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Abstract: 	 The genetic and morphological diversity of the bezoars from two habitats in the Karaman Province (south-
western Anatolia, Türkiye), i.e. Çamlıca and Nunu Valleys, was explored. No previous ecomorphological 
and molecular genetic studies had been performed on these populations. Horn length differentiation and the 
sequence analysis of mitochondrial DNA (mtDNA) D-loop region are presented. In addition, 87 previously 
obtained sequences of bezoar were included in the analyses aiming to determine both phylogenetic rela-
tionships and population genetic structure of the Anatolian wild goats. A statistically significant difference 
between the horn lengths of 18 bezoar samples taken from two habitats were found. From the five D-loop 
sequences obtained in this study, two haplotypes were identified, one of them being a new haplotype found 
only in the Nunu Valley population. The other haplotypes were found in both bezoar populations studied 
as well as in some other south-western Anatolian bezoar populations (from the Mersin Province, close to 
Karaman). Phylogenetic analyses (Maximum likelihood and Bayesian phylogenetic trees, Median-joining 
network) revealed eight Anatolian wild goat haplogroups. These haplogroups consisted of a common an-
cestral lineage with 481-bp long (all over Anatolia) and a more recent lineage with 556 bp (only in Akseki, 
Mersin and Nunu Valley-Karaman). According to the results, it could be said that there are introgressive hy-
brid populations in Nunu Valley, Karaman, as well as in the Akseki and Mersin Provinces. The findings also 
revealed that the morphological difference between the Nunu and Çamlıca populations was due to different 
gene pools, which indicated the presence of introgression rather than phenotypic plasticity.
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Introduction
The genus Capra Linnaeus, 1758 contains domestic 
goats and their wild relatives (bezoar, tur, markhor 

and ibex). It displays a unique Old-World distribu-
tion, being widespread in the Southern Palaearctic. 
The systematics of the genus Capra remains con-
troversial even though studies have been conducted 
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using morphology, sequence analysis of mitochon-
drial DNA (mtDNA) and nuclear DNA (Pidancier 
et al. 2006). The classification of the genus Capra 
used to be based on horn morphology, recognising 
five species of wild goats: C. aegagrus Erxleben, 
1777, C. cylindricornis (Blyth, 1841), C. pyrenaica 
(Schinz, 1838), C. falconeri (Wagner, 1839) and C. 
ibex Linnaeus, 1758. However, recent molecular ge-
netic classification based on mtDNA markers (cy-
tochrome b and D-loop control region) placed in the 
genus several forms of wild goats occurring in the 
mountains of Northern Mongolia, Russia, Western 
Europe and Ethiopia, alongside the cosmopolitan 
domestic form (C. hircus). In fact, mtDNA molecu-
lar data do not coincide with the horn morphology-
based classification (Manceau et al. 1999). This 
means that the speciation processes of wild goat 
species are ongoing. Some researchers have hypoth-
esised that most species of Capra have rapidly radi-
ated within a short time span (Hartl et al. 1990, 
Manceau et al. 1999). Thus, the basic body pattern 
of all wild and domestic goats is similar and they 
can freely interbreed in captivity. More generally, 
hybridisation between Capra spp. may occur fre-
quently in the wild (i.e., hybridisation between C. 
aegagrus and C. cylindricornis is possible). Female 
wild goats are more philopatric, with females stay 
more in their birth region while males used to mi-
grate over longer geographic distances. As mtDNA 
is inherited by females, it tends to show more geo-
graphic structuring than in males (Manceau et al. 
1999), while the males migrating over longer dis-
tances do not disperse their mtDNA in the areas of 
immigration. 

Pidancier et al. (2006) determined that horn 
morphology was generally concordant with the Y-
chromosome phylogeny, which revealed well-de-
fined clades in the genus Capra. The domestic goat 
(C. hircus), the bezoar (C. aegagrus) and the mark-
hor (C. falconeri) belonged to one clade, which sug-
gested that the origin of the domestic goats had to be 
associated with the wild species belonging two this 
clade. The second clade of Pidancier et al. (2006) 
comprised of all the other species. The mtDNA data 
based on cytochrome b sequence had also revealed 
two well-defined clades. The Y-chromosome and 
mtDNA phylogenies were discordant and the two 
clades based on the mtDNA differed from those re-
vealed by the Y chromosome analysis. As a plausi-
ble scenario, the authors suggested that this might 
be due to an earlier mtDNA introgression among 
ancestral taxa.

