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ABSTRACT

This investigation was carried on nine olive cultivars {Olea europea, L.), namely:
Chemilaly, Kalamata, Maraky, Egizy, Watikin, Meloky, Hamedy, Manzanillo and Kronaky,
grown in the experimental farm, Faculty of Agriculture (Saba-Basha), Alexandria University,
Egypt. Isozyme, random amplified polymorphic DNA (RAPD-PCR) and inter simple
sequence repeats (ISSR) were used to characterize the nine studied olive cultivars. Three
isozyme systems [a- Esterase (a Est), Peroxidase (Prx) and Poly Phenol Oxidase (PPO)}
amplified a total of 28 bands of which, 15 bands were polymorphic; ten RAPD primers
amplified 436 bands of which 420 were polymorphic; and five ISSR primers amplified 123
bands of which 107 bands were polymorphic. The percentages of polymorphism detected by
isozyme, RAPD and ISSR markers were 51.72, 96.3 and 86.9%, respectively. Data were
used for cluslering analysis to assess lhe genetic relationships among clive cultivars
anailyzed.

Keywords: olive, Olea eurcpaea, cultivars, Characterization, Egypt isozyme, RAFD, ISSR,
markers.

INTRODUCTION

Qlives are one of the most extensively cultivated fruit crops in the
world. In 2009 there were 9.9 million hectares planted with clive trees,
which is more than twice the amount of land devoted to apptes, bananas or
mangoes, produced about 18.24 million tons (FAO STAT, 2010). Statistics
of Egyptian ministry of agriculture for the year 2009 indicated that a total
area of about 158,058 feddan are grown to olive of which 90,344 feddan
outside the Nile valley as newly reclaimed land. The total production is
about 449,009 tons. Distribution of incorrectly labeled olive and the global
spread of vegetative propagated cuttings over hundreds of years changing
their names have caused the current problem of homonyms and synonyms
(Cimato and Attilio. 2008). Moreover, Cavagnaroc and Masuelli (2002)
evaluated genotypic homogeneity in olive nurseries using RAPD. They
found that only one of five Argentine olive nurseries plant materials was in
complete genetic homogeneity with its respective materials kept in the
germplasm bank of INTA Juin, It is difficult to identify and classify olive
(Olea europaea L.) varieties, which are estimated as being close to 2,000 in
number. Morphological and physiological traits are widely used for this
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purpose, but they are strongly dependeni on the environmental factor,
consequently it is difficult to resolve the issues that arise conceming
synonymy and homonymy (Vergari et al, 1999). Phenotype is the
combination of individual traits resulting from a genotype and its interaction
with the environment. Assessment of phenotypic variation focuses on
morphological traits-those characteristics that define the shape and
appearance of a set of individuals. Isozymes are used for cultivars
identification and to determine the genetic relations between them. The first
attempts at the use of biochemical markers for understanding the
domestication process in the olive started in the 80s by using isozymes
extracted from pollen or from leaves, and they were able to distinguish the
polymorphism between the cultivars (Pontikis et af., 1980; Trujillo et al.,
1990; Ouazzani ef al., 1993). Assessment of genotypic variation is at the
level of the DNA molecule responsible for transmitting genetic information.
The advantage of using DNA molecutar markers in variation assessment
that it is not subjected to environmental influences. The major disadvantage
is the need for technically more complex equipment (De Vicente and
Fulton, 2003). The molecular markers used in the Germplasm Bank of
Cdrdoba (isozymes and RAPDs) have shown 1o be useful for identification
purposes (Belaj et al., 2008). RAPD analysis was able to distinguish clearly
between olive cultivars (Perri et al., 1999) which provides a new method for
cultivar identification in olive (Trujillo et al., 1999). The use of RAPD primers
(Witliams ef al., 1990) has given environment independent markers. This
procedure has been performed in olive to identify varieties, to study olive
genetic diversity and used to determine the relationships between varieties
(Belaj et al., 2001; Ozkaya et al,, 2004; Ganino ef al., 2007; Helally, 2008;
Durgac et al., 2010; Sheidai ef al., 2010). However, RAPD markers proved
to be highly effective in discriminating cultivars analysed by (Belaj et ar.
2001, Sanz-Cortés ef al,, 2001 and Lamantia ef al.,, 2006) demonstrating
the reliability of RAPDs to identify ail studied oiive cultivars and to reveal
the degree of their relatedness to each other. Furthermore, the results of
(Hdeib and Hassawi 2006 and Sesli and Yegenoglu 2009) confirmed the
usefulness of RAPD markers as a powerful tool for olive genotypic
identification. Moreover, Terzopoulos ef al (2005} and Kattmah ef al.
(2011) reported that ISSR technique can be used for cultivar differentiation
in O. europaea L.

