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Abstract

Considering the importance of maintaining the genetic diversity in native animals, this study conducted to
analyse genetic diversity in dromedary populations in the north of Kerman province, Iran, using eight autosomal
microsatellite markers. Eighty-one blood samples were collected from five different populations and DNA was
extracted. The highest and the lowest allele number and effective alleles were shown in YWLLO8 (21 and 4) and
VOLP32 (14.97 and 3.11), respectively. The expected heterozygosity varied from 0.778 in Sahra-e Jahad population
to 0.847 in Nogh population. The test for Hardy-Weinberg equilibrium showed significant deviations in most loci.
The mean multilocus F value (0.057) suggested that differentiation is moderate between populations. From total
genetic diversity, only 6% were due to differentiation among populations, while the remaining 94% corresponded to
differences among individuals within each population. The results of the current study indicated that the Camelus
dromedarius populations in the north of Kerman province have a relativity high genetic variation and the data
could be useful for designing the breeding strategies and conservation. The degree of variability demonstrated
implies that studied populations are rich reservoirs of genetic diversity that must be preserved. A future direction
to our study can be studying all of the Iranian Camelus dromedarius populations to better evaluate the level of
inbreeding and establish the appropriate conservation strategies aimed to avoid losses of genetic diversity.

Key words: Genetic diversity; Iranian dromedary populations; Microsatellites; Population genetic structure.

Resumen

Considerando la importancia de mantener la diversidad genética en los animales nativos, este estudio se realiz6
para analizar la diversidad genética en poblaciones de dromedarios en el norte de la provincia de Kerman,
Iran, utilizando ocho marcadores microsatélites autosémicos. Se recolectaron 81 muestras de sangre de cinco
poblaciones diferentes y se extrajo el ADN. El numero de alelos mas alto y mas bajo y los alelos efectivos se
mostraron en YWLLO8 (21 y 4) y VOLP32 (14,97 y 3,11), respectivamente. La heterocigosidad esperada vario
de 0,778 en la poblacion de Sahra-e Jahad a 0,847 en la poblacién de Nogh. La prueba de equilibrio de Hardy-
Weinberg mostré desviaciones significativas en la mayoria de los loci. El valor medio de FST multilocus (0,057)
sugirié que la diferenciacion es moderada entre poblaciones. De la diversidad genética total, solo el 6% se debi6 a
diferenciacién entre poblaciones, mientras que el 94% restante correspondié a diferencias entre individuos dentro
de cada poblacion. Los resultados del estudio actual indicaron que las poblaciones de Camelus dromedarius en
el norte de la provincia de Kerman tienen una variacion genética relativamente alta y los datos podrian ser tutiles
para disefiar las estrategias de reproduccion y conservacion. El grado de variabilidad demostrado implica que las
poblaciones estudiadas son ricos reservorios de diversidad genética que deben ser preservados. Una direccion
futura de nuestro estudio puede ser estudiar todas las poblaciones de Camelus dromedarius iranies para evaluar
mejor el nivel de endogamia y establecer las estrategias de conservacion adecuadas destinadas a evitar pérdidas
de diversidad genética.

Palabras clave: Diversidad genética; Estructura genética de poblaciones; Microsatélites; Poblaciones de
dromedarios iranies.
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Introduction

The domestic even-toed ungulates have played
pivotal roles for human beings in different
perspectives such as the source of meat, milk,
fibre production, beasts of burden for transport
in agricultural/rural oriented community, even
religious gods and goddesses since the very
early times of the civilized world. Nowadays,
some tame even-toed ungulates are now
employed as animal models in biomedical
studies to genetically consider the foundation
of intricate characteristics (Barazandeh et al.,
2019), to produce transgenic peptide drugs and
to generate some particular kind of antibody
presenting peculiar benefits in disparate
medicinal and biotechnological utilizations
(Barazandeh et al., 20106).

One of the most important domestic even-
toed ungulates is the dromedary. Domestication
of dromedaries occurred nearly 3000 years ago
and are most abundant in the dry climate of
Africa, particularly in the barren lowlands of
Eastern Africa (Burger, 2016). Almost 150,000
dromedaries exist in the desert areas (South
and Central) of Iran; this is 0.56% of the world
dromedary population and 3.8% of the Asian
dromedary population (Barazandeh et al., 2019).
Various technological reportages illustrate the
merit of dromedary adapting to the ecological
status of dry and semidry areas (Barazandeh
et al., 2019). In these poor regions, this animal
can have not only good performance but also can
help to develop the ecosystem. Dromedaries are
fine meat producers especially in regions where
the performance of other animals is noxiously
affected by the climate (Barazandeh et al.,
2016). Because of these capabilities, dromedary
plays a momentous socio-economical role in the
agriculture and tribal systems of dry and semidry
areas of the tropical countries in Asia and Africa
(Meymandi et al., 2015).

Due to the arid conditions prevailing in
the geography of Iran and the impossibility
of breeding other animals in desertic climate,
dromedaries are important livestock to farmers
in rural areas, a main supply of animal protein
(Kadim et al., 2008). In Kerman, more than 11000
dromedaries (Meymandi et al., 2015) are bred
(Figure 1). Due to the small geographical distance
among populations of Kerman province, gene
flow is feasible.

Estimating genetic parameters is the headmost
step towards administrating the genetic resources
for their conservation and tolerable usage
(Ebrahimi et al., 2015). The agglomeration
of inbreeding and the detriment of genetic
diversity is an issue for livestock conservation
(Mohammadabadi et al., 2010a). Inbreeding
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enhances the danger to surrogate a rare recessive
genetic disease and diminish the population
fitness (Mohammadi et al., 2009). Populations
with premier genetic diversity have more
opportunity to survive under new environmental
compression and stress (Markert et al., 2010).
Therewith, plenary exploration of the breed
specifications is necessary for the impressive
management of genetic resources in farm animal
(Norouzy et al., 2005).

