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ABSTRACT 
 
 Wheat is very important and complicated genome, because it has a homologeous genes located on 
homologous chromosomes and belong to genomes that have high similarity. The genes of these genomes are 
either ortholog or paralog. Similar genomes are due to similar ancestors. The results of molecular markers in the 
present study depended on the detection of non-coding sequences which are false results and cannot be used. So 
it was important to use the molecular markers (EST-SSR) belonging to transcribed region of the genome. Just 
26.7% of the eight used eSSRs primers in this study were polymorphic. Even they had low percentage of 
polymorphism, they were effective to remark genomes and cultivars and also helped in the detection and 
following up of some important genes. For example; three primers CFE16, CFE41 and CFE14 detected 
remarkable alleles for wheat genomes (A, B and D), in addition CFE14 remarked genome A and the marker was 
sequenced to detect loci for glutenin gene.  
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Introduction 
 
 Wheat is an important cereal used predominantly for food. There are two important species of the genus 
Triticum; Firstly, durum wheat (Triticum turgidum Desf. var. durum) is an allotetraploid species with 2n = 4x = 
28 (AABB genome) that originated through intergeneric hybridization and polyploidization involving two 
diploid grass species; T. urartu (2n = 2x = 14, AA genome) and a B genome diploid related to Aegilops 
speltoides (2n = 2x = 14, SS genome). Secondly, the common wheat (T. aestivum), which is called bread wheat. 
It is allohexaploid which includes A, B and D genomes, representing three ploidy levels (2n=6x=42). The 
molecular genetic data indicate that T. aestivum arose from hybridization of T. turgidum (AABB, 2n=28) and 
Ae. tauschii Coss. (2n = 14, DD). Thus the A and B genome chromosomes in these two cultivated wheat species 
are > 99% identical. Owing to the common A and B genomes, it is easily used to improve bread wheat because 
T. durum has the most desirable traits donors for T. aestivum improvement by interspecific hybridization with 
homologue chromosome pairing and recombination (Blanco et al., 2001 and Valkoun, 2001).  
 Expressed genes represented as cDNA, scientists can sequence a few hundred nucleotides from either the 5' 
or 3' end to create 5' or 3' expressed sequence tags (Jongeneel, 2000). A 5' EST is obtained from the portion of a 
transcript (exons) that usually codes for a protein. These regions tend to be conserved across species and do not 
change much within a gene family. The 3' ESTs are likely to fall within non-coding (introns) or untranslated 
regions (UTRs). ESTs also allow a computational approach to the development of simple sequence repeats 
(SSRs) and single nucleotide polymorphism (SNP) markers (Eujayl et al., 2002).  
 If we compare eSSR with SSR and RFLP, we will find some advantages and disadvantages of these 
molecular markers, such as the high polymorphism of genomic SSRs while EST-SSR is less powerful in 
providing information on genetic variations (Eujayl et al., 2002 and Thiel et al., 2003). On the contrary, eSSRs 
are generally anchored within more conserved transcribed regions across species than those from the 
untranscribed regions like SSRs (Caudrado and Jouvea, 2008). So eSSR are valuable markers, because of their 
higher level of transferability to related species and they can often be used as anchor markers for comparative 
mapping and evolutionary studies and could prove useful for marker-assisted selection, especially when the 
markers reside in the genes responsible for a phenotypic trait (Varshney et al., 2005). The eSSR markers were 
transferable among related Triticeae species, useful for gene tagging, gene cloning and comparative genomics 
studies of cereal crops (Peng and Lapitan, 2005). 
 EST-derived microsatellites or simple sequence repeats (eSSR) occur in expressed sequence tags (EST). 
Out of the eSSR that used as molecular markers, about 60% of them are trinucleotides, 16.7% are dinucleotides, 
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19.7% are mononucleotide and the remaining 3% consisted of tetra-, penta- and hexanucleotides (Peng and 
Lapitan, 2005). They represent transcribed genes and a putative function can often be deduced by a homology 
search (Varshney et al., 2005), because no clear putative function could be assigned to the genes from the SSRs 
(Zhang et al., 2005). The development and use of molecular markers for the detection and exploitation of DNA 
polymorphism is one of the most significant developments in the field of molecular genetics (Semagn et al., 
2006). However, isolation of important genes in wheat is a major challenge and a pre-requisite for the 
exploitation of such molecular techniques. 
 This study aimed to compare between wheat genomes using the EST-SSR as a molecular marker tool and to 
analyze the uniquely amplified alleles to predict the function of the sequences by different computational 
analysis tools.  
 
