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he cultivated wheat (Triticum aesti-
vum L.) belongs to tribe Triticeae of 

the family Poaceae. It is the first impor-
tant cereal crop as the main source of hu-
man diet (FAO, 1985). Approximately, 
ninety five percent of wheat's grown today 
are hexaploid wheat which comprising 
three genomes A, B and D (Harti and 
Jones, 2001). Genetic diversity is consid-
ered one of the most important factors for 
crop improvement. Modern breeding 
process has dramatically narrowed the 
variation of important traits, especially 
among common wheat cultivars which are 
widely used in breeding programmes. It is 
important to investigate genetic diversity 
of wheat to assess its usefulness for breed-
ing programmes. However, there are in-
herent problems with the use of data on 
morphological traits, the latter being lim-
ited in number and greatly influenced by 
the environment and by genotype X envi-
ronment interactions. Molecular markers 
are a promising tool for evaluating genetic 
diversity among plant materials, as the 
phenotype and physiological markers are 
not accurate enough and often depend on 
environmental conditions. Many different 
DNA marker systems were used for diver-
sity analysis. As far as the ability of poly-

morphism detection is concerned, the 
most useful markers were random ampli-
fied polymorphic (RAPDs) (Kuczynska et 
al., 2001; Mukhtar et al., 2002; Weber et 
al., 2005; Irzykowska et al., 2005) and 
simple sequence repeats (SSRs), also 
termed microsatellites, have been pro-
posed as one of the most suitable markers 
for the assessment of genetic variation and 
diversity among wheat varieties, because 
they are multiallelic, chromosome-specific 
and distributed evenly throughout the 
plant genome (Prasad et al., 2000; Stachel 
et al., 2000; Huang et al., 2002; Roder et 
al., 2002, Landjeva et al., 2006; Chabane 
et al., 2007; Salem et al., 2008). Microsa-
tellites were also successfully used to 
identify quantitative trait loci (QTLs) 
(Parker et al. 1998), to tag resistance 
genes (Peng et al., 1999; Borner et al., 
2000) and to detect polymorphisms be-
tween the accessions of diploid and 
tetraploid wheat (Hammer et al., 2000; 
Pestsova et al., 2000; Fahima et al., 2002).  

The objectives of this study are to 
(i) evaluate the application of microsatel-
lite markers as a tool for detecting genetic 
diversity among Egyptian and exotic 
wheat varieties and (ii) compare these 
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genetic diversity estimates with other in-
ternational wheat varieties. 

MATERIALS AND METHODS 

Plant material 

A list of eleven bread wheat varie-
ties with its origin and pedigree (if known) 
are presented in (Table 1). Since the in-
formation on allele sizes of ‘Chinese 
Spring’ (CS) is available (Huang et al., 
2002), this cultivar has been used as a 
reference. 

Genomic DNA isolation  

Young leaves from eight-weeks-
old plants were used to extract genomic 
DNA. The genomic DNA was isolated 
from these genotypes according to 
(Plaschke et al., 1995).  

Microsatellite marker 

Eleven simple sequence repeat 
markers (SSRs) for eleven loci were se-
lected for genotyping. The basic informa-
tion about the microsatellite markers such 
as name, chromosomal location, motif, 
annealing temperature (Tm°C) and frag-
ment size in CS (bp) were presented in 
(Table 2). Microsatellite amplifications 
were carried out as reported by Roder et 
al. (1998). 

Polymerase chain reactions (PCR) 

DNA amplification was carried out 
in 25 μl reaction mixtures, each containing 
5 μl  wheat genomic DNA, 2.5 μl 10X 
PCR buffer (1 M KCl, 1.5 mM MgCl2 
and 1M Tris-HCl, pH 8.3), 0.65 μl of each 

of the forward and reverse primers (250 
nM), 50 μl dNTPs (0.2 nM) and 0.1 μl 
Taq DNA polymerase. Amplifications 
were carried out using the following pro-
grams: 5 min at 94°C followed by 35 cy-
cles of 1 min 94°C, 1 min 50°C or 55°C or 
60°C and 2 min at 72°C, with a final ex-
tension of 5 min at 72°C as described by 
Roder et al. (1998). 

