Volume 63(1):25-30, 2019
Acta Biologica Szegediensis

cta http://abs.bibl.u-szeged.hu/index.php/abs
DOI:10.14232/abs.2019.1.25-30
Czegediensis
ARTICLE

Genetic diversity within local and introduced cultivars of
wheat (Triticum aestivum L.) grown under Mediterranean en-
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ABSTRACT Information on genetic diversity among cultivars is critical in wheat
improvement. In this work, heterogeneity within local and introduced cultivars of bread
wheat grown in Syria was investigated using amplified fragment length polymorphism
(AFLP) markers. The eight primer pairs were used to detect 177 polymorphic bands
among the 21 cultivars resulting in an average of 22.13 (57.3%) polymorphic loci per
primer pair. Major allelic frequency ranged from 0.50 to 0.75 with a mean 0.64, and
estimated gene diversity was 0.45. Values of average polymorphic information content
(PIC) for these markers were estimated to be 0.34. This low value might be attributed to
the rigorous selection pressure aimed at cultivar purity and associated breeding prac-
tices. Dissimilarity values ranged from 0.32 to 0.66 with an average of 0.54, indicating
that such techniques sample distinct genome regions. Three major subgroups of wheat
cultivars were identified using the unweighted pair-group method with arithmetic means
analysis (UPGMA), with all local cultivars falling into one cluster, which was confirmed
by a principal component analysis (PCA). The narrow genetic diversity observed among
Syrian wheat cultivars suggests the need of broadening the genetic base of wheat breed-
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ing materials, including local landraces.

Introduction

Bread wheat (Triticum aestivum L.) is one of the most im-
portant cereal crops in the world. Simultaneously, the
demand for food is increasing due to the growing world
population and the dietary changes in countries with
rapidly growing economies (Enghiad et al. 2017). In Syria,
the production of bread wheat differs from year to year
depending on climatic conditions and cultivated genotype
(Wahid et al. 2007). Thus, development of high yielding
wheat cultivars with better quality has always been a
major objective of wheat breeding programs (Birhanu et
al. 2016). However, success in wheat improvement in the
long term generally depends on the magnitude of genetic
variation and the extent to which the desirable characters
are heritable (Naghavi and Marouf 2017).

Breeders usually cross elite wheat lines within a de-
fined germplasm pool expecting to assemble better allele
combinations in the progeny (Li et al. 2018). Intercrosses
of existing elite wheat germplasm in each breeding cycle
and selection has further narrowed the genetic diversity
by the depletion of few alleles from a more diverse gene
pool (Cox 1997). Importantly, monitoring genetic diversity
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levels within a breeding material is crucial for avoiding
genetic erosion and for ensuring long-term selection po-
tential (Fu 2015). Moreover, assessing and understanding
the genetic structure of a crop population is an important
first step towards linking genetics to phenotypic varia-
tion. The genetic structure of the T. aestivum cultivars
grown in the Mediterranean basin including Syria var-
ies largely and its is characterized by a high diversity, to
modern varieties characterized by high yield potential,
wide adaptation and technological quality (Mirali 2000;
Shoiab and Arabi 2004). These differences could be caused
by different breeding practices and requirements, one
being that intensive selection pressure in wheat breeding
began earlier in Northern and Western Europe (Orabi
et al. 2014). Additionally, chromosomal differences can
be caused by the introduction of certain germplasm in
specific geographical regions (Purnhauser et al. 2010).
However, genetic diversity in a modern agricultural set-
ting can be estimated as a function of the range of wheat
cultivars grown by farmers under geographical areaata
given time (Matsuoka 2011).

The use of molecular markers for wheat genetic stud-
ies has recently received a great deal of attention from
wheat breeders. However, the efficiency of polymorphism
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detection by amplified fragment length polymorphism
(AFLP) in wheat is high compared with other available
marker systems (Martos et al. 2005; Ejaz et al. 2015)
since the AFLP technique combines the RFLP reliability
with the power of PCR to amplify simultaneously many
restriction fragments (Vos et al. 1995).

The aim of this work was to study the AFLP-genetic
diversity within local and introduced cultivars of bread
wheat grown in Syria which is typical of Mediterranean
environments.

Materials and Methods

Plant material

Seeds from twenty-one wheat (Triticum aestivum L.) culti-
vars were selected to represent the germplasm grown in
Syria. Seeds were provided by Syrian General Commission
for Scientific Agricultural Research (SGCASR) at Douma,
Syria and used in this study. They included five old local
cultivars (Cham 2, Cham 6, Cham 8, Bouhouth 4 and
Bouhouth 6) and 16 introduced cultivars (Table 1). Cham
2, 6 and 8 were developed in CIMMYT/ICARDA and
released in 1984, 1991 and 1998, respectively. Bouhouth

4 and 6 were developed by SGCASR in 1987 and 1991,
respectively. Twenty seeds from each cultivar were ran-
domly selected and sown in a growth chamber at 22 °C
for 3 weeks and 1-2 g of fresh leaf material was harvested
for DNA extraction.

