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Summary

Different breeds and types of horses are raised in different regions of Turkey. The numbers and types of native horses have
declined steadily over time because of increased agricultural mechanization. The blood samples of 85 native Turkish horses of
different types from different geographical regions (Kars-Erzurum 30, Sanliurfa 20 and Adapazari 35) were analysed for blood
protein polymorphism. Starch gel electrophoresis, polyacrylamide gel electrophoresis and polyacrylamide isoelectric focusing
were used to identify genotypic variants of albumin (ALB), transferrin (TF), hemoglobin alpha (HBA), vitamin D-binding protein
(GC), serum carboxylesterase (ES), A1B-glycoprotein (A1B), 6-phosphogluconate dehyrogenase (6-PGD) and
phosphoglucomutase (PGM) loci. The direct counting method was used to calculate the frequency of genes for blood protein
systems. Homozygosity degrees and chi-square were calculated with the frequency of genes for blood protein systems.
According to the results of chi-square testing on eight systems of three different regions, 6-PGD system was significant
P<0.001 in the eastern population (Kars-Erzurum). Among the local horses in the south-east region (Sanlurfa) 6-PGD system
(P<0.001) and HBA system (P<0.05) were found to be significant. On the other hand, in the western region (Adapazari), chi-
square analyses of 6-PGD and HBA systems were found to be significant at P<0.05. In this study, it was found that the three
different local horse types in the three regions descended from the same origin.
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Tirkiye'nin Uc Farkli Bélgesinde Halk Elinde Yetistirilen Yerli At
Tiplerinde Kan Protein Polimorfizmi

Ozet

Turkiye’de halk elinde yetistirilen cesitli at tipleri mevcuttur. Tarimda mekanizasyonun artmasi sonucunda Turkiye'de
yetistirilen yerli tip atlarin sayilari her gecen giin azalmaktadir. Calismada 35 bas Adapazari, 30 bag Kars-Erzurum ve 20 bas
Sanliurfa mensgeli toplam 85 bag yerli at kullaniimigtir. Calismada nigasta jel elektroforezi, poliakrilamid jel elektroforezi ve
poliakrilamid izoelektrik odaklama yapilarak, albimin (ALB), transferin (TF), hemoglobin alfa (HBA), vitamin D-baglayici protein
(GC), serum karboksilesteraz (ES), A1B-glikoprotein (A1B), 6-fosfoglukonat dehidrojenaz (6-PGD) ve fosfoglukomutaz (PGM)
olmak iizere sekiz sistem calisiimistir. incelenen kan protein sistemlerinin gen frekanslari direk hesaplama yéntemi ile
hesaplanmistir. Hesaplanan gen frekanslari Kullanilarak, bu sistemlere ait homozigotluk dereceleri ve ki-kare testi yapilmistir.
Incelenen ii¢ farkli bélgedeki yerli atlarda galisilan sekiz sistemin ki-kare test sonuglarina gore 6-PGD sistemi, Kars-Erzurum ve
Sanliurfa bélgelerine ait yerli atlarda P<0.001, Adapazar! bélgesine ait atlarda ise P<0.05 giiven dizeyinde 6nemli
bulunmustur. HBA sisteminin ise Sanliurfa ve Adapazari bélgesi yerli atlarinda P<0.05 giiven diizeyinde istatistiki olarak énemli
oldugu gérilmustir. Bu calismada, Turkiye'nin ¢ fakl bolgesinden getirilen yerli at tiplerinin ayni orijinden kék aldiklari
belirlenmigtir.
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INTRODUCTION

In the past, the Anatolian peninsula was an
important bridge for armies as well as tradesmen
moving between east and west. All these movements
resulted in a mixture of animal populations, including
horses. As a consequence, Persian, Arabian and
Thracian horses as well as Russian, Mongolian and
Caucasian horse breeds have contributed to the
formation of Anatolian horse breeds *.

The domestic horse breeds in Turkey are classified
as Anatolian, Uzunyayla, Cukurova, Pony breeds and
there are also some local types like Malakan Ati, Canik
Ati, Hinis Kolu Kisasi and others 2. After the
establishment of the Turkish Republic, the Nonius,
Ardene and Halflinger breeds were brought to Turkey to
improve the Anatolian horse population. Thoroughbred
and Arabian horses have also been introduced for the
improvement of native horses, creating half-breed
populations *. In view of the fact that there are many
breeds currently at risk in the world, there is a need
to access the genetic uniqueness of each breed for
the purpose of determining which breeds should be
prioritized in conservation programs 3. According to
the Turkish Institute of Statistics, the horse population
decreased from 1132000 in 1960 to 188640 in 2007 *.

