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Molecular phylogeny of Anatolian and Cypriot donkey populations
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Summary: Domestication centers and the lineages of the wild ass contributing to modern domestic donkey population are
still unknown, except the Nubian wild ass. This study is designed to fill the gaps about Anatolian donkey domestication. A total of 68
samples of Anatolian donkeys obtained from Turkey and seven donkeys from Cyprus were analyzed for D-loop and cytochrome b
gene regions. Males were also genotyped with three equine Y-chromosomal short tandem repeats (STRs) namely Eca.YM2, Eca.YP9
and Eca.YELl. While the haplotype and nucleotide diversities (h=0.756+0.0500 and m=0.1688+0.0012) obtained from D-loop
sequences of Anatolian donkey population were found to be moderately high, the Cypriot donkey population were found
dramatically reduced (h=0.524+0.209 and 7=0.00176 + 0.001) than those in Turkey. Only 35% of the Anatolian donkeys were
clustered in Clade 1 linked with Nubian ass, while the remaining 65% and 100% of the Cypriot donkeys were clustered in Clade 2. In
the present study, Clade 2 was genetically divergent from Somali lineage and from Asiatic wild asses. Thus, they were excluded from
to be ancestor of Anatolian and Cypriot donkey populations. A total of 17 and 4 nucleotide differences, discriminating 15 and 6
haplotypes, were defined for D-loop and cytochrome b sequences, respectively. Analyzed Y chromosomal STRs were found to be
monomorphic. The allele size of 109, 190 and 195 were identified for Eca.YM2, Eca.YP9 and Eca.YEL, respectively.
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Anadolu ve Kibris esek populasyonlarinda mitokondriyal ve Y-kromozomal STR’larina dayanan
molekiiler filogeni

Ozet: Evciltme bolgeleri ve modern evcil esek populasyonuna katkida bulunan soylar, Nubian yaban esegi haric, hala
bilinmemektedir. Bu ¢aligma Anadolu eseginin evciltmesi hakkindaki bosluklarin doldurulmasi igin tasarlanmigtir. Tiirkiye’den 68
Anadolu esegi ve Kibris’tan yedi esek, D-loop ve cytochrome b gen bolgeleri acisindan analiz edilmistir. incelenen drneklerden 30
erkek ayn1 zamanda ata ait Eca.YM2, Eca.YP9 ve Eca.YE1 isimli ii¢ adet Y-kromozomal kisa ardigik tekrar dizileri (STRlar) ile
genotiplendirilmistir. Anadolu esek populasyonu D-loop sekanslarindan elde edilen haplotip ve niikleotid ¢esitliligi (h=0.756+0.0500
ve 1=0.1688+0.0012) orta diizeyde yiiksek bulunmusken, Kibris esek populasyonunda biiyiik 6lgiide diisiik (h=0.524+0.209 ve
m=0.00176 £ 0.001) bulunmustur. Anadolu eseklerinin %35°i Clade 1’de Nubian yaban esegi ile kiimelenmigken, kalan %65°1 ve
Kibris eseklerinin %100’ Clade 2 olarak kiimelenmistir. Sunulan ¢aligmada Clade 2 Somali soyundan ve Asya yaban eseklerinden
genetik olarak farkli ¢ikmustir. BGylece bu soylarin Anadolu ve Kibris eseginin atasi olamayacaklar1 belirlenmistir. D-loop ve
sitokrom bdlgeleri igin, sirastyla, 15 ve 6 haplotip ayrimini saglayan 17 ve 4 niikleotid degisimi belirlenmistir. Analiz edilen Y-
kromozomal STR’lar monomorfik bulunmustur. Eca.YM2, Eca.YP9 ve Eca.YEI i¢in sirasiyla 109, 190 ve 195 allel biiyiikliikleri
belirlenmistir.

Anahtar sozciikler: Anadolu esegi, Kibris esegi, sitokrom b, D-loop, Y-kromozomal STR.

