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ABSTRACT. The fig tree (Ficus carica L.) is of significant socio-
economic importance in Turkey, with 25% of the world’s fig production.
Genetic variation and relationships among 14 wild-grown figs sampled
from Coruh Valley in Turkey were characterized by random amplified
polymorphic DNA (RAPD). Ninety-eight DNA fragments were scored
after amplification of DNA samples with 13 random primers; 70% of
the scored bands were polymorphic. Genetic distances between the fig
genotypes ranged from 0.21 to 0.62. Genotypes 08-ART-02 and 08-
ART-06 were found to be the most closely related, whereas 08-ART-09
and 08-ART-10 were the most distant. The 14 wild-grown genotypes
were grouped into six main clusters and one outgroup. We conclude that
RAPD analysis is efficient for genotyping wild-grown fig genotypes.
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INTRODUCTION

The East Mediterranean (Turkey, Syria, Saudi Arabia) where wild fig trees exist is
considered to be the origin of the fig (Ficus carica L., 2n = 16) and the place from which
its cultivation expanded to the whole Mediterranean. Currently, the fig grows best and
produces the best quality fruit in the Mediterranean and dryer warm-temperate climates
(El-Rayes, 1995).

Fig is one of the earliest cultivated fruit trees. Today, it is an important crop worldwide
for dry and fresh consumption and its fruit is an important source of minerals and vitamins,
and amino acids as well (Lianju et al., 2003). Dried figs also contain relatively high amounts
of crude fiber (5.8%, w/w), higher than that of all other common fruits (Vinson et al., 2005).
Dried figs also contain one of the highest concentrations of polyphenols among the commonly
consumed fruits and beverages (Vinson, 1999).

World fig production is dominated by mainly Mediterranean countries, and among
them, Turkey is the world’s largest fig producer with approximately 300,000 tons annual pro-
duction (27% of the world’s total production). The country is also the biggest fig exporter
among the producer countries with 180,00 tons of exports annually, which represents 52% of
the total world fig exports (Anonymous, 2005). About 70% of Turkey’s total fig production is
for dry consumption (Aksoy et al., 2003).

Turkey bridges Europe, Asia and Africa, is surrounded on 3 sides with seas of differ-
ent ecological characteristics, and has altitudes ranging from sea level to above 5000 m, result-
ing in a variety of climatic conditions throughout the country. Thus, Turkey has a biological
wealth that is unrivaled by any of the neighboring countries. The ecosystem mosaic of several
different ecological characteristics provides nesting and breeding areas for thousands of fauna
and flora species and their populations. Another factor that increases this wealth is that, two of
the four migratory routes of the West Palaearctic Region pass above Turkey.

The country is one of the most important diversity centers of wild-grown figs as well.
The wild fig trees grow mostly in Mediterranean, Southern and North East and North West
Anatolia (Ozbek, 1978). In North West Anatolia, there is Coruh Valley where wild fig trees
are abundant. In the valley, there is high morphological diversity among wild-grown fig trees,
particularly in fruit color. Fruit color varies from dark purple to yellow. However, there is
no information in the scientific literature regarding genomic information about wild fig trees
grown in Coruh Valley.

Random amplified polymorphic DNA (RAPD) analysis is widely used for the study
of such anonymous genomes. This method is suitable for determining genetic diversity, ge-
notyping, phylogenetic analysis, genetic relationships, etc. RAPD, among other molecular
marker methods, has considerable advantages because it is fast and inexpensive and because
the development of RAPD markers does not require prior knowledge of the genome sequence.
These markers have been widely used in the molecular analysis of figs (Elisiario et al., 1998;
Galderisi et al., 1999; Cabrita et al., 2001; Papadopoulou et al., 2002; Aka-Kagcar et al., 2003;
De Masi et al., 2003; Khadari et al., 1995, 2003; Sadder and Ateyyeh, 2006).

Therefore, the aim of this study was to use RAPD fingerprinting for characterizing
and detecting polymorphisms among wild fig genotypes sampled from diverse environments
of Coruh Valley in Turkey, and in addition, for investigating the genetic relationships among
these genotypes sampled.
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MATERIAL AND METHODS

Leaf samples from 14 wild-grown fig genotypes were collected in Coruh Valley,
which is located in Northeast Anatolia. The leaves were stored immediately at -80°C for
DNA extraction.

