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ABSTRACT 

This study was aimed to preserve mitochondria from 
liver tissues of Korean native cattle (KNC) as genetic 
resources and to analyze phylogenetic relationships 
among cattle breeds using the whole sequences of 
mtDNA. Mitochondria of KNC has been isolated with 
the alkaline lysis procedure using 1 g of liver tissues, 
and measurements showed numbers of cells (2.64 × 
1010), concentration (114.6 ug/ml), proteins (0.278 
ug/ml), and absorbance (0.029) in 260 nm. Mito- 
chondrial DNAs (mtDNA) were extracted from the 
isolated mitochondria to determine whole sequences 
that can be used to estimate genetic distances among 
cattle breeds. Designing of primers based on the bo- 
vine mtDNA sequence was resulted in 16 primer sets 
covering the whole mtDNA regions. The analysis of 
40 KNC mtDNA sequences revealed 69 polymorphic 
sites that were less than the average number of SNP 
(single nucleotide polymorphism) for other popula- 
tions (82 sites) in this study. As expected, the highest 
observation of SNPs was found in the D-loop region, 
and a total of 29 SNPs were shared between cattle 
populations. The haplotype analysis, which used 13 
SNPs located in D-loop, COX2, ND5, CYTB, and non 
coding regions, revealed that KNC showed clearly 
different haplotypes that may be used to distinguish 
KNC from other breeds as well as to characterize 
individual identifications. The phylogenetic analysis 
revealed that KNC showed a relatively close genetic 
distance with Japanese black cattle (JBC) comparing 
with other breeds. Estimations of the average nucleo- 
tide diversity (0.0008) and the ratio of transition/ 
transversion (0.1050) of KNC were placed somewhere 
in the middle of genetic diversity among cattle breeds. 
The identified genetic variants and results of phy- 
logenetic analysis will help understanding the phy- 
logenetic relationships of KNC and provide useful 
genetic information for further studies regarding 
SNPs in mtDNA regions.  
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1. INTRODUCTION 

Phylogenetic or population genetic studies have been 
focused on finding genetic variations in mitochondrial 
DNA (mtDNA) because mutations in this region con- 
tained 5 times higher than other genetic materials [1,2]. 
According to genetic structures and segregation patterns 
of mtDNA following material inheritance systems, the 
analysis of mtDNA can be used for tracing back the 
origins of breeds as well as identifying individual 
animals. Formation of mtDNA, which showed non- 
recombining patterns in nature of animals, revealed as a 
closed circular double helix DNA sizing approximately 
16,500 bp encoding 13 hydrophobic polypeptides, 22 
tRNAs, and 2 rRNAs [3,4].  

In general, searching genetic variants in mtDNA has 
been focused on the D-loop region that was mainly used 
to analyze genetic distances among breeds due to huge 
mutations [1,5]. Genes in mtDNA are also available to 
characterize breeds and individuals in phylogenetic 
studies [6,7], but a few reports are available for SNPs 
from the coding regions because studies believed that 
SNPs in coding regions may not be available to explain 
genetic diversity with low frequencies of genetic vari- 
ations. It is still, however, required that uses of the whole 
mtDNA sequences are needed to estimate the genetic 
relationships among breeds, to characterize the breed 
specificity, and to identify individuals.  

KNC, which is a unique Bos Taurus breed, has limited 
numbers of studies for identifying genetic relationships 
among cattle breeds using the entire mtDNA. It may be 
an essential process how the genetic constitution of 
mtDNA has been distributed in KNC populations. Up 
until now, KNC has not been genetically verified using 
mtDNA sequences of the frequently used sire lines. In 
addition, the mtDNA analysis can define genetic re- 
lationships within breeds to assume degrees of similari- 
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ties between individual animals. This study was, there- 
fore, aimed to build whole mtDNA sequences of KNC 
from frequently used sire lines, to isolate mitochondria 
from liver tissues as genetic resources, to identify hot 
spots accounting for genetic distances, and to characte- 
rize phylogenetic relationships among cattle breeds as 
well as individuals.  

2. MATERIALS AND METHODS 

2.1. Animals 

This experiment has been approved by the ethics and 
welfare committee of National Institute of Animal 
Science (NIAS) for all requirements of experiment 
guidelines. The liver samples from 40 KNC, which were 
taken from a slaughter unit at the National Institute of 
Animal Science in Korea, were applied to extract 
mitochondria. The animals showing different pedigrees 
without sharing common sires were selected to maximize 
finding possibilities of genetic variants in KNC. 
Approximately, 10 g of liver samples for each individual 
were taken and preserved at −70˚C until used.  

