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Abstract: The genetic variability and relationships among 5 Egyptian wheat genotypes representing Sakha8, Sakha69,
Sakha93, Sids1 and Gemmiza7 were analyzed using 8 random amplified polymorphic DNA (RAPD). A total of 77 loci (73 %
polymorphic) in all 5 wheat genotypes was amplified and discriminated all the wheat genotypes. PIC, RP, MI, DP values were
evaluated and revealed degree of genetic divergence among the cultivars used. A cluster based on UPGMA (Un-weighted PairGroup Method with Arithmetic Mean) analysis was used to determine genetic similarities. The five wheat genotypes were
divided into two main clusters. Cluster 1 was divided into two groups. In subgroup 1 were included genotype 1 and genotype
2. They seemed very close which might depict sharing of the genetic background among the genotypes. In consequence, the
close genetic relationships are entirely alarming and may hinder further plant improvement. Genotype 5 was in subgroup 2.
The second cluster was included genotype 3 and genotype 4. The same genotypes were also assessed in field conditions for
structural analyses, which were carried out based on six yield components. The dendrogram created was comparatively
analyzed with the RAPD dendrogram. This study additionally indicates that RAPD markers are useful for distinguishing and
characterizing wheat cultivars. The genetic relatedness among these genotypes could provide useful information for
conservation and selection of cross parents in breeding.
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1. Introduction
Wheat (Triticum aestivum L.) is one of the most important
and widely cultivated crops in the world, used mainly for
human consumption and support nearly 35% of the world
population. The total cultivated area of wheat is more than
200 million hectares and total wheat production is about 733
million tons per year [1]. By 2020, the world demand for
wheat is expected to be 40% higher than that of its level in
the latter half of the 1990s [2]. Wheat is a member of the
family Poaceae, which includes major cereal crops such as
sorghum, maize, wheat, rice, millet and barely [3]. Wheat is
self-pollinated, hexaploid crop which having 2n= 6x= 42
chromosome. The hexaploid wheat have large genome size
(approximately 17,000 Mb), a high proportion of repetitive
DNAs, continuous inbreeding caused by self-pollination and
a narrow genetic base represent the difficulties for use of
molecular markers [4].
Nowadays in Egypt there is an urgent need to increase the

productivity level of wheat to reduce the food gap resulting
from population increase. 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 [5]. Because of wheat is a staple food,
it occupies an important place in the crop husbandry of
Egypt. Although wheat production in Egypt has been better
during recent years than it was previously, continued
improvement in productivity is highly desirable because of
increasing demand by the still-growing human population.
However, during the last few years, yield improvement in
wheat varieties has not been substantial; the narrow genetic
base of the germplasm in use has been considered the main
reason. Knowledge of genetic diversity and gene action of
various wheat traits is useful in making decision with regard
to appropriate breeding system effects were played the major
role in controlling the genetic variation in the days to
flowering, one thousand grain weight and grain yield per
plant and allows plant breeders to better understand the
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evolutionary relationships among accessions, to sample
germplasm in a more methodical way, and to develop
strategies to merge useful diversity in their breeding
programs [6].
However, Breeding programs are continually developing
new cultivars with specific genotypic and phenotypic
requirements. The development, validation, optimization and
implementation of markers can assist in this process, as well
as the maintenance of genetic variation and the protection of
plant breeder’s rights [7]. Phenotypic or morphological
markers are the oldest descriptors used to differentiate one
cultivar from another [8]. These markers represent the first
methods used in the taxonomic and agronomic classification
of crop germplasm [9].
Despite the role played by phenotypic markers in cultivar
development, it faces many challenges. Their limited
numbers and their greater dependency on both environment
and growth stage of the plant for observation hinder the
application of phenotypic markers in the differentiation of
germplasm. Epistatic and pleiotropic gene effects also limit
the efficiency of phenotypic markers as a reliable
differentiation tool [10]. It is really difficult for the wheat
breeders to develop physical marker with other good
agronomic characters and they think to do backcrosses to
solve these problems, which is also time consuming and
sometimes did not find any positive results. DNA finger
printing might be a good solution to overcome this problem.
Molecular markers are a useful complement to
morphological and physiological characterization of cultivars
because they are plentiful, independent of plant tissue or
environmental effects, and allow cultivar identification very
early in plant development [11]. Molecular markers are the
molecules that could be used to trace a desired gene (s) in test
genotypes. In fact, a piece of DNA or a protein can be used
as a marker. Earlier approaches that made selection of
specific traits easier were based on the evolution of
morphological traits [12-14]. However, DNA markers seem
to be the best candidates for efficient evaluation and selection
of plant material. Unlike protein markers, DNA markers
segregate as single gene and they are not affected by the
environment. Recently the concept of marker-aided selection
had provided an advantage of molecular marker-based
approaches for crop improvement as compared to selection
based solely on phenotype [15-19].
Molecular characterization of cultivars is also useful to
evaluate potential genetic erosion, i.e., a reduction of genetic
diversity along the breeding process. DNA-based markers are
particularly useful in wheat and other crops with an apparent
narrow genetic background.
RAPD (Random Amplified Polymorphic DNA) markers
are frequently using for DNA finger printing since 1995. The
whole protocols might be used for the future developed
wheat lines, so the complication of identifying characters of
new lines will be eliminated. Molecular markers have
provided a powerful approach to analyze genetic
relationships among accessions in many crop species. A
RAPD marker involves the amplification of genomic DNA

