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| 2Al%e] e} Aeko] gleha dhek 3 AFelAE B EE=T] o} DNAS) D-3jelA] A5 ehhe oy
9 D3103} D5149) Mg 10879 H4kel Bzalol DNAsIA A uw ol nje neze
3= z=A}skeioh D3109) 842 C72 409 (37.7%), C8-2 347 (32.1%) 18] 12 C9&= 329 (30.2%)0l| A 2+
Upeheteh D5149] BFAS (CA)SSE (CAMOIA 27h 627 (61.4%)3} 399 (38.6%)01A ieksde. vl Ese
oF A 443 (40.7%)e1 4 F7hElo] QST 649 (593%)eH A4k B Giek D310} DS149] B4

o 8] 59]

3} BAlGe) Wele] Z7te} zhasle] ARBAL dlsleh QAN lEEEel D-3E]e) ST 344

= AFBAL glglony, o5 uleke 2 tjekdl Al A o5 nEZE

o1& Aol

of AR B Wate ML et

stojy| e mlEEseo} B4, vlEzeelol %44, D-2)

Mo EB

HEZegole] F 7% F7]EAE o435l M=
7} AR S 9lE oA el ATPE A3 7| =
Zole}. Alte] mlEZE=elol §AAE 15,569 9714
o2 o]Folzl T 7l=te] Y3 DNAZ, 13%2°] <lAks}
Absl g Ao} izl ghAdof| 93k 225°] (RNA B 2%
o] IRNAS $13 =% 37709 fAxt= FA = o sl
[1]. vjEZ=gole] A & <o £x)3l= DNA
o} f34 BebS Heoled I o]f& 3 DNAo]
EA s 3| ET 2 o] BAe] ¢lar, DNAYE &
AE e Al olF B7E 4 e FAA) vEE
=jofell = EA3HA] 7] wiitel| w|EZ=g|c} DNA
(mtDNA) &4 S5 53] A =] 9l7] wfjie]
oH2-5]. 283 FAALE NEH oz PAEE At
AdArfEo] mEZegol Al A sted $X]517]

so] Q@3 20139 (A)EARBAT SeaTalALe] o) S
S

AR BT T 2RED) ol =2 S 24,

A7 (B o AT} BAste] oA $1&-& B

ZAAR - Qe (A e oo st o) shg s
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ol & FAARY Fdwe] B o3t ol
ggo] A Wl o wel vehtr] wifel 2 mtDNA
o $04 Wel} 224 B3 Seh6.)
wmameiolel Bk AR D-312) (D-loop)l A
Qojuiel 8], =G o H9x f04 el e
el o 2919 9749e BAse] A B
Aot Wejs ol 48uh opeh Qe Qe
2451 Yo 55 el 3] ek D310}
Dslat ko] AZES vt chkat Aae] P4
P43} 22 A& 1eH5.7.0]. v EZEw)o} DNA
(mtDNA) 352 B4 4= (copy number) 2= E 3 3}=1|
o= A} A AT FE nEshs 9 W
gk oof|uf#] g7 BHA A Aoz b g WHelelA -
A} nEZeols 2R5ENA ME o e
A 43 EA|4(copy number)7} EA AL A E =
zA18] 718lef| wel A7) GekshAl vebde[10].
F4A vehte D-a2] 5919 fAAk Hole nE
FZez|o}le] EA|4(mitochondrial copy number, mtCN)
o] wz}tel Ate] ook Max QdeH[11-18]. ¥ F
83 AP Ak fHsE 23 7heke] ASelA e
mtCNe] W3l A E2] A3t oke] zls) 18|
Aolo} e A A} Aol ol Aoz eyt



132 o=, Hohd

t}[12,16,17]. A% oA 7hA] m]|EZ=z]ole] tleA]
3 BAS0 HAlE MHERE oflg} AHAF AlZeM =
AT7F =o] QA gholA, o] A Aol ] ]9
= v|wE B 5 3l Hx2de] s dAlelth

o] Aol AAkel ghele] WxF A DNACIA
v EZog el §AA e iAol 7P wol e
D310} D5145 ARl o5 3 Al 2} mtCNe] A%
AL AR 32 g

R

ol Q17 19964 A 10859 A7 309 A4l
die olo 2 RE] DNAS 333} WL s
A| ke 3ol o 2 BE] DNAS DNA extraction Kit (Ab-
solute™DNA extraction Kit, BioSewoom, Korea)S ©]-$&-
sled FZ3kAth 3238 DNAS| o3 <=x=& ND-1000
(Nanodrop, USA)© 2 =43t & —20°Cel| B#3}gich

