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Summary

In this research, genetic diversity in the population of 52 specimens of Kurdish horses, randomly
sampled from Kurdistan, Kermanshah, Elam, West Azerbaijan, Isfahan, Kerman and Hamadan
provinces, was analyzed using six microsatellite markers. DNA was extracted from the blood
samples. Polymerase chain reaction (PCR) was performed to amplify features of 6 microsatellite
sites using pairs of specific primers as standard. Then, the PCR products stacked on 8%
acrylamide gel, were electrophoresed and stained. The sites in the studied population showed a
high level of polymorphism. The number of observed alleles and effective number of alleles, the
expected and observed amount of heterozygosity at different sites, and the Shannon index for all
sites were calculated. The results of this study showed that the number of alleles within the six
sites, varied from four to 10 alleles. The highest and lowest numbers belonged to HMS07 and
HMS02 with 10 and four alleles, respectively. According to the observed results, the used
microsatellite sites in the Kurdish horse population showed a high effective polymorphism; and
that these high polymorphisms can be used in subsequent studies, in particular to find the locus
for quantitative traits. The alleles and the new domain of the alleles in the Kurdish horse indicate
that their demographic structure differs from other breeds in other research.
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Introduction

The Kurdish horse, with its unique characteristics such as great intelligence and high
strength in mountainous areas, and its intrinsic talent in playing Polo and Dressage amongst all
the other breeds, is one of the most valuable and original pure genetic reserves in Iran. The latest
official statistics on the number of Iranian horse population published in 2004, shows that the
total number of horse population in the country is about 155,000 horses, of which the Kurdish
horse has a population of about 2,700 horses. From the distant past till the very recent days, the
breed has been specially used in mountainous regions and Dressage race.

The Kurdish horse consists of three breeds; Afshari, Sajabi and Jaaff. The main habitat of this
horse is generally in Kurdistan province and in the hill areas. But today, the distribution of this
horse population is restricted to the provinces of Azerbaijan, Kerman, Hamadan, Isfahan,
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Kermanshah and Elam, as well as parts of Iraq and Turkey. According to historical evidence, this
breed dates back to more than 2500 years ago (Mallowan et al., 1985).

Native breeds in each country are keys to national stocks and genetic reserves, and preservation
and reproduction of which exist are of great value and importance. Today, there are different
breeds of horses in the world that vastly differ in terms of activity, type, color, weight, shape and
behavior (Frankham, 1994).
The use of morphological markers have been historically used in identifying the horse breeds in
the world. In case of Kurdish horse, prominent forehead, muscular body, and short and firm
limbs are the specific morphological characteristics of this breed. However, apparent properties
cannot provide an accurate guide to the genetic differences. Over the past two decades, molecular
techniques have been developed to assist scientists and experts and therefore, made it possible to
study the genetic structure of the animals directly. Also, among all markers used for genetic
studies and diversity of a population, some makers have more advantages than others. These ideal
marker sites are scattered throughout the genome and show a high polymorphisms, due to the
difference in the number of repetitive simple sequences that lie behind each other. These markers
exhibit a high level of heterozygosity and are inherited as co-dominant traits (Barker et al.,
1997).

Low cost, ease of operation, high precision in genotype detection, and relatively simple
interpretation of results, are important advantages of microsatellite markers. These features have
become fundamental to the successful application of microsatellites in a wide range of
fundamental and practical studies. So far, numerous studies have been conducted on the genetic
diversity and various species of horse breeds all over the world, but to date no study has
examined the genetic diversity of Kurdish horses in Iran.

Javan miri et al. (2010), examined genotypic diversity using two microsatellite sites of three
horse populations (Kurdish, Kalhor and Afshari), and stated that the Afshari and Kalhor
populations belong within one branch, while the Kurdish population is considered as a separate
branch.

Shahsavarani & Rahimi-Mianji (2010), in a study of genetic diversity of 100 Iranian Caspian
horses using 16 microsatellite markers, reported that the heterozygosity was 0.52, which was
lower than the expected amount (0.84). Behara et al. (1998), tested the effectiveness of
microsatellite markers to find the genetic link between horse breeds. Using 11 microsatellite
markers among 903 horses, they showed that in very closely related breeds and in severely
endangered breeds, close to extinction, the sample size had a very small impact on the pattern of
clustering and that samples consisted of only 30 animals, in 98% of the cases, tend to be placed
in the correct cluster.
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The intention of this study was to evaluate the genetic diversity and demographic data in a
sample of Kurdish horses in different provinces of Iran.