Introduction

It is thought that the donkey was domesticated
about 5000-6000 years ago and they were essentially
used for transport and trade during the ancient
civilization over decades. Domestication centers and the
lineages of the wild ass contributing to modern domestic
donkey population, are still unknown, except the
contribution of the Nubian wild ass (1, 10, 17, 20).
According to archaeological, historical, and ethnographical
sources there are at least two distinct groups of wild asses

existed in Africa; The Somali Wild (Equus africanus
somaliensis) and the Nubian Wild (Equus africanus
africanus) (20). Like in other countries, donkeys have
raised for the purpose of transportation in the rural areas
of Turkey. In the past, the offspring’s donkey and horses,
mules were used in wars and other strength needed works
because of their improved durability and resistance
abilities under harsh physical conditions (22).
Mammalian mitochondrial DNA (mtDNA) is
inherited maternally; this inheritance is firstly demonstrated
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Hutchison et al. (8) in the horse-donkey hybrids. Y
chromosome represents a paternal counterpart to mtDNA
they are both informative for evolutionary and
phylogeographic studies. According to phylogenetic
analyses results, the animals that are reared in
domestication centers like Anatolia, show high genetic
diversity in each clade of mtDNA (23). This knowledge
was also documented by Cinar Kul and Ertugrul (12) as
preservation of mtDNA diversities in Anatolian goats.

This study is designed to fill the gaps about
Anatolian donkey domestication. A total of 68 samples
of Anatolian donkeys obtained from Turkey and seven
donkeys from Cyprus were analyzed for D-loop and
cytochrome b gene regions. Thirty of the samples were
male and they were also analyzed for three equine Y-
chromosomal short tandem repeats (STRs) namely
Eca.YM2, Eca.YP9 and Eca.YEL, in addition to mtDNA
analyses.

Materials and Methods

Sample collection: A total of 75 hair samples were
collected from Anatolian donkeys raised in different
regions of Turkey (Ankara, n=11; Kayseri, n=24; Mersin,
n=33) and from Cypriot wild donkeys, free-living in the
Karpaz national park, Northern Cyprus (n=7) (Figure 1).
Phenol-chloroform method was used for DNA extraction.
Purity and quantity of the DNAs were measured using
NanoDrop 2000 (Thermo Scientific).
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Figure 1. Sampling areas of the Anatolian and Cypriot donkey
populations.
Sekil 1. Anadolu ve Kibris esek populasyonlart igin drnekleme
bolgeleri.

PCR, sequencing and fragment analysis: D-loop
and cytochrome b gene regions were amplified by
Polymerase Chain Reaction (PCR) carried out in 25 pl
reaction volume containing 50ng DNA, 2.5mM MgCl,,
0.2 mM of each dNTP, 0.5 uM of each primer (Table 1),
1 X PCR Buffer and 1 U of Tag DNA polymerase
(Fermentas, Thermo Fischer Scientific). Thermal cycling
was carried out using Mastercycler thermocycler
(Eppendorf, USA) with the following conditions: initial
denaturation at 94 °C for 5 min followed by 35 cycles of
denaturation at 94 °C for 30 sec, annealing at 58 °C for 30

sec extension at 72 °C for 30 sec and final extension at 72
°C for 5 minutes. PCR products were purified and
sequenced for both directions.

Table 1. Amplified regions, primer sequences and their
references.
Tablo 1. Yiikseltgenen bolgeler, primer dizileri ve referanslart.

Region Primers, 5°—3’ Reference

F: CCCAAGGACTATCAAGGAAG 1
R: TTGGAGGGATTGCTGATTTC

Cytochrome b F: CTGCCGAGACGTTAACTA 1
R: GGCTTTGTCTACTGAGAATC

D-loop

Eca.YM2 F: TGGTTCAGATGGTGTATTTTGTT 2
R: TTTGCAGCCAGTACCTACCTT

Eca.YP9 F: AAGCACTGCCTTTTGGAATC 2
R: AACCCTGGACTTTCTTTTGAA

Eca.YE1 F: CTTCACTCCCGACCAAGAGA 2

R: GTGTGTCGTGCCGTGTTTAC
1= Aranguren-Mendez et al., 2004 (1); 2= Wallner et al., 2004
(21).
1= Aranguren-Mendez ve ark., 2004 (1); 2= Wallner ve ark.,
2004 (21).

