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Abstract—Aim of this work was to study the genetic basis for oil
accumulation in olive fruit via tracking DGAT2 (Diacylglycerol
acyltransferase type-2) gene in three Egyptian Origen Olive cultivars
namely Toffahi, Hamed and Maraki using molecular marker
techniques and bioinformatics tools. Results illustrate that, firstly:
specific genomic band of Maraki cultivars was identified as DGAT2
(Diacylglycerol acyltransferase type-2) and identical for this gene in
Olea europaea with 100% of similarity. Secondly, differential
genomic band of Maraki cultivars which produced from RAPD
fingerprinting technique reflected predicted distinguished sequence
which identified as DGAT2 (Diacylglycerol acyltransferase type-2)
in Fragaria vesca subsp. Vesca with 76% of sequential similarity.
Third and finally, specific genomic specific band of Hamed cultivars
was identified as two fragments, 1- Olea europaea cultivar Koroneiki
diacylglycerol acyltransferase type 2 mRNA, complete cds with two
matches regions with 99% or 2- Predicted: Fragaria vesca subsp.
vesca diacylglycerol O-acyltransferase 2-like (LOC101313050),
mRNA with 86 % of similarity.
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1. INTRODUCTION

LIVE (Olea europaea L.) is one of the oldest agricultural

tree crops worldwide and an important source of oil with
beneficial properties for human health. Also, a majority and
economically important crop for the new reclamation land in
Egypt. Genetic patrimony of Mediterranean Basin’s olive trees
are very rich and are characterized by an abundance of
varieties. The cultivated olives (Olea europaea, subspecies
europaea) is a diploid species (2n = 2x = 46) [1].
Interestingly, originally of the olive tree is lost in time,
coinciding and mingling with the expansion of the
Mediterranean civilizations which for centuries governed the
destiny of mankind and left their imprint on Western culture.
Many molecular fingerprint techniques could be performed for
olive oil, to identify olive cultivars that made up a certain
olive oil [2]. Reference [3] traced the cultivar composition of
monovarietal olive oils by AFLPs, suggesting that DNA
extraction is the most critical step affecting the procedure.
Dramatically decrease of DNA quality which extracted from
olive oil, with a consequent loss of information a month later
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from olive oil production [4]. The associating of genetic
characteristics and DNA-based molecular markers is very
important to select the progeny showing interesting
agronomical traits and even specific organoleptic
characteristics at the first stages of development which may
use as a marker for future olive oil identification. To detect the
Triacylglycerols (TAG) biosynthesis is  principally
accomplished by membrane-bound enzymes that operate in
the endoplasmic reticulum through the glycerol-3-phosphate
or the so-called Kennedy pathway [5], [6]. The first step in the
process involves the acylation of glycerol-3-phosphate (GP) at
the sn-1 position to produce lysophosphatidic acid (LPA) by
GP acyltransferase (GPAT). LPA is further acylated at the sn-
2 position by LPA acyltransferase (LPAT) resulting in the
formation of phosphatidic acid (PA). PA is dephosphorylated
to produce diacylglycerol (DAG), which is further acylated to
produce TAG by diacylglycerol acyltransferees (DGAT), the
only enzyme in the pathway that is thought to be exclusively
committed to TAG synthesis [7], [8].

A lot of plants accumulate large amounts of triacylglycerols
(TAGsS) in their seeds as storage reserves for germination and
seedling development. Main points in the accumulation of
TAGs are the early events of fatty acid biosynthesis and the
last and critical events of TAG synthesis [8], [9]. On the other
hand there are few fruit crops that deposit most of the oil in
the monocarp tissues to attract animals for seed dispersal.
Among them olive is of predominant economic importance
because its oil is ideal for direct consumption. It is therefore of
great importance to elucidate the key-points in the olive oil
biosynthesis pathway and storage. This knowledge could
speed up the breeding programs aimed at selecting clones with
superior fatty acid composition and is also essential for
selecting high oil-yielding genotypes more efficiently and
rapidly, thus improving decision-making processes. Although,
molecular basis of gene regulation underlying olive oil
production is far from complete. There is a significant amount
of information concerning the regulation of several genes
involved in fatty acid synthesis and modification [10]-[12].

