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Abstract. Kara K, Rached-Kanouni M, Mnasri S, Khammar H, Ben Naceur MB. 2020. Genetic variability assessment in bread wheat
(Triticum aestivum) grown in Algeria using microsatellites SSR markers. Biodiversitas 21: 2638-2644. The assessment of genetic
diversity is a key step in evaluating the adaptation of populations to new environmental conditions, and thus in the selection of new
cultivars. The present investigation aimed to assess genetic variability of bread wheat (Triticum aestivum L.) genotypes grown in
Algeria. The 17 hexaploid genotypes of bread wheat were assessed using 16 molecular microsatellites of SSR (Simple Sequence
Repeat). Among the 16 microsatellite markers tested, only 11 markers were the most polymorphic and reproducible. The Polymorphism
Information Content (PIC) values per locus varied from 0.14 to 0.70 with an average of 0.48 and 0.49. Genetic similarity between
genotypes varied from 0.27 and 0.92 with an average of 0.60. The highest genetic distance value of 0.92 has been scored between
Kauz/Pastor/Fiscal and WhblI1*2/Brambling. The lowest value of 0.27 has been scored between Cham6 and Pastor/WblI1. Genetic
similarity was calculated by molecular derived data and used to produce a dendrogram. The genotypes were grouped in two clear
clusters according to their origin and pedigree. The first cluster included wheat genotypes Ain Abid (local genotypes), Attila/2 Pastor,
and 5119 (introduced genotypes). The second group revealed high polymorphism and was subdivided into four sub-groups. This high

level of diversity revealed among the accessions of wheat, grown in Algeria could be used in breeding programs.
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INTRODUCTION

Bread wheat (Triticum aestivum L.) has a total
production of more than 600 million tons per year
(Bellatreche et al. 2017). It is one of the richest crops in
protein and calories (Azzam and Abd EIl-Kader 2010;
Flagella et al. 2010; Grassini et al. 2013). Nevertheless,
despite explosive growth during the recent 40 years, the
annual growth in wheat production has begun to decrease
or even stagnate for most countries in the world (Paux et al.
2012). World population growth requires a steady increase
in wheat production. Increasing genetic diversity for
economically important traits is one of the objectives of the
main tasks of wheat genetics and breeding (Gultyaeva 2012).

However, the Algerian wheat production remains very
relatively low and unstable from one year to another. Thus,
wheat production in the 2017/2018 season was 3.1 million
tons against 1.99 million tons in the previous season.
However, wheat production recorded a yield of 3.9 million
tons of wheat in the 2018/2019 season. This unstable
production mainly due to very variable and often
unfavorable climatic conditions, such as irregular rainfall,
diseases, drought (Allahverdiyev 2015; Toklu et al. 2015;
Bellatreche et al. 2017; Ozlem and Begum 2018). This
leads to significant variations in production and yield.
Wheat productivity is reduced due to a variety of changing

climatic events, which affect global food security
(Mickelbart et al. 2015; Toklu et al. 2015). Thus, the lack
of rainfall and the poor distribution of rainfall during the
year largely explain the large variation in cereal production
(Boudour et al. 2011; Kara and Brinis 2012).

On the world market, Algeria is among the main
importers of wheat (with 65% of the African market) due to
the low capacity of the national sector to meet the growing
consumption needs of the population (Boudour et al. 2011,
Kara and Brinis 2012). Bread wheat and durum wheat
(Triticum durum Desf.) are the main staple diet for
consumers in this country, local cereal production covers
only a little more than 30% of the country's needs. The
average area consecrated to wheat in Algeria is about
1.9 million ha, but with a low yield 18qx/ha of durum
wheat and 17qgx/ha of common wheat (CIC 2010).
However, the area destined for the cereal crop in Algeria is
around 3 million ha (FAOSTAT 2014). About 60% of the
cereal-growing areas are on a semi-arid climate, in areas
where farmers traditionally use a limited amount of inputs
(seeds, fertilizers), resulting in low production, in fact, in
regions where annual precipitation, mostly in winter, is less
than 450 mm on average (Sahnoune et al. 2013; Merouche
et al. 2014).

