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(Alvarez-Iglesias 5 2007, Beh

53], AF1A) DNA| Hjg 342
& AFshe 9§85 wEel, W)
o mx e A% 5 2AbEe d $AHe
2 o]8Ex 3l (Seo 5 1998, D’ Eustachio 2002,
Chung 5 2005, Mellars 2005, Changchun 5 2006,
Wang} Boles 2006, Van Leeuwen 5 2008). ¢|n]
W A dFAEel 23] AFIAl DNA dief] EA4
sh= wlEEo)del Q7|we] epabe] w1 9ot
g ol 2, Folrlel7]1<l major group M Al 52 hap-
logroup& C, D, E, Z, M7, M8, M9, M10, M11 %-¢|
nom, Faforlotel A who] W7 == haplogroup
2 D4ce} Gaelt}(Comas 5 2004). =3t Derenko
(20079 ATl whzel, febiel el Abs
" Ze) 4= major group Mel] <3}= haplogroup A,
N9a, Y 2} macrohaplogroup Rel] <3}= haplogroup
B, F, R9, R11 =3} macrohaplogroup M A %2] C, D,
G, M3, M7-11, M13, Zo] 7=, haplogroup C, D
oo obAole] B3} FRo|A el viehd

o}, w3k Aw|elofe] BEz =
_}r\_

ﬂ%

HEE FIERES A &

FFAX|Z A= haplogorup A7} =2 1l
=% ol ofAlo} HHo]Aj: subhaplogroup B4
7} e b, elelu} E-2lel A haplogroup
B57} =7 et} Haplogroup G£} subhalopgroup
G2 FEelo|v} RS, An|aFy) 22 BF
< AHgshe wlSelA A debdn, =3 Shors
9} Khakassiansol| A} haplogroup F7} =& uixz =g =
A et Afeprlof A Hel M= = hapolgroup H,
HV,V,J T, U, I, N1, X7} vel}, haplgroup H, J,
U7l 2 alez EA8la, 533 Alug e} Ji3
o] A}= == 4] subhaplogroup B4ble] E-o]& o
2 vephdo} (Derenko 5 2007). Haplogroup N9ax=
23U AN & N Hol}, Qug
=279l Ainugl Ryukyuanell A =2 ghect

52l
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, BHOHXE, CtAMHEE, 0|25,

7I%’:i_‘|°2 —
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(Fuku 5 2007).
o] X RIZFol| sl AMRIA] DNA2| haplo-
groupe] i el mel, o] & o] §3le] 7t RIZFZHe)

FABAZ WA A7 27183 gleh T,
BE UEE AF ATl B e A
Fo] EAFolof 3] wo] o)He] RxH AT
Ae dgals A9 weh AT A7 25l

et FA oy Alg 8] el 2fel7} 9l o2
Qs Az}e] xpo]7} HbyElch 1 o) = RFLP(restric-
tion fragment length polymorphism, A gt& A H 2
oA B o 43 ATeNAE 2229 hap-
logroupe] A, B, C, D= ® 3= ¢] o1} (Merriwether
% 1996), P o] 39)-IHE B o2 ATl e
A, B, C, D&l ollz} U, G2a F,J1, M 5% 2AF
93 (Keyser-Tracqui 5 2003), &= oh2 Aol A]:
A,B,C,D,F,G,M,U 18]31 Z,N9%, N1, K 5= X
325 5iet (Derenko 5 2007). 3=212] 79~ 2hH o]
w915k shol wg-1E EHE Aol o5 A,
B, C, D¢} o= haplogroup N, Y, HV, F 5= 245
%31 (Tanaka %5 2004), = o} dF<lA+= A, B, C,
D o8] F, G, M, Y, N9aS% ®i=9lch(Deren-
ko % 2007). 21334 DNA<] coding regiong- #AJ3t
AFA= M, D, D4, D5, G, M7, M8, M9, M10,
M11, R, R9, B, A, N9 5 % 157}%]2] haplogroup®]
ZAAF = (Lee 5 2006) 5 EA I Alge] o
wet Aol &ddt zelrp vebdE Felsigdth
wetA, d7AF |l F3E 48Tl wekA
= 32 A3t g2A vebd 4 7] e, & 4
TFoAME BFAdd =S AH Mt F A
=5 vlwstazzt shodek w3k g2 27191A] el B
3 Weolgo] i gekste] &I wlwr} oz
control regiono] oyl Al A oz wWo|7} AA do
= coding regiond Moz FASE S
Abgstel 2 A3k AMAE Feluat el
(Alvarez-Iglesias 5 2007).
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Al8E o] AgiAl DNAE FZs3)9len, coding
region®] 103-¢jellA Zbsh= WolEo] 3o
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Table 1. Primer sets used in this study