Blood groups and blood protein loci have been
traditionally used in order to evaluate intra and
interbreed genetic diversity in horse breeds *°. There
are 25 blood plasma and red cell protein systems in
horse. Some systems have been examined in only
small a number of breeds (e.g. Arabian horses and
Thoroughbred horses) and in individuals, while
others, especially those routinely used in parentage
testing, have been studied in a wide variety of breeds °.
These standardized systems make it possible to
compare results between the studies.

Protein-polymorphism studies in horses were started
with hemoglobin-polymorphism study in 1955 *’. The

%
Fig 1. ALB genotypes in starch gel
electrophoresis
Sekil 1. Nisasta jel elektroforezindeki ALB .
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International Society for Animal Genetics (ISAG) has
accepted three alleles for albumin (ALB) **%, 15 alleles
for transferrin (TF) ***¢, seven alleles for serum carboxyl-
esterase (ES) ******%, four alleles for hemoglobin alpha
(HBA) #***, three alleles for A1B-glycoprotein (A1B) *,
two alleles for vitamin D-binding protein (GC) ****?,
three alleles for phosphoglucomutase (PGM) 3***¢, and
three alleles for 6-phosphogluconat dehydrogenase
(6-PG D) 912,18,19

The present study aims to assess the genetic
relationships among local horse populations in three
different regions of Turkey based on allelic diversity
of 8 of the ISAG blood and sera protein systems;
namely ALB, TF, ES, HBA, A1B, GC, PGM and 6-PGD.

MATERIAL and METHODS

Blood samples of the horses analysed in the present
study were collected from 35 local horses (22 male
and 13 female) in the Adapazari region, 30 local
horses (15 male and 15 female) in the Kars-Erzurum
region and 20 local horses (12 male and 8 female) in
the Sanliurfa region, which represent the western,
the eastern and the southeastern regions of Turkey
respectively.

Blood samples were stored in tubes containing
sodium citrate and taken to the laboratory, where
blood plasma and erythrocytes were separated to
analyse serum protein systems and HBA poly-
morphism, respectively. In the context of the present
study ALB, 6-PGD and PGM systems were analysed by
starch-gel electrophoresis, HBA polymorphism was
analysed by isoelectric focusing, and TF, A1B, ES and
GC systems were analysed by polyacrilyamide-gel
electrophoresis. Isoelectric focusing, starch and poly-
acrilyamide-gel electrophoresis techniques were
performed as proposed by Kopar . Isoelectric focusing,
starch and polyacrilyamide-gel electrophoresis,
images are presented in Figures 1, 2 and 3.
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Fig 3. HBA genotypes in isoelectric
focusing
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Sekil 3. izoelektrik fokuslamada
HBAgenotipleri
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The allele frequencies, as well as observed and
expected heterozygosities were estimated using the
Genetix 4.00 computer program *. The same software
was used to asses the genetic differentiation between
the populations based on Wright’s F-statistics (1965)
and its significance was tested by permuting the data
1000 times #. The Factorial Correspondence Analysis
(FCA) in the Genetix 4.00 allowed us to evaluate the
genetic data of each individual in populations and put
them in a two-dimensional plane. Thus, relationships
among the individuals in and out of the populations
were interpreted ?2. Then, the chi-square test was
applied to assess Hardy-Weinberg equilibrium 6 for
each protein system. Afterwards, the Populations 1.0
computer program * was used to estimate pairwise
genetic distances among the populations based on
Nei’s standard genetic distance *.

The following formulas were used in the
estimations; for the exclusion probability of each
system (P): P=2p(1-p)* -Z(pip))* [4-3 (pi+p))] **, for
exclusion of whole systems: P=1-(1-p1)(1-p2).......(1-
pn) ®%. In these formulas, pi is the /™ allele frequency
in the defined systems.
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Fig 2. GC, ES, A1B and TF genotypes in
polyacrylamide gel electrophoresis

Sekil 2. Poliakrilamid jel elektroforezinde
GC, ES, A1B ve TF genotipleri
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RESULTS

Statistical analysis results of alleles detected by
electrophoresis analyses of 85 local horses from three
different regions were given in Table 1. The results
showed the S allele in the ES system was found in two
horses in the eastern region (Kars-Erzurum). In the
other two populations, only | and F alleles of the ES
system were observed. In the A1B system, only the K
allele was observed in local horses from Kars-Erzurum
and Adapazari. However, both K and S alleles were
observed in the south-eastern region (Sanliurfa).