The variation in bread wheat yields in semi-arid areas
such as Algeria is largely due to the effects of water and
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heat stress (Farzad et al. 2013; Kara et al. 2014; Yao et al.
2014; Aissaoui and Fenni2018). In response to this
situation, various improvement strategies are being
considered. Identifying genetic variation is essential for the
effective management and use of genetic resources
(Tahir 2010). Several markers suitable for genetic diversity
studies have been identified, as developed in recent years.
Several markers suitable for genetic diversity studies have
been identified, as developed in the last few years. The
emergence of new PCR-based molecular markers, such as
microsatellites or simple sequence repeat (SSRs) and
Single Nucleotide Polymorphism (SNPs) has created the
opportunity to characterize collections of germplasm that
were previously impossible to collect and initiate the
productive wheat breeding program (Drikvand et al. 2013;
Reza et al. 2015; Allen et al. 2017). Microsatellites have a
high potential use for the genetic analysis because of their
high degree of polymorphism and they are co-dominantly
inherited (Huang et al. 2002; Ali et al. 2008; Reza et al.
2015).

Microsatellites are useful in genetic characterization of
drought tolerance in bread wheat (Ates S6nmezoglu and
Terzi 2018) and have a great potential use for the genetic
analysis because of their high level of polymorphism and
they are co-dominantly inherited (Tahir 2010; Ates
Sonmezoglu et al. 2012; Reza et al. 2015; Tomar et al.
2016; Zarei Abbasabbad et al. 2016). The objectives of this
study were to (i) use SSRs to assess levels and patterns of
genetic variability among a representative sample of local
wheat genotypes, (ii) compare these genetic diversity
estimates with other international wheat cultivars, (iii) and

Table 1. Origin and pedigree of the genotypes studied
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use wheat microsatellite markers for the characterization
and assessment of the genetic diversity of seventeen of
local and introduce bread wheat genotypes.

MATERIALS AND METHODS

Plant materials

This investigation was carried out at the experimental
farm of ITGC (Technical Institute of High Culture) in
Constantine/Algeria. In this investigation, three local
genotypes and fourteen introduced genotypes were
represented in Table 1.

The genotypes were sown and grown in the ITGC
experimental field in a complete randomized block model
with two replicates per genotype. Each genotype was sown
along 2 m-long rows at a density of 40 seeds per line with 5
cm between seeds.

DNA isolation and amplification

The extraction of total DNA was performed from
frozen and freshly harvested young leaves using a modified
CTAB method described by Ben Naceur (1998). Using this
protocol, a consistent yield of good quality DNA fragments
was achieved with a minimum of 20 ug DNA/g leaves. The
DNA was purified by RNase (10 p g/ml) treatment and
phenolic extraction. The concentration of purified DNA
was estimated at 0.8% agarose gel. DNA was dissolved and
preserved in TE buffers.

