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ABSTRACT

This study aimed to determine the phylogenetic and bottleneck
analyses of Turkish Thoroughbred and Arabian horse populations. In
the study, genotyping was performed using a total of 17 microsatellite
markers in the samples taken from 959 Thoroughbred and 813 Arabian
horses. The average effective allele number in Arabian horses was
3.338 and the average number of alleles was 7.412 in Thorougbred
horses. Genetic distance and genetic identity between Thoroughbred
and Arabian breeds was 0.411 and 0.663, respectively. Also genetic
identity in each Arabian and Thoroughbred horse populations was
1.000. The FCA table showed that the two breeds were completely
separated from each other and were compatible. In conclusion; the
bottlenecks of Thoroughbred and Arabian horse populations were
in a normal L distribution and these horse breeds do not appear to
have succumbed to introgression. Therefore, they are not yet at risk
of extinction any time soon.
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RESUMEN

Este estudio tuvo como objetivo determinar los analisis filogenéticos
y de cuello de botella de las poblaciones de caballos arabes y de pura
sangre turcos. En el estudio, el genotipado se realiz6 utilizando un
total de 17 marcadores microsatélites en las muestras tomadas de 959
caballos pura sangre y 813 caballos arabes. El numero medio de alelos
efectivos en los caballos arabes fue de 3,338 y el numero medio de
alelos fue de 7,412 en los caballos pura sangre. La distancia genética
y laidentidad genética entre las razas Pura Sangre y Arabe fue de
0,411y 0,663, respectivamente. También la identidad genética en
cada poblacion de caballos &rabesy pura sangre fue de 1.000. La tabla
FCA mostro que las dos razas estaban completamente separadas
entre siy eran compatibles. En conclusion; los cuellos de botella
de las poblaciones de caballos pura sangre y arabes estaban en una
distribucién L normal y estas razas de caballos no parecen haber
sucumbido a laintrogresién. Por lo tanto, aun no estan en riesgo de
extincién en el corto plazo.

Palabras clave: Caballo arabe; cuello de botella; microsatellite;
analisis filogenético; caballo pura sangre
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INTRODUCTION

Thoroughbred and Arabian horses constitute 4.2 and 15.1% of the
racing and riding population, respectively. These two breeds account
for 5.6 and 18.3% of parental lineage and 7.9 and 32.9% of founding
lineage, respectively. On the species scale, both breeds account for
altogether 26% of the founding origins[1].

The Thoroughbreds are one of the versatile horse breeds that
influenced the development of many other breeds[2]. There are
concerns about the loss of genetic diversity of this closed breed[3].

Genetic characterization studies have an important place in
the determination of inter and intra breeds genetic diversity and
identification of races. For this reason, these studies are carried out
to protect the purity of breeds and to identify breeding strategies
[4, 5]. Although the deoxyribonucleic acid (DNA) sequences lining
the repeat regions in microsatellites are the same in individuals of
a species, the number of repeats may vary between individuals and
even between homologous chromosomes of individuals. Therefore,
microsatellites are preferred in many molecular biology studies[5].
Microsatellite loci are more useful on the contrary classical genetic
markers to determine the genetic relationships of close populations
and to examine many polymorphic loci[8].

While the number of Thoroughbred horses running in the hippodromes
in Tlrkiye in 2021was 3734 (55%), the number of Arabian horses running
was 3085 (45%). In the same year, the number of races organized
exclusively for Thoroughbreds was 3246 (54 %), while the number of
races organized exclusively for Arabian horses was 2765 (46%)[7].

This research was aimed at studying phylogenetic and bottleneck
analysis of the Turkish Arabian and Thoroughbred horse populations
using microsatellite markers.

MATERIALS AND METHODS

Animals

All Arabian and Thoroughbred horses born in Turkiye or imported
from any Country must be parentage tested by DNA STR analysis in
an ISAG-approved laboratory for recording as a purebred horse to
the Turkish Studbook.