Material and Methods 
 
Wheat Materials: 
 
 Diploid (AA), tetraploid (AABB) and hexaploid (AABBDD) represented by three cultivars for each wheat 
species were used in the present study (Table 1). Their seeds were germinated and the chromosomes number 
was tested by cytological examination to prove the sample homogeneity and other seeds from the same samples 
were used to isolate genomic DNA. 
 
Table 1: Wheat species code, scientific names, cultivar origin, their ploidy models and sample sources. 

Code Scientific Name Cultivar Origin Ploidy Model Source  

DA1 
T. urartu 

 
Iranian  

Diploid  
AA 

ICARDA  
 

DA2 
T. urartu 

 
Iraqi  

Diploid 
 AA 

ICARDA  
 

DA3 T. monococcum 
Yemen  
“Aless” 

Diploid 
 AA 

Faculty of Agriculture 
Ain Shams Univ. 

T1 
T. durum 

 
Egyptian  

“Baniswef 1” 
Tetraploid 

AABB 
Agriculture Research  

Centre Egypt 
T2 

T. durum 
 

Egyptian  
“Baniswef 3” 

Tetraploid 
AABB 

T3 
T. durum 

 
Egyptian  

“Sohag 3” 
Tetraploid 

AABB 
H1 

 
 

T. aestivum 
 

Egyptian  
“Sakha 93” 

Hexaploid 
AABBDD 

Agriculture Research 
 Centre Egypt H2 

T. aestivum 
 

Egyptian  
“Gemeiza 9” 

Hexaploid 
AABBDD 

H3 
T. aestivum 

 
Egyptian  

“Giza 168” 
Hexaploid 
AABBDD 

 
Extraction of Genomic DNA: 
 
 The DNA was extracted from the seeds of all the samples according to the protocol of Biospin plant 
genomic DNA extraction Kit (BioFlux). 
 
Primer Design: 
 
 The 5` EST-SSR sequences mapped on wheat chromosomes were available from the wheat EST primers 
database http://wheat.pw.usda.gov/wEST. The primers were selected to represent A, B and D genome as the 
linkage group to the primer, also to represent different SSR motifs (di-, tri- and tetranucleotides repeats) (Table 
2). 
 
PCR Amplification: 
 
 Amplification of DNA with eSSR was carried out in 25 reaction mixtures, each containing 100ng template 
DNA, 2.5M for each eSSR primer (F/R) “designed by BIONEER company,،Korea”, 200M each of the dNTPs, 
1.25U DreamTaqTM DNA polymerase included 20mM MgCl2, 10× Dream TaqTM buffer “Fermentas, Life 
Science, USA”. The following PCR profile was used in a DNA Mastercycler, Eppendorf, Germany. Initial 
denaturation at 95◦C for 5 min followed by 45 cycles of 95◦C for 1min, 42 to 48◦C for 30sec (according to the 
primer’s annealing temperature), 72◦C for 30 sec, with a ramp at the rate of 0.5°C per second and final extension 
at 72◦C for 10min. The amplification products were resolved in 1.2% Agarose gels, stained with ethidium 
bromide and weighted by 100bp DNA ladder (Axygen). 
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Table 2: EST-SSR primers, their linkage group, the SSR motifs of each primer and their expected size.  

