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  INTRODUCTION 
Horses have played a significant social and cultural role 
throughout the history of human civilization, and scientists 
believe that horses were domesticated from several differ-

ent populations around 4000 to 6000 years ago (Zhang et 
al. 2012). This domestication occurred during the Neolithic 
period in various locations worldwide and in western Eura-
sia (Warmuth et al. 2012). Based on the prominent inscrip-
tions remaining from the palaces of ancient Iranian empires, 

 

Throughout human civilization, horses have played significant roles in social, cultural, economic, and sport-
ing dimensions. Even today, horses play an important role in human life, particularly in recreational and 
sporting activities. Understanding the relationships between breeds and genetic diversity can guide the de-
sign of necessary strategies to utilize the potential of this noble species. The mitochondrial genome, which 
is inherited exclusively from the mother to offspring, is widely used for phylogenetic studies. Given the 
geographical and social proximity of Iran to countries with Arab and Akhal-Teke breeds, the genetic rela-
tionship between these breeds and Iranian horses has been investigated in the context of the presence of 
other breeds worldwide. Therefore, the mitochondrial genome of 174 horses from 78 breeds worldwide was 
obtained from the NCBI database, and they were analyzed using the CLC Genomic Workbench 23.0.5 
software and various packages of the R software. Alignment and phylogenetic tree construction based on 
the alignment and the Maximum Likelihood method were performed and compared. Finally, the haplotypes 
resulting from the genomic regions under investigation were examined. In terms of intra-breed diversity, 
Arab, Iranian, and Akhal-Teke horses ranked highest. The method of phylogenetic tree construction had a 
significant impact on shape of the resulting tree. Regarding the number of unique haplotypes in the D-loop 
and CYTB regions, Iranian horses had the highest number of haplotypes and showed closer affinity to the 
Akhal-Teke breed. In the HVR-1 region, Arab horses had the highest number of haplotypes and showed the 
greatest affinity with the Akhal-Teke breed. The D-loop haplotype network divided the studied population 
into two groups, while the HVR-1 haplotype network demonstrated that a more precise and less complex 
differentiation could be achieved based on it. Finally, the results support the close relationship between 
Arab, Iranian, and Turkmen horses, indicating a common origin among them.  
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it is believed that Iran has been a hub for horse breeding 
since ancient times and held special significance among 
Iranians. Iranian horses have exhibited a wide genetic di-
versity and encompass various breeds that have had interac-
tions and influences with other important breeds, such as 
Turkmen and Arabian breeds. Iranian horses possess differ-
ent characteristics based on their geographical region. Some 
of the finest Iranian horse breeds include Arab, Kurd, Qara-
bagh, Qashqai, Caspian, Turkmen, and Taleshi. Different 
horse breeds have been selected for various purposes such 
as sports, transportation, and warfare. 

Among them, the selection of horses based on speed, en-
durance, power, gait, size, color, and body structure has led 
to the creation of approximately 400 to 500 different horse 
breeds (Petersen et al. 2013). The Arabian horse breed is 
recognized as the oldest known horse breed, which has 
been dispersed worldwide to improve the genetics of other 
breeds (Khanshour and Cothran, 2013). The Akhal-Teke 
breed, bred by the Turkmen people, is one of the oldest 
breeds and is native to the southern regions of Turkmeni-
stan (Kang et al. 2023). The geographical proximity of the 
Akhal-Teke horse breeding areas and the presence of 
Turkmen communities may have influenced the interaction 
and influence of this breed with Iranian breeds. Alongside 
examining the phenotypic characteristics, studying the ge-
nomic characteristics of horse populations is necessary for 
identification, preservation of genetic reserves, and deter-
mining breeding strategies. Horse breeds can be classified 
based on phenotypic characteristics, but the true purity of 
their lineage is often ambiguous due to the lack of pedigree 
registration in many cases. 

Considering the possibility that one of the potential ori-
gins of the Arabian horse could be the Iranian plateau, and 
also aiming to investigate the origins of Iranian horses and 
their relationship with Arabian and Turkmen horse breeds, 
it is necessary to design an experimental study that utilizes 
mitochondrial genome data to examine this matter. 