A total of 30 male donkey samples were also
amplified by PCR for three equine Y chromosomal STR
loci, namely Eca.YM2, Eca.YP9 and Eca.YEL. Forward
primers were synthesized by 5’ end labeling with
fluorescent dyes (Sentromer DNA Ltd, Istanbul, Turkey).
Each reaction carried out in 15 pl reaction volume
containing 50ng DNA, 2 mM MgCl,, 0.2 mM of each
dNTP, 0.3 uM of each primer (Table 1), 1 X PCR Buffer
and 1 U of Tag DNA polymerase (Fermentas, Thermo
Fischer Scientific). Samples were amplified in a
Mastercycler thermocycler (Eppendorf, USA) with the
following conditions: initial denaturation step at 94 °C
for 4 min followed by 30 cycles of 94 °C for 20 sec,
annealing for 58 °C for 15 sec, 72 °C for 15 sec and a
final extension at 72 °C for 5 min. Amplicons were
denatured in formamide and LIZ 500-bp internal size
standard (Applied Biosystems). Fragment analysis was
carried out using the capillary electrophoresis by 310
Genetic Analyzer (Applied Biosystems).

Statistical analysis: D-loop and cytochrome-b
sequence sets were separately aligned to reference
sequences of the domestic donkey (X97337) using
Clustal W algorithm implemented in BioEdit sequence
alignment editor (6). After trimming the sequences, 325
nucleotides and 251 nucleotides were used for following
analysis for D-loop and cytochrome-b, respectively.
Obtained haplotypes were compared with available
sequences of the domestic donkeys in the GenBank
(http://www.ncbi.nlm.nih.gov). D-loop sequences were
also aligned to Asian wild asses (Equus kiang,
AY569542; Equus hemionus kulan, JX312728; Equus
hemionus onager, JX312730), African wild asses (Equus
africanus somalicus, AY569545; Equus africanus
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africanus, HM622636) homologous sequences and horse
sequence (Equus caballus, AF481232) as an outgroup.

The variable positions, haplotype (h) and nucleotide
diversities (x) within the donkey populations were
calculated by DnaSP (15). Neighbor joining trees based
on individual sequences and haplotypic data were
constructed by MEGA V6 (18) using Tamura-Nei distances
and Kimura 2-parameter distances for D-loop and
cytochrome b, respectively. A Median-joining network
diagram was created to visualize the genetic relationships
between haplotypes of the D-loop regions using POpART
(14).

A total of 30 male donkeys were genotyped based
on Y chromosomal STRs by using GeneScan program
software (Applied Biosystems).
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Results

Genetic diversity of the D-loop region: Haplotype
and nucleotide diversities of the sampled population were
presented in Table 2. A total of 17 nucleotide differences
discriminating 15 haplotypes were obtained from D-loop
sequences from 75 donkeys as compared to reference
sequences of the domestic donkey. Obtained positions of
the polymorphic nucleotides, assigned haplotypes,
accession numbers and frequencies were shown in Table
3 for D-loop sequences. New haplotypes were submitted
to GenBank (KP763625- KP763630, KP763640).