 Primers 
Linkage 
Group 

SSR Refrenced 
EST-SSR 
Sequences 

Expected SSR 
size Motif  Type 

CFE 30 
Left/GATCGAGGAGTGAGTGAGGC 

3A (TGTA)8 / Tetra- 
3 

210 bp 
Right/TATACAAATGGCTTGCAGTACG 

CFE 53 
Left/TGGACCGCAGAGACTTCG 

2AL (TC)1 / Di- 
20 
 120 bp 

Right/ GTCCGCCCAAACCCTACC 

CFE 52 
Left/TGTCGTAGAAGGGCTCCG 

2B (TC)1 / Di- 
9 

159-182 bp 
Right/ AAACCCTACCTCCTAGCTCCC 

CFE 14 
Left/ CGTCCTTGGGCTGGTAGTAG 

2B (TC)8 / Di- 
1 

BE399021 255 bp 
Right/ CCGCAGAGCACTCCACTT 

CFE 41 
Left/CCGGAGAAGAGCACCTAGC 

1D (GCGG)5 / Tetra- 
10 

213 bp 
Right/ TACGAAAACCTGACCGCC 

CFE 29 
Left/CAGACTCCAGAGAGCGCC 

3D (GA)7 / Di- 
9 

213, 219 bp 
Right/ GACGAGGTTGTGGTTCGC 

CFE 36 
Left/GATCTGGAGGAGGCGGTAG 

4D (GCG)4 / Tri- 
19 

143-147 bp 
Right/ CTTCAGCGTGTCGATGGG 

CFE 16 
Left/GAAACACTGACAGCAGGAAGG 

5D (CAT)4/Tri- 
10 

238 bp 
Right/ AGAAGGCGAGGACGATGAC 

 
Sequencing: 
 
 The remaining aliquots of PCR products were purified using Promega PCR purification kit and were 
sequenced from forward direction (because the molecular size of the patterns is less than 500 bp) on the contrary 
from MACROGEN, Seoul, South Korea (www.macrogen.com). The alignment of sequences was done by 
BLAST (www.ncbi.nlm.nih.gov).  
 Because of poor quality EST sequences less than 200bp was not included in the analysis. The identification 
of microsatellites was carried out according to (Temnykh et al., 2001). Microsatellites greater than 12bp were 
considered, which means there should be six occurrences of a di-nucleotide repeat, four occurrences of a tri-
nucleotide repeat, three occurrences of a tetra- and 2.5 occurrences of a penta-nucleotide repeat. Di-nucleotide 
repeats could be grouped into four classes, tri-nucleotide repeats into 10 classes, tetra- repeats into 33 classes 
and penta-nucleotide repeats into 102 classes.  
 
Results and Discussion: 
 
EST-SSR (eSSR) as Molecular Markers: 
 
 Eight eSSRs loci belonging to some primers (14, 16, 29, 30, 36, 41, 52 and 53) from CFE group which, 
represented in three SSR types; 4 di-, 2 tri- and 2 tetra- nucleotides repeats (Table 2).  
 The present study found unmatched between the number and size of the detected alleles and the expected 
alleles, which mentioned in the referenced primer datasheets. These differences were noticed also by Peakall et 
al., (1998); Sefc et al., (1999); Rossetto et al., (2000); Bandopadhyay et al., (2004) and Nicot et al., (2004). 
There were good explanations through these researches concentrated around various factors; using different 
PCR conditions, different species might rarely also include mutations, rearrangements and duplications in the 
segment between the primer-binding site and the SSR itself, the amplification of small intron, loss of SSRs in 
the related genomes, mutations in the primer binding sites, using different buffers, chemicals types, different 
thermo-cycler and sensitivity of the PCR technique.  
 Among eight successful amplified eSSRs primer pairs, 40 alleles were obtained. Only these three primers 
CFE (14, 16 and 41) gave polymorphism (26.7%) (Figures 1-a,b and h) and the other five primers CFE (29, 30, 
36, 52 and 53) amplified monomorphic alleles (Figures 1- c, d, e, f and g). The primers CFE (14, 16 and 41) 
represent the SSR motifs types di-, tri- and tetra- nucleotides, respectively which detected 7 polymorphic and 
unique alleles. CFE14, 16, 41 detected 10 out of 33 monomorphic alleles, while the other 5 eSSR CFE52, 
CFE53, CFE29 (di-), CFE36 (tri-) and CFE30 (tetra-)] detected 23 out of 33 of the total number of 
monomorphic alleles, as illustrated in (Table 3). These were not unfamiliar because, the EST-SSR markers have 
been reported to have lower rate of polymorphism compared to the SSR markers derived from genomic libraries 
(Scott et al., 2000; Eujayl et al., 2002 and Chabane et al., 2005).  
 A total of 40 eSSR alleles were detected and the number of alleles per locus ranged between 3 (CFE 52 and 
36) to 8 (CFE 29), with an average of 5 alleles per locus (Table 3). Table (4) represented a summation of 
molecular comparison between wheat genomes A,B and D. Depending on using the eight eSSRs and calculating 
the averages of the total number of alleles per genome, number of unique alleles, frequency of alleles and 
polymorphic information content (PIC) of detected alleles. All the results were compatible together and showed 
that; genome D had the highest average followed by B and then comes A genome with averages of 5.25, 5 and 
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4.5 alleles per genome, respectively. Averages of allele’s frequency per genome were (1.0, 0.9 and 0.87) for A, 
B and D genomes, respectively. The average of PIC values; 0.12 for D genome, 0.1 for genome B and the value 
of A genome was 0.0. These results agreed with previous study of Wang et al., 2007 when they used 47 eSSR 
and found that the genome B had higher PIC comparing with genome A. On the contrary, it is obvious that 
genome A scored the highest average number of monomorphic alleles and the average of allele’s frequency, 
followed by genome B and the lowest one was genome D. The PIC depends on the number of detectable alleles 
and the distribution of their frequency, in addition, refers to the value of a marker for detecting polymorphism 
within population (Anderson et al., 1993). The PIC value of markers indicates the usefulness of DNA markers 
for gene mapping, molecular breeding and germplasm evaluation and is informativeness in specific families 
(Peng and Lapitan, 2005). The lower PIC of eSSRs relative to genomic SSRs is perhaps due to the high 
conservation of coding regions among cultivars within a species (Eujayl et al., 2002) and hence they are 
expected to be more transferable to closely related genera (Cordeiro et al., 2001; Hempel and Peakall, 2003 and 
Decroocq et al., 2003). 
 
