown accessions confirm a
high genetic diversity found by Lelley et al. (2000) n this
Imain origin area.

The UPGMA dendrogram showed two major clusters
for both AFLP and morphological data which the second
group, contamed all accessions of subsp. strangulata
with some accessions from the subsp. fauschii that may
be explamed by mtermediate and hybrid forms between
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these subspecies. Kihara et al. (1965) found intermediate
and hybrid forms between subsp. tauschii and subsp.
strangulata and this may explam the difficulty n
distinguishing the two subsp. accessions. RFLP studies
by Tsunewaki et al. (1991) and Lubbers et @l. (1991) found
close sumilarities between subsp. tauschii var. meyeri and
subsp. stramgulata and a recent molecular study by
Dvorak et al. (1998) found evidence of gene migration
between the different divisions in accessions from the
southwest Caspian area of Tran. Pestsova et al. (2000) in
analysis of subspecies of de. tauschii using microsatellite
found two accessions that classified in different
subspecies but differ only at two loci. These accessions
were collected in the neighboring Caucasian countries of
Armema and Azerbajjan. Ribosomal DNA repeat umit
polymorphism in A4egilops species also revealed a
strangulata genotype that was similar to genotypes of
tauschii group (Kim et al., 1992).

Representative  dendograms for the accessions
based on AFLP markers (Fig. 1a) and morphological
traits (Fig. 1b) showed that although there are apparent
similarities groupings of particular
genotypes, the overall correspondence between the
similarity matrices appears to be rather low and the
correlation between these two dendograms

between the

18 not
significant. Several studies have compared the use of
phenotypic and molecular markers to examine genetic
relatedness and most of these showed that relationships
between two methods was low (Steiner and Garcia de
los Santos, 2001; Semagn, 2002; Kjar et al., 2004,
Martinez et al., 2005; Vollmann et al., 2005). Two reasons
have been mentioned by Semagn (2002) for these
relationships molecular markers cover a larger proportion
of the genome, including coding and noncoding regions,
than the morphology and molecular markers are not
subjected to artificial selection compared to morphology.
For this reason, the AFLP and phenotypic data
approaches will not necessarily yield closely matching
results. The correlation between them could be improved
if there was more morphological markers analyzed or more
primer combinations of AFLP were used.

In conclusion any one of these methods could be
used to study diversity and group genotypes, but none
would be fully interchangeable in use. The choice of
genetic diversity estimate will depend largely upon the
tools available to the researcher and how they fit into the
breeding scheme. There is much environmental influence
accounting for the phenotypic variability observed.
Therefore, when compared with DNA  techniques,
phenotypic traits are relatively less reliable and mefficient

for precise discrimination of closely related genotypes
and analysis of their genetic similarities. However,
phenotypic traits, are useful for preliminary, fast, simple
and inexpensive varietal identifications and can be used
as a general approach for assessing genetic diversity
among phenotipically distinguishable cultivars, although
they are mefficient on account of the time and cost
involved (Martinez et al., 2005).

The wutility of combining genetic (AFLP) and
morphologic characteristics reveals combinations of
variation among the 4. tauschii accessions that would not
be apperent with any smgle measurement and could
provide a more complete understanding of the germplasm
collections diversity.
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