ngZee]ole] A2 t3AdE et r] 9]s) Table
12] primerE o]g3le] FFEAAHHES- (polymerase
chain reaction, PCR)2 A|8)s}git}. PCR vF-&-& <3
uh-g-ol & template DNA 1uL, Z+ 10 pM primer 0.2 uL,
MgCl, free 10 PCR buffer 3 uL, 25 mM MgCl, 3 uL, 2.5
mM dNTP 3 uL, Taqg DNA polymerase (5 U) (Promega, USA)
0.5uLE A7beta B3FrE A7kste] £ 30uL=z
ZA st} PCR 8] 94°CollA] 587t pre-denatu-
ration3F & 94°C/30%, 56°C/30%, 72°C/1E-4 3¢tA4| =
35 cycles 3§38t & npx|uto g 72°Col|A] 587} extension
S AlAEE e Z=Z 5 PCR AFES 1.5% agarose gelol]
Al 8Felslgit}. o] ZA3}F= Bionics Inc. (Seoul, Korea)ol] 2]
F3}le] ABI 3730 DNA sequencerZ o]-83lo] 2A 7]
NS el Aok $A5}e] D310 D5149]
e salsialch

nEF g ole] B4 real-time PCRO] vl o2
actin o|g3le] input DNA2) o4& EZ}s}e] =7
3}l [13,17]. Table 12] primerE ©]-8-5}od LightCycler

Table 1. Primer sequence

480 II system (Roche Diagnostics, Germany) o 2 A]3}
24550 o) Alglv}el DNAS Sl 94 5)43e] o
3 F=°] DNAFHS 7 A3 Real-time
PCR ¥F-&-9 -2 template DNA 1 uL (50 ng/uL), SYBR Green
Master MIX 2 uL (Takara, Japan), and 10 pM primer 0.1 uLL
2 Wskm AFER4E Wbk F 0uLz 27
3lith PCR 423)-2 94°Col|A] 127} pre-denaturationsh
Z 94°C/15%, 60°C/30x%, 72°C/30x=4 3<HAIZ 40
cycles 423 3}9ie}. 2+ Z Aol A g3 =41 (melting curve)
S Felslar Fa FA A} (reference gene)2 o] &3+ B-
actingho2 o] Aul el v mzeeiole) a4
24 5155H[17].

A3l x] deojz A= SPSS 20.0 software (SPSS Inc,
Chicago, IL, USA)Z o]&-3le] EX 35l n|EZ =g
o} T3 A} A2 Fisher’s exact test -2 Pearson’s
Chi square test ©]-8-3t] A 7k = el A <)
ZA A= t-test -2 One-way ANOVAS o] &390
P<0.05¢ A$-E A= folsida st

2

| EZze]ete] fxxke] D310} D5142] oAl
nEZ=e] ol WS 108FelA fAso v =
=g]o}e] o|3A| 22 A] (heteroplasmy)el] )3} ©}3 Aol
ot A&t go] Brbedh w2 Al9fste] 1069
oA mlEZ=e ot S sttt D310 o
A2 C7(409, 37.7%) 0] 7H who] vfebtar, 1 vh&
o2 C8(34%, 32.1%)3 C9 (329, 30.2%)7} rehde}
(Fig. 1). D514¢] T84S (CA)59} (CAMIA 7 62
9 (61.4%)3} 397 (38.6%)l1 A LEfytt). o] & o3>
ME AFEe] glgleom Ao wet Zeo|7) sl

nEZee]ole] Wk FHI FHAl AAdAH<
oz ool HA(1.12+£037)% 7|Fo = 7t 52
Aashe & vhesleh 2 As) 1089 wrelA v
Frgote] Wk Aoz s, F7ket

Region Sequence
paven D loop R 5-AAA GTG CAT ACC GCC AAA AGY
parcn Dloop R $-TTT GGT 166 TTC GGG GTA TGS
Mitochondrial Conten cox R 5-TAT ACC CCC GGT CGT GTA GCE
Nucleus Content B-actin g:: 55’—ACC CAC ACT GTG CCC ATC TAC-3'

'-TTC CAC TGC TGA GCC ATC AC-3'
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Fig. 1. Mitochondrial polymorphisms in D-loop. (A) D310 polymorphism, (B) D514 polymorphism.

Table 2. Mitochondrial copy number change according to mito-

chondrial polymorphism

Mitochondrial copy number (N, %)

Decreased Increased

D310
Cc7 26 (65.0) 14 (35.0)
C8 17 (50.0) 17 (50.0)
Cc9 20(62.5) 12 (37.5)

D514
(CA4 23(59.0) 16 (41.0)
(CA)5 38(61.3) 24(38.9)

At 72 449 (40.7%)9) 647 (59.3%)1 4 T
At} | EZ=e]oke] G| w2 H‘d%bl TEE
Table 29} Zro] Uelytt}. D310 n| £ =g o}e] gl
ko] Ztaslgl e W C73 €99 W=7} uqﬁ =7
ehis A et BAXez RoAel A
(p=0.31). D514 T}3 Ao Arggle] mEZEz|o}e]
wE o] HlszaH b (p=0.82). AW byl
HoE o), D514 Aol wel iaeke] Wl=rt ¢
el wzA dephgont Aoz Folde 9l
o} (Fig. 2).

