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Abstract

Cytochrome b is  one of  the proteins of  complex III  of  oxidative phosphorylation that  only codes by mitochondrial  DNA

(mtDNA).  The  Cytochrome  b  gene  provides  suitable  phylogenic  information  in  different  levels  of  taxonomy.  In  this  re-

search,  219  blood  samples  of  Kurdish,  Iranian  Arab,  and  Turkemin  horse  breeds  were  collected  from  four  provinces  in

North West of Iran. A 590-bp segment comprising the conserved region of the cytochrome b gene of mtDNA was amplified

and screened by five restriction enzymes (TaqI, RsaI, BamHI, EcoRI, and HaeIII). Digestion with BamHI enzyme showed

two alleles, A (590 bp fragment) and B (106 and 484 bp fragments). The A allele was the most frequent (0.976) among the

three  breeds.  On  the  other  hand,  the  other  restriction  endonucleases  revealed  no  polymorphism.  Results  of  the  current

study strengthened the hypothesis that the Iranian native horse is the ancestor of all horses. Our results for the first time in

Iran showed that there were not any differences among three Iranian horse breeds with respect to this part of the mitochon-

drial genome.
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Introduction

Historical  evidence  suggests  that  Iranian  native

horses are the ancestor of all horses. The most prominent in-

digenous  horse  breeds  in  Iran  are  Turkemin,  Arab  and

Kurd. The Iranian Arab breed is gradually improving its po-

sition mainly due to compilation of a Studbook, close super-

vision,  and  holding  horse-racing  matches.  The  Turkemin

breed  is  well-preserved  for  racing  purposes  under  a  good

management system [1]. On the other hand, the Kurd horse

breed exceeds other breeds of horses regarding the most im-

portant characteristics in long distance running and ability

to live in mountainous areas and walk in rocky conditions.

The  Kurdish  horse  is  also  known  by  different  names,  be-

cause of differences in their physical appearance, color and

location, such as Jaff,  Afshari,  Sanjabi, and Kalhor [2]. The

horse is greatly admired and well-positioned in the religion

and culture of Iranian people, which provided further moti-

vation for horse-breeding and racing. Native horses are able

of  adapting to their  environment and withstanding disease

and other pressures, while the exotic horses are trained for

racing.  The  total  numbers  of  the  existing  Iranian  Arab,

Turkemin, and Kurd breeds in Iran were estimated to be ap-

proximately 1000-1200, 300-400, and 1000-1500, respective-

ly,  in  2004.  Today,  the number of  purebred horses  has  de-

creased  because  of  uncontrolled  breeding  with  unknown

breeds [1]. Nevertheless, due to the diversity of fauna, Iran

is an important center of purebred horses [1,3]. Mitochon-

drial DNA (mtDNA) analysis has often been used in evolu-

tionary  studies  [4,5].  Sequence  polymorphisms  of  mtDNA

have  been  analyzed  to  elucidate  the  phylogenetic  relation-

ships among and within several animal species [5]. Research

conducted on mitochondrial DNA variation in horses util-

ized PCR-RFLP analysis  to  investigate  a  590-base pair  seg-

ment  of  the  cytochrome b  gene across  six  distinct  horse

breeds. The findings unveiled a significant level of diversity

within this genomic segment, facilitating the categorization

of the studied horses into four distinct types [6]. In the cur-

rent study, we used PCR-RFLP to compare mtDNA varia-

tions observed among Iranian horse breeds by analyzing the

590-bp segment of the cytochrome b gene.

Materials and Methods

Blood Sampling and DNA Extraction

The  study  was  based  on  a  total  of  219  registered

horses from the west of Iran as follows: 171 Kurdish horses,

21 Iranian Arab horses, 15 Turkemin horses, and 12 horses

of  unknown  breeding.  Blood  samples  were  obtained  from

each horse using vacuum tubes containing EDTA for an an-

ticoagulant,  from  June  2007  to  May  2008.  Genomic  DNA

was isolated using a standard salt extraction method.

