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Abstract: This study was carried out at Agricultural Botany Department, Faculty of Agriculture Cairo
University and the Environmental Stress Laboratory (ESL), Agricultural Genetic Engineering Research Institute
(AGERI), Agriculture Research Center (ARC) Giza, Egypt. Aiming to evaluating the degree of salt tolerance of
four wheat cultivars namely; “Sakha93“,“Gemaza7“, “Sids1“ and “Sids12“ and estimating the mono and
polymorphism using SSR and RAPD techniques. Results indicated that fifteen out of one hundred fifty four
RAPD markers including fifty six monomorphic DNA fragments. In contrary, 98 fragments were polymorphic.
This corresponds to a level of polymorphism of 63.7%. The different primers revealed different levels of
polymorphism among the four studied wheat genotypes. The highest number of amplified DNA fragments was
fifteen with the primer 10, while the lowest number was 7 with the primer 2. The 10 SSR primer sets revealed 54
alleles across the 4 wheat cultivars with twenty four monomorphic amplicons. Thus, thirty amplicons were
polymorphic and the average level of polymorphism was 55.56%. The genetic similarity among the four wheat
genotypes ranged from 58.4 to 90.8. The lowest genetic (monomorphism) similarity estimate 58.4 was between
“Sakha93” and “Gemaza7”. In this respect, Genetic similarity matrices among the four wheat genotypes showed
that the range of pair similarity coefficient between genotypes was from 62.65 to 91.95. The lowest similarity
coefficient 62.65 was observed between “Sakha93” (salinity tolerant) and “Gemaza7” (salinity sensitive),
indicating that “Gemaza7” genotype was the most sensitive genotype. While, the two other genotypes
“Sakha93” (salinity tolerant) and “Sids1” (salinity tolerant) had the highest similarity value 91.95.
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INTRODUCTION Randomily Amplified Polymorphic DNAs (RAPD)

Wheat is a major cereal crop in many parts of the molecular techniques to detect polymorphism among
world. It belongs to family Poaceae which is one of the accessions of different plant species [2, 3]. RAPD
main sources of carbohydrates, nutrition, proteins and polymorphism results from DNA sequence variation at the
vitamins.  So,   one  third  of  the  world’s  population primer binding sites and from DNA length differences
consumes it [1]. In addition it is classified as a moderate, between primer binding sites. The other one SSRs
salt tolerant crop. Salt stress is abiotic stress and one of repetitive sequences that are spread throughout the
the most serious limiting factors for crop growth and genomes of eukaryotic organisms and shown to be the
production in the arid and semi-arid regions. The problem most variable component of the genome with a high rate
of soil salinity in agriculture is due to the presence of high of molecular evolution [4]. The regions flanking the
concentration of soluble salts in the soil which causes microsatellites are generally conserved among genotypes
nutrient imbalance and ion toxicity that inhibited the plant of the same species. PCR primers to the flanking regions
growth. There are some techniques which use to evaluate are used to amplify the SSR-containing DNA fragments
salt tolerance and the degree of relationship between and therefore, provide the bases of multi-allelic,
plants such as simple sequence repeats (SSRs) and codominant genetic marker systems.

techniques. The RAPD is one of the most widely used
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The main objective of the present study is to
studying genetic diversity among some wheat (Triticum
aestivum L.) genotypes namely; “Sakha93“,“Gemaza7“,
“Sids1“ and “Sids12“as revealed by RAPD and SSR
analyses.

MATERIALS AND METHODS

The present study was  carried  out  at  the
Department ofAgricultural Botany, Faculty of Agriculture,
Cairo University and the Environmental Stress Laboratory
(ESL) at the Agricultural Genetic Engineering Research
Institute (AGERI), Agriculture Research Center (ARC)
Giza, Egypt. 

Materials: Seeds of cultivars were obtained from the
department of Wheat Research, Field Crop Research
Institute, ARC, Egypt.

Methods
Extraction and Purification of Genomic DNA: A modified
CTAB (hexadecyl trimethyl ammonium bromide)
procedure  based  on  the  protocol   of   Porebski  et al.
[5].