with single primers of an arbitrary nucleotide sequence [20].
This single primer binds genomic DNA at the two opposite
sites of the different strands of the template DNA [21].
DNA polymorphisms are generated, because of the
nucleotide base changes in the primer binding sites or
insertion and deletion within amplified sites as detected by
the presence or absence of amplified products [22]. RAPDs
have been used as genetic markers for the identification of
cultivars, fingerprinting of genomes, evaluation and
characterization of genotypes in many crop species [23].
RAPD technique has been successfully used for the
assessment of genetic diversity in wheat [24-25].
Since wheat is characterized by a large genome and little
or no sequence information is available for the wheat
genome. This study was made a RAPD analysis of five
genotypes of wheat to estimate their genetic diversity and
relatedness; to develop genotype specific molecular
fingerprints through identifying unique DNA markers. In
addition to assess phenotypic variability according to six
agronomical traits; the information gathered will be helpful
for our breeding programs.

2. Material and Methods
Field experiments were conducted at the Experimental
Farm, Faculty of Agriculture Suez Canal University, Ismailia,
Egypt during 2016/2017. The experimental material
comprised five cultivars of wheat namely, Sakha8, Sakha69,
Sakha 93, Sids1 and Gemmiza7 (Table1). Grain samples
were obtained from Field Crops Research Institute,
Agriculture Research Center, Giza, Egypt. The experimental
design used randomized complete block design (RCBD) with
three replicates. The experimental plot consisted of 6 rows, 3
m long and 5 cm apart in which grains were drilled by hand.
The normal recommended agricultural practices of wheat
production were applied at the proper time.
2.1. Agronomical Traits
The central three rows were used for measurements to
avoid border effects. Ten random plants from each plot were
selected and the different traits were measured. The plants in
1 m2 in each plot were harvested to calculate yield and yield
components. At physiological maturity, plant height was
measured from the soil surface to the top of the spike on the
main shoot. Spike length of the main spike of the selected
plant excluding awn was measured in centimeters, number of
spikes per plant. Number of grains per spike was counted
from the spikes used for measuring spike length. The total
number of grains recorded was divided by the number of
spikes, and the average was computed. For 1000 grainweight, a single sample of 1000 grains was counted in grams
from the yield of the selected plants.
Statistical analysis
Quantitative analyses of morpho-agronomic traits carried
out using SAS [26] software and SPSS 16.0 (cluster analysis
based on Euclidean distance square).
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2.2. DNA Extraction
Plant collection
Young, vigorously growing fresh leaf samples from five
wheat cultivars were collected from 21 days old seedlings to
extract genomic DNA. Initially, healthy portion of the
youngest leaf of the tiller were cut apart with sterilized
scissors and washed in distilled water and ethanol and dried
on fresh tissue paper to remove spore of microorganisms and
any other sources of foreign DNA. The collected leaf
samples (Ten samples for each cultivar) were then kept in
polythene bags and for avoiding any damage of the leaf
tissues the bags were placed in an ice box to carry it in Lab.
and finally, the samples were stored in – 80°C freezer.
DNA isolation
The basic DNA extraction protocol using the CTAB
(cetylhexadecyl-trimethyl ammonium bromide) method
described by Dellaporta et al. [27] was used with slight
modifications by Porebski et al. [28], for obtaining good
quality total DNA. A weight (0.2 g) from young leaves were
ground in liquid nitrogen to fine powder and extracted using
10 ml preheated (65°C) cetylhexadecyl-trimethyl ammonium
bromide (CTAB) extraction buffer [3% CTAB (w/v), 100
mMTris- HCl, pH 8.0, 20 mM EDTA, 1.4 M NaCl, 2% (w/v)
PVP (Polyvinyl pyrrolidone)], then 1% (v/v) of βmercaptoethanol (15 mM) with further grinding. The mixture
