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Relationship between Endurance Performance and Genetic Polymorphisms
of Mitochondrial DNA in Korean Male Elite Athletes
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It has been reported that endurance performance is influenced by various environmental and genetic factors. In view
of an important role of human mitochondrial DNA (mtDNA) as a candidate for endurance performance, this study
focused on the relationships between VO, value as a measure of endurance performance or other associated
phenotypes and four mtDNA restriction fragment length polymorphisms (RFLPs) (Bam HI, Hinc 111, Hinc 112 and Nci
D) in the the NADH dehydrogenase subunit 5 and one (Kpn ) in the D-loop region of mtDNA. MtDNA was purified
from buffy coat in human peripheral blood, and PCR-RFLP analysis was performed to estimate the allele frequencies of
each polymorphism in the mtDNA. There were no significant differences in allele distributions of all polymorphisms
studied between male athletes and controls, respectively (P>0.05). However, the Kpn I polymorphism was significantly
associated with diastolic blood pressure level in male athletes, respectively (P<0.05). Therefore, our results suggest that

this polymorphism might be one of the factors modifying inter-individual difference in cardiovascular risk. Further

studies using larger sample size will be required to generalize these results from the study described herein.
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Table 1. Primer sequences and restriction enzymes for detecting the genetic polymorphisms in the mitochondrial DNA

Enzyme Primer
Nei 1 Sense primer 5-AGGCGCTATCACCACTCTGTTCG-3'.
ci
Antisense primer 5'-GAATTCCTGCGAATAGGCTTCCGGCTGCC-3.
BamH 1 Sense primer 5-AGGCGCTATCACCACTCTGTTCG-3".
am
Antisense primer 5'-GAATTCCTGCGAATAGGCTTCCGGCTGCC-3'.
Hinc II Sense primer 5-CAAATATCACTCTCCTACTTACAG-3.
Antisense primer 5-TGTAACGAACAATGCTACAG-3'.
Kon1 Sense primer 5-TCAAAGCTTACACCAGTCTTGTAA-3".
pn

Antisense primer 5'-CCTGAAGTAGGAACCAGATG-3'
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Table 2. Clinical characteristics of elite athletes

No!

Parameter (137) Mininum Maximum Mean SD'
Age (year) 125 19.0 26.0 20.7 1.3
SBP (mmHg)* 127 96.0 1420 1887 85
DBP (mmHg)® 127 4.0 8.0 706 86
BMI (kg/m?)* 126 18.8 298 231 20
TC (mg/dl)’ 107 1180  473.0 171.8 397
TG (mg/dl)°® 107 1.0 5150 1073 745
HDL (mg/dI)’ 107 34.0 900 575 118
LDL (mg/dl)® 107 00 4040 912 423
Glucose (mg/dl) 106 28.0 1080 534 150
Lp(a) (mg/diy® 60 1.7 192 83 82
ApoAI (mg/d)"® 106 550 2640 1020 319
V?Zmykm“ ofmin)" 86 509 59.1 558 16

'humber, %systolic blood pressure, *diastolic blood pressure, “pody
mass index, >total cholesterol, ‘triglyceride, "high density lipopro-
tein cholesterol, Ylow density lipoprotein cholesterol, “lipoprotein
(a), “apolipoprotein Al 'maximum oxygen consumption, Pstan-
dard deviation

Table 3. Pearson correlations among clinical parameters

Age  SBP DBP BMI TC TG HDL LDL Glucose Lp@  ApoAl VO™
Age (year) =0030 r=0008 r=0092 r=0.104 r=0213 r=-0013 1=0012 r=-0.125 r=0.297 r=0101 r=-0.384
ge P=0744 P=0925 P=0309 P=0345 P=0051 P=0909 P=0913 P=0256 P=0.043° P=0929 P=0.000"
SBE( N r=0569 r=0271 r=0019 r=0.093 r=0020 r=0012 r=0170 r=0080 r=0039 r=-0.236
mmHg P=0.000" P=0.002" P=0863 P=0393 P=0854 P=0912 P=0.114 P=0566 P=0718 P=0.029'
DBP( , r=0.182 =0094 r=0071 r=0.187 r=0080 r=0.186 r=0.063 r=0206 r=-0200
mmHg P=0.043 P=0384 P=0511 P=0082 P=0.163 P=0084 P=0.649 P=0055 P=0.066
BMI (g’ =0025 1=0078 r1=-0.160 r=0008 r=0241 r=0.049 r=-0.120 r=-0.958
P=0817 P=0475 P=0.141 P=0994 P=0.025" P=0728 P=0273 P=0.000"
TC g/l =0058 1=0.126 r=0.898 r=-0052 r=0.068 r=0.133 r=-0.008
P=0552 P=0.196 P=0.000' P=05%4 P=0.608 P=0.175 P=0.940
TG (mgid)f r=0397 r=0221 r=0.166 r=0.029 r=0127 r=-0.136
P=0.000" P=0.022" P=0089 P=0825 P=0.193 P=0211
HDL (mg/dly =0018 1=-0.083 r=0.017 r=0267 r=0.156
P=0.854 P=0.400 P=0896 P=0.006" P=0.151
LDL (mg/d)’ =0132 r=0058 r=0021 r=0012
P=0177 P=0658 P=0.829 P=0909
Glucose (mgidl) =0006 r=0345 r=0.255
P=0962 P=0.000" P=0.018'
=0007 r=0.144
L di®
P(@) (me/dl) P=0960 P=0305
~0.109
ApoAl (mg/dl)’ =
poAl (mg/dh P=0.316
VOZmax
(m/kg/min)