Materials and Methods

Blood collection and DNA extraction

Blood samples were collected from 52 horses in their original breeding areas in Kurdistan,
Kermanshah, Elam, West Azerbaijan, Isfahan, Kerman and Hamadan provinces. Approximately 5
ml of blood was taken from the Jugular vein of each animal, as well as horsehair samples which
were also prepared. In order to sample and ensure that the specimens of Kurdish horse breeders
were properly sampled, the morphological characteristics and pedigree information were
considered.
DNA extraction was performed using the phenol-chloroform method from hair and blood
samples (Volkin & Carter, 1951). The quality and quantity of the extracted DNA were
determined by spectrophotometry and electrophoresis using agarose gel (Thompson et al., 1994
). Polymerase chain reaction was performed using a pair of HMS07, HMS03, HMS02, HMS06,
ASB23, and ASB02 primers based on the guidance provided by the FAO in 2011 as “the guide to
molecular work on animals”, as well as other Resources available in this field.
Among the proposed primers, 6 primers, which were more commonly found in most of the
studied sources, were selected, and the best annealing temperature of each primer was determined
after the test. The PCR reaction conditions are presented in Table 1. The components of the PCR
reaction and their concentration were as follows: 100 ng of the sampled DNA (2.5 μl), the
mastermixes (one enzyme unit, a buffer 1X and MgCl2 at a concentration of 1.5 mM) (12.5 μl),
0.3 mM (1 μL) of each forward and reverse primers, and deionized distilled water (8 μL). PCR
products were electrophoresed by 8% acrylamide gel, and then the gels were stained with silver
nitrate method. Later, all the bands were measured using a marker. The alleles of each sample for
different sites were determined from the gel.
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Table 1. The temperature and time features of different loci in PCR

Locus number of cycles primary
Denaturation

Denaturation Anneling Elongation Final Elongation

HMS03 37 95

℃

- 5' 95

℃

-30" 60.8

℃

-30" 72

℃

-45" 72

℃

- 7'
HMS07 37 95

℃

- 5' 95

℃

-1' 62

℃

-30" 72

℃

-45" 72

℃

- 7'

HMS02 37 95

℃

- 5' 95

℃

- 30" 60

℃

-30" 72

℃

-45" 72

℃

- 7'

HMS06 35 94

℃

- 5' 94

℃

-45" 63

℃

-30" 72

℃

-45" 72

℃

- 7'

ASB02 38 95

℃

- 5' 95

℃

-30" 58

℃

-45" 72

℃

-45" 72

℃

- 7'
ASB23 38 95

℃

- 5' 95

℃

-30" 56

℃

-45" 72

℃

-45" 72

℃

- 7'

Table 2- Information about the primers associated with the studied microsatellite loci used

in this study

Statistical Analysis

In this study, in order to calculate the number of alleles in each site, the effective allele
size, observed and expected heterozygosity and homozygosity, the Shannon Information Index,
the Wright fixation Index, and allelic and heterozygosity observed frequency and Unbiased
expected heterozygosity using the Gene Alex software version 6.4. To compute the polymorphic
information content, the F-State software version 1.2 was used.

One of the criteria used for the polymorphism of the markers is the effective allele size (Ne),
which is equal to the number of observed alleles in a given population. These statistics are
strongly influenced by the sample size. The effective allele size can be calculated from
Equation1:
N e=1/ Σ p 2 (1)

In this equation, pi is the frequency of the ith allele, and n is the number of alleles observed in a
given marker. heterozygosity was calculated using Equation 2:
Ho= Σ Nij/N (2)

Nij, i # j is the number of heterozygote individuals, and i and j are the type of alleles in the
studied genetic site.
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The expected heterozygosity for a particular population at the Hardy-Weinberg equilibrium is
equal to Equation 3:
He=1- Σ pi2 (3)
In this equation, the expression “Σ pi 2” is the expected ratio of homozygotes, and Pi is the
frequency of the ith allele in a given marker. The number “1” also, represents all genotypes (the
sum of the relative frequency of homozygotes and heterozygotes). Nei (1978) named the formula

"the criterion for measuring the diversity," and stated that the formula for diploid organisms (and
for animals with a specific and distinct reproductive system rather than the mammals) can be
represented as a heterozygosity marker.
The Shannon Diversity Index was calculated as a measure of species diversity according to
Equation 4:

I= Σ -pilnpi (4)

Pi is the frequency of the ith allele in a given site.

The value of the Wright fixation index, or the heterozygosity reduction coefficient, which
indicates a reduction or increase in the observed heterozygosity, compared with the expected
heterozygosity in each marker, was calculated using Equation5:

Wright fixation index=He-Ho/He (5)

The in-population variation or genetic diversity is calculated as the Unbiased expected
heterozygosity Nei (UHe) at each site. In fact, by calculating this circumstantial evidence, the
heterozygosity reduction rate is possible to be predicted in subsequent generations, and if there
were values with a large difference, modifications in the selection process would be made as well
(Nei, 1978).

This statistic can be calculated using Equation 6:
UHe=(2N/2N-1)*He (6)

n represents the number of individuals in the studied population.

A polymorphic information content (PIC) is used to determine the polymorphism of a marker.
The polymorphism information content also shows heterozygosity, but it is used in calculating
the information on heterozygous individuals that have different genotypes compared with their
parent genotype. Therefore, in non-relative communities, compared to the relative communities,
typically PIC is slightly different from the heterozygosity value. The PIC was calculated using
Equation 7 (Nei, 1978).

