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ABSTRACT  
 
 In this study 384 Microsatellite markers were used to analyze DNA polymorphism of three Egyptian wheat 
aiming to develop specific molecular markers useful in future Egyptian wheat breeding programs. DNA was 
extracted using the CTAB method and PCR products were separated in an ABI 3730 DNA analyzer. Data were 
scored using Gene Marker and 2.5% Agarose gel. A total of 259 out of 384 markers were polymorphic detected 
in Table (2) and 124 markers were monomorphic among which 108 markers were polymorphic in percentage 
100% and 151 markers were 33%.1014 peaks of 1152 were detected and 138 peaks not amplified. The fragment 
size ranged from 90 to 535 bp. Results of these experiments consider the first step in the effective detection of 
polymorphism among some Egyptian wheat varieties in order to correct choose for parents in future. 
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Introduction  
 
 Wheat is the most important strategic cereal crop for the majority of the world Populations. It is the most 
important staple food for about two billion people (36% of the world population). It exceeds in acreage and 
production than other grain crops including rice, maize, etc. Wheat is an edible grain, one of the oldest and most 
important of the cereal crops in Egypt. The annual Consumption of wheat grains in Egypt is about 12.4 million 
tons, while the annual local production is about 8.52 million tons / 1.32 million hectare in 2013/2014 (The 
Agricultural Economics and Statistics Department, Ministry of Agriculture, Egypt (2013). Though grown under 
a wide range of climates and soils, wheat is the best adapted crop to regions with rainfall between 300 and 900 
mm. 
 Genetic markers represent genetic differences between individual organisms or species. Generally, they do 
not represent the target genes themselves but act as ‘signs’ or ‘flags’. Genetic markers that are located in close 
proximity to genes (i.e. tightly linked) may be referred to as gene ‘tags’. Such markers themselves do not affect 
the phenotype of the trait of interest because they are located only near or ‘linked’ to genes controlling the trait. 
All genetic markers occupy specific genomic positions within chromosomes (like genes) called ‘loci’ (singular 
‘locus’). There are three major types of genetic markers: (1) morphological (also ‘classical’ or ‘visible’) markers 
which themselves are phenotypic traits or characters; (2) biochemical markers, which include allelic variants of 
enzymes called isozymes; and (3) DNA (or molecular) markers, which reveal sites of variation in DNA (Jones 
et al., 1997; Winter and Kahl, 1995). 
 There are many common technologies used as molecular markers such as Restriction Fragment Length 
polymorphisms (RFLP), Simple Sequence Repeats (SSR), Random Amplified Polymorphic DNA (RAPD) and 
Single Nucleotide Polymorphisms (SNP) (Sun et al., 1997and Fu et al., 2002).  During the last few decays, 
molecular markers such as SDS-protein, isozymes, and DNA sequences have shown excellent potentialities to 
assist selection of quantitative traits. Different markers might reveal different classes of variation (Powell et al., 
1996; Russell et al., 1997and Dávila et al., 1999).  These molecular markers had been used in wheat for 
detecting genetic diversity, genotype identification and genetic mapping. 
 Therefore, there is a major need to increase drought tolerance for the Egyptian wheat cultivars to increase 
the Egyptian wheat production, especially in the new lands, to meet the increasing consumption due to the 
increasing number of population. The main objectives of the present research are to study the genetic difference 
among some Egyptian wheat based on SSR Markers and calculate the genetic polymorphism. 
 