The present study aimd to characterize and identify 9 olive cultivars
using different characterization and identification approaches (isozymes,
RAPD-PCR and I1SSR}. Also, to establish the relative relatedness between
each of these varieties.
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MATERIALS AND METHODS

Nine olive cultivars (Olea europea, L.) namely Chemialy, Kalamata,
Maraky, Egizy, Watikin, Meloky, Hamedy, Manzanillo and Kronaky, grown
in the experimental farm, Faculty of Agriculture (Saba-Basha), Alexandria
University, were used for this experiment. Polyacrylamide gel
eiectrophoresis (Native-PAGE) was used to study different isozyme
variations, Peroxidase (Prx), a-esterases (a Est) and Poly Phenol Oxidase
{PPO) were prepared from young leaves and were separated in 9% (pH
8.8) polyacrylamide gel electrophoresis according to (Stegeman et al.,
1935).

Total DNA was extracted from 50 mg of frozen leaves using a
Bioflux Kit (from china). The gel solution was poured on the vertical slab of
the electrophoretic apparatus manufactured by Biorad.

However, RAPD-PCR reactions were performed according 1o
Williams et al. {1990). Ten primers (Operon Technologies, Inc) were used
in this study. Amplification was carried out by Techri PCR meodel 512
programmed as reported by (Sambrook et al, 1989). The run was
performed for one hour at 100 volt using Biometra gel electrophoresis
submarine (20 c¢m x 10 cm). Bands were detected on UV-transilluminator
and photographed by gel documentation system (Biometra Bio Doc
Analyze).

[SSR - PCR reactions were conducted using 5 specific primers.
Amplification was carried out by Techni PCR medel 512 which was
programmed as follows: Denaturation (one cycle) 94°C for 2 min, followed
by 45 cycles: as follows 94°C for 30 sec, 44°C for 45 sec, 72°C for 1.5 min
and finally one cycle at 72°C for 7 min, and 4°C {infinitive}. PCR- products
{15 pl) were resolved in 1.5 % agarose gel electrophoresis with 1X TAE
running buffer. The run was performed at 80 V for 3 h and the gel was
stained with Ethidium Bromide {Pasqualone et al., 2001). A 1- Kb plus DNA
Ladder (750 ng /3 pl) (GeNetBio} was used which was separated into forty
bands ranging from 12000 to 100 bp. Bands were detected on UV-
transilluminator and photographed by gel documentation system (BioRad
Bio Doc Analyze). All DNA electrophoretic patterns were analyzed by
EgyGeneGelAnalyzer version three software to determine relative mobility
{RF), molecular size by base pairs (bp) and presence (1) or absence (0) of
each fragment.

RESULTS AND DISCUSSION
Isozyme markers

Three isozyme systems including «- Esterase {«Est), Peroxidase
(Prx) and Poly Phenol Oxidase (PPQC) were used to test the genefic
variability among the studied cultivars. As can be seen from the results in
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Table 1, a total of 29 bands were detected using the three isozyme
systems, 14 bands were monommhic and the other 15 bands were
polymorphic among all studied olive cultivars. The obtained resuits were as
follow: generally, a-esterase exerted highly polymorphic patterns among
the studied cultivars. Duarte et al. (2007) stated that esterases are
recommended for hydrolyses of ester bond of lipid so as to alleviate energy
level for other metabolisms especially under drought conditions. Two
unigue bands were found (no. 2 and 4). Unique band no.2 belonged to the
cultivar Chemlaly while unique band no.4 belonged to cultivar Watikin.
Potes et al (1999) observed polymorphism in pollen of the cultivars
‘Azeitoneira’ (synAzeiteira), ‘Cordovii de Serpa’, ‘Galega Vulgar'
Zymograms for EST revealed patterns consisting of several bands, allowing
differentiation among the three O. europaea cvs.