The utilization of molecular genetics has
significant benefits (Shamsalddini et al.,
2016) like the genotyping of individuals for
particular genetic loci (Javanmard et al., 2008;
Mousavizadeh et al., 2009). Short tandem repeats
known as microsatellites are broadly applied
as molecular markers of selection for genetic
researches for their high grade of polymorphism
because of the existence of different and various
alleles at each locus, simple identification,
and dispensation throughout the genome
(Mohammadabadi et al., 2010b; Mohammadifar
et al., 2009). Nowadays, microsatellite markers
are a useful tool for studying genetic diversity
within and between populations or mapping
quantitative trait loci mappings.

Microsatellite markers have been widely
applied in domestic animal species, as cattle,
sheep, goat and dromedary (Askari et al., 2008;
Ghasemietal.,2010; Meymandi et al., 2015; Vajed
Ebrahimi et al., 2016). It has been demonstrated
that microsatellites in dromedaries are extremely
polymorphous, and adequate informative
markers exist to perform diversity investigation
(Mburu et al., 2003; Schulz et al., 2010).
Microsatellites are reiterative DNA sequences

Figure 1. Dispersion map of dromedaries in different cities of Kerman
province. Numbers show dromedaries in each city.



that are arbitrarily dispensed overall eukaryotic
genomes. Their superfluity in the genome, great
levels of polymorphism, Mendelian manner of
inheritance and high-throughput potency enable
microsatellites markers to be an advantageous
gadget for recognition of inherited illness, filiation
testing, forensic medicine, genetic diversity and
population peruses in plenty species (Zajc et al.,
1997). They are also significant genetic gadgets
for animal breeding and quantitative trait locus
analysis. The obligation of resolving the genetic
associations of domestic dromedary breeds is so
much formidable because of diverse provenances
and considerable gene flow between breeds.

The study of native breeds is essential
for the conservation of genetic resources in
livestock. Unfortunately, dromedaries in the
north of Kerman province were not studied using
molecular markers, especially microsatellites
until now, hence the aim of this study, was to
investigate the molecular characterization of
dromedaries in the north of Kerman province,
Iran, using eight microsatellite markers.

Materials and methods

A total of 81 blood samples were collected
randomly from five dromedary populations,
namely, Shahr-e Babak (n=21), Nogh (n=11),
Shams Abad (n=28), Shamshir Abad (n=14) and
Sahra-e Jahad (n=7). The number of samples
was selected based on the availability of animals
for sampling. These dromedaries have extensive
biodiversity and are distributed in different
geographical regions of Kerman province. DNA
was extracted using the salting-out method
(Abadi et al., 2009).

A total of eight microsatellite autosomal
markers from unconserved genome were used
in this study (Table 1). Microsatellite markers
were chosen based on polymorphic information
content (PIC) and heterozygosis values reported
in earlier studies (Lang et al., 1996; Obreque et
al., 1998). The PCR reaction was accomplished
in a total volume of 25 uL using 30 ng of genomic
DNA, 0.37 uL MgCl2, 0.3 uL dNTPs, 1.5 uL

Table 1. Information on microsatellite markers used in this study (FAO, 2011).
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PCR Buffer (10x), 1 uL of each primer and 0.16
uL of Taq polymerase. Negative controls were
included. The amplification was carried out using
a denaturation at 95 °C for 5 min followed by 35
cycles of denaturation at 95 °C for 30 s, annealing
(55-60 °C) for 30 s, extension at 72 °C for 30 s and
a final extension for 5 min at 72 °C. Then, 4 uL of
the amplified product was mixed with 1 volume
of formamide loading dye and denatured at 95 °C
for 5 min and separated on an 8% polyacrylamide
gel for 14 hours. Gels were silver stained and the
bands were visually observed on the gels.

Discrimination of the microsatellite alleles was
determined by comparison with an adjacent DNA
ladder. The size of alleles, allele types and kind
of genotypes were determined by Excel software.
The Pop-Gene32 Software (Yeh et al., 1999) was
used for estimating Hardy—Weinberg equilibrium,
allele frequencies, the mean number of alleles
per locus, observed heterozygosis (Ho), expected
heterozygosis (He), Nm (number of migrants per
generation) and Shannon index for each locus
(Yeh et al., 1999). The Nm (gene flow) estimated
from Fst = 0.25(1 - Fst)/Fst. A Shannon index
criterion is very useful for the measurement
of genetic diversity of the loci that have high
polymorphism, like microsatellite marker. The
AMOVA (Analysis of Molecular Variance) was
calculated by the GeneAlex 6.41 (Peakall and
Smouse, 20006).

As sample sizes are often uneven across
combinations of population and locus, the
number of alleles sampled to determine allelic
richness (AR) is standardized to the smallest
number of individuals sampled across all
combinations of locus and population multiplied
by the ploidy level of the species. As a component
of genetic diversity, allelic richness is also
important in conservation genetics. In this study,
the AR was analyzed using the FSTAT software
(Goudet, 1995).

The genetic relationships among dromedaries
in the north of Kerman province were analysed
using three different approaches based on allele
frequencies at microsatellite loci: pair-wise FST
was used to establish genetic distances among

Annealing

Marker Forward Primer (5'-3) Reverse Primer (5'-3') Accession number temperature (°C)
YWLLO8 ATCAAGTTTGAGGTGCTTTCC CCATGGCATTGTGTTGAAGAC FAO, 2011 55
VOLPO3 AGACGGTTGGGAAGGTGGTA CGACAGCAAGGCACAGGA AF305228 60
VOLPO8 CCATTCACCCCATCTCTC TCGCCAGTGACCTTATTTAGA AF305230 55
YWLL38 GGCCTAAATCCTACTAGAC CCTCTCACTCTTGTTCTCCTC FAO, 2011 60
CVRLO1 GAAGAGGTTGGGGCACTAC CAGGCAGATATCCATTGAA FAO, 2011 55
VOLP32 GTGATCGGAATGGCTTGAAA CAGCGAGCACCTGAAAGAA AF305234 55
YWLL44 CTCAACAATGCTAGACCTTGG GAGAACACAGGCTGGTGAATA FAO, 2011 60
VOLP67 TTAGAGGGTCTATCCAGTTTC TGGACCTAAAAGAGTGGAG AF305237 55
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the breeds under genetic drift, which is the main
factor promoting genetic differentiation between
the breeds; the hierarchical F statistics were used
to estimate gene flow (Slatkin and Barton 1989),
and the genetic distance between the breeds was
calculated according to Nei’s genetic distance
(Nei 1972).

