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Introduction: Horse has been of great interest to humans due to its speed, strength, and endurance. Based on its
role in human history and civilization, it is considered the most important domesticated animal. Iranian horse
breeds are bred in the north, south, and west regions of the country. Arabian horse is one of the international
breeds in the world, which is bred in more than 60 countries. Preliminary evidence shows that the Arabian horse
breed was established about 3000 years ago and was bred in small populations in many countries of the Middle
East, including Egypt, Iran, Saudi Arabia, and Syria. These separate populations have led to the development of
different maternal strains of the Arabian horse. Genetic diversity is necessary for genetic conservation and survival
of the breeds. Molecular markers are used to assess the structure and genetic diversity of different populations.
Therefore, one of the suitable markers is a microsatellite. Regarding the importance of genetic diversity in the
survival of the breed, and designing the genetic conservation and breeding programs, the purpose of this study
was to investigate the population structure and genetic diversity of Arabian horse breeds using microsatellite
markers.

Materials and Methods: In this study, hair root samples were obtained from 8673 (5602 mares and 3071
stallions) Arabian horses from Khuzestan, Yazd, Kerman, Isfahan, Lorestan, and Alborz provinces. DNA samples
were extracted from hair roots using the Direct PCR Kit (Thermo Fisher Scientific, Vilnius, Lithuania). The
quantity and quality of the extracted DNA were controlled by spectrophotometry and agarose gel methods. The
number of 10 microsatellite markers including AHT04, AHTO05, ASB02, ASB17, ASB23, HMS03, HMS06,
HMSO07, HTG10, and VHL20 were used based on ISAG recommendation. Then, the amplification of genomic
fragments and the genotype of samples was determined by COrDIS Horse Reagent Kit (Moscow, Russia).
Forward primers were labeled with fluorescent dye at 5'-end. These microsatellite loci were amplified by the
multiplex PCR method. Then, the PCR products were genotyped by the Genetic Analyzer system and the capillary
electrophoresis method. Obtained data were used to estimate demographic parameters. The number of effective
alleles, the number of observed alleles, the observed heterozygosity, the expected heterozygosity, and the Shannon
index were calculated by GenAlex 6.5 software. Genpop 4.7.5 software was used to calculate the Fis statistic or
Fixation index in the population.

Results and discussion: The results showed that the lowest and highest number of observed alleles were related
to ASB17 (17 alleles), HMSO06 (eight alleles), and HMSO07 (eight alleles) markers, respectively. The total number
of alleles observed at all loci was 113 alleles. The average number of observed alleles was estimated to be 11.3,
which indicates high allelic diversity in the Persian Arabian horse. The mean number of effective alleles, Shannon
index, observed and expected heterozygosity and Fixation index were 3.97, 1.58, 0.721, 0.736, and 0.021,
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respectively. The mean genetic diversity in the Arabian horse’s population was calculated to be 0.736. The highest
and lowest genetic diversity was observed in VHL20 (0.803) and ASB02 (0.620) markers, respectively. The
average number of effective alleles per locus in studies conducted in different countries on Arabian horses,
including Egypt, Syria, and Western countries, with Persian Arabian horses in this research, showed that number
of effective alleles is higher in Persian Arabian horses. The average Shannon's index has been reported to be
slightly lower in previous studies of Persian Arabian horses, which is probably due to the small number of samples
in these studies compared to the present study. The highest and lowest observed heterozygosities in this study
were related to AHT4 (0.788) and ASBO02 (0.613) markers, which were consistent with the results of the research
conducted on Arabian horses of Iran, Syria, and Egypt. The positive Fis value in Arabian horses made a decrease
in heterozygosity in the population, an increase in homozygosity and consequently inbreeding in Arabian horse
populations. In this research, all studied loci showed a significant deviation from the Hardy-Weinberg equilibrium.
Except for the AHT04 marker, which deviated from the Hardy-Weinberg equilibrium at P<0.01, the others have
deviated at P<0.001. Deviation from the Hardy-Weinberg equilibrium can indicate the presence of some factors
disturbing Hardy-Weinberg equilibrium, such as migration and selection, which in Persian Arabian horses, the
entry of stallions from outside the herd and the gene flow between different maternal strains and also the existence
of a selection program among breeders are the main factors of deviation from Hari-Weinberg equilibrium.
Conclusions: Evaluation of the genetic structure of Arabian horses of Iran and comparison with other Arabian
horses in the world, including those in the Middle East region, showed that Arabian horses of Iran have a higher
genetic diversity, which is probably due to the presence of different maternal strains in Iran, high gene flow among
the different strains, a large import of Arabian horses and crossbreeding with Arabian horses of Iran, as well as a
high number of samples and so identification of new alleles in this research. On the other hand, the rate of
inbreeding was positive according to the Fis in Iran Arabian horses, indicating a risk of genetic diversity loss and
increasing inbreeding in these horses. Therefore, management of genetic diversity and prevention of mating
among related animals should be considered.
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Table 1. Characteristics of microsatellite loci including primer sequence, allele range and Choromosome number

