Kafkas Univ Vet Fak Derg Kafkas Universitesi Veteriner Fakultesi Dergisi
ISSN: 1300-6045 e-ISSN: 1309-2251
Journal Home-Page: http://vetdergikafkas.org

25 (6): 769-778, 2019
DOI: 10.9775/kvfd.2019.21844 Online Submission: http://submit.vetdergikafkas.org

Research Article

Investigation of Genetic Structures of Coloured Horses by mtDNA
D-loop Sequence Analysis in Turkey "2

Abdurrahman KOSEMAN ** Yusuf OZSENSOY #* Metin ERDOGAN 3¢
Cevdet YARALI #¢ Burhan TOPRAK ¢ Kemal ZENGIN % ibrahim SEKER 5¢s”

[ This study was presented as entitled “Investigation of genetic variation using mtDNA D-loop sequence analysis in Coloured
horses in Turkey” in ICAGAS-International Congress on Agriculture and Animal Science, 7-9 november 2018, Alanya-Turkey

EIThis study was supported by the Inonu University Scientific Research Projects Unit (TCD-2017-622) in Turkey

' Department of Crop and Animal Production, Akcadag Vocational School, Malatya Turgut Ozal University, TR-44210 Malatya
- TURKEY

2 Department of Veterinary Biometrics and Genetics, Faculty of Veterinary Medicine, Sivas Cumhuriyet University, TR-58140
Sivas - TURKEY

3 Department of Medical Biology and Genetics, Faculty of Veterinary Medicine, Afyon Kocatepe University, TR-03200
Afyonkarahisar - TURKEY

“ Etlik Veterinary Control Central Research Institute, TR-06100 Ankara - TURKEY

> Department of Veterinary Zootechny, Faculty of Veterinary Medicine, Firat University, TR-23119 Elazig - TURKEY
2 ORCID: 0000-0001-6491-9962; ® ORCID: 0000-0002-2605-2410; < ORCID: 0000-0003-0975-1989; ¢ ORCID: 0000-0002-0391-9456
¢ ORCID: 0000-0003-1082-4559; f ORCID: 0000-0003-4832-6205; ¢ ORCID: 000-0002-3114-6411

Article ID: KVFD-2019-21844 Received: 25.01.2019 Accepted: 26.05.2019 Published Online: 27.05.2019

How to Cite This Article

Koseman A, Ozsensoy Y, Erdogan M, Yarali C, Toprak B, Zengin K, Seker I: Investigation of genetic structures of coloured horses by mtDNA
D-loop sequence analysis in Turkey. Kafkas Univ Vet Fak Derg, 25 (6): 769-778, 2019. DOI: 10.9775/kvfd.2018.21844

Abstract

The aim of this study was to determine the genetic structure of Coloured horses in Turkey by analysis of the D-loop sequence of mitochondrial DNA
(mtDNA). A total of 28 Coloured horses were examined. DNA was extracted from blood samples using DNA isolation kit; 519 bp long mtDNA D-loop
region was amplified by PCR and sequenced by capillary electrophoresis system. Population parameters and phylogenetic trees were drawn by using
MEGA4 software package. It was also compared with the DNA sequences of horse populations from different countries. In this study, 42 different
polymorphism regions and 10 different haplogroups were detected. Additionaly, Tajima D value was found to be -0.31 and population expansion was
determined. It was determined that the base differences among the horses ranged between 0.000 and 0.032. It was detected that the horses formed
different clusters from each other and they were intertwined with the populations of different countries. Moreover, it was also observed that some
horses formed their own populations at different points from the other countries’ horses. As a result, it was observed that the genetic structures of
horses which used in population were different from each other and they originated from different mothers. According to the results obtained, it is
considered that Coloured horses can be a native horse breed of Turkey.

Keywords: Coloured horse, D-loop region, Haplogroup, Mitochondrial DNA

Tiirkiye’'deki Alaca Atlarin mtDNA D-Loop Dizi Analizi ile Genetik
Yapilarinin Arastirilmasi