This study’s research material consisted of 959 Thoroughbred
and 813 Arabian horses, which were applied to different Provincial or
District Directorates of Agriculture and Forestry in Tlrkiye for their
registration in the pedigree between 2006-2021.

Blood samples

The blood samples tested in the study were collected from 959
Thoroughbred and 813 Arabian horses, which were sent to Ankara
Veterinary Control Central Research Institute Genetics Laboratory
by different Provincial or District Directorates of Agriculture and
Forestry in Tlrkiye between 2006-2021for parentage verification test.

The blood samples used in the genetic analyzes were collected
by the official veterinarians using anticoagulant tripotassium
ethylenediaminetetraacetic acid (K;EDTA) tubes and delivered to the
laboratory under the cold chain. During the blood collection process,
the horses' name, chip number, age, gender, breeder and address
information and photographs were recorded in the database created
on the computer. These processes were performed on |IPhone 11
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phone camera (Apple, USA) and Asus Notebook (X642UR-GQ436T
Intel® Core i5-8250U, Asus, Taipei). All necessary transactions were
carried out according to the provisions of the related Reqgulations of
the Turkish Ministry of Agriculture and Forestry.

DNA Extraction

In the extraction of DNA from blood and some hair samples, both
manual and automatic isolation methods were performed. DNA isolation
from some of the blood samples was performed by Chelex 100 and
Proteinase K using the manual extraction method. DNA was extracted
from the remaining samples using automatic Roche Magna Pure LC,
Qiagen Biorobot M48 and QlAsymphony workstations and kits according
to the Roche Magna Pure LC kit, Qiagen M48 mini kit (Catalog No:
953336)and QlAsymphony DSP DNA Mini Kit (REF: 937236) protocols.

Microsatellite markers genotyping

In this study, 17 microsatellites for parentage testing were selected
in Short tandem repeat (STR)analysis. Polymerase chain reaction(PCR)
amplification of isolated genomic DNA samples was performed by the ABI
StockMarks 17-plex Horse Genotyping kit (Cat. no. 4336405) according
to manufacturer protocols. Capillary electrophoresis of samples was
performed by ABI 3130 Genetic Analyzer (Applied Biosystems ®). STR
alleles were detected by using the GeneMapper software (Version 4.0).

Statistical data analysis

General population parameters including allele numbers (Na),
effective allele numbers (Ne) and Pairwise Population Matrix of Nei
Genetic Distance and Identity were calculated using the GenAlEx6.501
program[8]. Factorial Correspondence Analysis (FCA)was performed
using the GENETIX 4.05 package program [9] and the figure was
drawn, which revealed the relationship between each subject with
others in terms of family. Dendrograms (Neighbor-Joining Tree)
were drawn to determine inter-breed genetic distance using the
Populations 1.2.32 statistical program [10]. Moreover, it was tested
if the population was at risk of extinction using the Bottleneck 1.2.02
program[11]. All these parameters were analyzed using the genotypic
data recommended by Raymond and Rousset [12].

The official permission required to carry out the current study was
taken from the General Directorate of Food and Control, The Ministry of
Agriculture and Forestry(Date: 15/08/2022 and Issue: 6621366), and ethical
approval was obtained from the Local Ethics Committee of Veterinary
Control Central Research Institute (Date: 21/07/2022 and Issue: 2022/18).

RESULTS AND DISCUSSION

Allele numbers and frequencies

Allele numbers detected in Arabian and Thoroughbred horses were
shown in TABLE I. A total of 145 different alleles (Na) were detected
(mean 8.53), the highest Na were determined in Arabian horses(13 alleles)
and Thoroughbreds (11 alleles) for ASB2. However, the lowest Na were
determined as HTG6 and HTG7 (4 alleles)in Arabian horses; and were
AHT4, HMS1, HMSB, HTG4, and HTG7(5 alleles)in Thoroughbred horses.

