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1. Introduction
Quince (Cydonia oblonga Mill.) is a pome fruit, like apple 
and pear, that belongs to the family Rosaceae. It originated 
in northern Iran, the Hazar Sea, South Caucasus, Khurasan, 
and Anatolia. Its fruit is mainly used by the food industry 
to produce jam, jelly, and marmalade. Quince is a good 
source of minerals, vitamins (especially vitamin C), and 
sugars (Bucsek et al., 1996) as well as flavonoid compounds, 
such as quercetin, rutin, and kaempferol (Silva et al., 2002, 
2005). The total global production of quince has reached 
about 677,949 metric tons, and Turkey is one of the main 
producer countries, along with Uzbekistan and China, and 
is responsible for about 19% of the total global production 
(Faostat, 2016).

In Turkey, most of the quince cultivars originated 
from seedlings accidentally grown in backyards or at the 
borders of orchards (Özbek, 1978). There are still many 
natural quince accessions in different regions of Turkey 
that are valuable genetic resources for quince breeding. 
All quince cultivars and accessions belong to one species 
in the genus Cydonia. Identification and characterization 
of quince accessions morphologically are considerably 
difficult due to high similarities in the tree structure 
and fruit traits of quince plants (Yamamoto et al., 2004). 

Identification of relationships based on morphological 
characteristics has been widely used in many species 
including walnut (Keles et al., 2014), cherry (Rakonjac 
et al., 2010), and olive (Cantini et al., 1999). However, 
morphological characterization does not perfectly reveal 
the relationship due to the influence of environmental 
factors and low heritability (Cadee, 2000; Bucheyeki et al., 
2009). DNA-based molecular markers have been effective 
tools to characterize plant materials for the last several 
decades (Lacis et al., 2009). Simple sequence repeats (SSRs) 
are a marker of choice due to their codominant nature, 
abundance in the genome, suitability for automation, 
high polymorphism, and repeatability (Kacem et al., 
2017). One of the main advantages of SSR markers is their 
transferability between closely related species (Schlotterer 
and Tautz, 1992). The use of SSR markers for molecular 
characterization is well proven in different species, such 
as apple (Gasi et al., 2016), apricot (Hormaza, 2002), 
peach (Bouhadida et al., 2007), pear (Fan et al., 2013), 
pistachio (Zaloglu et al., 2015), and walnut (Topcu et al., 
2015). Therefore, the use of SSR markers to determine 
the relationships among quince accessions can be highly 
reliable.
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Information on genetic diversity among quince 
accessions is a prominent prerequisite for future breeding 
studies and therefore it is necessary to study genetic 
relationships among them. Here we report the use of 
SSRs for molecular characterization of the collection 
of quince accessions that originated in the Delice River 
and were maintained in Sefaatli and Yerkoy districts of 
Yozgat Province in Turkey; these accessions include local 
accessions and commercial cultivars. The main objectives 
were to determine the genetic relationships among the 
quince accessions with the expectation that the results may 
improve the knowledgebase on the level of diversity of the 
regional collection of quince and will be useful for the 
conservation and management of these genetic resources. 

2. Materials and methods
2.1. Plant material
A total of 32 quince accessions, 17 from Yozgat Province 
Karanlıkdere Valley (six accessions from Yerkoy District 
and eleven accessions from Sefaatli District) and 15 
commercial quince cultivars collected from different 
geographical origins in Turkey, were used in the current 
study (Table 1). 
2.2. DNA extraction
Total genomic DNA was extracted from fresh leaves by the 
CTAB method described by Doyle and Doyle (1987) with 
minor modifications (Kafkas et al., 2006). The DNA yield 

was assessed by Qubit Fluorometer (Invitrogen) based 
on the manufacturer’s instructions. Isolated DNA was 
subsequently diluted to 10 ng/µL for SSR-PCR reactions 
and stored at –20 °C.
2.3. SSR-PCR reactions
One hundred SSR primers derived from apple and pear 
were tested for amplification and polymorphism in eight 
quince accessions. Finally, 30 SSR primers were selected 
for characterization of the 32 quince accessions (Table 2).

