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Abstract Four well-known commercial olive cultivars (Domat, Edremit, Gemlik,
and Memecik) and six local cultivars (Ziraat, Isrange, Tuz, Patos, Yag, and Mar-
antelli) from northeastern Turkey were analyzed for genetic diversity and rela-
tionships using seven SSR primers (DCA-4, DCA-09, DCA-11, DCA-16, DCA-17,
GAPU-89, UDO-14). The number of markers ranged from 3 (DCA-04 and DCA-17)
to 6 (DCA-11, DCA-16, GAPU-89), with an average of 4.57 alleles per primer.
UPGMA cluster analysis based on a simple matching similarity matrix grouped
cultivars into two main clusters. Three pairs of cultivars (Ziraat and Gemlik, Isrange
and Tuz, and Patos and Yag) were thought to be different cultivars although they
produced identical SSR profiles. The results indicate the efficiency of SSR markers
for evaluation of genetic diversity in olives and identification of misnamed indi-
viduals of the same genotype.
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Introduction

The olive tree is believed to be the first tree cultivated on Earth, and its production is
one of the oldest agricultural activities, going back to the first civilization. The olive
originated in southeastern Anatolia and eventually spread to other Mediterranean
countries, to Asia, and to America. It has been an important part of all the civilizations
established on the shores of the Mediterranean Sea (Mendilcioglu 2001).
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Olives have great commercial importance in Turkey. They are consumed as table
olives and olive oil and used for soap production. Turkey is also a major exporter of
olive oil. Olive growing in Turkey is well established mainly around the Aegean and
Mediterranean regions, but also in the Marmara, southeastern Anatolia, and Black
Sea regions (Ercisli 2004).

According to Food and Agriculture data from the United Nations, Mediterranean
countries produce 90% of world olives, and the biggest olive producers are Spain,
Italy, Greece, Turkey, Tunisia, Morocco, Syria, and Portugal (FAO 2008). Although
Turkey ranks fourth in the production of fresh olives, it is the second greatest
producer of table olives, after Spain (FAO 2008). The top three table olives in
Turkey, in order of production, are the black, green, and kalamata types (Unal and
Nergiz 2003). It has been estimated that Turkey has approximately 100 local olive
cultivars (Aktan and Kalkan 1999).

Previously, olive cultivars were characterized by morphological traits, including
tree, fruit, and leaf characteristics (Aydin and Yunculer 1983; Canozer 1991; Kaya
and Tekintas 2006). Most morphological traits are influenced by environmental
factors, plant age, and phenology. Since objectivity is crucial to accurate
morphological typing, it is difficult to use such traits in plant identification and
characterization of genetic relationships (Ercisli et al. 2008). Moreover, the
simultaneous presence of local cultivars and those with a patchy distribution and
ambiguous naming, continuous interchange of plant materials among the olive
production regions and countries, long juvenile period, the presence of varietal
clones, and problems of varietal certification in nurseries have complicated
identification of olive cultivars (Sarri et al. 2006).

The availability of molecular tools able to detect genetic differences even at the
clonal level permits a more rapid and reliable approach to these problems. DNA
marker technologies based on polymerase chain reaction (PCR), such as simple
sequence repeat (SSR), are now available for many crop species, including the olive
(Sefc et al. 2000; Cipriani et al. 2002; Khadari et al. 2003; Belaj et al. 2003; Sarri
et al. 2006), grape (Benjak et al. 2005), apricot (Pedryc et al. 2009), apple (Galli
et al. 2005), quince (Dumanoglu et al. 2009), and others.

SSRs are PCR-based molecular markers valued for their abundant and uniform
genome coverage, high levels of polymorphism, codominance, reproducibility, and
ease of genotyping. SSRs are largely used for the characterization and differen-
tiation of fruit species, in particular closely related accessions. SSRs require little
DNA for the amplification. Every SSR locus is defined by a unique pair of primers;
therefore, information exchange between laboratories is easy and allows individuals
to be uniquely genotyped (Powell et al. 1996).