Estimation of DNA Concentration: DNA concentration
was determined  by  diluting  the  DNA   1:5   in  dH O.2

The DNA samples were electrophoresed in 0.7% agarose
gel against 10ug of a DNA size marker (Lambda DNA
digested with HindIII and Phi x 174 DNA digested with
HaeIII). This marker covers a range of DNA fragments
size between 23130bp and 310bp and a range of
concentration between 95 ng and 11 ng. Thus, estimation
of the DNA concentration in a given sample was achieved
by comparing the degree of fluorescence of the unknown
DNA band with the different bands in the DNA size
marker.

Randomily Amplified Polymorphic DNA (RAPD)
RAPD-PCR Reactions: Twenty random decamer primers
were first screened on template DNA from the wheat
genotypes. These primers were synthesized at AGERI on
an ABI 392 DNA/RNA synthesizer (Applied Biosystems).
RAPD-PCR was carried out according to the procedure
described by Williams et al. [6] with minor modifications.
Fifteen oligonucleotide primers amplified reproducible
products and were finally selected for RAPD analysis
(Table 1).

Table 1: RAPD primers names and sequences.

Primer name Sequence (5'-3')

OP-D1 5'-ACCGCGAAGG-3'
OP-C17 5'-TTCCCCCCAG-3'
OP-Z2 5'-CCTACGGGGA-3'
OP-Z4 5'-AGGCTGTGCT-3'
OP-Z8 5'-GGGTGGGTAA-3'
OP-A7 5'-GAAACGGGTG-3'
OP-B4 5'-GGACTGGAGT-3'
OP-B14 5'-TCCGCTCTGG-3'
OP-N16 5'-AAGCGACCTG-3'
OP-C15 5'-GACGGATCAG-3'
OP-AO8 5'- GTGACGTAGG-3'
OP-A09 5'- GGGTAACGCC-3'
OP-A11 5'- CAATCGCCGT-3'
OP-A14 5'- TCTGTGCTGG-3'
OP-B03 5'- CATCCCCCTG-3'

Thermocycling Profile and Detection of the RAPD-PCR
Products: PCR amplification was carried out in a Perkin-
Elmer/GeneAmp® PCR System 9700 (PE Applied
Biosystems) thermocycler. The RAPD-PCR amplification
conditions were as follows: an initial extended step of
denaturation at 94°C for 5 min followed by 40 cycles of
denaturation at 94°C for 1 min, primer annealing at 36°C
for 1 min and elongation at 72°C for 1.5 min. The primer
extension segment was extended to 7 min at 72°C in the
final cycle. 

The amplification products (5ul) were resolved by
electrophoresis on 1.5% agarose gel containing ethidium
bromide (0.5 ng/ml) in 0.5X TBE buffer. PCR products
were mixed with 2.5 ul gel loading dye (6X dye: 0.25%
bromophenol blue, 0.25% xylene cyanol FF, 30% glycerol
in water) and spun briefly in a microfuge before loading.
A 100 bp DNA ladder was used as a molecular size
standard. PCR products were visualized on UV light and
photographed.

Simple Sequence Repeats (SSRs) 
SSR-PCR Reaction: Twenty primer pairs flanking ten
microsatellite regions were selected from the wheat
Database to amplify the specific band for salinty
tolerance. These specific primers were synthesized on an
ABI 392 DNA/RNA synthesizer (Applied Biosystems) at
AGERI (Table 2).

SSR assays were performed as described by Hussein
et al. [7]. The PCR reaction mixture (25ul final volume)
contained 25 ng of genomic DNA, 1x PCR buffer 1.5mM
MgCL2, 0.2 uM of each dNTPs, 1uM of each reverse and
forward primers and 1U bioron Taq DNA polymerase.
(from Bioron Comp.)