All SSR-PCR reactions were carried out based on a three-
primer strategy according to Scheulke (2000) with minor 
modifications. The reactions were done in a total volume 
of 12.5 µL containing 10 ng of DNA; 75 mM Tris–HCl (pH 
8.8); 20 mM (NH4)2SO4; 2.0 mM MgCl2; 0.01% Tween 20; 
200 µM of each dNTP; 10 nM M13 tailed forward primer 
at the 5′ end; 200 nM reverse primer; 200 nM universal 
M13 tail primer (5′-TGTAAAACGACGGCCAGT-3′) 
labeled with FAM, VIC, NED, or PET dye; and 0.6 U of 
Taq DNA polymerase. PCR amplifications were done 
in two consecutive steps. The first step involved initial 
denaturation at 94 °C for 3 min, followed by 28 cycles at 94 
°C for 30 s, 58 °C for 45 s, and 72 °C for 60 s. The second 
step included 10 cycles at 94 °C for 30 s, 52 °C for 45 s, 
and 72 °C for 60 s, and a final extension at 72 °C for 5 
min. When the PCRs were completed, the reactions were 
subjected to denaturation for capillary electrophoresis in 
an ABI 3130xl genetic analyzer (Applied Biosystems Inc. 

Table 1. The origins of quince accessions and commercial quince cultivars used in this study, (*) Refers 
to cultivar.

Accession/Cultivar Location Accession/Cultivar Location

*Bencikli Yalova Yerkoy2 Yerkoy/Yozgat
*Altın Yalova Yerkoy3 Yerkoy/Yozgat
*Ekmek1 Yalova Yerkoy4 Yerkoy/Yozgat
*Beyazayva Kocaeli Yerkoy5 Yerkoy/Yozgat
*Limon Yalova YerkoySinasi Yerkoy/Yozgat
*Sekergevrek Yalova Sefaatli1 Sefaatli/Yozgat
*Demir1 Kocaeli Sefaatli2 Sefaatli/Yozgat
*Bardak Bursa Sefaatli3 Sefaatli/Yozgat
*SapancaEsme Sakarya Sefaatli4 Sefaatli/Yozgat
*Ekmek2 Bursa Sefaatli5 Sefaatli/Yozgat
*Viranyadevi Yalova Sefaatli6 Sefaatli/Yozgat
*Tekkes Yalova Sefaatli7 Sefaatli/Yozgat
*Havan Yalova Sefaatli8 Sefaatli/Yozgat
*Gordes Yalova Sefaatli9 Sefaatli/Yozgat
*Esme1 Sakarya Sefaatli10 Sefaatli/Yozgat
Yerkoy1 Yerkoy/Yozgat Sefaatli11 Sefaatli/Yozgat
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(ABI), Foster City, CA, USA) using a 36-cm capillary 
array with POP7 as the matrix (ABI). Denaturation of 
the samples was done by mixing 0.5 µL (in 6-FAM and 
VIC labeled primers) or 1.0 µL (in NED and PET labeled 
primers) of the amplified product with 0.3 µL of the size 
standard and 9.7 µL of Hi-Di formamide. The fragments 
were resolved using the ABI data collection software 3.0; 
SSR fragment analysis was performed using GeneMapper 
4.0 (ABI).
2.4. Data analysis
After capillary electrophoresis of the SSR, the number of 
alleles per locus (Na), effective number of alleles (Ne), 
expected heterozygosity (He), and observed heterozygosity 
(Ho) were calculated using the program GenAlEx version 
6.5 (Peakall and Smouse, 2012). Polymorphism information 
content (PIC) of each locus was calculated using the 
software PowerMarker version 3.25 (Liu and Muse, 2005). 
A dendrogram was obtained using the band similarity 
coefficient in NTSYSpc v2.21c (Rohlf, 2009) software 
by an unweighted pair-group method with arithmetic 
averages (UPGMA). Identification of population structure 
and admixed individuals was performed using the model-
based software STRUCTURE 2.3.4 (Pritchard et al., 2000). 
In this model, a number of populations (K) are assumed 
to be present, each of which is characterized by a set of 
allele frequencies at each locus. Individuals in the sample 
are assigned individually to populations (clusters) or 
jointly to more populations if their accessions indicate that 
they are admixed. Ln P (D) values (logarithm probability 
for each K) were used for determination of delta K (ΔK), 

which, in turn, determines probable population number. 
Delta K is a term that is calculated by the change in the 
ratio of logarithm probability (ΔK = 2 to 10). The highest 
value of K in delta K provides information about probable 
population number.

