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Summary
The aim of the study is to determine genetic diversity and relationships among olive cultivars native to Croatia and Turkey. A total of
twenty olive (Olea europaea L.) cultivars including fourteen from
Croatia and six common cultivars from Turkey were analyzed for
genetic diversity and relationships by using six microsatellite markers
(DCA05, DCA09, DCA18, GAPU71B, GAPU101, UDO43).
The number of polymorphic alleles ranged from 2 (UDO43) to 5
(DCA09), with an average of 3.6 fragments per marker. UPGMA
cluster analysis based on simple matching similarity matrix grouped
cultivars into three main clusters. Two pairs of cultivars from Croatia
("Buža muška" and "Levantinka"; "VLMD6" and "Drobnica")
were thought to be different, although they produced identical
SSR profiles. Cluster analysis points to some genetic relationships
between Croatian and Turkish olive cultivars. The results also
indicate efficiency of SSR markers to evaluate genetic diversity in
olive and identify misnamed or synonym individuals.

Introduction
The olive (Olea europaea) is native to the coastal areas of the eastern
Mediterranean Basin and it is estimated that the cultivation of olive
trees began more than 7000 years ago (GREEN, 2002). In the last few
years, olive cultivation is steadily expanding to more geographical
zones, in response to increased demand for olive oil consumption
owing to its nutritional value and recognized health benefits. Olives
are now cultivated in many regions of the world with Mediterranean
climates, such as South Africa, Chile, Peru, Australia, Argentina and
USA (California) and in areas with temperate climates such as New
Zealand. However these countries shared 15-16 percent of world’s
olive production (FAO, 2009).
The olive is of major agricultural importance in the Mediterranean
region and olive oil is a basic constituent of the Mediterranean diet.
Present production of olives (Olea europaea) is about 18.0 million
tons green and black table olives and 3.3 million tons olive oil
from 10.8 million ha (FAO, 2009). Of the total production, 86% is
produced in the Mediterranean region with Spain, Italy, Greece and
Turkey as the main producing countries. Mediterranean countries
constituted a wide germplasm with a large number of cultivars. It is
expected that there were more than 1200 olive cultivars in the world
(BARTOLINI et al., 2005)
Olive has a great commercial importance in both Turkey and Croatia
and both countries have long tradition in olive growing (POLJUHA
et al., 2008; ERCISLI et al., 2011). It is used for local consumption
mainly as olive oil in both countries. In Turkey, table olive
consumption is also highly preferred. Olive growing in Turkey
and Croatia are well established mainly around Aegean and
Mediterranean regions of Turkey and Dalmatia region and Istria
peninsula in Croatia (ERCISLI, 2004; POLJUHA et al., 2008). Turkey
has continued olive production with its very old olive cultivars such
as "Domat", "Uslu", "Ayvalik", "Gemlik" etc. for a long time. In
*