Table 3: Monomorphic, polymorphic, unique alleles, total number of amplified alleles for the eight used eSSR loci, the average of allele’s 

frequencies and the polymorphic information content per locus. 

Parameters 
Monomorphic 

alleles 
Polymorphic alleles 

*Unique 
alleles  Total 

 of amplified 
alleles 

Mean of allele 
frequency 

PIC 
Primers and 

Linkage group 
No. 

Length 
bp 

No. 
Length 

bp 
No. 

Length 
bp 

CFE 30 
LG: 3A 
Tetra- 

5 

789 
701 
582 
500 
425 

0 -- 0 -- 5 1.00 0 

CFE 53 
LG: 2AL 

Di- 
4 

635 
507 
443 
385 

0 -- 0 -- 4 1.00 0 

CFE 52 
LG:2B 

Di- 
3 

428 
378 
319 

0 -- 0 -- 3 1.00 0 

CFE 14 
LG:2B 

Di- 
5 

201 
184 
142 
126 
115 

0 -- 2 
457 
346 

7 0.8 0.2 

CFE 41 
LG:1D 
Tetra- 

2 
130 
190 

2 
324 
223 

2 
208 
162 

6 0.7 0.3 

CFE 29 
LG:3D 

Di- 
8 

679 
371 
297 
249 
211 
175 
144 
120 

0 -- 0 -- 8 1.00 0 

CFE 36 
LG:4D 

Tri- 
3 

433 
321 
291 

0 -- 0 --  3 1.00 0 

CFE 16 
LG:5D 

Tri- 
3 

198 
82 
64 

0 -- 1 149 4 0.8 0.2 

Total 33  2  5  40 7.3 0.7 
Average 4  0.25  0.62  5 0.18  

*The unique bands refer to marker of the genome. 

 
Table 4: Average of allele’s frequency for each wheat genome (A, B and D genome). 

Average 
 

Genome Per genome  

A genome 
Locus CFE 53 
Locus CFE 30 

B genome 
Locus CFE 52 
Locus CFE 14 

 

D genome 
Locus CFE 41 
Locus CFE 29 
Locus CFE 36 
Locus CFE 16 

 Number of alleles 4.5 5.0 5.25 
Alleles frequency 1.0 0.9 0.87 

PIC 0 0.1 0.12 

 
 



2151 
J. Appl. Sci. Res., 7(12): 2147-2155, 2011 

 

 

 
 

Fig. 1: The amplified profile of eSSR using different primers;  
             a: CFE14                    b:CFE16           c: CFE29           d:CFE30 
             e: CFE36                   f: CFE 52           g: CFE53            h:CFE41 
 
 The results indicated that the SSR motifs of EST played an expected role; the average of the allele’s 
frequency of di-nucleotide motifs was the highest (0.95 alleles per locus) followed by the tri-nucleotide then the 
tetra- nucleotide motifs (0.9 and 0.85 alleles per locus, respectively) as seen in Table (5).This observation 
agreed with some investigations; (Temnykh et al., 2001; Peng and Lapitan, 2005 and Wang et al., 2007). All the 
references evaluated the eSSR as one of the successful molecular markers but in this study we directed this 
approach to different view, as an important step to detect some important genes, especially when there are a lot 
of difficulties to detect these genes such as huge genes which cannot be detected easily or to overcome high 
cost. 
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Table 5: Total number and averages of allele’s frequency for each type of motifs (tetranucleotide, trinucleotide and dinucleotide). 
 Type of 
 Motifs 