3. Results
A total of 100 SSR primers were screened to find 
polymorphic SSRs in quince from which 30 SSR primer 
pairs generated scorable and polymorphic bands. These 
were then used for fingerprinting of 17 accessions and 15 
commercial quince cultivars. The electropherogram of the 
CH05c06 locus is given in Figure 1.
3.1. Polymorphism levels of SSR loci
Of the 100 SSR primers screened here, 14 failed during 
amplification and 56 were monomorphic, while the 30 
remaining SSR primers generated polymorphic alleles 
when tested in the eight quince cultivars and accessions. 
These 30 primers were then used for characterization of 
quince accessions (Table 2). The transferability rate of the 
100 SSR loci was 86%, while the polymorphism rate was 
34.9% in the amplified loci.

A total of 111 alleles were detected for all 32 accessions, 
and the number of alleles ranged from 2 to 10 alleles per 
locus (Table 3) with a mean value of 3.70. The Ms06g03 
locus produced the highest number of alleles (Na = 10). 
The number of effective alleles (Ne) ranged from 1.29 
(CH05e04) to 5.16 (Ms06g03) with a mean of 2.35. The 
observed heterozygosity (Ho) varied from 0.00 to 1.00 
with a mean of 0.58. Observed heterozygosity (Ho) was 

Figure 1. Electropherogram of CH05c06 SSR locus in five C. oblanga accessions.
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highest for the Ms06g03, CH02c02a, Hi02d04, and Nz28f4 
loci. The average value of expected heterozygosity (He) 
was 0.51 with the highest value (0.81) observed for the 
Ms06g03 locus. PIC ranged from 0.20 (CH05e04) to 0.78 
(Ms06g03) with an average value of 0.45 (Table 3).

3.2. Genetic relationships among quince accessions
The dendrogram generated from the UPGMA algorithm 
is depicted in Figure 2. Genetic similarity coefficients 
ranged from 0.52 to 1.00. The UPGMA clustering pattern 
grouped all the accessions into three major clusters (Figure 

Table 3. Allele range, number of alleles (Na), number of effective alleles (Ne), observed heterozygosity 
(Ho), expected heterozygosity (He), and polymorphism information content (PIC) values based on 30 
SSR primers developed from C. oblanga accessions, (*) SSRs isolated from pear.

No. SSR loci Allele ranges Na Ne Ho He PIC

1 Hi02d04 257–269 5 3.80 1.00 0.74 0.70
2 EMPC117 104–115 4 2.87 0.97 0.65 0.59
3 *NH007b 137–152 4 2.56 0.47 0.61 0.53
4 *NH001c 214–223 3 1.94 0.17 0.49 0.38
5 Ms06g03 170–190 10 5.16 0.97 0.81 0.78
6 CH02c02a 147–161 5 4.15 1.00 0.76 0.72
7 CN884916 295–299 2 1.84 0.65 0.46 0.35
8 Hi03e03 208–212 2 1.40 0.22 0.28 0.24
9 CN893899 115–124 3 2.68 0.97 0.63 0.55
10 Nz28f4 111–126 4 3.90 1.00 0.74 0.70
11 CH04g09 177–203 6 1.44 0.28 0.31 0.29
12 CTG1068442 247–252 3 2.04 0.69 0.51 0.39
13 CH01d01 200–211 3 1.68 0.55 0.41 0.34
14 CH05e04 175–183 2 1.29 0.19 0.22 0.20
15 Hi15a13 234–248 2 1.93 0.74 0.48 0.37
16 CH02g01 221–233 3 1.96 0.39 0.49 0.42
17 CH03d02 254–266 2 1.52 0.44 0.34 0.28
18 BACSSR3 103–114 4 2.94 0.97 0.66 0.60
19 CN872071 170–184 3 1.99 0.69 0.50 0.44
20 Nz26c6 208–227 6 2.81 0.41 0.64 0.61
21 *NH011b 208–227 5 1.98 0.48 0.49 0.47
22 CH05d11 186–194 3 1.45 0.38 0.31 0.27
23 CN918070 274–288 4 3.10 0.55 0.68 0.62
24 CTG1072881 147–194 5 2.93 0.97 0.66 0.59
25 Hi08e06 212–250 6 1.31 0.26 0.24 0.23
26 EMPC11 155–161 3 2.95 0.84 0.66 0.59
27 Nz04f3 123–125 2 1.82 0.31 0.45 0.35
28 Nz02b1 288–303 2 1.52 0.38 0.34 0.28
29 CH05c06 122–126 3 1.79 0.41 0.44 0.40
30 BACSSR4 303–305 2 1.69 0.00 0.41 0.32