Material and Methods 

 
 Two different experiments were carried out at the Agricultural Botany Department, Biotechnology, Faculty 
of Agriculture, Saba Basha, Alexandria University, Egypt and Kansas State University, Manhattan, Kansas, 
U.S.A. The studies were conducted during 2012 up to 2014 to study the genetic difference between three 
Egyptian wheat cultivars based on SSR Markers, calculate the genetic polymorphism, detect the possible 
Marker assisted-selection (MAS) aiming draw new reference with molecular markers in Egypt, and finally, 
study the proxidase activity under different salt levels of the same cultivars. 
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 A total of three  wheat (Triticum aestivum L.) cultivars were used in the present study, four Egyptian1 , 
Sakha93 , Gemmiza11 and cultivars. Three common technologies used as molecular markers are: Restriction 
Fragment Length polymorphisms (RFLP), Simple Sequence Repeats (SSR) and Single Nucleotide 
Polymorphisms (SNP). 
 Leaf tissue from one plant per line (32 plants per cultivar) was sampled at the two-leaf stage in 1.1-mL 
deep-well plates and freeze dried for 48 h (Thermo Fisher, Waltham, MA, USA) for DNA isolation. Each well 
of the plates contained a 3.2-mm stainless steel bead and dried tissue, and the plates were shaken in a Mixer Mill 
(Retsch GmbH, Germany) at 25 times s-1 for 3 min (Chunlian et al.,2013). Genomic DNA was extracted using 
the cetyltrimethyl ammonium bromide (CTAB) method Saghai-Maroof et al., (1984). 
 Three handed and eighty four simple sequence repeats (SSRs) were used in the current research. 
Polymerase chain reactions (PCR) were performed in a Tetrad Peltier DNA Engine (Bio-Rad Lab, Hercules, 
CA) Polymerase cycle reaction (PCR) amplifications were performed in a Tetrad Peltier DNA Engine (Bio-Rad 
Laboratories, Hercules, CA). PCR products were separated on an ABI PRISM 3730 DNA Analyzer (Applied 
Bio systems, Foster City, CA, USA). Data collected from an ABI DNA Analyzer (Applied Biosystems) were 
processed by Gene Marker version 1.6 (Soft Genetics LLC, State College, PA, USA) and manually checked 
twice for accuracy. 
 Clustering methods and similarity coefficients were tested using the procedures SIMQUAL, SAHN, and 
TREE from the program NTSYSpc version 2.10 (Applied Biostatistics, Setauket, New York, USA).The 
clustering methods UPGMA, WPGMA, Complete-link, and Single-link were applied in all possible 
combinations with the similarity coefficients Dice, Jaccard and simple matching. Rohlf., (2000) describes 
clustering methods and similarity coefficients. 
 