Corresponding author

contrast, new olive plantations has been established in Croatia
predominantly with cultivars introduced from Italy including
"Leccino", "Pendolino", "Frantoio", (PRIBETIC, 2006). However,
there is increased interest to old autochthonous Croatian olive
cultivars such as "Istarska bjelica" in new plantations in Croatia as
well because of its adaptation to local conditions and high oil quality
(POLJUHA et al., 2008).
Turkey (The Ottoman Empire) had an intense and long-lasting
influence on the entire Balkan Peninsula until to the nearer past.
Archeological and historical research in Anatolia, Turkey proves
that this region was very important for the history of olive (DURGAC
et al., 2010). Most contemporary olive cultivars are fairly old and
of unknown genetic background. Olives have been propagated by
vegetative means in Croatia for centuries and the introduction and
spread of cultivars in Croatia may have come from countries that
have in the past settled or conquered the area of the present Croatia.
Until now, it has not been clarified all around the Mediterranean
basin whether their olive cultivars have been introduced or are
derived from local oleaster (HANNACHI et al., 2008).
To evaluate genetic relationships, trace phylogenetic origin and
extent of ecologically differentiation in the same species, plant
breeders need to have a definitive identification both of cultivars
and selections of crop plants. Reliable and rapid methods of
identification are also required for the establishment of plant variety
rights (KJELDGAAD and MARSH, 1994).
Classifications and evaluations of the olive cultivars based on
phenotypic expressions such as growth form, leaf morphology
and fruit properties and information from these environmentally
influenced morphological characteristics is not sufficient to identify
olive cultivars. It is a predominantly allogamous species showing
a high degree of outcrossing which leads to considerable levels of
heterozygosity and DNA polymorphism among individuals. The
wide genetic patrimony and the large number of synonyms and
homonyms in olive require precise methods of discrimination for
cultivar identification and classification. (ANGIOLILLO et al., 1999;
RALLO et al., 2000).
Olive cultivars have been the subject of multiple studies given the
large number of synonyms and homonyms generated during many
centuries of vegetative multiplication and exchange. Nowadays
several molecular markers (RFLPs, AFLPs, RAPDs, ISSRs, SSRs)
are available and these markers provide an accurate and unambiguous tool for precise identification of cultivated olive germplasm
(CARRIERO et al., 2002). Similarly to other crops, simple sequence
repeat (SSR) markers have been preferred until now because of
their high level of polymorphism, co-dominant nature and reliable
repeatability (SZIKRISZT et al., 2011). SSR markers have been
developed for olive by several groups (SEFC et al., 2000; CARRIERO
et al., 2002; CIPRIANI et al., 2002), and this marker system was found
to be the most reliable, effective and easy-to-use for identification of
olive cultivars (SARRI et al., 2006). Simple Sequence Repeats (SSRs)
are now widely used in olive (BRETON et al., 2008; POLJUHA et al.,
2008; ROUBOS et al., 2010; ERCISLI et al., 2011).
In this study, six well-known cultivars from the Western part of
Turkey and fourteen cultivars from Dalmatia and Istria regions of

Genetic relationships among olive cultivars

Croatia were analyzed by Simple Sequence Repeats (SSR) markers
in order to determine the potential synonyms and genetic relatedness
among them.
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powdered leaf samples using a modified CTAB method described
by FUTTERER et al. (1995). The concentrations of each DNA sample
were measured using a Qubit Fluorometer (Invitrogen, Carlsbad,
CA, USA) and adjusted to 50 ng/mL for analysis.

Materials and methods
Plant material
In the present study, a total of 20 olive cultivars including six
well-known Turkish olive cultivars ("Domat", "Uslu", "Ayvalik",
"Gemlik", "Tavsan Yuregi" and "Memecik"), which dominate commercial olive production in Turkey and 14 Croatian olive cultivars
("Istarska bjelica", "Buža muška", "Buža", "Piculja", "Mezanica",
"Bjelica Dubrovnik", "Murgulja", "Uljarica", "Levantinka",
"Oblica", "Grčka", "Drobnica", "Lastovka" and "VLMD6") were
used for SSR analysis. Turkish and Croatian cultivars were selected
according to dominancy in both countries’ plantations. Six olive
cultivars from Turkey share over 80% olive trees in Turkey. The
cultivar "Buža " dominate old olive plantations in Croatia over
50 percents (MILOTIC and SETIC, 2005) and the autochthonous
cultivar "Oblica", makes up 75% of the total number of olive trees in
Croatia (STRIKIC et al., 2007).
The Turkish cultivars were found together in the Atatürk Central
Horticultural Research Institute, Yalova in Turkey. "Istarska bjelica",
"Buža muška" and "Buža" were grown in Istria region of Croatia.
"Levantinka" and "VLMD6" were sampled from middle Dalmatia
and rest of the Croatian cultivars were sampled from South Dalmatia
of Croatia.
DNA Isolation
Young leaves of olive trees were sampled for DNA extraction.
Lyophilized leaf samples were ground to a fine powder using a
mortar and pestle. DNA samples were extracted from 150 mg

