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Abstract: Olive (Olea europaea L.) is a major and economically important crop for the new reclamation land in
Egypt. There are five common olive cultivars existed in Egypt with commercial names of: Cultivar 1 (Eggizi),
Cultivar 2 (Chemlali), Cultivar 3 (Picual), Cultivar 4 (Kalamata) and Cultivar 5 (Tofahey). Classification or
differentiation based on the morphological appearance was not accurate and need an expertise to differentiate
between the cultivars or individuals in the field. For that reasons leaves samples were collected from different
field in Egypt. The plant DNA was extracted and subjected to fingerprinting using two DNA marker methods;
ISSR and RAPD-PCR. Five different ISSR primers were used to differentiate between the five cultivars but in
case of RAPD-PCR only  five  primers were approached. The mean band number obtained with ISSR
amplification ranged from 6 to 9 bands with each cultivar (per lane). On the other hand, RAPD-PCR bands
number  obtained  by  amplification was ranged between 4 to 6 bands. The data analysis revealed that both
ISSR and RAPD-PCR succeed to classify the five examined cultivars into two clusters. Cultivar 1 was classified
as a unique cluster  with  ISSR  analysis whenever, cultivar 2 was classified as single cluster based on the
RAPD-PCR analysis. The ISSR succeeded to differentiate between the five olive cultivars and the results
revealed that the similarity between the examined cultivars ranged from 92 to 98%. The same observation was
obtained in case of the RAPD-PCR. It can conclude that results obtained by both ISSR and RAPD techniques
confirm each  other.  The  highest  leaf  length /width ratio was that of Egzi however, the lowest was resulted
from Chemlali.
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INTRODUCTION even then they represented a relevant aspect for all

Olive (Olea europaea L.) is a major and economically the diet and its beneficial effect on health [4], the
important crop for the new reclamation land in Egypt [1]. consumption of olive oil is increasing throughout the
The estimated acreage of cultivated olive trees in Egypt is entire  world.  In  recent  years,  the request for higher
above  one  hundred  and  thirty five thousand faddan food safety has raised. It was reported that RAPD-PCR
(one faddan =0.42 ha) of which total production is five technique has the capability to study the genetic
hundred thousand tons per year and it occupies the third variability between different species and between the
place in acreage after citrus and grapes [2]. It well known individuals belong the same species; in addition, they are
that Olive cultivation and olive oil production started in considered as genetic markers which have been used
the Mediterranean basin in the third millennium B.C. [3] extensively  in many different applications and in different

Mediterranean  cultures.  Because  of  its importance in
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plant species because of its simplicity [5-12]. Moreover, Elliptic-lanceolate and lanceolate. The leaf measurements
RAPDs have been successfully used to study the genetic were performed according to Sokal and Rohlf [21].
relationships among various date palm accessions and
cultivars from Egypt, Morocco, Tunisia, Iraq and King Genomic DNA Isolation from Leaves: Total DNA
Saudi Arabia [13-17]. Another DNA marker (ISSR) is extraction from leaf was performed using CTAB method
extensively used for fingerprint between the individuals, according to Doyle and Doyle [22]. One gram of leaf was
ISSR technique is a powerful, rapid, simple, reproducible ground in liquid nitrogen using glass beads and mixed
and inexpensive way to assess genetic diversity or to with 20 ml of CTAB buffer [100 mM Tris-HCl pH 8, 1.4 M
identify closely related cultivars in many species, NaCl, 20 mM EDTA, 2% (w/v) CTAB, 1% (w/v) PVP, 0.2%
including fruit trees [18]. Moreover, ISSR technique (v/v) b-mercaptoethanol, 0.1% (v/v) NaHSO  and
permits the detection of polymorphisms in microsatellites proteinase K (2 µl ). Extracts were incubated at 65°C for 1
and intermicrosatellites loci without previous knowledge h, mixed with an equal  volume of chloroform-isoamyl
of the DNA sequence. In addition, the technique involves alcohol (24:1 v/v) and centrifuged at 10000 rpm for 30 min.
the use of a single primer composed by a microsatellite The aqueous phase was extracted twice with chloroform-
sequence plus a short arbitrary sequence (anchor) which isoamyl alcohol, recovered and mixed with two-third
targets a subset of ‘simple sequence repeats (SSRs) or volume of isopropanol and kept at-80°C for 2 hours.
microsatellites and amplify the region between two closely Precipitated DNA was recovered with a sterile toothpick,
spaced and oppositely oriented SSRs [19]. The sequences washed with 5 ml of 10 mM ammonium acetate, dried and
of repeats and anchored nucleotides are randomly resuspended in 25µl of TE buffer (10 mM Tris-HCl pH 8,
selected [20]. The main objective of this work is to 1 mM EDTA pH 8). RNA was removed by incubation the
differentiate between five different olive cultivars using extracted DNA with 1 of RNase (10 mg/ml) at 37°C for 30
two different DNA markers. The first DNA marker is the min. to have pure DNA and kept at -20°C until use. 
ISSR using five different ISSR primers. But the second
DNA marker (RAPD-PCR) was applied using four arbitrary RAPD Analysis: The RAPD-PCR reaction volume is 25 µl
primers. and the main  constituent  of  the  reaction was; 10 X