The former was analysed using the GeneAlex
program, version 6.4 1 and the latter relationships
were calculated by Pop-Gene32 Software.
Phylogenetic trees were constructed using
neighbour-joining (NJ) clustering from Nei’s
distance method. The principal component
analysis (PCA) was performed using the prcomp
function in R software (R Core Team, 2011).

The PCA for the Iranian dromedaries data set
was calculated on GRM (Genomic Relationship
Matrix). Similarities among individuals were
assessed using the GRM, following van Raden’s
(2008) method. This GRM was also subsequently
fed to the R function “hclust” for clustering
purposes. At each replication of the clustering
algorithm, the two most similar individuals were
joined, and distances between these newly merged
individuals and each of the old individuals were
computed by UPGMA (unweighted pair group
method with arithmetic mean) method (Sneath
and Sokal, 1973) implemented in R language (R
Core Team, 2014).

Results

The allele and genotype frequencies of eight
microsatellite loci were determined in five
Kerman native camel populations. The main
characteristics and diversity parameter values
from these microsatellites are presented in
Table 2. A total of 78 alleles were detected
among 81 studied animals. The markers for the

Table 2. The criteria diversity of all animals.

entire population showed a very high number
of alleles per marker, ranging from 4 (VOLP67)
to 21 (CVRLO1). The average allele number of
polymorphic loci was 9.7 allele per locus. The
lowest and the highest effective alleles ranged
from 3.11 (VOLP67) to 14.97 (CVRLO1) among
the populations. In all loci analysed, the greater
proportion of expected heterozygotes (He) was
detected at the CVRLO1 locus (0.939) whereas
the smallest was presented by the VOLP67 locus
(0.683). The highest and lowest Shannon indices
were observed in the CVRLO1 locus (2.82) and
VOLP67 locus (1.24), respectively. These values
seem quite reasonable in comparison to the allele
numbers of these two loci.

Table 3 depicts various genetic parameters
estimated for five populations based on 8
polymorphic markers. The results indicated that
the six loci in the Sahra-e Jahad population,
two loci in the Shamshir Abad population, two
loci in the Shahr-e Babak population and four
loci in the Nogh population were not in H-W
equilibrium (p<0.035). For expected heterozygosity,
the minimum value of 0.778 was observed in the
Sahra-e Jahad and the maximum of 0.847 in the
Nogh population.

The mean observed heterozygosity (Ho) for
Sahra-e Jahad (0.8), Shamshir Abad (0.866),
Shahr-e Babak (0.952), Nogh (0.965) and
Shams Abad (0.906) was more than the mean
expected heterozygosity (He). The number of
alleles per polymorphic locus ranged from 3 to 9
in the Sahra-e Jahad population, 4 to 16 in the
Shamshir Abad population, 4 to 11 in the Shahr-e
Babak population, 4 to 13 in the Nogh population
and 4 to 18 in Shams Abad population. The allelic
richness (AR) for each population ranged from
4.31 (Sahra-e Jahad) to 8.64 (Shams Abad), with
a mean of 6.91.

Loci Na Ne s';sg:;’" PIC i Fr For H, H,' Nm
YWLL08 10 8.852 2237 0.898 -0.099 -0.010 0.080 0.892 0.937 2.84
VOLPO3 5 4358 1.527 0.780 0317 -0.246 0.054 0.775 0.962 439
VOLPOS 7 5.073 1.753 0.812 0.485 0.509 0.045 0.807 0.437 5.34
YWLL38 10 8317 2177 0.890 -0213 -0.105 0.086 0.885 0.974 254
CVRLO1 21 14.97 2.822 0.944 -0.084 -0.085 0.036 0.939 0.975 6.73
VOLP32 10 7.959 2171 0.885 -0.235 -0.145 0.069 0.881 1.000 333
YWLL44 11 8.130 2219 0.887 -0.202 -0.129 0.060 0.883 1.000 3.90
VOLP67 4 3112 1.243 0.687 -0.507 -0. 485 0.014 0.683 1.000 ik

Mean 9.75 7.597 2019 0.848 -0.139 -0.074 0.057 0.843 0910 4.09

"All breeds examined, Na: Observed number of alleles; Ne: Effective number of alleles, PIC: Polymorphic Information Content, H.: Expected Heterozygosis,
H,: Observed Heterozygosis, Nm: The number of migrants per generation (gene flow). F (inbreeding coefficient) is the proportion of the variance in the
subpopulation contained in an individual, F; is the inbreeding coefficient of an individual (1) relative to the total (T) population, and F; is the proportion of the
total genetic variance contained in a subpopulation (the S subscript) relative to the total genetic variance (the T subscript),
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The mean pairwise F estimates, Nei’s genetic
distances and Nm values between five populations
are summarized in Table 4. All pairwise F values
were significantly positive (P<0.01), and ranged
from 0.016 (Shahr-e Babak and Shams Abad)
to 0.37 (Shamshir Abad and Sahra-e Jahad).
The number of migrants per generation (Nm)
varied from 6.49 for the Shamshir Abad and
Sahra-e Jahad to 15.8 for the Shahr-e Babak
and Shams Abad populations, indicating high
gene flow between these two populations. Recent
droughts and changes in the environment have
led to intensify population decline and to increase
the rate of inbreeding between Shahr-e Babak
and Shams Abad populations. The largest Nei’s
distance (0.568) was between Shahr-e Babak and
Sahra-e Jahad populations and the lowest genetic
distance (0.114) was observed between the Nogh
and Shams Abad populations (Figure 2; Table 4).

20.65
Sahra-e lahad

10.3
Shamshir Abad

10.3

857

, Shahr-e Babak
1.76

495
Mogh

376

Shams Abad

Figure 2. The neighbour joining (NJ) tree of Nei's genetic distance representing
genetic relationships of five populations of dromedaries in north of Kerman.
Values along the branches represent bootstrap support in percent from 1000
replications of resample loci.