Localization Sequences
A 584F AGC TTA CCT CCT CAA AGC
739R GTG GTGATT TAGAGG GTG
B 2932F GGG ATA ACA GCG CAA TCC
3077R GTC TGA ACT CAGATCACG
c 3279F CAGAGGTTCAATTCCTCT TC
3565R TTC ATA GTA GAA GAGCGA TG
D 4621F GTT CCA CAGAAGCTGCCATC
4976R TCCACCTCA ACT GCCTGCTA
E 5041F TAGCAGTTC TACCGT ACA AC
5281R GTG AAT TCT TCG ATA ATG GC
F 5336F CCT CTA CTT CTA CCT ACG
5494R AAA GGG GAG ATA GGT AGG
G 8190F CAA ACCACA GTTTCATGC
8388R ACG GTA GTATTT AGT TGG G
H 9743F AGA GTA CTT CGA GTCTCC
9996R AAGAGT AAGACCCTCATCAA
| 10085F CAA CACCCT CCT AGCCTT AC
10483R TAA ATGAGG GGC ATT TGG
J 12616F TTGTTCGTTACATGGTCC
12796R GCA AGA AGGATATAATTCC
REE 2 setel HiE ooz E vk I3, 99
B ARg-3tel o (Kim %5 2007a b, Kim 5 2008),
Ao =, AfAlzREe] 9] YolAE

Fohu At A@AS] AGA DNA 38 ¥45}e]
EEEEERECEES

3. Zgt§A2ut2 (Polymerase Chain
Reaction, PCR)2| =71

PCRS ¢]3 =g}o]w] (primer):= Oligo™ V6.5 &
ZEgelE o g3te] T @r19H) Hste] = 7}
#) ol HlAkI e F, Hl2E PCRY 47149 ¥4
& Amste] HAe xetomaes AU
(Table 1). o] A] ZAA€ F 10| =Zelo|w
o]-g3te] Z7he] zeholme] slE anned =9}
PCR U 24 52 HAE PCRE 53 ZAs)
Qo 2+ 7] Y= 25uL reaction 7ol 1~2uL
2] DNA A&} 27} 10pM %x=2] Forward, Reverse
Zglolw] 2uL, 1mM =9 dNTPs, 3% 3% 280
pug/uLe] BSA, 25mM<e] MgCl,, 1X Super-therm
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oH, ol

Gold £+=1, 2.5U Super-therm Gold Tag DNA poly-
merase (Hoffman-LaRoche, USA)7} o] £-F ¢t} PCR
FE 2712 95°CellA 107k 157], 95°Cel|A 45
%, 62°Col|A] 45%, 72°Col|A] 45%2] 42%7], 72°C
oA 10%9] 15712 FA st PCRAMHES BE
Al ol €]H]-g- (Ethidium Bromide, EtBr)e] =33 1%
btz Ad A7dFste] FBARE Hsty
ZZ o7} gel¥l A8+ Rapid Gel Extraction

I, &=

Table 2. Number of analyzed samplesin the coding regions

CHIIE, AR, A,

atolx}, ChAH| 4 £

Kit (TAKARA, Japan)&-
= AR drIM g2

olgs, 2dg

o] g-3ted AA skt AA
2414 (Macrogen, Korea)

ol <=8 Aohg A
4. DNA E7IMY &4
A=A DNA 917149 #4731 DNA STAR

2002 version program-2- %3l revised Cambridge Re-

Coding region
M/N D M9 M7 Ccz D4 R A N9 B
rCRS 10398 5178 33%4 9824 4715 3010 12705 663 5417
9bp DEL
A C T T A G C A G
Korean 112 92 14 19 57 35 29 6 10 14
Mongolian 91 57 16 20 43 18 36 17 10 21
(A) (B) T]D?“l G A C ‘;‘ G A rm?."aao A T {' G G T Amzws T
KR120 |\ i/ MNO21 | .
KR107 MNO8O | . -
KROB8 [\ A\« /\\ /) MNO044
KRO58 | ~ MNO046
KR091 MNO12 |, . n
KR116 MNO081
KR084 MNO5L ||
KR140 MNO90
KR
035 {\ ; \/ f\ MNO058
KR110 | / ’j&\l\‘ )/:\ % | 4: AN MNO50 AN