Oz

Bu calisma, Turrkiye'deki Alaca atlarin mtDNA D-Loop dizi analizi ile genetik yapilarinin belirlenmesi amaciyla yapilmistir. Arastirmada, toplam 28 Alaca
at incelenmistir. Alinan kan orneklerinden DNA izolasyon kiti kullanilarak DNA elde edilmis ve 519 bp uzunlugundaki mtDNA D-loop bélgesi PZR ile
cogaltilmis ve kapiller elektroforez sisteminde dizileme islemi yapilmistir. MEGA4 paket programi kullanilarak populasyon parametreleri ve filogenetik
agaclari cizilmistir. Ayrica farkh Ulke at populasyonlarina ait DNA dizileri ile de karsilastiriimasi yapilmistir. Arastirmada, 42 farkli polimorfizm bélgesi
ve 10 farkl haplogrup elde edilmistir. Ayrica Tajima D degeri -0.31 elde edilmis ve populasyon genislemesi oldugu belirlenmistir. Ornekler arasindaki
baz fakhliklarinin 0.000 ile 0.032 arasinda degistigi belirlenmistir. Cizilen filogenetik agaclar sonucunda 6rneklerin birbirlerinden farkli kimeler
olusturdugu ve farkli tilke populasyonlariile de i¢ ice girdigi belirlenmistir. Ayrica, bazi 6rneklerin farkl tlke atlarindan tamamen ayri noktalarda kendi
populasyonunu olusturdugu da gézlenmistir. Sonug olarak calisilan populasyondaki 6rneklerin genetik yapilarinin birbirinden farkli oldugu ve farkli
analardan koken aldiklari gérilmustdr. Elde edilen sonuclara gore; Alaca atlarin Tiirkiye'ye ait yerli bir irk olabilecegdi dustiniilmektedir.

Anahtar sézciikler: Alaca at, D-loop bélgesi, Haplogrup, Mitokondrial DNA
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INTRODUCTION

In the archaeological and genetic studies, the origins of many
species were clearly stated ™. Although there is no clear
information about the time and place where the horses were
domesticated, it is reported that they were domesticated
in different places at different times @. It was stated that
Eurasian steppes are belived to be animportant domestication
center B!, Different horse populations were also compared
in other studies, and it was found that horses were
domesticated in different regions since the Iron Age ™.

As a result of the phylogenetic analysis, no relationship
could be found between domestication of horses and
geographical places where they were bred P It was
reported that at least 17 haplotypes of the oldest ancient
horse breeds have become extinct in the last 5500 years ™.
In a study carried out in indigenous stallions, which were
found in Europe for many years, it was reported that
genetic diversity has decreased .,

Native horse breeds of Turkey are decreasing in terms
of number and genetic resources and pure breeding is
interrupted as a result of the cross-mating of breeds. For
this reason, it is important to take measures for preserving
these breeds and to conduct molecular genetic analyses
to guide these preservation programs. Due to genetic
bottleneck, the population faces the danger of extinction.
It is also very important to be able to maintain purebred
breeding and to develop economically important traits .

It was reported that populations created by using haplo-
types obtained from horse studies may be used to classify
ancient remains, to assess haplogroup variation in modern
breeds, and to evaluate possible roles of horses in race
performance ,

Recently, Y chromosome (for paternal history) and the
mitochondrial DNA (mtDNA) (for maternal history) were
used in the evolutionary, phylogeographic and genetic
diversity studies ®'3. In a study conducted in the United
States, mtDNA sequence analyses were found to be useful
in eliminating doubts about the origin of horses, other
than biological characteristics, and they may also be used
in solving problems based on traditional assumptions
about Arabian horses with a close common ancestry 4,

In a study conducted for genetic characterization of
different horse breeds in Turkey using D-loop region of
mtDNA and establishing a preservation program, it was
determined that haplotype diversity was high; however,
there was low nuclotide diversity. In addition, no valid
genetic separation was detected among the breeds.
Moreover, a phylogenetic tree was created using 22 horses
representing seven haplogroups previously published
and indigenous horses. mtDNA analysis of Turkish horses
confirmed that many ancestral mare breeds were involved
in the domestication of the horses 1"l

In a study conducted using the mitochondrial control
region to determine the genetic variation in Ayvacik Pony,
Malakan, Hinis and Canik horses; the haplogroups showed
high diversity 9. As a result of mtDNA sequence analysis
of 5 horse breeds in Turkey, 68 polymorphic regions and
151 haplotypes (Haplotype diversity, Hd: 0.9866+0.0017,
nucleotide diversity, Pi: 0.021+0.00036, and average
nucleotide diversity, k: 8,006) were found ',

Coloured horses are bred in a limited region especially
in Ardahan, Kars and I§dir provinces and have a small
number of population in Turkey. In the literature review,
there is no study found to define genetic identification
of Coloured horses in Turkey by using the mtDNA D-loop
sequence analysis. The aim of this study was to reveal the
genetic structure of Coloured horses by analysis of the
mtDNA D-loop sequence.

MATERIAL and METHODS

Preliminary Study and Determination of Specimens

In the present study, a preliminary field works were
conducted to determine the number and characteristics of
the animals as research materials to be investigated. Below
are some photographs of Coloured horses taken during
preliminary work in the field (Fig. 1, 2, 3, 4).