Regarding Peroxidase electrophoresis, pattems, resulted peroxidase
patterns of the nine olive cultivars revealed a high polymorphism. Among
the studied cultivars all bands (four bands) were peolymorphic. This
peroxidase patterns showed a unique band (no.4) for the cuitivar Kronaky.
These results are in agreement with the results of Seker et al. {2008) who
found that gel electrophoresis for Peroxidase (PRX) isozymes allowed
differentiation among 43 olive genotypes. Whereas, Potes ef al. (1999)
observed no reaction indicating of PRX in any of olive cultivars examined.

Poly phenol oxidase (PPO) electrophoresis showed highly
polymorphic pattern among the studied cultivars. Results indicated that the
pattern revealed a total of four bands. No monomorphic bands were found.
All of the bands were polymorphic. Based on the three isozyme systems,
polymorphism percentages were generated Table (1). The highest
polymorphism percentages were 100% by Prx and PPO while the lowest
polymorphism percentage was 83.3% by a-Est. These results are in
agreement with the results of Belaj et al. (2008) and Seker et al. (2008)
who found that the isozymes markers were useful for identification
purpcses in olive cultivars.

Based on isozyme polymorphisms, similarity matrix was developed
by SPSS computer package system in Table (1). The closest relationship
was scored between Hamedy and Manzanilio with similarity %100, followed
by Chemialy and Egizy which had a similarity of 92.3%, while the lowest
was found between Hamedy and Kronaky and the same between
Manzanillo and Kronaky with similarity of 18.2%.

The dendrogram based on isozyme separated the nine cultivars into
two main clusters. Hamedy, Manzanillo and Maraky were clustered
together, While remain cultivars clustered in the second cluster as shown in

Fig. (1).

255

Vol. 18 (2), 2013



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Table (1): Polymorphism percentages and number of monomorphic and
palymorphic bands generated by three isozyme systems in the
nine olive cultivars

No of No. of

Type of . . Total %
isozyme mont:)an;grsphlc polzr::t;::hac bands polymorphism
a-Est 1 5 6 83.3%
Prx 0 4 4 100%
PPO 0 4 4 100%
Total 14 15 29 51.72%
fescaled Tiatance Cluster Combine
CASE 2 3 g iS5 2C 28
culdvar “--——--m-oroo e —— o it e
Hamedy
Manzanillo J E
Maraky
Kalamata
Meloky —“—'—I
Chemlaly
Wadkin ¥
]
Kronaky

Fig. (1): Dendrogram based on three isozyme analysis among nine olive
cultivars

RAPD-PCR analysis

Ten RAPD primers were used in the present study in Table (2). They
amplified 436 bands of which 420 bands were polymorphic (96.3% of
pelymorphism} as shown in Table (3). The highest polymorphism
percentage {100%) could be observed in primers OPC-01, OPC-02 (Fig.2),
OPC-03, OPC-04, OPE-02 and OPE-04. That was followed by primers
OPE-01 and OPE-05 which had polymorphism percentage of 98.3% and
98%, while the lowest polymorphism percentage (52.2%) were observed for
primer OPC-05. In general, the results indicated that RAPD-PCR markers
gave adequate distinctions amoeng the nine olive cultivars. These results
were in partial agreements with the finding of Fabbri et af., (1995} they
screened seventeen olive (Olea suropaea L.) using (RAPD) markers. They
found a high degree of polymorphism is evident in the olive cultivars.
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The dendrogram based on RAFPD separated the nine cultivars inio
two main clusters. Manzanillo and Kronaky were clustered together in one
subcluster. While remain cultivars clustered in the second cluster. The
closest relationship was found between Kalamata and Maraky as shown in
Fig. (3). The results agree with the results of Belaj ef al. (2001) and Sanz-
Cortés ef al. (2001) which revealed that adequate use of RARPD technology
offers a valuable tool to distinguish between olive cultivars. Also, these
results agree with the results of, Sheidai ef al. (2007), Belaj et af. (2008),
Ganino and Fabbri (2008), Helally {2008), Sesii and Yegenoglu (2009),
Durgac ef al. (2010), Sesli and Yegenoglu (2010} Wha demanstrated the
reliability of RAPDs to identify ali studied olive cultivars and to reveal the
degree of their relatedness to each other.