According to individual D-loop sequences visualized
by NJ tree, a total of 24 Anatolian donkeys were defined
closely linked with Nubian lineage (Clade 1, Equus a.
africanus), while 44 Anatolian donkeys and 7 Cypriot

Table 2. Haplotype and nucleotide diversity values based on D-loop sequences

Tablo 2. D-loop bélgesi haplotip ve niikleotid ¢esitliligi degerleri

Region n Number of haplotpye h Pi-JC
Ankara 11 5 0.618+0.164 0.01852+0.010
Kayseri 24 7 0.692+ 0.094 0.01625 +0.009
Mersin 33 9 0.833 +0.049 0.01847 =- 0.010
Anatolian Overall 68 14 0.756+0.050 0.01688+0.0012
Cyprus 7 3 0.524+0.209 0.00176 +0.001

n sample size, h haplotype diversity +/- standard deviation, Pi-JC Nucleotide diversity with JC +/- standard deviation.
n 6rneklem bityiikligii, h haplotip cesitliligi +/- standart sapma, Pi-JC JC’li niikleotid ¢esitliligi +/- standart sapma.

Table 3. Polymorphic nucleotide positions, accession numbers and frequencies of the haplotypes obtained from D-loop sequences of

Anatolian and Cypriot donkey populations.

Tablo 3. Anadolu ve Kibris esek populasyonunda D-loop sekanslarindan elde edilen haplotiplerin polimorfik niikleotid pozisyonlart

ve frekanslari.

Position **

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

4 4 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6

1 8 9 0 3 6 8 9 9 9 9 2 4 4 5 6 6 9 Frequencies  Accession

Haplotype 1 4 0 3 8 9 0 2 7 8 9 1 4 5 2 2 7 8 AD;CD number

ATI1 T 6 C T AA A ATCGAGACA AAGC 32;5 AF416594
ATI2 A T C G G T G A . T G T 3,0 AF416593
suo1 A T C G G T G A G T G T 1,0 AY569523
ATI4 A T C . G G T A T G T 9;0 AF416596
TR1 . . G . . .. T . 3,0 KP763625*
TR4 A T C G T . A G T G T 3,0 KP763628*
TR6 A T C G T G A G T G T 11 KP763630*
LI12 T . 1,0 AY569506
RUO1 . G 2;0 AY569471
TR3 . G 3,0 KP763627*
TR7 C . . 2,0 KP763640*
TR2 G C . 3,0 KP763626*
TR5 . . . o . . .. G . 0;1 KP763629*
KEO1 A T C G G G T G A T G T 3,0 AY569503
KEO3 A T C G T G A T G T 1,0 AY569481

AD =Anatolian donkeys; CD= Cypriot donkeys. * submitted with the present study.

** Nucleotide positions are based on the reference sequence of E. Asinus (X97337).
AD =Anadolu esegi; CD= Kibris esegi. * bu calisma ile belirlenen.
** Niikleotid pozisyonlarinda E. Asinus (X97337) referans sekansi temel alinmustir.
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Figure 2. Neighbor Joining tree based on D-loop sequences using Tamura-Nei distances. Numbers represent the bootstrap
proportions.

Sekil 2. D-loop sekanslarina ait, Tamura-Nei uzaklik metodu kullanilarak ¢izdirilen Neighbor Joining agaci. Sayilar bootstrap
degerlerini ifade etmektedir.
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Figure 3. Median joining network of the haplotypes revealed by D-loop region.
Sekil 3. D-loop bolgesinden elde edilen haplotiplere ait Median joining agaci.
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Figure 4. Neighbor Joining tree based on Cytochrome b sequences using K2P. Numbers represent the bootstrap proportions.

Sekil 4. Sitokrom b sekanslarina ait, K2P uzaklik metodu kullanilarak ¢izdirilen Neighbor Joining agaci. Sayilar bootstrap degerlerini
ifade etmektedir.
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donkeys were clustered in Clade 2, but they did not show
resemblance to Somali lineage (Equus a. somalicus)
(data not shown). Similarly, D-loop haplotypes were
divided into two branches in the NJ tree (Fig 2). Star-like
clusters were seen around the haplotypes ATI1 and ATI2
in MJ tree and localization of the haplotypes showed the
similar topology with NJ tree (Figure 3).