was incubated at 65°C for 60 min, followed by two
extractions with chloroform/isoamyl alcohol (24:1). The
nucleic acids were precipitated with cold isopropanol, and
the pellet was dissolved in 1 mL TE 0.1X (Tris-EDTA) buffer
(10 mMTris-HCl, pH = 8 and 1 mM EDTA, pH = 8). Coprecipitated RNA was removed by digestion with RNAase A.
4 µl (10 mg/mL). The DNA was further purified by 300 µl
phenol: chloroform: isoamyl alcohol (25:24:1), then left
overnight at (-20°C) using 1/10 vol. from 2 M sodium acetate
(pH = 8.0) and one volume of cold isopropanol alcohol. The
precipitate was washed twice with 10 mM ammonium acetate
in 76 % ethanol, and the pellet was dissolved in 0.1 XTE
buffer. The purified total DNA was quantified by gel
electrophoresis, and its quality verified by Nano drop
spectrophotometer model ND1000. DNA samples were then
stored at 4°C. DNA samples of each cultivar were analyzed
individually to detect intra-cultivar variations and bulked to
detect inter-cultivar variations.
2.3. PCR Based Amplification with RAPD Primers
RAPD Analysis was performed with were selected from
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Operon Technology, USA (Table2). DNA from each cultivar
used to amplify with universal primer each contain in a
volume of (final concentration) dNTPs (10 mM), PCR assay
buffer (10 X), Mgcl2 (25 mM), primers (5 p mol ), Taq DNA
polymerase (3 U /µl), DNA ( 60 ng) and sterile water to make
the volume The reaction was carried out in thermo cycler
using an initial cycle of denaturation at 94°C per 2 min.
Second denaturation at 94oC at 30 sec annealing at 37oC for
30 seconds extension for 5 minutes at 72°C. and final
extension at 72°C with 35 cycles repeats. The fragments
obtained and analysis was carried out. The molecular weight
marker gene ruler 100bp DNA ladder was used as a standard
and to determine the size of polymorphic fragments. After
electrophoresis,
gel
was
visualized
under
UV
transillumination and was photographed using gel doc
system. DNA fragment was done using inbuilt software and
by scoring photographs. Individual bands with lanes were
assigned to a particular molecular weight comparing with
DNA molecular weight marker. Total number of bands within
each; lanes and number of polymorphic bands were noted.
2.4. Data Scoring and Analysis
RAPD amplified bands were scored as present (1) and
absent (0) for each primer population combination. The data
entry was in a binary data matrix as discrete variable with
Jaccards coefficient similarity was calculated and
dendrogram was generated based on similarity coefficient by
using paired group method. Most efficient primers were
selected on the extent of polymorphism. The scores obtained
using all polymorphic markers in the RAPD analysis were
then calculated for number of alleles, effective number of
alleles. Power Marker version 3.25 was used to determine the
polymorphism information content (PIC) [29]. Genetic
diversity was calculated using Simpson's information index
and Shannon’s diversity index [30]. Efficiency of
polymorphism detection as the Marker index (MI) and
Effective multiplex ratio, defined by Powell et al. [31]. The
resolving capacity of primers (Rp) was determined according
to Prevost & Wilkinson [32] as Rp =ΣIb, where Ib (band
informativeness) = 1− (2× |0.5−p|), and p is the proportion
of genotypes in samples containing the band. The
discrimination power (D) is an estimation of the probability
that two randomly sampled accessions could be distinguished
by their RAPD profiles [33]. This parameter was calculated
as D = 1 - C, where C is the probability of coincidence, (C
=Σ p2i, where pi being the frequency of different genotypes
for a given locus).

Table 1. Pedigree and the origin of five wheat genotypes.
Number
1
2
3
4

genotype
Sakha8
Sakha69
Sakha93
Sids1

5

Gemmiza7

Pedigree
Indus/Norteno “s”
INIA/RL4220//7C/YR’’s’’CM15430-2S-1S-0S
Sakha 92/TR 810328
HD2172/PAVON’’s’’//1158-57/MAGA74’’s’’
7CMH74A-630/SX//SERI82/AGENT
CGM4611-2GM-3GM-1GM-OGM

Origin
Egypt
Egypt
Egypt
Egypt
Egypt
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Table 2. Codes and sequence for 8 Arbitrary Random10-mer Primers for RAPD amplification.
number
1
2
3
4