N° Genotypes Pedigrees Origin
V1 Ain abid ITGC/Algeria Algeria
V2 Arz ITGC/Algeria Algeria
V3 Hidhab ITGC/Algeria Algeria
V4 Hamam 1 ICW92-0455-1AP-1AP-2AP-3AP-0AP ICARDA/Syria
V5 5119 SERASENE/France
V6 Milan/S87230/babax CMSS97MO-3687T6040Y-03M-020Y-030M-015Y-38M CIMMYT/Mexico
V7 Angi-4 ICW92-0326-12AP-1AP-2AP-3AP-0AP ICARDA/Syria
V8 Cham 6 CM39992-8 M-7Y-OM-0AP CIMMYT/Mexico
V9 Attila CM85-836-50 Y-OM-OY-3M-0Y CIMMYT/Mexico
V10 Attila/2 Pastor CGSS97Y00042M-099TOPB-058Y-099M-099Y-099B CIMMYT/Mexico
V11 Pastor/Wbll1 CMSAO00Y00586-0POY 040M 040 SY-030M-17ZT CIMMYT (Mexico)
V12 Babax/Lr42//Babax*2/3vivitsi CGSS01B00046T-099Y-099M-099M-099Y-21Y-0B CIMMYT (Mexico)
V13 WhlI1*2/Brambling CGSS01B00062T-099Y 099M-099M-099Y-099M-77Y-0B CIMMYT (Mexico)
V14 Thelin//2*Attila*2/Pastor CGSS02Y00089T-099B-099M-099Y-099M-4Y-0B CIMMYT (Mexico)
V15 Kauz/Pastor/Fiscal CMSS02M00325S-030M-15Y-0M-0Y CIMMYT (Mexico)
V16 Prl/2*Pastor CGSS97Y00034M099TOPB-027Y-099M-099Y-099M CIMMYT (Mexico)
V17 Babax/Lr42//Babax*2/3/Kukuna CGSS01B00048T-099Y-099M-099M-099Y-099M-31Y-0B CIMMYT (Mexico)
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The amplification reaction was carried out in total
reaction mixture of 25pl with two replications per
reaction. The reaction mixture contains 50-100 ng of
genomic DNA, 0.2 mM dNTPs, 0.25 pM of each primer,
and 1U of Tag DNA polymerase (GoTaq, Promega) and its
one-time concentrated buffer containing 1.5 mM MgCl,.
The PCR amplification was performed with the following
steps: one cycle of 94 °C for 3 min, 35 cycles of 2 min
denaturing steps at 94 °C, 1 min annealing temperatures at
52-64°C (Table 2) depending on the primers, 2 min
extension at 72 °C and followed by a final extension for
1min at 72°C. Electrophoresis of DNA chain
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14, WMC15, WMC 16, WMC 17, WMC 18, WMC 19,
WMC 20, WMC 21, WMC 22, WMC 23, WMC 24, WMC
25, WMC 27, WMC 48, WMC 50, and WMC 283
(Table 2). These primers selected from the international
consortium WMC (Wheat Microsatellite Consortium).
They are the most polymorphic and well-distributed
markers on the genome of bread wheat.

Table 3. PIC values, allele number, and annealing temperature
(Ta) generated by polymorphic primers