Fig. 1. Sequencing data of 10398 position analyzed from Korean and Mongolian. We performed DNA extraction from amplified PCR
bands and obtained clear sequencing chromatograms after aligning with DNA-STAR program.
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ference Sequence (rCRS) 9} &7 AHs}te] vl
3lodch (Andrew S 1999). EelEl ¢37)1¥ ¢]= Micro-
soft Excel table (Microsoft Corporation, CA, USA)=
el steic,

H
ERY

1. PCR & AI7IMLEN

o] Alo] MEE gol oAt 7} w159 haplo-
groupg = 9 7]Fe] =& coding region2] 10
n9le] GrMDE AAsted P ¥4 Py
A1 A DNA®] PCR &Z& 43319t} (Kivisild 5
2002, Yao 5 2002, Lee 5 2006). $-A1 dr=ql3} &
Ao g dled M == Ne superhaplogroup
AR | F23 97]$1%4l coding region %
10398 2915 wjAte = 7P we PCR# 947144
BAME $3)stgion, D == CZ subhaplogroup 2
el "3k 51784 7]91%| ¢k 471597191215 =4
orw Hlwd @ AFEMS Yt (Table
2). 7t RIS 2= g=<le] A9 D4, =+ Rhaplo-
groups FE3H= mEAEA ARS-E= 30104171914
o} 12705937191 A]e] sl @& BA o] SaE u

o

Table 3. SNP shown in both group of Korean and Mongolian

So|=ol ARIA SNP Hlm —

H, 8249 %% R haplogroupg 7-#3h= 12705
7191217k wel A E U (Table 2). ¥A° A3}
+= DNA STAR 2002 version program-2- o] £-sjed 7
FEIS oz wAste] wdssc) (Fig. 1).

SE2oM SEX2E Hoxl=

gl 112x)|22] B4 #A3} coding region?] 29
3919 171916l DA AR 0)7} et e
), 5> F RA8F BA3led coding region?]
427919 7| GelA] WolE SAAF 4 UIeh
T RF] FEHoz vehb: Wel: 177919
d7IMdelfen, 7 F EAME =t FFal
T Fo A 476999 7]9)%]¢] A/G transition 3efe] ¥
o]go] 100%= &l=¢lar, 103984 7191 %]2] A/G
transitionz} 1040043 7])$]%]¢] C/T transition & A] 3t
Qlo| A= 78, 69%, E-ZeloAx 57, 58%E =
Hol &5 Bt o]9fo) h=ld} FIFlelA T%5
Moz wWolsl mel H¥-e ARIA haplogroupL
ZAAs}7] 93 105-2]2] coding region o] £]e) 4833,
5231, 10310, 10410, 12771 S-o]gl o, o] = 4833
37191%2] A/G transition- H=9lel| A= 18%, &
oM 21%= Rl 7] AlgolA WHelr}