According to Wright's F statistics, the value Fis was
only found to be significant in the Kars-Erzurum
(Table 2).

The Fst value, which was used to test the genetic
differentiation-divergence and was calculated by
mutual comparison, was found to be 0, so no significant
differentiation was observed among the populations.
Similarly, the FCA analysis of the individuals’
genotypes from all three regions did not reveal any
genetically distinct grouping based on geographic
origin (Figure 4). Except for few samples (within
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Table 1. Gene frequencies, exclusion percentages and chi-square test results of blood protein systems belonging to local horse types from three

different regions

Tablo 1. Ug farkl bblgeden 6rneklenen yerli at tiplerinde kan protein sistemlerine ait gen frekanslary, dislama yiizdeleri ve ki-kare test sonuclart

POPULATIONS
Systems Alleles Kars-Erzurum Sanlurfa Adapazarn
e SE X2 P (o SE X2 P (L0 SE I P
Freq. Freq. Freq.
HBA BI 0.533  0.064 1157 0187 0.525 0079 4.576 0.187 0543 0059 4.719 0.187
BII 0.467 0.475 * 0.457 *
I 0.784  0.053 3540 0167 0.800 0.063 3420 0134 0.757 0.051 3.556 0.15
ES F 0.183  0.049 0.200 0.243
S 0.033 0.023
ALB A 0.500 0.065 0209 0183 0475 0.079 0305 0187 0514 0.06 0.196 0.188
B 0.500 0.525 0.486
AlB K 1.000 0.000 0.000 0.000 0975 0.025 0.000 0.024 1.000 0.000 0.000  0.000
S 0.000 0.025 0.000
6-PGD F 0933 0.023 39.37 0.031 0925 0.042 12.324 0065 0929 0.024 5.690 0.039
S 0.067 b 0.075 i 0.071 *
PGM E 0.983  0.000 0.000 0.000 0.900 0.047 0.181 0.082 0914 0.036 0.719  0.082
S 0.017 0.100 0.086
GC F 0950 0.028 0.055  0.045 0.95 0.035 0.027 0.045 0943 0.028 3.279  0.051
S 0.050 0.05 0.057
F1 0.117 0.042 8709 0.544 0.100 0.047 1670 0.540 0.014 0014 13.777 0.395
F2 0416  0.064 0375 0.077 0.457 0457
TF H2 0.067 0.032 0.075  0.042 0.071  0.071
D 0.250  0.056 0.275 0.071 0.358 0.358
O 0.133 0.044 0.100  0.047 0.071  0.071
R 0.017 0.016 0.075  0.042 0.029 0.029
Total exclusion percentage 0.768 0.779 0.716

* Significant at P<0.05; *** Significant at P<0.001; X x°= Total Chi-Square

Table 2. The Fst valves among the local horse types in the
present study

Tablo 2. incelenen yerli at tipleri arasinda hesaplanan Fst
degerleri

Populations Fis
Adapazari 0.008
Kars-Erzurum 0.130*
Sanhurfa 0.038
* Significant at P<0.05

squares), all the samples grouped together (within
the circle). The samples in the squares show some
differentiation from the rest regardless of their
geographic origin.

The greatest exclusion percentage (P) was computed
for the TF system in all populations. According to the
results of the chi-square test of eight systems of three
different regions, the 6-PGD system was significant

El

Awxe 2 (12.32%)

Fig 4. FCA results for local horses
from Adapazarn (yellow boxes), Kars-
Erzurum (blue boxes), Sanlurfa (white
boxes)

Sekil 4. Adapazarn (sari kutular), Kars-
Erzurum (mavi kutular), Sanlurfa
(beyaz kutular) bolgelerinden getirilen
yerli at tipleri icin hazirlanan FCA
analiz sonuglarn

Axe 1(15.15%)



(P<0.001) in the eastern population (Kars-Erzurum).
Among the horses in the south-east region (Sanliurfa)
the 6-PGD system (P<0.001) and HBA system (P<0.05)
were also found to be significant. Among the horses
found in the western region (Adapazari), the 6-PGD
system and HBA systems were found to be significant
at P<0.05. Furthermore, chi-square analyses of other
systems were not found to be statistically significant.