Data analyses 

Presence or absence of each ampli-
fied band was scored as 1 and 0, respec-
tively, for all markers to generate a binary 
data matrix. The photographed gels were 
analyzed by gel pro-program to calculate 
the size range (minimum and maximum) 
of different alleles. The genetic diversity, 
expressed as PIC of each microsatellite 
locus was calculated by calculating the 
frequency of the microsatellite alleles 
based on polymorphic information content 
(PIC) according to formula of Nei (1973) 
modified by (Botstein et al., 1980): 

∑
=

−=
k

1i
21PIC iP , where k is the total 

number of alleles detected for a locus of a 
marker and Pi is the frequency of the ith 
allele in the set of 11 varieties investi-
gated. The statistical significance of the 
differences in gene diversity and the num-
ber of alleles between groups over loci 
was calculated. Genetic similarities were 
estimated from the allele binary format 
dataset using the Dice method (Nei and 
Li, 1979). The binary data were used to 
compute pair wise similarity coefficients 
and the similarity matrix obtained was 
subjected to cluster analysis using the 
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UPGMA (Unweighted Pair Group Method 
of Arithmetic Average) algorithm on 
NTSYS-pc version 2.1 software package 
(Rohlf, 2002). The data were used to ex-
amine the relationships between the num-
bers of alleles vs. the gene diversity. 

RESULTS AND DISCUSSION 

Eleven bread wheat varieties from 
different origin were evaluated using 11 
microsatellite markers. These microsatel-
lites were selected on the basis of their 
known chromosomal location to give a 
uniform coverage for all three wheat ge-
nomes (A, B, and D) (Table 2). A total 
number of 44 alleles were detected. The 
number of alleles per locus ranged from 
two for Xgwm18 to 6 for Xgwm46 with an 
average number of 4 alleles per locus (Ta-
ble 3). The largest number of alleles per 
locus occurred in the B genome with 17, 
compared to 16 and 11 for genomes A and 
D, respectively (Table 4). The lowest 
number of alleles per locus among the six 
homoeologous groups was observed in 
homoeologous group one with two alleles 
(Table 4). Different number of alleles has 
been detected in wheat using microsatel-
lite markers. Huang et al. (2002) reported 
an average allele number of 18.1 in 998 
gene bank accessions of hexaploid wheat 
originated from 68 countries of five conti-
nents. Khlestkina et al. (2004) found an 
average allele number of 6.6 in 54 Sibe-
rian old and modern common spring 
wheat varieties. Roussel et al. (2005) re-
ported an average allele number of 16.4 in 
480 wheat varieties originating from fif-
teen European geographical areas. Salem 

et al. (2008) detected an average of 3.2 
alleles in seven wheat varieties. In the 
present study, the average number of al-
lele was 4 in eleven wheat varieties. The 
value was lower than most previous stud-
ies, but it was comparable with Satchel's 
results, which detected 4.8 alleles per lo-
cus in wheat varieties (Satchel et al., 
2000) and was high than the average of 
3.2 alleles per locus in seven wheat varie-
ties detected by Salem et al. (2008). Ge-
netic distance within the wheat varieties 
was significantly different (Table 5). This 
result means that the variation was high.  

To assess the genetic diversity of 
wheat varieties, marker data were con-
verted into binary matrix, which in turn 
allowed calculating the genetic similarity 
index. A dendrogram was created with the 
use of these data (Fig. 1). The consensus 
tree showed that the eleven wheat varie-
ties were divided into four main clusters; 
the first included the two wheat varieties 
Chinese Spring and Sahel l. The second 
main cluster was divided into two sub-
clusters. The first sub-cluster included the 
two exotic wheat varieties Weaver and 
Bauerlang. The second one included four 
Egyptian wheat varieties namely Sakha 8, 
Gemmiza 9, Seds 1, Seds 9. The third 
main cluster included only one wheat va-
riety Giza 167. The fourth main cluster 
included the two other exotic wheat varie-
ties namely Apollo (German) and Rialto 
(UK).  