PCR-RFLP

The 590-bp fragment of the cytochrome b gene was

amplified using sequences of primers previously described

[6]. The PCR was performed in a reaction volume of 20 µL

containing approximately 50 ng of genomic DNA, 40 pmol

of each primer, and 4 µL of Master Mix 5X [7]. The PCR re-

action mixture was heated to 96oC for 2 min followed by 35

cycles, each consisting of 1 min at 94oC, 1 min at 55oC, and

1 min at 72oC. The final extension was carried out at 72oC

for 10 min. The PCR products were digested with five re-

striction endonucleases (RsaI, BamHI, HaeIII, EcoRI, and

TaqI) under conditions recommended by the manufactur-

ers (Fermentas, Vilnius, Lithuania). The choice of these re-

striction endonucleases was based on previous studies [6].

Digested fragments were separated using 1.8% agarose or

8% polyacrylamide gel electrophoresis and visualized with

UV illumination of ethidium bromide or silver staining, re-

spectively.

Statistical Analyses

The  number  of  individuals  of  each  genotype

within each breed was used to determine Hardy-Weinberg

equilibrium,  genotypic  frequencies,  and  allelic  frequencies.

Population genetic indices,  such as the effective number of

alleles (Ne), observed heterozygosity (Ho), expected heterozy-

gosity (He), and inbreeding coefficient (FIS), were estimated

using Popgene 32 software version 1.32 (11) and the poly-

morphic information content (PIC) [8].

Results and Discussion

Due to the important roles of the cytochrome b
gene in identification of maternity and lineage, this region

is considered to be a reliable marker for the history of horse

breeding and evolutionary routes. This study found poly-

morphism patterns in all of the horse breeds investigated.
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The  PCR  products  digested  by  RsaI,  TaqI,  HaeIII,  and

EcoRI revealed no polymorphism in any of the breeds. Fig-

ure 1 shows typical horse mtDNA cleavage patterns of the

590-bp DNA fragment in the cytochrome b gene digested by

BamHI restriction  endonulease.  Digestion  of  the  590-bp

PCR product with the BamHI restriction endonulease result-

ed in two DNA bands (484 and 106 bp) for homozygote BB

and three bands (590, 484, and 106 bp) for the AB heterozy-

gote. The DNA amplified from homozygous AA animals re-

mained undigested with BamHI. When the individual PCR

products from the 219 horses were digested with other re-

striction endonuleases (TaqI, RsaI, EcoRI, and HaeIII), no

polymorphism was observed.

Figure1: Cleavage patterns by BamHI of amplified mtDNA fragments in horse

No RsaI polymorphisms in a partial fragment of

the cytochrome b gene in Thoroughbred, Hokkaido, Kiso,

and Misaki breeds of horses [6]. Analysis of the cytochrome

b  RFLP-RsaI polymorphism showed that among the Jeju,

Tsushima, and Thoroughbred breeds of horses, only the Je-

ju breed exhibited polymorphism [7]. It has been reported

that examination of a 1350-bp segment comprising the en-

tire cytochrome b gene by RsaI endonuclease in five Greek

horse breeds presented three alleles [9].  The horses were

monomorphic for TaqI, whereas HaeIII revealed two alle-

les.

In our study, PCR products digested by BamHI

showed  two  different  morphs  in  Iranian  horse  breeds.

Morph A was the most frequent pattern, which showed one

fragment (590 bp), whereas Morph B was the less frequent

pattern, demonstrating the digested fragments (484 bp and

106 bp). Analysis of a 590-bp fragment of the cytochrome b

gene  by  BamHI enzyme in  Thoroughbred,  Korean,  and

Mongolian breeds [6] and in Jeju and Thoroughbred horses

[7] demonstrated two morphs similar to those seen in our

study. Comparison of our results with those in the literature

[6,7], which showed no differences between polymorphisms

of this region of the genome in Iranian horses and that of

Thoroughbred horses, strengthens the hypothesis that Ira-

nian horse breeds are ancestors of all Thoroughbred horses

in the world.