Genomic DNA was extracted from powdered (ground in liquid nitrogen) leaf ma-
terials using the modified method described by Lin et al. (2001). Approximately 10-15 mg
tissue from each plant sample was snap-frozen in liquid nitrogen in 2-mL Eppendorf tubes.
A volume of 1000 uL DNA extraction buffer [100 mM Tris-HCI, pH 80; 50 mM EDTA, pH
80; 500 mM NaCl; 2% SDS (w/v); 2% 2-mercaptoethanol (v/v); 1% PVP (w/v)] was added
and the tubes mixed well. The mixture was incubated at 65°C in a water bath for 40 min
with intermittent shaking at 5-min intervals. The mixture was centrifuged at 12,000 g for
15 min at 4°C. The supernatant was transferred to a clean 1.5-mL tube, mixed with an equal
volume of phenol:chloroform:isoamyl alcohol (25:24:1), and then centrifuged. The superna-
tant was collected and mixed with 1/10 volume 10% CTAB-0.7 M NaCl in a clean tube.
After centrifugation, the supernatant was collected and mixed gently with an equal volume of
chloroform:isoamyl alcohol (24:1). DNA was precipitated by the addition of 0.6 volume of
freezer-cold isopropanol, for 10 min at -20°C. DNA was pelleted by centrifugation (12,000 g,
10 min) and the isopropanol was poured off; the DNA recovered was allowed to air-dry before
being dissolved in 100 uL TE buffer.

The samples were screened for RAPD variation using the standard 10-base primers
supplied by Operon. A 30-puL reaction cocktail was prepared as follows: 10X 3.0 pL buffer,
1.2 uL dNTPs (10 mM), 1.2 pLL magnesium chloride (25 mM), 2.0 pL primer (5 uM), 0.4 uL
Taq polymerase (5 units), 19.2 pL water, and 3.0 uL sample DNA (100 ng/uL). A total of 43
RAPD primers were tested in this study, and the polymorphisms obtained with the primers are
shown in Table 1.

The thermocycler (Eppendorf Company) was programmed as follows: 2 min at 95°C;
2 cycles of 30 s at 95°C, 1 min at 37°C, 2 min at 72°C; 2 cycles of 30 s at 95°C, 1 min at 35°C,
2 min at 72°C; 41 cycles of 30 s at 94°C, 1 min at 35°C, 2 min at 72°C; followed by a final
5-min extension at 72°C, and then cooling down to 4°C.

PCR products (27 pL) were mixed with 6X gel loading buffer (3 pL) and loaded onto
an agarose (1.5 %, w/v) gel in 0.5X TBE (Tris-borate-EDTA) buffer, and electrophoresed at
70V for 150 min. The gel was stained in an ethidium bromide solution (2 pL./100 mL 1X TBE
buffer) for 40 min, and the bands were visualized under UV in a Bio Doc Image Analysis Sys-
tem with Uvisoft analysis package (Cambridge, UK).

The positions of scorable RAPD bands were transformed into a binary character
matrix (1 for the presence and 0 for the absence of a band at a particular position), which
was entered in the RAPDistance computer program (Armstrong et al., 1994). These data
were used for the calculation of pairwise genetic distances between cultivars using the Jac-
card coefficient (JC). The computer program calculated the degree of genetic dissimilarity
between each pair of the 21 genotypes using the simple equation: JC=1-a/(a + b + ¢),
where “a” is the number of bands shared by plant “x” and plant “y”, “b” is the number of
bands in plant “x”, and “c” is the number of bands in plant “y”. The JC ignores the absence
of matches. The distance matrix was used for cluster analysis using the unweighted pair-
group method with arithmetic averages.
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RESULTS

Initially, 43 decamer primers (Operon Technologies, Inc.) were tested in 14 wild fig
genotypes. Of these, 13 primers (OPA 12, OPA 13, OPA 16, OPA 18, OPH 17, OPH 18, OPH
19, OPX 11, OPY 04, OPY 07, OPY 11, OPY 15, and OPW 17) produced good amplification
products and were chosen for RAPD analysis (Table 1). The remaining primers did not pro-
duce amplification products and scorable bands.

Table 1. List of the selected primers and the degree of polymorphism obtained among 14 wild-grown figs.