The mitochondrial genome, a small extrachromosomal 
genome, is approximately 16660 nucleotides long and en-
codes 37 genes, including 13 protein-coding genes without 
introns, 22 transfer RNA (tRNA) genes, and 2 ribosomal 
RNA (rRNA) genes. It is maternally inherited from mother 
to offspring (Myćka et al. 2022). In addition to the men-
tioned genes, the mitochondrial genome contains a highly 
variable region known as the control region, specifically the 
D-loop region, which is further divided into two highly 
variable regions, HVR1 and HVR2 (Myćka et al. 2022). In 
recent years, the D-loop region and the cytochrome b gene 
of the mitochondrial genome have received attention for 
studying genetic diversity within and between breeds due to 
their greater variability compared to the chromosomal ge-
nome and other regions of the mitochondrial genome (Hong 

et al. 2022; Machmoum et al. 2023; Nikbakhsh et al. 2023). 
The mitochondrial genome sequence is widely used for the 
study of classification, phylogenetics, genetic structure, and 
biological identity. Due to its maternal transmission, the 
mitochondrial genome plays a significant role in maternal 
inheritance and is useful for studies on diversity and genetic 
conservation of the maternal lineage. Individuals share a 
common maternal lineage in their mitochondrial genome, 
making it a useful tool for investigating molecular biodiver-
sity, phylogenetics, and species origins. Furthermore, ex-
amining the maternal lineage is an important approach for 
assessing breed purity. Several studies have identified high 
levels of genetic diversity in Arabian horse breeds 
(Głażewska and Jezierski, 2004), indicating significant di-
versity within horses with Arabian ancestry. The findings of 
the research (Głażewska, 2010) propose a hypothesis that 
the Arabian breed has emerged from different breeds and 
populations, and breed purity indicators are associated with 
current populations of this breed, whose pedigrees do not 
extend more than 200 years. In an attempt to better under-
stand the origins of Arabian and Turkmen horses, as well as 
investigate the origins of Iranian horses and their genetic 
relationship with Arabian and Turkmen horse breeds, this 
experiment has been designed to utilize mitochondrial ge-
nome data to examine this matter.  

 

  MATERIALS AND METHODS 
Samples 
In this study, a total of 174 horses from 78 different breeds 
worldwide, for which complete mitochondrial genome se-
quences were available in the NCBI database, were used. 
The study was conducted using all the data that contained 
the complete mitochondrial genome sequence. Generally, 
there were 16,660 nucleotides for each sample, with some 
samples containing ambiguous nucleotides (N) that were 
taken into account during sequence alignment. The se-
quences used in this study included 14 Iranian horses, 11 
Arabian horses, and 13 Akhal-Teke horses (Table 1), along 
with 136 other horses belonging to different breeds. 
 

Genomic fragments 
In addition to the whole mitochondrial genome data used 
for sequence alignment and phylogenetic tree construction, 
the sequences of cytochrome b, D-loop, and HVR-1 were 
also separately analyzed. The total length of the mitochon-
drial genome sequences was 16660 base pairs. The length 
of the cytochrome b sequence was 1,140 base pairs (posi-
tions 14192 to 15321), the length of the D-loop sequence 
was 1192 base pairs (positions 15469 to 16660), and the 
length of the HVR-1 sequence, which corresponds to the 
first part of the D-loop, was 366 base pairs (positions 15469 
to 15834). 
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Genomic data analysis 
The whole mitochondrial genome, cytochrome b, D-loop, 
and HVR-2 genomic regions were analyzed using CLC 
Genomic Workbench 23.0.5 software. After performing 
highly accurate sequence alignment, a phylogenetic tree 
was constructed based on the alignment using the 
Neighbor-Joining method, which calculates nucleotide dis-
tance using the Kimura 80 model. To assess the confidence 
level of the constructed phylogenetic tree, bootstrapping 
was performed 100 times. In addition to the phylogenetic 
tree, pairwise sequence comparisons were also conducted 
for the performed alignments. In the pairwise comparisons, 
the number of gaps, differences, distance, percent identity, 
and identities were calculated. To obtain a maximum likeli-
hood phylogenetic tree using the Expectation Maximization 
on substitution model parameters and branch length optimi-
zation along with topology changes (PHYML), several 
models including Jukes-Cantor (JC), Felsenstein 81 (F81), 
Kimura 80 (K80), Hasegawa-Kishino-Yano (HKY), and 
General Time Reversible (GTR) were compared by incor-
porating genetic grouping and genetic diversity into the 
model. These models were compared with each other based 
on four types of model selection tests, including hierarchi-
cal likelihood ratio test (hLRT), BIC, AIC, and AICC. The 
model that obtained the best performance in most or all of 
the tests was used. The resulting tree was then compared to 
the tree obtained from the Kimura 80 alignment method 
using the Phylo.io software. To obtain the haplotypes and 
their frequencies, the R software was utilized. The msa 
package was used for performing multiple alignment analy-
sis. Subsequently, the ape package was employed for phy-
logenetic and evolutionary analyses, and the resulting phy-
logenetic tree data were visualized using the ggtree soft-
ware. The haplotypes were calculated using the haplotypes 
package. The haplotype distance matrix was computed us-
ing the pegas package, employing the Hamming distance 
method. The haplotype network was then constructed using 
the Haplotype network function of the same package. For 
generating a heat map, the haplotype sequences matrix was 
compared pairwise, and a symmetric matrix was created 
based on their similarity using the stats package. Finally, 
the data visualization of the heat map was performed using 
the visualization functions provided by the stats package. 
 