Total - 111 - - - -
Min - 2 1.29 0.00 0.22 0.20
Mean - 3.70 2.35 0.58 0.51 0.45
Max - 10 5.16 1.00 0.81 0.78
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Figure 2. UPGMA and STRUCTURE (ΔK = 3) analysis of 32 C. oblanga accessions.
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2). In Cluster-I, the highest genetic similarity coefficient 
(0.96) was obtained between the Limon and Sekergevrek 
commercial quince cultivars. The lowest genetic similarity 
coefficient (0.60) was obtained between the Bencikli and 
Limon commercial quince cultivars. In Cluster-II, Esme-
1 and YerkoySinasi were closely related accessions to 
SapancaEsme and Yerkoy-4, respectively, with 0.98 genetic 
similarity coefficients. The lowest genetic similarity 
coefficient (0.88) was obtained between SapancaEsme and 
Ekmek-2. 

Cluster-III was mainly divided into two subclusters: 
the first subcluster included accessions from the Sefaatli 
location along with Gordes and Bardak, while the second 
subcluster contained accessions from both locations 
together with Tekkes, Demir-1, and Viranyadevi. The 
Sefaatli-2, Sefaatli-9, and Havan accessions were in the 
outgroup of cluster-III. Several pairs of accessions could 
not be separated in cluster-III, including Demir-1 with 
Sefaatli-11, Viranyadevi with Tekkes, and Sefaatli-6 with 
Sefaatli-8. The lowest genetic similarity coefficient (0.71) 
was obtained between Havan and Sefaatli-9. 
3.3. Structure analysis
The structural genetic analysis was performed in 32 
quince accessions using 111 SSR primers by the programs 
STRUCTURE and STRUCTURE HARVESTER. The 
highest value of ΔK was found to be 3 (Figure 3), which 
corresponded to the most probable number of populations 
in the study. Thus, all accessions were divided into three 

main clusters similar to the UPGMA analysis results 
(Figure 2). At ΔK = 3, accessions present in Cluster-I, 
Cluster-II, and Cluster-III possessed mutual alleles within 
their clusters. Furthermore, at ΔK = 3, the 4th and 32nd 
accessions had mutual alleles within their own clusters and 
outside of them as well (except Cluster-III) (Figures 2 and 
4). The dendrograms of these accessions’ relationships were 
very similar to the structural genetic analysis (Figure 2). 

4. Discussion
4.1. SSR polymorphism
Studies on molecular characterization of quince accessions 
are limited in the literature (Sanchez, 1988; Yamamoto et 
al., 2004; Dumanoglu et al., 2009; Bayazit et al., 2011; Azad 
et al., 2013; Yuksel et al., 2013; Topcu et al., 2015; Pınar et 
al., 2016). The SSR technique has several advantages, such 
as high polymorphism, codominance, and reproducibility. 
In the present study, we present a few polymorphic SSR 
markers for quince, which were developed from apple and 
pear (Table 3). Transferability of the tested SSR markers 
was relatively high. The transferability of apple SSRs across 
the family Rosaceae was studied by Gasic et al. (2009) and 
ranged from 25% in apricot to 59% in pear. Yamamoto et 
al. (2004) tested 118 SSRs from pear and apple and 77 of 
these (65%) were transferable to quince. The transferability 
ratio was higher in our study than in the above studies. 
The rate of polymorphism of transferable SSRs in quince 
has not been observed to be high in different studies. For 

