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Abstract In the current study, the mtDNA D-Loop
region was analyzed in South Anatolian Red (SAR, n=51),
Anatolian Black (NB, n=50), Anatolian Grey (AG, n=54),
Native Southern Anatolian Yellow (NSAY, n=51), East
Anatolian Red (EAR, n=54) and Zavot (ZAV, n=19) cattle
breeds (n=279) to reveal diversity of mitochondrial DNA,
differentiation of breeds, and relevance between genetic
differentiations and geographic distributions. Blood
samples were collected from native cattle breeds. Genomic
DNA was isolated using a standard phenol/chloroform
method. MtDNA D-loop region was amplified by PCR.
After mtDNA sequence analysis, sequence of the D-Loop
region was aligned with reference sequence. Haplotypes
were determined and phylogenetic tree was constructed
using BioEdit version 5.0.6, DNAsp version 5.10.01,
MEGA 4.0 Network, Arlequin, Phylip and TreeView
software. The sequence data was examined for nucleotide
and haplotypes diversity, genetic distance between breeds
visualized with Neighbor Joining tree and Median Joining
Network, evaluated with mismatch distribution analyses,
neutrality tests and AMOVA analyses. As a result in
comparison with cattle breeds throughout the world, the
higher nucleotide (π=0.02240, ±0.0005) and haplotype
diversity (H=0.9966, ±0.0006) higher haplotype number
and also high genetic variation within and between the
populations were determined in native Anatolian cattle
breeds. These findings support the idea that Anatolia has
been situated in a central position during the domestication
process of the cattle species.
Keywords Native Cattle, mtDNA, D-loop, Sequencing,
Phylogenetic, Domestication

1. Introduction
Archaeological and primary genetic studies indicated that
cattle were probably the first domesticated animal in the area

of Fertile Crescent which also involves Anatolia, 11,000
years ago [1]. Some genetic studies [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
indicated that European cattle breeds spread from Anatolia
to this region. More than 800 modern domestic cattle breeds
are known worldwide.
Native breeds in an area that is a genetic inheritance will
be transferred to the next generations in the area. However,
FAO estimates that one breed of livestock becomes extinct
every week [11]. The result of Hybridization studies on
Anatolian native cattle breeds indicated that the genetic
purity of the race began to disappeared. For this reason,
Turkey's indigenous cattle breeds’ genetic resources are in
the process of extinction [12, 13]. In order to protect native
breeds, their genetic structures and genetic diversity must be
determined. In phylogenetic studies, the most commonly
used genetic marker is the sequence analysis of
mitochondrial DNA (mtDNA) to determine the genetic
difference and history of populations. MtDNA gives
information about the maternal history, origin of the
populations. It also became a key molecular marker for
domestication studies, due to evolving rate is higher than
nuclear DNA, its regions evolve even faster and does not
undergo recombination. Displacement Loop (D-Loop)
region is the most rapidly evolving region of mtDNA and
gives information about domestication history of the
livestock breeds. For that reasons, mtDNA D-Loop region
sequence analysis has been a suitable diversity measure for
phylogenetic studies [7].
In this study, Anatolian native cattle breeds (South
Anatolian Red (SAR), Native Southern Anatolian Yellow
(SAY), Anatolian Black (AB), Anatolian Grey (AG), East
Anatolian Red (EAR) and Zavot) mtDNA D-Loop region
polymorphisms were determined with DNA Sequence
Analysis method. The purpose of this research is to reveal
the domestication history of the Anatolian native cattle
breeds and to explain the mtDNA diversity. It was carried
out in order to compare European and Anatolian haplogroup
diversity.
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2. Materials and Methods
2.1. Sampling and DNA Isolation Procedures
A total of 279 blood samples were collected from South
Anatolian Red (SAR, n = 51), Native Southern Anatolian
Yellow (SAY, n = 51), Anatolian Black (AB, n = 50),
Anatolian Grey (AG, n = 54), East Anatolian Red (EAR, n =
54) and Zavot (ZAV, n = 19) cattle. Genomic DNA samples
were extracted by using a standard phenol/chloroform
method [14]. Concentration, degradation and purity of
DNAs were checked by Nanodrop 1000 and agarose gel (%
0,6) electrophoresis.
2.2. Amplification and Sequencing
MtDNA D-loop region at position 15738 to 963 was
amplified
by
forward
primer
(prot-RNA:
CTGCAGTCTCACCATCAACC) [1] and revers primer
(12SrNA-2: AGGATATAAAGCACCGCCAAG) [26].
Each multiplex for PCR was performed in 60μl reaction
volume including 1x Mg++ free PCR buffer (Fermentas),
0.125 mM dNTPs (Fermentas), 1.5 mM MgCl++, 0.375 U of
Tag polymerase (Fermentas), 2 - 17 pMol each primer and
~100 ng of genomic DNA. Touchdown PCR profile was
used with two steps. The first step was initial denaturation at
95°C for 4 min, followed by 16 cycles of denaturation at
94°C for 30 sec, annealing beginning at 60°C and ending at
52°C for 30 sec and extension at 72°C for 2 min. Second step,
30 cycles of 94°C for 30 sec, 52°C for 30 sec and 72°C for 2
min were applied. The final extension of 72°C for 10 min
was applied in all reactions. PCR products quality and purity
were controlled with agarose gel (%1,5) electrophoresis. The
products cleaned with GENECLEAN® Turbo PCR Kit and
sequencing reaction was applied according to Beckman
Coulter DTCS kit’s manufacturer’s direction. The resulting,
PCR products were loaded onto a Beckman Coulter
CEQ-8000 Genetic Analysis System for capillary
electrophoresis and sequencing were determined by
sequence analysis using CEQ-8000 Lrf-b program with 25
second injection.