MATERIALS AND METHODS (40 pmol/ul) as shown in Table 1, 0.2ul of Taq DNA

Plant Materials: Five olive (Olea europaea L.) cultivars (100 ng/ul).  Amplifications  were  performed  in an
were collected from different field along the Egypt and Applied Biosystems 9700 thermal cycler with an initial
they also cultivated in the farm of the City of Scientific denaturating step of 2 min at 94°C, followed by 45 cycles
Research and Technological Applications, Borg El Arab, of 20 s at 94°C, 20 s at 32°C, 2 min at 72°C and a final
Alexandria, Egypt. Three to five young leaves were extension step of 2 min  at 72°C. PCR products were
collected and washed with dH O and then washed with stored at 4°C before analysis and run at 90 V on 1%2

2% Clorox. The leaves were dried on the laminar flow and agarose gel) in 0.5x TBE buffer, stained with ethidium
then subjected to DNA extraction. The commercial names bromide and photographed using gel documentation
of the five olive cultivars are: Cultivar 1 (Eggizi), Cultivar system. All primers used in this study were synthesized
2 (Chemlali), Cultivar 3 (Picual), Cultivar 4 (Kalamata) and by MWG, Germany. The sequences of the primers of
Cultivar 5 (Tofahey). RAPD-PCR are shown in Tables 1 and 2.

Leaf Characteristics: The first four characteristics of (ISSR) technique was carried out according to procedure
leaves  are   quantitative   and   the   fifth  is  qualitative. described by Martins-Lopes et al. [23]. The ISSR
All following characteristics were recorded in samples of amplification reactions were carried out in 25µ per tube,
40 mature leaves taken at random in mid-April during both containing 1µ of the plant DNA (100 ng/ul), 0.2 ul of Taq
season under the study (whole tree, different direction DNA polymerase enzyme (SolGent, 5U/ul), 2.5µl 10X
and different tree height). From each tree of all studied buffer, 2.5µ of dNTPs (2.5 mM), 7 µl primer (40 pmol/ul)
cultivars. Leaf shape study was included; Petiole length (Table 2).  The  following  conditions  were  used  for
(cm), leaf length (L, cm), leaf width (W, cm), leaf ratio ISSR amplifications: an initial denaturation step of 94°C
(L/W).  It  is  divided  into  three categories: Elliptic, for  5  min,  followed by 45 cycles of denaturation at 94°C

3

buffer (2.5 ul), each 10 Mm dNTPs mix (2.5ul), 7 µl primer

Polymerase   (SolGent   5U/ul)  and  1ul  of  plant  DNA

ISSR- PCR Reactions: Inter simple sequence repeats
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Table 1: RAPD primers used

Primer ID: Sequence from `3 to `5

CH 25 GAYTTRGATTGGAATAYCC

RAPD2 ATGCCCCTGT

RAPD3 AGCCACCGAA

P1 GGCACTGAGG

R2 ATGCCCCTGT

Table 2: The ISSR- PCR primers nucleotide sequence.

Primer ID Sequence from `3 to 5`

ISSR 1 CAC ACA CAC ACA GG

ISSR 2 GAG AGA GAG AGA GG

ISSR 3 GTG TGT GTG TGT GG

ISSR 4 GAG AGA GAG AGA CC

ISSR 5 GTG TGT GTG TGT CC

for 30 s, a primer annealing step at 52°C for 45 s and an
extension at 72°C for 2 min; then a final extension was
carried out at 72°C for 5 min. The annealing temperature
varied according to the melting temperature of each
primer. Amplification products were separated by
electrophoresis in 1 % agaros gels in 1x TBE buffer
stained by ethidium bromide and visualized under UV
light. Fragment size was estimated by using a 100 base bar
molecular  size  ladder (Promega, U.S.A). Data analysis
was performed using (1) for presence band and (0) for
absence band. Cluster analysis of genetic distances
among olive cultivars was performed using the
unweighted pair group method with arithmetic average
(UPGMA).