  RESULTS AND DISCUSSION 
The alignment of mitochondrial sequences, including 
CYTB, D-loop, and HVR-1, for the examined samples was 
obtained using the CLC software. The obtained alignments 
were utilized to visualize the differences, similarities, and 
gaps. After visualizing the pairwise differences between the 
examined sequences, the sequences of the desired popula- 
 

tions were examined. The average, maximum, and minim- 
um differences between and within the examined popula-
tions in the mitochondrial genome sequence were presented 
in Table 2. Arabian horses exhibited a higher within-breed 
diversity in terms of mitochondrial, D-loop, and HVR-1 
sequences compared to other groups, with the widest range 
of differences (the difference between maximum and mini-
mum) observed within this breed. In terms of CYTB se-
quences, Iranian horses showed a higher within-breed 
variation compared to the other two breeds. The Akhal-
Teke breed had the lowest within-breed differences and the 
smallest range of differences across all mentioned se-
quences. In all sequences except for CYTB, Iranian horses 
had fewer nucleotide differences with the Akhal-Teke breed 
compared to Arabian horses. The sequence differences be-
tween the Arabian breed and the Akhal-Teke breed were 
lower compared to the differences between the Arabian 
breed and Iranian horses. Despite its longer length, the 
CYTB gene exhibited significantly less diversity compared 
to the D-loop and HVR-1 regions. 

The phylogenetic tree was constructed using two meth-
ods based on alignment and maximum likelihood. 

Phylogenetic trees for each of the examined sequences 
were generated using the CLC software, as follows (Figure 
1). The phylogenetic tree derived from mitochondrial se-
quence evidence indicates that the Arabian and Akhal-Teke 
breeds are present in a wider range of the phylogenetic tree 
and across all haplogroups. Based on the phylogenetic tree 
generated from mitochondrial sequences, Iranian horses do 
not have a presence in one of the major haplogroups. 
 

Maximum likelihood-based phylogenetic tree 
To construct the phylogenetic tree using the maximum like-
lihood method for the D-loop, CYTB, and HVR-1 regions, 
various models were examined. For the D-loop region, 
hLRT, BIC, and AICC tests determined that the best model 
was the Kimura 80 model, considering both the grouping 
and topology. This model ranked second in terms of AIC 
test with a slight difference (AIC value of 8745 compared 
to 8757). Therefore, the Kimura 80 method was selected for 
this region. For the CYTB gene, all test methods evaluated 
the HKY model along with grouping and topology as the 
best model. For the HVR-1 region, the Kimura 80 model 
ranked first using the hLRT test, but received ranks higher 
than 3 in the other methods. Therefore, the GTR method 
considering grouping and topology (GTR+G+T), which 
ranked first in the BIC and AIC tests, was used as the opti-
mal model. Maximum likelihood phylogenetic tree using 
the best models for D-loop, CYTB and HVR-1 presented in 
Figure 2. A comparison of different methods for phyloge-
netic tree visualization was performed using the phylo.io 
software. 
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Table 1 Accession numbers of the sequences used for Iranian, Arabian, and Akhal-Teke breeds

Accession number Breed 

JN398405, JN398383, JN398395, JN398414, JN398415, JN398419, JN398444, JN398446, JN398445, JN398451, JN398455, 
JN398457, JN398423, JN398433 