'systolic blood pressure, “diastolic blood pressure, *body mass index

, “total cholesterol, “wriglyceride, *high density lipoprotein cholesterol, ow

density lipoprotein cholesterol, 8lipoprotein (a), 9apolipoprotein AL “maximum oxygen consumption, "P<0.05

229 -



6. A =M

e 44 Bl gene counting LR Ao
AFdA] DNAC] EAjske g s iy F3A Qlert 5
22hol Zol7t YEAE AR $leke LS8 28
S olgsigich Ztzhe] iy FAdxbE digh AAl ASAE
 Asiety EAXNEN] AR AFE SHEE G
(Student's t-test) S ©)-&3le] B2t} Zhzke] A AlSX]
53'4' A et el AR E7e] A ABAE Pearson 2 E A

# AFE ol&3le SAINPL BE FAA fo FE2
P=0.05% 3}l o 28 X8 SPSSWIN version 11.0 T2
T38E o] g3l Falstgich

t}. Table 32

59 ARHRY ALE 19 %mm—z— 248 Aot

A

bp

533

©

Kpn'l

C c A c c
bp
448
367
124
81

Fig. 1. Restriction fragment patterns of genetic polymorphisms in the mitochondrial DNA. A) MTNDS5-Bam HI RFLP at 13,470 bp. B)
MTND3-Hinc I RFLPs at 12,406 bp. C) D-loop -Kpn I RFLP at 16,133 bp. D) MTNDS5 - Nci I RELP at 13,364 bp. MT DMA fragment
sizes are given in base pairs (bp).

Eel Azl Hol A AMIEF (VOu) #e 9% (=
-0.384, P<0.001), %7) d3t (=-0236, P=0.029) L A=
R (1=-0.958, P<0.001)$} 3 &2 AR AE Bl

2. AIRIM DNAO| Exists oigd tE |FEA 2%

A A DNAY] EA18H s39] O B4)9] A7)1%9% pa-
ttenel] ¥ YL Fig. 19 YERHITE Bam HI TFEAE
AF2A DNAS] 13470 bpell 914k ThEd e 2 PCR 5%
T A5t 42 Bam HIO| 93 Ado] o) Foix]x] &= 533
bpo] i #7k9} 294 bpst 259 bpE Aol Yojrt 2
FHY g AR olFolA s, & dFXE 7
ZFY B A4S Z2e NAEC] BF HEHA poly-
morphic¥t F-S HERAATE (Fig. 1A).

Hinc T -34S A} DNAQ] 12,406 bpoll $X|3h=
tgA o2 PCR FF Alg €49 Hinc 19 2§ Aol
o] FoiA7] o= 702 bpe) WY w"rﬂx}g’r 484 bps} 218 bp=
Heho] dojub 2579 Yy FHAE o]FoiA gled,
£ dFefiMe F TR uiE A 2 AEEiid

(Fig. 1B). 236 & AFellAl= 7]2e] AFelA Hine 11 Al
Hinc it
D ¢ ¢ ¢ A
bp
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484
400
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Nci l

A A A A A
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Fig. 2. The detection of 12025 A—G transition in the mitochondrial DNA. A) Absence of Hinc I restriction site. B) Presence of Hinc

II restriction site.

g G4 HAARL7F EA8kA] B 484 bpo] Fgjofl A=
& Hine I A3 45907 AAEE A 28] Y 7907 2
A=A Wt o] oF Koo Fug A YA E
737 Y8le] PCR productE & A17]3 o] 2 ABI3770
automatic sequencer machineS ©]-83}% DNA #7144 ¥4
< 33 As), AF-A DNAY 12,025 bp XS AGY)
7t GE71E AEE A EASAT Fig. 2). Wb £
Tl M= 71E EA3=E Hine 1 BV AL Hine 1 B84
olZlal WAL ojHe| M=o BAE HAE Hine 112
gadAoletn HEslsith Kpn 1 THE AL AFEA DNAY
16,133 bpoll HAI8h= o2 PCR EF3 A 549
Kpn 1o} 2|3+ Aho] o) Rojxj2] gF= 448 bpet 124 bp2) ]
2l 47249} 367 bp, 124 bp, 1] T 81 bpE Atro] Yoi=
2559 U AR o]FoA] gled, E dAFoMe F
TR dE 7348 2 Mg BF HEHS poly-
morphicdt A4S YRS T (Fig. 10).

