o st & & ¢l 7 83 x|
Korean J Phys Anthropol
22(1):11 ~ 20, 2009

Yoy,

)
= » 2

SZdollA el A DNAS] o} 4]

271>, ol =&, ol xS, U HS,

CIAN S’ woiM8 ZIZH 229

35 6—}.57_ o7} 8} vy B3t wAl,

SSELELRLE

=]

fh3, 2gope)stn o wel

4=

#8)5}831,
Fol st AHdshete s A e},

Sl sha o) e AR Akel 8, Gio}rﬂﬂﬂ Qesper) st 31w e abetal,

g2t AsE e <l .
SnA e Adshetd s FA s, Fod w BECE

2 71 77138kn

-t

2t

Zt52] : A1IA DNAE =4 43¢
e} 42 okARS o)FFl: d oF]
A=A DNACIA S8 Al& zAbsde

A7 on g

& 59 YIRS S8,
A

sh3 AE el £45he DNAS] 47} 97] oo, 9l
#8317 AH8E T oleh Tk AlAl DNA 9] chere 97149
DER IR

sh, W | 3ol A
FSlellA o34 (heteroplasmy)o] RBHo)

ATl AL oF 2006 AlRo| aele EFAE Babos

Zol3} ol FolS AFH st A=A DNAL] coding regionz} control regionel o3t PCRZ

7}, coding region=} control regionel| Al Z}z} 53 7] 5-9], &= 10971 3-¢]oll A thadAd o] =y, 371Md
o] 3 9] ool T Ad o] AR A= gl 6A =9} E%° 17X 89} 53] g3 528 =383 5
ofAle}R| Gl Fo]H o2 ¥A vtehti: haplogroup D& 24T o FoslA A= 51784 7191%9] 4% +
23X 8 F 6A=olAM Wl @ oA o] A et webA], haplogroup D& A4S o = el

488397191408 71402 $Aslok Tt e w3,
S]]l 204, 4853, 16249 S0l A = T}3] A4 o] b= glc}.
whehd, AT 50| RololA] TF Fo| Fopalolal e
B4l o) SNPH7IRIIES 2AFo A o A9 e 9 5 U Aoz And
(200841 9¥ 8Y A4+ 20094 14 2 Azj5<l)

£ haplogroup} subhaplogroup-2-

Aoz ALEIAl haplogroups ZAAE o W=

FolE7| gt i o8, gh=el, Z24l, haplogroup, A3 Al DNA, coding region, control region

M &
region)2 7FA 1 glch AF3Al DNA:
st Al o] EA13= DNA2] 47}

ol olibA] ¢

ul o
ve—

Q17ke] 21814 DNAE % 16.5Kb2] <13 genome
o2 1.1Kbe] zhHo]R9] | (hypervariable segment

*2 d7e E3AA Absl FYHRIA A TR0 A L3 F3A

5 1998, D’ Eustachio 2002, Chung 5

I, HVS )3} 11E x23}3}= non-coding region (control
=2A A&
A=
or37, DNA repair 7]3%0] glo] o
DNAoj| ®]sf 5~10u] wh=7] ¥e]7} dejde}(Seo
2005, Wang}

BE7]E A770E (R& D) Ak (2006~ 2007) 0.2 42 = 35

T35 AAAZA 553 AT LY.

7 2178 (oo ste st Estatetst, o2 et ey
3 wAl)

A A}-$-3 1 skull @cau.ac.kr

A%

11

Boles 2006, Van Lesuwen 5 2008). o|2| 3t oA of
Fof] W1E7re] 44 FAdHA S 9eEE 97

golst FolA 437l o4 glon, 53 o



2zl

A | ZIoHxI

_Ev [=] HI_!

rH

2 17]39]el) u]8) o] go] B - control region
A9 @r]sel WEe] o)E} A3k, AFIL, W
ol A gho] AT 9)ch(Seo ¥ 1998, Chung
5 2005). A, QR AR A S AT
BMEE= haplogroup =52 control regionghe
A)El7]elE oj7]go] whar, 7Z+-& haplogroup
Zaltjzie Fulolng) 19§30 BE s}
oke A7} ¥ yEe] gl wlelAd, control region
T B3t QIR 71 B o]l e A3t
B oupge ARHY ® ohde, a¥dm A=A
NASl & @r7IMdE #Meh= W2 A2k}
ul gl EmelA ul g o]} (Alvarez-Iglesias
= 2007). Wb, ol AAL A2sr] 9l
coding region2] o]z}l doju= EAZ A 97]9)
A5 ARzt FAEE Wel F78ka v
A e]e} (Kivisild 5 2002, Yao 5 2002). 3}#] 4, 2]
o] 58297914l A T/C =34 (Moslemi 5 2004)
=} 12313997191 Al A T/C =13 Al (Filosto 5 2008),
54173} 1177837181 A| N ~1e] A/G 3 A (Howell
5 2005) 5 coding region?] ©hekal 37]3R-$)el A
Aol wagel wet ARe] 2o BAE A7
3171 213t haplogroup FAell o2& A= AA ol

