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ABSTRACT. Turkey has very rich quince genetic resources, and the
country currently dominates world quince production. In particular,
the northeastern part of the country has notable Cydonia oblonga
Mill. germplasm. Authenticating the identity of germplasm resources
of C. oblonga Mill. would be of great value for breeding practices. In
the present study, genetic variations of 14 C. oblonga Mill. genotypes
sampled from the Coruh valley of Turkey were investigated. Ten random
primers generated 53 DNA markers. The highest polymorphism ratio was
observed in the OPAQ7 primer (86%), while the lowest was observed in
OPAO03 (29%). The percentage of polymorphic bands was 51%, which
demonstrated the efficiency of the primers used. The similarity matrix
revealed that the similarity among genotypes ranged between 0.42
and 0.96. The identified random amplified polymorphic DNA markers
enabled clear discrimination among all genotypes considered.
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INTRODUCTION

Intensive agriculture has resulted in the loss of much of the genetic diversity possessed
by local and historical genotypes. New varieties developed through modern breeding tech-
niques are becoming increasingly genetically homogenous than ever before, and are thus more
vulnerable to pathogen infection and adverse environmental conditions (Asins and Carbonell,
1989). This has prompted scientists to look for new sources of variations to broaden the genetic
background of highly resistant genotypes, which can be more adaptable to local environmental
fluctuations. Local genotypes found within the same agro-climatic conditions offer the advan-
tage of being utilized more easily for breeding purposes relative to those found in more distant
environments. Thus, precious genetic resources of local genotypes should be conserved for
proper utilization in breeding practices. In order to achieve this, it is imperative to assess the
genetic variability currently present among local genotypes (Ercisli, 2004; Kafkas et al., 2008).

The quince (Cydonia oblonga Miller) belongs to the genus Cydonia, and is native to
warm-temperate regions, including Asia Minor (Browicz, 1972). The total global quince pro-
duction is approximately 540,000 tons, and Turkey currently ranks first in terms of production,
contributing 120,000 tons (22%) to the global total. The other important producer countries
are China (110,000 tons), Uzbekhistan (67,000 tons), Morocco (45,000 tons), Iran (38,000
tons), Argentina (27,000 tons), and Azerbaijan (23,000 tons) (FAO, 2010).

Quince is a small deciduous tree, growing 5-8 m tall and 4-6 m wide. Quince is re-
lated to apples and pears, and like them, produce pear- or apple-shaped pome fruits, which are
bright golden yellow in color when mature. In most growing countries, quince are grown in
small amounts; typically one or two quince trees are grown in a mixed orchard with several
apple and other fruit trees (Westwood, 1993).

In Turkey, only a few molecular genetic studies have been conducted on quince to
date (Dumanoglu et al., 2009; Bayazit et al., 2011). Moreover, no studies have previously con-
sidered molecular genetic characteristics of quince grown in the northeastern part of Turkey.

Polymerase chain reaction (PCR)-based molecular markers, including rapid amplified
polymorphic DNA (RAPD) markers, have provided a powerful new tool for breeders to search
for new sources of variation and to investigate genetic factors controlling quantitatively inher-
ited traits. The molecular approach for identification of plant varieties/genotypes appears to be
more effective than traditional morphological markers because it allows direct access to the
hereditary material and makes it possible to understand relationships among plants (Williams
et al., 1990; Paterson et al., 1991).

The aim of the present study was to assess genetic diversity within C. oblonga geno-
types using RAPD markers and to compare the genotypes.

MATERIAL AND METHODS

Leaf samples from 14 C. oblonga genotypes were collected in the Coruh Valley, which
is located in Northeast Anatolia in Turkey. The leaves were immediately stored at -80°C for
DNA extraction. Genomic DNA was extracted from powdered (ground in liquid nitrogen) leaf
materials using a modification of methods described in 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 total volume of 1000 uL. DNA extraction buffer [100 mM Tris-HCI, pH 8.0, 50 mM EDTA,
pH 8.0, 500 mM NacCl, 2% sodium dodecyl sulfate (w/v), 2% 2-mercaptoethanol (v/v), and 1%
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polyvinylpyrrolidone (w/v)] was added, and tubes were 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 supernatant 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'a 0.6 volume freezer-cold isopropanol for 10 min at -20°C. DNA was pelleted by centrifuga-
tion (12,000 g, 10 min) and the isopropanol was poured off; the recovered DNA was allowed to
air-dry before being dissolved in 100 puL Tris-borate-EDTA (TBE) buffer.

The samples were screened for RAPD variation using standard 10-base primers supplied
by Operon. A 30-pL reaction cocktail was prepared as follows: 10X 3.0 pL buffer, 1.2 pL 10 mM
dNTPs, 1.2 pL 25 mM magnesium chloride, 2.0 pL. 5 uM primer, 0.4 uL 5 U Taq polymerase,
19.2 pL water, and 3.0 pL 100 ng/pL sample DNA. A total of 10 RAPD primers, which were
previously efficiently used in quince (Bayazit et al., 2011), were tested in this study (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. The markers were checked twice for
their reproducibility.