Primer code
OPT-08
OP-B07
OP-B3
OPN-06

Primer Sequence
5̀-AACGGCGACA-3 ̀
5-GGTGACGCAG5-CATCCCCCTG-3
5̀-GAGACGCACA-3 ̀

number
5
6
7
8

3. Results and Dissection
3.1. Variation in Agronomic Characteristics of the Five
Genotypes of Wheat
Agronomical and phenological traits are among the first
phenotypic markers used in germplasm management.
Although, they have a number of limitations including low
heritability, late expression and vulnerability to
environmental influences [34]. They are very important for
grouping wheat genetic resources, and also are essential and
useful for plant breeders seeking to improve existing
germplasm by introducing novel genetic variation for certain
traits into the breeding populations [35-37]. Therefore, these
characteristics have good potential in order to select and to
conserve genotypes. In this study, the results of analysis of 5
quantitative traits used indicated this type of markers well
suited to estimate differences between 5 wheat genotypes.
Plant height: It is a crucial factor for understanding the
development of plant. Plant height was recorded in cm. in all
the genotypes at the time of maturity (Table 3). Variation in
plant height was observed in different wheat genotypes and
varied from 45.1 cm in Sakha8 and Sids1 to 107.3 cm in
Sakha93 with an average value of 72.1 cm.
Length of spike: The length of spike is directly contributed
to yield component and is a character of considerable
importance, as the larger spike is likely to produce more
grains and eventually higher yields per plants [38-39]. The
result showed that the length of spike varied from8.1 cm in
Sakha8 to 17.0 cm in Sakha 93 with an average value of 11.9
cm. Moreover, Sakha93 retaining larger spikes compared
with other 4 cultivars in this study is recommended to be
more productive under any environment.
Number of spikes /plant: This parameter is also directly
related to plant yield. The no. of spikes per plant varies from
1.5 in Sids1 to 17.3 in Sakha93 with an average of value 5.5.
Number of grains per spike: grains per spike is direct
measure of yield/plant and also economically important. It
varies from genotype to genotype as shown in Table 3. The
maximum grains /spike observed in Sakha93i.e. 32.0. On the
other hand, the minimum number of grains were observed in
Gemmiza7 i.e. 13.5 with an average value of 20.5. The
results of number of spikes per plant and number of grains
per spike for Sakha93 cultivar are constant with the results of
Abou-Deif et al. [40].
Heading date: One of the most important traits in wheat is
heading date to the target environment and life cycle duration
that will help maximize yield potential in any environment
[41-42]. The data showed that Gimmeza7 was the earliest

Primer code
OPW-04
OPN-10
OP-B12
OPC-19

Primer Sequence
5̀-CAGAAGCGGA-3 ̀
5-ACAACTGGGG-3
5-CCTTGACGCA-3
5̀-GTTGCCAGCC-3̀

one of heading date in 89.3 days followed by Sakha93,
Sakha8, Sids1 and Sakha69 in 92.0, 94.2, 95.0 and 100.8 day.
Contrast to results by Abdelsalam and Reham [43] who
recorded that Sakha93 cultivar was as the earliest one of
heading date in average 50.32 days, followed by Sids1
cultivar in average 61.30 days. Also, Al-Naggar et al. [44]
recorded that heading date in average 95 day for Sakha93
Cultivar. According to Kiseleva et al. [45] who proposed that
the probable cause of heading date differences may be due to
differences in the origin of interacting heading time pathways
and putative transcription factors located on 5B chromosome
might modulate. Up to this point, it is needed to expand
further investigation of the transcription factors and their
hypothetic interaction with known heading date genes could
help to further decipher the heading time pathways in wheat.
Thousand Grain weight: The actual yield of the genotype
is measured by thousand grain weight as the yield of plant
depends upon size as well as weight of seeds of genotype. In
Table 3 tested weight of the grain varies from 22.3 gm in
Gimmeza7 to 50.0gm in Sakha93 with an average of value
31.4 gm.
Among the agronomic and morphologic traits, selecting
genotypes using 1000-seed weight, number of grains per
spike was improved yield. Due great benefits from selection
might be expected for all the traits studied in Sakha93. These
results were in accordance with the findings of Ahmadizade
et al. [46]; Talebi and Fayyaz [47].
For yield components, indicated by the value of by the
value of coefficient of variation (Table 3), the highest
variations were detected for number of spikes with1.23.
While the lowest value (0.04) was in heading day trait.
Shannon Diversity index was used, as a measure of
phenotypic diversity of each trait (Table 3). Heading day
showed the highest variation (1.61) among all qualitative
traits, followed by plant height and spike length. No of spike
showed the lowest variation (1.12). Average Shannon genetic
diversity index was 1.5. These results are in accordance with
Nimbalkar et al. [48] and Shashikala [49].
Genetic similarity was calculated for five genotypes (data
not shown). The similarities varied from 0.05 (genotype 3 vs.
genotype 4) to 0.99 (genotype1 vs. genotype 4).
A dendrogram based on UPGMA analysis with
Agronomical and phenological data (similarity matrix) was
illustrated in Figure1. The five wheat genotypes were divided
into two main clusters. Sakha93 separated from the other four
genotypes. The second cluster was divided into two groups.
In subgroup1 were included 1, 4, 5 genotypes whereas
genotype 1 and genotype 4 were the closet. Genotype5 was
in subgroup 2.
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Table 3. Agronomical observations of wheat genotypes.
Genotypes
Sakha8
Sakha69
Sakha93
Sids1
Gemmiza7
Total
Mean
Coefficient variation (CV)
Standard division (SD)
Shannon index