Tetra- 
nucleotides 

Tri- 
nucleotides 

Di- 
nucleotides 

Total number of alleles 11 7 22 
Average of alleles frequency 0.85 0.90 0.95 

 
 In our research, eight eSSR loci consist of three SSR types; 4 di-, 2 tri- and 2 tetra- nucleotides repeats 
detected  35 alleles. Three  out of  8 loci (26.7%) were polymorphic (CFE14 “di-“CFE16 “tri-“and CFE41 
“tetra-“) which detected 6 polymorphic alleles, while the other 5 eSSR (CFE52, CFE53, CFE29 “di-“, CFE36 
“tri-“and CFE30 “tetra-“) detected 29 monomorphic alleles. However, the EST-SSR markers have been reported 
to have lower rate of polymorphism compared to the SSR markers derived from genomic libraries (Scott et al., 
2000; Eujayl et al., 2002; Chabane et al., 2005). 
 CFE16 and CFE41 detected coding allele’s sizes of 149 bp and 208 bp, respectively as molecular markers 
for D genome as seen from Table 3. These results agreed with localization of both eSSR loci which have 
linkaged to group D (Table 2). On the other hand, CFE14 showed unexpected results that detected two unique 
bands with sizes of 457 bp and 346 bp for genome A while eSSR had linkage group with B genome. These 
results could due to the diploid species that represent A genome referring to the Triticum turgidum subsp. 
dicoccoides and the tetrtaploid species represent AABB genome referring to Triticum turgidum Desf. var. 
durum, in addition to the identity between A and B genomes which is more than 99% (Kubalakova et al., 2005).  
 For instance, it has been shown that the allelic variation at some of the EST-SSR loci may arise due to 
deletion and base substitution events, in the intervening sequences between the priming sites and the SSR. The 
variability within a flanking sequence is sufficient to distinguish even between the two duplicate loci in the same 
genome (Decroocq et al., 2003). This could be particularly useful for differentiating loci located on 
homoeologous chromosomes in allopolyploid species such as bread wheat. 
 The expectation of detecting the transferability of related species by EST-SSRs is higher relative to that of 
genomic SSRs, making the former more useful resource of molecular markers in Triticeae. This higher level of 
transferability can be attributed to a higher level of conservation of DNA sequences belonging to the transcribed 
region of the genome. While the unexpected results was that eSSR able to remark the cultivars, not just the 
genera and species, where CFE41 detected allele 324bp which differentiated between the tetraploid cultivars. 
This allele appeared in Baniswef 1 and Baniswef 3 and disappeared in sohag3. The CFE41 also detected allele 
(162bp), in the tetraploid species, while it was missed in the diploid species (A genome) and hexaploid species 
(ABD genome), which means that this allele is remarkable for B genome. 
 The polymorphic information content “PIC” value of markers indicates the usefulness of DNA markers for 
gene mapping, molecular breeding and germplasm evaluation (Peng and Lapitan, 2005). Wang et al., in 2007 
found the average PIC value in durum wheat accessions lower than that detected by genomic SSR markers by 
(Roder et al., 1998) and higher than RFLP markers that evaluated by Anderson et al., 1993. The lower PIC of 
eSSRs relative to genomic SSRs is perhaps due to the high conservation of coding regions among cultivars 
within a species (Eujayl et al., 2002) and hence they are expected to be more transferable to closely related 
genera (Cordeiro et al., 2001; Hempel and Peakall, 2003; Decroocq et al., 2003). 
 CFE16 and CFE41 primers detected coding alleles (149 bp and 208 bp, respectively) as a molecular marker 
for D genome (Table 3), these results agreed with localization of both eSSR loci which have linkage to group D 
(Table 2). On the other hand CFE14 showed unexpected results where it has detected two unique bands with 
sizes of 457 bp and 346 bp for genome A, while those eSSRs had linkage group with B genome. These results 
may be due to the identity between A and B genomes which is more than 99% (Kubalakova et al., 2005). 
 For instance, it has been shown that the allelic variation at some of the EST-SSR loci may arise from a 
deletion and base substitution events, in the intervening sequences between the priming sites and the SSR. The 
variability within a flanking sequence is sufficient to distinguish even between the two duplicate loci in the same 
genome (Decroocq et al., 2003). This could be particularly useful for differentiating loci located on 
homoeologous chromosomes in allopolyploid species such as bread wheat. 
 The expectation of EST-SSRs which detect the transferability of related species is higher relative to that of 
genomic SSRs, making the first more useful as molecular marker technique in comparative genomic studies in 
Triticeae. This highly level of transferability can be attributed to a higher level of conservation of DNA 
sequences belonging to the transcribed region of the genome. While there were unexpected results where one of 
the used eSSRs remarked the cultivars, so it is extended to differentiate the cultivars as it does with the genera 
and the species, CFE41 detected allele with 324 bp which contrasted variations between cultivrars of T. durum 
(within tetraploid spcecies). This allele appeared in samples; Baniswef 1 and Baniswef 3 while disappeared in 
sohag3. The CFE41 also perceived allele (162 bp) in all the tetraploid species, while it was missing in all the 
diploid (A genome) and hexaploid (ABD genome) species, which means; that this allele is almost exclusive for 
the B genome. 
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Sequencing of Genome A Detected by (CFE14): 
 