Amplification, scoring and analysis of SSR’s
Six previously developed and widely used SSR primers in molecular
characterization of olive cultivars (DCA-05, DCA-09, DCA-18,
GAPU-71B, GAPU-101, UDO-43) were used for amplification of
SSR analysis in this study. Each 20-µL polymerase chain reaction
(PCR) mixture for amplification of SSR markers consisted of
1.0 U DNA polymerase (Fermentas, Hanover, MD, USA) with
the reaction buffer supplied at 1X concentration, 0.4 µM of each
primer, dNTPs at 0.25 mM each, and 50 ng template DNA. Thermal
cycling conditions were: 2 min at 94°C; 40 cycles of 40 s at 94°C,
45 s at annealing temperature of each primer pair, and 1 min and
30 s at 72°C, and a final extension step of 5 min at 72°C. An Applied
Biosystems Thermal Cycler was used for these reactions. PCR
products were separated on a 4% agarose SFR™ gel (Amresco Inc.,
Solon, OH, USA) in 1X TBE (89 mM Tris Base, 89 mM Boric Acid,
2 mM EDTA). Gels were stained with ethidium bromide (0.5 mg/
mL; Sigma, St Louis, MO, USA) and photographed.
SSR markers were scored as present (1) or absent (0) and simple
matching similarity coefficients (SNEATH and SOKAL, 1973) were
calculated for all pair-wise comparisons among 20 olive cultivars.
Expected heterozygosity (He) and observed heterozygosity (Ho)
were calculated according to the method of NEI (1973) using
POPGEN32 software v.1.31 (YEH et al., 1997). A dendrogram
demonstrating the relative genetic relationship was generated using
NTSYSpc version 2.11V (Exeter Software, Setauket, NY) (ROHLF,
2004) based on the unweighted pair-group method of arithmetic
mean cluster analysis (UPGMA).

Tab. 1: Selected characteristics of olive cultivars from Croatia and Turkey used in this study.
Variety

Fruit mass
(g)

Stone mass
(g)

Fruit shape

Oil content
(%)

Use of fruit

Origin

Domat
Uslu
Ayvalik
Gemlik
Tavsan Yuregi
Memecik
Istarska bjelica
Buža muška
Buža
Piculja
Mezanica
Bjelica Dubrovnik
Murgulja
Uljarica
Levantinka
Oblica
Grčka
Drobnica
Lastovka
Unnamed (VLMD6)

5.30
3.53
3.65
3.73
6.08
4.78
3.09
2.90
4.38
1.27
3.00
2.97
5.64
2.73
4.50
5.05
2.18
2.80
-

0.86
0.52
0.54
0.53
0.83
0.56
0.40
0.63
0.53
0.32
0.59
0.50
0.97
0.65
0.52
0.8
0,49
0.48
-

Oval
Oval
Cylindrical
Oval
Heart
Oval
Oval
Ovoid
Ovoid
Ovoid
Spherical
Ovoid
Spherical
Spherical
Ovoid
Ovoid
Spherical
Ovoid
-

20.57
21.50
24.72
29.98
20.20
24.50
23.80
23.00
20.05
18.77
25,60
24.57
18,02
25.57
20.00
22.10
23.10
24.00
-

Table
Table
Oil
Table
Table
Table-Oil
Oil
Oil
Table-Oil
Oil
Table-Oil
Oil
Table
Oil
Oil
Table-Oil
Oil
Oil
Oil
Oil

Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia
Croatia

*Croatian cultivars were reported by BAKARIC, P. (1995); BAKARIC, P. (2002); BENCIC, Ð. (2000); BENCIC et al. (2009); BENCIC et al. (2010) and Turkish
cultivars were reported by CANOZER (1991).
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Results and discussion
Tab. 1 summarizes the data generated by the six SSR primer pairs
in 20 olive cultivars from Croatia and Turkey. A total of 22 polymorphic alleles were identified. The number of polymorphic
alleles ranged from 2 (UDO-43) to 5 (DCA-09), with an average of
3.6 fragments per primer. On the other hand, SSR locus DCA0-3
was excluded from our study because it was not polymorphic among
the plant materials studied.
Expected heterozygosity (He) was the lowest as 0.14 at two loci
(DCA-18) whereas it was the highest as 0.74 in GAPU-101 loci.
Observed heterozygosity (Ho) was the highest in GAPU-101 (0.55).
Except UDO-43, expected heterozygosity (He) was higher than the
observed values (Ho) at all loci (Tab. 2).
According to SSR profiles of 20 autochthonous olive cultivars from
Turkey and Croatia, two pairs of cultivars from Croatia ("Buža
muška" and "Levantinka"; "VLMD6" and "Drobnica") were found
to be synonyms. No synonyms were found among Turkish cultivars.
In addition, synonyms were not observed between Turkish and
Croatian cultivars.
The dendrogram derived from an UPGMA cluster analysis of the
total 22 SSR markers is shown in Fig. 1. Three main distinct groups
were observed in the dendrogram. Group I consisted of "Ayvalik"
from Turkey and "Uljarica" from Croatia with 77% similarity
ratio and both cultivars have been utilized for olive oil production.