Marker Primer sequence Reference Length Chromosome
(bp) number
AHT4 F: AACCGCCTGAGCAAGGAAGT Binns et al. 144-164 24
R: CCCAGAGAGTTTACCCT (1995)
AHTS F: ACGGACACATCCCTGCCTGC Binns et al. 126-144 8
R: GCAGGCTAAGGGGGCTCAGC (1995)
ASB2 F: CCTTCCGTAGTTTAAGCTTCTG Breen et al. 216-250 15
R:CACAACTGAGTTCTCTGATAGG (1997)
ASB17 F: GAGGGCGGTACCTTTGTACC Breen et al. 87-129 2
R: ACCAGTCAGGATCTCCACCG (1997)
ASB23 F: GAGGTTTGTAATTGGAATG Irvin et al. 175-211 3
R: GAGAAGTCATTTTTAACACCT (1998)
HMS3 F: CCAACTCTTTGTCACATAACAAGA Guerin et al. 148-170 9
R: CCATCCTCACTTTTTCACTTTGTT (1994)
HMS6 F: GAAGCTGCCAGTATTCAACCATTG Guerin et al. 151-169 15
R: CTCCATCTTGTGAAGTGTAACTCA (1994)
HMS7 F: CAGGAAACTCATGTTGATACCATC Guerin et al. 165-185 1
R:TGTTGTTGAAACATACCTTGACTGT (1994)
HTG10 F: CAATTCCCGCCCCACCCCCGGCA Marklund et 95-115 21
R: TTTTTATTCTGATCTGTCACATTT al. (1994)
VHL20 F: CAAGTCCTCTTACTTGAAGACTAG Van Haeringen ~ 87-105 30
R: AACTCAGGGAGAATCTTCCTCAG et al. (1994)
Multiplex PCR <luS 5 -Y Jgux
Table 2. Multiplex PCR compounds
Reaction components Final concentration
Buffer PCR 1X
Mgcl, 2 mM
Primer mix (F) (labeled) 0.25 uM (each primer)
Primer mix (R) 0.25 uM (each primer)
dNTPs 200 uM
Taq DNA polymerase 1 unit/reaction
DNA template 10 ng/reaction
dd H20 variable
Final volume 15 puL
Multiplex PCR uj)‘)> slas > -V Jgom
Table 3. Multiplex PCR thermal cycles
Row Steps PCR Temperatures ("C) Time
1 Initial denaturation 95 10 minutes
2 Denaturation 95 45 seconds
3 Annealing 58 1 minute
4 Extension 72 1 minute
5 Final extension 72 10 minutes
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Table 4. Number of alleles observed in each locus (Na), number of effective alleles (Ne), Shannon index (I),
observed heterozygosity (Ho) and expected (He), Unbiased expected heterozygosity (UHe) and Fixation index
(Fis) in 10 microsatellite loci of Iranian Arab horses

Marker No. Na Ne I Ho He UHe Fis

AHT4 8666 12 5.02 1.80 0.788 0.801 0.801 0.016
AHTS 8659 9 3.55 1.50 0.706 0.718 0.718 0.018
ASB17 8305 17 4.39 1.72 0.760 0.772 0.772 0.016
ASB2 8628 13 2.63 1.41 0.613 0.621 0.621 0.013
ASB23 8348 13 2.80 1.40 0.620 0.644 0.644 0.037
HMS3 8649 10 3.72 1.48 0.712 0.731 0.731 0.027
HMS6 8657 8 4.49 1.59 0.749 0.777 0.777 0.036
HMS7 8649 8 3.69 1.51 0.722 0.729 0.729 0.010
HTG10 8638 12 435 1.66 0.753 0.770 0.770 0.023
VHL20 8655 11 5.07 1.75 0.787 0.803 0.803 0.020
Mean 85854 11.3 3.97 1.58 0.721 0.736 0.736 0.021
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