LA

ulEZ=z]o} DNAL 3 DNAs| 2o} 93 A5
A FAA L] B o] Fol EdMelrt A FE
o] Fom[6,7], 53] w|EZx=z|¢le] D-18]= P EE
=elofe] Aol AAlol] Folsh o] EAlshe v)
.3 3}ed o (non-coding region) 0.2 o] ILE-o] I7]A
Q9] WMok mlmEeeiele] AAlsh HAlo] JaE n]
A Ao 247HS]. D-velol el 544 T
QA 2% 2% 4% QoA ke, 3 59
3} QR QAEA AololAE 04 Aol vieh
HeH9,19]. mlEF=2]e} DNA BA|2] fA& v]E
Zeglole] 7% 8|9} ME AR o} Fa3t o
S 3[20]. 22|22 ¥ 4o DNARTE ofz} o)
EZxe|o} DNAS| s} FA42] wWske n=Z
s2lob §AA9) DA fA0) Aol e Aoz
2430

D-a18] F7be)] slesl= 16183-16193, 303-315, 568-
573¢] cytosine T2l ¥ =7} wkE-A o 7 ojefa}
Al ebdot. Sanches-Cespeds 5 (2001)2 o] 3 303-
3154 (D310)] A cytosine] A&7} AH3le] =<9
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Fig. 2. Association between mitochondrial polymorphisms and copy number according to the gender. (A) D310 and mitochondrial copy

number, (B) D514 and mitochondrial copy number.

o7} FekellM A vehte A& BRIk (19]
CCCCCTCCCCCe} #o] cytosineo] HA&x oz ujd
) Z]9t thymine (T) Stol] &3]3} cytosineo] 7717} gl
= AE (02 %73 4 glon, cytosine?] =
6~97) = theFsA vebdeh(21]. 223 D 32]9] 514-
52344 A}e]e]| (D514) cytosine-adenosine T 22 €]
= (CAno] ¥tE-AH o=z deksiA vehby wbE
(CA);oll A (CA), = Hepdet(22].

D310e]]A] e} cytosine®] Z<&3 AH)E QAT
ARl e Yo s ehA, 2l S
ol yehdt}l AAZA A D310¢) 4] 2] cytosine 2]
A2 (C)s~ (CoE JeRtaL D5142] (CA)n w334
2 (CA);~(CA),= Jeptd), ol v|EZ=E| o}
D mg]of|Ae] 3> nlEZ=eete] AAHel 7%
A W)zt oflzl F&e] Aol ow|sl= Aoz F
A ¥Th[23-26]. ©] AFoA D310 g3 o= (C),9]
7Hg w@el vebgon, D5142] g3 oz= (CA)s7t
71k wol vebge D-az2lel| A o] §44 oA o
Fe FZF zbel| vl JeAY i da2A v
4 %ol AR ATl £ A=r} " (21,27].

n]|EZx=z]o} DNA®] E-A|4(mitochondrial copy num-
ber, ntCN) &= AAbAg3} 522 =572 w4 373
Soll o) WsbaIch(28,29]. FAALLs) o] v mE=
goto] 7)% Ao s Uo7 el mCNE A

stlom [30], AP A o2 mCNES FA8h= A v=E
2ot 715E BnEF AZAA A5HYE
S EATH20]. FolA 2] mCNE 7735, dash
2 Axstell s 78l a2 [18-20]. A2, 14
ulol W AN Z gl A= Fhaslgl el [21-25]. o] EoF
ﬁEL 3

Aol glolA mCNe| Hahe #akapA) vrepps gt

ooz veh s A& AR A st
23 FgtelA TxH Ao A Lept= mtCNe] W3}
olE T2 A= AFE ST e A
ZAAE AMS-E JSAS B9EH[18,31,32]. D-aE]
2919 47 Holoh mCNste] AL 2] Fof
M BI7h Glef [11-18], 27E Abgre] Bz el A
oo ARge =AY Bert ol 2 AFE Al
3kt

7 Az}, v]=2ee)ol DNAS] chg4s mCNz}e|
ABAL Fe A 2= gl AL &
QA 3 2 A3te] APHHAM AE W
£ife] FAHe wEZ=gole] WEE ZH3IHA
S B ko] WElel| gt 5 A7) Fesio
ool i3t A= b} 22 k- Slol| 23t A3l A o
Fu AFAE ST e AR BARR o4
7FsAd el & Aoz AztbEe
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Association between Mitochondrial D-loop Polymorphism and
Copy Number
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Abstract : Mitochondria in cancer have genetic instability like genetic mutations or polymorphisms, and D-loop
is hot spot region and is suggested its association with cancer prognosis. Genetic variations of D-loop were asso-
ciated with mitochondrial copy number. In present study, mitochondrial polymorphism in D-loop (D310 and D514)
was studied in 108 DNAs from health individuals and its association with mitochondrial copy number was also
investigated. In D310 polymorphism, C7 was most common (37.7%, 40/108), and C8 and C9 was found in 32.1%
and 30.2%, respectively. In D514 polymorphism, (CA)5 and (CA)4 was shown in 61.4% and 38.6%, respectively.
Mitochondrial copy number was increased in 40.7% while it was decreased in 59.3%. There was no association
between mitochondrial polymorphism and copy number. Follow-up study should be needed to confirm its change
in same individuals.
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