Comprehensive studies have been carried out 
on a wide range of domestic and wild goats, yielding 

robust genetic information (Pidancier et al. 2006, 
Kazanskaya et al. 2007, Naderı et al. 2007, 2008, 
Alberto et al. 2015, Kadowakı et al. 2017, Daly 
et al. 2018, Zheng et al. 2020). Recent archaeologi-
cal and molecular studies (both mtDNA and nuclear 
genes) suggested that the domestic goat has been 
domesticated from the bezoar Capra aegagrus ca. 
10,000–9,500 years ago in the Fertile Crescent, 
an area covering a large part of Eastern Anatolia, 
alongside (possibly) with Northern and Central Za-
gros (Meadow 1996, Takada et al. 1997, Manceau 
et al. 1999, Zeder & Hesse 2000, Mannen et al. 
2001, Balkız 2002, Zeder et al. 2005, Pıdancıar 
et al. 2006, Kazanskaya et al. 2007, Naderı  2007, 
Naderı et al. 2008). 

Bezoar or wild goat (Capra aegagrus) is an 
indicator species of various mountainous regions; 
it is a vulnerable species according to the Mediter-
ranean Red List of the IUCN (International Union 
for Conservation of Nature, see also Heidari et al. 
2018, Seyfi et al. 2021). Balkız (2002) proposes 
a clear differentiation between eastern and western 
wild goat populations in Anatolia based on a 75 base 
pair (bp) difference in the D-loop sequence. Balkız 
(2002) also notes that both eastern and western Ana-
tolia populations of wild goats may represent two 
separate ESUs (Evolutionary Significant Units). 
However, no comprehensive study has been con-
ducted to reveal probable hybridity status of wild 
goat populations (between east and west wild goat 
lineages or an introgression of domestic goat hap-
lotypes into south-western Anatolian wild lineages) 
in Anatolia. 

According to sample-based distribution re-
cords (Balkız 2002, Naderı et al. 2008, Ulusoy 
2018, Ekıncı 2019), Anatolian wild goats spread 
over the south-western Mediterranean region to east-
ern central Anatolia, south-eastern Anatolia, eastern 
Anatolia and the central and eastern Black Sea re-
gions. Balkız (2002) claimed that one individual 
with an ancestral wild goat sequence was found in 
Gidengelmez, Antalya (south-eastern Anatolia) and 
it was a hybrid. Balkız (2002) mentioned that loca-
tion was a protected area and domestic goats could 
not be introduced. In order to detect hybrid popu-
lations, she suggested that more samples should be 
collected in this region. Therefore, in this study, we 
aimed to test the previous hypothesis by taking three 
samples from Çamlıca Valley and two samples from 
Nunu Valley (neither have been sampled before), 
close to the previously studied area. Naderi et al. 
(2008) also mentioned the geographical distribution 
of five mtDNA haplogroups of wild goats in south-
western Anatolia.
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In this context, the present study had three 
goals: (i) to explore mtDNA polymorphism of the 
bezoar based on two new sampling areas in Kara-
man, south-western Anatolia, and to make a regional 
synthesis based on previous Anatolian-based stud-
ies, (ii) to evaluate whether or not there are genetic 
and morphometric differences between these two 
new populations that have never been studied be-
fore and (iii) to check whether there is a haplotype 
introgression from domestic goats to wild goat gene 
pools in the study area.