Figure 3. Value of ΔK estimated for the structure analysis of 32 C. oblanga accessions (ΔK = 3).
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Figure 4. Population structure of 32 C. oblanga accessions estimated from 30 SSRs using STRUCTURE (ΔK = 2 to 
ΔK = 10).
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example, it was reported to be 28.5% by Yamamoto et al. 
(2004) and we calculated it to be 30% in the present study. 

Several studies revealed that SSR loci derived from apple 
and pear can be used to perform molecular fingerprinting 
of species in the family Rosaceae, such as Cydonia oblonga 
Mill. For example, Yamamoto et al. (2004) obtained a total 
of 122 alleles using 39 SSR primers by characterizing 20 
quince genotypes. Dumanoglu et al. (2009) detected 20 
alleles with a mean value of 2.85 from seven SSR primers 
by fingerprinting six quince genotypes. Yuksel et al. (2013) 
tested eight SSR primers for 15 quince genotypes and 
obtained 44 alleles with a mean value of 5.5. Moreover, 
in an experiment by Azad et al. (2013), 13 SSR primers 
were tested for 40 quince genotypes and 73 alleles were 
detected with a mean value of 5.4. In the present study, 111 
alleles with an average value of 3.7 alleles per primer were 
detected by characterizing 32 quince accessions, including 
three SSRs derived from pear and 27 SSRs from apple. 

In the current study, the PIC values were between 
0.20 and 0.78 with an average value of 0.45, while Azad 
et al. (2013) reported a PIC value of 0.76. In our study, He 
and Ho were 0.51 and 0.58, respectively, while Azad et al. 
(2013) reported them to be 0.69 and 0.78, respectively; 
Dumanoglu et al. (2009) reported values of 0.51 and 0.65, 
and Yuksel et al. (2013) reported 0.62 and 0.77, respectively. 
4.2. Genetic relationships among quince accessions
Structural genetic analysis based on SSR and UPGMA 
clustering produced similar results on genetic relationships 
of quince accessions. Although all the accessions were 
collected from different geographical locations as different 
accessions, the analyses demonstrated that several of them 
may be clones of known cultivars or other accessions. For 
example, it is possible that Sefaatli-11 is a clone produced 
from the Demir-1 cultivar, while Sefaatli-6 and Sefaatli-8 
are the same clones. Although there was no polymorphism 

between Viranyadevi and Tekkes in the present study, they 
were found to be genetically distant cultivars in previous 
studies (Yuksel et al., 2013; Topcu et al., 2015; Pinar et al., 
2016). These results provide proof for the elimination of 
mislabeled or misgrafted accessions in the germplasm. 
It is also possible that the SSRs used in this study were 
not sufficient to distinguish between the three pairs of 
accessions here.

The Yerkoy-2 accession was close to Yerkoy-5, and the 
Sefaatli-10 cultivar was close to Bardak, with both pairs 
having a 0.98 genetic similarity index (Table 1; Figure 
2). Furthermore, the Sefaatli-1 and Sefaatli-3 accessions 
were found to be closely related to six commercial 
cultivars (Bencikli, Altın, Ekmek1, Beyazayva, Limon, and 
Sekergevrek) in cluster-I. 
4.3. Conclusions
The SSR primers developed from apple and pear were 
found to be highly transferable to quince. However, the 
level of polymorphism was somewhat lower than expected. 
Therefore, it is necessary to screen a large number of SSR 
primers from apple and pear or to develop novel SSRs from 
quince to have highly polymorphic SSRs for further genetic 
studies in quince. Such SSRs are still a marker of choice in 
germplasm characterization, parental identification, and 
population genetics due to their codominant nature and 
reproducibility. Turkey has quince varieties that are rich 
in genetic resources, and thus germplasm characterization 
is an essential requirement for effective cross-breeding 
programs for this species in the future. 
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