Tab. 2: Simple sequence repeats (SSRs), no. of detected alleles, observed
heterozygosity (Ho) and expected heterozygosity (He) of 6 SSR
markers on 20 olive cultivars investigated.
SSR Primers

Number
of alleles

Expected
heterozygosity
(He)

Observed
heterozygosity
(Ho)

DCA-05*
DCA-09
DCA-18
GAPU-71B**
GAPU-101
UDO-43***
Total
Average

3
5
4
4
4
2
22
3.6

0.18
0.63
0.14
0.68
0.74
0.45

0.10
0.40
0.10
0.35
0.55
0.50

0.47

0.33

* developed by SEFC et al. (2000)
**developed by CARRIERO et al. (2002)
***developed by CIPRIANI et al. (2002)

Group II included 3 Turkish and 6 Croatian autochthonous
cultivars ("Murgulja", "Tavsan Yuregi", "Domat", "Grčka", "Uslu",
"Lastovka", "Levantinka", "Buža muška" and "Oblica"). In this

Fig. 1: The UPGMA dendrogram based on simple matching similarity matrix obtained using 22 SSR markers, illustrating the relative similarity among
20 olive cultivars from Croatia and Turkey.
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Tab. 3: Similarity matrix among 14 Croatian and 6 Turkish olive cultivars based on "Simple Matching" coefficient.

Buža muška
Buža Istria
Mezanica
Murgulja
Uljarica
Piculja
Bjelica Dubrovnik
Oblica
Levantinka
Grčka
VLMD6
Drobnica
Lastovka
Ayvalik
Domat
Gemlik
Memecik
TavsanYuregi
Uslu

Istarska Buža
bjelica muška

Buža
Istria

Mezanica

Murgulja

Uljarica Bjelica Oblica
Piculja Dubrovnik

Levantinka

0.77
0.64
0.68
0.50
0.59
0.91
0.77
0.77
0.77
0.59
0.83
0.73
0.68
0.64
0.82
0.73
0.77
0.64
0.55

0.68
0.67
0.68
0.64
0.86
0.68
0.68
0.68
0.89
0.91
0.77
0.64
0.64
0.73
0.59
0.73
0.64

0.39
0.55
0.77
0.64
0.55
0.64
0.64
0.61
0.59
0.64
0.50
0.59
0.68
0.73
0.50
0.59

0.39
0.44
0.61
0.78
0.67
0.72
0.67
0.67
0.72
0.50
0.72
0.61
0.44
0.72
0.72

0.68
0.73
0.45
0.45
0.45
0.72
0.77
0.55
0.77
0.50
0.59
0.55
0.59
0.41

0.91
0.82
0.78
0.68
0.82
0.59
0.86
0.68
0.55
0.77
0.77

0.68
0.64
0.67
0.45
0.68
0.73
0.91
1.00
0.73
0.78
0.68
0.91
0.59
0.77
0.77
0.64
0.68
0.77

