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Abstract

Pear (Pyrus communis L.) stands out as a prominent fruit species in temperate regions world-
wide. The Çoruh River basin, nestled in the lower Caucasus in Türkiye, serves as a valuable
repository of pear germplasm. To elucidate the genetic structure of pear populations in this
region, 84 village pear cultivar genotypes (land races) from six villages, sample garden collec-
tions (SCC), and wild Panta root stock populations were analysed using eleven microsatellite
markers. Genetic diversity and structure analyses indicated that village pear cultivar popula-
tions exhibit substantial genetic diversity and admixture. This diversity is attributed to local
farming practices such as phenotypic selection and widespread dispersal of clonal materials.
The genetic structure analysis, combined with the identification of private alleles, indicates
that the pear genetic resources in the Çoruh river basin likely has originated from two
gene pool sources, specifically the Meydancık and Camili village pear traditional cultivar
populations. The Camili village pear cultivar population as a new in situ genetic reserve
site has been proposed. Despite the existence an ex situ conservation site, the study suggests
inadequateness of SCC as an ex situ site in capturing the full extent of genetic diversity of vil-
lage pear cultivar genetic resources. Thus, enriching the genetic diversity in the SCC ex situ
site is essential for effective pear genetic resource conservation in the Çoruh river basin.
These findings contribute valuable insights for the development of targeted conservation strat-
egies, ensuring the preservation of pear genetic resources in this region.

Introduction

The genus Pyrus (pears), belonging to the Rosaceae family, represents one of the most wide-
spread fruits with significant economic and health values. Pear species have been used world-
wide for more than two millennia as nutritious food, folk medicine and ornamental plants in
landscaping (Hong et al., 2021; Simionca Mărcășan et al., 2023). The genus Pyrus, comprising
deciduous species, demonstrates relatively an easy adaptation to environmental stresses,
including drought and salinity (Tatari et al., 2020; Dbara et al., 2021). Pears are broadly cate-
gorized into two main types: The European and Western pears, represented by P. communis L.,
and P. pyrifolia (Burm.) Nak., respectively. The genus exhibits a rich diversity, consisting of a
minimum of 22 primary species and 10 naturally occurring interspecific hybrid taxa. It is also
known for hosting over 5000 subspecies or accessions worldwide (Li et al., 2016; Hong et al.,
2021). However, due to inclination of the species towards hybridization, establishing a precise
count of pear species remains challenging (Wolko et al., 2010).

Widely distributed across temperate regions of Europe, Asia, and North Africa, the genus
Pyrus boasts a cultivation history spanning over 3000 years. Many species are believed to have
originated in East Asia and have been cultivated in regions such as China, Japan and Korea.
Notable centres of diversity extend beyond East Asia to include the Mediterranean, Georgia
and Central Asia. The cultivation of pears in Europe dates back to at least 1000 BC
(Aldasoro et al., 1996; Bell et al., 1996).