Am-Euras. J. Agric. & Environ. Sci., 15 (10): 2069-2075, 2015

2071

Table 2: Sequences of the ten SSR primers used to detect polymorphism among the wheat genotypes
Primer name Forward primer (5' 3') Reverse primer (5' 3') Annealing temperature
Xgwm 33 GGAGTCACACTTGTTTGTGCA CACTGCACACCTAACTACCTGC 60°C
Xgwm 165 TGCAGTGGTCAGATGTTTCC CTTTTCTTTCAGATTGCGCC 60°C
Xgwm 271 CAAGATCGTGGAGCCAGC AGCTGCTAGCTTTTGGGACA 60°C
Xgwm 382 GTCAGATAACGCCGTCCAAT CTACGTGCACCACCATTTTG 60°C
Xgwm 608 ACATTGTGTGTGCGGCC GATCCCTCTCCGCTAGAAGC 60°C
Xgwm 112 CTAAACACGACAGCGGTGG GATATGTGAGCAGCGGTCAG 55°C
Xgwm 410 GCTTGAGACCGGCACAGT CGAGACCTTGAGGGTCTAGA 55°C
Xgwm 639 CTCTCTCCATTCGGTTTTCC CATGCCCCCCTTTTCTG 55°C
Xgwm 129 TCAGTGGGCAGCTACACAG AAAACTTAGTAGCCGCGT 50°C
Xgwm 573 AAGAGATAACATGCAAGAAA TTCAAATATGTGGGAACTAC 50°C

SSR-Thermocycling Profile: Hot start and touchdown Data Analysis: The banding patterns generated by
profile was used as follows: an initial denaturation step at RAPD-PCR, SSR markers analyses were compared to
95°C for 10 min to activate the Bioron Taq, followed by a determine the genetic relatedness of the four wheat
touchdown profile of 10 cycles for 1 min at 95°C, 1min at genotypes. Clear and distinct amplification products were
65°C, 1.5 min at 72°C. The annealing temperature was then scored as ‘1’ for presence and ‘0’ for absence of bands.
reduced by 1°C every cycle until the annealing Bands  of  the  same  mobility were scored as identical.
temperature reached 55°C. This cycle was repeated 30 The genetic similarity coefficient (GS) between two
times. genotypes was estimated according to Dice coefficient

The products of the above reactions were [8].
electrophoresed on 8% non-denaturing polyacrylamide
gels. The gels were stained with ethidium bromide and Dice formula: GSij = 2a/(2a+b+c)
photographed under UV light.

Detection of SSR-PCR Products: Microsatellite alleles individuals; i and j, (a) is the number of bands shared by
may vary in length by only few base pairs, this difference i and j, (b) is the number of bands present in i and absent
is difficult to be detected on agarose gels. Therefore, 8% in j and (c) is the number of bands present in j and absent
polyacrylamide non- denaturing gel was used to exact in I.
allele sizing of the SSR loci. The polyacrylamide gel The similarity matrix was used in the cluster
preparation, electrophoresis, staining and photography analysis. The cluster analysis was employed to organize
were performed using the Pro TEAN II xi cell system from the observed data into meaningful structures to develop
Bio-RAD; as follows: taxonomies. At the first step, when each accession

The gel sandwich (glass plates and spacers) was represents its own cluster, the distances between these
assembled on a clean surface and held in place by the side accessions are defined by the chosen distance measure
arms. The gel sandwich was fixed into the alignment slot (Dice coefficient). However, once several accessions have
of the casting stand. Thirty-five ul TEMED were added to been linked together, the distance between two clusters
100ml of 8% non-denaturing acrylamide solution and is calculated as the average distance between all pairs of
mixed by swirling. The  acrylamide  solution  was poured accessions in the two different clusters. This method is
to   fill    the   space   between   the   two   glass  plates. called Unweighted Pair Group Method using Arithmetic
The appropriate comb was inserted immediately in a Average (UPGMA) [8].
manner that did not allow air bubbles to become trapped
under the teeth. The gel was allowed to polymerize for 60 RESULTS AND DISCUSSION
min at room temperature. Five ml of each sample was
loaded into the gel wells and separated in 1xTBE at a Detecting Polymorphism
voltage of 5v/cm. The run continued until the lower dye Polymorphism as Detected by RAPD Analysis: The
escaped from the gel. The gel was gently submerged in a fifteen primers amplified a total of  154  amplicons
staining solution (0.5mg/ml EtBr in 0.5x TBE) for 30-45 min including 56 monomorphic DNA fragments. While, 98
at room temperature, then briefly washed in deionized fragments  were   polymorphic  in  one  or  the  other  of
water for 10 min. The bands were detected on UV- the  four   wheat   genotypes   (Table  3  and  Figs.  1).
transilluminator then photographed. Most SSR primers This corresponds to a level of polymorphism of 63.7%.
usually amplified one or two major bands, while some The different primers revealed different levels of
gave more than two bands. polymorphism among the 4 wheat genotypes. The highest