In the study, the mean effective number of alleles (Ne) was 3.338
ranging from 1.477(HTG7) to 4.790 (HMS3) in Arabian horses, and was
3.534 ranging from 1.836 (HMS2) to 6.456 (ASB2) in Thoroughbred
horses. The mean Ne was smaller than the mean Nain Arabian horses
(7.412) and Thoroughbred horses (6.529)(TABLE I).
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TABLEI
Sample size (N), number of alleles (Na) and number of effective alleles
(Ne) over all loci for Arabian and Thoroughbred horse populations

Arabian horses Thoroughbred horses Total

Locus N Na Ne N Na Ne Na
AHT4 813 9 3.615 959 5 3.475 9
AHT5 813 7 3.063 959 7 2.905 9
ASB2 812 13 3.176 958 11 6.456 14
ASB17 813 8 3.220 957 7 4.063 10
ASB23 813 6 3.753 957 8 4.353 9
CA425 813 6 3.908 959 8 2.197 8
HMS1 813 11 2.718 959 5 2.810 11
HMS2 813 7 2.630 959 6 1.836 9
HMS3 813 8 4.790 673 6 3.104 8
HMS6 813 6 3.083 959 5 2.583 6
HMS7 813 6 3.654 958 6 4.761 6
HTG4 813 5 3.323 959 5 2.144 5
HTG6 813 4 2.161 959 6 2.664 7
HTG7 813 4 1.477 959 5 2.712 6
HTG10 808 8 4.280 956 8 5.358 9
LEX3 428 8 4.107 555 7 4.713 8
VHL20 813 10 3.793 959 6 3.939 1"
Mean 790 7.412 3338 917.882 6.529 3.534 8.53

Almarzook et al. [13] detected a total of 251 polymorphic Na in
Arabian horses ranging from 3(HTG4 and HTG7) to 11(ASB17 and LEX3),
and also overall mean of Ne was 4.141. Machmoum et al.[14] concluded
that the mean Na per locus was 6.52, 6.35, and 7 in the Desert breed,
Straight Egyptian, and Polish Arabian, respectively. Cosenza et al.
[15]reported that Na had 118 alleles (mean 7.375) per locus ranging
from 5(HMS1) to 10 (HMS2) and also, Ne had 3.385 alleles per locus
ranging from 1.723(HMS2)t0 5.308 (ASB2)in the Thoroughbred horses.

The Na and Ne are one of the main indicators of genetic diversity,
also Ne indicates a higher probability of extinction. Even if the values
we determined in our work differed significantly from those studies
because of population structure, horse numbers, and/or the selected
microsatellite panel; all of the markers in the current study have a
credible polymorphism to assess genetic variation in Arabian and
Thoroughbred horse populations.

Phylogenetic analysis

Genetic distance and genetic identity matrix in Arabian and
Thoroughbred horse populations was shown in TABLE I1[16], and
the genetic relationship of the two breeds to each other was shown
in FIG 1. In addition, Neighborind Joining Tree (NJT) of Arabian and
Thorougbred bred horses was drawn separetely (FIG 2 and FIG 3).
Grouping values that ensured reliability with the bootstrap test (1,000
repetitions) were shown on the NJT. It is seen that the Arabian and
Thoroughbred horse populations are divided into numerous groups
by phylogenetic trees.

Genetic distance and genetic identity between Thoroughbred
and Arabian breeds was found 0.411and 0.663, respectively, in the
pairwise population matrix. Also genetic identity in each Arabian and
Thoroughbred horse populations was found 1.000 (TABLE I1). Genetic
identity and genetic distance are opposite each other. A high genetic
identity creates alow genetic distance. Accordingly, it can be said that
there is a moderate genetic identity and genetic distance between the
Arabian and Thoroughbred horse populations (between breeds). A high
geneticidentity creates a low genetic distance. Accordingly, it can be said
that there is a moderate genetic identity and genetic distance between
Arabian and Thoroughbred horse populations. However, there is no
genetic distance in Arabian and also Thoroughbred horses themselves.