Genetic diversity of Cytochrome b region: A total
of four nucleotide differences discriminating six
haplotypes were obtained from cytochrome b sequences.
Haplotype and nucleotide diversities were presented in
Table 2. Polymorphic nucleotide positions, assigned
haplotypes, their accession numbers and frequencies in
the populations were shown in Table 4.

Table 4. Polymorphic nucleotide positions, accession numbers
and frequencies of the haplotypes obtained from Cytochrome b
sequences of Anatolian and Cypriot donkey populations.

Tablo 4. Anadolu ve Kibris esek populasyonunda sitokrom b
sekanslarindan elde edilen haplotiplerin polimorfik niikleotid
pozisyonlari ve frekanslari.

Position **

1 1 1 1

4 4 4 4

4 4 4 5

13 49 Frequencies  Accession
Haplotype 8 5 1 1 (AD;CY) number
AND2 A T C T 37;7 AF380131
AND1 . C 18;0 AF380130
TR4 T C 70 KP792642*
TR3 T 4;0 KP792641*
TR1 .. T 1,0 KP792639*
TR2 .. C . C 10 KP792640*
AD =Anatolian donkeys; CD= Cypriot donkeys * submitted
with the present study

** Nucleotide positions are based on the reference sequence of
E. Asinus (X97337).

AD = Anadolu esegi; CD= Kibris esegi. * bu galisma ile belirlenen
** Niikleotid pozisyonlarinda E. Asinus (X97337) referans
sekansi temel alinmugtir.

According to cytochrome b haplotype frequencies,
more than half of the Anatolian donkey population and
all of the Cypriot donkey population were clustered as
haplotype AND2. However four unique haplotypes,
which are close to AND1, were defined in Anatolian
donkeys (Fig 4). New haplotypes were submitted to
GenBank (KP792639- KP792642).

Analyses of the Y-chromosomal STRs: Analyzed Y
chromosomal STRs were found to be monomorphic.
Sequences of the STRs were submitted to GenBank
(KR152637- KR152639). The repetitive motifs and the
allele sizes obtained from present study were listed in
Table 5.

Table 5. The allele sizes, the repeat motifs and the accession
numbers of the Y-chromosomal STRs.

Tablo 5. Y-kromozomal STR’larin allel buytikligi, tekrar
deseni ve ulasim kodlari.

Loci Repeat motif Allele Accession
number
EcaYP9  (AT),(GT)s(CA); 190 KR152637
EcaYE1  (AC),C(AC)s 195 KR152638
EcaYM2 (CA) 109 KR152639

Discussion and Conclusion

Turkish Statistical Institute (19) reported that
donkey population has dramatically reduced in Turkey,
while the donkey population was 809.000 head in 1994,
it declined to 170.503 head in 2014, thus it means almost
79% reduction (19). Three different types of donkey are
characterized in Turkey and there is not sufficient data on
two types, Merzifon and Karakacan, except Anatolian
type, which is the most prevalant (22). Anatolian
donkeys show the general morphologic features such as
coat color and body size with other well-known donkey
types of world. The values of haplotype and nucleotide
diversity  (h=0.756+0.0500 and 7=0.1688+0.0012)
obtained from D-loop sequences of Anatolian donkey
population were found to be moderately high, indicating
plentiful genetic diversity. Otherwise when h and =
values for D-loop region were compared with different
donkey populations, Anatolian donkey populations found
to be lesser than Ethiopian donkeys (h=0.903+0.032 and
n =0.020+0.003) reported by Kefena et al. (9), Balkan
donkey breeds (h=0.982+0.002 and 0.017+0.009)
reported by Pérez-Pardal et al. (17), Chinese donkey
breeds (0.90554+0.0170 and 0.0228+ 0.0117) reported by
Chen et al. (3); while they were found to be higher than
Spanish donkey breeds with values of average 0.421 and
0.007 (1). If it is taken into account the mitochondrial
genetic diversity values of the other livestock raised in
Turkey, such as goats and cattle, above-mentioned results
of Anatolian donkey are unfamiliar (12,16). It is
suggested that this result in contrast to the livestock
could be referred to drastically decrease of the donkey
population in a short period as well as the possibility of
the different domestication centers.

