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Abstract

Durum wheat (Triticum turgidum L. var. durum) is the most suitable wheat to produce pasta and spaghetti
because of its high protein content. A set of 14 durum breeding lines along with three check cultivars (i.e., Saji,
Zardak and Sardari), 10 ISSR primers were used to estimate genetic diversity among genotypes. The primers
produced 111 bands, among which 85 bands (about 76.5%) were polymorphic. A total of 85 polymorphic
fragments were scored with average 11.1 polymorphic bands per primer. The average of PIC index was 0.33, that
showed a good efficiency of primers to separate the genotypes. Cluster analysis using UPGMA method and Dice
similarity coefficient categorized the genotypes into five main groups in which the check genotypes were

classified in the separated groups.
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Introduction

Durum wheat (Triticum turgidum L. var. durum) is
an important crop with a yellow endosperm and high
protein content that mainly used for the production of
pasta and spaghetti. It is the most suitable wheat for
high quality pasta products because of its high protein
content, excellent amber color, kernel hardness,
granular semolina, and superior cooking qualit
(Dexter et al., 1990). Durum wheat is a major crop in
the Mediterranean basin of West Asia, North Africa,
and Southern Europe (Elias and Manthey, 2005).

The level of genetic diversity in durum wheat is being
affected by the high selection pressure applied in
breeding programs and the gene pool of durum
wheat varieties has been narrowed (Maccaferri et al.,
2005; Royo et al., 2006). With the number of new
similar or closely related wheat cultivars increasing
yearly, the identification of cultivars is essential for
cultivar registration, certification and breeder’s right
protection (Zhu et al., 2011). Genetic diversity within
populations was considered highly important for
possible adaptation to environmental changes for
long-term survival of plant species (Bauert et al.,

1998).

Genetic diversity might be evaluated by assessing
morphological or biochemical traits but evaluation of
genetic diversity by DNA markers is more efficient
and reliable than others. The genetic diversity in
germplasms of Durum wheat has been studied by
morphological (Autrique et al., 1996), physiological
(Mohammadi et al, 2011), seed storage protein
(Carrillo et al.,, 1990) and DNA- based markers
(Autrique et al., 1996; Carvalho et al., 2011).
Fingerprinting with DNA-based molecular markers
allows precise, objective and rapid cultivar
identification compared with field plot growth tests
(Zhu et al., 2011). DNA finger printing methods are
more plentiful than morphological markers and are
not dependent on environmental effects. Several
PCR-based markers were developed and applied to
assess the genetic variation among populations and

genetic resources (Powell et al., 1995).
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Inter-simple sequence repeat markers has been
successfully used in germplasm identification and
genetic diversity analysis (Ash et al., 2003; Wu et al.,
2005; Mantel, 1967; Saghai-Maroof et al., 1984). In
higher plants, ISSR markers are more and more in
demand, because they are known to be abundant,
highly

informative and quick to use (Bornet and Branchard,

very reproducible, highly polymorphic,
2001). In addition, the simple procedure and low cost
are the other advantages of ISSR marker system.
Molecular characterization of cultivars is also useful
to evaluate potential genetic erosion, defined here as
a reduction of genetic diversity in time (Manifesto et

al., 2001).

With regard to the importance of genetic variation in
wheat improvement programs, the objective of this
study was to estimate the genetic diversity among a
set of of durum wheat genotypes including breeding
lines, landraces and modern cultivar using Inter-

simple sequence repeat markers.

Materials and methods

Plant materials and DNA extraction

The seeds of 14 durum breeding lines along with
three check cultivars (i.e., Saji, Zardak and Sardari),
were obtained from Dryland Agricultural Research
Sub-Institute (Sararood station), Kermanshah, Iran
(Table 1). The seeds were sown under protected
conditions in nurseries to produce seedling plants.
After two weeks, fresh leaves were collected from each
pot, for genomic DNA extraction. The fresh leaves of
each sample were ground to a fine powder in liquid
nitrogen and total genomic DNA was extracted using
a CTAB method (Potter et al., 2002) with some
modifications. The quality and quantity of extracted
DNA was tested by comparing the sample with known
standards of lambda DNA on 1% agarose gel
electrophoresis. The isolated genomic DNA was

stored at -20 °C for use.

ISSR-PCR amplification
A set of 10 ISSR primers (Table2), was used to
amplify the genomic DNA of all 17 genotypes. PCR

amplifications were performed in 20 pl reaction
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volume containing: 2 ul of genomic DNA, 1.2 ul of
primer, 0.4 pl ANTPs Mix, 1.5 ul Mgcl2, 2 ul PCR
buffer, 0.3 ul Taq DNA polymerase (5 unit/ pl) and
12.6 pl double distilled water.

The amplifications were performed in a Biorad
thermocycler using the following profile with an
initial step of 94°C for 4 min(to activate TagDNA
polymerase), followed by 35 cycles of denaturing at
94°C for 30 s, annealing (considering Tm of primers)
for 45s and extension at 72°C for 2 min. This was
followed by a final extension stage for 7 min at 72°C.
Amplified products were separated by electrophoresis
on 1.5% agarose gel containing 0.5 mg/ml ethidium
bromide in TBE buffer and photographed on UV light

by a Vilber gel documentation.