According to the Food and Agriculture Organization of the United Nations, P. communis is
the second most produced and consumed pome fruit around the world (FAOSTAT, 2018).
Although cultivars of the species are economically valuable throughout the World, the wild
populations of cultivated pears are primarily distributed in Europe and the Caucasus. In sup-
port, fossils of P. communis leaves have been discovered in eastern Georgia, Azerbaijan and
Türkiye during the Cretaceous or Palaeocene, predating the Tertiary period (Rubzov, 1944;
Zeven and Zhukovsky, 1975).
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Türkiye is one of the world’s leading pear-producing countries,
along with China, the European Union, the United States of
America and Argentina (USDA Foreign Agricultural Service,
2023). There is a diverse array of pear genetic resources, encom-
passing several taxa, with some being endemic, including P. ana-
tolica Browicz, P. serikensis Güner & Duman and P. yaltirikii
Browicz. The rich tapestry of local pear cultivars encompasses
approximately 500 varieties, displaying considerable diversity in
fruit size, shape, colour and texture. Notably, some of these culti-
vars exhibit resistance to fire blight, contributing to the overall
resilience and adaptability of pear cultivation in the region
(Muminjanov and Karagöz, 2018). The country, particularly the
lower Caucasus, stands out as a unique region where pear species
have been cultivated for over 2000 years, harbouring wild genetic
resources of cultivated pears (Kaya et al., 1997). Specifically, the
Çoruh River basin in the Artvin province, situated in northeastern
Türkiye and part of the lower Caucasus Mountain regions, has
wild populations of cultivated pears. The rugged terrains and
deep canyons contribute to the isolation of many villages or set-
tlements, compelling them to be agriculturally self-sufficient
(Çakmakçı et al., 2017). Wild resources of Pyrus exhibit notable
characteristics such as cold resistance, drought resistance, disease
resistance and saline–alkali tolerance (Li et al., 2016; Hong et al.,
2021). These attributes make them valuable resources for screen-
ing high-quality rootstocks and molecular breeding purposes (Liu
et al., 2015). The diverse and complex nature of the genus Pyrus
sets the stage for a comprehensive exploration of its genetic
resources and conservation implications. The genetic resources
of pear are generally conserved in clonally established or seedling-
based gene banks around the world (Kocsisne et al., 2020). The
dispersion of the cultivars is facilitated mainly by the agricultural
cultivation, mostly via seedlings and grafting on traditional var-
ieties bred locally by farmers (Davarynejad and Davarynejad,
2004). These ex situ conservation programmes are important to
maintain the existing genetic diversity in cultivated pears, but
they do not allow evolutionary process to be continued.
Assessing the magnitude and pattern of genetic diversity is crucial
for the future utilization and maintenance of village pear cultivars
(hereafter referred to as cultivars) which are kinds of landraces
that are discovered, propagated and maintained by village
farmers.

Population structure and genetic diversity have been assessed
by using several different marker techniques as biochemical, mor-
phological and DNA based ones (Kajiura et al., 1985; Chevreau
et al., 1997; Iketani et al., 1998; Kim et al., 2000; Monte-Corvo
et al., 2000; Yamamoto et al., 2001, 2002a, 2002b; Kimura et al.,
2002; Teng et al., 2002; Paganova, 2003; Elshihy et al., 2004;
Wolko et al., 2010; Bao et al., 2007; Brini et al., 2008). Simple
sequence repeat (SSR) markers, among the other marker techni-
ques, have been used to characterize pear germplasm in Türkiye
(Akcay et al., 2014; Öztürk and Demirsoy, 2015; Bozhüyük and
Aslantaş, 2020; Kaymak and Pinar, 2020). As of now, no study
has been conducted to assess the genetic structure of village
pear cultivar genotypes in Türkiye. Several studies, which focused
on sampling country-wide popular pear cultivars, reported that
pear germplasm displays an intermixed population structure
from different regions of Türkiye (Akçay et al., 2014; Öztürk
and Demirsoy, 2015; Bozhüyük and Aslantaş, 2020; Kaymak
and Pinar, 2020). However, there is a lack of information regard-
ing the genetic diversity of village pear cultivar populations (here-
after referred to as populations). Additionally, there is a need to
understand how the practices of local farmers impact the genetic

diversity and structure of the pear gene pool, particularly among
and within village pear cultivar populations located in village
territories.

Selected pear cultivars from wild populations of P. communis
are extensively distributed clonally by grafting on compatible
rootstocks throughout Türkiye to maintain genotypes with eco-
nomically valuable fruit characteristics. Thus, the genetic infor-
mation obtained from the populations in the Artvin province,
situated in the lower Caucasus, would be highly valuable for
future pear breeding programmes. We employed eleven microsat-
ellite markers to screen the cultivars preserved by local village
farmers in the Çoruh River basin in order to evaluate their genetic
composition for conservation. The acquired information regard-
ing the genetic diversity and structure of village pear cultivar
populations could provide valuable insights for both in situ and
ex situ pear conservation programmes. This research endeavours
to fill the current knowledge gap by presenting a comprehensive
analysis of the genetic diversity of the populations. Thus, findings
advance our comprehension of the genetic structuring in trad-
itional pear cultivars within the specified region.