SSR markers have been developed for the 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). The use of this method, however, to determine genetic
relationships between old olive cultivars grown in Turkey is limited. Therefore, the
objectives of this study were to use seven SSR primers to characterize a total of 10
olive cultivars grown in Turkey.
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Materials and Methods

A total of 10 olive (Olea europea L.) cultivars were used for SSR analysis. Four
(Domat, Edremit, Gemlik, and Memecik) are well-known commercial cultivars in
Turkey. The remaining six cultivars (Ziraat, Isrange, Tuz, Patos, Yag, and
Marantelli) are local cultivars grown in a microclimate in Trabzon province in the
Black Sea region of Turkey; they were found together in Mersin village in Trabzon
province. The commercial cultivars were found together in the Atatiirk Central
Horticultural Research Institute, Yalova, in Turkey.

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 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.

Seven previously developed SSR primers were used for amplification (Table 1).
Each 20 pl PCR mixture for amplification consisted of 0.75 U DNA polymerase
(Fermentas, Hanover, MD, USA) with the reaction buffer supplied at 1x
concentration, 0.4 uM each primer, dNTPs at 0.25 mM each, and 50 ng template
DNA. Thermal cycling conditions were 2 min at 94°C; 10 cycles of 45 s at 94°C,
1 min at 65°C (annealing temperature was reduced 1°C after every cycle), and
1 min 30 s at 72°C; 35 cycles of 45 s at 94°C, 1 min at 55°C, and 1 min 30 s at
72°C; and a final extension step of 5 min at 72°C; using an Applied Biosystems
Thermal Cycler. PCR products were separated on a 4% agarose SFR gel (Amresco
Inc., Solon, OH, USA) in 0.5 M Tris—borate—-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), since allelic constitution of
these SSR markers was not known in the plant materials studied. Simple matching
similarity coefficients (Sneath and Sokal 1973) were calculated for all pairwise
comparisons among 10 olive cultivars (Table 2). A dendrogram demonstrating the
relative genetic relationships was generated using NTSYSpc version 2.11V (Exeter
Software, Setauket, NY; Rohlf 2004), based on the unweighted pair-group method
of arithmetic mean (UPGMA) cluster analysis (Fig. 1).

Table 1 SSR primers and
markers used in the DNA
fingerprinting of Turkish olive
accessions

SSR primer pair SSR markers

DCA-04*
DCA-09
DCA-11
DCA-16
DCA-17
GAPU-89°
UDO-14°
Total 32

* Sefc et al. (2000)
® Carriero et al. (2002)
¢ Cipriani et al. (2002)
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Table 2 Simple matching similarity matrix of 10 olive cultivars calculated from 32 SSR markers

Cultivars ~ Domat Edremit Ziraat Patos Isrange Marantelli Tuz Memecik Yag Gemlik

Domat 1.00
Edremit 0.66 1.00

Ziraat 0.50 0.53 1.00

Patos 0.55 0.62 0.79 1.00

Isrange 0.56 0.47 0.81 0.72  1.00

Marantelli  0.59 0.50 047 062 0.66 1.00

Tuz 0.56 0.47 0.81 0.72  1.00 0.66 1.00

Memecik  0.50 0.47 0.63 066 0.56 0.66 0.56 1.00

Yag 0.56 0.59 0.81 1.00  0.75 0.59 0.75 0.63 1.00
Gemlik 0.50 0.53 1.00  0.79 0.81 0.47 0.81 0.63 0.81 1.00