DISCUSSION

In ALB system, the | allele was not found in this
study. Otherwise, in this study the frequency of A and
B alleles were found to be same. In TF systems, G, M
and | alleles were not found in Andalusian horse,
Thoroughbred and Arabian breeds *. Similarly, these
three alleles were not found in this study. In Arabian
horses the frequency of the | allele in the ES system was
reported to be higher than all of the other alleles **%*,
In this study, the same result was found that | allele
frequency was the highest. In Thoroughbred, Arabian
and Andalusian horses, all three alleles of the A1B
system were identified but the frequency of the K allele
was found to be higher than the other alleles **. In
this study, only K and S alleles were identified and the
frequency of the K allele was higher than that of the S
allele. In the GC system, F and S alleles were identified
in Thoroughbred, Arabian and Andalusian horse
breeds but the frequency of the F allele was found to
be higher than that of the S allele Y*2. In this study,
both of these alleles were identified and the frequency
of the F allele was also found to be higher than that
of the S allele. In 6-PGD polymorphism studies on the
Arabian breed, both F and S alleles were detected and
the frequency of the S allele was found to be lower
than that of the F allele %, Likewise, the frequency
of the F allele was found to be higher than the S allele
in this study.

There is a general understanding that the horse
population in Turkey has been influenced by the
genetic make-up of the Arabian breed. The findings in
this study may strengthen the argument that Turkish
domestic horses have been influenced by the Arabian
breed, but the influences of cold-blooded Russian
and Caucasian horses must also be considered.

There is no sufficient information on native Turkish
horses in the literature. Only a few detailed studies on
the morphological characteristics of native breeds *
were carried out in the first half of the XX. century.
These studies and the records of the Ministry of
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Agriculture, including the current breeding practises of
owners, points to the significant effect that the Arabian
horse has had on native breeds *. On the other hand,
the effect of cold-blooded Russian and Caucasian
horses on the horses of the Kars-Erzurum region
should not be overlooked *. Still, the serum protein
polymorphism results provided no differentiation
between these three breeds in the present study. Hill
et al.” found a close genetic relationship between
Anatolian and Cukurova breeds in a study which
included 19 families of British horses, 5 breeds from
the Far East, 4 breeds from the Middle East (including
Anatolia and Cukurova breeds) and 4 European breeds
of horses based on mtDNA variation. However, it
should be noted that the Fis estimation for the Kars-
Erzurum population was found to be significant. Kars
and Erzurum were adjacent and as they were both
affected by the same cold-blooded breeds, they were
expected to be genetically similar. But this significant
Fis value might be explained by the “Wahlund effect” %,
indicating that there are actually two different
populations.

Due to the agricultural policies implemented after
the establishment of the Republic in 1923, the
mechanization of agriculture sharply increased, causing
a sharp decline in the number and size of the horse
populations. According to the State Institute of
Statistics, there has been a 74% decline in the horse
population over the last four decades *. Among the
native Turkish horses that were counted, there are
Arabian and Thoroughbred horses as well. This means
the decline in the number of native Turkish horses
may be even worse. As a consequence, this sharp
decrease in the population has caused a decrease in
the number of “pure” breed populations. As there is
no controlled breeding system and no studbooks are
kept for native breeds, the breeders relentlessly
hybridize native breeds with each other and with
foreign breeds, mostly with Arabian and Thoroughbred
horses. These in turn has led to the high genetic
similarities between the populations analyzed in the
present study.

There is global concern regarding the characterization
and conservation of native animal genetic resources.
The decrease in numbers may result in the decrease
of genetic variation, which may help the species to
adapt in changing environments. The loss of variation
might cause the extinction of the species. The necessary
conservation strategies must be implemented to
preserve existing genetic resources, which requires
that the present variation first be characterized.
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The accumulation of data may help future studies
develop an effective conservation and management
strategies. Studies based on more markers and markers
of different types (like microsatellites, mtDNA
haplotypes, etc) are urgently needed so that the
necessary precautions can be taken before more
livestock breeds are lost.

The decline in the horse population in Turkey may
also bring the extinction of genetic resources. The
necessary conservation strategies must be implemented
to preserve the existing genetic resources.
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