Furthermore, primer1 (ORPC-01) gave 32 unique bands. As shown in
Table (4), the fragment size of unique bands ranged from 200 to 1550 bp.
Chemlaly could be distinguished from other cultivars by the presence of
three unique bands at fragment size of 835, 7% and 509 bp. Also, the other
cultivars could be distinguished from the others by the presence of unique
bands. These unique bands could be considered as specific markers for
each cultivar.
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Fig. (2): DNA profile generated by primer 2 (OPC-02) among nine olive
cultivars
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Table (2): Primers code and nucleotide sequences.

No. Primer code Sequences
1 OPC-01 TTCGAGCCAG
2 OPC-02 GTGAGGCGTC
3 OPC-03 GGGGGTCTTT
4 OPC-04 CCGCATCTAC
5 OPC-05 GATGACCGCC
6 OPE-01 CCCAAGGTCC
7 OPE-02 GGTGCGGGAA
8 OPE-03 CCAGATGCAC
9 OPE-04 GTGACATGCC
10 OPE-05 TCAGGGAGGT

Table (3): Polymorphism percentages, number of monomorphic and
polymorphic bands detected by each primer (Kits C and E)
among nine olive cultivars

No. Kit Primer Monomorphic  Polymorphic  Tota Polymorphism  Unique

Bands bands | % Bands

1 CPC-01 0 39 39 100% 32

2 opPC-02 o} 40 40 100% eld]

3 C OPC-02 o} 31 31 100% 16

4 OPC-04 c 47 47 100% 33

5 QPC-05 11 12 23 52.2% 4

6 OPE-01 1 58 50 98.3% 44

7 OPE-02 Q 51 51 100% 35

8 E OPE-03 3 39 42 92.9% 28

9 OPE-04 Q 53 53 100% 30

10 OPE-05 1 5C 5 9B8% 37
Total 16 420 436 96.3% 3co
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Table {4): Mclecular weight (bp) of unique bands of the nine olive
cultivars in RAPD profile of primer OPC-01

Chemlaly  Kalamata  Maraky Egizy Watikin Meloky Hamedy  Manzanillo  Kronaky

Avs At £y Yost 1396 783 1364 1060 -

ard 514 297 Yot 1123 699 922 806 -

509 562 354 390 608 671 -

316 329 535 492 -

307 452 303 --

362 -

314 -

} _ _ _ 200
Rescaked Distance Cluster Combi
] E) 10 13 20 2
1 ] 1 1 1
Ralamata :"

Maraky 3
Egizy 4
Watikin 5
Chemlaly ,
Meloky §
Hamedy |
Mazanille g
Rronaky 9

Fig. (3): Dendrogram based on ten RAPD primer profiles among nine olive
cultivars

ISSR-PCR amplification analysis

Five ISSR primers were used in the present study to identify nine
cultivars of olive as shown in Table (4). Sixteen monomorphic and 107
polymorphic distinct fragments (86.9% of polymorphism) were revealed in
the nine tested cultivars with these primers. The resuits showed that
primers B17898, B17899 and HB15 were highly polymorphic (100%, 92.5%
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and 21.1% polymorphism, respectively). On the other hand, primers A844
and B844 showed the lowest polymarphism (25%). The overall results of
five primers were illustrated in Table (4). Primers HB15 and B17899 gave
the highest total number of bands 45 and 40 bands. While, primers A844
and B844 gave the lowest total number of bands (8 and 4 bands).
Moreover, seventy three out of 123 ISSR markers were found to be cultivar
specific .These markers were scored for the presence of unique bands for a
given species. As shown in Table (4), the highest number of unique bands
{27 bands) which scored one or more unigue bands for each cultivar was
found with the primer HB15 (Fig. 4) while primer B844 gave no unigue
bands. The ISSR marker technique was useful in identifying most of these
cultivars by one or more unique DNA band. In general, the result indicated
that ISSR markers gave adeguate distinguishing among studied olive
cultivars.