Material and methods

Plant material and DNA extraction

Leaf tissues from 63 village pear (P. communis) cultivars (pear
landraces) used in this study were collected from six villages in
Artvin Province: Camili, Meydancık, Veliköy, Meşeli, Aşağı
Koyunlu and Kirazlı. These pear cultivars were discovered in
the wild pear populations in the past, propagated and maintained
clonally by the village farmers to date. These cultivars could be
considered as landraces being highly heterozygous, harbouring
adaptive gene complexes, and adapting to the local climate. The
villages, in which cultivars were sampled, were selected due to
their remote locations and presence of traditional farming prac-
tices for maintaining pear cultivars. Especially, the Camili village
located in the Camili Biosphere Reserve (with a 27,152-hectare
area) where introduction of non-native plant and animal species
are forbidden. Sample size ranged from 6 cultivars in Meşeli to
14 in Camili villages. Additionally, leaf samples from 15 unique
genotypes (these are also village pear cultivars) were obtained
from a special pear clone collection, referred to as the Sample
Collection Garden (SCC). The SCC was a collection of cultivars
and set up as ex situ conservation site by a family from the
Dalkırmaz village under the guidance of the Artvin Directorate
of Food, Agriculture and Livestock (Fig. 1). Since the Panta gen-
otypes are used as a compatible root stock in grafting practices by
villagers, six wild P. communis genotypes named by locals as
‘Panta’, with one genotype sampled from a forest land near
each village, were also included in the study. Here after, this
will be referred as wild Panta root stock population. The locations
of the villages are depicted in Fig. 1, and geographic information
about the sample locations can be found in online Supplementary
Table S1. Except for the Panta genotypes, the remaining 78 gen-
otypes are cultivated clonally and maintained as village pear cul-
tivars by local village farmers. The Panta genotypes serve as
rootstocks for grafting scions of village pear cultivars. The
sampled cultivars were grouped based on village locations and
treated as village pear cultivar populations in the analysis of popu-
lation genetic diversity parameters.

During sampling, green, fresh leaves of village pear cultivars
were collected and stored in silica gel-filled bags until DNA
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extraction. Initially, dried leaves in silica gel bags were crushed in
a mortar with liquid nitrogen to obtain tissue powder. The tissue
powder from all samples was stored at −80°C. For DNA

extraction, an altered version of the CTAB (cetyltrimethylammo-
nium bromide) protocol was utilized (Doyle and Doyle, 1987)
(see online Supplementary methods). The purity of the extracted

Figure 1. The locations of the eight sampled village pear (Pyrus communis L.) cultivar populations from the Çoruh river basin (Artvin province) in northeastern
Türkiye.
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DNA was quantified by measuring their OD values at 230, 260
and 280 nm using a NanoDrop Spectrophotometer (NanoDrop
2000, Thermo Scientific, USA).

PCR amplification of microsatellites

Out of 19 microsatellite loci which were previously developed
for Pyrus and Malus species (Gianfranceschi et al., 1998;
Yamamoto et al., 2002a, 2002b; Nishitani et al., 2009), eleven of
them were selected based on their polymorphism rates to assess
the genetic diversity of the populations. Eight of the 19 micro-
satellite loci could not be amplified successfully in polymerase
chain reaction (PCR) conditions despite of subjecting to extensive
optimization experiments. Among the amplified loci, KU10,
Bgt23b, NH013a, NB113a, TsuEnh008, NH007b and NH008b
were primarily developed for Pyrus species (Yamamoto et al.,
2002a, 2002b, 2002c; Nishitani et al., 2009), while CH03G06,
CH02B10, CH02F06 and CH01F02 were specific to Malus species
(Gianfranceschi et al., 1998; Liebhard et al., 2002) (online
Supplementary Table S2).

PCRs were carried out using 5× HOT FIREPol® Blend Master
Mix Ready to Load (Solis BioDyne, Tartu, Estonia) as a PCR reac-
tion mixture. The PCR mix included 5 μl of PCR mix, 0.5 μl fluor-
escently labelled forward primer, 0.5 μl reverse primer, and 5 μl
template DNA (20 ng/μl). The PCR cycles were set for 4 min at
94°C for denaturation, followed by 30 cycles of 94°C for 40 s,
30 s at the annealing temperature (Ta), and 2 min at 72°C, with
a final extension at 72°C for 10 min. The PCR products were
run on 3% agarose gels at 100 V for 45 min in electrophoresis.
The bands were visualized under UV light (Vilber Lourmat,
France), considering bands of a low-range DNA ladder
(Fermentas, Generuler, EU).