Iranian 

JN398406, JN398412, JN398380, JN398392, JN398448, AP013078, JN398434, HQ439449, HQ439488, HQ439448, 
HQ439447 

Arab 

JN398410, JN398404, JN398385, JN398393, JN398435, JN398450, JN398449, JN398452, JN398453, JN398422, JN398424, 
HQ439441, HQ439442 

Akhal-Teke 

Table 2 Average, maximum, and minimum nucleotide differences between and within the examined populations in mitochondrial genome, D-loop 
region, CYTB and HVR-1 sequences 

Mean   Maximum   Minimum 
Item Breed1 

AkT Arb Irn  AkT Arb Irn  AkT Arb Irn 

AkT 86.5     122     6   

Arb 110.7 106.6   218 218   11 11  Mitocgenome 

Irn 92.5 101.3 103.6  164 214 162  3 4 14 

AkT 19    29    3   

Arb 24.4 30.1   85 97   1 2  D-loop 

Irn 20.1 25.8 22.5  33 87 35  0 3 3 

AkT 0.38    1    0   

Arb 0.65 0.87   2 2   0 0  CYTB 

Irn 0.81 1.06 1.3  3 3 4  0 0 0 

AkT 8.8    15    1   

Arb 8.9 9.7   17 17   0 0  HVR-1 

Irn 9.1 9.5 10  18 18 18  0 0 2 
AkT: Akhal-Teke; Arb: Arab and Irn: Iranian. 

 

Figure 1 Phylogenetic tree based on alignment using the Kimura 80 method for different samples 
using mitochondrial (A), D-loop (B), CYTB (C), and HVR-1 (D) sequences 
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The Figure 3, illustrates the comparison between two 

methods for each of the sequences. In this comparison, the 
similarity between the two trees is measured based on the 
Jaccard index, with the values represented as a color scale 
in the bottom margin of the figures, corresponding to the 
tree nodes. 

The sequence variants that tend to be inherited together is 
depicted as haplotypes. The haplotypes of the examined 
sequences were obtained using R software. Haplotypes are 
clusters of single nucleotide polymorphism (SNPs) diver-
sity that determine the pattern of inheritance and are associ-
ated with the level of conservation in the relevant genomic 
region. 

Investigation of D-Loop region haplotypes revealed that 
the studied horse population in this region consists of 161 
haplotypes. Many of these haplotypes were observed within 
specific population groups. Among the obtained haplo-
types, Iranian horses shared haplotypes 59 and 71 with the 
Akhal-Teke breed but had no shared haplotypes with the 
Arabian breed. Iranian horses shared haplotypes 7 and 96 
with other horse breeds. Haplotype 17 obtained in this 
study was shared between the Arabian and Akhal-Teke 
breeds. The Akhal-Teke breed shared haplotype 90, while 
the Arabian breed shared haplotype 144 with other breeds.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 

Figure 2 Maximum likelihood phylogenetic tree using the best model for different 
samples based on D-loop (A), CYTB (B), and HVR-1 (C) sequences 

 
The Akhal-Teke, Arabian, and Iranian breeds had 6 (6, 

15, 38, 84, 89, and 106), 9 (9, 12, 18, 33, 67, 81, 86, 109, 
and 149), and 10 (19, 22, 31, 51, 55, 62, 68, 69, 82, and 88) 
specific D-Loop haplotypes, respectively. 

In the HVR-1 sequence obtained from horse samples, a 
total of 87 haplotypes were identified. All horse populations 
shared haplotype 10, while there were no shared haplotypes 
between Iranian, Arabian, and Akhal-Teke horses, except 
for haplotypes 58 and 74, which were shared between Ara-
bian and Akhal-Teke horses. The Iranian, Arabian, and 
Akhal-Teke horse populations had 5 (haplotypes 7, 53, 60, 
82, and 87), 4 (haplotypes 3, 11, 34, and 39), and 6 (haplo-
types 9, 31, 42, 44, 73, and 80) unique haplotypes, respec-
tively. 

The phylogenetic tree of the different identified haplo-
types in the D-loop, CYTB, and HVR-1 sequences was 
constructed using the treeio and ggtree packages. The ge-
netic distances were calculated using the pegas package, 
and the tree was plotted using the Neighbor-Joining method 
with 100 bootstrap replicates (Figure 4). 