PIC= (7)

In this equation, pi represents the frequency of the ith allele, pj represents the frequency of the jth

allele, and k represents the number of alleles in the studied population. It should be considered
that this criterion is also influenced by the number of alleles of a marker site, and also by the
frequency of these alleles.
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Results and discussion
DNA extraction and polymerase chain reaction

The results of the spectroscopy showed that extracted DNA at a concentration of 200 ng / μl
has a good quality for performing PCR. By optimizing the PCR conditions for each of the studied
sites, the PCR product was examined in an agarose gel before examining the microsatellite
banding in the acrylamide gel and, if the product was confirmed, Acrylamide gel was performed.

Data analysis

The data of 6 microsatellite sites, including the number of alleles, the number of effective
alleles, Shannon index, and Wright fixation index have been reported in Table 2. In this study,
the highest number of alleles was observed at HMS07 (10 alleles) and the lowest allele count at
HMS02 (4 alleles) locus.

The average number of observed alleles in 6 sites was 6.5 alleles, indicating that the studied
population had a relatively high allele variation. These two sites also had the highest and lowest
number of effective alleles. The average effective allele in the population was 5.05. Azor et al.
(2007), studying Spanish horse population using 16 microsatellites, reported a population of 121
alleles, and also an allelic amplitude between 5 and 12 alleles with an average effective size of
5.89.

Eemil et al. (2005) reported that the highest expected heterozygosity among the 17 studied sites
was related to the gene site, with the highest number of observed alleles, which corresponded to
the results obtained in this study. In fact, the heterozygosity rate depends on the abundance and
distribution of the alleles in the population.

In this research, the expected heterozygosity of HMS02 was lower than all the other sites.
Studying the alleles of this locus showed that the homozygosity of the alleles was significantly
lower than the other studied sites, and it contained a higher percentage of heterozygote alleles.
Thus, the low level of this index can be interpreted as mentioned. In the HMS07 locus, the
observed heterozygosity is less than the expected heterozygosity rate, which may be due to close
confluences, small populations, sample variability, and randomized genetic drift, which can
increase inbreeding and decrease observed heterozygosity. Also, considering this site, it was
observed that the frequency of homozygote genotypes was higher than the other studied sites.
The highest value of the Shannon index was related to the HMS07 locus, which seems logical
considering the greater number of alleles in this site, and the lowest value of the index belonged
to the HMS02 locus, which also has the lowest number of alleles. The usage of the Shannon
index in this population can identify the polymorphism assessment and the degree of variability
of the studied sites efficiently. As the Shannon index approaches zero, the variation will be lower
in nature, and in any genetic site, the higher the Shannon index, the higher the variation of that
site will be. And using a marker that takes this criterion into more consideration, the diversity of
the studied population will be more influential (Orians et al., 1990).
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Table 3-Number of observed alleles (N) , number of effective alleles(Ne),Shannon Index, Wright

fixation Index for the studied microsatellite loci

Table 4-The observed hertozygosity(Ho), Expected hetrozygosity(He), Unbiased expected

hetrozygosity(UHe), Polymorphic information content(PIC) for the studied microsatellite loci

In this study, the highest polymorphism (PIC) was due to the HMS07 locus (0.82), and its lowest
value was at the HMS02 (0.71). Also, the average PIC in this population was estimated at 0.76.
The high level of polymorphism of the microsatellite markers indicates a relatively good genetic
diversity in this population. Lee & Cho (2006) studying a population of Thoroughbred horses
using 14 microsatellites, reported the amplitude of the PIC between 0.45 and 0.80, and also
declared the average effective allele at 6.36. In fact, the more detectable alleles in the studied
population are, the higher the PIC value will be. The values of Tables 3 and 4 shows that
microsatellite sites with high heterozygosity have a high PIC and also the PIC results are less
than their respective heterozygosity values. As a consequence, these two parameters have a direct
relationship. Hence, by knowing the values of these two parameters, sites with high diagnostic
powers can be selected for subsequent studies.
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Khanshour et al. (2013), in their studies using 16 microsatellite sites, found out that the highest
heterozygosity was considered to be of the site that had the highest PIC. The low level of the
Wright's fixation index throughout all these studied sites indicates the low level of inbreeding. The
values of this index were opposite to those of shahsavarani & Rahimi- Mianji (2010), because the
estimated values of this index were reported at 0.36 in the studied population, which shows a
certain level of heterozygosity deficiency. Kusza et al. (2013) in a study examined 71 Hucul race
horses with 17 microsatellite markers. The average Wright index was equal to -0.12, indicating a
low level of consanguinity, low selection pressure, and high number of alleles. The unbiased
expected hetrozygosity for the whole 6 sites, included a range between 0.74 and 0.85. The high
obtained values indicate a high level of in-population variation. The results of this index are
compatible with the Jemmali et al. (2017) studies, which declared the UHe range between 0.69
and 0.85.

The results of this study showed that microsatellite can be a good molecular marker in genetic
research and biotechnology, especially in the study of indigenous breeds. It was also figured out
that 6 microsatellite sites used in this study showed a high polymorphism, and can be used in
addition to genetic variation, to detect the progeny tests of Kurdish horses.
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