Statistical Analysis: Data generated from RAPD analyses
were analyzed using the Nei similarity index [24] which
excludes common negative data, according to the
following equation: Similarity = 2 Nab/ (Na + Nb), where
Nab = number of scored amplification fragments with the
same molecular weight shared between genotypes a and
b; Na = number of scored amplification fragments in
genotype  a  and  Nb  =  number  of   scored  amplification

fragments in genotype b. A dendrogram was constructed
based on the similarity matrix data by applying unweighed
pair group method with arithmetic averages (UPGMA)
cluster analysis using the NTSYS program(Exeter
Software, Setauket, N.Y.).

RESULTS AND DISCUSSION

Leaf Characteristics: Data presented in Table 3 showed
that no significant differences were found among different
cultivars in petiole length. Whenever, the leaf area was
highest for Picual followed by Chemlali however the
lowest was that of Egzi. The highest leaf length was that
of Kalamata cultivar however no significant differences
were found among other cultivars. The highest leaf width
was that of Tofahy followed by Chemlali; however the
lowest was that of Egzi cultivar. The highest leaf
length/width ratio was that of Egzi however, the lowest
was resulted from Chemlali. Ruano et al. [25] studied the
Differences in leaves of olive trees under organic,
integrated and conventional pest management and they
concluded that Leaf mass and residual leaf mass of olive
trees were significantly greater under organic management
than other pest management regimes. The analysis
revealed that leaves from trees under different pest
management regimes differed, a result that may have
practical applications. Al-Kahtani and Ahmed [26]
reported that the organic fertilizer affect the leaf
measurements, Leaf length, width and area, shoot length,
pigments content and leaf mineral contents (N, K and Fe).

ISSR-PCR Techniques: It was reported that the ISSR
technique is a powerful, rapid, simple, reproducible and
inexpensive way to assess genetic diversity or to identify
closely related cultivars in many species, including fruit
trees [18]. Fang et al.[20] reported that, the ISSR reaction
contains a single primer composed by a microsatellite
sequence plus a short arbitrary sequence (anchor) which
target a subset of ‘simple sequence repeats’ (SSRs) or
microsatellites and amplify the region between two closely

Table 3: Leaves characteristics varieties between different cultivars. 

Cultivars Petiole Leaf area meter Leaf length Leaf width L/W Chlorophyll meter

Chemlali 0.46 4.06 4.96 1.50 3.47 138.18

Egzi 0.50 2.41 4.46 1.13 4.87 55.80

Tofahy 0.43 3.36 4.80 1.60 4.67 114.36

Picual 0.46 4.52 4.73 1.23 3.83 131.24

Kalamata 0.40 2.84 5.73 1.27 4.51 69.82

LSD 0.05 N.S 0.36 0.8 0.16 0.55 11.63
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Fig. 1: ISSR band patterns obtained from the 5 olive cultivars using five ISSR primers. A; band patterns obtained by the
primers (ISSR 1, ISSR 2). Whenever, B; the band patterns obtained by the three primers ISSR 3, ISSR 4 and ISSR
5, respectively. Lanes; M: 1Kbp DNA ladder,  lanes  from 1-5  indicated  to  the  cultivars  from  1 to 5.

Fig. 2: Dendogram showed the relationship between the examined olive cultivars based on the data obtained by the ISSR
technique.

spaced and oppositely oriented SSRs [19]. The sequences them have the same ancestor. It was reported that ISSR
of repeats and anchored nucleotides are randomly was used successfully to differentiate between different
selected [20]. Results presented in Figs 1 and 2 revealed accession and palm cultivars in Egypt: among these
that the 5 examined olive plant cultivars were grouping cultivars; Sakkoty, Bertmoda, Malkaby, Gandila, Siwi and
according to the data obtained by the ISSR techniques Fraihy [27]. On the other hand, Ben Saleh and El-Helaly
into two main clusters. Cluster one contains only cultivar [28], used ISSR to differentiate between date palm
(1), i.e. this cultivar showed low similarity with the others cultivars and they generated 42 bands distributed
examined 4 cultivars. On the other hand the second between 0.2 and 2.4 kb and the average number of
cluster was divided into two sub clusters; subcluster one fragments per primer was 10.5 fragments with 100 %
contains cultivars 2 and 5. While, sub cluster two polymorphism. While, Adawy et al. [13] used seven ISSR
contains cultivars 3 and 4. Generally, data show that the primers generated 53 fragments ranging from 298 to 1200
5 examined cultivars they are slightly differed but all of bp in size.
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Fig. 3: RAPD-PCR band patterns obtained from the 5 olive cultivars using five RAPD primers (RAPD 2, 4, 6 and 7).
Lanes; M: 1Kbp DNA ladder, lanes from 1 -5 indicated to the cultivars from 1 to 5.