The study of DNA is the important factor in the analysis of
polymorphisms, either by restriction or amplification profiling
has been used to identify different genotypes of Olea
europaea L. and other agronomic species. It was possible to
discriminate between species and between genotypes, [13],
[14]. Intensive modes of production favor the use of a few
varieties with a stable and regular yield in olive cultivation,
over a wide area associated with acceptable organoleptic

1398



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:8, No:12, 2014

characteristics. Many molecular characterization of Egyptian
olive cultivars using RAPD has been done e.g. Mohamed and
Yacout study of four Egyptians olive cultivars i.e. Hamed,
Wateken, Maraki, Toffahi, and five European cultivars [15].

Reference [16] detected that the gene families have GAT2
(type-2) both of which are ER-localized. DGAT1 genes have
been cloned from several plant species, including olive.
DGAT2 genes have been cloned from diverse eukaryotes,
including the oleaginous fungus Mortierella ramanniana and
the plant species Arabidopsis [17]. A third member of the
DGAT family (type-3), highly unrelated to the previously
reported, was identified in peanut that possesses a cytosolic
localization [18].

For getting better understanding of genetic bases for oil
accumulation in olive oil via tracking DGAT2
(Diacylglycerolacyltransferase type-2) gene in three Olive
cultivars namely, Toffahi, Hamed and Maraki, molecular
marker techniques and bioinformatics tools were applied in
this investigation.

II. MATERIALS AND METHODS

A. Plant Material

For mining Diacylglycerolacyltransferase type-2 (DGAT?2)
genes and evaluate its role in fatty acid accumulation in
different Olive fruit varieties, molecular and bioinformatical
tools were applied.

These varieties are very ancient in origin and come from the
Siwa oasis, Egypt. The variety Toffahi is self-compatible and
has a low pistil abortion rate. Flowering and harvesting are
early. Its productivity is medium. The fruit is freestone and
has a very high flesh-to-stone ratio; it is used primarily for
green pickling. It is moderately sensitive to damage during
transportation and handling. The fruit is large and its oil
content is low (5-7%). Hamed is self-compatible and has a
low pistil abortion rate. Its productivity is high and constant.
The fruit is large and very sensitive to damage during
transportation and handling. The flesh-to-stone ratio of the
fruit is high. Freestone, it is used for green and black pickling.
It is resistant to drought and salinity and is grown on 6% of the
Olive crop area. Oil olive content is from 9 to 16%. Maraki
used for oil production, fruit is very heavy and has a medium
flesh-to-stone ratio. Its oil is very high in oleic acid content
and is of medium bitterness and the oil olive content is from
25 to 30%. Accounting for 2% of olive crop area, its
distribution is currently limited but it has started to be
propagated on a commercial scale and is expected to become
Egypt’s main oil cultivar.

Differential display molecular technique was employed to
detect and compare DGAT2 (Diacylglycerolacyltransferase
type-2) gene which catalyse the final step of the
triacylglycerol (TAG) biosynthesis Kennedy pathway among
three Olive cultivars namely, Toffahi, Hamed and Maraki
(with low, moderate and high oil quantity and yield
respectively).

B. Nucleic Acid Purification and PCR Reaction Preparation
and Amplification

Total RNA Extraction and Construct C-DNA Libraries

Total RNA was extracted from three Olive cultivars using
Gene JET™ RNA purification kit (Ferment life sciences. Co)
according to manufacturer protocol. Extracted RNAs were
turned to DNA through RT-PCR kit (Ready To-Go RT-PCR
Beads, Amersham Bioscience). To amplify the central
fragment of the degenerate primers FOR 1 (5-
CCTTACTGTACTTTCTGGATTATGAAGCC-3) and REV2
(5-CCAGCTACCACCACAGTGACGATATGG-3) was
designed for conserved regions of orthologous genes from
GeneBank. Amplified products were separated by gel
electrophoresis (1.0% Agarose). Resultant RT-PCR products
were purified with Microcon spin filters and quantified
spectrophotometrically  for preparing for sequencing
experiment through ABI Prism 7000 instrument based on
manufacturer procedure.

Random  Amplified
Establishment:

Total genomic DNA was amplified through GeneAmp
Polymerase Chain Reaction (PCR) system cycler. PCR for
amplified genomic DNA was carried out. The reaction
consists of 40 cycles; each cycle consisted of denaturation at
94°C for 30 sec followed by annealing at 30°C for 30 sec and
extension at 72°C for 30 sec. There was an initial delay for 15
min at 95°C at the beginning of the first cycle and 10 min
delay at 72°C at the end of the last cycle as a post extension
step [19]. The product was stored at —20°C or 4°C.