These results were in partial agreements with the finding of Wolfe
and Morgan-Richards (1998) who reported that ISSR markers have
recently become widely used in species and population studies due to high
variability, less investment of time, money and labor than other methods.
Also, Pasqualone et al. (2001) found that ISSR markers were effective in
discriminating between ten olive studied cultivars. Moreover, the present
results agreed with the result of Terzopoulos et al., (2005) who used two
inter-simple sequence repeat (ISSR)} markers for the differentiation of 31
Olea suropaea L. cultivars grown in Greece. Both ISSR primers showed
high degrees of polymorphism. They suggested that their results along with
those of other researchers show that ISSRs can be used for cultivar
differentiation in O. europaea L. the results agreed with the results of
Essadki et al. (2006). Also, Martins-Lopes et al. (2007) screened thirty
Portuguese and eight foreign olive (Ofea europaea L.} cultivars using Inter-
Simple Sequence Repeat {ISSR) markers. The percentage of polymorphic
bands detected by ISSR was 88%. Seven ISSR primers were able to
distinguish individually all 38 olive cultivars. Moreover, Kattmah et al.
(2011) conducted a fingerprint experiment using ISSR technique on eight
phenotypes of cultivated wild olive in Mesief region —Hamah Province,
Syria. They concluded that ISSR technique was able to discriminate among
the wild types included in the study.
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Fig. (4): DNA profile generated by primer HB15 among the nine olive
cultivars

Based cn ISSR polymorphisms, similarity matrix was developed by
SPES computer package system. The closest relationship was scored
between Maraky and Egizy with similarity 74.3%. That was followed by
Chmelaly and Kalamata with similarity 67.6%. Moreover, cultivars Maraky
and Kalamata showed 66.7% simitarity. While Watikin and Kronaky gave
the lowest similarity of 33.3% which were considered not closely related
cultivars.

The dendregram based on ISSR (Fig.5) separated the ning cultivars
into two main clusters. Moreover, Kronaky cultivar was separated alone in
one cluster and remain cultivars were ¢lustered together.
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Table (5): Polymorphism percentages, number of monomorphic and
polymomhic bands detected with each ISSR primers among
nine olive cultivars

’ No. of No. of . .
Primer . . Unique Total Polymorphism
meonomorphic polymorphic o
Code No. bands bands Bands bands o
HB15 4 41 27 45 91.1%
AB44 6 2 1 8 25%
8844 3 1 a 4 5%
B17899 3 37 23 40 92.5%
B17893 0 26 22 26 100%
Total 18 L 73 123 86.9%
R led Di Chaster € bine
] 5 10 15 20 25
—t } t \ ]
Maraky
) 4
Egizy
Chemlaly 1
el ——_l
Falamata -
Meloky [ -T
watikin 5 —
Mazanillo
7
Hamedy
Kronaky 9

Fig. (5): Dendrogram based on five ISSR primer profiles among nine olive
cultivars
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Moreover, similarity matrix based on isozymes, RAPD- PCR and
ISSR polymorphism among the nine olive cultivars was developed by
SPSS computer package system. The closest relationship was scored
between Maraky and Egizy with similarity 45.7%. That was followed by
Maraky and Kalamata with similarity of 45.1% then 43.5% similarity was
found between cultivars Chmelaly and Kalamata. On the other hand,
cultivars Chemlaly and Manzanilo gave the lowest similarity 30.3% which
were considered not closely related cultivars.

The dendrogram based on isozymes, RAPD and ISSR data (Fig.6)
was constructed, clearly indicated that there was correlation between the
nine cultivars of olive by clustering them together and gave us another
dimension to detect the genetic variability by showing the accurate
differentiations and demonstrated significant levels of variation. In this study
dendrogram separated the cultivars into two clusters. Cultivars Manzanillo
and Kronaky clustered together in one cluster. While the remain cultivars
clustered in the other cluster.
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Fig. (6): Dendrogram based on three systems (isozymes, RAPD and 1SSR-
PCR) of the nine studied olive cultivars.

Finally, the results revealed that the dendrograms obtained from the
analysis showed the genetic relationship among the nine studied olive
cultivars. The results demonstrated the reliability of isozymes, RAPDs and
ISSRs to identify all studied olive cultivars and to reveal the degree of their
relatedness to each other. The analysis alsc reveals the presence of an
interesting amount of genetic diversity among the studied individuals.
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