Table 3. Sample size, allele diversity (the mean number of observed alleles
per locus), allelic richness (AR), observed heterozygosity (Ho), expected
heterozygosity (He) and P values of populations across all loci.

. Sample Allele P-val. (No.
Populations Size Diversity Ho He of Loci)
sahra-e 7 487 431 0800 0778  0.351(6)
Jahad
Shamshir
Abad 14 7.62 6.89 0.866 0.826 0.031(2)
Shahr-e
Babak 21 7.62 6.83 0.952 0.826 0.020 (2)
Nogh 11 8.00 790 0.965 0.847 0.321 (4)
Shams Abad 28 8.87 8.64 0.906 0.839 0.004 (0)
Mean 16.2 7.39 6.91 0.897 0.823 0.145(2.8)

aNumber of locus showing departure from Hardy-Weinberg equilibrium
(P<0.05).

Molecular characterization of Iranian dromedaries
using microsatellite markers

The relative placement of breeds in the NJ tree
showed that Nogh and Shams Abad shared a
common node, and the position of Shahr-e Babak
was closer to these two populations, while Sahra-e
Jahad dromedaries formed a distinct group and
joined the last in the dendrogram. This result was
in line with the close geographical distribution of
these populations. The hierarchical clustering
and principal component analysis could well
reflect discrete genetic characteristics among
the dromedaries of Kerman and agreed with the
NJ graph (Figure 3 and 4). Principal component
analysis indicated that all samples could be
mainly regrouped into three main clusters and
the most suitable number of genetic groups in the
dataset was explained. Results of the hierarchical
clustering of individuals are in the dendrogram
shown in Figure 4. Cluster analysis revealed a
typical triangular relationship among the five
populations from three continents, with the first
dimension grouped with the Shahr-e Babak, Nogh
and Shams Abad populations, and the second
dimension included Shamshir Abab population
and finally, the third cluster involved Sahra-e
Jahad population. The separated clusters
indicated that the chosen samples were powerful
to explore the genomic characteristics of these
five populations.

Discussion

Genetic diversity and population structure of 81
dromedaries in the north of Kerman province
representing five different phenotypes (Sahra-e
Jahad, Shamshir Abad, Shahr-e Babak, Nogh
and Shams Abad) were assessed, aiming to detect
potential accordance between population genetic
structure and breeding strategies. The results
have shown the presence of high diversity within
each population, expressed in the mean values
of 9.75 alleles per locus and 0.843 for expected
heterozygosis (Table 2).

Mahmoud et al. (2013) studied the genetic
polymorphism in the Majaheem population of
dromedaries in the Kingdom of Saudi Arabia
using sixteen microsatellite markers and reported
that the mean expected heterozygosity is 0.652,
the mean observed heterozygosity is 0.665, and

Table 4. Nei's genetic distance, mean F; estimates, and migrants per generation values between each pair of 5 Kerman’s dromedary populations.

Populations Sahra-e Jahad Shamshir Abad Shahr-e Babak Nogh Shams Abad
Sahra-e Jahad 0.037(6.49) 0.029(8.49) 0.034(7.11) 0.021(11.4)
Shamshir Abad 0.445 0.035(6.85) 0.029(8.48) 0.032(7.44)
Shahr-e Babak 0.568 0.273 0.022(11.3) 0.016(15.8)
Nogh 0.548 0.251 0.223 - 0.023(10.7)
Shams Abad 0.369 0.216 0.191 0.114

* Above the diagonal, F; values and Nm (between bracket) values; below the diagonal, genetic distance values are given.
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the Polymorphic Information Content (PIC) values
range from 0.340 to 0.768 with a mean of 0.590.
Mburu et al. (2003) assessing Kenyan dromedary
breeds (Somali, Turkana, Rendille, Gabbra)
and dromedary from Pakistan and the Arabian
Peninsula (Saudi Arabia, United Arab Emirates)
using 14 microsatellite markers concluded that
expected heterozygosity ranges from 0.51 to 0.61.
These results are consistent with the results
of the present study. Based on the Shannon
index PIC and heterozygosis, VOLP67 and
CVRLO1 loci indicated the least and the most
diverse, respectively. These amounts seem quite
reasonable in comparison to the allele numbers
of these two loci.

Polymorphic information content (PIC) is a
measure of the informativeness of the marker,
ranging from O to 1 and a locus with a PIC value
close to 1 has many alleles that are desirable
for genetic diversity studies. Universally the
markers demonstrate PIC values lower than 0.5,
which connote a mildly informative locus has

0.5>PIC>0.25 and the rest of them are highly
informative and for them PIC>0.5 (Botstein et
al. 1980). The markers that have been used in
studies showed genetic variability and indicate
the usefulness of PIC markers in future studies.
However, the CVRLO1 marker showed high
polymorphism in all populations indicating
a great potential for parental testing and
population-based genetic studies.

Atindividualloci, F  estimates overall dromedary
populations ranged between -0.507 (the locus
VOLP67) to 0.485 (the locus VOLPO0S). In a study,
the within-population inbreeding estimates (F)
0.173 for Kachchhi to 0.417 for Kharai, which
represents the nonrandom union of gametes and
deviation from Hardy-Weinberg equilibrium. The
F,, values for each locus are very close and levels
of apparent breed differentiation were moderate.
Multilocus F values indicate that approximately
5.7% of the total genetic variation was explained by
population differences, with the remaining 94.3%
corresponding to differences among individuals.
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Figure 3. The individuals clustering base on principal components analysis. The proportion of total variation explained by first and second principal components,

were 61.38 and 21.9 %, respectively.
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Figure 4. Clustering base on Pairwise Euclidean Distance. SHam (Shamshir Abad), SaG (Sahrae Jahad), SHaB (Shah-re Babak), Raf1(Nogh), Raf2(Shams Abad).

The heterozygosity level of a microsatellite marker
varies from species to species and sometimes
among different breeds of the same species (Mburu
et al., 2003; Vijh et al., 2007; Guichoux et al.,
2011; Mahmoud et al., 2019).