2.3. Population History and Phylogenetic Analyses
MtDNA sequences aligned and edited with BioEdit
Version 7.0.9.1. [16] with references [2, 4, 17] sequences.
After that, further analyses were performed using 621bp
mtDNA D-Loop region.
The polymorphisms of aligned sequences, haplotype
number, haplotype diversity (h) and nucleotide diversity (π)
were estimated by using DnaSP Ver.5. software [18]. To
identify Neighbor-Joining (NJ) tree was constructed by
using K2P and pairwise deletion (1000 replicates) with
MEGA Ver.4.0. software [19], PHYLIP Ver.3.69. [20] and
TreeView [21]. AMOVA statistics were used to show the
within population and between populations of the variation
and analyses were performed with using Arlequin
Ver.3.5.1.2. [22]. A Median Joining (MJ) network was
generated to further investigate the possible relationships
among the haplogroups by the program Network Ver.4.516.
[23] to imagine the relationships among haplotypes of the
population. To analyze the neutral theory, DnaSP Ver.5. [18]
was used to calculate Tajima's D [24] and Fu's Fs [25]
values.

3. Results and Discussion
3.1. Structure of the Populations
MtDNA D-Loop region diversity and Fu’s Fs and
Tajima’s D values of native cattle breeds in Turkey are
shown in Table 1. A complete of 256 haplotypes were
identified within 279 cattle samples and 37 of them were
unique.
In the present study, it has been identified that Anatolian
native cattle breeds have a large number of polymorphic
sites on mtDNA D-loop region. In terms of nucleotide and
haplotype diversity, they showed higher values than other
known world cattle breeds [2, 4, 5, 6, 7, 8, 10] when they
were compared with all groups. Similarly, the Y
chromosome specific markers in Turkish cattle breeds also
showed high genetic diversity [26]. Genetic characterization
which studied autosomal microsatellites and mtDNA
reported that Turkish native cattle breeds had rich genetic
diversity [10, 27].
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Table 1. Some statistical highlights about the studied breeds
Breed

N

Nh

(π)

(h)

Fu’s
Fs

Tajima’s
D

AG

54

44

0.01291 (±0.00132)

0.983 (±0.011)

-36.702

-2.44867**

EAR

54

51

0.01809 (±0.00138)

0.997(±0.004)