To gain a proper understanding of the relationships 
among haplotypes in the phylogenetic tree, a heatmap plot 
was generated. In this plot (Figure 5), darker cells indicate a 
closer genetic relationship between haplotypes.  
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Figure 3 Comparison of the alignment method (left) and maximum likelihood (right) for D-loop (A), CYTB (B), and HVR-1 (C) 
sequences 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 4 Phylogenetic trees of haplotypes obtained from D-loop (A), CYTB (B), and HVR-1 (C) sequences 
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Figure 6 Graphical haplotype network of D-loop (A), CYTB (B), and 
HVR (C) sequences 

 
The relationships among haplotypes based on the dis-

tance matrix between them are presented as a heatmap for 
the D-loop, CYTB, and HVR-1 regions. 

The haplotype network is generated using the pegas 
package, where the size of the circles represents the number 
of animals carrying that haplotype, the connecting lines 
between circles indicate the genetic distance between hap-
lotypes, and each dashed line on the connecting lines repre-
sents a nucleotide difference. With these features, the 
graphical haplotype network for the D-loop, CYTB, and 
HVR-1 sequences of different horse groups is as follows 
(Figure 6). 

In many studies, the importance of mitochondrial ge-
nome has been demonstrated in investigating maternal ge-
netic diversity, population structure, phylogenetics, and 
even the origin of breeds (Dhorne-Pollet et al. 2020; 
Abdullah, 2023). 

Based on within-breed diversity, the Arabian breed ex-
hibited the highest diversity with an average nucleotide 
difference of 6.106, which is consistent with the findings of 
Sadeghi et al. (2019), who reported a high genetic diversity 
for Arabian horses based on the genetic similarity criterion. 
The Akhal-Teke breed showed the lowest within-breed 
differences in all sequences, indicating a more restricted 
and limited maintenance of this breed.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Heatmaps for D-loop (A), CYTB (B), and HVR (C) regions

 
The lower nucleotide differences between Iranian horses 

and the Akhal-Teke breed may indicate a closer relation-
ship. However, considering the discussed differences, the 
Arabian breed shows a greater affinity with the Akhal-Teke 
breed than with Iranian horses. 

The lower diversity in the CYTB sequence suggests a 
higher conservation of this gene in horse species compared 
to the regulatory regions D-loop and HVR-1. According to 
the distribution of Akhal-Teke and Arabian breeds based on 
mitochondrial sequence, if we consider this distribution and 
effective population size as an indicator of diversity, the 
results of this study are consistent with the research con-
ducted by Mousavi et al. (2023), who obtained effective 
population sizes of 59 and 102 for Iranian Turkmen and 
Arabian breeds, respectively. The presence of the examined 
breeds in different haplogroups indicates a high diversity of 
mitochondrial sequences, as mentioned by Lippold et al. 
(2011). 

 

Based on the results obtained from the comparison of the 
sequences, there are significant differences (node color) in 
particular for the HVR-1 sequence between the alignment 
method and the maximum likelihood method in the two 
phylogenetic trees. Therefore, considering the findings of 
Truszkowski and Goldman (2016), which demonstrated the 
stability of the maximum likelihood method even in the 
presence of gaps in multiple alignment sequences, it can be 
concluded that the maximum likelihood method is more 
reliable. 

From the perspective of the D-loop, Iranian horses exhib-
ited greater diversity with 10 unique haplotypes compared 
to other breeds. In terms of haplotypes obtained from this 
genomic region, the Iranian breed showed a closer kinship 
with the Akhal-Teke breed, sharing 2 haplotypes. Despite 
having a higher nucleotide difference within the population 
(Table 1) compared to other breeds, the Arabian breed dis-
played a lower number of haplotypes. 
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Iranian horses showed a closer kinship with the Akhal-
Teke breed in terms of the presence of a shared haplotype 
specific to the CYTB region. Iranian horses exhibited 
greater diversity by possessing three exclusive haplotypes 
compared to the Arabian and Akhal-Teke breeds. 

The Arabian breed exhibited the highest diversity in 
terms of HVR-1 position, with six haplotypes. Furthermore, 
based on the number of shared exclusive haplotypes, its 
closer kinship with the Akhal-Teke breed was determined. 