All populations, except the Shams Abad,
showed a significant deviation from HWE at more
than one locus. For Shahr-e Babak, Shamshir
Abad, Nogh and Sahra-e Jahad populations,
HE values were generally lower than the HO
values, indicating deviations from the Hardy-
Weinberg equilibrium. According to the results
of this study, increased heterozygosity is one
of the main factors of deviation from HWE. In
addition, uncontrolled mating, lack of control
in the exchange of genetic material in different
areas and the limited number of samples could
also affect the deviation of the populations from
HWE. Deviation from HWE is being observed in
some dromedary populations (Mahmoud et al.,
2013; Vijh et al., 2007). In addition, grater genetic
homogeneity and bottlenecks associated with
calamitous events such as economic depression
could be observed at a certain degree of non-
conformity to Hardy-Weinberg equilibrium as
expected (Zajc et al., 1997).

The AMOVA analysis detected that from
total genetic diversity; only 6% were due to
differentiation among populations, while the
remaining 94% corresponded to differences
among individuals within each population.
However, for this level of genetic differentiation

(6%), some gene flow among populations studied
still seems to exist. The maximum and minimum
of inter-population diversity, which is calculated
as average intended heterozygosis in all loci
for every population, were obtained from Nogh
(0.84) and Sahra-e Jahad (0.77) populations,
respectively. Genetic diversity could be originated
from various production systems and ecological
conditions in which dromedaries in the north of
Kerman have been historically preserved.

Animals from the Shams Abad population
exhibited higher values for allele diversity and
allelic richness than other populations. The
Shams Abad population had a lower inbreeding
coefficient and superior results of genetic diversity
and richness. The Sahra-e Jahad showed the
lowest average allele number, allelic richness
as well as the lowest heterozygosis, showing
a considerable reduction in inter-population
variation and extensive inbreeding. In addition,
the low diversity in this population could be due
to the reduction of the breed in its native region
and the small sample size.

Regardless of the low population structure,
dromedaries in the north of Kerman corridor
exhibit high genetic diversity (HE=0.823)
comparable to some extent to that of Saudi
Arabian (HE=0.652; (Mahmoud et al., 2013)),
southern African (HE=0.604; (Nolte et al., 2005))
and Pakistani (HE=0.640; (Schulz et al., 2010))
dromedaries.
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Four populations of Saudi Arabian
dromedaries displayed a considerable amount
of genetic variation mainly due to a high level
of crossbreeding (Mahmoud et al., 2013).
Abdussamad et al. (2015) studying five Nigeria
dromedary populations (75 samples), found a
high genetic diversity, which could be explained
by continuous gene flow with other populations.
Adequate genetic variation within a population is
necessary to avoid inbreeding depression and its
consequences. The frequency of a spontaneous
mutation or recessive trait will be relatively high
as the degree of homozygosis increases.

Populations with high genetic variation are
more likely to maintain genes and characteristics
that are recessive but can be useful if the selection
pressure changes. Regarding the Nei’s distance
values between population pairs, the lowest
was obtained between the Nogh and Shams
Abad populations (0.114) and the maximum
between the Shahr-e Babak and Sahra-e Jahad
populations (0.568). It should be noted that the
geographical locations of the dromedaries in
Shahr-e Babak and Sahra-e Jahad populations
are far from each other and migration among
populations is less likely to occur. Egyptian
dromedaries (four breeds) showed low genetic
distances due to the fact that they originated
from a common ancestor (Mahrous et al., 2011).

The proportions of the total variation, which
have been explained by the first and second
principal components, were equal to 61.38 and
21.9 %, respectively. The results derived from the
PCA were in agreement with the NJ graph and
hierarchical clustering of individuals. A similarity
of geographical distribution was in accordance
with founded genetic relationships in this study.
Individuals of three populations of Nogh, Shams
Abad and Shahr-e Babak have evidently grouped
in the same cluster. This genetic similarity has
good accordance with geographical distribution
and three populations have been bred in the
North-West areas of Kerman (Figure 1). Therefore,
these populations can also participate in similar
conservation strategy. Since the adaptability of
dromedaries in the north of Kerman province with
their environments is the product of long-term
selection pressures and cannot be attributed to
recent times, admixed dromedary should also
be considered in the conservation strategies.
An appropriate conservation strategy should be
able to maintain maximum genetic diversity in
the global gene pool while maintaining within
breed diversity to reduce inbreeding and preserve
genetically differentiated groups (Talle et al.,
2005). In general, close genetic composition and
similar environments indicate that similar and
related conservation programs can be applied
for these populations. However, control of
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crossbreeding, breeding stations development
and improvement of recording system are in situ
strategies to conserve these populations.

Conclusions

Understanding the relationships among and
within populations is an important step to find
relevant conservation strategies. The results
derived from pair-wise F_, genetic distance,
NJ tree, hclust and PCA were used to explore
the genetic closeness among the populations.
The results indicated that in the first level of
clustering, Shahr-e Babak, Nogh and Shams
Abad populations shared the same cluster. On
the other hand, Shamshir Abad and Sahra-e
Jahad populations have created distinct groups. A
similarity of geographical distribution was in good
accordance with founded genetic relationships in
this study. The data analysis revealed that there
is a good amount of heterozygosis in the studied
populations, which can be exploited by developing
conservation strategies and suitable breeding
plans. Due to the small number of dromedaries,
efforts need to be made to preserve the germplasm
by declaring them as heritage animals.