Data collection and analysis

Fluorescently labelled PCR product analysis was conducted by
BM Labosis Company (Çankaya, Ankara). The resulting electro-
pherograms were manually checked, and allele sizes were scored
using Peak Scanner Software 2.0 (Applied Biosystems Inc.,
Foster City, CA, USA). The collected data were utilized for inves-
tigating genetic diversity and characterization by Genepop
(Raymond and Rousset, 1995; Rousset, 2008), and the poppr pack-
age in R (Kamwar et al., 2014). Population genetics parameters
were calculated using GenAlEx (Peakall and Smouse, 2012), null
alleles were checked using Micro-Checker (Van Oosterhout
et al., 2004), and population structure was revealed by
STRUCTURE software (Pritchard et al., 2000). More detailed
information on the written scripts and software parameters can
be found in Coban (2019).

Results

Microsatellite marker selection

Eleven microsatellite loci were found to be suitable for further
analysis based on their high level of polymorphism rate (online
Supplementary Table S2). These loci are informative markers
for genetic diversity analysis as they exhibit a large proportion
of individuals within the population with different alleles at
these SSR loci. No null alleles were identified. The linkage disequi-
librium (LD) analysis, conducted using the poppr package
(Kamwar et al., 2014), revealed no significant LD between the

studied loci (online Supplementary Fig. S1). Two out of the ten
cultivars from the Meydancık population were found to be iden-
tical clones. Therefore, one of the clones was removed from the
data used in further analysis.

Genetic diversity analysis

The average allele number per locus was found to be 12. While
KU10 had the highest mean number of different alleles (Na)
and effective alleles (Ne) values (9.38 and 6.65, respectively), the
CH02B10 loci had the lowest Na and Ne values (5.00 and 2.68,
respectively). Observed (Ho) and expected heterozygosity (He)
ranged from 0.55 in TsuEnh008 to 0.97 in CH01F02 and from
0.62 in CH02B10 to 0.84 in KU10, respectively. An excess of het-
erozygosity was observed in NB113a, CH03G06, CH02B10 and
CH01F02 loci. The remaining of the eleven loci had positive fix-
ation indices. The high number of positive indices indicates that
the studied populations included a high number of homozygote
genotypes. Polymorphic information content (PIC) values of
the loci ranged between 0.62 and 0.88 with an average of 0.75,
indicating that the microsatellite loci used in the study are highly
informative. The inbreeding coefficient (FIS), genetic differenti-
ation (FST), and number of migrants (Nm) were estimated as
0.03, 0.06 and 4.17, respectively (Table 1).

Regarding population-wise descriptive statistics, Na ranged
between 8.09 and 5.36. The Veliköy population had the highest
Na (8.09), and the wild Panta root stock population had the low-
est Na (5.36). Ne varied between 4.03 and 5.57 with a mean of
4.74. Similarly, Veliköy had the highest Ne value (5.57), and the
wild Panta root stock population had the lowest Ne value
(4.04). The number of private alleles for the studied populations
varied between 1 in Meşeli, Meydancık, and Veliköy to 4 in
Camili population. The SCC had two private alleles (Table 2).

The average observed heterozygosity was calculated as 0.74,
and the expected heterozygosity was 0.76. Observed heterozygos-
ity ranged between 0.77 (Veliköy population) and 0.64 (wild
Panta root stock population), while expected heterozygosity var-
ied from 0.81 (Veliköy) to 0.71 (wild Panta root stock popula-
tion). As expected, the SCC, serving as an ex situ conservation
site, had the second-highest observed heterozygosity. Out of the
eight populations, observed heterozygosity was only slightly
higher than expected heterozygosity in the A. Koyunlu popula-
tion, with an FIS value of −0.02. The highest inbreeding was
observed in the wild Panta root stock population with an FIS
value of 0.10 (Table 2).