In the field studies conducted, it was found that the total
number of Coloured horses in Turkey is 250-300, that horse
owners usually have one or two horses, and that horses
frequently change hands among the breeders in the region.
In thefield works, it was determined that some of the Coloured
horses sire or dam were not Coloured, and there could be
some challenges in collecting samples and data due to the
difficulties in reaching some plateaus where horses are
found. In samples collected for the study, attention was
paid to the fact that horses were not close relatives.

Fig 1. Coloured horses in Ardahan-Turkey
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Fig 2. Coloured horse in Kars-Turkey

‘ Fig 3. Coloured horses in Malatya-Turkey
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Fig 4. Coloured horse in Erzurum-Turkey

Collection of Blood Samples and Isolation of DNA

Blood was drawn from the V. jugularis of 28 Coloured
horses (bred in Ardahan, Kars, I1gdir, Erzurum and Malatya
provinces) and added into the anticoagulant (K;EDTA)
tubes. Blood samples were kept in the cold chain and
delivered to the laboratory. In samples collected for the
study, we paid attention to the fact that horses were not

close relatives. DNA isolation was performed by using an
automated Qiagen Biorobot M48 DNA isolation system
and MagAttract DNA Mini M48 kit (Catalog No. 953336).

Amplification and Genotyping of Control Region
(D-loop) in Mitochondrial DNA

The control region (D-loop) in mitochondrial DNA (mtDNA)
was amplified using the forward primer F7 (5'-CCA TCA
ACA CCCAAA GCT GAA-3') and the reverse primer R525 (5'-
GTG AGC ATG GGCTGATTA GTC-3'). Primers were designed
using reference sequence (GenBank accession number
AF064628.1) with FastPCR Professional 6.2.1 software 8.
A 25 pL PCR mixture consisted of 40 ng DNA, 6 uM of
each primer, 2.4 mM MgCl,, TxXPCR buffer, 0.2 mM dNTP
mix and 1 U Platinum Tag DNA Polymerase (Invitrogen,
Carlsbad, CA, US.A.). Pre-denaturation phase of PCR
was programmed to be at 94°C for 2 min, denaturation at
94°C for 30 sec, annealing at 58°C for 30 sec, and extension
at 72°C for 1 min by 35 cycles and final extension at 72°C
for 10 min.

For DNA sequencing analysis, a total of 20 pL reaction
mixture was prepared containing 2 pL of Big Dye 3.1, 11
pL of 1X Sequencing Buffer, 5 uL of forward or reverse
primer (1 pmol) and 2 uL of PCR product. The PCR was
programmed for 30 sec at 96°C for pre-denaturation, 10
sec at 96°C for separation, 15 sec at 50°C for annealing
and 4 min at 60°C for extention by 30 cycles. PCR products
were cleaned with Bigdye XTherminator and sequencing
was performed by Genetic Analyzer (ABI 3500).

Statistical Analysis

As a result of DNA sequencing analysis, D-loop region
of mtDNA sequences were edited and assembled using
Sequencher 5.4.6 (Gene Codes Corporation, Ann Arbor,
MI, USA). Subsequently, all of sequences were aligned in
BioEdit 7.0.9 Sequence Alignment software ),

The evolutionary relationship between the horses
studied was carried out using the UPGMA method 2
with the 1000-iterations Bootstrap test Y. In addition,
D-loop region of mtDNA reference sequences belonging
to these populations were obtained from the National
Center for Biotechnology Information (NCBI) databases
and a phylogenetic tree was drawn in order to examine
the relationship among horse populations in different
countries.To determine whether the population has under-
gone mutation or natural selection, Tajima’s neutrality
test ?? was conducted.

The positions of the polymorphic nucleotides of Coloured
horses, the evolutionary relationship among the horses
studied and the neutrality test results were analyzed
using the Maximum Composite Likelihood method 23! of
the MEGA4 software 24, All positions, including missing
data and spaces, were removed from the data set and
all sequences were brought to the same size. Analyses
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Table 1. The position of polymorphic nucleotides
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were performed over a total of 519 bases.
Haplogroups were determined according to
the mtDNA terminology reported by Achilli
et al.®,

The Ethics Committee Approval for the
study was obtained from Indnu University
Experimental Animals Local Ethics Committee
(2017/A-30).

RESULTS

In the study, 519 bp of the mtDNA D-loop
region for 28 Coloured horses from Turkey
were analysed and 42 polymorphic sites
were determined (Table 1).