Nei 1 THEA]S A1 DNAS) 13,364 bpell $1x181= o1
Aoz PCR &3 A3 5491 Nei 10 23k Hgto] o]F
A2 e 533 bpo] W FAAte} 364 bpet 169 bpE A
To] dojipz 2F 7Y dld AR o] Folx e, 2
dellAE T TR dE FAAE Ze AR S BF A
£33 polymorphic3t WS YERHRAC (Fig. 1D).

Al DNAO| EA13h= 55579 td 290 gt tig
A B3 P42 Table 40 YERAJTE Bam HIS} Nei 1
A gad ) AEHE EAAL 94 &% AFTolA
2 AEH va B 512 YA (genetic diversity) S
ebd wrH ol Kpn I, Hinc 11 2 Hine 2 THEAS &5 A
T 2 27 25N polymorphicd -2 vlehlle] A

=% 2579 By FHEe vEA duidon & /A
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Table 4. Allele frequencies of male controls and athletes of 6
RFLPs in the human mitochondrial DNA

RFLP Group Allele Frequency (%) p!
Allele -2 +

Control 103 (100.0) S0 00 0.385
BamHI Young 41 (100.0) 0( 00 0.583°

Athlete 136 ( 99.3) 1( 0.7)

Total 239 ( 99.6) 1(¢ 04)

Control 24 ( 27.9) 62( 72.1) 0.929
Kpnl Young 13 ( 32.5) 27( 61.5) 0.624

Athlete 37( 28.5) 93 ( 71.5)

Total 61( 28.2) 155( 71.8) )

Control 7¢ 7.1 91( 92.9) 0.715
Hie Tl Young 3( 73) 38( 92.7) 0.816

Athlete 11( 8.5) 119 ( 91.5)

Total 18(C 7.9 210 ( 92.1)

Control 91( 92.9) 7( 7.1 0.156

. Youn 39( 95.1) 2( 49 0.585

Hinc 112 Athle%e 126 ( 96.9) 4E 3‘1;

Total 217( 952)  11( 48)

Control o( 00 96 (100.0) 0.393
Nei Young 0( 0.0 41 (100.0) 0.576

Athlete 1( 0.3 131( 99.2)

Total 1( 04) 227 ( 99.6)

'probability, Zabsence of restriction site, “presence of restriction
site



Table 5. The Comparison of the clinical phenotypes according to
Kpn 1 polymorphism in the mitochondrial DNA

Table 6. The Comparison of the clinical phenotypes according to
Hinc 111 polymorphism in the mitochondrial DNA

Allele Allele

Variable Variable

A (No.) C (No.) A (No.) C (No.)
Age (year) 26.7113.0 (55) 28.3+14.1 (144) Age (year) 293+16.3 (15) 29.4+14. 9(196)
SBP (mmHg)' 120£9.6 (44) 118.3+8.0 (113) SBP (mmHg)' 119.5+11.7(11)  119.1£8.5 (146)
DBP (mmHg)’ 74.319.6 (44) 70.8+8.7 (113)" DBP (mmHg)’ 72.6+£12.6 (11) 71.9+8.8 (146)
BMI (kg/m?)° 234123 (55) 23.412.0(145) BMI (kg/m?° 23.943.2(15) 23.3+2.0(197)
TC (mg/dD* 1584%303(32)  167.5+47.9(92) TC (mg/diy* 15884282 (10)  162.7%46.3 (122)
TG (mg/dly’ 1159493.1(32)  116.4%85.9(92) TG (mg/dly’ 1057+48.0(10)  133.5£86.0(122)
HDL (mg/d])® 50.7£15.9 (32) 49.0+18.2 (92) HDL (mg/d1)® 54.5122.9 (10) 47.2%17.6 (122)
LDL (mg/d1)’ 84.0128.4 (32) 95.6146.5 (92) LDL (mg/d1y 86.8£22.1 (10) 91.7144.3 (122)
Glucose (mg/dl) 61.0£21.5 (29) 59.3%389 (87) Glucose (mg/dl) 60.3£18.9 (9) 58.2+32.4(111)
Lp(a) (mg/dn? 8.7+5.2(21) 10.2£8.8 (69) Lp(a) (mg/dl)® 11.6£1247(5) 10.7£10.1 (88)
ApoAl (mg/dl)° 101.3+40.8 (27) 98.0£30.3 (75) ApoAl (mg/dl)’ 105.6+73.1 (10) 96.1£28.3 (95)
voz,,m (mi/kg/min)'®  55.8+1.9 (18) 55.7+1.4 (56) VO (mlkg/min)'®  54.8+3.2 (5) 55.8+1.3 (69)

ystohc blood pressure, 'dlastohc blood pressure, *body mass
index, total cholesterol, ‘triglyceride, ®high densny lipoprotein
cholesterol "ow den51ty hpoprotem cholesterol, hpoprotem (a),
®apolipoprotein AL, ’maximum oxygen consumption, *P<0.05
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3. A=A DNAO| EAfsts ohgdat
§F'5“51 NESTe 2HHY