2.2. Sample Preparation 

The frozen liver tissue was removed from a deep freezer 
and placed on ice to facilitate thawing for 1 hour. To 
prevent any contamination of nuclear DNA, blood clots 
and connective tissues were removed. Approximately, 1 
g of liver tissues was sliced into a disposable dish with a 
razor blade. The tissue free membrane was cut into small 
pieces and washed with 5 volumes of 0.9% NaCl for 3 
times. Sliced tissues were put in 5 volumes of cold 
homogenizing buffer A (0.25 M Sucrose, 0.1 mM EDTA, 
and 3 mM Tris-HCl, pH 7.4), and after brief centrifu- 
gation at 1000 rpm for 5 minutes, the tissue was trans- 
ferred into a 15 ml new conical tube. The tissue was 
homogenized 3 times for 30 seconds at 500 rpm using a 
5 ml of Teflon Pestle Homogenizer (Wheaton) and then 
centrifuged at 700 g for 5 min at 4˚C. The supernatant 
was transferred to a new conical tube, and an equal 
volume of homogenizing buffer B (0.25 M Sucrose, 0.1 
mM EDTA, and 3 mM Tris-HCl, pH 7.4) was added. 
The supernatant was collected after centrifugation at 700 
g for 10 min at 4˚C. Finally, mitochondria were collected 
using centrifugation at 7000 g for 10 min at 4˚C and 
resuspended in 2.5 volumes of homogenizing buffer A. 
The collected mitochondria were diluted with a PBS 
buffer, and an equal volume of 0.4% Gimsa staining 
solution was added. The stained cells (approximately 20 
ul) were applied to a slide glass covered with a 
Hemocytometer (Fisher Scientific) on a microscope at 
400 X (Nikon TE 2000-U). Protein concentrations and 
absorbance were measured by a spectrophotometer 
(GeneQuant II, Pharmacia Biotech). 

2.3. Mitochondrial DNA Extraction  

Two volumes of lysis buffer (0.5 M Sodium Acetate, 10 
mM Tris-HCl and EDTA, and 0.5% Sarkosyl) were 
added to a solution containing mitochondria, and the 
suspension was thoroughly mixed by soft pipetting and 
stood at room temperature for 30 minutes. DNase free 
RNase (20 mg/ml in 0.1 M Sodium Acetate, pH 4.5) was 
added (300 ul) to the mitochondrial lysate and stood at 
room temperature for 20 minutes. After incubation, 1/3 
volume of 3 M Sodium Acetate was added and then 
centrifuged at 7000 g for 10 min at 4˚C. The supernatant 
was transferred into a spin column (Neclogen, Korea) to 
bind mtDNA. After washing the column 2 times with a 
washing buffer containing 70% of ethanol, mtDNA was 
eluted by water, and concentration and purity of mtDNA 
were measured by a spectrophotometer (GeneQuant II, 
Pharmacia Biotech). 

2.4. Amplification Primers 

To amplify the whole mitochondrial genome, a total of 
16 primer sets were designed based on the bovine 
mtDNA sequence (a GenBank accession number, J01394) 
with options of overlapping at least 200 bp between 
primer sets, 60% of GC contents, and approximately 
1200 - 1600 bp of amplification lengths (Table 1). PCR 
has been conducted with a final volume of 20 ul, in- 
cluding 2 ul of 10 X reaction buffer (10 mM Tris, pH 8.3, 
50 mM KCl, 0.1% Triton X-100, and 1.5 mM MgCl2), 
25 mM dNTP, 10 pM of each primer, 30 ng of mtDNA, 
and two units of Taq DNA polymerase. After denatu- 
ration for 2 min at 95˚C, a total of 35 amplification 
cycles were adapted to 94°C/45sec for denaturation, 54˚C 
through 57˚C/1min for annealing, and 72˚C/1.5min for 
polymerization (MJ research P-200). Optimal PCR 
conditions were adjusted with the gradient amplifica- 
tion process.  

2.5. Sequencing and Phylogenetic Analysis  

Amplification products were purified using PCR purifi- 
cation kits (Nucleogen, Korea), and a direct sequencing 
was conducted with an ABI 3730XL Genetic Analyzer 
using forward and reverse primers. The sequencing 
analysis duplicated PCR amplifications and sequencing 
reactions to minimize base calling errors. The sequences 
were aligned by DNAstar version 6.0, and the newly 
identified sequences of KNC were submitted to GenBank 
with an accession number. Individual sequences were 
aligned to find genetic variants with the Seqman program 
of DNAstar version 6.0. The haplotype analysis was 
conducted to find genetic differences and to distinguish 
breed specificities using commonly observed 13 SNPs 
(nucleotide positions 169, 7776, 11035, 12158, 12684, 
15510, 16042, 16074, 16093, 16119, 16122, 16255 and  
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Table 1. Primer sequences, PCR conditions, and sizes of segments for the bovine mtDNA. 

Primer sequences1 Position 
Primer 

Forward Reverse 
Tm (°C )

