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The genetic diversity and phylogenetic structure was analyzed in Marghoz goat population by mitochondrial DNA sequences. Phylogenetic analysis was carried out using hyper variable region 1 (968 bp) obtained form 40 animals. Marghoz goat proved to be extremely diverse (average haplotype diversity of
0.999) and the nucleotide diversity values 0.022. A total of 40 Marghoz goats were grouped into six haplotypes and the large majority of haplotypes were present in 15 animals. All Marghoz haplotypes were
classified into C haplogroup and revealed remarkably high genetic distances within the population when
compared with other Asian goat populations, indicating high genetic variation in the Marghoz goat. These
results indicate high-divergence status of the Marghoz goat and will influence breeding and conservation
strategies adopted for this breed.
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INTRODUCTION
The mitochondrial DNA (mtDNA) polymorphism, especially the displacement loop (D-loop) region, has been
largely applied to understand phylogenetical relationships
in many animal species, including cattle (Ilie et al. 2015),
pig (Li et al. 2014), sheep (Agaviezor et al. 2012), chicken
(Hoque et al. 2013), horse (Zernekova et al. 2013) and goat
(Hoda et al. 2014; Pakpahan et al. 2015; Çinar Kul and
Ertugrul, 2011). Previous studies on domestic goats identified at least four major mtDNA lineages (Joshi et al. 2004;
Luikart et al. 2001; Sultana et al. 2003). Lineage A is the
most diverse and widely distributed across all continents.
Lineage B is confined to eastern and southern Asia, including Mongolia, Laos, Malaysia, Pakistan and India. Lineage
C is present in low frequencies in Mongolia, Switzerland,
Slovenia, Pakistan, India and Iran. Finally, lineage D is rare
and only observed in Pakistani and Indian local goats
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(Naderi et al. 2007). The time since divergence among
these four lineages (more than 200000 years ago) far predated the time of domestication around 10000 years ago
(Joshi et al. 2004; Luikart et al. 2001; Sultana et al. 2003).
The control region (D-loop) is the most variable and noncoding portion of the mitochondrial genome (Wilson et al.
1985). This region controls the mitochondrial DNA
(mtDNA) replication by regulating the activities of various
enzymes and proteins that are coded by the nuclear genes
(Ghivizzani et al. 1993; Nass, 1995). The sequences of the
control region vary greatly in different mammalian species,
however, preservation of several conserved regions indicate
fundamental harmony in its function (Saccone et al. 1991).
It contains the origin of heavy strand and the promoters for
the light and heavy strand replication (Anderson et al.
1982). Because of their rapid evolution (Brown et al. 1979),
the control region sequences are valuable for investigating
the genetic diversity and evolutionary relationships among
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species (Wilson et al. 1985). The extent and pattern of genetic variability in livestock species will contribute to the
conservation of livestock genetic resources. On the basis of
the previously mentioned archaeological studies and biogeography, it is likely that the molecular studies of diversity
in Iranian goats will yield new understanding of the origin
and process of goat domestication, and will contribute to
the resolution of goat phylogeny. More than 20 breed of
goats have been recognized in Iran but only breeds namely
Marghoz and Raeni produces attractive and expensive Mohair and Kashmir fiber. These small breeds of goat are distributed over the western and north-west of Iran near to the
Turkey and Iraqi borders. Marghaz goats are fertile animals
with twin kidding over 30% (Moradi et al. 2014). It is believed the Angora goats are originated from this breed
(Moradi et al. 2014). Angora goats appear in one color
which is white to silver, but Marghoz goats produce mohair
in different natural colors which are a unique character of
this breed. Keeping above in view in present study, the current phylogenetic status and genetic diversities of Marghoz
goat has been investigated in order to understand the genetic basis of this breed.