DNA extraction

Genomic DNA was isolated from 15 individual plants of
each cultivar according to the method of Doyle and Doyle
(1990), with some modifications. DNA was quantified by
spectrophotometer, by absorbance at 260/280 nm. The
DNA quality was then checked on 2% agarose gel.

AFLP assays

The AFLP procedure (Vos et al. 1995) as modified by Pillay
and Myers (1999) was used to assess the genetic diversity.
DNA was double digested with EcoRI and MseRI at 37 °C
for 3 hrs. A small aliquot of the digested DNA was run
ona 1.5% (w/v) agarose gel to check if the DNA digestion
was complete. The digested samples were incubated at
70 °C for 15 min to inactivate the restriction endonucle-
ases. EcoRI and MseRI adapters were ligated to the digested
DNA samples to generate template DNA for amplification.
Pre-amplification was carried out with +1-primers each

Table 1. Names and origins of 21 bread wheat cultivars used in this study.

Species Name Code Origin
Local cultivars Cham2 Ch2 Syria (CIMMYT/ICARDA)*
Chamé Ché "
Chams8 Chg
Introduced cultivars Bouhouth4 Bou4 Syria (Developed by SGCASR)**
Bouhouth6 Bou6b "
ACSAD 885 Ac885 Syria (Developed by ACSAD)***
ACSAD 59 Ac59 "
ACSAD 367 Ac367
ACSAD 305 Ac305
ACSAD 67 Ac67
ACSAD 529 Ac529
ACSAD 883 Ac883
ACSAD 851 Ac851
ACSAD 853 Ac853
ACSAD 857 Ac857
ACSAD 805 Ac805
ACSAD 653 Ac653
ICARDA MR17-41 Ic41 Syria (Developed by ICARDA)****
ICARDA MR16-40 Ic40 "
ICARDA MR19-43 Ic43
ICARDA MR20-44 1C44

*The International Maize and Wheat Improvement Center, **Syrian General Commission of the Agricultural Scientific Research, ***The Arab Center for
the Studies of Arid Zones and Dry Lands, Syria, ****The International Center for Agriculture Research in the Dry Areas
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Table 2. AFLP band numbers and polymorphic bands revealed by eight
primer pairs in 21 wheat cultivars.

Primer pair Total Polymorphic % of polymorphic
bands bands
E-ACG X M-CAG 40 25 62.5
E-ACT X M-CAG 30 21 70.0
E-ACG X CAT 42 33 78.6
E-AAG X M-CTA 45 27 60.0
E-ACG X M-CAC 43 25 58.1
E-AGC X M-CTA 41 17 41.5
E-ACG X M-CTA 33 15 45.5
E-AGG X M-CAG 33 14 42.4
Mean 38.38 22.13 57.3

carrying one selective nucleotide (EcoRI + A, MseRI + C)
ina Gene Amp 9700 Thermocycler (Applied Biosystems,
USA) for 20 cycles set at 94 °C denaturation (30 sec),
56 °C annealing (40 sec), and 72 °C extension (50 sec).
The initial denaturation was done at 94 °C for 30 sec and
the final extension at 72 °C for 8 min. The amplification
products were diluted 10-fold in H,O and stored at -20 °C.
Selective AFLP amplification was carried out with EcoRI
+ 3 and MseRI +3 primers and 5 pL of the diluted PCR
products from the pre-amplification.

Eight EcoRI, Msel primer pairs were screened on 21
wheat cultivars to assess the ability of these primer pairs
to detect molecular variation (Table 2). The PCR ampli-
fications were carried out as follows: one cycle at 94 °C
for 30 sec, 68 °C for 30 sec, and 72 °C for 60 sec; followed
by 12 cycles of touchdown PCR in which the annealing
temperature was decreased by 0.7 °C every cycle until a
touchdown annealing temperature of 59 °C was reached.
Once reached, another 20 cycles were conducted as de-
scribed above for pre-amplification. The reaction product
(8 pl) was mixed with 4 pl of formamide loading buffer
(98% [v/v] formamide, 10 mM EDTA, 0.005% [v/v] of each
of xylene cyanol and bromophenol blue) denatured by
incubating at 90 °C for 3 min and quickly cooled on ice.
The products were analyzed on a 6% (w/v) denaturing
polyacrylamide gels. The gel was run at constant power
(60 W) until the xylene cyanol was about two-thirds down
the length of the gel. The experiments were repeated
twice for each cultivar to confirm the repeatability and
the monomorphic bands were removed from the analysis.