Forward Reverse 
Gene

1 CTGGACTTAACTGCATCTTGAGC GTTTTGTTTTATTCTATCTTGGTT 57 128 - 150 1489 - 1512 D-loop

2 GCACTAGCTACATGAGAGGAGACA TTGGAAGTAAGAGACAGTAAAACC 57 1318 - 1341 2441 - 2464 - 

3 AATGGCCGCACGAGGGTTTTA ATGGAGCTCGGTTTGTTTCTGC 54 2427 - 2447 3671 - 3692 ND1 

4 ATACGCACTAATCGGAGCCCTACG GGATGCCCTGTGTTACTTCTGG 57 3478 - 3501 4611 - 4632 ND2 

5 ATAGCCCCATTTCACTTC CGTTGTAGATTTCTCGTC 54 4587 - 4604 5834 - 5852 COX1

6 TTGGGCCGGTATAGTAGGAACAGC TCGTCGAGGCATGCCAGATAGTC 57 5781 - 5758 6981 - 7003 COX2

7 CGACGATACTCCGACTA TTTTATAATATTGACGCAGAT 57 6998 - 7015 8039 - 8059 ATP8

8 GTCCAGCTTATATTACGGTCAA TAGGCCAATTATTAGCAGGGTCAT 57 7936 - 7958 9087 - 9110 ATP6

9 CTAATCGGAGGAGCTACACTTG ATTTATTATTCTTTTTCGGACTA 54 8806 - 8827 9806 - 9828 COX3

10 TTATCACCATCACATTAGGAGTCT TTTTCGGGTTAGGTTTTCTTTTGA 54 9460 - 9483 10781 - 10804 ND3 

11 CAGCCCTAACAATCCTCAACTCAC TGGATAAGGATGGCTACGATAACG 57 10369 - 10392 11416 - 11439 ND4L

12 GTAAGCCACATAGCACTCG TTTGTTAATATTGGGGTCTG 57 11399 - 11417 12437 - 12546 ND5 

13 GGAAAATATACCTACCACAT CTATTATAAGGCCCAGTTGAC 57 11777 - 11796 13031 - 13051 ND5 

14 ACAATAGTGGTAGCAGGTA TTGTTGATGGAGTTCTTTATGGTC 54 12859 - 12877 14129 - 14152 ND6 

15 CTCCATCAACAAGCCAGTA TGTGTAGTAGGGGGATTAGAGCA 57 14141 - 14159 15416 - 15438 CYTB

16 CGAGGCTTATATTACGGGTCTTAC GCGGGTTGCTGGTTTCAC 54 14811 - 14834 16176 - 16193 D-loop

1The primer selection was based on a GenBank accession number (J01394). 

 
16302) located in COX2, ND5, CYTB, D-loop and non- 
coding regions. A construction of the haplotypes was 
performed with HAPSTAT version 3.0. To maximize 
finding genetic differences among cattle breeds, a total of 
113 sequences from the GenBank with accession num- 
bers that may represent cattle breeds (Table 2) were used. 
Genetic distances among cattle breeds were analyzed 
using a DNAdist option (DNA distance matrix, Bio-edit 
version 7.0.1) to identify a neighbor phylogenetic 
relationship.  

3. RESULTS 

3.1. Mitochondria and mtDNA 

The previously published protocol, which used two 
major steps for precipitation and centrifugation with the 
alkaline lysis to purify mitochondria from the human 
tissues [8], was based with adding more steps of 
precipitation and centrifugation that ensured the high 
quality of mitochondria without contamination. Mito- 
chondria has been successfully isolated using 1 g of liver 
tissues showing 2.64 × 1010 cells that were enough to 
preserve mitochondria as genetic resources and to isolate 
mtDNA for further analysis of genetic variants. 
Concentrations (114.6 ug/ml), proteins (0.278 ug/ml),  

and absorbance (0.029) in 260 nm of mitochondria were 
measured. mtDNA also has been extracted from the 
isolated mitochondria and used to amplify segments. The 
specific oligo nucleotides produced approximately 1200 - 
1600 bp of DNA segments that covered whole mtDNA 
regions due to overlapping designs of primers between 
amplified fragments. Each PCR reaction showed clear 
images without extra contaminated DNA bands (Figure 
1). After verification of segments using direct sequen- 
cing analysis, alignments were conducted with the se- 
quenced files for each individual, and complete contigs 
of mtDNA, which revealed approximately 16,388 bp 
showing similar sequence lengths compared with several 
cattle breeds from the GenBank, were obtained.  

3.2. Sequence Analysis  

As shown in Table 3, sequence analysis revealed 11 
distinctive SNPs (nucleotide positions at 7776, 11,035, 
11,174, 12,158, 12,684, 15,510, 16,042, 16,093, 16,119, 
16,122 and 16,302), which defined 40 KNC animals into 
3 major groups based on values of sequence identity. 
Each group showed significantly high allele frequencies 
for all SNP locations except 3 SNP (11,174 and 12,158, 
and 12,684). In contrast with the reference, which was 
consisted of all animals except KNC, all SNP locations  
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Table 2. Information of mitochondrial DNA sequences for cattle breeds with GenBank accession numbers. 

Breed GenBank accession number Haplogroup Breed GenBank accession number Haplogroup 