Gene diversity, expressed as PIC 
for 11 microsatellite loci varied from 
0.379 for the Xgwm631 to 0.989 for 
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Xgwm165 with an average of 0.678 (Table 
3). Gene diversity for the three genomes 
A, B and D was 0.680, 0.690 and 0.650, 
respectively (Table 4). Also, there is an 
increase in genetic diversity with the in-
crease of allele number. The correlation 
coefficient between gene diversity and the 
number of alleles was high, r = 0.779 (P < 
0.01). The linear relationship between 
them is shown in (Fig. 2).  The obtained 
results agree with those of Huang et al. 
(2002) who reported that the PIC value 
was correlated with the number of alleles, 
and did not agree with those of Prasad et 
al. (2000).  

In the present study, the average 
number of alleles was different for indi-
vidual genomes, 4 for A genome, 4.25 for 
B genome and 3.67 for D genome. This 
might suggest that D genome is the most 
conserved. This may be due to the evolu-
tion of wheat genomes, as D genome was 
incorporated into hexaploid wheat much 
later than A and B genomes, so it may be 
less diverse. On the other hand, the num-
ber of SSR alleles located on B genome 
may reflect its greater variability sustained 
during evolution (Feldman 2001). Those 
results are consistent with data achieved 
by Roder et al. (1998) and Huang et al. 
(2002) for SSR markers and also by 
Huang et al. (2000) for AFLP markers. 

A genetic similarity (GS) matrix 
based on all possible pairs of lines ranged 
from 14.3% to 90.9% (Table 5). The low-
est pairwise GS value was between the 
Egyptian wheat variety Seds 1 and the 
Chinese wheat variety Chines Spring, 

while the highest value was between the 
Egyptian wheat variety Gemmiza 9 and 
the German wheat variety and y Apollo 
(Table 5).  

In conclusion, this study indicated 
that the microsatellites are very effective 
molecular markers for genotype identifi-
cation and for estimation the genetic di-
versity among Egyptian and exotic wheat 
varieties. It concludes that on the basis of 
microsatellite markers, diverse parents can 
be selected. 

SUMMARY 

The objectives of the current study 
were carried out to assess the genetic di-
versity and relationship among wheat va-
rieties using SSR markers. Eleven wheat 
varieties were genotyped with 11 SSR 
markers. A total number of 44 alleles were 
detected. The number of alleles per locus 
ranged from two for Xgwm18 to six for 
Xgwm46 with an average number of 4 
alleles per locus. The largest number of 
alleles per locus occurred in the B genome 
with 17, compared to 16 and 11 for ge-
nomes A and D, respecively. The value of 
polymorphism information content (PIC), 
a measure of gene diversity, was 0.379 for 
the Xgwm631 and 0.989 for Xgwm165 
with an average of 0.678. Gene diversity 
for the three genomes A, B and D was 
0.680, 0.690 and 0.650, respectively. 
Also, there is an increase in genetic diver-
sity as the number of alleles increase. The 
correlation coefficient between gene di-
versity and the number of alleles was 
high, r = 0.779 (P < 0.01). A genetic simi-
larity (GS) matrix based on all possible 
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pairs of lines ranged from 14.3% to 
90.9%. The lowest pairwise GS value was 
between Seds 1 and Chines Spring, while 
the highest value was between the Egyp-
tian wheat variety Gemmiza 9 and the 
German wheat variety Apollo. Clustering 
analysis based on GS grouped the 11 
wheat varieties into 4 main clusters. 
Grouping based on clustering analysis was 
in good agreement with available pedigree 
and genetic background information. In-
formation generated from this study can 
be used to select parents for hybrid devel-
opment to maximize the yield and its 
components, and development of segre-
gating populations to map genes control-
ling yield and its components in wheat. 
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Table (1): List of wheat genotypes used in the study with their origin and pedigree. 