Marker polymorphism

Each silver stained AFLP gel was manually scored (1
for present, O for absent) and entered into a data matrix.
The number of polymorphic and monomorphic bands
was recorded for each primer combination; however,
monomorphic bands were excluded from data analyses.

Genetic diversity within local and introduced cultivars of wheat

Percentage of polymorphism was calculated as the pro-
portion of polymorphic bands over the total number of
bands. Allelic polymorphic information content (PIC)
was calculated using the following formula:

PIC = 1-3(P)?

Where Piis the proportion of the population carrying
the i allele, calculated for each AFLP locus (Anderson
et al. 1993).

Genetic diversity estimation and cluster analysis

The genetic dissimilarity (D) matrix among cultivars was
estimated according to Neiand Li (1979) coefficient. Prin-
cipal coordinate analysis (PCA) based on genetic distance
matrix was performed using the DCENTER and EIGEN
algorithms of the NTSYS-pc software package (Rohlf
1992). Unweighted Pair-Group Method with Arithmetic
Average (UPGMA), i.e. cluster analysis was used to assess
pattern of diversity among wheat cultivars.

Results and Discussion

AFLP analysis generated a large number, of reproducible
and unambiguous markers for fingerprinting T. aestivum
cultivars used in the study. Initially DNA fingerprints were
created using eight different AFLP primer combinations,
from which three were selected for analysis. The primer
pairs were sufficient to detect 177 polymorphic bands
among the 21 cultivars resulting in an average of 22.13
(57.3%) polymorphic loci per primer pair. Details of the
bands scored with the different primer combinations
are illustrated in Table 2. The PIC values in the present
study ranged from 0.30 to 0.37, with an average of 0.34.
Major allelic frequency ranged from 0.50 (Ic43) to 0.75
(Ch2 and Ch6) with a mean of 0.64, and an estimated
gene diversity of 0.45 (Table 3).

The pair-wise dissimilarity (D) matrix is presented in
Table 4. Mean value of D was 0.54, ranging from 0.32 to
0.66. The highest D (0.64) was obtained between cultivars
Ic41 and Ac805, and between Ic66 and Ché6. The lowest
D was at AC885 and Bou6 with D of 0.32. This might be
due to their common ecological and evolutionary story.
Cluster analysis using the Nei’s genetic distance algorithm
separated the local from the introduced wheat cultivars
into three clusters, with all local cultivars falling into
one cluster, which can be further divided into three sub-
groups. Interestingly, all the local cultivars fall together
under this cluster (Fig. 1). The PCA analysis with the entire
AFLP data separated the local from the introduced wheat
cultivars and formed distinct groups (Fig. 2). Knowledge
about the genetic variation among bread wheat cultivars
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Table 3. Polymorphic information content (PIC), amplified alleles and
gene diversity as revealed by AFLP.

Cultivar Major Allele Frequency Gene Diversity PIC

Ch2 0.7526 0.3724 0.3030
Ché 0.7526 0.3724 0.3030
Chs 0.6947 0.4242 0.3342
Bou4 0.6474 0.4566 0.3523
Bou6b 0.6842 0.4321 0.3388
Ac885 0.7105 0.4114 0.3267
Ac59 0.5737 0.4891 0.3695
Ac367 0.5579 0.4933 0.3716
Ac305 0.6158 0.4732 0.3612
Ac67 0.6579 0.4501 0.3488
Ac529 0.7368 0.3878 0.3126
Ac883 0.7105 0.4114 0.3267
Ac851 0.6842 0.4321 0.3388
Ac853 0.6421 0.4596 0.3540
Ac857 0.6000 0.4800 0.3648
Ac805 0.6789 0.4360 0.3409
Ac653 0.5632 0.4920 0.3710
Ic41 0.5474 0.4955 0.3727
Ic40 0.5737 0.4891 0.3695
1c43 0.5579 0.4933 0.3716
Ic44 0.5000 0.5000 0.3750
Mean 0.6401 0.4501 0.3480

is essential for the effective use of genetic resources in
breeding programs (Li et al. 2018). The primary aim of
this study was to examine the genetic diversity within
Syrian local and introduced bread wheat cultivars using
AFLP markers to obtain useful molecular data regard-
ing the local gene pool. Results showed a decrease in
the genetic diversity over time in Syrian bread wheat
cultivars, which might be due to the intensive use of a
limited number of cultivars as progenitors in different
Syrian breeding programs.

The low PIC and dissimilarity values found among
the local and introduced cultivars in this study, might
be attributed to the rigorous selection pressure aimed at
cultivar purity and associated breeding practices. Such
practices, which are aimed at genetic homogenization
and purity of varieties, may result in an improvement
in yield and other agronomically important traits at the
expense of reduction in the genetic base of crops. A low
values of PIC were also obtained in other earlier studies
on wheat (Plaschke et al. 1995; El-Esawi et al. 2018). Our
results can be supported also by Huang et al. (2002) who
suggested also that genetic diversity in wheat is narrow
due to a modern breeding.