Korean native (KNC) AY526085 T3aT4 Holstein (HOL) DQ124411 T3 

 DQ124377 T4  DQ124408 T3 

 DQ124386 T3  DQ124416 T3 

 DQ124376 T3  EU177821 T3 

 DQ124379 T3  EU177826 T3 

 DQ124375 T4  DQ124406 T3 

 DQ124372 T4  DQ124418 T3a 

 DQ124374 T3  DQ124417 T3a 

 DQ124380 T3  DQ124412 T4 

 DQ124381 T3  DQ124404 T3 

 DQ124382 T3  DQ124405 T3 

 DQ124385 T3  DQ124407 T3 

 DQ124371 T3a  DQ124413 T3 

 DQ124373 T3  DQ124409 T3 

 DQ124378 T3  DQ124415 T3 

 DQ124384 T3  DQ124410 T3 

 DQ124383 T2  DQ124414 T3 

 NC_006853 T4  EU177827 T3 

Angus (ANG) AY676857 T3  EU177847 T1 

 AY676863 T3b Maremmana (AR) Eu177824 T3 

 AY676865 T3b  EU177829 T3 

 AY676862 T3b  EU177844 T1a 

 AY676866 T3b Iraqi (IRQ) EU177835 T3 

 AY676873 T3  EU177836 T3 

 AY676871 T3  EU177837 T3 

 AY676868 T3  EU177864 T5 

 AY676869 T3  EU177848 T1a 

 AY676859 T3  EU177856 T2 

 AY676864 T3  EU177865 T5 

 AY676867 T1,2,3 Charolais (CHA) AY676858 T3b 

 AY676870 T1,2,3  AY676861 T3 

 AY676872 T3  EU177839 T3 

Chianina (CHI) EU177816 T3  EU177838 T3 

 EU177819 T3 Cabannina (CAB) EU177840 T1,2,3 

 EU177846 T1a  EU177850 T2 

 EU177818 T3  EU177851 T2 

 EU177823 T3  EU177866 Q1 

 EU177822 T3  EU177867 Q 

 FJ971081 Q Romagnola (ROM) FJ971087 R 

 EU177855 T2  FJ971080 Q 

 EU177820 T3  FJ971083 Q1 

 EU177845 T1a Greek (GRK) EU177852 T2 

 EU177825 T3  EU177849 T2 
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 EU177828 T3 Piedmontese (PIE) EU177815 T3 

 EU177853 T2  EU177863 T5 

 EU177854 T2  FJ971082 Q1 

Japanese black (JBC) AB074964 T4 Valdostana (VAL) EU177817 T3 

 AB074963 T4  EU177862 T5 

 AB074962 T4 Podolica (POD) EU177830 T3 

 AB074966 T3  EU177843 T1a 

 AB074967 T3 Mongolian (MON) FJ971088 R 

 AB074968 T3 Galbvieh (GAL) AY676860 T3 

 AB074965 T3 Limousine (LIM) AY676856 T2 

Iranian (IRN) EU177857 T2 Rendena (REN) EU177861 T2 

 EU177858 T2 Fleckvieh (FLE) Af492351 T3 

 EU177859 T2 Agerolese (AGE) FJ971084 R 

 EU177860 T2 Simmental-X (SIM) AY676855 T3 

 EU177868 I1 Ukrainian_grey (UKR) GQ129208 T3a 

 EU177869 I2 Hungarian_grey (HUN) GQ129207 T3 

 EU177870 I2 Pettiazza (PET) EU177832 T3 

Betizuak (BET) EU177834 T3 Zwergzebu (ZWE) AF492350 I2 

 EU177833 T3 Nellore (NEL) AY126697 I1 

Cinisara (CIN) EU177842 T1  NC-005971 I1 

 EU177841 T1 Modicana (MOD) EU177831 T3 

 FJ971085 R Bos_javanicus FJ997262  

 FJ971086 R    

 
Table 3. Characterization and distribution of distinct SNP in KNC. 

 Group 1  Group 2 Group 3 Reference1  Nucleotide 
Location  SNP Frequency  SNP Frequency SNP Frequency SNP Frequency  

Frequency 
Difference4 

7776  C 1  T 1 C 1 C 0.0466  0.9534 

11,035  C 1  T 1 C 1 T 0.0933  0.9067 

11,174  T 0.9000  C 1 C 1 T 0.0200  0.9467 

12,158  C 1  T 0.8461 T 1 C 0.1200  0.8287 

12,684  T 1  C 0.9231 T 1 C 0.1133  0.8611 

15,510  T 1  C 1 C 1 T 0.0933  0.9067 

16,042  C 1  T 1 T 1 C 0.1466  0.8534 

16,093  A 1  G 1 G 1 A 0.1066  0.8934 

16,119  T 1  T 1 C 1 C 0.1200  0.8801 

16,122  T 1  C 1 T 1 C 0.1666  0.8334 

16,302  A 1  G 1 G 1 A 0.0933  0.9067 

N2   10   13  15  110   

Ave. SI3   0.0004   0.0002  0.0002  0.0085   

1Reference: All animals except KNC; 2N: Number of animals; 3SI: Average sequence identity was measured using the whole mtDNA sequences with sequence 
identity matrix programs of Bio-edit version 7.0.1.; 4Differences of allele frequencies between the averaged KNC and the reference populations. 

 
revealed significantly different frequencies that may be 
effectively used to characterize KNC individuals. The 
maximum and minimum differences of frequencies were 
0.8287 and 0.9534, respectively.  

Sequence analysis revealed that a total of 69 SNP were 
identified in KNC (Table 4). As long as this study was to 
identify the genetic relationship of KNC against other 
breeds, 113 mtDNA sequences from the GenBank with  
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Figure 1. Mobility patterns of electrophoresis for 16 primer 
sets to amplify mtDNA sizing approximately 1200 - 1600 bp. 
To amplify the entire mitochondrial genome, a total of 16 
primer sets, which covered whole mtDNA (approximately 
16,388 bp), were designed based on the bovine mtDNA se- 
quence (a GenBank accession number, J01394) with options of 
overlapping at least 200 bp between primer sets, 60% of GC 
contents, and approximately 1200 - 1600 bp of amplification 
lengths. PCR has been conducted with a final volume of 20 ul, 
including 2 ul of 10 X reaction buffer (10 mM Tris, pH 8.3, 50 
mM KCl, 0.1% Triton X-100, 1.5 mM MgCl2), 25 mM dNTP, 
10 pM of each primer, 30 ng of mtDNA, and two units of Taq 
DNA polymerase. After denaturation for 2 min at 95°C, a total 
of 35 amplification cycles were adapted to 94°C/45 sec for 
denaturation, 54°C through 57°C/1min for annealing, and 
72°C/1.5min for polymerization (MJ research P-200). Optimal 
PCR conditions were adjusted with the gradient amplification 
process. 