However diversities of the Cypriot donkey
population (h=0.524+0.209 and 7=0.00176 + 0.001) were
found dramatically reduced than those in Turkey. These
donkeys are freely mating and neither selected nor
hunted, thus only natural selection has affected their
genetic diversity. However the number of the Cypriot
donkeys is drastically reducing as well as the Anatolian
donkeys (11). Hamrick et al. (7) reported that 800
donkeys were in Karpaz peninsula in 2003.

Only 35% of the Anatolian donkeys were clustered
in Clade 1, while the remaining 65% and 100% of the
Cypriot donkeys were clustered in Clade 2. This
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observation was concordant with the frequency of
mtDNA lineages obtained from Turkish domestic
donkeys, published by Beja-Pereira et al. (2). According
to current researches, it is concluded that Nubian wild ass
is putative ancestor of the donkeys from Clade 1 and
there is a probable interbreeding between wild and
domestic donkeys, which is causing to gene flow of
several maternal haplotypes from the wild (10,17).
However, despite the Clade 2 is found to be closest to
Somali lineage, there is still unknown about the ancestor
lineage of the Clade 2 (10). Similarly, in the present
study, Clade 2 was genetically divergent from Somali
lineage, by 63% of the bootstrap value and from Asiatic
wild asses. Thus, they were excluded from to be ancestor
of Anatolian and Cypriot donkey populations.

According to the cytochrome b sequences results,
AND?2 was defined as the most frequent haplotype either
Anatolian (55%) or Cypriot donkeys (100%). But AND1
is more recently contributed to Anatolian donkeys. The
relatively high determination of haplotypes belonging to
Clade 2 and AND2 in Cypriot donkey population is
interesting. As the Cyprus is geographically isolated
island in contrast to Turkey, donkey population
expansion could be in different time periods. In Turkey,
new haplotypes from the wild asses interacted with
domestic donkeys through the human migrations, trades
or wars, causing the mixture of the lineages, while the
Cypriot donkeys was affected from those factors in a
limited manner. However it cannot be excluded that
natural selection affected the frequencies of the different
lineages through bottleneck effects, which have led to
increase of haplotypes from Clade 2 and AND1 together
in the Cypriot population.

Single nucleotide polymorphisms (SNPs) and STRs
localizing on the Y chromosome show a paternal
contribution to evolutionary and phylogeographic
studies, like mitochondrial DNA (mtDNA) represent to
maternal history (4). Equine Y-chromosomal STRs
analyzed in Anatolian and Cypriot donkey populations
were found to be monomorphic, as consistent with Ling
et al. (13). However, genotyped Anatolian and Cypriot
donkey populations showed different alleles from those.
Ling et al. study (13) identified alleles with 111, 196 and
192, Ferrando et al. study (5) identified alleles with
110/112, 196 and 191, Wallner et al. study (21) identified
alleles with 110/112, 197 and 191 for Eca.YM2,
Eca.YP9 and Eca.YE1, respectively. This can be
explained by the following reasons; firstly it could be
originated from the differences on the genotyping
devices’ sensitivities though they have the same allelic
compositions, and secondly the contribution of different
paternal lineages to the domestication. Therefore, the
standardization of the STRs on Y chromosome would be
beneficial. However, the results showed that the paternal

history for Y chromosome with other gene regions could
be more efficiently established.

As conclusion, this study represents the first
documentation of the genetic Anatolian and Cypriot
donkey populations. The higher number of sampling
from different regions of the Turkey and Cyprus may
reduce the possible negative effects of the sampling bias.
Moreover, it is concluded that more assessment of the
ancient sequences from Anatolia and Cyprus may shed
light to mystery ancestor of the Clade 2.
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