Until now, no other papers have been found in the

literature related to analysis of the cytochrome b gene in Ira-

nian horse breeds and this is the first report regarding the

examination of this region of the horse genome in Iran. Al-

though it may be difficult to distinguish one breed from the

others using only our PCR-RFLP results,  this PCR-RFLP

would be useful for maternity testing in the Iranian horse

registry.

The  allelic  and  genotypic  frequencies  of  products

digested by BamHI are summarized in Table 1. The frequen-

cy of the A-allele was much higher than that of the B-allele

in the analyzed populations. The distribution of genotypes

and alleles for the Iranian Arab breed followed the Hardy-

Weinberg rule (P > 0.05). The rest of breeds were not in

Hardy-Weinberg  equilibrium  (P  <  0.01),  indicating  that
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there were some probable components of disequilibrium, such as nonrandomized breeding, selection, migration, and

genetic drift.

Table 1: Distribution of BamHI genotypic and allelic frequencies in Iranian breeds of horses

Genotypic frequencies Allelic frequencies Hardy-Weinberg equilibrium

Breeds N AA AB BB A B χ
2

 probability

Kurdish 171 0.977 0.017 0.006 0.985 0.015 0*

Iranian Arab 21 0.952 0.048 0 0.977 0.023 1

Turkemin 15 0.8 0 0.2 0.8 0. 2 0*

Unknown 12 0.917 0 0.083 0.917 0.083 0*

*-significant

Table 2: Genetic diversity at the cytochrome b gene in Iranian breeds of horses

Diversity parameter

Population Ho He N
e

PIC F
IS

Kurdish 0.0175 0.0289 1.03 0.03 0.3911

Iranian Arab 0.0476 0.0476 1.05 0.04 -0.0244

Turkemin 0 0.3310 1.47 0.32 1

Unknown 0 0.1594 1.18 0.15 1

Ho: observed heterozygosity

He: expected heterozygosity

Ne: effective number of alleles

PIC: polymorphic information content

FIS: inbreeding coefficient

Table 2 summarizes the values for Ho, He, Ne, PIC

and FIS.  The Ho  and He  values in the Iranian Arab breed

were identical, but differed slightly in the Kurdish breed. He

in the Turkemin breed and in the horses of unknown breed-

ing was considerably higher than Ho. The Ne value for the

Turkemin breed was higher than in the other breeds, indi-

cating that both alleles are present in the Turkemin popula-

tion. The Polymorphism Information Content (PIC) serves

as a parameter that reflects the extent of informativeness as-

sociated with a genetic marker. Following the criteria of (3),

the  Turkemin  breed  revealed  medium  genetic  diversity

(0.25 < PIC < 0.50), but the other breeds showed low genet-

ic diversity (PIC < 0.25). The fixation index (FIS) serves as

an indicator of either a deficiency or excess of heterozy-

gotes. Negative FIS values signify an excess of heterozygotes

(indicative of outbreeding), while positive values denote a

deficiency of  heterozygotes (suggestive of  inbreeding),  as

compared  to  the  expectations  under  Hardy–Weinberg

equilibrium. The Iranian Arab breed exhibited a negative

FIS, whereas the values of this index were highly positive for

both the Turkemin horses and for the horses of unknown

breeding, implying a deficiency of heterozygosity in the lat-

ter two groups.

Conclusion

Our  results  underscore  the  utility  of  mitochon-

drial DNA (mtDNA) as a valuable instrument for conduct-

ing population genetic studies in Iranian horses.  The com-

prehensive  analysis  of  extensive  datasets  encompassing  di-

verse  breeds  enhances  our  comprehension  of  evolutionary

and  domestication  processes  in  equines.  Additionally,
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molecular data can be leveraged to gauge and preserve am-

ple genetic diversity within and across breeds, serving as in-

strumental tools in the formulation and implementation of

effective management strategies for breed conservation.
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