Primer code Sequence 5°>3’ Polymorphic bands Monomorphic bands Percentage of
polymorphic markers

OPA-12 TCGGCGATAG 3 3 50
OPA-13 CAGCACCCAC 5 3 63
OPA-16 AGCCAGCGAA 6 2 75
OPA-18 AGGTGACCGT 5 1 83
OPH-17 CACTCTCCTC 3 1 75
OPH-18 GAATCGGCCA 7 3 70
OPH-19 CTGACCAGCC 7 3 70
OPX-11 GGAGCCTCAG 8 2 80
OPY-04 GGTCGCAATG 3 2 40
OPY-07 AGAGCCGTCA 8 4 75
OPY-11 AGACGATGGG 5 3 63
OPY-15 AGTCGCCCTT 5 - 100
OPW-17 GTCCTGGGTT 4 2 67
Polymorphism (average) 70

(=N}
Nl

Total 29

A total of 98 scored reliable markers were produced by 13 RAPD primers with
an average frequency of 7.5 bands per primer. The size of the bands ranged from 240 to
2200 bp. Seventy percent of the total 98 bands produced were polymorphic. According
to these results, there is a high level of genetic diversity in the wild fig germplasm in
Coruh Valley.

The dendrogram obtained from the RAPD markers grouped the 14 wild-grown fig
genotypes into 6 main clusters and one out-group. The first cluster includes 08-ART-01 and
08-ART-05. The fruit skin color of these genotypes is violet. The second cluster includes 08-
ART-08, 08-ART-12, and 08-ART-14, which have light violet and green skin color. The third
cluster includes five genotypes (08-ART-02, 08-ART-03, 08-ART-06, 08-ART-10, and 08-
ART-11), which have mostly fruits with a yellow skin color, except 08-ART-06 (green color).
08-ART-04, 08-ART-07, and 08-ART-13 formed single clusters (Figure 1), all of which have
fruits with a dark violet skin color. The genotype 08-ART-09 has a violet color and was found
to be the outgroup.

The genetic distance between fig genotypes ranged from 0.21 to 0.62. The genotypes
08-ART-02 and 08-ART-06 were found to be the closest, whereas 08-ART-09 and 08-ART-10
were the most distant.
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Figure 1. Unweighted pair-group method with arithmetic average dendrogram of 14 wild fig genotypes based on
13 random amplified polymorphic DNA primers.

DISCUSSION

Our study showed that there was very high polymorphism ratio among wild-grown fig
genotypes (70%) in Coruh Valley. Previously, the polymorphism ratio among cultivated figs
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grown in different Mediterranean countries was found to be 26-77%, using RAPD markers
(Kadari et al., 1995; Elisiario et al., 1998; Galderisi et al., 1999; Cabrita et al., 2001; Papado-
poulou et al., 2002; Aka-Kagar et al., 2003; De Masi et al., 2003; Salhi-Hannachi et al., 2005;
Sadder and Ateyyeh, 2006). Our results are comparable to those in the cited literature. In fact,
we used only wild-grown fig genotypes, which are exposed to diverse environments from
different parts of Coruh Valley. Therefore, this high polymorphism ratio would be expected.
On the other hand, an average similarity ratio of 0.468 was recorded for the wild-grown fig
genotypes, suggesting that the genome may differ for the wild-grown Turkish figs. This result
also indicates the potential use of these, particularly the more distant genotypes, for future
breeding programs. Similar to the results obtained here, RAPD markers were shown in an
earlier study to be powerful enough to differentiate even between clones of the same fig cul-
tivars (Papadopoulou et al., 2002). The RAPD method has previously been found to be ap-
plicable for genotype identification in various gene pools, e.g., in Italy (Galderisi et al., 1999;
De Masi et al., 2003), in Greece (Papadopoulou et al., 2002), in Turkey (Cabrita et al., 2001),
and in Japan (Ikegami et al., 2009) as well. In addition, it is a very simple technique compared
to other molecular techniques. Moreover, wild-grown fig genotypes present in Coruh Valley
show variable fruit colors (e.g., yellow, green, purple, violet, and light and dark violet). Fruit
weight is also variable among genotypes. Therefore, this rich and variable genetic pool could
be potentially incorporated into local or regional breeding programs.
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