0.77
0.68
0.68
0.59
0.78
0.73
0.68
0.64
0.73
0.64
0.68
0.55
0.55

0.73
0.73
0.73
0.94
0.95
0.73
0.68
0.59
0.77
0.64
0.68
0.59

group, "Murgulja" formed a subgroup and the rest of cultivars formed
another subgroup within Group II. Croatian and Turkish cultivars
distributed within Group II without any geographical isolation.
Croatian cultivars, "Levantinka" and "Buža muška" showed 100%
identical SSR banding profiles. Group III included "Gemlik",
"Memecik", "Istarska bjelica", "Buža", "Piculja", "Mezanica",
"Bjelica Dubrovnik", "Drobnica" and "VLMD6" cultivars. There
were 3 subgroups within this cluster and Turkish cultivars "Gemlik"
and "Memecik" clustered together but related to Croatian cultivars
within Group III. There were 100% similarities between the last two
Croatian cultivars within Group III.
Similarity matrix indicated that the "Ayvalik" and "Tavsan Yuregi"
were the most distant cultivars among Turkish samples with 0.45
similarity ratio. The highest similarity (0.86) was observed between
"Gemlik" and "Memecik" olive cultivars among Turkish samples.
Considering Croatian samples, cultivars "Murgulja" and "Mezanica"
was found the most distant from each other with a similarity ratio of
0.39. "Levantinka" - "Buža muška" and "Drobnica" - "VLMD6"
had identical allelic SSR profile (Tab. 3).
We obtained a high level of polymorphism among olive cultivars in
the present study. A high level of polymorphism in olive cultivars
by using SSR markers was also reported previously (CARRIERO
et al., 2002; SARRI et al., 2006; MUZZALUPO et al., 2006; GOMES
et al., 2009; ALBA et al., 2009). In our study, the number of average
polymorphic alleles per primers (3.6) was higher than obtained by
CIPRIANI et al. (2002) and comparable to CARRIERO et al. (2002),
SARRI et al. (2006) and MUZZALUPO et al. (2006) and lower than
those reported by BELAJ et al. (2003), POLJUHA et al. (2008), ALBA
et al. (2009) and ROUBOS et al. (2010). In this study, we used
relatively few SSR loci; nevertheless, the most were highly polymorphic and therefore allowed unequivocal identification of all the
plant material. Previously GOMES et al. (2009) and ROUBOS et al.
(2010) also discriminated olive cultivars by using only six SSR loci.
The SSR locus DCA-03 was excluded from our study because it was
not polymorphic among the cultivars used. The marker UDO-43
showed the lowest and DCA09 showed the highest polymorphism
in this study. In contrast, BELAJ et al. (2003) and ALBA et al. (2009)
reported a high discrimination capacity of the UDO-43 marker.