accession numbers representing 30 cattle breeds were 
used to compare genetic differences that confirmed 78 
SNP in other cattle populations (OTH) consisted of 25 
Bos Taurus breeds except Angus (ANG), Holstein (HOL) 
and Japanese Black Cattle (JBC). Comparisons of 
sequences identified variations in ANG, JBC, and HOL 
breeds showing 65, 22, and 78 SNP, respectively, and a 
total of 742 SNP across all populations in this analysis 
were confirmed.  KNC showed similar distributions of 
polymorphic sites with ANG, whereas very low numbers 
of SNP were detected in JBC. The result was not 
absolutely confident with JBC because the analysis was 
only based on sequences from the GenBank providing 
limited numbers of sequences. On the other hand, the 
possible answer for low observations of SNP in JBC 
would be a very tight gene fixation by maintaining a 
robust crossbred population that represents unified 
phenotypes. The distributing patterns of SNP in coding 
regions between breeds were not significantly differed 
from each other except for JBC. A total of 29 SNP in 9 
regions (D-loop, ND1, COX2, ATP6, ND5, COX3, ND6, 
CYTB, and non-coding) were commonly observed among 
breeds (Table 3).  

As expected that the D-loop region contained huge 

 
Table 4. Number of SNP in each region of the bovine mtDNA. 

No. of SNP 
Gene1 Position 

KNC2 ANG3 JBC4 HOL5 OTH6 Average Share7 

D-loop 1 - 364, 15792 - 16338 26 25 10 27 22 22 15 

ND1 3101 - 4057 5 2 1 2 4 2.8 1 

ND2 4266 - 5309 2 3 0 2 2 1.8 0 

COX1 5687 - 7231 4 3 2 8 7 4.8 2 

COX2 7374 - 8057 5 3 1 2 2 2.6 0 

ATP8 8129 - 8329 2 0 0 1 1 0.8 0 

ATP6 8290 - 8970 3 4 0 4 3 2.8 1 

COX3 8970 - 9750 3 1 0 3 5 2.4 1 

ND3 9823 - 10179 0 1 0 1 1 0.6 0 

ND4L 10239 - 10535 2 1 1 2 0 1.2 0 

ND5 12109 - 13929 8 9 3 9 8 7.4 4 

ND6 13913 - 14440 1 1 1 1 3 1.4 1 

CYTB 14514 - 15653 4 3 1 6 6 4 3 

Others  4 9 2 10 14 7.8 1 

Sum  69 65 22 78 78 62.4 29 

1ND1: NADH dehydrogenase subunit 1, ND2: NADH dehydrogenase subunit 2, COX1: cytochrome C oxidase subunit I, COX2: cytochrome C oxidase subunit 
II, ATP8: ATP synthase F0 subunit 8, ATP6: ATP synthase F0 subunit 6, COX3: cytochrome C oxidase subunit III, ND3: NADH dehydrogenase subunit 3, 
ND4L: NADH dehydrogenase subunit 4L, ND5: NADH dehydrogenase subunit 5, ND6: NADH dehydrogenase subunit 6, CYTB: cytochrome B, and others (not 
included in genes); 2 - 5KNC: Korean native cattle, ANG: Angus, JBC: Japanese black, and HOL: Holstein; 6OTH: all breeds except KNC, ANG, JBC, and HOL; 
7SNPs were shared among cattle breeds. 
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mutation sites as a hot spot to analyze genetic distances 
and diversities among cattle breeds as well as individuals, 
the highest observation of SNP was detected in the 
region occupying approximately 35.25% of total SNP. 
The lowest observation of SNP, which showed less than 
2 SNP, was observed in ND2, ATP8, ND3, ND4L, and 
ND6 genes. The most obvious point of this study was 
that unique nucleotides, which may be enough to 
distinguish JBC from other cattle breeds, were detected 
at nucleotide positions 2536 (A/C) and 9682 (C/G). In 
addition, JBC revealed the unique pattern of sequences at 
a nucleotide position 587 showing a deletion site that 
was not observed in any other breeds. However, 
significant SNP that can differentiate breed specificity 
were not observed in KNC as well as other breeds, and 
the results may be expected because KNC including 
most of the Bos Taurus breeds came from the same 

haplogroup (T3) in terms of evolutionary pathways. Of 
the 69 SNP in KNC, 46 synonymous and 23 non- 
synonymous mutations were observed. In contrast, 
significantly high numbers of mutations (55 synonymous) 
were detected in other populations. Overall, the per- 
centage of synonymous SNP in KNC was less than other 
breeds except JBC, and these nucleotide positions may 
be efficiently used to construct haplotypes for characteri- 
zation of individuals and breeds.  

Characterization of KNC has been confirmed with 
haplotypes compared with other breeds (Table 5). The 
13 SNP (nucleotide positions 169, 7776, 11,035, 12,158, 
12,684, 15,510, 16,042, 16,074, 16,093, 16,119, 16,122, 
16,255, and 16,302), which were commonly observed in 
cattle populations, were selected, and 5 to 20 haplotypes 
were constructed using KNC, JBC, HOL, ANG, and 
OTH. JBC revealed the highest numbers of haplotypes, 

 
Table 5. Frequencies of haplotypes using 13 commonly observed SNP in cattle populations. 

