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The goals of this study were to identify sequence variations in the mitochondrial cytochrome b
(mtDNA cyt b) gene in White Hanwoo (Wh) and the genetic relationship between the Wh and other
breeds. When whole sequences of the mtDNA cyt b gene in 14 Wh cattle were determined, a silent
mutation and two haplotypes were detected in the Wh cattle. The major haplotype, H1, was found
in 13 of 14 individuals in the Wh cattle. Haplotype diversity and nucleotide diversity were 0.143 and
0.00013, respectively. Compared to previous reports, these levels of genetic diversity are lower than
other Korean and Chinese breeds. To identify the genetic relationship among Korean, Chinese,
Japanese, and European cattle breeds, the neighbor-joining (N]) tree was constructed based on Dxy
genetic distances. Two distinct groups were identified and classified as A and B. Wh was found in
the A group, which consisted of Bos taurus breeds. From calculating the Dxy genetic distances, Wh
was found to be genetically more closely related to two breeds, Heugu (0.00018) and Yanbian
(0.00021), than to other breeds. In conclusion, Wh is genetically related to Chikso, Heugu, and Yanbian
breeds based on maternal inheritance. The results of this study will be useful for efficient management

and sustainable utilization of Wh.

Key words :

ME

29 B st R ST o] wet 5 YH4tHet
ZFAALAE E 200093 201030 S 2 HAAY F
%

LA S 3kTH14].

29 Uul WAtk 9 A7 Baso] SIt4, 6,
15]. 53] “Snowdrop”°lzte EHI: A7} HuHIEH,
Tyrosinase (TYR) fr% 7t exon 2 % 9 (GenBank accession no.
AY046527 71 929~930H A Akolell C 719 AFY)lA AR
o] & & 911 ] (frame-shift mutation)7} 574 ¥ 2.1, o] Ho]
7h FEAEY A 2ARTR0] whEe] M el Bes
“Snowdrop”#= 9 TYR F449] exon 2 ¥ F 8714 A
@712 8Hc.871G>A)oll o A A719 TGl o) EA

*Corresponding author

Tel : +82-63-620-3537, Fax : +82-63-620-3590

E-mail : lee6470@korea.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Cattle, cytochrome b, mtDNA, relationship, White Hanwoo

Soha B TH14].

A o] A=A A AT stz AL B
=9 wWiekd A s JdAsta ot ol weh A 3-&
B BEN A 82 A 5487 B =S 7
Tk HAA 7SR AR @8 gef g g

uved)
v
lo
fu

Al = A A F D717 (FAO)SH 7H =&

N,
ok
=
%0
[o
A2
=
bz
Ho
HI
il
o ™
b

s F

HA, & L, 44 5Y NERAALEd A A8 G4
B+ 2 AFFAELH

19, 22].

=
ot
—o
rlr

)
fd

22

99 54< wol7] WEo] B2
o

N
e
fd L
il ol
=
=
ox
o
N
0 rE
=
fru
Mo
Ho
ofN
b
2
[
[~
o N

riot o
10 offt
= S
[
>
o
°
S
k=)
ACh
>
HI
ot
A
>,
o
>

rhook
o
N
Y
Hx
o

=~
o
=
Y

=)
=
lo
ol
i
e
gk
ofo
N
i
ox
{ i
v
HE 2
> ofN 2 [ Jo 2

flo mo St g
O
and
1
ot
o
tH to

o
=
QL
=
X0,
lo
&
ol
=
(@)
r
ol
Lo
N
Hx
o2
oXx
ol
T
>

(DAD-IS, http://dad.fac.org/)°l & A3}
AAA ol Tt shAT H2
Al oat op A 7AW gk-g-of o 3

N

2
.
ML
2L
:‘;’%_&
- >
=
—_Ilmﬁlig
>
Sflih>
L LS o2
oot mo @ >

=
—d
ot
>
oxl
o
£
=)
=
>
rie
r2
-
rir
Rl
ol
[
TR,
ox,
o
N
P o
:(I)l=
>



o
A2 =& L DNA £&
2 A7l s TS ASL S HAAdAE AN B
8 AYHL 9l AP UFE SASIATH(NIAS

2015-600). Genomic DNAE Sucrose-Proteinase K W H[1]<
o] g3t FZ3% 2™, NanoDrop ND1000 (Thermo
Scientific, USA)& ©] &3t genomic DNA®] §% 4
PCR 5&%< 9% +3

OS2 o] gttt W9 {44
HaE fsiA 7]1E BadAM o) &8 FJ& 3 599 HAE
A< o] et om[89] 3 B 107] < FFol that 80
7} M8 Genbank databaseZF-E] 433} % th(Table 2).