Grčka

0.73
0.78
0.68
0.91
0.59
0.77
0.77
0.64
0.68
0.77

VLMD6 Drobnica

Lastovka

0.72
0.68
0.73
0.59
0.68
0.68
0.55
0.68
0.77

0.77
0.73
0.64
0.82
0.68
0.73
0.64

1.00
0.83
0.83
0.72
0.94
0.78
0.72
0.72

Ayvalik Domat

0.68
0.77
0.77
0.64
0.68
0.86

0.55
0.73
0.59
0.45
0.64

Gemlik Meme- Tavsan
cik
Yuregi

Istarska
bjelica

0.64
0.68
0.82
0.73

0.64

0.86
0.64
0.73

0.59
0.68

However, ALBA et al. (2009) and NOORMOHAMMADI et al. (2009)
also found high polymorphism with DCA-09 marker. POLJUHA et al.
(2008) found that the markers DCA-03, DCA-10 and DCA-16 were
of high discrimination capacity among Istrian olive trees. Variations
reported in the number of alleles in olive cultivars by different
scientists may be related to variation in the loci studied as well as the
number of genotypes and their localities (LOPES et al., 2004).
As indicated before some of Croatian cultivars had identical
allelic SSR profile. Previously POLJUHA et al. (2008) reported
three synonym cultivars "Crna", "Karbonera" and "Karbuna" from
Croatia by SSR analysis. ERCISLI et al. (2011) reported synonymous
names of "Ziraat" and "Gemlik"; "Isrange" and "Tuz" and "Patos"
and "Yag" olive cultivars from the Black Sea region in Turkey.
These results also indicat that synonym olive cultivars from Croatia
might be renamed or misnamed in a new locality where those were
cultivated.
Our results also highlight the genetic diversity of olive cultivars
grown in Turkey and Croatia. It seems that the six SSR markers used
in this study had high discriminating capacity for 20 olive cultivars.
SSR markers have been previously used in genetic diversity and
relationships studies in olive cultivars and most scientists conclude
that SSR markers are a powerful tool for cultivar identification and
analysis of genetic structure (KHADARI et al., 2003; BELAJ et al.,
2003; GOMES et al., 2009).
As expected, the most closely related cultivars were within each
gene pool ("Levantinka" and "Buža muška", "Drobnica" and
"VLMD6" from Croatia with 100% identical SSR banding profiles
and "Gemlik" and "Memecik" from Turkey with 85% similarity
ratio (Fig. 1). The use of synonym or mislabeling is one of the most
important problems in olive germplasm from different Mediterranean countries. Discrimination of synonymous cases in olive
germplasm has also been reported by using SSR and other molecular
markers (MUZZALUPO et al., 2006; GOMES et al., 2009). No particular
clustering was observed among cultivars from two countries and
Turkish olive cultivars distributed in all three main clusters and were
clustered with Croatian olive cultivars suggesting that Turkish and
Croatian olive cultivars continue to be related. This result may be
due to the germplasm exchange and selection for similar climatic
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environments (e.g. selecting for similarly important adaptation
genes). However, the divergence among Croatian cultivars was most
likely caused by breeding for adaptation and cultivar improvement
after the introduction of olive cultivars from Turkey and other related
ancestral cultivars from Mediterranean countries. For Croatian olive
cultivar improvement, it is possible to use those Turkish olive
cultivars that are related to Croatian olive cultivars as parents to
possibly add new alleles without introducing too much new genetic
diversity, or the genetic diversity that is most closely related to
previous/historical parents.
These results also indicate that grouping genotypes based on the
geographic origin is not useful in olive. BESNARD et al. (2001) found
that olive genotypes from different countries clustered together
within a group and they did not find any grouping based on their
geographical origins. The result was similar to POLJUHA et al. (2008)
who studied genetic diversity among Slovenian and Croatian olive
cultivars and found that Croatian olive cultivars clustered with
olive cultivars from Slovenia. Previous studies indicated that olive
genotypes have been freely exchanged among collectors in different
countries for centuries.
In conclusion, the SSR analysis was useful for the detection of
genetic differences among the olive accessions from Turkey and
Croatia. The outcome of this study could be useful for varietal
survey and the construction of a database of olive cultivars in both
Croatia and Turkey. Our results also suggest that older Turkish olive
cultivars have not diverged greatly from the Croatian olive cultivars
based upon the UPGMA dendrogram (Fig. 1).

References
ALBA, V., MONTEMURRO, C., SABETTA, W., PASQUALONE, A., BLANCO, A.,
2009: SSR-based identification key of cultivars of Olea europaea L.
diffused in Southern-Italy. Sci. Hortic. 123,11-16.
ANGIOLILLO, A., MENCUCCINI, M., BALDONI, L., 1999: Olive genetic
diversity assessed using amplified fragment length polymorphisms.
Theor. Appl. Genet. 98, 411-421.
BARTOLINI, G., PREVOST, G., MESSERI, C., CARIGNANI, G., 2005: Olive
germplasm:cultivars and world-wide collections. Available via DIALOG
http://www.app3.fao.org/wiews/olive/oliv.jsp (accessed April 2008).
BELAJ, A., SATOVIC, Z., CIPRIANI, G., BALDONI, L., TESTOLIN, R., RALLO,
L., TRUJILLO, I., 2003: Comparative study of the discriminating capacity
of RAPD, AFLP and SSR markers and their effectiveness in establishing
genetic relationships in olive. Theor. Appl. Genet. 107, 736-744.
BAKARIC, P., 2002: Sorte maslina Dubrovačkog primorja. Alfa 2, Dubrovnik.
ISNB 953-98233-0-8.
BAKARIC, P., 1995: Elaiografia otoka Korčule. Zagreb Blatski ljetopis 6984.
BENCIC, D., 2000: Utjecaj sorti i stupnja zrelosti na kvalitetu ulja u istarskim
maslinicima. Zagreb, PhD thesis.
BENCIC, D., LANCA, Z., SINDRAK, Z., 2010: Morfological diversity of four
Buža phenotypes (Olea europaea L.) on location Bale in Istria. Herald of
plant protection 1/2010. Zagreb.
BENCIC, D., TOLIC, T., SINDRAK, Z., 2009: Morfological diversity of olive
(Olea europaea L.) variety Lastovka phenotypes in the north-vestern part
of the island Korčula. Sjemenarstvo 26, 153-159.
BESNARD, G., BRETON, C., BARADAT, P., KHADARI, B., BERVILLE, A., 2001:
Cultivar identification in olive based on RAPD markers. J. Am. Soc.
Hortic. Sci. 126, 668-675.
BRETON, C., PINATEL, C., MEDAIL, F., BONHOMMEA, F., BERVILLE, A., 2008:
Comparison between classical and Bayesian methods to investigate the
history of olive cultivars using SSR-polymorphisms. Plant Sci. 175,
524-532.
CANOZER, O., 1991: Olive cultivars. Ministry of Agriculture of Turkey. No.
16, Ankara.
CARRIERO, F., FONTANAZZA, G., CELLINI, F., GIORIO, G., 2002: Identification