 The used eSSR primers in this study were designed to detect EST-SSR sequences, these coding regions 
have SSR motifs, but some of these primers were able to detect more than one EST-SSR loci and represent more 
than one gene (Table 2). Primer CFE14 was the only one that gave one coding sequence or locus, so it was 
chosen to analyze the sequence of its remarkable detected alleles of all the cultivars of diploid species (AA). 
 When Chur Sim et al., (2009) studied cereals using EST-SSR, they found that the majority of the common 
EST-SSRs have an orthologous relationship and a majority of the sequences presented similar repeat motifs 
between examined cereal species. The sequenced samples displayed the following: 
>100701-23_P15_DiploidAA -CFE14_forword 327 
ANNNNNGCNTCGANCCNGAGGGGTTGTGTGCCACGACAATTAGTGTTTTGATTGCCCCGAGCTGG
TGGGCCCCGGCAAGATAGGTTCCGTTGGCGGTCACCATCTCCACCGTTCATCTCCATCGACGACTA
CCCTCCCAAGGACGACTACTGCCAGCCCAAGGAGGAAAGATATTGTATTCGACGTTCACATGACA
CCAATTAAAGAAGGGCCAACTACCTCCTATCAAAATTTCAAATGAATACCATATTCCCATGACTAC
TTATAGCCAGATTTCTCCCCTGCCCCCACGAACCAACGTTCGTTCCCACCAAAAATATTTCTGATC  
Notice TC motifs that exist through the sequence.  
 
Sequence Analysis: 
 
 The obtained sequences were aligned to be identified by the bioinformatics tools. Primer CFE14 was 
developed from eSSR locus GI: BE399021, which represented wheat endosperm library Triticum aestivum. The 
first step to analyze the sequence was the alignment against other nucleotides in the database (BLASTn) 
http://blast.ncbi.nlm.nih.gov/Blast.cgi. The results were unique and novelty was obtained, because locus CFE14 
was linked to group 2B of wheat chromosome (Table 2). 
 
a) Partial homology (similarity) to Triticum aestivum (CT009735.1) with total score 215, covering 45% of the 

query, maximum identity 80% and e-value (3e-20), but this similarity is not new because it may belong to 
hexaploid contains A, B and D. 

b) Partial homology (similarity) to Triticum turgidium A genome HMW glutenin A gene locus (gi: 40849982 
and gb: AY494981.1) with total score of 305, e-value (3e-20) according to query coverage 52% and the 
maximum identity was 79% (Figure 2). This is more accurate similarity because the eSSR locus was 
developed from wheat endosperm library and the HMW glutenin are part of endosperm proteins. 