Materials and Methods
Sampling and DNA extraction

This study was carried out with a permission granted 
by the General Directorate of Nature Conservation 
and National Parks of the Ministry of Agriculture 
and Forestry, Türkiye (permit no. E.4047426). Horn 
lengths and muscle tissues of six wild goats were 
collected from two sampling areas (Çamlıca and 
Nunu Valleys) in Karaman Province during regular 
hunts in 2019–2020. Our samples were taken from 
localities that had not been previously sampled and 
may play an important role to better understand the 
gene pool structures of bezoars in Anatolia, espe-
cially in its south-western parts. In addition, horn 
lengths of 12 wild goat specimens hunted in the pre-
vious years were obtained from the records of the 
National Parks Branch of Karaman Province. Mor-
phometric statistical evaluation was based solely 
on horn length (pertaining to male adults aged 8 to 
11 years), which was measured with a tape accord-
ing to Castelló (2016). Information about the two 
habitats and populations obtained during fieldwork 
was presented in Table 1. Sequencing of the HVRI 
segments of the mtDNA D-loop was successful in 
five out of six samples collected (two sequences 
from Nunu Valley samples and three sequences 
from Çamlıca Valley samples). Additionally, 87 D-
loop sequences of wild goats from Anatolia were 
downloaded from GenBank (National Centre for 
Biotechnology Information, USA) and their re-
spective haplotype numbers were listed according 
to Naderı et al. (2008) (Table 2). The mtDNA D-
loop sequence of one sample of Hemitragus jemla-
hicus (GenBank accession number FJ207531, see 
Hassanın et al. 2009) was included as an outgroup 
taxon in the analysis. Genomic DNA was isolated 
from muscle tissues (stored at -20°C prior to the 
analysis), using DNA extraction kit (GeneMATRIX 
Basic DNA Purification Kit) following the manu-
facturer’s instructions. 

DNA amplification and sequencing
A 598-bp fragment was amplified using the primer 
pair CAP-F (5’-CGTGTATGCAAGTACATTAC-3’) 
and CAP-R (5’- CTGATTAGTCATTAGTC-
CATC-3’) (Naderı et al. 2008). PCR amplifications 
were conducted in a 25 μl volume with 2 μl DNA 
sample and 23 μl mastermix setup [4.5 μl master 
mix (Solis Biodyne HOT FIREPol® Blend Master 
Mix Ready to Load With 12.5 mM MgCl2, 5x), 16 
μl PCR water and 1.25 μl of each primer]. After a 
13-min period at 95°C for polymerase activation, 33 
cycles were run with the following steps: 95°C for 
45 sec, 56°C for 30 sec and 72°C for 45 sec and a 
final extension at 72°C for 5 min. Sequencing was 
conducted on an ABI 3100 Genetic Analyzer.

Data analysis
Descriptive statistics of horn lengths are presented 
in Table 3. We tested whether the horn length data 
were normally distributed using the Shapiro–Wilk 
normality test. A student t-test was employed to de-
termine the effects of regional differences on horn 
lengths of the bezoars. Statistical analyses were con-
ducted using IBM Statistics 23.0 (IBM SPSS 2015).

The five newly generated mtDNA D-loop se-
quences were joint to the 87 Anatolian “wild” (54) 
and “wild haplotype sequences shared with domes-
tic goats” (33) sequences retrieved from GenBank 
(Naderı et al. 2008). A multiple alignment of the 
D-loop sequences was performed using the Muscle 
algorithm implemented in MEGA X (Kımura et al. 
2018). The total sequence information obtained for 
the alignment was 556 bp. Basic molecular indices, 
such as number of haplotypes (h), haplotype diver-
sity (hd), nucleotide diversity (π) and mean number 
of pairwise differences (k) were calculated using 
DnaSP 6.12.03 (Rozas et al. 2017). Bayesian analy-
sis with MrBayes 3.1.2 (Huelsenbeck & Ronquıst 
2001) was based on the best model of nucleotide 
substitution for all datasets as found by Modeltest 
3.7 (Posada & Crandall 1998). The Bayesian tree 
was built for combined data with 10 million gen-
erations (two runs). Trees were sampled every 1000 
generations and the first 25  % were discarded as 
burn-in. A maximum likelihood (ML) phylogenetic 
tree of Anatolian haplotypes based on the T92+G 
model was constructed in MEGA X. The robustness 
of the trees was determined by bootstrap resampling 
(1000 replicates) (Felsensteın 1985). A median-
joining (MJ) network of haplotypes was created 
using NETWORK 10.2.0 (Bandelt et al. 1999) to 
represent the intraspecific genealogy of the haplo-
type dataset, by allowing for potential alternative 
evolutionary pathways.
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Results
It was determined that there were differences in the 
habitat characteristics of the two bezoar populations 
as well as in some phenotypic characteristics (Table 
1). Sequences from 92 individuals of Anatolian wild 
goats represented 56 haplotypes (H1–H56), based 
on variation at 177 variable and 124 parsimony-
informative sites. The average transition/transver-
sion ratio (R) was 22.115 (nucleotide composition: 
A = 31.08 %, T = 30.71 %, C = 22.33 % and G = 
15.88 %). Of the 56 haplotypes from Anatolia, one 
(H56) was new, so far been reported in any Anatolian 
wild goat population (Table 2). The haplotype diver-
sity (hd) of wild goats was 0.952 ± 0.014, nucleo-
tide diversity (π) was 0.09398 ± 0.00158 and mean 
number of pairwise differences (k) was 41.547.