MATERIALS AND METHODS
Animals
Blood samples from 40 Marghoz goats were collected. All
the goats were selected according to the herd book and the
phenotypic standard for this breed. They came from several
farms located in different areas of Kurdistan province of
Iran. Genomic DNA was extracted from fresh blood according to a standard phenol and chloroform method.
PCR amplification and sequencing
The first hyper variable segment (HVRI) of the mtDNA
control region sequences was amplified and sequenced. To
amplify the HVRI region of goat mtDNA, a pair of primers
was designed using the known goat mtDNA sequence
(GenBank Accession No. NC005044). The primers CAP-F
5′-ACTCCACAAGCCTACAGA-3′ and CAP-R 5′GGAAAGGTGGAGCGGATG-3′ were used to amplify a
968 bp DNA fragment. PCR amplifications were conducted
in a 30 uL volume containing 5 uL of 10x reaction buffer,
1.5 mM MgCl 2 , 0.2 mM dNTPs, 0.2 uM each primer, 1.5 U
Taq DNA polymerase (TaKaRa Biosystems) and approximately 150 ng genomic DNA. The PCR mixture underwent
3 min at 95 ˚C, 35 cycles 50s at 94 ˚C, 1min at 58 ˚C and 1
min at 72 ˚C and 5 min at 72 ˚C. PCR products were purified by using Watson PCR Purification Kit (Watson BioTechnologies, Shanghai). PCR products were sequenced
using ABI PRISM BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit and ABI PRISM 3130 Geneti Analyzer (Applied Biosystems, Foster City, USA).
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Phylogenetic reconstruction
The sequences obtained were compared by alignment to the
international Gene Bank data-base in 25 Chinese
(DQ089106–DQ089131), 9 Japan (AB110552-AB110555,
AB162196-AB162201) and 14 Pakistan (AB110558–
AB110572) using the BioEdit software program version 7.2
(Hall, 1999). To investigate genetic relationship between
mitochondrial sequences, an unrooted neighbor-joining
phylogeny (Saitou and Nei, 1987) was constructed using
the Tamura–Nei distance method (Tamura and Nei, 1993).
The distance computation and phylogenetic tree construction are incorporated in the MEGA package version. 5.1
(Kumar et al. 2004). Haplotype diversity (h d ), nucleotide
diversity (p) and average number of nucleotide were calculated using DnaSP software version 4.2 (Rozas et al. 2003).

RESULTS AND DISCUSSION
mtDNA variation in Marghoz goat
In the present study, we analyzed the mtDNA control region sequences of 40 Marghoz goats to further elucidate its
diversity. There were no insertions/deletions in 40 sequences of HVRI of the control regions. The HVRI sequences were highly polymorphic. Our 40 sequences gave 6
different haplotypes with 20 variable sites defined. The
largest haplotype group consisted of 15 individuals, two
haplotype groups included more than 5 individuals, and
three haplotypes included 2 individuals (Table 1).
The average base composition of the control region sequences was as follows; A: 29.6%, C: 25%, G: 16.2% and
T: 29.1% (Figure 1). This indicates that the caprine mtDNA
control region has high A/T contents as well as in all artiodactyls (cattle, sheep, goat and pig) and other mammalian
species such as mouse (Ameur et al. 2011), donkey (Xu et
al. 1996) and whale (Arnason et al. 1991). However, in the
case of primates (Foran et al. 1988), seal (Arnason et al.
1993) and rabbit (Mignotte et al. 1990), the control region
is rich in A/C contents. This is attributed to the speciesspecific variations that exist in the control regions among
different mammalian species.
Genetic distances by comparing with other Asian goat
populations
Using previously published Asian goat mtDNA sequence
information, mean sequence divergence values between
four Asian goat populations (Iran, Pakistan, China and Japan) and within each population were calculated (Table 2).
The highest sequence divergence value, 0.014, was observed between China and Pakistani goat populations.
When compared mean sequence divergence values within
population in Iranian goats with those of china, Japanese
and Pakistani domestic goats, the level of diversity within
Iran (nucleotide diversity, 0.022) is higher than that other
Iranian Journal of Applied Animal Science (2016) 6(3), 679-684
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The result highly supports the evidence of the high variability in the breed.

populations with the haplotype diversity values 0.999 in the
Marghoz goat.

Table 1 Mitochondrial hyper variable region 1 (HVR1) sequence variations among Marghoz goat
Base position1
Haplotypes

408
T
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T
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T

T

C

C

C

G

-

T

C

-

-

G

C

C

-

C

G

-

-

-

-

G

C

C
A
C
T
T
C
G
Numbers indicate nucleotide base position in caprine mtDNA HVR1 region and hyphen represents the identical nucleotide with the type 1 sequence.
2
Numbers in parentheses indicate number of animal observed in Marghoz goat.

T

Type 1 (15)2
Type 2 (10)
Type 3 (9)
Type 4 (2)
Type 5(2)
Type 6 (2)
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Figure 1 Average base composition of the HVR1 region sequences in Marghoz goat

Table 2 Sequence divergence of Asian goat populations1
Countries
Iran
0.022
Iran
0.206
Pakistan
0.203
Japan
0.99
China

Pakistan
0.013
0.016
0.013
0.96

Japan
0.001
0.008
0.009
0.95

China
0.013
0.014
0.008
0.014

1
Above the diagonal and on the diagonal are the average sequence divergences between populations and within populations, respectively. Below the diagonal
(italics) are genetic distances between populations calculated by Tamura-Nei model in MEGA software.