o

22 & o

O

|

=

=

A
T

o3 Adelat st A=E, 24, = A &
712 e]43e] AMIAl DNA f3e] veh = ez,
EE Al EAshs Aoz AR gldk
2 Ade] A3 47 R (genetic drift)S 53
homoplasmy”7} 25 FAAM A2 WHolr}
ojuh= F2AA R Yehbe Zloz deix v
(Wilson = 1997, Salas & 2001). o}l A< F=2 A
7HA] Hel2 A4S 4 ek S, M E 3R] A
A DNA #3828 Z2Xqt A= zbol] x}o]7} AAA
vehbs Aot A= shdeld ARIAIZE M2 o
& haplotype 35 Ho|7 v, vix|Toz Zh7fe)
AFRIAIZE M2 98 f38S Bolt A-$-oluh(Lutz
% 2000). 53] AFA Azte] = AL AS A
o] DNA<} AAF DNAZL g A3 otel] Hheksl v] &
2 EgHe] & o g8 e] velA ek (Yu
= 2007).

=3k

714", 0|25, oz}, A S, CAMH & A, WM, 2F

12

ok

AA DNAS] SAe 5452 37)4 el A
dofui= o] ohiet o37]77] Abj=le] vhekdet
3 el Qiek AR A2 A7) = AR
DNAS| 17 ele] S Aol 5ol 9le Ze
= FAE glen], e Al EAFE AAZ
o) Aol 28] Aol Alzke] Aol ulel &4
HE= Aoz WA ¢loh(Lagerstrom-Fermér 5
2001, D' Eustachio 2002). s}#| 5t o|2]gF -7 3}l
= TS, UF] 7)elit o)Fel e A7
A AA DNAS| waiie w=isln ¢ gin
(Wilson & 1997).

B AT 3l 139489} 522 964182 At
212 DNAZ2] control region?] I} o|X9) 13} [18
Tt oz} 108-¢2]9] coding regiong #Asl= 34
A Bzl 54 A7IM DA GAS AHF
nom, ol2d AAES FF LA 5o A
Tl wredstaat sksic

-

of\
o
r
J G
o)
&
l‘ﬁ
2
=
l'i\g
ok
X

s AF st 1, B2
o] ntEs} d3te] A ES AR
ADAE2] sge o] 9672 FHL A F s}

Lﬂcjoﬁ

2. DNA =&

B
)
o
ek

2,
:
z
i)
&)
pd
>

% 323 Aol
WAa7) slstel AFAE A7
sgl.om, 28 Al PCR
o Qoo AAG
]_

b= o Jokxo
2E ANBREL IUSE

T;
Ui
>
it
;
DYy
%

A

-

AL,

ol oo B W to

-

C
o el o5 £4¥E Fehad

o] BHEH AFEE, =

r-‘t-li?uuzi_?i‘,nzin—{n:

M oo Mt ol

s}

rle



— AMEA F7IME e —

Table 1. Primer pairs for PCR amplification

Number Localization Sequences Size
Primer 1 MT584F AGC TTA CCT CCT CAA AGC 155
MT739R GTG GTGATT TAGAGG GTG
Primer 2 MT2932F GGG ATA ACA GCG CAA TCC 145
MT3077R GTC TGA ACT CAGATCACG
Primer 3 MT3279F CAGAGGTTCAATTCCTCT TC 286
MT3565R TTC ATA GTA GAA GAGCGA TG
Primer 4 MT4621F GTT CCA CAGAAGCTGCCATC 355
MT4976R TCCACCTCA ACT GCCTGCTA
Primer 5 MT5041F TAG CAGTTCTACCGT ACA AC 240
MT5281R GTG AAT TCT TCGATA ATGGC
Primer 6 MT5336F CCT CTA CTT CTA CCT ACG 158
MT5494R AAA GGG GAG ATA GGT AGG
Primer 7 MT8190F CAA ACCACA GTTTCA TGC 198
MT8388R ACG GTA GTATTTAGT TGG G
Primer 8 MT9743F AGA GTA CTT CGA GTC TCC 253
MT9996R AAG AGT AAGACCCTCATCAA
Primer 9 MT10085F CAA CACCCT CCT AGCCTT AC 298
MT10483R TAA ATG AGG GGC ATT TGG
Primer 10 MT12616F TTGTTCGTT ACATGGTCC 180
MT12796R GCA AGA AGGATATAATTCC
Primer 11 MT15974F ACT CCA CCA TTA GCA CCCAA 447
MT16421R TTGATT TCA CGA GGATGG T
Primer 12 MT15F CAC CCT ATT AACCACTCA CG 414
MT429R CTGTTA AAA GTG CAT ACCGCCA
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stodeh =3, =8 2hg] Ftell B eddlelzE W
A 9 e o AHgElgen (Kim s 20078, 4 pep
b, Kim & 2008), A@zt2HE 24 =N