References

Abadi, M.R.M.; Askari, N.; Baghizadeh, A
Esmailizadeh, A.K. 2009. A directed search
around caprine candidate loci provided evidence
for microsatellites linkage to growth and cashmere
yield in Rayini goats. Small Ruminant Research,
81(2/3), 146-151. https://doi.org/10.1016/j.
smallrumres.2008.12.012

Abdussamad, A.M.; Charruau, P.; Kalla, D.J.U.;
Burger, P.A. 2015. Validating local knowledge on
camels: Color phenotypes and genetic variation of
dromedaries in the Nigeria-Niger corridor. Livestock
Science, 181, 131-136. https://doi.org/10.1016/].
livsci.2015.07.008

Askari, N.; Baghizadeh, A.; Mohammadabadi, M.R.
2008. Analysis of the genetic structure of Iranian
indigenous raeni cashmere goat populations
using microsatellite markers. Biotechnology, 2(3),
1-4. https://www.tsijournals.com/abstract/
analysis-of-the-genetic-structure-of-iranian-
indigenous-raeni-cashmere-goat-populations-
using-microsatellite-markers-1216.html

Barazandeh, A.; Mohammadabadi, M.R.; Ghaderi-
Zefrehei, M.; Nezamabadi-pour, H. 2016. Genome-
wide analysis of CpG islands in some livestock
genomes and their relationship with genomic
features. Czech Journal of Animal Science, 61, 487-
495. https://doi.org/10.17221/78/2015-CJAS

Barazandeh, A.; Mohammadabadi, M.R.; Ghaderi-
Zefrehei, M.; Rafeied, F.; Imumorin, I. G. 2019.
Whole genome comparative analysis of CpG
islands in camelid and other mammalian genomes.
Mammalian Biology, 98, 73-79. https://doi.
org/10.1016/j.mambio.2019.07.007


https://doi.org/10.1016/j.smallrumres.2008.12.012
https://doi.org/10.1016/j.smallrumres.2008.12.012
https://doi.org/10.1016/j.livsci.2015.07.008
https://doi.org/10.1016/j.livsci.2015.07.008
https://www.tsijournals.com/abstract/analysis-of-the-genetic-structure-of-iranian-indigenous-raeni-cashmere-goat-populations-using-microsatellite-markers-1216.html
https://www.tsijournals.com/abstract/analysis-of-the-genetic-structure-of-iranian-indigenous-raeni-cashmere-goat-populations-using-microsatellite-markers-1216.html
https://www.tsijournals.com/abstract/analysis-of-the-genetic-structure-of-iranian-indigenous-raeni-cashmere-goat-populations-using-microsatellite-markers-1216.html
https://www.tsijournals.com/abstract/analysis-of-the-genetic-structure-of-iranian-indigenous-raeni-cashmere-goat-populations-using-microsatellite-markers-1216.html
https://doi.org/10.17221/78/2015-CJAS
https://doi.org/10.1016/j.mambio.2019.07.007
https://doi.org/10.1016/j.mambio.2019.07.007

Burger, P. A. 2016. The history of Old World camelids
in the light of molecular genetics. Tropical Animal
Health and Production, 48, 905-913. https://dx.doi.
org/10.1007%2Fs11250-016-1032-7

Ebrahimi, Z., Mohammadabadi, M.R.; Esmailizadeh-
Koshkuieh, A.; Khezri, A.; Najmi-Noori, A. 2015.
Association of PIT1 gene with milk fat percentage
in Holstein cattle. Iranian Journal of Applied Animal
Science, 5(3), 575-582. http:/ /ijas.iaurasht.ac.ir/
article_515867.html

Food and Agriculture Organization of the United Nations-
FAO. 2011. Molecular genetic characterization of
animal genetic resources. FAO Animal Production
and Health Guidelines. No. 9. Rome. 100 p. http://
www.fao.org/3/i2413e/i2413e00.htm

Ghasemi, M.; Baghizadeh, A.; Mohammad-Abadi, M.R.
2010. Determination of genetic polymorphism in
Kerman Holstein and Jersey cattle population using
ISSR markers. Australian Journal of Basic and
Applied Sciences, 4(12), 5758-5760. http://www.
ajbasweb.com/old/ajbas/2010/5758-5760.pdf

Goudet, J. 1995. FSTAT (Version 1.2): A computer
program to calculate F-statistics. Journal of
Heredity, 86(6), 485-486. https:/ /doi.org/10.1093/
oxfordjournals.jhered.al111627

Guichoux, E.; Lagache, L.; Wagner, S.; Chaumeil, P.;
Léger, P.; Lepais, O.; Lepoittevin, C.; Malausa, T.;
Revardel, E.; Salin, F.; Petit, R.J. 2011. Current
trends in microsatellite genotyping. Molecular
Ecology Resources, 11(4), 591-611. https://doi.
org/10.1111/j.1755-0998.2011.03014.x

Javanmard, A.; Mohammadabadi, M.R.; Zarrigabayi,
G.E.; Gharahedaghi, A.A.; Nassiry, M.R.;
Javadmansh, A.; Asadzadeh, N. 2008. Polymorphism
within the intron region of the bovine leptin gene in
Iranian Sarabi cattle (Iranian Bos taurus). Russian
Journal of Genetics, 44, 495-497. https://doi.
org/10.1134/S1022795408040169

Kadim, I.T.; Mahgoub, O.; Purchas, R.W. 2008. A review
of the growth, and of the carcass and meat quality
characteristics of the one-humped camel (Camelus
dromedaries). Meat Science, 80(3), 555-569.
https://doi.org/10.1016/j.meatsci.2008.02.010

Lang, K. D. M.; Wang, Y.; Plante, Y. 1996. Fifteen
polymorphic dinucleotide microsatellites in llamas
and alpacas. Animal Genetics, 27(4), 293. https://
doi.org/10.1111/j.1365-2052.1996.tb00502.x

Mahmoud, A. H.; AlShaikh, M. A.; Aljummah, R. S.;
Mohammed, O. B. 2013. Genetic characterization
of Majaheem camel population in Saudi Arabia
based on microsatellite markers. Research
Journal of Biotechnology, 8(4), 26-30. https://
worldresearchersassociations.com/Archives/
RJBT/Vo0l(8)2013/April2013.aspx

Mahmoud, A.H.; Abu-Tarbush, F.M.; Alshaik, M.;
Aljumaah, R.; Saleh, A. 2019. Genetic diversity
and population genetic structure of six dromedary
camel (Camelus dromedarius) populations in
Saudi Arabia. Saudi Journal of Biological Sciences,
27(5), 1384-1389. https://doi.org/10.1016/j.
sjbs.2019.11.041