Fig. 4: Cluster analysis for the examined 5 olive plant cultivars using ISSR technique. Cult.1 (Eggizi), Cult.2 (Chemlali),
Cult. 3 (Picual), Cult. 4 (Kalamata), Cult.5 (Tofahey)

RAPD-PCR Techniques: RAPD-PCR technique was cluster was divided into two sub clusters; subcluster one
extensively used as genetic markers in many different contains only the cultivar (1). While sub cluster two
applications and to differentiate between plant species contains cultivars 3, 4 and 5. Generally, data show that the
and this application can be extended to include the 5 examined cultivars they are slightly differed but all of
differentiation between the individual in the same species them have the same ancestor. Hussein et al. [27] used the
[5-12]. Results presented in Figs 3 and 4 revealed that the RAPD-PCR to differentiate between different four palm
5 examined olive plant cultivars were grouping according cultivars (Sakkoty, Bertmoda, Malkaby, Gandila, Siwi and
to the data obtained by the RAPD technique into two Fraihy). Moreover, RAPDs have also been used to study
main clusters. Cluster one contains only  the  cultivar  (2), the genetic variability between various date palm
i.e. this cultivar showed low similarity with the others accessions and cultivars from Egypt, Morocco, Tunisia,
examined 4 cultivars. On the other hand the second Iraq and Saudi Arabia [14-17, 29].
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Table 4a: Similarity percentage between the examined cultivars using ISSR technique.

Cultivars Cultivar 1 Cultivar 2 Cultivar 3 Cultivar 4 Cultivar 5

Cultivar 1 100 % 96 % 92 % 97 % 97 %

Cultivar 2 95.5 % 100 % 96 % 96 % 96.6 %

Cultivar 3 96 % 96.64 % 100 % 98 % 97.55 %

Cultivar 4 95.5 % 94 % 96.8 % 100 % 98 %

Cultivar 5 96.3 % 96.84 % 96.86 % 96.2 % 100 %

Table 4b: Similarity percentage between the examined cultivars using RAPD-PCR technique.

Cultivars Cultivar 1 Cultivar 2 Cultivar 3 Cultivar 4 Cultivar 5

Cultivar 1 100 % 96 % 92 % 97 % 97 %

Cultivar 2 96.2 % 100 % 96 % 96 % 96.6 %

Cultivar 3 97 % 96.3 % 100 % 98 % 97.55 %

Cultivar 4 97 % 96.3 % 98 % 100 % 98 %

Cultivar 5 97 % 96.6 % 97.6 % 98.6 % 100 %

Data presented  in  Table  4a showed the percentage percentage ranged from 96 to 98 %. Finally, the cultivar 5
of similarity between the five examined olive cultivars. showed similarity with all the other four cultivars with
Results represent that cultivar 1 have similarity between percentage ranged between 96.6 to 98.6. Hussain et al.
the other four cultivars (Cultivars 2, 3, 4 and 5) with [27] succeeded to estimate the genetic similarities between
different percentage; 95.5, 96, 95.5 and 96.3% in respective the different palm accessions and cultivars and they
manner. In case of the cultivar 2 showed similarity found that identity ranged from 96.1% to 99.5%. The
between the other four cultivars with percentage ranged highest genetic similarity (99.5%) was between the
from 95.5 to 96.8 but the cultivar 3 showed identity with cultivar Sakkoty and the cultivars Bertmoda and Malkaby
the others cultivars with identity starting from 96 to 98%. and between cultivar Bertmoda and cultivar Malkaby.
On the other hand, cultivar 4 showed similarity with the While, the lowest genetic similarity (96.1%) was detected
other four olive cultivars with percentage ranged from 94 between cultivars Siwi and Gandila. Adawy et al. [29] and
to 98 %. Finally, the cultivar 5 showed unique similarity by using RAPDs estimated similarity value between four
with all the other four cultivars. In similar study, Adawy different palm cultivars and the identity was ranging from
et al. [29] estimated the genetic distance among four 97.7% (between Gandila and Sakkoty) to 93.1%(between
Egyptian date palm cultivars based on ISSRs; this ranged Gandila and Bertmoda).
from 80.2% to 89.0%. Using ten ISSR primers, Ben Saleh
and El-Helaly [28] calculated the molecular distance REFERENCES
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