The haplogroups determined according
to the polymorphism regions obtained
in individuals are shown in Table 2. Ten
different haplogroups were identified and the
frequency of haplogroup N was observed a
high (21.43%) in this study.

The evolutionary history was inferred using
the UPGMA method (Fig. 5). The total branch
length in the evolutionary relationship was
measured as 0.1026. 1t was observed that the
horses were genetically separated from each
other, but they were clustered in 4 groups,
and 1 horse (sample no. 24) was placed alone
in a separate place from the other horses.

The relationship between horses used in
the study and the horse populations of
different countries was also examined (Fig.
6). It was observed that the horses in the
population studied were intertwined with
very different horse populations, but a
certain number of Coloured horse samples
were not mixed with other populations and
remained in their own populations.

Estimates of evolutionary differentiation
and standard errors between the calculated
DNA sequences according to the paired
comparison of the base differences in the
DNA sequences of Coloured horses studied
are shown in Table 3. It was determined that
the base differences between horses ranged
from 0.000 to 0.032. The highest base
difference was observed between horses 7,
9,10, 14 and 28 with 5, and between horses
7 and 10 with 11. It was observed that there
was no base difference among horses 9, 14
and 28, horses 13, 23 and 25, and between
horses 20 and 18, horse 15 and 3, and horse
21 and 4.

Table 2. Haplogroups identified

Haplogroups

Frequences (%)

A

10.71

N w2

7.14

-

3.57

C
D
E

7.14

14.29

v |~ N

17.86

—

3.57

2143

w | O

10.71

O|lo |z | Z |

1 3.57

20

Horse 13

9
= Horse 23

45 Horse 25

18

Horse 6

Horse 16

Horse 18

Horse 19
35 77 |: Horse 22
51
b

95 | Horse 20

| Horse 3

99| Horse 15

Horse 24

Horse 27

Horse 17
97 Horse 7
76 | Horse 10

Horse 1

73

Horse 26

83

Horse 8

Horse 9

75
Horse 28

69 | Horse 12

Horse 14

-_z-‘: Horse 2
Horse 5

99 ——— Horse 11

33 Horse 4

86 | Horse 21

0.012 0.010 0.008 0.006 0.004 0.002 0.000

Fig 5. UPGMA dendogram showing the relationships among Coloured horses ‘
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Fig 6. Evolutionary relationships of 45 taxa

Alaca: Coloured Horse; JX673983.1: Ethiopian horse; HQ439441.1: Akal Teke; HQ592784.1:
Native Canadian Horse; JN210968.1: Iranian native horse; JQ520255.1: Noriker Horse;
KC147014.1: Franches-Montagnes; KF192343.1: Italian Ventasso horse; KC840701.1:
Arabian horse; KF849273.1: Vladimir heavy draught; KJ741404.1: Icelandic horse;
KC893845.1: Celtic horse; KP212432.1: Draft horse; KRO13114.1: Italian Salernitano horse;
KR361761.1: Welsh Pony, section A; KT818891.1: Hungarian Gidran horse

Tajima neutrality D test results are shown
in Table 4. 1t was determined that the
nucleotide diversity was 1.89% and the
Tajima D value was -0.31.

DISCUSSION

It is reported that mtDNA represents ancestral
genetic diversity in horse populations 1,
Studies conducted on native horse breeds
reported 23 to 43 different polymorphic
regions, 2 to 164 haplotypes and 6 to 14 haplo-
groups in D-loop region of mtDNA 2532,

In the studies where samples from many
different regions were evaluated together,
between 31 to 39 different polymorphic
regions and haplogroups ranging from
17 to 68, and 19 to 33 haplotypes were
identified B33%, In addition, a total of 99
polymorphic regions and 97 haplotypes
were found as a result of the entire D-loop
of mtDNA sequence analysis of the Arabian
horse breed in Middle Eastern countries B¢,
Although the number of horses in this study
is low unlike other studies, the number of
regions showing polymorphism (42) and
the number of haplogroups (10) are high
and this suggests that these horses may
have many ancestral origins.

As a result of mtDNA sequence analysis
conductedin 5 native horse breeds of Turkey,
68 polymorphic regions were identified;
54 haplogroups and 151 haplotypes were
detected '\ In this study, although a small
number of horses were studied from a single
population, similar results were obtained. In
the study where many horse breeds of
different countries were compared, distance
of base differences of Anatolia and Cukurova
horse breeds of Turkey was found to be
0.005 B3I, In this study, it was determined
that the base differences in the population
ranged between 0.000 and 0.032. According
to the results obtained, it was observed
that the base differences within the same
population are larger than the base differences
among the different populations. As a result
of these findings, it was considered that
the Coloured horse population has more
different genotypes and may have different
ancestral origins.