Genetic structure and differentiation

The pairwise number of migrants ranged from 3.42 to 10.65.
Therefore, FST values varied between populations. It was the low-
est between Camili and Kirazlı (0.02), while it was the highest
between the wild Panta root stock population and Meşeli popula-
tion (0.07, Table 3). A principal coordinate analysis was per-
formed based on the pairwise FST values (Fig. 2) and found that
95% of the total variation is explained by the first three axes,
with 48, 36 and 11%.

Pairwise FST values and the principal coordinate analysis
showed that wild Panta root stock population and Meydancık
population are the most distinct ones among the pairwise village
pear cultivar population comparisons. Two Structure analyses
were performed, with and without locality information of the
populations. However, in both cases, delta K was estimated as
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Table 1. Descriptive statistics for the studied microsatellite loci

SSR Locus N Na Ne Ar PIC Ho He FIS FIT FST Nm

NB113a 10.50 ± 1.16 7.50 ± 0.57 5.31 ± 0.34 5.23 0.78 0.81 ± 0.06 0.80 ± 0.01 −0.01 0.05 0.06 3.95

NH013a 10.50 ± 1.16 7.62 ± 0.68 5.74 ± 0.53 5.32 0.83 0.57 ± 0.08 0.81 ± 0.03 0.29 0.35 0.08 2.94

KU10 10.38 ± 1.24 9.38 ± 0.78 6.65 ± 0.53 5.99 0.82 0.80 ± 0.03 0.84 ± 0.02 0.04 0.09 0.04 5.56

NH008b 10.12 ± 1.01 6.62 ± 0.38 4.07 ± 0.26 4.63 0.70 0.71 ± 0.06 0.75 ± 0.02 0.05 0.13 0.08 2.99

CH03G06 10.38 ± 1.24 6.88 ± 0.64 4.24 ± 0.48 4.67 0.63 0.78 ± 0.04 0.74 ± 0.02 −0.04 0.02 0.06 3.75

NH007b 10.38 ± 1.24 6.88 ± 0.72 4.90 ± 0.50 4.9 0.80 0.70 ± 0.04 0.78 ± 0.03 0.09 0.16 0.07 3.27

TsuEnh008 10.50 ± 1.65 5.38 ± 0.32 3.83 ± 0.34 4.23 0.67 0.55 ± 0.06 0.72 ± 0.03 0.24 0.29 0.07 3.33

Bgt23b 10.00 ± 1.20 7.75 ± 0.70 5.13 ± 0.53 5.25 0.88 0.65 ± 0.08 0.79 ± 0.02 0.17 0.25 0.09 2.47

CH02B10 10.50 ± 1.16 5.00 ± 0.46 2.68 ± 0.17 3.63 0.76 0.84 ± 0.03 0.62 ± 0.02 −0.35 −0.32 0.02 9.62

CH01F02 10.38 ± 1.16 7.50 ± 0.33 5.49 ± 0.40 5.39 0.77 0.97 ± 0.02 0.81 ± 0.02 −0.20 −0.14 0.05 4.80

CH02F06 10.50 ± 1.16 7.12 ± 0.30 4.07 ± 0.16 4.74 0.62 0.72 ± 0.03 0.75 ± 0.01 0.04 0.11 0.07 3.15

Mean 10.38 ±
0.33

7.06 ±
0.20

4.74 ±
0.16

4.91 ± 0.6 0.75 0.74 ±
0.02

0.76 ±
0.01

0.03 0.09 0.06 4.17

N, Mean number of individuals with amplification; Na, Mean number of different alleles; Ne, Mean number of effective alleles; Ar, Allelic richness; PIC, Polymorphic information content; Ho,
Observed heterozygosity; He, Expected heterozygosity; FIS, Inbreeding coefficient within individuals; FIT, Inbreeding coefficient within total population; FST, Genetic differentiation within total
population.