polymerization amplification was performed on 2% Primer PIC Ta (°C) Nb alleles
agarose gel electrophoresis in 1x Tris-Borate-EDTA buffer —wmc 14 0.67 58 5
(pH 8.3). To better discern some fine bands, SSR products ~WMC 15 0.39 55 2
were also separated using 40% non-denaturing WMC 17 0.70 54 5
polyacrylamide gel electrophoresis in 1x TBE buffer. DNA ~ WMC 20 0.49 54 2
Ladder (Promega) at 100bp was used as a molecular size ~WMC 21 0.14 55 2
standard. WMC 25 0.62 52 3
WMC 27 0.67 55 4
. . . WMC 48 0.48 64 2
Microsatellites markers analysis WMC 50 0.70 60 5
The reaction of DNA amplification by PCR was wmc 283 0.59 60.4 3
performed with 16 microsatellite primer pairs, i.e. WMC
Table 2. Description of tested SSR primers (http:www.wheat.pw.usda.gov/ggpages/SSR/WMC)
Primer Sequences Motifs Chlromc_)some Alleles size
ocation (bp)
WMC 14F ACCCGTCACCGGTTTATGGATG (CT) (CA) 7D 239
WMC 14R TCCACTTCAAGATGGAGGGCAG
WMC 15F AGTCCGATTCGGACTCCTCAG (CT) (CA) 4A 295
WMC 15R GGACTAACCGAGGGTAGTTG
WMC 16F ACCGCCTGCATTCTCATCTAA (CT) 4B 165
WMC 16R GTGGCGCCATGGTAGAGATTG
WMC 17F ACCTGCAAGAAATTAGGAAC (CA) 7A-7B 182
WMC 17R CTAGTGTTTCAAATATGTCGA
WMC 18F CTGGGGCTTGGATCACGTCATT (CA) (CT) 2D 237
WMC 18R AGCCATGGACATGGTGTCCTTC
WMC 19F CTGACATGCGGCATTCACTTCC (CA) 1A 153
WMC 19R AGGCTTAGAACACACCGACACG
WMC 20F TTAAAAACACGCGGATCTTCTC (CA) 1A 119
WMC 20R GTACTCACATATTTCTCGGTCT
WMC 21F CGCTGCCGTGTAACTCAAAATC (GA) a7 136
WMC 21R AGTTAATTGGGCGCTCCAAGAA -
WMC 22F ATCATTGGTTTCCTCTTCACTT (GT) 24 169
WMC 22R GTGGACTATTTAACATCTTCAT -
WMC 23F ATTCGCTCATACGATAGGGTTG CT) 22(CT) 18 314
WMC 23R AGAGGCTGGTGTAGTTGGTTTG -
WMC 24F GTGAGCAATTTTGATTATACTG (GT) 28 1A 136-155
WMC 24R TACCCTGATGCTGTAATATGTG
WMC 25F TCTGGCCAGGATCAATATTACT (GT) 25 2B 166
WMC 25R TAAGATACATAGATCCAACACC
WMC 27F AATAGAAACAGGTCACCATCCG (GT) 25 2 B-5B 352-398
WMC 27R TAGAGCTGGAGTAGGGCCAAAG
WMC 48F GAGGGTTCTGAAATGTTTTGCC (GA) 9 4B 139-190
WMC 48R ACGTGCTAGGGAGGTATCTTGC
WMC 50F CTGCCGTCAGGCCAGGCTCACA (GM 10(GTM) 1 3A 219-236
WMC 50R CAACCAGCTAGCTGCCGCCGAA
WMC 283F CGTTGGCTGGGTTATATCATCT (CA)19(CA) 8 4A
WMC 283R GACCCGCGTGTAAGTGATAGGA
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The SSR profiles were transformed into a binary matrix
where the presence of the generated band at a precise level
is scored as 1 and its absence is scored as 0. The similarity
matrix was generated with NTSYS (Numerical Taxonomy
and Multivariate Analysis) software pc-2.02j (Rohlf 1989).
A dendrogram was drawn using the UPGMA (Unweighted
Pair-Group Method using Arithmetic Averages) cluster
analysis.

The PIC (Polymorphism Information Content),
according to Nei and Li (1979), is calculated by the
following formula:

k
PIC=1— Z pi?
i=1

Where: k is the total number of alleles detected for a
locus of a marker Pi is the proportion of the population
carrying the i th alleles, scored for each locus.

RESULTS AND DISCUSSION

Results

In this study, eleven microsatellite markers for 11 loci
were used to characterize and evaluate the genetic diversity
of seventeen wheat genotypes (Table 3). Amplified
microsatellite loci were analyzed for polymorphism using
polyacrylamide gel electrophoresis and the result revealed
that all the primer pairs detected polymorphisms among the
wheat genotypes analyzed. A total of 35 alleles were
detected. The maximum number of alleles was observed at
WMC 14, WMC 17, and WMC 50 primers.

According to Nei’s (1979), the similarity coefficient
between genotypes was ranged from 0.27 and 0.92 with an
average of 0.60 (Table 4). The similarity indices showed that
the two most closely related genotypes were
Kauz/Pastor/Fiscal and Wbll1*2/Brambling with the highest
similarity index 0.92. Results indicating that they are
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genetically similar to each other. On the other hand, the two

most distantly related genotypes were Chamé and
Pastor/WblI1 with low similarity index 0.27.
A dendrogram was drawn using the UPGMA

(Unweighted  Pair-Group Method using Arithmetic
Averages) cluster analysis among 17 genotypes of bread
wheat (Figure 1).