Polymiorphic = DNA  (RAPD)

C. Data Analysis

Gel documentation system (Photodoc-it, UVP, England),
was applied for data analysis using Totallab analysis software,
[20].

D. Nucleotide Sequence Accession Numbers

Nucleotide sequences of the DGAT2 from the RT-PCRs
were submitted to Identified through NCBI BLAST program
[21] as a single sense-strand contiguous sequence for each
cultivar and compared with standard with AD22608.1.

E. Phylogenetic Analysis

Obtaining bands from RAPD fingerprinting technique was
represented as 0,1 for absence and presence bands,
respectively. Then, phylogenetic tree was constructed through
PAST software analysis to detect genetic similarity among
cultivars under study [22].

III. RESULTS

Three distinguished genomic specific bands were obtained
for DGAT2 gene of three Olive cultivars namely, Toffahi,
Hamed and Maraki (with low, moderate and high oil quality
and yield respectively). Corresponding to oil yield and
quantity level, different band intensity were high, moderate
and low intensity for Maraki, Hamed, and Toffahi,
respectively. Thus, two characterized band for Maraki, Hamed
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were sequenced to detect DGAT2 product. Moreover,
differential genomic band which characterize Maraki cultivar
for RAPD analysis was sequenced as a potential genomic band
which could be play an important role in oil quality and yield
metabolic pathways. Only characterized band for Maraki
defined as DGAT?2 gene after alignment in NCBI BLAST data
base (Fig. 1). Sequencing analysis presents a huge help for
differential genomic band identification which presence of
Maraki cultivar for RAPD analysis and identified it as
predicted Fragaria vesca subsp. Vesca.

1-Toffahi 2-Hamed 3-Maraki

Fig. 1 Specific genomic band for maturity gene for three olive
cultivars: 1-Toffahi (with low intensity), 2- Hamed (with moderate
intensity), 3- Maraki (with high intensity)

Fig. 2 RNA extracted fragments for all three olive cultivars: 1-
Toffahi, 2- Hamed, 3- Maraki

On the other hand, differential genomic band of Maraki
cultivars which outputted from RAPD fingerprinting
technique reflected predicted distinguished sequence which
identified as DGAT?2 in Fragaria vesca subsp. Vesca with
76% of similarity.

Nucleotide Sequence (490 letters)

RID JE1E43N014 (Expires on 03-20 14:24 pm}
Query ID |cl|33907
Description None
Molecule type nucleic acid
Query Length 490

Database Name nr
Description Nucleotide collection (nt)
Program BLASTN 2,2.29+ b Citation
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Olea europaea cultivar Koroneiki diacylglycerol acylransferase type 2 mRNA, complete cds
Sequence ID: gb|GU357E35.1] Length: 1385 Humber of Matches: |

Range 1: 101 to 590 GenBank Graphics

Score Expect Identities Gaps Strand
9035 bits(4a0) 0.0 490/490(100%) 0/490(0%) Plus/Plus
Query 1 ATGACGTCGGAGEEEAAT GETGATATGCGECGECGECAGCTCCTGETGTCTGAGTCGGLG 60

FECELLETEEE e e e e e i e ey
Ghjct 101 ATGACGTCGGAGGGGAATGGTGATATGLGGCGGCGECAGCTECTGETGTCTEAGTCGEEE 160

CAACAGCCAACTCCGGCGGAGTTCALGGEEACTCAAGGATCGATATTCCACACAATACTG 120
FECEELELEEE e e e e e e e e e e e e
Ghjct 161 CAACAGCCAACTCCGGCGGAGTTCAAGGGGACTCAAGGATCGATATTCCACACAATACTG 220

Query 61

Query 121 GCACTTGTATTGTGGTTGGGATCCGTTCACTTCAACATCATTGTIGTCTTGECTTCCTTE 180
FECELEEEEE e e e e e e e i e e e e
Ghjct 221 GLACTTGTATTGTGGTTGGGATCCGTTCACTTCAACATCATTGTIGTCTTGECTTICCTIC 280

Query 181 GTCTTCCTCTCTTTTACTAAGGCTCTCATGGTCATTGEATTGCTTGTGATATTALTGETA 240
FECEELETEE e e e e e e e e ey
Ghjct 281 GICTTCCTCTCTTTTACTAAGGCTCTCATGGTCATTGGATTGCTIGTGATATTAATGGTA 340