of simple sequence repeats (SSRs) in olive (Olea europaea L.). Theor.
Appl. Genet. 104, 301-307.
CIPRIANI, G., MARRAZZO, M.T., MARCONI, R., CIMATO, A., TESTOLIN, R.,
2002: Microsatellite markers isolated in olive (Olea europaea L.) are
suitable for individual fingerprinting and reveal polymorphism within
ancient cultivars. Theor. Appl. Genet. 104, 223-228.
DURGAC, C., KIYGA, Y., ULAS, M., 2010: Comparative molecular analysis
of old olive (Olea europaea L.) genotypes from Eastern Mediterranean
region of Turkey. Afr. J. Biotechnol. 9, 428-433.
ERCISLI, S., 2004: A short review of the fruit germplasm resources of Turkey.
Genet. Resour. Crop Ev. 51, 419-435.
ERCISLI, S., IPEK, A., BARUT, E., 2011: SSR marker-based DNA fingerprinting and cultivar identification of olives (Olea europaea L.).
Biochem. Genet. 49, 555-561.
FAO, 2009: Agricultural Statistics of the Food and Agriculture Organization
of the United Nations, Rome [www.FAO.org]. Accessed November 11,
2011.
FUTTERER, J., GISEL, A., IGLESIAS, V., KLOTI, A., KOST, B., MITTELSTENSCHEID, O., NEUHAUS, G., NEUHAUS-URL, G., SCHROTT, M.,
SHILLITO, R., SPANGENBERG, G., WANG, Z.Y., 1995: Standard molecular techniques for the analysis of transgenic plants. In: Potrykus,
I., Spangenberg, G. (eds.), Gene transfer to plants, 215-218. SpringerVerlag, New York.
GOMES, S., MARTINS-LOPES, P., LOPES, J., GUEDES-PINTO, H., 2009:
Assessing genetic diversity in Olea europaea L. Using ISSR and SSR
Markers. Plant Mol. Biol. Rep. 27, 365-373.
GREEN, P.S., 2002: A revision of Olea L. (Oleaceae). Kew Bull 57, 91-140.
HANNACHI, H., BRETON, C., MSALLEM, M., EL HADJ, S.B., EL GAZZAH, M.,
BERVILLE, A., 2008: Differences between native and introduced olive
cultivars as revealed by morphology of drupes, oil composition and SSR
polymorphisms: A case study in Tunisia. Sci. Hortic. 116, 280-290.
KHADARI, B., BRETON, C., MOUTIER, N., ROGER, J.P., BESNARD, G.,
BERVILLÉ, A., DOSBA, F., 2003: The use of molecular markers for
germplasm management in a French olive collection. Theor. Appl.
Genet. 106, 521-529.
KJELDGAARD, R.H., MARSH, D.R., 1994: Intellectual property rights for
plants. Plant Cell 6, 1524-1528.
LOPES, M.S., MENDONCA, D., SEFC, K.M., GIL, F.S., DA CAMARA
MACHEDO, A., 2004: Genetic evidence of intra-cultivar variability within
Iberian olive cultivars. Hortic. Sci. 39, 1562-1565.
MILOTIC, A., SETIC, E., 2005: Meslina (Olea europaea L.). In: Bertosa,
M., Matijasic, R. (eds.), Istarska Enciklopedija. Leksikografski Zavod
Miroslav Krleza, Zagreb.
MUZZALUPO, I., LOMBARDO, N., MUSACCHIO, A., NOCE, M.E., PELLEGRINO, G., PERRI, E., SAJJAD, A., 2006: DNA sequence analysis of
microsatellite markers enhances their efficiency for germplasm management in an Italian olive collection. J. Am. Soc. Hortic. Sci. 131, 352359.
NEI, M., 1973: Analysis of gene diversity in subdivided populations.
Proceedings National Academy Science USA 70, 3321-3323.
NOORMOHAMMADI, Z., HOSSEINI-MAZINANI, M., TRUJILLO, I., BELAJ, A.,
2009: Study of intracultivar variation among main Iranian olive cultivars
using SSR markers. Acta Biol. Szegediensis 53, 27-32.
POLJUHA, D., SLADONJA, B., SETIC, E., MILOTIC, A., BANDELJ, D., JAKSE,
J., JAVORNIK, B., 2008: DNA fingerprinting of olive varieties in Istria
(Croatia) by microsatellite markers. Sci. Hortic. 115, 223-230.
PRIBETIC, D., 2006: Sorte maslina u Istri. MIH., Porec.
RALLO, P., DORADO, G., MARTIN, A., 2000: Development of simple sequence
repeats (SSRs) in olive tree (Olea europaea L.). Theor. Appl. Genet. 101,
984-989.
ROHLF, F.J., 2004: NTSYS-pc numerical taxonomy and multivariate analysis
system. Version 2.11V. Exeter software, Setauket, New York.
ROUBOS, K., MOUSTAKAS, M., ARAVANOPOULOS, F.A., 2010: Molecular
identification of Greek olive (Olea europaea) cultivars based on microsatellite loci. Genet. Mol. Res. 9, 1865-1876.