Discussion

Of a total of 16 SSR primers tested, only 11 produced
polymorphic bands (WMC 14, WMC 15, WMC 17, WMC
20, WMC 21, WMC 24, WMC 25, WMC 27, WMC 48,
WMC 50, and WMC 283) (Table 3). No amplified
products were obtained with WMC 16, WMC18, WMC 19,
WMC 22 and WMC 23 primers. The Polymorphism
Information Content (PIC) varied from 0.14 (WMC 21) to
0.70 (WMC 50 and WMC 17) with an average of 0.48 and
0.49 (Table 3). This indicates that the markers were highly
informative. The PIC value > 0.5 means the locus is
considered as being a highly informative marker, whereas
if the PIC value is <0.25, the locus is considered to be of
low diversity (Nagy et al. 2012; Ramadugu et al. 2015).
These results are confirmed in earlier studies on Moroccan
wheat where the PIC values were between 0.29 and 0.79
(Zarkti et al. 2010). In another study, the PIC means value
(0.30) for SSRs was lower than the mean value of 0.48 and
0.49 observed in the present study in Egyptian hexaploid
bread wheat (Salem et al. 2014). In another recent study,
Bellatreche et al. (2019) found that in the local bread wheat
resources of the oases of Algeria, the information contained
on polymorphism (PIC) shifted from 0 to 0.55. However,
these results are much higher in wheat Tunisian genotypes
(PIC) from 0.33 to 0.94 respectively for WMC 25 and
WMC 50 primers (Babay et al. 2015) varied from 0.25 to
0.89 with an average of 0.69 in Cameroonian bread wheat
(Tékeu et al. 2017) and ranged from 0.7-0.89 with an
average of 0.82 in Iranian wheat (Zarei Abbasabbad et al.
2016; Salehi et al. 2018).

Table 4. Similarity matrix for bread wheat genotypes based on 11 microsatellite markers

A\ V2 V3 V4 V5 V6 V7 V8 V9 Vvi0 Vil V12 Vi3 V14 V15 Vie V17
vl 1.00
V2 061 1.00
V3 056 045 1.00
V4 056 064 067 1.00
V5 064 045 050 0.67 1.00
V6 050 038 070 052 0.61 1.00
V7 058 048 070 061 0.70 091 1.00
v8 035 040 036 045 055 048 057 1.00
V9 038 043 048 064 056 0.67 075 0.70 1.00
V10 0.72 055 050 033 067 061 070 055 048 1.00
V11 048 073 050 067 050 043 052 027 056 042 1.00
V12 050 076 052 070 052 055 055 029 050 043 087 1.00
V13 048 055 075 083 050 061 070 055 064 042 067 0.70 1.00
V14 056 045 083 083 067 070 078 045 064 050 050 052 083 1.00
V15 056 064 075 083 050 061 070 064 064 050 058 061 092 083 1.00
V16 048 073 067 075 050 070 0.78 064 072 058 067 070 083 075 092 1.00
V17 035 050 055 064 055 048 057 080 061 055 045 048 073 0.64 082 0.82 1.00
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The number of alleles detected by the primers ranged
from 2 to 5 among the bread wheat genotypes. The most
polymorphic of microsatellite markers was WMC 14,
WMC 17, and WMC 50 primers with 5 alleles. The lowest
numbers of alleles per locus were found in WMC 15,
WMC 20, WMC 21, WMC 24, WMC 27, and WMC 48
primers with an average number of 3.2 alleles per locus.
WMC 17 and WMC 50 primers had the highest number of
alleles (5 alleles) per locus and the highest PIC value
(0.70). The lowest number of alleles per locus and the PIC
was calculated to be 2 and 0.14 respectively in WMC 21
(Table 3). Khaled et al (2015) found a high number of
alleles per markers in Egyptian kinds of wheat, varied from
3 to 11 with an average of 5.59. In Omanian hexaploid
landraces, bread wheat Al Khanjari et al. (2007) found an
average number of 8.70 alleles per locus. Kondi¢-Spika et
al. (2016) found a higher number of alleles per locus in
Slovak bread wheat cultivars. The numbers were varied
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from 3 to 22, with an average of 7.8 alleles per locus.
Leisova et al. (2007) showed that European wheat cultivars
have an average of 12 alleles per locus. The same variation
in alleles was also detected at other loci (Malik et al. 2013;
Babay et al. 2015). However, Huang et al. (2002) used 26
microsatellites to study 998 accessions of bread wheat from
68 countries and have recorded an average of 18.1 alleles.
Genetic diversity increases with the number of alleles at a
given locus (Khaled et al. 2015). It was determined that
primers with the highest number of alleles also had higher
PIC values, results were confirmed by Ates Sonmezoglu
and Terzi (2018).