Our alignment results showed that most of the 
mtDNA D-loop region haplotypes were 481-bp long. 
Some of the haplotypes (haplotypes 30-38 and 56) 
were 556-bp long. One of the samples from the Nunu 
Valley had an insertion of 75 bp (556-bp long), simi-
larly to some western populations (i.e. in Akseki and 
Mersin), and was detected to be a new haplotype (hap-
lotype 56). Other sequences (one sequence from Nunu 
Valley and three sequences from Çamlıca Valley, hap-
lotype 53) shared the same haplotype (481-bp long) as 

the haplotype shared between samples EF989619 and 
EF989631 from Mersin (Table 2). GenBank accession 
numbers of bezoar haplotypes obtained by the present 
study are presented in Table 2. 

Descriptive statistics for the horn lengths of 
samples from the two bezoar populations in Kara-
man Province are presented in Table 3. Horn lengths 
data in both bezoar populations in this study exhib-
ited normal distribution (p > 0.05). The Çamlıca 
Valley samples had longer horn lengths than that of 
Nunu Valley (p < 0.05).

The ML and Bayesian trees revealed eight hap-
logroups (wild haplogroups: W1, W2, W3; domestic 
haplogroups: A, B, C, D, F) of the Anatolian wild 
goats. The W1 haplogroup was composed of wild 
Finike haplotypes (481-bp long) in south-western 
Anatolia. The W2 haplogroup was composed of the 
wild Akseki, Mersin, Karaman (south-western Ana-
tolia), Tunceli (south-eastern Anatolia), Van (east-
ern Anatolia) and Soyuk (central Black Sea region) 
haplotypes (481-bp long). The W3 haplogroup was 
composed of haplotypes from wild Akseki, Mersin 
and Karaman haplotypes (556-bp long) in south-
western Anatolia. The A haplogroup was composed 
of haplotypes from Gaziantep, Tunceli, Sümbül/
Hakkari (south-eastern Anatolia) and Artvin (north-
eastern Anatolia). The B haplogroup was composed 

Table 1. Differences in habitats and morphological characteristics of two different regions/populations 

 Characters 
Regions / Populations

References
Çamlıca Valley Nunu Valley

Location 36˚36’51” N   33˚02’42” E 36˚57’47” N    32˚57’07” E Field observation
Body and dorsal strip 

colour
Darker fur colour – black, 
dorsal stripe in winter fur

Lighter fur colour – brown, 
dorsal stripe in winter fur Field observation, photograph

Horn length Taller Shorter Field observation and measure in 
metric

Body size (general view) Bigger Smaller Field observation

Habitat (schist structure)

Neritic Limestone (Miocene), 
Neritic Limestone (Jurassic-

Cretaceous), Terrestrial Debris 
(Miocene), Carbonates and 

Debris (Triassic)

Pelagic Limestone (Juras-
sic-Cretaceous), Neritic 

Limestone (Middle Triassic-
Cretaceous)

GeoScience Map Viewer and 
Drawing Editor Database yerbil-
imleri.mta.gov.tr/anasayfa.aspx

Habitat (vegetation)

Sparsely vegetated areas 
(32.68%), coniferous forests 
(26.55%), plant change areas 
(21.38%), mixed agricultural 
areas with natural vegetation 
(8.93%), non-irrigated mixed 

agricultural areas (7.99%), 
sclerophyll vegetation (1.2%) 
and natural meadows (0.89%)

Plant exchange areas 
(69.41%) coniferous forests 

(16.46%), sclerophyll 
vegetation (7.43%), mixed 

agricultural areas with natu-
ral vegetation (4.42%) and 
natural meadows (1.88%)

Corine 2018 Database corinecbs.
tarimorman.gov.tr/corine

Habitat (altitude) Higher (1200-1500m) Lower (700-1200m) Field observation

Distribution area Wider field (5.530 ha) Narrower field (3.430 ha) Corine 2018 Database corinecbs.
tarimorman.gov.tr/corine
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Table 2. List of bezoar (Capra aegagrus) D-loop sequences obtained in this study and downloaded from GenBank (A, 
B, C, D, F letters correspond to different mtDNA haplogroups of wild haplotypes shared with domestic goats deter-
mined in Anatolia (see Naderı et al. 2008). The other bezoar haplotypes are represented by the word “Wild”).