where GSij is the measure of genetic similarity between
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Fig. 1: RAPD profiles for the 4 wheat genotypes as detected with primers OP-AO8 and OP-A09. M:100bp ladder DNA
marker.
where : V : “Sakha93“, V : “Gemaza7“, V3: “Sids1“and V : “Sids12“1 2 4

Fig. 2: The separation pattern of the SSR-PCR products on 3% agaros gel using the primers Xgwm 33 and Xgwm 165
Lanes 1- 4 represent, M: 100bp ladder DNA marker.
where : V : “Sakha93“, V : “Gemaza7“, V3: “Sids1“and V : “Sids12“1 2 4

Table 3: Number of primers, primer code, primers sequence (5'-3'), total number of band, monomorphic amplicons, polymorphic amplicons and percentage
of polymorphism as revealed by RAPD analysis

RAPD fragment score
--------------------------------------------------

No. of primers Primers code Total number of band Monomorphic Polymorphic Polymorphism %

1 OP-AO8 13 4 9 69.23
2 OP-A09 7 0 7 100.00
3 OP-A11 12 4 8 66.67
4 OP-A14 10 4 6 60.00
5 OP-A07 11 4 7 63.64
6 OP-B04 8 2 6 75.00
7 OP-B14 9 4 5 55.56
8 OP-B03 13 4 9 69.23
9 OP-BO7 8 4 4 50.00
10 OP-B08 15 8 7 46.67
11 OP-B20 9 3 6 66.67
12 OP-D01 10 4 6 60.00
13 OP-E04 9 4 5 55.56
14 OP-Z02 11 4 7 63.64
15 OP-Z04 9 3 6 66.67

Total ---- 154 56 98 63.70

number of amplified DNA fragments was 15 with the Polymorphism as Detected by SSR Analysis: As shown
primer 10, while the lowest number was 7 with the primer in Table (4) and Fig. 2, ten out of the fifteen primer pairs
2 (Table 3). revealed  monomorphic  patterns.  The  10 SSR primer sets
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Table 4: Primer code, the total number of amplicons, monomorphic amplicons, polymorphic amplicons and percentage of polymorphism as revealed by SSR
analysis

No. Primes Total of amplicos Monomorphic amplicons Polymorphic amplicons Polymorphism %
1 Xgwm 33 4 0 4 100.00
2 Xgwm 165 6 4 2 33.33
3 Xgwm 271 5 0 5 100.00
4 Xgwm 382 3 0 3 100.00
5 Xgwm 608 5 4 1 20.00
6 Xgwm 112 6 4 2 33.33
7 Xgwm 410 7 4 3 42.86
8 Xgwm 639 5 0 5 100.00
9 Xgwm 129 6 4 2 33.33
10 Xgwm 573 7 4 3 42.86

Total 54 24 30 55.56

revealed 54 alleles across the 4 wheat accessions with 24 analysis. Genetic similarity coefficient (GS) between the 4
monomorphic amplicons. Thus, 30 amplicons were wheat genotypes was estimated according to Dice
polymorphic and the average level of polymorphism was coefficient [8].
55.56%.