Results and Discussion

The seven SSR primers identified 32 polymorphic alleles in the 10 olive cultivars
(Table 1). The number of polymorphic alleles ranged from 3 (DCA-04 and DCA-
17) to 6 (DCA-11, DCA-16, GAPU-89), with an average of 4.6 fragments per
primer, indicating that the primers DCA-11, DCA-16, and GAPU-89 were the most
effective for discriminating among the cultivars analyzed here. The high level of
polymorphism in olive cultivars revealed by SSR markers was evident (Carriero
et al. 2002; Sarri et al. 2006; Muzzalupo et al. 2006; Gomes et al. 2009;
Noormohammadi et al. 2009). We obtained a higher average number of
polymorphic alleles (4.6) than Noormohammadi et al. (2009) and Cipriani et al.
(2002). Our results are also comparable to Carriero et al. (2002), Belaj et al. (2003),
Sarri et al. (2006), and Muzzalupo et al. (2006). This high level of polymorphism in
olives could be important for future breeding efforts in Turkey. Our results also
highlighted the genetic diversity of olive cultivars grown in Turkey. It seems that
the seven SSR primer pairs used in this study had high discriminating capacity for
the 10 olive cultivars. SSR markers have been previously used in genetic diversity
and relationship 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). 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)

The dendrogram derived from UPGMA cluster analysis of the 32 SSR markers
showed two main, distinct groups (Fig. 1). Group I consisted of the important
commercial cultivars Domat and Edremit. Group II was divided into two subgroups.
In group II, the local cultivar Marantelli and the well-known standard cultivar
Memecik clustered together in subgroup 1, suggesting that grouping genotypes by
geographic origin is not useful in the 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 geographic origin to be useful in the case of olives.
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Fig. 1 The relative similarity of 10 olive cultivars from Turkey. UPGMA dendrogram based on simple
matching similarity matrix (Table 2) obtained using 32 SSR markers

This result indicates that olive genotypes have been freely exchanged among
collectors in different regions. Subgroup 2 within group II included cultivars Ziraat,
Gemlik, Isrange, Tuz, Patos, and Yag. Three pairs of these cultivars (Ziraat and
Gemlik, Isrange and Tuz, and Patos and Yag) shared identical SSR banding profiles.
Gemlik is a well-known table olive not only in Turkey but also worldwide; it has
been misnamed “Ziraat” in Trabzon. Olive cultivars have been recently introduced
to Trabzon province (a new locality) mainly from western Turkey, where the
cultivar Gemlik is largely grown. In Trabzon province, the Isrange and Patos
cultivars are also misnamed or renamed “Tuz” and “Yag,” respectively. In Turkish,
“tuz” means salt and “yag” means oil; therefore, “Tuz” and “Yag” may not be the
correct or original names for the Isrange and Patos cultivars.

The use of synonymous names or mislabeling is one of the most important
problems in Turkish olive germplasm. It has been reported that synonymous naming
is also common in the olive germplasm in other olive-growing Mediterranean
countries. For example, identification of synonymous cases in Italian and
Portuguese olive germplasm has been reported using SSR and other molecular
markers (Muzzalupo et al. 2006; Gomes et al. 2009).

In conclusion, SSR analysis was found to be useful for detection of genetic
differences among olive accessions from Turkey. The outcome of this study could
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be useful for a varietal survey and the construction of a database of olive cultivars in
Turkey.

References

Aktan N, Kalkan H (1999) Sofralik Zeytin Teknolojisi. Ege Universitesi Basimevi, Izmir

Aydin R, Yunculer O (1983) Pomological properties of olive cultivars grown in Icel province.
Horticulture Research and Education Center, Erdemli/Icel Publ 48

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

Benjak A, Ercisli S, Vokurka A, Maletic E, Pejic I (2005) Genetic relationships among grapevine
cultivars native to Croatia, Greece and Turkey. Vitis 44(2):73-77

Besnard G, Breton C, Baradat P, Khadari B, Berville A (2001) Cultivar identification in olive based on
RAPD markers. ] Am Soc Hortic Sci 126:668-675

Canozer O (1991) Olive cultivars. Ministry of Agriculture of Turkey, Turkey 16

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 MT, 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