Haplogroup Haplotype Population (No. of samples) Accession No.
A H1 Artvin EF989183
A H2 Tunceli (3) EF989184-EF989186
A H3 Tunceli EF989187
A H4 Tunceli EF989188
A H5 Gaziantep EF989189
A H6 Sumbul EF989190
A H7 Gaziantep EF989191
B H8 Van EF989200
B H9 Antalya EF989201
C H10 Erzincan EF989338
C H11 Gaziantep EF989339
C H12 Van EF989340
C H13 Tunceli EF989341
C H14 Artvin EF989342
C H15 Erzincan EF989343
C H16 Erzincan EF989344
C H17 Erzincan EF989345
C H18 Erzincan EF989346
C H19 Erzincan EF989347
C H20 Erzincan EF989348
C H21 Artvin EF989451

Wild H22 Tunceli EF989452
F H23 Erzincan EF989460
F H24 Akseki (2), Mersin (2) EF989462, EF989465, EF989463, EF989464
F H25 Van EF989467
F H26 Mersin EF989470

Wild H27 Finike EF989471
Wild H28 Finike EF989472
Wild H29 Finike (9) EF989473-EF989481
Wild H30 Akseki EF989485
Wild H31 Akseki (4) EF989486-EF989488, EF989491
Wild H32 Akseki EF989489
Wild H33 Akseki EF989490
Wild H34 Akseki EF989492
Wild H35 Mersin (2) EF989493-EF989494
Wild H36 Akseki EF989495
Wild H37 Mersin EF989496
Wild H38 Mersin EF989497
Wild H39 Akseki EF989551
Wild H40 Soyuk EF989554
Wild H41 Soyuk EF989555
Wild H42 Van EF989562
Wild H43 Mersin EF989573
Wild H44 Mersin EF989574
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of haplotypes from Antalya (south-western Anato-
lia) and Van (eastern Anatolia). The C haplogroup 
was composed of haplotypes from Mersin (south-
western Anatolia), Erzincan, Van (eastern Anatolia), 
Gaziantep, Tunceli (south-eastern Anatolia) and Art-
vin (north-eastern Anatolia). The D haplogroup was 
composed of haplotype from Akseki (south-western 
Anatolia). The F haplogroup was composed of hap-
lotypes from Akseki, Mersin (south-western Ana-
tolia), Van and Erzincan (eastern Anatolia) (Figs. 1 
and 2). The two phylogenetic trees showed similar 
topologies. Both trees separated domestic and wild 
goats, except that domestic F haplogroup and wild 
W2 haplogroup were sister groups. However, the 
Bayesian tree supported the topology with posterior 
probability values that were higher than the boot-
strap values of the ML tree (Figs. 1 and 2). 

On the other hand, the MJ network identified 
eight main haplogroups (W1, W2, W3 wild haplo-
groups; A, B, C, D, F domestic haplogroups) (Fig. 3). 
W1 and W3 consisted of haplotypes of individuals 
originating from south-western Anatolia, whereas W2 
consisted mostly of haplotypes originating from east-
ern Anatolia and central Black Sea, with the exception 
of certain haplotypes of western Anatolian origin (be-
longing to Karaman and Mersin individuals). In con-
trast, in the MJ network, we can roughly see that the 
Anatolian wild and haplotypes shared with domestic 

goats fall into two broad haplogroups: a 556-bp long 
haplogroup and a 481-bp long haplogroup (Fig. 3). 