In a study where 18 different haplogroups
were obtained in horses from different
continents, haplogroups outside of D and E
were reported to be located in the Middle
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Table 4. Results of Tajima’s Neutrality Test

N s P,

(¢] m D

28 42 0.080153

0.020597 0.018882 -0.311316

nucleotide variety; D = Tajima test statistic

n = Total number of samples; S = Total number of polymorphic regions; p, = Ratio of bases that show difference; © = Rate of mutation in population; m =

East ®. In the study of mountain horse breeds of Bulgaria,
it was reported that mainly Eastern and Western Eurasia and
Middle East haplotypes were found 5., In this study, it was
observed that three Coloured horses in D and E haplogroups
were found in haplogroups of Northern Europe horses
and the horses in other haplogroups were found in
haplogroups of Central Asia and the Middle East horses.

There are studies showing that F haplogroup is a haplo-
group specific to E. przewalskii wild horses ©. Studies have
shown that Arabian horses in the Middle East (Khanshour
and Chothran, 2013), Bulgarian horse breeds 5> and native
horse breeds in Asia and Caucasia 52*” do not have F
haplogroup. Similar to other studies, this study showed
that F haplogroup was not present in Coloured horses
in Turkey close to above mention regions. Since horses
included in this study are in the haplogroup of horses
of Central Asia and the Middle East, similar results were
obtained with those horse breeds in these countries.

It was reported that in Kabardey horse breed of North
Caucasus, the highest haplogroup rate was observed to be
19% in G haplogroup, and this was followed by L, Q and B
haplogroups, approximately 12% B2, In this study, 24 out
of 28 horse samples were collected from Erzurum, Kars and
Ardahan provinces under the influence of Caucasus region
and there was no G and B haplogroup detected; while L (5
horses, 17.86%) and Q (1 horse, 3.57%) haplogroups were
detected. It was considered that because the Coloured
horse population in Turkey has the haplogroups of horses
of Central Asia and in the Middle East, Coloured horses
population may be originated from the Eurasia region
centre of domestication.

Phylogenetic trees indicate that populations with similar
nucleotide sequences have more recent common ancestry
than populations with different nucleotide sequences. As a
result of the studies carried out on Asian, European, Middle
East and American horse populations, it was detected that
while all samples from these countries are divided into 2
groups in phylogenetic tree, they were in mixture with
each other . In other studies, it was reported that except
one horse breed, the other horse breeds studied were in
mixture with each other 252836,

In a study conducted in 5 native horse breeds of Turkey, it
was detected that there was no breed specific pylogenetic
group and they were in mixture with each other U7, In
this study, although there is only one horse population,
the samples were collected from different regions. It
was determined that these horses were in mixture with

each other and did not show a similar clustering as a
single population. It was considered that the native horse
breeds in many countries do not form their own groups
as in this study, since the domestication regions of horses
are different, and that they may have different ancestral
origins and uncontrolled mating programs.

When neutrality tests and phylogenetic trees are inter-
preted, more detailed information can be obtained about
the history of populations. In order to determine whether
populations have undergone mutation and natural selection,
Tajima’s neutrality test was used 3%, When nucleotide
diversity (1.89%) was compared with the number of
polymorphic regions (42) in the Coloured horse population
used in this study, it was detected that Tajima D has a
negative value (-0.31), and that there was a population
expansion, albeit small, in the investigated population.

In the studies in which D-loop region of mtDNA was
investigated, the nucleotide diversity was found between
1.52 and 2.8% [262831:353¢ and 2.1% in 5 native horse breeds
of Turkey ", In this study, nucleotide diversity was found
to be 1.89%, similar to those of these studies.

In the study, it was found that Korean horse breed was
located in the same cluster as the Mongol horse breed,
which was reported to be its ancestor ! and there has been
a close genetic relationship between Chinese Mongolian
horses and other Mongolian horses B7. Likewise, it is
necessary to carry out additional studies that evaluate
these horses and other horse breeds that are likely to be
their ancestors and found in the same habitats with the
Coloured horse breed.

As a result, according to the study findings, it was under-
stood that the genetic structures of the horses examined
are different from each other. Horses originate from different
mothers, except a small number of horses. In addition,
in this study where the horse population was compared
with horse populations from different countries; it was
detected that Coloured horses were located at different
phylogenetic cluster compared with other horses breeds.
This suggests that Coloured horses have had their own
genotype characteristics over time. It is necessary to
determine whether this horse population is separated
from the other native horse breeds of Turkey and horse
breeds of nearby countries, and to register them as a
different breed.
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