A% Z4staat AYALe) A=A DNAS
Alze) Asksl vl amshelet.

DNA FZvlyjo = A)lme] 500uLe] DNA £
¢} (20mM EDTA pH 8.0, 50 mM Tris HCI pH
8.0, 1% sodium dodecyl sulfate, 0.1 M NaCl, 0.5 mg/
mL proteinase K)& 7}5}3 55°Col|A] 307k uhks-
A e e 2 o|aobd kg
(25:24:1, viviv)& 718 & AR st AR

& wory, o] A3 olol] 100% <= %—% el

24 3hed

=

=]

13

PCR2 GeneAmp® 97008 Al&3le] 4315},
Oligo™ V6.5 &= E g0 & o] 8-3le] PCRZZ0]
Zelolw 5L A zbsle] AlLslAT(Table 1).
& Q71915 sl £ F ol metelmyg

A% F AW PCRE AA HHo) melolme
AARsle] AL SR 7 275391 25ul

] o)
b BREY

i

uks 2o 1~2uLe] DNA 2|22} 10pM F %9
ZF A7) 9| Aol s wst= primer 2ul, 1mM dNTPs,

280 ug/uL BSA, 2.5mM MgCl,, 1X Super-therm Gold
9ol 2.5U Super-therm Gold Tagq DNA polymerase
(Hoffman-LaRoche, USA)7} o] &= it} =237 %
712 95°Col|A] 1087F 15F7], 95°Col|A] 45%, 62°C
ol A 45%, 72°Cel|A] 45%2] 4257], 72°Cel| 4] 10%



Fig. 1. Mitochondrial DNA analysis using combinatory primer sets for nucleotide position 5178. When PCR amplifications do not become
accomplished due to condition of samples, it produces new primer sets. After that, original primer sets and new primer sets com-
bination and making total 4 primer sets, and it accomplished PCR amplification. And it used primer sets where the result is best
in experiment about under selecting. In the example, primer sets of 5178 regions were decided with C. A : F5101-R5281, B : F5101-
R5367, C: F5041-R5281, D : F5041-R5367, M : 1kb DNA ladder marker, 1, 2, 3, 4: samples.
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Table 2. Results of polymorphism and heteroplasmy in mitochondrial DNA of Korean and Mongolian
Korean Mongolian
Number of ~ Number of Number of % of Number of ~ Number of Number of % of
analyses  polymorphism heteroplasmy heteroplasmy* analysis  polymorphism heteroplasmy heteroplasmy*

Coding

3546 14 16 8 8 50.0

3553 14 16 10 10 62.5

4764 57 1 1 2 43

4853 57 43 1 1 23

5178 96 40 2 22 57 20 4 7.0
D-loop

187 131 96 1 1 10

204 131 6 1 0.8 96 6

234 131 1 1 0.8 9

16228 139 80 1 1 13

16249 139 5 80 1 1 13

Heteroplasmy rate: number of heteroplasmy from the location which is analyzed/number of analyses

Fig. 2. Displayed patterns of heteroplasmys in 5178 site in Korean (A) and Mongolian (B). We confirmed the heteroplasmy in 5178 site
at two samples of the Korean and four samples of the Mongolian. Interestingly, Korean showed C/A heteroplasmy, while Mon-

golian displayed C/A/T triple heteroplasmy.

A}e] A DNA2] coding regionel]l 4-a}= 5178%37]
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Fig. 3. Heteroplasmy observed in the only Korean population. It was shown in 4764 position of coding region (A) and 204, 234 positions

of control regions(B).