Query 241 GCTCCAATTGATGATAGGAACAAATGGGGACGARAATTAGCALGGTATATATGTAAGCAT 300
LECEEEET LT e e e e e e E e e e ey
Ghjct 34l GLTCCAATTGATGATAGGAACAAATGGGGACGARAATTAGCAAGGTATATATGTAAGCAT 400

Query 301 GOGETTGGTTATTTTCCAGTGAATTTGTATGTAGAGGACATARMAGCCTTCGATCCTART 360
FECEEEETEE e e e e e e e e e e L e ey
dbjct 401 GOGGTTGGTTATTTTCCAGTGAATTTGTATGTAGAGGACATARRAGCCTTCGATCCTAAT 460

Query 361 GAGTCCTATGTTTTTGGCTACGAGCCACATTCAGTTTGGCCGATTGGAGTTETTTCTCTE 420
FECELLETEE e e e e e e e e e e e ey
dbjct 46l GAGTCCTATGTITTTGGCTACGAGCCACATTCAGTITGGCCGATTGGAGTTGTTTICTCTE 520

Query 421 GCCGACCTARCAGGTTTCATGCCTCTCCARMAMAATCAAGGTTCTCGCTAGTACTGCTGTE 480
FECEELEEEE e e e e e e e e i e ey
dbjet 521 GOCGACCTARCAGGTTTCATGCCTCTCCARMAMRTCAAGGTTCTCGCTAGTACTGCTGTG 550

Query 4581 TTCTACACAC 4380

TLLEELETTL
dbjct 5831 TTCTACACAC 530

Fig. 3 Alignment results for Maraki specific band and its identity
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Fig. 4 Chromatogram of DGAT2 gene in Olea europaea with 100 %
of similarity

N

Fig. 5 Chromatogram of DGAT?2 gene in Fragaria vesca subsp.
Vesca with 76 % of sequential similarity
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gblGU57635.1| (1385 letters)

RID JEQZMENOLS (Expires 07 03-20 14:24 pm)
Query D cil295640956 ob GU3S7635.11
Description Olez europaea cultivar korcneiki diacvlglvceral
zeyltrarsferas2 type 2 MRNA, complete cds
Molecule type ~rucleic acic
Query Length 1385

=l

Database Name it
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Program BLASTN 2.2 29+ b Citation
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Sequence ID: [eflXM_004267643 1| Length: 1657 Number of Matches: 1

Related Information
Range 1: 747 to 829 GenBank Graphics

Score Expect Identities Gaps. Strand
86.1 bits(46) Ze-13  71/83(86%) 1/83(1%) Plus/plus

Gene - associated gene details

Query 24 TCTCCARARAATCAAGGTTCTCGCTAGTACTGCTGTGTICTACACACCATTCCTGAGGCA 63
LN L e AR A AN RN AN RN R A}
Shjct 747 TCTCCCTAAGATGAAGGTCCTTGCAAGTACTGCTGTGTICTACACACCATTCCTAAGACA 806

Query 84  TATATGGTCGTGETTGGG-CTTA 105

Bibownload ~ GenBank Graphics

LECLLE LT T ]
Shjct 807 TATATGRACATGGTTGGGTCTTA 629

PREDICTED: Fragaria vesca subsp. vesca discylalycerol O-acyltransferase 2-like (LOC1 0131 30500, mRRMNA

Sequence |D: reflXh 004287642 1] Length: 1657 Mumber of Matches: 1

Range 1: 518 to 1271 Senbanc Sraonks

Seare Expect Tdanttties Tap= Strand

272 bits(205) de-101 STF/FEO(TES]) 12/7600195) Plus/Plus

Guery 215 TIGEATT LTI T rATATTART G ETAGC T CARTT (AT CATAGLAACARATECLLAC GAR 274
LU L E L T L T

Shice 518 TT. GTCLCA 517

faery 275 BATTA 434
N |||| ||||||||| ||||||| |||||||||||

Sbjct 578 GAGTEEL CAGGTACATATTAALT. TET 627

aery 425

TTL GATT CTAAT - WAGT CTATCTTTTTC I TAT GAGL LACATTE 498
||||||||| L LEEEL T L L L L L Tl
Sbict B#E 545

Qaery 292 ALTTT TT TTGTTTCTCT CCTa TTTCAT TCT B5E
N A T A
Sbjct  B9E ALRTTTTGC CAATT G TETT P TI G L AL TI G CTRACATEAL TEECTICTTRCETCTCCCTAR 755
Query 557 AATCAAGGTTCTCECTAGTACTECTLTCTTETACACA CATTECT TATATEETC  6le
kUL L VL L T
Sbjct 756 15
Query 612 GTTGGG- CTTAACACT. 570