Genetic relationships among olive cultivars
SARRI, V., BALDONI, L., PORCEDDU, A., CULTRERA, N.G., CONTENTO,
G.M., FREDIANI, A., BELAJ, M., TRUJILLO, I., CIONINI, P.G., 2006:
Microsatellite markers are powerful tools for discriminating among
olive cultivars and assigning them to geographically defined populations.
Genome 49, 1606-1615.
SEFC, K.M., LOPES, M.S., MENDONCA, D., DOS SANTOS, M.R., LAIMER, M.,
DA CÂMARA MACHADO, A., 2000: Identification of microsatellite loci in
olive (Olea europaea) and their characaterization in Italian and Iberian
olive trees. Mol. Ecol. 9, 1171-1173.
SNEATH, P.H.A., SOKAL, R.R., 1973: Numerical Taxonomy: The principles
and practice of numerical classification. Freeman, San Francisco.
STRIKIC, F., CMELIK, Z., SATOVIC, Z., PERICA, S., 2007: Morfološka
raznolikost masline (Olea europaea L.) sorte Oblica. Pomologia
Croatica. 13, 77-86.
SZIKRISZT, B., HEGEDUS, A., HALÁSZ, J., 2011: Review of genetic diversity

149

studies in almond (Prunus dulcis). Acta Agron. Hung. 59, 379-395.
YEH, F.C., YANG, R.C., BOYLE, T.B.J., YE, Z.H., MAO, J.X., 1997:
POPGENE the user-friendly shareware for population genetic analysis
molecular biology and biotechnology centre University of Alberta,
Canada. http://wwwualbertaca/~fyeh/ (Last accessed on April 27th 2010).
Address of the Authors:
S. Ercisli, Department of Horticulture, Faculty of Agriculture, 25240 Erzurum, Turkey, E-mail: sercisli@gmail.com
D. Bencic, Department of Pomology, Faculty of Agriculture, 10000 Zagreb,
Croatia
A. Ipek, E. Barut, Department of Horticulture, Faculty of Agriculture, 16059
Gorukle, Bursa, Turkey
Z. Liber, Department of Botany, Division of Biology, Faculty of Science,
10000 Zagreb, Croatia