Table 2. Genetic diversity parameters for the village pear cultivar populations

Locations (populations) N Na Ne Pa Ho He F

A.Koyunlu 12 7.27 ± 0.54 4.56 ± 0.42 2 0.76 ± 0.06 0.74 ± 0.03 −0.02 ± 0.08

Camili 14 7.64 ± 0.62 4.69 ± 0.53 4 0.73 ± 0.06 0.76 ± 0.03 0.03 ± 0.09

Kirazlı 11 8.00 ± 0.38 4.92 ± 0.49 2 0.75 ± 0.05 0.78 ± 0.02 0.03 ± 0.06

Meşeli 6 5.82 ± 0.35 4.43 ± 0.40 1 0.75 ± 0.06 0.75 ± 0.02 0.01 ± 0.09

Meydancık 10 6.36 ± 0.31 4.54 ± 0.33 1 0.73 ± 0.04 0.76 ± 0.02 0.04 ± 0.07

Veliköy 10 8.09 ± 0.64 5.57 ± 0.48 1 0.77 ± 0.05 0.81 ± 0.02 0.03 ± 0.07

Sample Collection Garden 15 7.91 ± 0.44 5.13 ± 0.41 2 0.76 ± 0.04 0.79 ± 0.02 0.04 ± 0.04

Panta 6 5.36 ± 0.58 4.03 ± 0.54 3 0.64 ± 0.07 0.71 ± 0.03 0.10 ± 0.10

Mean 10.38 ± 0.33 7.06 ± 0.20 4.74 ± 0.16 0.74 ± 0.02 0.76 ± 0.01 0.03 ± 0.03

N, Number of individuals; Na, Mean number of different alleles; Ne, Mean number of effective alleles; Pa, Number of private alleles; Ho, Observed heterozygosity; He, Expected heterozygosity;
F, Fixation index.

Table 3. Pairwise FST values (below diagonal) and number of migrants (above diagonal) between the studied village pear cultivar populations

A.Koyunlu Camili Kirazlı Meşeli Meydancık SCC Panta Veliköy

A.Koyunlu – 8.74 7.25 6.36 4.43 7.79 4.13 10.27

Camili 0.03 – 10.64 8.46 5.10 9.68 4.79 10.31

Kirazlı 0.03 0.02 – 7.23 7.67 9.61 4.46 10.31

Meşeli 0.04 0.03 0.03 – 6.71 8.17 3.42 10.60

Meydancık 0.06 0.05 0.03 0.04 – 8.73 3.76 7.26

SCC 0.03 0.02 0.02 0.03 0.03 – 3.69 9.26

Panta 0.06 0.05 0.05 0.07 0.06 0.06 – 4.86

Veliköy 0.02 0.02 0.02 0.02 0.03 0.03 0.05 –
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2. Akkoyunlu, Camili, Kirazlı, Meşeli, Meydancık, Veliköy popu-
lations and SCC were clustered into two groups with changing
membership values, not related to their original locations of the
populations. The members of the wild Panta root stock popula-
tion were only found in Cluster 1, which also included several
members of Camili and Kirazlı populations. The members of
the populations clustered into the Cluster 1 with membership
values ranging between 40% and 85.7%. The Cluster 2 included
cultivars mainly from SCC, Meşeli and Meydancık populations,
though there were also some cultivars from other populations
(Fig. 3).

Discussion

This study has yielded valuable insights into the magnitude and
structure of genetic diversity within village pear cultivar popula-
tions in Türkiye, including wild Panta root stock population.
The outcomes of genetic diversity and structure analyses highlight
the substantial genetic diversity and high admixture present in the

populations, indicative of the practices employed by local farmers.
These findings underscore the dynamic interplay between human
cultivation practices (such as clonal material exchanges among
village farmers and clonal propagation of pear cultivars) and
the genetic composition of pear populations in the region, shed-
ding light on the intricate patterns of diversity and gene flow that
shape the landscape of pear cultivation in this geographic area.