G o EXTERY TCTTTT TCAGE,
IIIIIIIIIIIIIIIIIIIIIIII IIIIII III AR IIII
Sbjct 16 ATEGTTGLGTCTT-ACACCAGTCACARAGAGCARTTTTGTITE (ARTT-GETCETCRT 572

fuery 671  TATAGET GLAGEATGETTEG 720
LILEL 1 IIIIIIIIIIIIII IIIIIIIII IIIIIIIIIIII

Sbjct #7%  TATAGTTGCGTCATTGTALCTLGTLLAGTGLACGALS TTET GTRAS 933

fuery 7%l GAGATTGLATAT . TTLTALGTATT GATGLLIARE 790
PEEE L EL LELLnt IIIIIIIIIIIIIIIIIIIII IIIIII IIII

Sbict 924 TTEAGTT TTLTTTETATALT TAT 992

fuery 741 a50
AL L L L T L VLT T

Skjee 994 GLTLLAAGITAALT 10532

fuery $51  GEEARACTGTACTTGGARTTCTCTAGAGLARTARACTICGIAL (ARt tt oo lTRERE- 207
N N e N A e
Sbict 105% GEEGAGTTATTCCThAAGTTTGITAGSGI TATCARGTTIAL [ CTATTETCTICTEEEG: 1112

fuery 910 -TETACTAGETTCTCCTCTALCGLTTAGGCATC CARTEEALGTRETRETTGETOGTCCCE 965
[ AN N Y N Y A A |
Shjct 1114 ATETT-TGGETCC-CCTTTAL CTTTCAGACATT CARTEEATETRCTACTTROTARAIIA: 1171

fQuery 969 TTETELLARALARARALLCALAAL [TALTETTGAAGAGETTRITRARGTTIATREEIART  L0id
I N N LEELL TLEEL T
Shict 117 TaAGAACTLARGARARATTLAGAALT AL LATELAAGACLTIATELAACTATATELTIACT 1521

Query 1029 TTETCGAAGLACTTLAAGAALTITTTEARARLTALAAGLE 1065
I NN Ny
Sbjet lizd 1:71

Sequencesproducing sgrificant algnments:
Salect Al lone Selecred)
T Alignments )

Wax | Total | Query

Cescriation ldent  Accescion
SCOE SCOle Covar va\ue
Dlea 1l 2mRHE completocd 2558 2688 100% 00 1C0% GUIETAZS1
PREDICTED:F jecca diacylyhersl O-acglancferze2 - ike (LOCID 379 379 64% deIC1 76% i 00:787643

Fig. 6 Alignment results for differential Maraki specific band which
produced from RAPD fingerprinting technique and its identity

Moreover, Fig. 7 showed alignment sequence for specific
genomic specific band of Hamed cultivars which could be
identified as 1- Olea europaea cultivar Koroneiki
diacylglycerolacyltransferase type 2 mRNA, complete cds
with two matches regions with 99% or 2- Predicted: Fragaria
vesca subsp. Vesca diacylglycerol O-acyltransferase 2-like
(LOC101313050), mRNA with 86 % of similarity.

Olea europaea cultivar Karaneiki diacylglyceral acyltransferase type 2 mRNA, complete cds
Sequence ID: 0R|GU3STEIS| Length: 1385 Humber of Matches: 2

Range 1: 629 to 780 GenBank Graphics ¥ Newr Match

Score Eupect  Identities Gaps Strand
274 bits(148) 4e-70 151/152(99%) 1/152(0%) Plus/Plus

Query 157 CCAGCAACGAGGAAGAATTTTACTTCTCTTTTGGCATCAGCTTATAGCTGTATTATAGTG 216
RN N N RN N N NN RN RN AR RNy
Sbict 629 CCAGCAACGAGGAAGAATTTTACTTCTCTTTTGGCATCAGCGTTATAGCTGTATTATAGIC 688