Twenty-seven microliters of the PCR products was mixed with 3 uL 6X gel loading
buffer, loaded on 1.5% agarose (w/v) gel in 0.5X TBE buffer, and electrophoresed at 70 V for
150 min. The gel was stained in an ethidium bromide solution (2 uL/100 mL 1X TBE buffer)
for 40 min, and the bands were visualized under UV in a Bio Doc Image Analysis System with
the UVisoft analysis package (Cambridge, UK).

The positions of scorable RAPD bands was 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 Jaccard coefficient (JC).
The computer program calculated the degree of genetic dissimilarity between each pair of the
14 genotypes using Equation 1:

JIC=1-al/(a+b+c) (Equation 1)

where « is the number of bands shared by plant “x” and plant “y”, b is the number of bands in
plant “x”, and ¢ 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 (UPGMA).

RESULTS

A total of 10 decamer oligonucleotide primers were used to investigate 14 quince
genotypes. Results of the RAPD analysis are summarized in Table 1. The 10 random primers
generated a total of 53 RAPD bands. The highest number of polymorphisms (86%) and the
highest number of polymorphic bands were obtained from the OPAO7 primer (Table 1). Primer
OPAO03 gave the lowest number of RAPD products (Table 1).
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Table 1. Total number of amplified fragments and number of polymorphic fragments generated by PCR using
selected random decamers.

Primer code Sequence (5'—3") Number of total bands Number of polymorphic bands Polymorphism (%)
OPA-03 AGTGAGCCAC 7 2 29
OPA-05 AGGGGTCTTG 6 3 50
OPA-06 GGTCCCTGAC 5 4 80
OPA-07 GAAACGGGTG 7 6 86
OPA-09 GGGTAACGCC 5 2 40
OPA-10 GTGATCGCAG 5 2 40
OPA-11 CAATCGCCGT 7 3 43
OPA-16 AGCCAGCGAA 5 2 40
OPA-18 AGGTGACCGT 4 2 50
OPA-19 CAAACGTCGG 2 1 50
Total 53 27 51

The distance matrix showed that the highest genetic similarity (0.96) was between
the genotypes Kis 1 and Kis 2 and the lowest (0.42) was between Ekmek and Katirbasi. This
indicates that the genotypes Kis 1 and Kis 2 are genetically closer to each other than any other
genotypes. Similarly, the high genetic distance between Ekmek and Katirbasi indicates their
potential for use in heterosis breeding practices. The average polymorphism among genotypes
was 51%, which shows clear and significant genetic diversity among the C. oblonga geno-
types. Hence, these genotypes should be preserved as valuable genetic resources for breeding.

The dendrogram obtained from the RAPD markers grouped the 14 genotypes into two
major clusters (Figure 1). Cluster 1 comprised three genotypes (Art 3, Katirbasi, and Katirbasi
1). Cluster 2 included the remaining 11 genotypes (Art 1, Art 2, Art 4, Art 5, Art 6, Art 7, Kis
1, Kis 2, Ecem, Anzavdere, and Ekmek). Cluster 2 was further divided into 4 subclusters. The
first subcluster included Art 7, the second subcluster included Art 2 and Art 4, and the third
subcluster included Art 5, Art 6, Kis 2, Kis 1, Art 1, Ecem, and Anzavdere. The fourth subclus-
ter consisted of Ekmek alone (Figure 1).
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Figure 1. UPGMA dendrogram showing the relationship of Cydonia oblonga genotypes.
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DISCUSSION

The relatively high genetic distances among the 14 quince genotypes analyzed in
this study clearly suggest genetically divergent parental origins, or a long history of adapta-
tion to their respective micro-climatic regions. A previous study using the RAPD technique
(Bayazit et al., 2011) revealed large genetic variations among different C. oblonga cultivars
and genotypes grown in the western part of Turkey. The distinctness of the C. oblonga geno-
types revealed by RAPD in the present study can be attributed to their unknown pedigree
and high heterozygosity, which accompanied the long history of cultivation and domestica-
tion of this species. Classification of C. oblonga genotypes based on phenotypic variations or
isozyme patterns should be reconsidered in light of results obtained from molecular analyses
with RAPD markers. Molecular studies with RAPD have unraveled considerable differences
among genotypes, as mentioned above. Thus, RAPD-based molecular markers can distinguish
different genotypes that were previously indistinguishable using isozyme-based markers.

This study represents the first attempt to use molecular markers to investigate genetic
relationships among C. oblonga genotypes grown under the same temperate agro-ecological
conditions in the northeast region of Turkey. The genetic relationships determined with RAPD
markers provide a more reliable method for identification of genotypes compared to mor-
phological characters. Further investigations of the level and partitioning of genetic variation
within genotypes would provide an important contribution for determining efficient quince
management strategies.
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