The loci utilized in this study are informative and well-suited
for conducting genetic diversity analysis in pear genetic resources.
Regarding the suitability of microsatellite loci for the genetic char-
acterization of cultivars, both the Ar and PIC values of the loci
were observed to be higher than the critical values of 0.3 and
0.5, respectively. Consistent with previous studies (Yamamoto
et al., 2001; Bao et al., 2007; Brini et al., 2008; Sharifani et al.,
2017; Erfani-Moghadam and Zarei, 2018), high expected hetero-
zygosities were identified for the studied loci, ranging between
0.62 and 0.84 for CH02B10 and KU10 loci, respectively.
Notably, NH007b, TsuEnh008, NH013a, NH008b, Bgt23b and
CH02F06 loci exhibited relatively higher FST values. As a result,

Figure 2. Principal coordinate analysis based on Nei’s distance of studied village pear (Pyrus communis L.) cultivar populations.

Figure 3. STRUCTURE clustering of village pear (Pyrus communis L.) cultivar populations sampled from the Çoruh river basin (Artvin province) in northeastern
Türkiye. Each colour represents a different genetic cluster.
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the differentiation of populations is mainly influenced by these
markers, which identify unique cultivars and rare alleles that
vary significantly in frequency between different populations.
This variability allows populations to be differentiated on the
basis of their genetic profiles. Consequently, these markers can
be effectively used as valuable tools for establishing in situ or ex
situ conservation programmes. Conservation efforts can prioritize
the preservation of the genetic diversity captured by these mar-
kers, ensuring the maintenance of distinct populations within
each village.

All populations exhibited high observed and expected hetero-
zygosity values, with these values being of comparable magnitude
within each population. Generally, He values were found to be
greater than Ho values. The plausible explanation for the elevated
observed heterozygosity values lies in the admixture of popula-
tions over the years. This admixture was driven by considerations
of horticultural factors such as fruit size, colour, taste, softness
and growth performance, as such selections practiced by village
farmers. It appears that cultivars with heterozygote superiorities,
selected for their desirable cultivation traits and dispersal, have
been propagated and consistently distributed in the villages
where the populations originated in the Artvin province of north-
eastern Türkiye.

The overall estimated FST values suggest that genetic differ-
ences among the studied populations are low, indicating that P.
communis is likely cultivated and dispersed through human activ-
ities. The extensive years of human involvement in pear propaga-
tion and dispersal through seeds or clonal materials are expected
to contribute to the decrease in genetic differentiation among pear
genetic resources, primarily due to the high level of gene flow.
This is substantiated by estimated low pairwise FST values, ranging
between 0.02 and 0.06 among the populations. Additionally, the
presence of a high number of migrants in the populations further
supports the influence of gene flow in minimizing genetic differ-
entiation among them. Vegetatively growing pear species, facili-
tated by practices like grafting as well as pollination occurring
over long distances could also play a role in gene flow between
populations (Culley and Hardiman, 2009; Hardiman and
Culley, 2010; Zheng et al., 2014; Reim et al., 2017).

The difference between pairwise FST values suggests that wild
Panta root stock population is the genetically most distant
group. Within the wild Panta root stock population, a high level
of inbreeding was observed. The high level of inbreeding in the
wild Panta root stock population may be attributed to the utiliza-
tion of a limited number of Panta genotypes as rootstock among
the six villages and consequences of mating among genetically
similar genotypes within the population in the past. The observed
level of inbreeding could be influenced by genetic isolation, popu-
lation structure, mating patterns and demographic history. These
factors may result in a decrease in genetic diversity and an
increase in homozygosity within the population. This could
potentially compromise the population’s long-term viability and
adaptability. Similar to the FST results, despite its lower sample
size, the wild Panta root stock population exhibited a high num-
ber of private alleles that set it apart from the populations. These
exclusive alleles hold significant value in identifying genotypes
suitable for graft-compatible root stock, making them valuable
candidates for future pear breeding programmes. Therefore, it is
crucial to conserve these graft-compatible wild Panta root stock
genotypes through a clonal orchard as part of an ex situ pro-
gramme. This conservation effort can be easily achieved by trans-
ferring the graft-compatible wild Panta root stock genotypes to

the SCC which already exists in the region as an ex situ pro-
gramme. Furthermore, the SCC ex situ programme could be
enhanced further by screening wild P. Communis trees located
in the forests of the villages for compatible rootstocks using the
private alleles identified in the wild Panta root stock population.