Query 217 CCAGCCCCACTCAACCACCCATTATATATCCAGCATGCTTCCCACATTCCATATCTTARL Z76
FEEEELE TR TR L LR E L ELrL |
Ebjeot 683 CCACCLCCACTCAACCACCCATTATATATCCAGCATGCTTCCCACATTCCATATCTTARL 748

Query 277 ACALGAAGAGGGTTTGTACGTATTGCTA-GGA 307
EEELEEETTEEE e iy
Sbhict 749 ACAAGAAGAGGGTTTGTACGTATTGCTATGGA 780

Range 2: 521 to 628 GenBank Graphics A Previous March 4 First Match

Score Expect  Identities Gaps Strand
200 bits(108) 7e-48  108/108(100%) 0/108(0%) Flus/Plus
Qmery 1 GCCOACCTAACAGGTTTCATGCCTCTCCARAARATCAAGGTTCTCGCTAGTACTECTCTG 60

FELEELEL P LT P LT |
Ebjeot  EZl  GCCCACCTAACACCTITCATCCCTCTCCAAAAAATCAACCTTCTCCCTACTACTGCTCIC &80

Query &1 CTACACACCATTCCTCAGGCATATATGCTCETGGTTGGLCTTAACA 108

HIHIIHIIHII\\IIHIIHIIHIIHIHHHIIHIIH
CTA

Ebjet  EBL CACACCATTCCTCAGGCATATATGCTCCTCETTCECCTTARCA B28

Sequences producing significant alignments:
Select: Al None Selected
11 Alignments o

Max  Total Query

Description Ident  Accession
score score cover value

[ 0lea euronaea cultvar Koroneik fipe 2 mRNA completecds 274 474 75% 470 89% GUISTEIS1

[0 PREDICTED: Fratiatia vesta subsp. vesta 0 Zlke (LOC101 861 BBT 24% 2e-13 Bh% i 0042676431

Fig. 7 Alignment sequence for specific genomic specific band of
Maraki Hamed cultivar which identified as Koroneiki DGAT2
mRNA in Olea europaea cultivar 2) and identical for vesca
diacylglycerol O-acyl transferase 2-like in Fragaria vesca subsp.
with 100 % of similarity

IV. CONCLUSION

Although many efforts have been made in the last years,
genome studies in Olea europaea L. are currently behind
those of other crops. Several groups have started to work on
the olive genome sequencing (i.e., OLEAGEN genomics
project, Fundacion Genoma, Spain, [23]. and, thanks to the
rapid development of the new sequencing technologies, now
the complete sequence of olive genome will be available. The
new information's on genome sequence will be very useful to
identify genes involved in agronomical traits that could be
used to improve the productivity and the nutritional
characteristics of this crop. The Maraki Varity under study is
cultivate in Siwa Oasis is high oil content and possible studies
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of molecular mechanisms of drought and salinity tolerance of
thesis Varity, in order to improve the cultivation of this
important Varity also in the most arid and semiarid areas of
the world. The knowledge of genome nucleotide sequences
also could be useful to identify new sequence polymorphisms,
which will be very useful in the development of many new
cultivar-specific molecular markers (e.g., SNPs) and in the
implementation of more efficient protocols for tracking and
protect olive oil origin.

The roles of DGAT1 and DGAT2 in oil production,
however, do not have to be mutually exclusive. In some
plants, DGAT1 may play a more dominant role depending on
gene expression patterns and protein accumulation, whereas in
plants containing unusual fatty acids, DGAT2 may play a
more important role. Nonetheless, the enrichment of enzymes
for unusual fatty acid metabolism into distinct regions of the
ER would provide an effective mechanism for excluding the
unusual fatty acids from membrane lipids, which otherwise
could be disruptive to the structure and/or functioning of the
membrane lipid bilayer, and for channeling unusual fatty acids
into storage oils.

Identification of molecular markers suitable for tracing the
genetic identity of olive cultivars from which oil is produced,
on the other hand, has a great importance. For making
decision, which molecular markers will be more useful in
obtaining reliable results through the numerous molecular
markers existing in the literature, many of them have been
practically examined (including RAPDs, AFLPs, SCARs,
SSRs, ISSR, SNPs, ). A combination of molecular markers
(RAPD, ISSR, and SSR) to establish a relationship between
small-scale produced monovarietal and commercial olive oil
samples for certification purposes has been proposed.
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