Mahrous, K. F.; Ramadan, H. A. I.; Abdel-Aziem,
S. H.; Mordy, M. A.; Hemdan, D. 2011. Genetic

Molecular characterization of Iranian dromedaries
using microsatellite markers

variations between camel breeds using microsatellite
markers and RAPD techniques. Journal of Applied
Biosciences, 39, 2626-2634. http://m.elewa.org/
JABS/2011/39/5.pdf

Markert, J. A.; Champlin, D. M.; Gutjahr-Gobell, R.;
Grear, J. S.; Kuhn, A.; McGreevy, T. J.; Roth, A,;
Bagley, M. J.; Nacci; D. E. 2010. Population genetic
diversity and fitness in multiple environments.
BMC Evolutionary Biology, 10, 205. https://doi.
org/10.1186/1471-2148-10-205

Mburu, D. N.; Ochieng, J. W.; Kuria, S. G.; Jianlin,
H.; Kaufmann, B.; Rege, J.E.O.; Hanotte, O. 2003.
Genetic diversity and relationships of indigenous
Kenyan camel (Camelus dromedarius) populations:
Implications for their classification. Animal
Genetics. 34 (1), 26-32. https://doi.org/10.1046/
j-1365-2052.2003.00937.x

Meymandi, M. G.; Mohammadabadi, M. R.;
Esmailizadeh, A. K. 2015. Genetic variation
of camels in north of Kerman province using
microsatellite markers. Animal Production Research,
4(1), 35-45. https://ar.guilan.ac.ir/article_211.
html?lang=en

Mohammadabadi, M.R.; Nikbakhti, M.; Mirzaee,
H.R.; Shandi, A.; Saghi, D.A.; Romanov, M.N.;
Moiseyeva, I.G. 2010a. Genetic variability in three
native Iranian chicken populations of the Khorasan
province based on microsatellite markers. Russian
Journal of Genetics, 46, 505-509. https://doi.
org/10.1134/S1022795410040198

Mohammadabadi, M.R.; Torabi, A.; Tahmourespoor, M.;
Baghizadeh, A.; Esmailizadeh, A.K.; Mohammadi,
A. 2010b. Analysis of bovine growth hormone gene
polymorphism of local and Holstein cattle breeds
in Kerman province of Iran using polymerase chain
reaction restriction fragment length polymorphism
(PCR-RFLP). African Journal of Biotechnology, 9(41),
6848-685. https://www.ajol.info/index.php/ajb/
article/view /130242

Mohammadi, A.; Nassiry, M. R.; Mosafer, J.;
Mohammadabadi, M.R.; Sulimova, G. E. 2009.
Distribution of BoLA-DRB3 allelic frequencies and
identification of a new allele in the Iranian cattle
breed Sistani (Bos indicus). Russian Journal of
Genetics, 45, 198-202. https://doi.org/10.1134/
S1022795409020100

Mohammadifar, A.; Amirnia, S.; Omrani, H.; Mirzaei,
H.R.; Mohammadabadi, M. R. 2009. Analysis of
genetic variation in quail population from Meybod
Research Station using microsatellite markers.
Animal Sciences Journal (Pajouhesh and Sazandegi),
82(1) 72-79. https://agris.fao.org/agris-search/
search.do?recordID=IR2012005156

Mousavizadeh, A.; Mohammad-Abadi, M.R.; Torabi,
A.; Nassiry, M.R.; Ghiasi, H.; Ali-Esmailizadeh, A.K.
2009. Genetic polymorphism at the growth hormone
locus in Iranian Talli goats by polymerase chain
reaction-single strand conformation polymorphism
(PCR-SSCP). Iranian Journal of Biotechnology, 7(1),
51-53. http://www.ijbiotech.com/article_7064.
html

Nei, M. 1972. Genetic distance between populations. The
American Naturalist, 106(949), 283-292. https://
www.journals.uchicago.edu/doi/10.1086/282771

329


https://dx.doi.org/10.1007%2Fs11250-016-1032-7
https://dx.doi.org/10.1007%2Fs11250-016-1032-7
http://ijas.iaurasht.ac.ir/article_515867.html
http://ijas.iaurasht.ac.ir/article_515867.html
http://www.fao.org/3/i2413e/i2413e00.htm
http://www.fao.org/3/i2413e/i2413e00.htm
http://www.ajbasweb.com/old/ajbas/2010/5758-5760.pdf
http://www.ajbasweb.com/old/ajbas/2010/5758-5760.pdf
https://doi.org/10.1093/oxfordjournals.jhered.a111627
https://doi.org/10.1093/oxfordjournals.jhered.a111627
https://doi.org/10.1111/j.1755-0998.2011.03014.x
https://doi.org/10.1111/j.1755-0998.2011.03014.x
https://doi.org/10.1134/S1022795408040169
https://doi.org/10.1134/S1022795408040169
https://doi.org/10.1016/j.meatsci.2008.02.010
https://doi.org/10.1111/j.1365-2052.1996.tb00502.x
https://doi.org/10.1111/j.1365-2052.1996.tb00502.x
https://worldresearchersassociations.com/Archives/RJBT/Vol(8)2013/April2013.aspx
https://worldresearchersassociations.com/Archives/RJBT/Vol(8)2013/April2013.aspx
https://worldresearchersassociations.com/Archives/RJBT/Vol(8)2013/April2013.aspx
https://doi.org/10.1016/j.sjbs.2019.11.041
https://doi.org/10.1016/j.sjbs.2019.11.041
http://m.elewa.org/JABS/2011/39/5.pdf
http://m.elewa.org/JABS/2011/39/5.pdf
https://doi.org/10.1186/1471-2148-10-205
https://doi.org/10.1186/1471-2148-10-205
https://doi.org/10.1046/j.1365-2052.2003.00937.x
https://doi.org/10.1046/j.1365-2052.2003.00937.x
https://ar.guilan.ac.ir/article_211.html?lang=en
https://ar.guilan.ac.ir/article_211.html?lang=en
https://doi.org/10.1134/S1022795410040198
https://doi.org/10.1134/S1022795410040198
https://www.ajol.info/index.php/ajb/article/view/130242
https://www.ajol.info/index.php/ajb/article/view/130242
https://doi.org/10.1134/S1022795409020100
https://doi.org/10.1134/S1022795409020100
https://agris.fao.org/agris-search/search.do?recordID=IR2012005156
https://agris.fao.org/agris-search/search.do?recordID=IR2012005156
http://www.ijbiotech.com/article_7064.html
http://www.ijbiotech.com/article_7064.html
https://www.journals.uchicago.edu/doi/10.1086/282771
https://www.journals.uchicago.edu/doi/10.1086/282771