Based on the phylogenetic tree of haplotypes obtained 
from the D-loop region, the studied horse populations are 
divided into two distinct genetic groups, and the results 
resemble the phylogenetic tree of sequence alignment of 
this region. Other genomic regions have also followed a 
similar pattern, indicating the reliability of the alignment 
method in constructing the phylogenetic tree. 

The heatmap plot for the D-loop region shows that the 
studied horse population is divided into two distinct groups, 
indicating no close relationship between these two groups. 
Only within-group relationships are observed. In the case of 
the CYTB sequence, the division of haplotypes into smaller 
groups is evident in the heatmap, but sometimes haplotypes 
that are positioned further apart in the phylogenetic tree 
also exhibit close relationships with each other. The heat-
map generated from the HVR-1 haplotypes, similar to the 
CYTB sequence, divides the population into different 
groups, but the relationships between haplotypes within the 
population are much more clear-cut. 

The haplotype network for the D-loop sequence indicates 
a high number of haplotypes with multiple nucleotide dif-
ferences among them. The CYTB haplotype network shows 
fewer haplotypes, and some haplotypes were found to be 
more abundant in the studied horse population. In the HVR-
1 haplotype network, there were haplotypes with high 
abundance that were not present in any of the examined 
horses. Therefore, it can be said that the subdivision based 
on the sequence diversity of HVR-1 may provide a clearer 
population differentiation with less complexity compared to 
the D-loop sequence and CYTB sequence. 

Based on the results of the level of differences, the Ak-
hal-Teke and Arabian breeds had the highest and Iranian 
breed had the lowest average nucleotide difference. Con-
sidering that the within-group differences among Iranian 
horses were greater than their differences with the Akhal-
Teke and Arabian breeds, it appears that the Iranian group 
possesses a high genetic diversity within itself. This finding 
aligns with the results of the study conducted by Hedayat 
Evrigh et al. (2018), which identified high genetic diversity 
and abundant maternal lineages in Iranian native horses. 
Additionally, based on the minimum and maximum differ-
ence results, the range of diversity in Iranian breeds is 
lower compared to other breeds. 

Kang et al. (2023) proposed the existence of a connection 
between the Akhal-Teke breed and Middle Eastern horses. 
They demonstrated that the Akhal-Teke breed did not un-
dergo significant expansion throughout its history. In their 
study, the Caspian horse and Arabian breed were identified 
as probable ancestors of the Akhal-Teke horse. 

Considering the high diversity of microsatellite markers, 
another study examining rare alleles in the Akhal-Teke 
breed found a strong resemblance to the Tuvinian and 
Khakassian breeds (Leisson et al. 2011). In contrast to the 
theory suggesting the origin of the Akhal-Teke breed from 
Eurasian steppes, there is also evidence of its origin from 
the Middle East, including ancient epic poems referring to 
them as celestial horses and findings from various research 
studies (Luís et al. 2007; Giulotto et al. 2017). This study 
further supports the Middle Eastern origin of the Akhal-
Teke breed due to the observed close kinship between the 
Akhal-Teke, Iranian, and Arabian horses. 

Iranian horses exhibit phenotypic variations and are di-
vided into different groups based on their geographical lo-
cations. Within each group of Iranian horses, there are dis-
tinct phenotypic differences that further divide them into 
subgroups. For example, Iranian Turkmen horses are cate-
gorized into four groups: Yomut, Tekke, Jurgalan, and 
Chenaran. Except for the last group, which derives its name 
from the place where Turkmen and Arabian horses crossed 
to produce a breed that Nader Shah Afshar used for the 
conquest of India (Avery et al. 1991), the names of the 
other three cases are associated with the tribe of responsible 
for breeding. Similarly, the Iranian Kurdish horse group is 
divided into three subgroups: Afshar, Jaf, and Sanjabi, 
which are distinguishable from each other based on their 
phenotypic characteristics. This existing diversity in Iranian 
horses aligns with the findings of this study, which ob-
served a significant diversity within Iranian horses. 
 

  CONCLUSION 

Overall, this study demonstrates that Arabian horses have 
the highest genetic diversity, while Akhal-Teke horses have 
the lowest genetic diversity. In this respect, Iranian horses 
fall among them. The evidence obtained from this study 
indicates a close relationship between Turkmen, Arabian, 
and Iranian horses, supporting a common origin for these 
breeds. 
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