 
 To analyze the nucleotide sequence we searched for the motifs and the motif search software 
(http://www.genome.jp/tools/motif/) was used to identify the nucleotide sequence, the following motifs were 
discovered: 
a) 2Fe-2S ferredoxins, iron-sulfur binding region signature, its prosite ID: 2FE2S_FER_1 (PS00197), motif 

position ranged from 204 to 212 bp, it was CATGACTAC.  
b) VWFC domain signature motif was discovered also, where its prosite ID: VWFC_1 (PS01208), this motif 

was found in four positions as follows: 
 
(44-88bp) CGGTCACCATCTCCACCGTTCATCTCCATCGACGACTACCCTCCC 
(50-88bp) CCATCTCCACCGTTCATCTCCATCGACGACTACCCTCCC  
(51-88bp) CATCTCCACCGTTCATCTCCATCGACGACTACCCTCCC  
(64-109bp) CATCTCCATCGACGACTACCCTCCCAAGGACGACTACTGCCAGCCC  
 

 
Fig. 2: The alignment between the sequences of the detected alleles of CFE14 (Query) and the sequence of the 

Triticum turgidium A genome HMW glutenin A gene locus. 
 
 Motif 2Fe-2S is a structural motif, from the comparison of the coding proteins between rice and spinach 
chlorine monooxygenase (CMOs), rice CMO potentially shares two conservative motifs including a Rieske-type 
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[2Fe-2S] (Rathinasapathi et al., 1997) cluster and a mononuclear non-heme Fe binding sequence. These motifs 
are considered to be essential for the function of CMO (Gray et al., 1997). On the other hand, VWFC motif has 
conserved cystine which was found in many cereal crops like rice. Four genes contributing to seed or grain size, 
was found in (GS3), as one of these genes that encode a novel protein with several conserved domains including 
a von Willebrand factor type C (VWFC) domain that has C-terminus, which showed an inhibitory effect on the 
organ size regulation function (Fan et al., 2006). This explanation supported our results because of the synteny 
between wheat and rice gene blocks.  
 
Translated Sequence: 
 
 The second step of analysis was done by expasy (http://www.expasy.org) tools to predict all the possible 
protein frames of translation. Of the expected six frames, only frame3 was the most favorable frame which was 
supported with the BioEdit software (http://bioedit.software.informer.com). 
 To test this frames suggestions we analyzed all of them by blastp (http:/blast.ncbi.nlm.nih.gov/Blast.cg) to 
find which one is the suitable one, it was found that the suggested frame is the right one since it was the only 
one similar to hypothical protein of T. aestivum (GI: 86439723). The BioEdit software was used to predict the 
amino acid sequence and analyze the sequence. The amino acids length of the expected frame was 109 amino 
acids with total molecular weight of 12486.08 daltons. The expected frame was frame3 from 5' to 3' as seen 
below: 
 
5'3' Frame 3: 
 
 >100701-23_P15_Diploid CFE14_forword.327 
XXXSXXRGCVPRQLVF*LPRAGGPRQDRFRWRSPSPPFISIDDYPPKDDYCQPKEERYCIRRSHDTN*RRANY
LLSKFQMNTIFP*LLIARFLPCPHEPTFVPTKNISD 
*means stop codon  
 
Alignment by BLAST: 
 
 The first step of the sequencing was aligned against other nucleotides in the database (blastn).The results 
was unique and novel since that we found alignment with Triticum turgidium A genome HMW glutenin A gene 
locus (gi: 40849982 and gb: AY494981.1) with E-value (3e-20) according to query coverage 52% and the max. 
Identity was 79%. The analysis of the nucleic acids was done by BioEdit software 
http://bioedit.software.informer.com. 
 
Conclusion:  
 
 This study aimed to find easy and effective way to detect molecular markers using EST-SSR. Genes such as 
glutenin genes in wheat are difficult to be identified and analyzed. Therefore, studying phylogenetic links 
between the different species was done through the bioinformatics approaches, which was our guidance tool in 
the present study. Three cultivars of each diploid (A), (B) genomes, tetraploid (AB) and hexaploid (ABD) were 
used. 
 For the molecular studies, the primers were selected to represent different linkage groups to genomes; A, B 
and D. Also, several of SSR motifs (di-, tri- and tetra-nucleotides repeats) were represented through the primers. 
One of the eSSR primers CFE14 had unique alleles that remarked genome (AA) in the diploid samples. Primer 
CFE14 was designed to detect one locus “GI:BE399021”, from the genbank databases of “wheat endosperm 
library T. aestivum cDNA clone. The PCR products of all diploid samples were amplified to detect locus 
CFE14, then were purified and sequenced.  
 The results of alignment which was done by BLASTN tool of NCBI revealed significant similarity with T. 
turgidum A genome HMW glutenin A gene (GI: 40849982). Using this approach eSSR was found to be a good 
one not only as a molecular marker, but also it can be used as a probe to identify genes of interest.  
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