KNC (40)  JBC (7)  HOL (19) ANG (15)  OTH (73)3 

Hap1 Sequence2 Freq.  Hap1 Sequence Freq.  Hap1 Sequence Freq. Hap1 Sequence Freq.  Hap1 Sequence Freq.

A 0000000000000 0.552  A 0000000000000 0.357  A 0000000000000 0.700 A 0000000000000 0.550  A 0000000000000 0.625

F 0000000000100 0.026  F 0000000000100 0.071  C 0001011010001 0.033 A1 0000000000001 0.050  O1 0000000000001 0.031

B 0000000001000 0.105  B 0000000001000 0.071  D 1000000000000 0.200 B 0000000001000 0.050  O2 0000000000010 0.062

K1 0000001010000 0.026  J1 0000000001001 0.071  H1 1001001010000 0.033 D 1000000000000 0.200  O3 0000000100010 0.062

K2 0001000001000 0.026  J2 0000010000000 0.035  H2 1001011010000 0.033 A2 1000001000000 0.150  O4 0000001000000 0.031

C 0001010010001 0.026  J3 0000010000001 0.035         D 1000000000000 0.156

E 0001011010001 0.078  J4 0000010010000 0.035         O5 1001000000000 0.031

K3 0001011110001 0.026  J5 0000010010001 0.035            

K4 0110100000100 0.052  J6 0000011000000 0.017            

K5 0111100000100 0.026  J7 0000011000001 0.017            

D 1000000000000 0.052  J8 0000011010000 0.017            

    J9 0000011010001 0.017            

    J10 0001010000000 0.035            

    J11 0001010000001 0.035            

    J12 0001010010000 0.035            

    C 0001010010001 0.035            

    J13 0001011000000 0.017            

    J14 0001011000001 0.017            

    J15 0001011010000 0.017            

    E 0001011010001 0.017            

1Haplotypes (A to F haplotypes were shared between populations); 2Each nucleotide was encoded 0 and 1 for SNP at positions 169, 7776, 11,035, 12,158, 
12,684, 15,510, 16,042, 16,074, 16,093, 16,119, 16,122, 16,255 and 16,302, and the positions were based on a GenBank accession number (AY526085); 3OTH 
stands for other breeds except KNC, Japanese Black, Holstein-Friesian, Angus as well as Bos Indicus breeds (Nellore and Zwergzebu). 
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and the results may be caused by relatively low 
observation of SNP. KNC showed 11 haplotypes 
showing that 55.26% of individuals were in haplotype A 
that was a common haplotype formed with all homo- 
zygous genotypes for all SNP. The six common hap- 
lotypes (A - F) were differently distributed among cattle 
populations, and some of the haplotypes presented signi- 
ficantly different frequencies; for example, frequencies 
of haplotype D (1000000000000) were estimated in 
KNC (0.052), HOL (0.200), ANG (0.200), and OTH 
(0.156). Except for 6 major haplotypes in KNC, 15.78% 
of haplotypes (K1 to K5), which may increase to identify 
the breed specificity, did not share haplotypes with other 
breeds. The obvious point was that KNC shared 5 
haplotypes (A, B, C, E, and F) with JBC while 2 to 3 
haplotypes were shared between KNC and other breeds. 
The results also showed clear genetic differences 
between populations, meaning that the identified ha- 
plotypes may be used to characterize breed specificities 
of KNC from other cattle breeds.  

Sequence identities were estimated to characterize 
individuals in each breed, and the average estimation 
showed JBC (0.0005), HOL (0.0006), ANG (0.0008), 
and KNC (0.0008). There was a high sequence similarity 
in a couple of KNC individuals showing only a 
nucleotide difference at a position 16,112 (T/C). The 
sequence analysis identified SNP (nucleotide positions  

12,158, 15,510, 16,042, and 16,093) occupying 76.66% 
of polymorphic patterns against for KNC. Thus, forming 
haplotypes regarding characteristics of individuals for 
KNC may be possible according to combinations of SNP 
based on 4 major SNP, and the results may be applied to 
other breeds. The most important point regarding all 
cattle breeds may be 3 nucleotide positions (169, 7776, 
and 16,255) that could be hot spots for all cattle breeds 
because these SNPs maximized differences of genetic 
distances (Figure 2). In addition, three breeds (AGE, 
NEL, and ZWE) were significantly influenced for esti- 
mating genetic distances by using 13 SNP. 

3.3. Nucleotide Diversity  

Two breeds (IRQ and IRN) revealed very high numbers 
of polymorphic sites (285 - 288 SNPs) comparing with 
other breeds, and some of the breeds (JBC, MAR, POD, 
and VAL) showed very low polymorphic sites less than 
10 SNPs in coding regions (Table 6). More SNP in IRN 
and IRQ may be caused by severe differentiation from 
the main stream of genetic diversity in the whole mtDNA 
regions. The results were also supported by the 
significantly high values of nucleotide diversity for IRN 
(0.005215) and IRQ (0.006391) in the whole mtDNA 
regions. The highest and lowest nucleotide diversities 
were 0.006391 (IRQ) and 0.000530 (JBC), respectively. 
The estimation of average nucleotide diversity of KNC 

 

 

Figure 2. Average effects of 13 SNP on genetic distances among all analyzed B.T. taurus and indicus breeds. A total of 13 SNP were 
based on the sequence (AY526085) in GenBank with nucleotide positions at 169, 7776, 11,035, 12,158, 12,684, 15,510, 16,042, 
16,074, 16,093, 16,119, 16,122, 16,255, and 16,302. Genetic distances were estimated with a DNAdist option (DNA distance ma- 
trix, Bio-edit version 7.0.1.). 
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Table 6. The number of polymorphic sites, nucleotide diversity, and a ratio of transition/transversion in genes and the whole mtDNA 
genome. 