A BF 2 MEHH

2> mtDNA cyt b fr8 ko] e A coding ¥9&
71 §13) 7120 R E primerst FEUHE A L34 09]
PCR HF3-2
pmol primer 77} 1.5 ul, genomic DNA 20 ng 53 37 5/
TFE AUtsld H#£ 25 plE w339 9. PCR £Z& anneal—
ing 25E 60CE 3o 353 wHE Fasdnt. FI4E
15% agarose 71 ¥% AollA &<A F QlAquick PCR
Purification Kit (Qiagen, USA)Z A AlstAth. ABI 3130xI

2%

< Tag polymerase 1.5 unit (TaKaRa, Japan), 10
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(GenBank accession no.V00654) 7| &2 & cyt b A 7+9
AAMES AA3H 21, GenBank databasedl] 5Z3}93th
(KT151960-61).
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=3 470 47 F G H7] FAHI L0l 134%2 A(312%), C
(30.2%), T(25.2%) E71°ll Blsf Fef& o2 A et of
J8 A 712 Bud AR2EF 4, 39) L JHEFY
Aot uf> FASFATH2, 8, 9]

F27)

Genetic Analyzer (ABI, USA)E &3 direct-sequencing®. & B> 1470 eyt b A ML A IHZ A 174
AEe E4etth 249 A €L & mtDNA genome A € % 7] A 8 ¥ o] (GenBank accession no. DQ186215 7] 924¥
Table 1. Genetic diversity of White Hanwoo based on sequence variation in the complete mtDNA cyt b gene
Region Population Sample size NumbelT of. Number of Ha}plot}.lpe NL.ICIGOFlde
polymorphic sites haplotypes diversity diversity
mtDNA cyt b White Hanwoo 14 1 2 0.143 0.00013

Table 2. Information on reference sequences for comparison with White Hanwoo

Region Abbreviation Breed names Number of Accession numbers
sequences
Wh White Hanwoo 14
Korean Cs Chikso 239 JX472262-74 (haplotype)
orea Hg Heugu 38 JX472260-1 (haplotype)
Hw Hanwoo 18 AY526085, DQ124371-86, NC_006853
Yb Yanbian 6 AY903438, DQ186215-9
Zs Zaosheng 7 DQ186220-6
China Bo Bohai black AY885297-300, AY952962-3, DQ186227-8
Ka Kazakh 11 DQ186203-13
Qi Qinchuan 8 AY885304-6, AY903439, AY952952-3, DQ186241-2
Ji Jinnan 8 DQ186229-36
Jb Japanese Black 7 AB074962-8
Japan Ag Angus 2 AY676857, AY676859
European Ch Charolais 2 AY676858, AY676861
Li Limousine 3 AY676856, EF693798, IN817331
Total 371
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Aol &85t ¢l th(Table 2). A Al 357] haplotype(H1-H35) 2.2
&5 A TH(Table 3). H1> AA| 371F F 25278 ZF3IHEA

Table 3. Distribution of mtDNA haplotypes in 13 cattle breeds based on cyt b gene sequences

Haplotype

Cattle breeds”

Wh

Cs

Hg

Hw Yb Zs

Total
Ka Qi Ji Jb Ag Ch Li

H1

H2

H3

H4

H5

Heé

H7

H8

H9

H10
H11
H12
H13
H14
H15
H16
H17
H18
H19
H20
H21
H22
H23
H24
H25
H26
H27
H28
H29
H30
H31
H32
H33
H34
H35

13
1
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Total

14

239

38

18 6 7

11 8 8 7 2 2 3 371

YAIl abbreviations are given in Table 2.
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0.001 B. indicus (Sahiwal)

Fig. 1. Phylogenetic relationship among 13 cattle breeds from
the B. taurus lineage and a breed from the B. indicus
lineage (GenBank accession no. JN117614-5). The tree
was constructed with the neighbor-joining method on
the basis of Dxy distances. The bar scale indicates genetic
distance. Abbreviations for population or breed are the
same as those in Table 2.
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Table 4. Dxy genetic distances among 14 cattle breeds based on mtDNA cyt b gene sequences

Wh Cs Hg Hw Bo Yb Zo Ka Qi Ji Jb Ag Ch Li Out
Wh -
Cs  0.00037
Hg  0.00018 0.00038 -
Hw  0.00050 0.00065 0.00049
Bo  0.00872 0.00889 0.00875 0.00904 -
Yb  0.00021 0.00040 0.00022 0.00050 0.00877
Zo  0.00044 0.00064 0.00046 0.00074 0.00901 0.00048 -
Ka  0.00572 0.00595 0.00578 0.00609 0.01099 0.00571 0.00604 -
Qi 0.00467 0.00485 0.00469 0.00497 0.00938 0.00471 0.00495 0.00865 -
Ji ~ 0.00653 0.00671 0.00656 0.00685 0.00935 0.00658 0.00681 0.00972 0.00825
Jbo 0.00056 0.00066 0.00052 0.00073 0.00907 0.00052 0.00077 0.00616 0.00501 0.00688 -
Ag  0.00050 0.00075 0.00055 0.00088 0.00910 0.00058 0.00081 0.00610 0.005047 0.00691 0.00094 -
Ch  0.00050 0.00075 0.00055 0.00088 0.00910 0.00058 0.00081 0.00602 0.00504 0.00691 0.00094 0.00088 -
Li  0.00036 0.00060 0.00041 0.00073 0.00895 0.00044 0.00067 0.00595 0.00490 0.00676 0.00079 0.00073 0.00073
Out 0.01585 0.01603 0.01590 0.01623 0.00998 0.1594 0.01617 0.01539 0.01338 0.01173 0.01629 0.01623 0.01623 0.01608

YAl abbreviations are given in Table 2.
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