(A)

=_— i i e ST} 16220 Py 16230
[4 T € 6 € .} T 1 1 L 1 L
e q v e g e D 4 XY CAACCCTCALALDYS AT CAC A
" " a & t ¢ a accc t c 8 ¢ a t c a c &
\Wa¥, VAVAVNLY AW
[l Tcoclkw T
fl
“ " { \
Y. IVAY. ¥ ¥ VAV, (VA" | h [\
N T C G C N T \
AVVAVAVAYAYAYS WAYATAYN (V28 WAVARN \V.N \/‘ \(}f ‘\f f y}
E o AccT T ADCTCTE ] T coc ¥ | ~ \i
2'\::,_‘_: AYAYA hadan A Bk C ¢ XN £ TUC Lk R AT C Xk C A
E_ G A C T C T [4 k N T C G _C N T 15240 en
A | I S IR e AR (Y SR . i
{ \ f AVAVAY A L 5 A T C
f_\:,v\;\f\._‘.\,/\ \,.. .J\t M\JW ANAADAL C A TC & AC G A A T C A &
e g F ¥ [3 [3 ] T c 6 c F N T a ¢ & €t c & a&a c t g c & a g € a a a
\AJ \VVV\ 7% \f\f\ ;/\ \/\x VAY, SATAVAVAY LAY \7a¥
A C c T [3 T C 6 ¢ i T
[ N Ilnl
._:c'__ws.__w VW ALY AVAY, WAVAVLVAY LVAY \Va¥ " &
3 O T SR T [ T clnCE [ T M VW
AVANAVAVAYAYAYAVNAVATAVAYAYY. V-V VAVAVN 150 = AY
Tt A T T AccTciTcafudTcockEw e X P R X CET GUCT R A gl f K Xk
Beoosonacsionedadononboto e e e AN
: - T T T ACAGGCIGR ACATACT
AYNAVIVAVAVAYAVNAVAYATAYAVN. V-V ViVAVNON (V¥ Vo et fecegacdpecsecrsect
c 6 A C C T T A ©C C T C T C A [4 T £ 60 € N
4040 X anso - Ans0
T € T 60 A C A T C £ 80 0 C € -l T r oT T & T
£t ¢ £t g9 e ¢ & € ¢ o g g o o q £ £ ¢ & £ o €
A | i fl n AR [
WA
B'I\A 3 V\/ /\ ‘xf/\"{l‘d VYVVYVY P A T T & CA GG OX
T [3 T 6 A C A T Cc C G 8 C © -] 3 T T € T F g % "
—

Fig. 4. Heteroplasmy observed in the only Mongolian population. It was shown in 3546, 3553, 4853 positions of coding region (A) and
187, 16228, 16249 of control regions (B).
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Abstract

Heteroplasmy of Mitochondrial DNA Shown in Korean and Mongolian

Keun-Cheol Kim* T, Ae-Jin Kim* ", Ki-Jeong Kim?%T,
Kwang-Ho Lee?*, Ae Ja Park®, Jae-Hyun Kim®, Dashtseveg Tumen’,
Maengseok Noh®, Kyung-Yong Kim?°
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Kangwon National University,
2Department of Science & Culture, Chung-Ang University,
3Department of Microbiology, College of Medicine, Chung-Ang University,
“Department of Life Science, College of Natural Sciences, Chung-Ang University,
SDepartment of Laboratory Medicine, College of Medicine, Chung-Ang University,
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As characterization of mitochondrial DNA (mtDNA) shows maternal inheritance and exists as more than thousands
copies per cell, it iswidely used for population genetics and forensic scientific field. However, mitochondrial DNA study
has difficulties because heteroplasmy of mtDNA is being reported from coding and control region. In this study, we
have analyzed 200 samples to examine heteroplasmy in mitochondrial DNA of Korean and Mongolian.

The control region and coding region in mtDNA of blood from Koreans and Mongolians were analyzed with PCR
amplication and sequencing.

As aresult, several heteroplasmy was observed from total 10 positions including 5 positions in coding region and 5
positions in control region, respectively. Moreover, it showed more than one heteroplasmy in coding region from 6
samples in Korean and 17 samples in Mongolian. Interestingly, heteroplasmy at 5178 position was shown in 6 samples
among 23 samples. Considering that the position is important for deciding haplogroup D, we suggest that additional
analysis on 4883 position needs for correct haplogrouping. Beside, we aso found heteroplasmy in the other positions of
204, 4853, or 16249.

Therefore, we suggest that it is required of combinatory analysis on several key nucleotide positions to obtain good
results when determining mitochondrial haplogroups.

Key words: Heteroplasmy, East Asian, Haplogroup, Mitochondrial DNA, Coding region, Control region
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