Both Structure analyses, conducted with and without prior
information on population locations, reveal that genotypes of
the populations in the Artvin Çoruh River Basin appear to have
originated from two distinct gene pools. One gene pool is asso-
ciated with Meydancık village, while the other is linked to
Camili village, located in the Camili Biosphere Reserve. With
the exception of the members of the wild Panta root stock popu-
lation, cultivars from the populations did not consistently cluster
into the same group. Some members grouped into the Cluster 1
alongside the wild Panta root stock population, while others
were assigned to the Cluster 2. The population structure analysis
indicates that the studied populations are highly admixed. This
outcome is not unexpected, given that valuable pear cultivars
within the region could be easily disseminated through clonal
means, considering the remoteness of the region. Similar results
have been reported by others (Liu et al., 2015; Zurn et al.,
2020). Hybridization is a common phenomenon in Pyrus, even
with other species such as Malus. Intergeneric hybridization has
been facilitated between Pyrus andMalus, allowing for the incorp-
oration of valuable traits from diverse gene pools. Given the high
hybridization potential of pears combined with efficient human
assisted dispersal mechanism, it is expected to observe high
admixture among populations (Morimoto et al., 2024).

The results of the population structure analysis and the popu-
lation genetics parameters indicate that the studied populations
are highly admixed. Artificial selection during pear cultivation
has contributed to an increased genetic distance between the
wild Panta root stock population and cultivar populations in
the region. These findings shed light on the intricate dynamics
of genetic diversity of the populations through gene flow, hybrid-
ization and village farmer practices, providing valuable insights
into the evolutionary processes shaping the genetic landscape of
P. communis in the region. The geography of the Çoruh River
basin in the Artvin province, combined with traditional cultiva-
tion practices, significantly facilitates the exchange of genes
among various village pear cultivars. This dynamic gene exchange
makes this area be with a promising potential of pear genetic
resources for establishing in situ conservation site. To preserve vil-
lage pear cultivars in north-eastern Türkiye, in situ conservation
on-farm by using the Camili population could be practiced
since it exhibits the highest number of private alleles.
Furthermore, the Camili village located in the Camili Biosphere
Reserve is convenient place for in situ conservation due to its
high protection status. The reserve includes two nature conserva-
tion sites where strict regulations are in practice for preventing the
introduction of non-native plant and animal species to the reserve
area (UNESCO, 2023). Thus, the Camili Biosphere Reserve in
which Camili village located is the right place for active manage-
ment and safeguarding of the village pear cultivar genetic
resources as in situ in the Çoruh river basin.

Conclusions

This study has furnished crucial insights into the magnitude and
structure of genetic diversity within the village pear cultivar popu-
lations, including the wild Panta root stock population. The find-
ings from genetic diversity and structure analyses underscore that
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populations maintain elevated genetic diversity and significant
admixture due to the practices employed by local farmers. The
pear genetic resources in the Çoruh River basin appear to have
originated from two distinct gene pools, specifically the
Meydancık and Camili populations. Furthermore, genetic diver-
sity statistics and structure analysis indicate that the Sample
Collection Garden did not fully capture the existing genetic diver-
sity in the village pear cultivar populations in the Çoruh river
basin. To enhance the Sample Collection Garden’s representation
of genetic diversity, it is recommended to incorporate new pear
cultivars from the populations and graft-compatible genotypes
from the wild Panta root stock population. This inclusion should
consider the presence of private alleles and amount of heterozyg-
osities. In situ genetic conservation of cultivars of the species
emerges as crucial for sustaining genetic diversity and facilitating
breeding efforts, especially considering the likelihood of increas-
ing anthropogenic pressures (such as the replacement of trad-
itional varieties with genetically improved ones) and climatic
factors in the future.

To maintain the genetic diversity and allow evolution to pro-
gress which are necessary to provide genetic resources for future
pear breeding programmes, the Camili village population should
be considered as an in situ genetic reserve. The Camili village
population is located within the Camili UNESCO Biosphere
Reserve where plant and animal genetic resource uses in the
reserve are already strictly regulated, but special efforts for design
and management plan need to be devoted to conservation of the
pear genetic resources in the area.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S1479262124000455
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