  Gene Whole mtDNA genome 

Breeds  
No. of  

Polymorphic sites 
Nucleotide
diversity 

Standard 
deviation 

ti/tv1 
No. of Poly-
morphic sites

Nucleotide  
diversity 

Standard 
deviation 

ti/tv 

Angus (ANG)  44 0.000470 0.000263 0.101 65 0.000780 0.000420 0.078

Cabannina (CAB)  57 0.000926 0.000503 0.075 83 0.001293 0.000692 0.092

Charolais (CHA)  9 0.000583 0.000615 0.001 12 0.000734 0.000746 0.001

Chianina (CHI)  56 0.000989 0.000564 0.077 77 0.001323 0.000751 0.098

Cinisara (CIN)  85 0.003630 0.002397 0.037 117 0.004662 0.003069 0.035

Greek (GRK)  8 0.000346 0.000285 0.143 17 0.000694 0.000544 0.133

Holstein Friesian (HOL)  60 0.000462 0.000253 0.092 78 0.000686 0.000364 0.075

Iranian (IRN)  233 0.004371 0.002468 0.035 288 0.005215 0.002938 0.051

Iraqi (IRQ)  229 0.005366 0.002900 0.064 285 0.006391 0.003448 0.074

Japanese Black (JBC)  13 0.000302 0.000193 0.001 22 0.000530 0.000320 0.001

Korean native (KNC)  57 0.000585 0.000317 0.117 69 0.000858 0.000453 0.105

Maremmana (MAR)  9 0.000389 0.000318 0.001 17 0.000694 0.000544 0.062

Piedmontese (PIE)  34 0.001469 0.001124 0.096 44 0.001795 0.001365 0.158

Podolica (POD)  5 0.000324 0.000355 0.001 11 0.000673 0.000703 0.101

Romagnola (ROM)  81 0.003501 0.002638 0.051 112 0.004570 0.003434 0.056

Valdostana (VAL)  10 0.000648 0.000680 0.001 17 0.001040 0.001071 0.101

1ti/tv stands for a ratio of transition/transversion. 

 
was 0.000858 that was placed in the middle of genetic 
diversity comparing with other breeds. The transition 
(T/C and A/G) and transversion (A/T, T/G, C G, and A/C) 
of nucleotides presented nucleotide diversities when 
performing a comparative analysis of sequences between 
populations. A ratio of ti/tv is the numbers of ti to the 
numbers of tv for a pair of sequences, and generally, A/C 
and T/G showed 3 times less observation in the animal 
genome [9]. The ratio of ti/tv is a parameter of some 
models used in phylogenetic estimations intended to 
reflect the fact that nucleotide substitutions are not all 
equally likely. As results, the ti/tv ratio showed 0.105 in 
KNC that was higher than that of all breeds except PIE 
(0.158) and GRK (0.133). The results may imply that 
KNC show very different aspects of genetic diversities 
compared with other breeds. The highest ratio of ti/tv 
showed PIE (0.158), and the lowest was in CHA and 
JBC (0.001) for the whole mtDNA region.  

3.4. Phylogenetic Analysis  

Phylogenetic analysis using various SNP located in 
whole mtDNA has been successfully performed to 
characterize genetic relationships of KNC from other 

cattle breeds. According to the results of genetic 
distances among cattle breeds (Figure 3), KNC revealed 
a relatively close genetic distance with JBC (0.0056), 
Angus (0.0105), and Holstein (0.0103) that was even- 
tually not expected because the phenotypic charac- 
terization of KNC was clearly differed from these breeds 
if we do not consider the same haplogroup (T3) that 
contained these breeds. As expected, KNC showed quite 
far distances with other Bos Taurus breeds (AGE, LIM, 
MON, ROM, and CIN) having different haplogroups (T1, 
T2, Q, and R) as well as Bos Indicus breeds (NEL and 
ZWE).  

4. DISCUSSION  

In general, mtDNA has been increasingly used as genetic 
markers for identification and characterization of 
specified individuals as well as breeds because mtDNA 
is more vulnerable to more damage than nuclear DNA. 
The reason is that mtDNA lacks protective histones and 
has few inefficient repair mechanisms as well as a high 
rate of turnover that resulted in huge mutations [1]. 
Therefore, finding genetic markers have been focused on 
mtDNA, improving availabilities of abundant mutation  
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Figure 3. Phylogenetic analysis of mtDNA among 31 cattle breeds derived from each consensus sequences generated by sequence 
alignments for each breeds. Genetic distances among breeds were estimated with a DNAdist option (DNA distance matrix, Bio-edit 
version 7.0.1.). 
 
sites to perform population studies and identifying 
individuals as well as breeds. Before applying SNP in 
genetic studies, RFLP (restriction fragment length poly- 
morphism) analysis using restriction enzymes [10-13] 
was firstly reported as genetic variants by Laipis et al. 
[14]. After development of sequencing technology, SNP 
are the most major markers to differentiate individual 
characterizations. Informative SNP as the most important 
and the easiest method to identify individual differences 
in genome studies will be useful. The successfully 
identified mitochondria, which were driven from dif- 
ferent sire lines, will be stored in a cell bank as a 
reference of genetic resources and may strongly support 
identification of animals in the future analysis of mtDNA 
regarding phylogenetic studies. 