Plant height
45.1
82.0
107.3
45.1
81.0
360.5
72.1
0.37
26.7
1.57

Spike length
8.1
14.4
17.0
9.7
10.2
59.4
11.9
0.31
59.5
1.57

No. Spike
2.2
4.3
17.3
1.5
2
27.3
5.5
1.23
6.7
1.12

No. grain/spike
17.0
25.6
32
14.3
13.5
102.4
20.5
0.39
8.03
1.56

Heading days
94.2
100.8
92.0
95.0
89.3
471.3
94.3
0.04
4.3
1.61

1000 grain weight
24.2
36.3
50.0
24.3
22.3
157.1
31.4
0.37
15.9
1.56

Figure 1. Dendrogram for the five wheat genotypes constructed from agronomical data using (UPGMA), Genotype codes: see Table 1.

3.2. RAPD Polymorphism
Eight primers with ten base arbitrary were amplifying the
genomic DNA of 5 wheat genotypes, produced 77 loci. The
total no. of DNA bands amplified varied between 4 and 18
with the average of 9.6 bands per primer. The primer P3 gave
the highest number of bands (18), while the P7 primers
yielded the lowest number of bands (4). The primer produced
higher number of bands could have better application to find
out the polymorphisms in heritability of wheat cultivars. It
has been shown that increasing the number of alleles,
indicating a greater magnitude of diversity among the plant
materials included in this investigation. The level of variation
depicted by number of bands at each primer serves as a
measure of genetic variability having direct effect on
differentiation of cultivars within a species. High mean
number of observed alleles (allelic diversity) per primer
displayed high genetic variation and indicates that the
population is under mutation drift equilibrium [50].
Total percentage of polymorphism for all primers used was
73%. This amply suggested that the genotypes selected for
this study harbor enough genetic divergence. This value of
polymorphism is constant partially with Ramiz et al. [51].
Out of 77 loci scored, the 21 were monomorphic- identical
for all analyzed genotypes, may indicate that the primer has
annealing sites at the same position of all genotypes genomes
and/ or may be attributed to the amplification of highly
conserved regions in the genome that make amplification
bands similar to each other in molecular weight
(monomorphic) [52].
The percentage of polymorphic bands obtained for each
primer did not correlate to the total number of bands. For
instance, the total number of bands scored for primer1 and
primer 2 was relatively high, 8 and 13, respectively, with
50% and 54% of them being polymorphic. In contrast, the
lowest number of total bands was obtained for primer 5 and