Results and Discussion 
 
 Specific peaks were scored among all cultivars. Polymorphic in this study is significant among wheat 
cultivars. The observed of polymorphism could be attributed to selection of genotypes with diverse 
characteristics, as well as to specific markers used in the future assay. The percentage ranged from 33% up to 
100 % , these genotypes will be useful for developing mapping populations. The polymorphism observed in the 
present study represents inherent variability among genotypes at the DNA level. A total of 259 out of 384 
markers were polymorphic detected in Table (2) and 124 markers were monomorphic among which 108 
markers were polymorphic in percentage 100% and 151 markers were 33%. 
 1014 peaks of 1152 were detected and 138 peaks not amplified. The fragment size ranged from 90 to 535 
bp. The highest polymorphic number was detected to Gemmeiza 9 by 341 and 43 markers monomorphic. In 
addition, Sakha 93 and Egypt 1 were 339 and 334; 45 and 50, respectively.  
 The present study indicated the presence of specific markers and the chromosomal location of each marker 
in some cultivated Egyptian wheat using SSR markers. This opens up a possibility for developing a molecular 
genetic map that will lead to the application of marker-assisted selection tools to genetic enhancement of 
cultivated Egyptian wheat in the future. The high level of polymorphism could be attributed to selection of 
genotypes with diverse characteristics. These genotypes will be useful for developing mapping populations 
between some domesticated wheat. The polymorphism observed in this study represents inherent variability 
among genotypes at the DNA level.  
 Microsatellite markers are becoming the markers of choice due to the level of polymorphism, as well as 
higher reliability (Plaschke et al., 1996) and (Fu et al.,2004). In wheat, abundant wheat genomic SSR markers 
are now available and mapped, making them a useful resource for further studies. The results showed one 
specific allele per locus, except some markers showed two allele (Table 2) such as markers  WMC0622 and 
GWM0495 ,while (Fahima et al.,1998) reported an average of 10 alleles per locus on some wild wheat 
accessions; also, (Zeb et al.,2009) reported an average of 5.2 alleles per cultivar. 
 In addition, (Salem et al.,2008)reported an average of 3.2 alleles from seven wheat cultivars. These allelic 
variations in different studies are mostly attributed to the kind of wheat genotypes for the mentioned studies 
(Abdel Tawab et al.,2003). The introduction of some traits into plants can be very difficult and expensive. 
Molecular marker assisted selection (MAS) has made it easier or even possible in some cases to tract resistant 
genes during cultivar development and prevent the loss of original favorable genes. The genotype specific SSR 
markers were determined. Some important markers can be considered as a useful marker for screening some 
biotic and Abiotic stress traits in the Egyptian wheat genotypes. In many studies they are mostly attributed to the 
kind of wheat genotypes. Considerable amount of natural out crossing that occurs in wild wheat accessions and 
also the landraces which are selected from local germplasm have a wide range of diversity and thus will result in 
higher alleles(Salem et al.,2008).Salem et al., (2008)obtained an allelic size range between 77 to 266 bp on 
using 15 microsatellite markers on some wheat genotypes. In addition, (Moghaieb et al., 2011) reported an 
allelic size range between 82 to 1620 bp on using SSR markers associated with salt tolerance in Egyptian 
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wheats. It should be noted that SSR markers can not only show different allelic variations in the same species 
but they are also able to assess even monoallelic differences in subspecies specifically (Naghaviet al., 2007). 
 The present study is agree with (Nader. 2014) which used 20 SSR marker in some Egyptian wheat. He 
found that the polymorphic percentage was 90 % and from 110 alleles 89 was specific to some traits. The 
current work is in a line with Stepienet al., (2007) used 53 wheat cultivars and 24 SSR markers to evaluate 
genetic similarities among Polish Wheat’s. They found that, one SSR marker allowed identifying DNA 
polymorphisms, giving in total 166 alleles, from 3 to 13 alleles per marker with mean of 7.22. The study 
revealed spring cultivars were less diverse than winter ones.  
 Also with Teklu et al., (2007) they found that, SSR primers amplified a total of 357 different alleles with an 
average of 12.31 alleles per locus. Analysis of genetic diversity within and among eleven geographical regions 
revealed most of the genetic diversity of the total sample resided within regions. The coefficient of gene 
differentiation showed that the genetic variation within and among the 11 geographical regions was 73 and 27%, 
respectively. Several studies of molecular assisted-selection markers on wheat using different methods such as 
(Abdel Tawab et al., 2003) detected five positive and negative RAPD markers for drought tolerant in Egyptian 
bread wheat. Moreover, the results are in line with those reported by ( Bruckner., 1987; Abdel–Bary et al.,2005; 
Rampino et al.,2006 and Alan., 2007) who assigned RAPD markers to drought stress tolerance in wheat 
genotypes using molecular markers. 
 Microsatellite or SSR (simple sequence repeat) markers have been more widely used in major crops (Röder 
et al., 1998; Ramsay et al., 2000; Smith et al., 1997 and Temnykh et al., 2001) because of their ease of analysis 
(Powell et al.,1996 and Donini et al.,1998). In wheat, abundant wheat genomic SSR markers are now available 
and mapped (Roder et al.,1998), making them a useful resource for further studies. In this study, polymerase 
chain reaction (PCR)-based system (SSR) have been used for studding the genetic polymorphism between three 
wheat cultivars. 312 SSR markers were used, 162 of them were polymorphic and 150 were monomorphic.  
 The level of polymorphism was ranged from 33 to 100%. The highest levels of polymorphism for SSRs 
system reported in previous studies (Belaj et al.,2003; Russel et al.,1997; Bohn et al.,1999; Gomes et al.,1998; 
Maguire et al.,2002; Palombi and Damiano,2002;Rajora and Rahman.,2003 and Ferreria et al.,2004). This high 
level of polymorphism, associated with SSR markers, is to be expected because of the unique mechanism 
responsible for generating SSR allelic diversity by replication slippage. The fragment size ranged from 112 to 
535 bp. While (Salem et al., 2008) obtained an allelic size range between 77 to 266 bp on using 15 
microsatellite markers on some wheat genotypes, also, (Moghaieb et al.,2011) reported an allelic size range 
between 82 to 1620 bp on using SSR markers associated with salt tolerance in Egyptian wheats. There are 
different reports for obtaining different alleles of using SSR markers to study genetic polymorphism among 
different wheat cultivars and lines.  
 The results of these research showed a total 23 markers not amplified in the three wheat cultivars. These 
data could be used in the future when worked with the same markers. These kinds of data can be very important 
for wheat breeders in Egypt. The advantage of molecular markers for researchers is that they can test for a 
particular trait as early as in seeds of plants before they are planted. There is no longer a need for the plant to 
develop to a stage at which the trait can be observed, delay that in some cases can take many months. 
 Data in Figures from (1) to (4) are examples for polymorphic and monomorphic markers for the three wheat 
genotypes by using 384 SSR specific markers. 

 
 
Fig. 1: The different amplification of 384 SSR markers of three Egyptian wheat cultivars. 
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Fig. 2: 384 SSR markers used to detect the Poly and Monomorphic percentage in three Egyptian wheat cultivars 

using. 
 

 
 
Fig. 3: Poly and Monomorphic bands in three Egyptian wheat cultivars. 
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Fig. 4: Data of Gene Marker program analysis for monomorphic detected band in Egypt -1 cultivar. 
 

 
 
Fig. 5: Data of Gene Marker program analysis for monomorphic detected band in Gemmeiza 11 cultivar. 
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Fig.6: Data of Gene Marker program analysis for polymorphic detected band on the three wheat cultivars ( 

Egypt-1, Gemmeiza11, and Sakha 93). 
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