It is evident that the genotypes “Gemaza7“ and Genetic Relationships among the Wheat Genotypes as
“Sids12“ representing the sensitive genotypes upon the Revealed by RAPD 
morphological and physiological traits proved their Markers: The genetic similarity among the 4 wheat
salinity sensitivity according to the applied specific genotypes ranged from 58.4 to 90.8 (Table 5). The lowest
microsatellite primer pairs Xgwm 3, Xgwm 165, Xgwm 271, genetic similarity (58.4) was between Sakha 93 and Gemaza
Xgwm 382, Xgwm 608, Xgwm 112, Xgwm 410, Xgwm 639, 7 and the highest was between Sakha 93 and Sids1.
Xgwm 129 and Xgwm 573 for specific genes related to
salinity tolerance. On the other hand, the other genotypes Genetic Relationships among Wheat Genotypes as
“Sakha93“ and “Sids1“representing the tolerance Revealed by SSR
genotypes. So we can use specific microsatellite primer Markers: As shown in Table (6), the estimated similarities
and/or specific band linked to specific genes related to among the 4 wheat genotypes ranged from 60.3 to 93.1
salinity tolerance in molecular breeding like molecular The highest  genetic  similarity  (93.1)  was  between
assisted selection. In this context Shahzad et al. [9] found Sakha 93 (salinity tolerant) and Sids 1 (salinity tolerance).
that from twelve SSR markers five markers were identified While, the lowest genetic similarity (60.3) was between
as most suitable to evaluate salt tolerance because they Sakha 93 (salinity tolerance) and Sids 12 (salinity
were associated with four or more salt tolerance traits sensitive). This high similarity could be attributed to the
studied in Egyptian wheat. The obtained results are nearly fact that the two genotypes belong to be tolerant and
in accordance with those reported by many workers have specific genes for salinity tolerant.
among them; Almanza-Pinzón et al. [10] reported that from
2 to 4 alleles per locus in 70 wheat genotypes with 37 SSR Genetic Relationships among the Wheat Genotypes as
markers and a PIC value that ranged from 0.13 to 0.74 with Revealed by Combined Data from 
an average of 0.45. While, Bányai et al. [11] reported an RAPD and SSRs: In the present investigation, the results
average 0.60 PIC value in 96 wheat genotypes using 15 revealed that the different types of markers expressed
SSR markers. Ijaz and Khan [12] reported maximum 95% different levels of genetic similarity among the 4 wheat
and minimum 41% similarity in 63 wheat genotypes. genotypes. This could be due to the different mechanisms

Genetic Relationships among the Wheat Genotypes: Therefore, combining the data obtained from the different
Knowledge of genetic relationships among genotypes is types of markers may increase the genome coverage and
useful in plant breeding programs. In the present study, consequently reveal more informative genetic
the banding patterns generated by RAPD and SSR were relationships.
scored as a binary unit character (1= present, 0= absent). The scoring data derived from the two marker types
Bands of the same mobility were scored as identical. The (RAPD and SSR) were combined and computed to
scored 0,1 data were evaluaed in the similarity matrix generate  more  accurate  relatedness  among  the  4 wheat

of polymorphism detection by the different marker types.
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Table 5: Genetic similarity matrix among the four Wheat genotypes as computed according to Dice coefficient from RAPDs

RAPDs Sakha 93 Sids 1 Sids 12 Gemaza 7

Sakha 93 100
Sids 1 90.8 100
Sids 12 70.2 92.5 100
Gemaza 7 58.4 70.4 79.4 100

Table 6: Genetic similarity matrix among the four wheat genotypes as computed according to Dice coefficient from SSRs

SSRs Sakha 93 Sids 1 Sids 12 Gemaza 7

Sakha 93 100
Sids 1 93.1 100
Sids 12 60.3 88.3 100
Gemaza 7 66.9 73.6 86.4 100

Table 7: Genetic similarity matrices among the 4 Wheat genotypes as computed according to Dice coefficient from combined data

Combined Sakha 93 Sids 1 Sids 12 Gemaza 7

Sakha 93 100
Sids 1 91.95 100
Sids 12 65.25 90.4 100
Gemaza 7 62.65 72 82.9 100

genotypes. The range of pair similarity coefficient (salinity tolerant) and Gemaza 7 (salinity sensitive),
between genotypes was from 62.65 to  91.95  (Table  7). indicating that Gemaza 7 genotype was the most sensitive
The lowest similarity coefficient (62.65) was observed genotype. The two genotypes Sakha 93 (salinity tolerant)
between Sakha 93(salinity tolerant) and Gemaza 7 (salinity and Sids 1(salinity tolerant) had the highest similarity
sensitive), indicating that Gemaza 7 genotype was the value.
most sensitive genotype. While, the two genotypes Sakha
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