Amplified microsatellite loci were revealed that all the
primer pairs detected polymorphisms among the wheat
genotypes analyzed. It has been detected a total of 35
alleles. The maximum number of alleles was observed at
WMC 14, WMC 17, and WMC 50.
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Figure 1. Dendrogram based on data of 11 microsatellite primers from 17 bread wheat genotypes constructed by UPGMA
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The higher genetic distance indicates that wheat
genotypes were genetically diverse. It is an indication of
their genetic dissimilarity (Kondi¢-Spika et al. 2016).
Cluster analysis represented by a dendrogram showed that
bread wheat genotypes were divided into two main
clusters, the first included only three wheat genotypes Ain
Abid, Attila/2 Pastor, and 5119. Kara et al. (2016) showed
that these genotypes have the same agronomical characters
such as lowest thousand kernels weight and number of
kernels per ear. The second main cluster revealed high
polymorphism and was divided into four sub-clusters
(Figure 1). The first one is consists of one local genotype
Arz, and two introduce one Pastor/Wblll and
Babax/Lr42//Babax*2/3vivitsi. These genotypes showed
the lowest grain yield (Kara et al. 2017). The second sub-
cluster is composed by Hidhab (local genotype),
Thelin//2*Attila*2/Pastor, Hamam 1, WblI1*2/Brambling,
Kauz/Pastor/Fiscal, Prl/2*Pastor. These are late genotypes
(Kara et al. 2016). The third sub-cluster which includes
Attila, Angi-4 and Milan/S87230/babax were the earliest
but provide the highest grain yield and are of the same
origin. The last one sub-cluster is formed by only two
genotypes, i.e. cham6 and Babax/Lr42//Babax*2/3/Kukuna
where showed the best agronomic characteristics (Kara et
al. 2016). These results showed that not all genotypes
originating from the same region clustered in the same
group.

The results obtained in our study provided new
information on the relationships between the bread wheat
genotypes grown in Algeria. The set of the used
microsatellite  markers showed a high level of
polymorphism and sufficient information to discriminate
the cultivars of hexaploid wheat grown in Algeria.
Generally, this study provides a first description of the
molecular genetic diversity of Algerian and introduces
bread wheat genotypes grown In Algeria. The results are in
conformity with expectations and provide the first basis for
further research. SSR markers successfully discriminated
bread wheat cultivars. Most of the primers used in this
study showed high polymorphism. The high level of
genetic diversity reported in this study should be taken into
account in the development of wheat breeding programs in
the agro-ecological zones of Algeria. This study will
constitute a platform of selection program of the most
productive  genotypes under  Algerian  condition.
Morphological and phenotypic studies will also be needed
to link our molecular analysis results.

These results demonstrate the reliability, usefulness,
and effectiveness of microsatellites SSRs in the analysis of
genomic diversity. They can be successfully employed in
assaying the level of polymorphism and diversity and
serves to facilitate the development of better genotypes and
conservation strategies of wheat germplasm.
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