Band scoring and data analysis

Since ISSR markers are dominant, amplified

fragments were constructed by scoring o and 1 for
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analysis using the DARwin computer software
(Perrier et al.,2003). Genetic similarity estimates
were calculated and relationships of the genotypes
were estimated from the markers data using the
UPGMA clustering method based on Nei’s (1978)
unbiased genetic distance. The polymorphism
information content (PIC) was used to characterize
the efficiency of each primer to reveal polymorphic
loci. The PIC index was calculated as: PIC=1- Y Pi2,
where p represent band frequency and q represent

no-band frequency.

Results and discussion

Of the all 15 tested primers, 10 ISSR primers
generated 111 clearly bands across 17 genotypes. The
size of ISSR fragments varied from 200 bp to 2800
bp. Analysis of banding patterns revealed 85
polymorphic bands with an average of 11.1 fragments
per primer. The highest and the lowest number of

polymorphic bands per assay were 14 and 4 bands,

absence and presence of bands, respectively. The respectively (Table 2).
generated data matrixes were subjected to statistical
Table 1. The codes/ names of tested genotypes.
Entry Genotype Entry Genotype Entry Genotype Entry Genotype
1 Saji (check) 6 18E-M84859 11 18-EM142005 16 18E-M142069
2 Zardak 7 18E-M141979 12 18E-M142017 17 18E-M142070
3 Sardari 8 18E-M141982 13 18E-M142025
4 18E-TOPDY 9 18-EM141994 14 18E-M142038
5 18E-RASCON 10 18E-M141995 15 18E-M142045
Table 2. Primers used for ISSR amplification with the number of bands, PIC and MI per primer.
Primer  Primer sequences No. of bands scored No. of polymorphic bands PIC MI
code
IS10 5'-GAGAGAGAGAGAGAGARC-3' 14 14 36 5.1
IS5 5'-AGAGAGAGAGAGAGAGC-3' 13 11 32 3.0
ISy 5'-GTGTGTGTGTGTGTGTC-3' 11 10 25 2.3
1S14 5'-GACAGACAGACAGACA-3' 8 4 38 0.8
1S16 5'-DBDACACACACACACACA-3' 14 7 25 0.9
IS1 5'-ACACACACACACACACYA-3' 13 11 26 2.5
ISo 5'-CTCTCTCTCTCTCTCTG-3' 12 9 32 2.1
1S6 5'-CACACACACACACACAG-3' 8 6 45 2.0
1S13 5'-AGAGAGAGAGAGAGAGYT-3' 8 8 28 2.2
IS11 5'-ACACACACACACACACC-3' 10 5 40 1.0

132 | Azizi et al.



The average of PIC index was 0.33, that showed a

good efficiency of primers to separate individuals, but
Some primers were more efficient in differentiating
between individuals than others. For example the
maximum PIC (0.45) was observed for the primer IS-
6 and Primers IS-7 and IS-16 showed the lowest
amount of PIC (0.28) that represented their not
good separation power. The Marker index (MI) was
calculated for all primers. A summary of the MI
calculated based on the PIC and polymorphic bands

for each primer, is reported in Table 2. The MI values
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for ISSR primers, ranged from 0.8 to 5.1 with an

average of 2.19.

The maximum MI (5.1) was observed for the primer
IS10 and the minimum MI (0.8) was obtained with
IS14. This feature has been used to evaluate the
discriminatory power of molecular marker systems in
some plant species e.g. apricot (ISSR, MI = 3.74)
(Kumar et al., 2009), Jatropha (AFLP, MI = 25.13)
(Tatikonda et al., 2009).
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Fig. 1. Banding patterns among the 17 durum wheat genotypes using simple sequence repeat (ISSR) using primer

1S 5.
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Fig. 2. Dendrograms generated with hierarchical UPGMA cluster analysis based on ISSR data for 15 tested

genotypes.

The
unweighted pair group method with arithmetic mean
(UPGMA) cluster analysis based on data obtained by

dendrogram generated with hierarchical

ISSR primers and Dice similarity coefficient
categorized the genotypes into five main groups.
According to the analysis, the first cluster contained

two check cultivars of durum wheat (Saji and Zardak)

and Sardari as the bread wheat check cultivar was
classified individually in a separated group. One of
the landraces (genotype number 17 was also classified
separately). Genotypes number 4, 5 and 6 were
clustered as three individual groups and the other
landraces were classified in a separated group (Figure

2). The cophenetic correlations between the similarity
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matrix and corresponding dendrogram were found to
be 0.87 (Mantel, 1967). The principal coordinate
analysis (PCO) was performed with ISSR data in
order to establish the relationship among samples
and comparison to cluster analysis (Figure 3). The

results of PCO analysis showed a good congruency
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with cluster analysis. The potential of ISSR markers
to generate genetic information through polymorphic
fragments depends on the microsatellite frequency
and their distribution in the genome wide scale of the

species (Morgante and Olivieri, 1993).
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Fig. 3. Plot of the first and second coordinate in 17 durum wheat genotypes according to ISSR markers.
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