681

Iranian Journal of Applied Animal Science (2016) 6(3), 679-684

Mitochondrial Diversity of Marghoz Goat Population

When comparing with Iranian population, high divergence value of 0.013 was observed with China and Pakistan
populations. This supported that Iranian population was
related more closely to Japanese goats than China and Pakistan. The estimated genetic distances between populations
also indicated that the Iranian and Chinese goat populations
are far away (0.99) and Iranian goats are closely related
with Japanese (0.203) and Pakistani (0.206) goats.
Phylogenetic analysis for the Asian goats
Phylogenetic tree construction of the Marghoz goat was
performed with hyper variable region 1 (HVR1) in the caprine mtDNA of present study and published sequences
from Pakistani, Chinese and Japanese goat populations
(Figure 2). The unrooted neighbor-joining tree indicates
three major goat lineages (A to C). Phylogenetic tree also
indicates that the largest lineage A (22 haplotypes) includes
Chinese population and lineage B (22 haplotypes) includes
Pakistani and Japanese populations. Lineage C (6 haplotype) includes only Iranian goats.
The phylogenetic tree indicated that the Pakistani and
Chinese goats were wide-spread all over the mt lineage B
and A, respectively. However, Iranian goats located in a
separate lineage, which indicates the high genetic variation
of the Iranian native goats. High genetic variability of the
Iranian goats was observed, compared with other Asian
goat populations. Luikart et al. (2001) examined 406 individuals from 88 breeds partially sequenced the mtDNA
hyper variable region (HVR) in distributed across the world
and defined lineages A, B and C of which lineages B detected in India, Malaysia, Mongolia and Pakistan. Liu et al.
(2006) examined 50 mtDNA HVR (481 bp) sequences of
lineage B from six Asian goats, which were classified into
two subclasses and considered that lineage B. Naderi et al.
(2007) investigated 2430 goats from different countries and
shows six very different groups according to mitochondrial
haplogroup are referred to as A, B, C, D, F and G. The results of the research show that the haplogroup A is at most
at 53%. A haplogroup spread almost all over the world and
is the first haplogroup. Haplogroup B is found throughout
most of Asia and a small portion coming from Sub-Saharan
Africa and goat Europe from Greece. Goats of haplogroup
C is present in central Asian, Middle east, Iran and haplogroup D is present throughout Asia and northern Europe.
Group F goat came from Sicily and the group G is present
in the Middle east and north Africa. The results were in
general agreement with the pattern described in previous
study (Naderi et al. 2007). However more detailed molecular studies are required in near future. It is urgent to take
measures that promote a sustainable management of these
genetic resources (Taberlet et al. 2008). We also estimated
haplotype diversity for the three haplogroups (Table 3).
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Among them, haplogroup C (Iranian goats) had the highest haplotype diversity and haplogroup B (Pakistani and
Japanese goat breeds) had the lowest value.

Figure 2 Unrooted neighbor-joining tree constructed from Pakistan,
China, Japanese and Iranian goat populations

In Marghoz goat the haplotype diversity was 0.999. This
haplotype diversity is in accordance with the previously
described values in Albanian and Turkish goat breeds
(Hoda et al. 2014; Çinar Kul and Ertugrul, 2011). The level
of haplotype diversity of 18 goat breeds (0.7121-0.9804) by
Chen et al. (2005) is lower than that of Marghoz goat
(0.999) in our study. Haplotype diversity of mtDNA is important indices for assessing population polymorphism and
genetic differentiation. High values of haplotype indicate
high polymorphism of the population (Liu et al. 2006).
Iranian Journal of Applied Animal Science (2016) 6(3), 679-684
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Table 3 Genetic diversity of goat mtDNA haplogroups
Haplogroup

Number

Number of
haplotypes

96
85
40

22
22
6

Haplogroup A
Haplogroup B
Haplogroup C

Haplotype
diversity
(±SD)
0.949±0.028
0.879±0.012
0.999±0.001

The high mtDNA diversity was probably because of the
high variability level of the mitochondrial genome (Cozzi et
al. 2004).

CONCLUSION
We analyzed hyper variable segment (HVRI) of the
mtDNA control region to test Iranian goat phylogeny as
well as to discern the genetic diversity of Marghoz goat
breed. All the Marghoz goats, representing 6 haplotypes,
were classified into lineage C. Our results were in general
agreement with the pattern described in previous study
(Naderi et al. 2007). However, additional molecular studies
are required in the near future.
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