In this work, AFLP fingerprinting for estimating the
levels of genetic diversity in local and introduced bread
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Figure 1. UPGMA dendrogram based on genetic similarities discrimi-
nated all the bread wheat cultivars used in this study.

wheat cultivars revealed an apparent narrow genetic
variability (Tables 2, 3). The estimated gene diversity was
0.45, which was lower than the estimates of 0.66 in 43
bread wheat cultivars from 7 USA market classes (Chao
etal. 2007) and 0.77 in 998 accessions from 68 countries
(Huang et al. 2002). Earlier works reported that the higher
gene diversity among bread wheat cultivars attributed
to the use of genetic materials from well defined market
classes or landraces, or genotypes from gene banks, or
cultivars from various geographic locations (Plaschke et
al. 1995; Roussel et al. 2004). However, it is widely believed
that modern breeding practices have led to a noticeable
decrease of genetic diversity in modern cultivars (Vellve
1993). This erosion in genetic variation might result in
reduction of the plasticity of crops to respond to changes
in weather, agricultural practices, disease populations, or
modern requirements (Manifesto et al. 2001). The AFLP
marker dendrogram showing genetic relationships from
UPGMA cluster analysis revealed three major groups and
subgroups and separated the local from the introduced
wheat cultivars. Reasons for the presence of subgroups
within larger can be attributed to differences in genetic
pool, geographical origin, human or environmentally
driven selection or genetic drift (Buckler and Thornsberry
2002). However, the Syrian local cultivars were mainly
grown in a very local and restricted geographical area,
making transport to distant zones from their local origin



Genetic diversity within local and introduced cultivars of wheat

Table 4. Matrix of pair-wise genetic dissimilarity among Syrian bread wheat cultivars based on Nei and Li coefficients.

Ch Ch Ch Bo Bo AC AC AC AC AC AC AC AC AC AC AC AC IC IC IC
8 2 6 4 6 885 59 367 305 67 529 883 851 853 857 805 963 44 41 40

Chs 0.00

Ch2 0.44 0.00

Ché 0.44 037 0.00

Bo 4 0.44 045 0.40 0.00

Bo 6 044 043 040 0.38 0.00

AC885 040 044 046 041 032 0.00

AC59 055 055 059 057 050 047 0.00

AC367 056 057 062 059 053 052 042 0.00

AC305 053 051 055 053 050 051 055 052 0.00

AC67 047 048 049 044 043 042 051 053 048 0.00

AC529 046 045 044 048 041 040 053 054 046 040 0.00

AC883 044 051 045 048 046 042 058 060 050 045 035 0.00

AC851 048 050 049 053 048 049 052 055 049 052 048 052 0.00

AC853 045 045 049 046 046 044 052 052 049 044 045 048 046 0.00

AC857 053 054 056 055 053 053 058 058 054 051 054 057 052 047 0.00

ACB805 047 048 049 049 045 042 053 055 051 046 043 046 044 039 043 0.00

AC653 058 059 062 061 057 054 055 058 053 056 055 055 045 054 055 046 0.00

IC 44 060 062 063 0.64 060 060 055 058 0.64 061 062 062 057 057 061 055 055 0.00

IC 41 0.58 0.60 058 059 058 057 059 058 065 061 061 062 061 058 064 060 0.67 058 0.00

1IC40 057 059 059 058 055 056 058 057 058 055 055 059 058 054 059 056 0.61 060 056 0.00

1IC43 063 0.63 066 063 059 059 054 058 060 059 059 062 062 059 065 061 061 059 064 0.54

difficult with the exception of population movements.
Moreover, cultivars derived from CIMMY T germplasm
have been continuously introduced into Syria from the
1970s, and CIMMYT/ICARDA have enormously pro-
moted shuttle breeding and the intensive interchange of
germplasm around the world. This could be the reason
why introduced bread wheat cultivars presently has a
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Figure 2. Principal coordinate map of the 21 bread wheat cultivars.

common genetic background. On the other hand, this
work revealed that AFLP is a very sensitive method for
detecting markers in genetic studies of wheat crops. The
banding patterns attained using AFLP were found to be
highly reproducible when the same DNA sample was used
inindependent experiments (Pillay and Myers 1999). Sil-
ver staining was used in this study because silver-stained
AFLP gels are thought to produce a larger number of
better-defined bands than phosphorous-32-labeled gels
(Chalhoulb et al. 1997).The AFLP analysis used in the
present work demonstrate low PIC and dissimilarity
values found among local and introduced bread wheat
cultivars grown in Syria, which can be attributed to the
rigorous selection pressure aimed at variety purity and
associated breeding practices. This suggests the need of
broadening the genetic base of Syrian wheat breeding
materials, including local landraces.
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