primer7, and both of these were polymorphic (100%) (Table
4). The high polymorphism revealed by molecular
markers/primers is hinged on the present of repeat sequences
AC, CA, AG and GA. It can be observed that the primers that
gave 100% polymorphism had the repeated sequences as
reported by Ajibade et al. [53] and corroborated by Ghalmi et
al. [54]. It might probability be that the ability to resolve
genetic variation in any crop species is more directly related
to the number of polymorphism detected by the marker
techniques as well as the percentage of polymorphic RAPD.
However, the total number of the amplified DNA products
(bands) yielded 237 using 8 primers. Also, a noticeable
variation present between the cultivars in the number of
bands as listed in Table 5, Gemmiza7 recorded the highest
number of bands (62), while Sakha93 recorded the lowest
number of bands (34). The variation in polymorphism among
the primers in one cultivar or the all primers in one cultivar
may be attributed to several causes such as, the loss or
alteration (deletion or insertion) of one or both of the
opposed pair of primer binding sites needed to produce the
PCR product. Or as a result of nucleotide changes (e.g. point
mutation) at the primer annealing site in genome DNA that
prevents amplification by introducing a mismatch at just one
end of a DNA segment then the DNA polymorphism
observed by RAPD results. Alternatively, an insertion
between the primer annealing sites may place them at
different distances (lengths) or even too great to allow the
amplification products [55].
Effective number of alleles (Ne) was less than the observed
values ranging from 3.62 (primer 7) to 14.29 (primer 3) with
mean of 7.9. The effective number of alleles is estimator of
usefulness of RAPD for cultivar distinction [56-57].
Polymorphism information content (PIC): Polymorphism
information content is the probability of detection of
polymorphism by a primer/primer combination between two
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randomly drawn genotypes and depends on the number of
detectable alleles and the distribution of their frequency.
Because of the high credibility of the PIC index, this
parameter has been used widely in numerous genetic
diversity researches [58-61].
The average of PIC values for the eight primers was 0.85
and ranged from 0.72 to 0.93 (Table 4). The lowest PIC value
(0.72) was recorded for primer7 whereas the highest value
(0.93) was in Primer 3. Lower PIC value may be the result of
closely related genotypes and higher PIC values might be the
result of diverse genotypes.
Seventy five percent of the primers (6 primers) had PIC
values above 0.85 indicating that these primers are highly
informative for determining wheat genotypes polymorphism.
According to Botstein et al. [62] reported that molecular
markers have PIC values higher than 0.5 are considered
highly informative. These high estimates of PIC substantiated
the suitability of used set of DNA markers to applications
such as linkage-mapping programs in addition, to genetic
polymorphism studies in other wheat cultivars breeding too.
In this the result, the PIC values were found to be higher than
that of Najaphy et al. [58]. It could be attributed to the
diverse nature of the five wheat genotypes and/or highly
informative eight RAPD markers used.
The highest value of Shannon index was observed in P3
primer (2.77), while the lowest value occurred in P7 primer
(1.34) with average value of 2.05. The same degree of
genetic heterogeneity was discerned through Simpson's
information index. These results are higher than those of Bibi
et al. [63] that measured Shannon’s index value ranged from
0.38 to 0.57, with an average of 0.49. it might be due to
different materials and different primers. However, it was
noticed that the primer with the highest value of genetic
diversity of Shannon and Simpson indexes also had the
highest number of polymorphic bands and the opposite was
true. P3 primer had the highest values of polymorphic bands
and the values of Shannon and Simpson indexes while the P7
primer had the lowest values for these parameters. Therefore,
P3 primer looks optimal marker for characterization the
wheat varieties.
Marker Index (MI) and Effective multiplex ratio (EMR):
MI is a feature of a marker and was calculated for all eight
primers. High MI values were scored with primers primer 3
(1.63), primer 6 (1.11). The lowest MI scores were obtained
with primers 7 (0.36), primer 1 (0.44) and primer 5 (0.47).
These primers amplified low number of PCR products. The
effective multiplex ratio (EMR) is the number of
polymorphic fragments detected per primer. EMR values
varied from 0.50 to 1.76 with a mean value of 0.88. Primer 3
generated high numbers of bands had higher MI and EMR
values. Parameters such as MI and EMR have been used for
assessing the informative potential of molecular markers in
various genetic diversity studies [58, 60].
Resolving power (RP): An important feature of a good
marker system is the capacity to distinguish among different
accessions. The resolving power (RP) is a parameter that
specifies the discriminatory potential of the primers chosen.