Discussion
The differences between the Çamlıca and Nunu Val-
ley bezoar populations in terms of horn length, size 
and colour examined in this study supported that the 
two populations could have different genetic make-
up rather than the result of adaptation (i.e., pheno-
typic plasticity) due to habitat differences. Our ge-
netic analyses also revealed that the morphological 
difference between Nunu and Çamlıca populations 
is due to different gene pools, which indicates the 
presence of an introgression rather than phenotypic 
plasticity. However, apart from this study and the 
finding of Ekinci (2019) on horn lengths of wild 
goats in western Anatolia, there is no other study fo-
cusing on the morphometric diversity of wild goats 
in Anatolia. It is necessary to conduct such studies 
to better understand the phylogeny and introgressive 
hybridisation status of Anatolian wild goat popula-
tions, since some phenotypic features (e.g. various 
fur patterns or polymorphism in fur colour and body 
size, all of which vary from one population to the 
other) may indicate the presence of gene pool dif-
ferentiation (Demırbas et al. 2016a).

Our alignment results demonstrated that most 
of the mtDNA D-loop region haplotypes were 481-
bp long; albeit some of the haplotypes (haplotypes 
30-38 and 56 in Table 2) were 556-bp long. Balkız 
(2002) recorded that the individuals from the west 
Anatolian populations, except for one, all had the 
75 bp insertion in their mtDNA D-loop region (556-
long), whereas the individuals from the eastern Ana-
tolian populations all had D-loop region sequences 

Haplogroup Haplotype Population (No. of samples) Accession No.
Wild H45 Tunceli EF989575
Wild H46 Tunceli (2) EF989576, EF989594
Wild H47 Soyuk EF989579
Wild H48 Soyuk (3) EF989580-EF989582
Wild H49 Tunceli EF989593
Wild H50 Tunceli EF989595

D H51 Akseki EF989617
C H52 Mersin EF989618

Wild H53 Mersin (13), Nunu (1), Camlica (3) EF989619-EF989631, ON714423 (this study)
Wild H54 Van EF989632

F H55 Van EF989645
Wild H56 Nunu ON714424 (this study)

Table 2. Continuation.

Table 3. Descriptive statistics for horn length (mm) of 
samples from two bezoar populations in Karaman Prov-
ince [standard error (±SE), coefficient of variation (CV)].

Populations n Range Mean±SE CV (%)
Çamlıca Valley 9 103-136 117.60±5.99 11.38

Nunu Valley 9 90-105 97.20±2.44 5.60
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Fig. 1. Maximum likelihood phylogenetic tree of haplotypes of the Anatolian wild goats obtained in the present study, 
based on the partial D-loop sequences of mtDNA. Posterior probabilities are indicated at nodes. The scale represents 
the genetic distance. A, B, C, D, F letters correspond to different mtDNA haplogroups consisted of wild haplotypes 
shared with domestic goats and the other bezoar haplogroups are represented by the W1, W2 and W3 and H numbers 
refer to the haplotypes found in this study and the published haplotype labels downloaded from GenBank (see Table 2). 
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Fig. 2. Bayesian phylogenetic tree constructed from haplotypes of the Anatolian wild goats samples analysed in this 
study, based on the partial D-loop sequences of mtDNA. Posterior probabilities are indicated at nodes. The scale 
represents the genetic distance. A, B, C, D, F letters correspond to different mtDNA haplogroups consisted of wild 
haplotypes shared with domestic goats and the other bezoar haplogroups are represented by the W1, W2 and W3 and 
H numbers refer to the haplotypes found in this study and the published haplotype labels downloaded from GenBank 
(see Table 2). 