Number of polymorphsim

Percentage of polymorphism

Region/site Substitution events
Korean Mongolian Korean Mongolian
663 A — G transition 3 3 50.0 17.6
3010 A — G transition 6 4 17.1 222
4715 A — G transition 7 13 12.3 30.2
4769 A — G transition 57 43 100.0 100.0
4833 A — G transition 10 9 175 20.9
5178 C— A transversion 40 20 435 35.1
5231 G— A transition 1 2 11 35
5417 G— A transition 5 2 50.0 20.0
8281 9bp 9bp deletion 10 4 714 19.0
9824 T— Ctransition 3 1 15.8 5.0
10310 G— A transition 13 8 11.6 8.8
10398 A — G transition 87 52 7.7 571
10400 C—T transition 7 53 68.8 58.2
10410 T— Ctransition 5 4 45 4.4
12705 C—T transition 12 14 414 389
12771 G— A transition 1 1 34 2.8
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— ZAZHE, oz, A7|HE, A S, WA, dolfx}, ctAMHEH, o|BT, AEE —
Table 4. SNP shown in Korean population only Table 5. SNP shown in Mongolian population only
Region/ Substitution Number of Percentage of Region/ Substitution Number of  Percentage of
site events polymorphsim  polymorphism site events polymorphsim  polymorphism
3394 T—Ctransition 2 14.3 709 G— A transition 1 59
4764 A — GJA transition 1 1.8 710 T— Ctransition 1 59
4767 A —Gtransition 1 18 3480 A — G transition 1 6.3
4793 A —Gtrangition 1 1.8 3531 G— A transition 1 6.3
4820 G— A transition 5 8.8 3535 T— Ctransition 1 6.3
4850 C—T transition 2 35 3546 C— C/A transversion 8 50.0
5186 A — Ctransversion 1 1.1 3553 C— C/A transversion 10 62.5
5237 G— Ctransversion 1 1.1 4824 A — G transition 1 2.3
10181 C—T transition 3 27 4853 G— G/A transition 1 23
10304 T—Ctransition 1 0.9 4883 C—T transition 1 2.3
10345 T—Ctransition 4 3.6 4924 G— A transition 1 2.3
10397 A — G transition 10 89 5108 T— Ctransition 7 12.3
10438 A — G transition 1 0.9 5204 A — AIT transversion 2 35
10454 T—Ctransition 1 0.9 5426 T— Ctransition 1 10.0
8281 9bpIN 9bp insertion 1 4.8
9950 T— Ctransition 3 15.0
. _ 10208 T— Ctransition 1 11
B9, 103109971922 G/A transitione 3+=¢l 3} 10250  A—G transition 1 11
ZZolo|A] 12%2} 9% A== vwA 8|23 H)E 10320  G—A transition 1 11
- . 10325 G— A transition 1 11
o) o] ¥ oy 7)o °
2 We]7} deiytet. 10410517191 2] T/C transition 10328 A—A/Ctransverson 1 11
2 45% A 52 U3 HolgS Byl o}, 12771 10370  T— Ctransition 1 11
7191212 G/A transition% Pavs 31-1_ REER ‘ﬂ’ ]:HO 10427 G— A transition 1 1.1
1917121 7 ] 14 ] 10463 T— Ctransition 1 11
7} vrefsiet (Table 3). 12693 A —G transition 1 28
12714 T— Ctransition 1 2.8
3. st=xelojAMot el SHAET|AMEo|
e Mnt Yepte ddgrigels 0 wWelE Hel 123%2] Wel&S Jehigl, 52049

138-9l2 I 3 103979719 %]2] A/G transitionZ}
482043 71¢121¢] G/A transitione] 7} &2 Wol&
3l 9%E lepiT}. 4764, 4767, 4793, 5186, 5237,
10304, 10438, 10454971 9)%]&52] 7%
Az Mgt Hel7b dofwton, 48504 7] 91 %] ¢}
101813 71¢]=)¢] C/T transitione 2}z 24| 2.9} 34]
Fol|A], 1034593 71$1%]¢] TIC transition- 44| .9
A Wel7h ot A& #d 4= slsiek(Tabled).

R

4. SEAoM g LiEIE SHAHI|M L HO|

BT e s Mgl F 26%
f9em, BEAdE el 354691719129} 3553937
Aol A 50%<} 63%= Wol&o] 7MY HoS Fal

shodct B REe] Wolx BT 3 AR Fldl
d ula, 510843721 %]¢] T/C transition< 7A] S04

26

7191%)2] AIT B934 248, 995093 7]$1%]¢] T/C
transition-> 3A] 8ol A We]E Bt} (Table5).

2 AT
39} %

e g7l el o
A4 <l haplogroupg-
g AFsta, ¥
Aug AT 5

34
A

ql Ad S 53k
ZZH= 7l &)

ARgE oAl 88k
EA 2AFSH

Aol wh=w, =1l EFeA
oz vehd griMdel:= &
gl A grouping?] 7]Eez Ak 104-9]¢]