Resolving power determines the ability of a primer/technique
to generate optimally informative bands which were
calculated per individual for each RAPD marker to determine
their efficiencies. The estimates of RP varied from 4.8 to 20.0
with an average of 11.75 per primer. The highest RP values
were recorded for the primers 3 (20.0), primer 2 (18.4), and
primer 6 (13.2)) (Table 4), suggesting that (Rp) is an
interesting tool to assess the capacity of a given these primers
to distinguish among various genotypes. Since, these results
revealed greater number of with total amplified bands was
associated with the highest values of RP. While, the lowest
value (4.8) was recorded for the primer7. It is the only primer
out the eight primers was used, possessed four bands,
indicating better resolving power of the RAPD markers. This
is because of polyallelic nature of RAPD markers. However,
the resolving power provides no information on the ability of
a primer to reflect the genetic or taxonomic relationships of a
group of genotypes under study [32]. There are many
researches containing RP index investigation [59, 60, 64].
Confusion probability and Discrimination power: The
confusion probability (C) is probability that two randomly
chosen individuals from the sample of genotypes having
identical banding patterns. While Discrimination power (DP)
is an extension of the polymorphism information content [31]
available from the frequencies of different banding patterns
generated by a primer in different genotypes and represents
the probability that two randomly chosen individuals have
different patterns, and thus are distinguishable from one
another. High values of discriminating capacity were
obtained for the majority of the primers and its values ranged
from 0.75 (primer 7) to 0.79 (Primer1, 2, 6, 8), with a mean
value of 0.78 (Table 4). The high DP values indicate the lack
of close genetic relatedness and better suitability to
distinguish wheat genotypes. The high discriminating power
of the RAPD primers examined in this study is coherent with
that reported by Tessier et al. [31] and Besnard et al. [65] .
However, in this study the discriminating capacity, negatively
correlated to the confusion probability. Primer 7 showed
highest C and low DP. The higher the confusion probability
of a primer, the less suitable it is for fingerprinting [66].
Genetic similarity was calculated for five genotypes (data
not shown). The similarities varied from 0.58 (genotype 3 vs.
genotype 5) to 0.87 (genotype1 vs. genotype 2). Similar to
findings by Sabbour et al. [67] found that the lowest
similarity 0.58 was observed between Sakha93 and
Gemmiza7. Moreover, the high value of genetic similarity
between genotype 1 and genotype 2 could be as an indication
that a large part of the genome of the genotypes under study
is identical. This is primarily due to the lack of parental
diversity, because of both genotypes may share somewhat
similar parents in the pedigree.
Since, genetic similarity estimates are affected by a variety
of factors some of which are important, like the distribution
of markers in the genome (genome coverage) and the nature
of evolutionary mechanisms underlying the variation
measured [31]. High genetic similarity in the present analysis
compared with published data of other authors [68-70], the
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explanation is might the lack of RAPD primer selection
makes it difficult to make generalizations. Other primers may
yield different results. Furthermore, the number of primers
used was rather small. Thus, the number is probably too
small for a reliable coverage of the genome, resulting in a
distorted description of the genetic relationships. In addition
to that, data computing errors like scoring non-homologous
bands of similar mobility can influence the calculation of
genetic distances.
A dendrogram based on UPGMA analysis with RAPD
data (similarity matrix) was illustrated in Figure2. The five
wheat genotypes were divided into two main clusters. Cluster
1 was dived into two groups. In sub group1 were included
genotype 1 and genotype 2. They seemed very close which
might depict sharing of the genetic background among the
genotypes. In consequence, the close genetic relationships
are entirely alarming and may hinder further plant
improvement. Genotype5 was in subgroup2. The second
cluster was included genotype 3 and genotype 4.
However, there were differences between genetic and
phenotypic similarity in the studied genotypes. For example,
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the RAPD primers used showed that genotype1 and genotype
4 were genetically different from each other, but in the
dendrogram created based on yield components, these
genotypes were collected in one subgroup. A reasonable
explanation for this apparent contradiction is that
morphological traits are objectively selected for both, better
agronomic performance and to get a combination of traits
that allows variety identification and differentiation, which
may be accomplished without dramatically changing the
overall genetic background that is better described by the
molecular markers. In other words, morphological traits are
largely selectable markers as opposed to molecular markers
that are mainly neutral to the selection process. While, RAPD
loci were taken at random and tend to detect more structural
changes. In addition to, morphological data matrix does not
fully comply all the statistical assumptions for a reliable
description, particularly those requiring independence of the
variables. This confirms that morphological traits are not the
best descriptors of the genetic evolution that conducted to the
modern varieties.

Table 4. Molecular characteristics of 8 RAPD primers used to analyze five wheat genotypes.
Primer
1
2
3
4
5
6
7
8
Total
Mean