No. Genotype Name Origin Pedigree 

1 Chinese Spring China LV/Sichuan 
2 Apollo  Germany Unknown 
3 Rialto UK Unknown 
4 Weaver Unknown Unknown 
5 Bauerlang Unknown Unknown 
6 Sakha 8 Egypt Indus/Norteno “s” 
7 Gemmiza 9 Egypt Ald”s”/Huac”\s”//CMH74A.630/5x 

8 Giza 167 Egypt Au/Up301//Gll/Sx/Pew”s”/4/Mai”s”/May”s”
//Pew”s” 

9 Seds 1 Egypt HD 2172/Pavon”s”//1158.57/Maya 74 “s” 
10 Seds 9 Egypt Unknown 
11 Sahel 1 Egypt N.S.732/Pim//Vee”s” 

 

 
Table (2): Description of 11 wheat microsatellite markers, their chromosomal location, mtif, 

annealing temperature and fragment size. 

No. Microsatel-
lite  

Chromosomal 
location Motif Annealing 

Tm (ºC) 

Fragment 
size in CS 

(bp) 
1 Xgwm3 3D (CA)18 55 79 
2 Xgwm 46 7B (GA)3GC(GA)33 60 179 
3 Xgwm160 4A (GA)21 60 182 
4 Xgwm165 4A (GA)20 60 190 
5 Xgwm186 5A (GA)26 60 135 
6 Xgwm190 5D (CT)22 60 209 
7 Xgwm261 2D (CT)21 55 189 
8 Xgwm389 3B (CT)14 (GT)16 60 129 
9 Xgwm513 4B (CA)12 60 140 

10 Xgwm631 7A (GT)23 60 196 
11 Xgwm18 1B (CA)17GA(TA)4 50 183 
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Table (3): Description of 11 wheat microsatellites, their position, size range of alleles, num-
ber of alleles and gene diversity (expressed PIC). 

Size range of alleles 
(bp) Locus Position Min  

Allele 
Max  

Allele 

Number of 
alleles 

Gene 
diversity 

Xgwm3 3D 75 79 3 0.562 
Xgwm 46 7B 145 179 6 0.770 
Xgwm160 4A 178 186 4 0.698 
Xgwm165 4A 187 202 5 0.989 
Xgwm186 5A 124 140 4 0.677 
Xgwm190 5D 198 210 4 0.720 
Xgwm261 2D 165 192 4 0.681 
Xgwm389 3B 117 140 4 0.722 
Xgwm513 4B 141 151 5 0.765 
Xgwm631 7A 190 200 3 0.379 
Xgwm18 1B 186 190 2 0.500 
Total    44 ------ 
Mean    4.00 0.678 

  
Table (4): Genetic diversity (expressed PIC) in different genomes and chro-

mosomes across eleven loci in eleven wheat varieties. 

Locus Number of 
alleles 

Average number 
of alleles 

Gene 
diversity 

Genome 
A 16 4.00 0.680 
B 17 4.25 0.690 
D 11 3.67 0.650 

Chromosome 
1 2 2.00 0.500 
2 4 4.00 0.681 
3 7 3.50 0.642 
4 14 4.70 0.817 
5 8 4.00 0.699 
7 9 4.50 0.575 

 
Table (5): Similarity matrix (%) of wheat genotypes based on their microsatellite alleles. 

 1 2 3 4 5 6 7 8 9 10 
1-Chinese Spring           
2-Apollo  33.3          
3-Rialto 46.2 72.7         
4-Weaver 28.6 25.0 23.1        
5-Bauerlang 29.6 26.1 24.0 66.7       
6-Sakha 8 22.2 17.4 16.0 37.1 38.5      
7-Gemmiza 9 15.4 90.9 25.0 23.1 24.0 32.0     
8-Giza 167 28.6 83.3 38.5 21.4 22.2 14.8 38.5    
9-Seds 1 14.3 25.0 15.4 35.7 37.0 44.4 53.8 35.7   
10-Seds 9 20.0 76.9 71.4 33.3 34.5 41.4 50.0 33.3 66.7  
11-Sahel 1 42.9 83.3 76.9 21.4 37.0 37.0 38.5 28.6 28.6 53.3 
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Fig. (1): Dendrogram of similarities between 11 wheat varieties, based on data 
of 11 microsatellites. 

               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (2): Relationship between gene diversity and the number of alleles detected 
at 11 microsatellite loci, described by the function: 
Y = 0.3486+ 5.3818X,  R2 = 0.6068. 
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