TABLE IT
Genetic distance and genetic identity matrix in
Arabian and Thoroughbred horse populations

Breed Arabian horses Thoroughbred horses
Genetic Genetic Genetic Genetic
distance identity distance identity

Arabian horses 0.000 1.000 - -
Thoroughbred horses 0.411 0.663 0.000 1.000

Inthe FCA for Arabian and Thoroughbred horses observed that one
group was concentrated in the middle, and the others were located
apart around its consistent with the NJT chart. It was seen from
the FCA chart the two breeds were completely separated from each
other and compatible. According to the results, these horse breeds
or populations seem not submitted to introgression.

Thili_tek gtx

Ase 2(1,33%)

horses, Blue: Thoroughbred horses)

Mahrous et al.[17] reported that the highest genetic distance was
found to be 0.4405 in Thoroughbred and Native breeds, and the lowest
genetic distance was found to be 0.2586 in Native and Arabian horses.
The values determined in our research are lower than these values.

According to the NJT analysis, Jung et al. [18] determined that
Halla horses were between Thoroughbred and Jeju horses and were
different the Thoroughbred and Jeju horses. Almarzook et al. [13]
reported that the three breeds were distributed all over the adjacent
conjugation tree without clear distinction and also in the median-
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FIGURE 2. (A-H) NJT tree generated with STRs to show bootstrap values of Arabian horse genotype (n=813)

4of7



Revista Cientifica, FCV-LUZ | Vol. XXXIIl, rcfcv-e33262,1-7

FIGURE 3. (A-H) NJT tree generated with STRs to show bootstrap values of Thoroughbred horse genotype (n=959)

50f7



Genetic Analysis of the Arabian and Thoroughbred Horses / Yarali et al.

joining network, the Syrian horses were grouped into seven major
haplogroups (FIG 2 and FIG 3).

Cosgrove et al.[19] stated that there was a high degree of genetic
variation and complex ancestry in Arabian horses from the Middle
East region. Moreover, in this work it was concluded that powerful
verification the interbreeding of Thoroughbreds with Arabians but
opposite to popular creed, no significant genomic bequest of the
Arabian breed to the Thoroughbred horses.

Limiting inbreeding in the horse population will reduce the effect
of undesirable hereditary traits.

Bottleneck analysis

The analyses of bottleneck risk in Arabian and Thoroughbred
horses are given in FIGS. 4 and 5. The bottleneck of the Arabian and
Thoroughbred horse populations was at a normal L distribution.
Duru[20] also reported that the Arabian horse breed might not be
atrisk. In a study that analyzed the relationship between inbreeding
and racing performance, it was found that selective breeding did not
effectively alleviate the genetic load of the Australian Thoroughbred
population[21].

FIGURE 4. Bottleneck chart of the Arabian horse population

FIGURE 5. Bottleneck chart of the Thoroughbred horse population
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In a study of Matopolski horses(Anglo-Arabian x oriental horse breeds)
using 18 microsatellites, it was determined that there was no danger
of inbreeding, and Thoroughbreds were the largest contributor to the
gene pool of the current Matopolski population [22]. But, in a study
on sport horses it was concluded that if the population was under
bottleneck effect, the genetic variation reduction was observed in the
non-founder generations [23]. Moreover, Koseman et al. [24] stated
that the bottleneck assessment of the colored horse population was ata
normal L distribution and there was no risk of extinction in the population.

The findings show that, despite the similarities and contrasts
in the literature, there is no bottleneck risk yet in the Arabian and
Thoroughbred populations we have studied

CONCLUSION

The results provided decent data about the sophisticated genetic
structure to understand the efficacy of phylogenetic and bottleneck.
Moreover, it underlined the availability and great utilility of the Arabian
and Thoroughbred horse gene stock at least at Tlrkiye scale. For this
reason the results might give disclosure and suggestion concerning
Arabian and Thoroughbred horse breeds upkeep. In this context, the
following results are highlighted:

o Arabianand Thoroughbred horses have animportant genetic
potential in Turkiye.

o There is very high genetic variability in Arabian and
Thoroughbred horse populations.

o  Bothgenerashowinganormal L distribution"in the phylogenetic
tree are divided into many groups within themselves.

o Neither horse breed population is at risk of extinction any
time soon.
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