Dumanoglu H, Tuna Gunes N, Aygun A, San B, Akpinar AE, Bakir M (2009) Analysis of clonal
variations in cultivated quince (Cydonia oblonga ‘Kalecik’) based on fruit characteristics and SSR
markers. N Z J Crop Hortic Sci 37:113-120

Ercisli S (2004) A short review of the fruit germplasm resources of Turkey. Gen Resour Crop Evol
51:419-435

Ercisli S, Orhan E, Esitken A (2008) Relationships among some cornelian cherry genotypes (Cornus mas
L.) based on RAPD analysis. Gen Resour Crop Evol 55:613-618

FAO (2008) Agricultural Statistics of the Food and Agriculture Organization of the United Nations,
Rome. www.FAO.org. Accessed March 18 2010

Futterer J, Gisel A, Iglesias V, Kloti A, Kost B, Mittelsten-Scheid O, Neuhaus G, Neuhaus-Url G, Schrott
M, Shillito R, Spangenberg G, Wang ZY (1995) Standard molecular techniques for the analysis of
transgenic plants. In: Potrykus I, Spangenberg G (eds) Gene transfer to plants. Springer-Verlag, New
York, pp 215-218

Galli Z, Halasz G, Kiss E, Heszky L, Dobranszki J (2005) Molecular identification of commercial apple
cultivars with microsatellite markers. HortScience 40(7):1994-1997

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

Kaya H, Tekintas EF (2006) Characterization of the yamalak sarisi domestic olive cultivar grown in
Aydm province. Adnan Menderes Univ Agric Fac J 3:69-76

Khadari B, Breton C, Moutier N, Roger JP, 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

Lopes MS, Mendonca D, Sefc KM, Gil FS, Da Camara Machedo A (2004) Genetic evidence of intra-
cultivar variability within Iberian olive cultivars. HortScience 39(7):1562—1565

Mendilcioglu K (2001) Olive growing techniques. Ege University Publ, Turkey 36

Muzzalupo I, Lombardo N, Musacchio A, Noce ME, Pellegrino G, Perri E, Sajjad A (2006) DNA
sequence analysis of microsatellite markers enhances their efficiency for germplasm management in
an Italian olive collection. ] Am Soc Hortic Sci 131:352-359

Noormohammadi Z, Hosseini-Mazinani M, Trujillo I, Belaj A (2009) Study of intracultivar variation
among main Iranian olive cultivars using SSR markers. Acta Biologica Szegediensis 53(1):27-32

Pedryc A, Ruthner S, Herman R, Krska B, Hegedus A, Halasz J (2009) Genetic diversity of apricot
revealed by a set of SSR markers from linkage group G1. Sci Hortic 121:19-26

Powell W, Machray GC, Provan J (1996) Polymorphism revealed by simple sequence repeats. Trends
Plant Sci 1:215-221

@ Springer


http://www.FAO.org

Biochem Genet (2011) 49:555-561 561

Rohlf FJ (2004) NTSYS-pc numerical taxonomy and multivariate analysis system. Version 2.11V. Exeter
Software, Setauket, NY

Sarri V, Baldoni L, Porceddu A, Cultrera NG, Contento GM, Frediani A, Belaj M, Trujillo I, Cionini PG
(2006) Microsatellite markers are powerful tools for discriminating among olive cultivars and
assigning them to geographically defined populations. Genome 49:1606-1615

Sefc KM, Lopes MS, Mendonca D, Dos Santos MR, Laimer M, da Camara Machado A (2000)
Identification of microsatellite loci in olive (Olea europaea) and their characterization in Italian and
Iberian olive trees. Mol Ecol 9:1171-1173

Sneath PHA, Sokal RR (1973) Numerical taxonomy: the principles and practice of numerical
classification. Freeman, San Francisco

Unal K, Nergiz C (2003) The effect of table olive preparing methods and storage on composition and
nutritive value of olives. Grasas y Aceites 54:71-76

@ Springer



	SSR Marker-Based DNA Fingerprinting and Cultivar Identification of Olives (Olea europaea)
	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	References