wel=,
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sol5

A5 AR YA 73919 7] 91X 4769, 4833,
5231, 10310, 10400, 10410, 12771 0]t} o] 3 10400
917] 9] %)= 1039843 7]¢1 %%} 37 major group M/N
4 Uyt 7)Fe] HE rx g (Kivisild 5 2002,
Yao 5 2002, Kong 5 2003, Kong 5 2006, Lee 5
2006), ¥H5qlsh FEele] &3 FHolAlels M
Aol el £307] el 103085711 Ak of
Yz} 104008 71Y9A| M = = H401w~ Bl A
oz A7tECL 4769°ﬂ7]ﬂx]4 £+ haplogroup
HVE Ut e she eled u feld
Lol A L}E}%D}(Kmsﬂd 5 2002, Yao 5 2002,
Kong 5 2003, Kong 5 2006, Lee 5 2006). A[=3A|
DNAE o] &3t dAFelA 7|& f7IMd= A= 3
o) ICRS7} fed o] AmeyE dolxl 2
sholm, & @A AHgE VI FFAE)
A 87} rCRSS ¥l 3 §l7] wjFol T Also]
A Wol7l Bl Zleo=w FAF} w3l 4833%97)9]
2]2] A/G transitionz} 1031023 7]1¢]x]¢] G/A transi-
tion, 1041043 7]1¢1%]2] T/C transition, 127713 7]<]
=]2] G/A transition F—O] g2l ZZQlefA] vl
37 Wo)7h deoldg Felatsiet. 1031047914+
haplogroup F¢} subhaplogroup B4clas 1}y 7]
Fo] &= HEFo|x, 523197]¢)3x]= haplogroup
N9a, 127718 M7a, 4833%37]19]x= Ge} Gla3s
s o) 2AEE BRelti(Kong 5 2006). wehA],
FHobrolel B¢ £HF o groupinge 913 coding
region?] 10%2-$]2] 37])¢)x% oz} 10310, 5231,
12771, 4833 5-2] t}2 ¥-2]9] coding region7}x] 3
oz $Ase s e 4 olg Aol

AFelelAnt el gl due] F 7}
A} =2 Wo| &S Bl 10397479 %|] A/G tran-
sition> FopA]etel|A] o] vjeht= haplogroup
D5& ‘1= W EA%tH(Kong 5 2006). =3k, 4850
37]19)x)¢] AH9ol|= M7ce} B4b, N9a4 =2 sub-
heplogroup & v ) 2 23k, o) 4% ekt cod-
ing region&- ‘:‘/‘46}71] o oL A 24 <l haplo-
grouping& & 4 3¢ Aole} Alzsc

w8 BTN kb ol FIA e
W&o TS Hol: 3546%17]9]X]¢} 3553417
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A& heplogroups s o 7]Fe] HE 97141
Az 23u¥ Wo|7} epgl o), BT 2
HEE Jep7] wjiel F3FlelA sk Wol
2 At sch uhd, 2o BeqR e WolE
% 5108437]¢]1x]¢} 5204, 995041 71¢1 X2 A<
Uzl Wol 52 =% 3t AlgdAMut YERG7] o
ol HAZE Weld Aoz AztEH, o]3 7]
NH7F BFulFe Mgt gty Basbr)d =
HZ3F 7oz Az ETh

JejuR F=rele] 1039797 G e, e
qle] 3546, 3553°ﬂ7lf]z]o1w 104 dl E}‘é*él}
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Abstract

Comparison of SNP Occurred in Coding Regions of
Mitochondrial DNA Analyzed from Korean and Mongolian

Keun-Cheol Kim* T, Ae-Jin Kim* ", Ki-Jeong Kim?3T,
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Even though mitochondrial DNA analysis is performed in the field of molecular genetics, differences of the results
exist regarding which nucleotide positions are analyzed. In this study, we strategically analyzed to find ethnic specific
SNP of coding regions of mitochondrial DNA of Korean and Mongolian.

Mitochondrial DNA was analyzed with PCR amplification and sequencing with 112 blood samples of Korean and 92
blood samples of Mongolian.

As a result, the mutation which commonly appears both in Korean and Mongolian population is 17 nucleotide
positions, and the one that shown in the only Korean is 13 nucleotide positions, the one that shown in the only
Mongolian 26 nucleotide positions. However, it was thought as individua variation as most mutations are shown in a
sample. Among them, it appears as 9% substitution rate in 10397, 4850 nucleotide position of Korean, whereas 12.3%
or 15% substitution rate in 5108, 9950 nucleotide positions of Mongolian, respectively. Beside, we observed high level
of heteroplasmy in 3546, 3553 nucleotide positions.

Therefore, we suggest that these regions might be novel genetic markers for dividing mitochondrial haplogroup of
Korean and Mongolian population, but additional analysis needs on several nucleotide positions in huge samples as
analyzing on restricted nucleotide positions using restricted DNA samples.

Key words : Mitochondrial DNA, SNP, Coding region, Korean, Mongolian
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