N
8
13
18
8
5
12
4
9
77
9.63

Polymorphic-N
4
7
14
6
5
10
4
6
56
7

%polymorphism
50
54
78
75
100
83
100
67

Ne
7.52
10.99
14.29
5.88
4.44
9.26
3.62
7.52
63.52
7.94

PIC
0.87
0.91
0.93
0.83
0.75
0.89
0.72
0.87
6.77
0.85

I
2.04
2.45
2.77
1.91
1.46
2.33
1.34
2.08
16.38
2.05

SI
0.89
0.93
0.95
0.87
0.81
0.92
0.79
0.90
7.06
0.88

MI
0.44
0.80
1.63
0.62
0.47
1.11
0.36
0.66
6.09
0.76

EMR
0.50
0.88
1.76
0.75
0.63
1.25
0.50
0.75
7.02
0.88

RP
12.80
18.40
20.00
7.60
5.20
13.20
4.80
12.00
94
11.75

C
0.21
0.21
0.23
0.25
0.22
0.21
0.25
0.21
1.79
0.22

DP
0.79
0.79
0.77
0.75
0.78
0.79
0.75
0.79
6.21
0.78

*N=number of bands, Ne= effective number of alleles, Pic= Polymorphism information content, I= Shannon index, SI=Sampson index, MI= Marker Index,
EMR =Effective multiplex ratio, RP= Resolving power, C=Confusion probability, DP= Discrimination power
Table 5. Variation present among the wheat genotypes in the number of bands of 8 RAPD primers.
Genotypes
primer
P1
P2
P3
P4
P5
P6
P7
P8
Total

Sakha8
bands
8
10
10
5
3
8
1
6
51

Sakha69
bands
8
7
14
3
2
8
1
7
50

Sakha93
bands
5
6
6
3
2
5
4
3
34

Sids1
bands
4
13
5
2
2
5
3
6
40

Gemmiza7
bands
7
10
15
8
4
7
3
8
62

Total
32
46
50
21
13
33
12
30
237

Figure 2. Dendrogram for the five wheat genotypes constructed from RAPD data using (UPGMA). Genotype codes: see Table 1.
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3.3. Wheat Genotypes Fingerprinting
The higher number of unique bands was four in primers P3
and P6 while primer P2 gave only one band (Table 6). Primers
P1 and P7 gave no unique band. The presence of such bands
refers to that primer recognized a unique annealing site in
genome, this increase chance of producing a unique cultivar
fingerprint [71]. However, two possible reasons can be used to
explain the presence of private alleles. First, mutations may
occur in-situ and this suggests that the genotypes being studied
have been present for more than one generation. Therefore, the
existing plants are not founding individuals. Second, the lack of
evidence of a recent bottleneck could suggest introductions from

various source cultivars or earlier bottlenecks not detected as
deviations from the mutation drift equilibrium. These undetected
bottlenecks could be as a result of introduction by ancient
humans [72].
The results obtained demonstrated that the RAPD approach
have a considerable potential for identification and
discrimination of different wheat cultivars. In additional to the
specific or unique band derived from RAPD marker can be
further developed as SCAR (sequence characterized amplified
region) marker for rapid and simple identification of wheat
cultivars. Such potentiality has also been highlighted by Belaj et
al. [73], Rajora and Rahman [74] and Gorji et al. [75].

Table 6. Wheat genotypes fingerprinting (DNA profile) using eight RAPD primers.
Primer
P1
P2

Number of unique bands
1

P3

4

P4

3

P5

2

P6
P7
P8

4
2

Size of the unique band (bp)
500
800, 600, 300
610
900, 650, 610
250
180
800, 680, 320, 250
470, 220

4. Conclusion
The use of RAPD analysis in the present study revealed
an extensive amount of divergence leading to cultivar
identification. The level of polymorphism observed was
high (73%), indicating a wide and diverse genetic based for
genotypes used. According to PIC, RP, MI, DP values,
RAPD primers seem to be the suitable technique for
characterization the wheat varieties. The maximum genetic
similarity (87%) occurs in genotype 1 and genotype2 while
minimum genetic similarity (58 %) was found in genotype
3 and genotype 5. The information about genetic similarity
managed to shed more light on the genetic relatedness of
wheat cultivars. This might assist breeders avoid any
possibility of elite germplasm becoming genetically
uniform and to set up the appropriate guidelines for
successful breeding of wheat cultivars based on the
established relationships. Efficiency and speed of plant
breeding programs can be accelerated by marker assisted
selection (MAS) and permit persistent progress in the
advancement of selected material. The findings gathered
here regarding to obtain DNA fingerprints as specific or
unique bands that derived from RAPD marker can be
further developed as SCAR (sequence characterized
amplified region) marker in order to establish the molecular
identify of wheat cultivars. In addition to the
characterizations based on the agronomic values could be
useful in case when it necessary to obtain an agronomic
description of the germplasms used. The mapped molecular
markers closely associated to agronomic value (both single
and quantitative trait loci) can provide the best solution for

Genotypes –fingerprinting
Sids1
Gemmiza7
Sakha69
Gemmiza7
Sakha93
Gemmiza7
Gemmiza7
Gemmiza7

Number of genotypes- fingerprinting
1
2
1
2
1
1

characterizations studies. Finally, the information resulted
from this study can be used to contribute in putting the core
stone of the data base for Egyptian wheat varieties to be
used in the future as an indicator for breeding programs.
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