As the results of sequence analysis of mtDNA, 4 
highly polymorphic nucleotide positions and 3 SNP 
magnifying genetic distances in this study firstly reported 
here as a good source of genetic variants in mtDNA. In 
addition, as shown in Table 3, sequence analysis to 
characterize KNC individuals into major groups was 
successfully performed. The identified groups will be 
served as standard to characterize KNC individuals for 
further studies regarding phylogenetic analysis.  

Several studies focused on genetic variants in the D- 
loop region to analyze phylogenetic relationships among 
cattle breeds [1,5] due to high genetic variants, and the 
present study also determined 35.25% of variation in the 
region. In addition, not many attempts have been 
reported for the phylogenetic analysis using the whole 
mtDNA sequences because other than the D-loop region 
was believed as no sufficient genetic variations that may 
not be effectively worked in genetic identification. 
However, except the D-loop region, there are still many 
SNP in genes of mtDNA comparing with genes in 
genomic regions. Therefore, it may be a useful strategy 
to estimate genetic diversity using SNP in the whole 
mtDNA. In addition, a study used a complete cytoch- 
rome B gene in mtDNA to define genetic diversities for 
indigenous animals due to containing relatively high 
variations compared with other genes [7]. The idea was 
also fully agreed with our results that showed relatively 
high variations in CYTB. On the other hand, ap- 
proximately 2 times higher variations in ND5 (average 
7.4 SNP) than CYTB were observed. Therefore, the 
results I this study recommended to use the whole 
mtDNA sequences to estimate genetic distances and 
relationships. In addition, the human study stated that 
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focusing on the D-loop region that is the non-coding and 
fast-evolving control region may be inadequate [15]. 

As defined, the overall nucleotide diversity within 
KNC revealed quite low with some individuals, meaning 
that KNC may be in the high levels of inbreeding. 
Because KNC has been maintained without many sire 
lines for a long period time, the inbreeding statute of 
KNC in the national level may be higher than expected. 
In addition, the average pair-wise sequence divergence 
of mtDNA among KNC (varying from 0.0005 to 0.0020) 
is lower than that of mtDNA for any breed of Bos Taurus 
and Bos Indicus. According to the reports for native 
populations such as African and Indian cattle breeds, 
sequence divergences ranged from 0.0011 to 0.0092 [16]. 
Our results clearly showed that similarity levels of KNC 
were in a considerable situation showing very low 
nucleotide diversity (0.0005 to 0.0007) for a few animals. 
Furthermore, finding a significantly high sequence 
identity between KNC individuals may support the above 
statement. However, the data resulted from this study do 
not indicate the exact inbreeding levels of KNC, and a 
few KNC sire lines might have contributed genes 
through parental lineages but current data are not fully 
supporting this speculation. In addition, this is a 
possibility of implications that quite favorite breeding 
systems have been maintained to characterize and 
manage KNC as a representative of a unique cattle 
breeding. 

The phylogenetic analysis of the entire mtDNA 
revealed that a few KNC fell into a distinct mito- 
chondrial lineage without significant genetic diversity 
from all cattle breeds. The interesting finding was that 
KNC and JBC revealed relatively close genetic distances 
that may be explained by geographical locations between 
two breeds. This could be a reasonable explanation that a 
quite high sharing rate of haplotypes between breeds was 
determined, but it was too limited to be concluded with 
these representative animals examined in our study. 
However, a similar result has been proposed that most 
modern cattle breeds are believed to be originated from 
the extinct aurochs, Bos Primigenius, and the native 
cattle breeds of North Eastern Asia (Mongolia, North 
China, Korea, and JBC) have been locally domesticated 
from an eastern Eurasian lineage of Bos Primigenius [2] 
that connected to KNC and JBC in terms of geological 
migrations. Overall, the definition of the haplotypes in 
this analysis may be a clue to define KNC to minimize 
inbreeding levels in future mating systems, and KNC can 
be well defined for preserving purposes with these 
haplotypes as well as SNP. 

Mitochondria, which play essential roles in apoptotic 
cell death, cell survival, mammalian development, neu- 
ronal development and function, intracellular signaling, 
and longevity regulation, are complex organelles and 

major places of ATP production. To understand these 
genetic functions of mtDNA that may associate with 
quantitative traits in cattle, as many as genetic variants 
should be analyzed. It is, therefore, required that the ge- 
netic information of the whole mtDNA should be filed to 
characterize genetic resources of native animals that have 
not been fully investigated due to no popularity of public 
concerns focused on the commercial productivities. This 
is the reason why this study determined complete 
mtDNA sequences using 40 KNC from different breed- 
ing lines and analyzed sequences in conjunction with the 
previously published full sequences of Bos Taurus and 
Bos Indicus breeds. 
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