Acta Agronoémica. 69 (4) 2020, p 321-330

Nolte, M.; Kotze, A.; van der Bank, F. H.; Grobler, J.
P. 2005. Microsatellite markers reveal low genetic
differentiation among southern African Camelus
dromedarius populations. South African Journal
of Animal Science, 35(3), 152-162. https://doi.
org/10.4314 /sajas.v35i3.4054

Norouzy, A.; Nassiry, M. R.; Shahrody, F. E.;
Javadmanesh, A.; Mohammad-Abadi, M. R.;
Sulimova, G. E. 2005. Identification of bovine
leucocyte adhesion deficiency (BLAD) carriers in
Holstein and Brown Swiss Al bulls in Iran. Genetika,
41(12), 1697-1701. https:/ /pubmed.ncbi.nlm.nih.
gov/ 16396457/

Obreque, V.; Coogle, L.; Henney, P. J.; Bailey, E.;
Mancilla, R.; Garcia-Huidobro, J.; Hinrichsen,
P.; Cothran, E. G. 1998. Characterization of 10
polymorphic alpaca dinucleotide microsatellites.
Animal Genetics, 29(6), 460-467. https://
europepmec.org/article/med /9883512

Peakall, R.; Smouse, P. E. 2006. GENEALEX 6: genetic
analysis in Excel. Population genetic software for
teaching and research. Molecular Ecology Notes,
6(1), 288-295. https://doi.org/10.1111/j.1471-
8286.2005.01155.x

R Development Core Team, 2014. R: A language and
environment for statistical computing. Vienna,
Austria: the R foundation for statistical computing.
https:/ /www.R-project.org

Schulz, U.; Tupac-Yupanqui, I.; Martinez, A.; Méndez,
S.; Vicente-Delgado, J.; Gémez, M.; Dunner, S.;
Canoén, J. 2010. The Canarian Camel: A traditional
dromedary population. Diversity, 2(4), 561-571.
https://doi.org/10.3390/d2040561

Shamsalddini, S.; Mohammadabadi, M. R.;
Esmailizadeh, A. K. 2016. Polymorphism of the
prolactin gene and its effect on fiber traits in goat.
Russian Journal of Genetics, 52, 405-408. https://
doi.org/10.1134/S1022795416040098

330

Slatkin, M., Barton, N.H. 1989. A comparison of three
indirect methods for estimating average levels of
gene flow. Evolution, 43(7), 1349-1368. https://
doi.org/10.2307/2409452

Sneath, P.H., Sokal, R.R. 1973. Numerical Taxonomy.
Freeman, San Francisco, CA, USA. 573 p.

Talle, S. B.; Chenyabuga, W. S.; Fimland, E.;
Syrstad, O.; Meuwissen, T.; Klungland, H. 2005.
Use of DNA technologies for the conservation
of animal genetic resources: A review. Acta
Agriculturae Scandinavica, 55(1), 1-8. https:/ /doi.
org/10.1080/09064700510009315

Vajed Ebrahimi, M.T.; Mohammadabadi, M.R.;
Esmailizadeh, A.K. 2016. Using microsatellite
markers to analyze genetic diversity in 14 sheep
types in Iran. Archives Animal Breeding, 60(4), 183-
189. https://doi.org/10.5194 /aab-60-183-2017

VanRaden, P. M. 2008. Efficient Methods to Compute
Genomic Predictions. Journal of Dairy Science,
91(11), 4414-4423. https://doi.org/10.3168/
jds.2007-0980

Vijh, R. K.; Tantia, M. S.; Mishra, B.; Bharani-
Kumar, S.T. 2007. Genetic diversity and
differentiation of dromedarian camel of india.
Animal Biotechnology, 18(2), 81-90. https://doi.
org/10.1080/10495390600648741

Yeh, F.C.; Yang, R.; Boyle, T.; Edomonton, A.B. 1999.
POPGENE. Microsoft Window-based Freeware
for Population Genetic Analysis, version 1.31.
University of Alberta, Edomonton, AB, Canada.
https:/ /sites.ualberta.ca/~fyeh/popgene.pdf

Zajc, I.; Mellersh, C. S.; Sampson, J. 1997. Variability
of canine microsatellites within and between

different dog breeds. Mammalian Genome, 8, 182-
185. https://doi.org/10.1007/s003359900386


https://doi.org/10.4314/sajas.v35i3.4054
https://doi.org/10.4314/sajas.v35i3.4054
https://pubmed.ncbi.nlm.nih.gov/16396457/
https://pubmed.ncbi.nlm.nih.gov/16396457/
https://europepmc.org/article/med/9883512
https://europepmc.org/article/med/9883512
https://doi.org/10.1111/j.1471-8286.2005.01155.x
https://doi.org/10.1111/j.1471-8286.2005.01155.x
https://www.R-project.org
https://doi.org/10.3390/d2040561
https://doi.org/10.1134/S1022795416040098
https://doi.org/10.1134/S1022795416040098
https://doi.org/10.2307/2409452
https://doi.org/10.2307/2409452
https://doi.org/10.1080/09064700510009315
https://doi.org/10.1080/09064700510009315
https://doi.org/10.5194/aab-60-183-2017
https://doi.org/10.3168/jds.2007-0980
https://doi.org/10.3168/jds.2007-0980
https://doi.org/10.1080/10495390600648741
https://doi.org/10.1080/10495390600648741
https://sites.ualberta.ca/~fyeh/popgene.pdf
https://doi.org/10.1007/s003359900386