-45.566

-2.49489**

SAR

51

48

0.02555 (±0.00303)

0.997 (±0.005)

-33.427

-2.11975*

SAY

50

48

0.01496 (±0.00121)

0.998 (±0.004)

-51.578

-2.48566**

AB

51

47

0.01715 (±0.00184)

0.996 (±0.005)

-34.337

-2.43821**

ZAV

19

18

0.01372 (±0.00257)

0.994 (±0.019)

-9.711

-2.15258*

*P < 0.10 , **P < 0.05
N: Number of samples, Nh: Number of haplotypes, h: Haplotype diversity, π: Nucleotide diversity, Fu’s Fs: Fu’s statical F value, Tajima’s D: Tajima’s
statical D value SAR: South Anatolian Red, SAY: Native Southern Anatolian Yellow, AB: Anatolian Black, AG: Anatolian GreY, EAR: East Anatolian
Red and ZAV: Zavot.

Figure 1. Neighbour Joining tree constructed on FST distances of all the Anatolian native breeds.

Figure 2. Neighbour Joining tree constructed on FST distances of Anatolian cattle and references sequence.

82

Maternal Phylogenetics of Some Anatolian Cattle Breeds

Figure 3. Median Joining Network analysis of Anatolian and Europe, Asia, Africa and İndia native cattle populations’ haplotypes

Phylogenetic relations of the samples were examined by
NJ tree constructions [20, 21, 23]. FST values calculated by
applying 1000 permutation and these were found very high
and statistically significant (p <0.001). Anatolian native
cattle breeds FST distances showed that there was a low
genetic differentiation between AB, SAY and SAR cattle
breeds (Figure 1) [22]. Some Europen, Asian, African and
Indian native cattle breeds of mtDNA D-loop region
sequences derived from the Genebank and NJ tree
(cladogram) were drawn with Anatolian cattle breeds,
according to genetic distance values (FST). Under FST
distances, all Anatolian cattle breeds have been involved in
the same branch with European breeds (Figure 2).
FST results demonstrated that Anatolian native cattle
breeds had very high degree of differentiation. Results were
also compatible with intra-race haplotype and nucleotide
diversity. It was determined that diversity was very high.
According to the Neighbor Joining (NJ) tree, we found that
two races (AB and SAY) are genetically closest. The
population of AG has been identified as the furthest from all
other native cattle breeds location. Some STR analyses [9, 10]
also have reported that AG breeds population is a separate
branch on. In this study, genetic relationships of Anatolian
native cattle breeds closer to European breeds and other side
India breeds are seen as completely separate from others,
like some genetic studies [3, 4, 6].
A data file was created for AMOVA analysis by using FST
analysis results. AMOVA analysis results showed that
genetic differences level was very high (1.87; p<0.05)
between the groups [22]. And also it was determined that
variation within populations is higher than variation between
populations and the same results have been reported in many
studies [9, 10, 28, 29, 30, 31].

3.2. History of the Populations
Based on neutrality test findings (Table 1: Fu’s Fs and
Tajima’s D values), all native cattle breeds seem to have an
expansion of population [32]. Median Joining network
obtained from haplotypic data is shown in Figure 3 [23].
Median Joining network showed that all Anatolian cattle
haplotypes condensed around a centric area. This centric
area shows us that old haplotypes exist here and Anatolian
haplotype is genetically closer range with Europe, Asia and
Africa haplotypes. Each sequence described almost a
specific haplotype and it has a star-like model. When we take
into account this analysis results, we can say that Anatolian
native cattle breeds originated from first domesticated
haplogroups [23]. All these results suggest that Turkey is a
central localization for cattle domestication as Troy et al.
2001.

4. Conclusions
All analytical results have confirmed that Anatolia was a
domestication center for cattle and these breeds have critical
importance due to their close proximity to the domestication
center. The NJ tree’s results and structure analysis showed
that the Anatolian native cattle breeds are consistent with
their modern geographical locations. This study made it clear
that the native cattle breeds contained high level of genetic
variability and preserved mtDNA diversities.
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