Fig. 3. Median-joining network of 56 haplotypes from 92 Anatolian wild goats from different regions of Anatolia. 
Circle sizes are proportional to haplotype frequencies and numbers refer to haplotype codes in Table 2. Red arrows 
indicate haplotypes obtained in this study. Numbers on branches indicate the number of nucleotide substitutions when 
more than one. Major haplogroups are delimited by dashed lines. A, B, C, D, F letters correspond to different mtDNA 
haplogroups consisted of wild haplotypes shared with domestic goats and the other bezoar haplogroups are represented 
by the W1, W2 and W3 and H numbers refer to the haplotypes found in this study and the published haplotype labels 
downloaded from GenBank (see Table 2).
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that were 481-bp long. In the same study, it is also 
noted that the domestic individuals from all of the 
three lineages (A, B and C) fell into the same group 
with the individuals from the eastern populations. 
Balkız (2002) also stated that as the sequences of 
the domestic individual indicated ancestral features 
and all domestic goat sequences were 481-bp long, 
probably showing that this base pair difference was 
an insertion. Our ML and BI phylogenetic trees did 
not group any of the eastern wild goat populations 
with lineages A, B or C.  In addition, our Bayesian 
phylogenetic tree showed that individuals with the 
556-bp long sequence emerged more recently. This 
finding supports the statement that this group sub-
sequently gained an insertion. Balkız (2002) also 
mentioned that most of the wild goat individuals 
(except for those in western Anatolia) had 481-bp 
long sequences and indicated that there were also 
other cases in which two domestic goat sequences 
revealed 556-bp long D-loop sequences (Luikart 
et al. 2001). However, up until now, no such cases 
were observed among wild goats. This phenomenon 
observed in western populations was previously dis-
covered by Balkız (2002) and Naderi et al. (2008) 
in 13 individuals (from Akseki, Antalya and Mer-
sin localities). Our study reveals it in one further 
individual from Nunu Valley. Naderi et al. (2008) 
did not actually incorporate recent lineage findings 
into their study. The existence of such individuals 
was revealed by combining sequences of the present 
study with those reported by Naderi et al. (2008). 

On the other hand, our MJ network finding 
failed to support the two main clade hypothesis re-
corded by Balkız (2002) in terms of the origin of 
the samples. Although there was one haplogroup 
consisting of south-western Anatolian samples and 
having a length of 556-long as stated by Balkız 
(2002), the second haplogroup contained all “do-
mesticated” sequences that were 481-bp long as 
well as sequences from wild western and eastern 
Anatolian populations that were 481-bp long. Con-
sidering the second scenario (i.e., more plausible 
two broad haplogroups), we found more interesting 
results (Fig. 3) – the more modern wild goat hap-
logroup (W3 haplogroup) in south-western Anatolia 
with a sequence length of 556-long was separated 
from all other haplogroups by a large phylogeo-
graphic gap (112 mutational steps). In addition, the 
ancestral wild goat haplogroup (W2) that was 481-
bp long, including most of the Anatolian wild goat 
haplotypes, draws attention on the Median-joining 
network. These haplogroups, which represent two 
separate wild goat lineages in Anatolia, enabled us 
to find some introgressive hybridisation signals. In 

other words, Akseki, Mersin and Nunu populations 
in south-western Anatolia had separate haplotypes 
representing both lineages. However, mtDNA is ma-
ternally inherited and, therefore, not very suitable to 
study hybridisation (compared to more sensitive co-
dominant markers such as microsatellite and SNP). 

Hammer et al. (2008) indicated the close simi-
larity of gene pool structures among various taxa of 
the genus Capra and the possibility of introgressive 
hybridisation of domestic and wild goats. They stud-
ied the sequence diversity and differentiation of the 
HVR1 segment of the mtDNA control region of mark-
hor Capra falconeri to observe possible introgression 
associated with four captive (zoo) wild goats and 
domestic goat lineages. Interestingly, 35.7  % of all 
studied markhors from three zoos were introgressed 
by the domestic goat. They stated that in any case, 
the markhors in the ex situ conservation program get 
introgressed with domestic goats when released back 
into nature to form a herd. Although goat livestock is 
intense in our study area, we did not detect any haplo-
type introgression into the gene pools of wild popula-
tions from domestic goats in the study area.

Consequently, the D-loop phylogeography of 
Anatolian bezoar, representing two sequence line-
ages, was somewhat different from other mam-
malian species in Anatolia. Other mammalian spe-
cies such as Vulpes vulpes (Ibis et al. 2014), Canis 
aureus (Ibis et al. 2015a), Meles meles (Ibis et al. 
2015b), Sus scrofa (Demirbas et al. 2016a), Lepus 
europaeus (Demirbas et al. 2016b) and Canis lupus 
(Ibis et al. 2016) had one sequence lineage in Ana-
tolia. Further, there was hybridisation between an-
cestral and more recent lineages, with two different 
sequence lengths and high diversity. We recommend 
that microsatellite genotyping studies be done with 
larger samples to reveal the presence of hybrid pop-
ulations by considering male individuals rather than 
maternal inheritance, especially in western Anatolia.
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