=

mtn

Table 5~72 AR DNAC| EA8h= 524 el A
oA Hlad F& FA gYEE e 357 OHE
Qe & AFE A ASA 2 *@5}5}@ AEE A
olg] #HAHL B3t Aot} Hine 11 ¥ Hinc 112 TFA3
o] Aol Ztzte] diY FHAEe] &5 AFaEd] HE
ol A4 ASA R A AFEHRE FAXNSE F
ojgt ol & ER A eEsith Wbl Kpn 1 THEA S A%

= g §HAE] &5 AFFod 247 d9 w3
23 FHEAL e =l (Student's t-test, t=2.149, df=
155, P=0.033), B3] A ¥ FAXE 713 &5 HAFE
(DBP—743:t96)°ﬂ vEd ¢ Uy #3348 2=

£ (DBP=70.8%8.7)°] foatA @& &7 a4 #
UrE}LHaiE} (Table 5). W&kA A A DNAC *zﬂ'&}—t— o

9% B4 K1 B3YE ga}t C 4 fite

systohc blood pressure, ‘dlastohc blood pressure, “body mass
index, “total cholesterol, Striglyceride, ®high density lipoprotein
cholesterol, low density lipoprotein cholesterol, Slipoprotein (a),

9apohpoprotem AL “maximum oxygen consumption

Table 7. The Comparison of the clinical phenotypes according to
Hinc 112 polymorphism in the mitochondrial DNA

Variable Allele

A (No.) C (No.)
Age (year) 29.0£14.9 (202) 36.4£15.19)
SBP (mmHg)' 119.0+8.7 (152) 123.0%8.5 (5)
DBP (mmHg) 71.8+9.1 (152) 76.226.8 (5)
BMI (kg/m?)°* 23.312.0(203) 24742.5(9)
TC (mg/d)* 16134449 (125)  181.6£50.0 (7)
TG (mg/dl)’ 112.8+829(125)  113.4%103.5(7)
HDL (mg/dl)® 48.2+18.0 (125) 40.0%18.6 (7)
LDL (mg/diy’ 89.9+41.7(125)  1152461.1(7)
Glucose (mg/dl) 57.7£319(113) 67.9%253(7)
Lp(a) (mg/dl)® 10.8+10.4 (88) 10.7£4.2 (5)
ApoAlI (mg/dl)’ 97.4+34 .8 (103) 78.5+20.9 (2)
VO (mVkg/min)'®  55.7+1.5 (74) 0.0£0.0 (0)

systohc blood pressure, 2dlastohc blood pressure, “body mass

index, tota] cholesterol, Striglyceride,

®high density lipoprotein

cholesterol "ow densny lipoprotein cholesterol, &lipoprotein (a),

®apolipoprotein AL

?SH TH9 At B
and Nci ) BF8A4) 9] X & 24183 of&d
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o B¥7} tlzze] Bxe} S8 Ao|7t YA sols
a2}t el Uk 1 A Al &4 Bam HIF Nei 19
AR ¥ Z79] %9 monomorphic# patterns
ERfglom, &5 Mewe] 724 @ fgda Wzl 07~
08%% ERY £ 79 BAeAE A R UHA] 3
o] thgAe ALlE 5 A 3 EHZ"—H‘ 55+ po-
lymorphic&t pattens YR} A3 EAFERS] BY
AL BAE] Y9 42 EA (genetic marker)i Alg-s)

Ao Abx AvgoR BAIEE A7 8~2050] d
A FE Z2a3S 5 Ju Ak L] VIR &
A=E Fata 8 A= (rainabiliy) A WebtE 749

= a9 Ze o o F2 AEYH (ife
styleyolvd Dok Ael (nutrition)9} 22 43 7hAAd 29l
(environmental factor)¥} T}FE §44 221 (polygenic herita-
ble factor)®] AZ2Hgol 28] AA=E tRIAA] E2 (mul-
tifactorial trait) = %24 UTH (Dionne et al., 1991; Rivera et al.,
1998). AB7A] 5 FEol @ ATE F2 FHAHY 2
ol o] koA skom, 1 A JidY &5 TH
A F)7] 4F &5 T2 A € &% Al
ME 1A a9 i%ﬁ ol gtk ARS8
& gleh ey e AR=e ¥R o2 YA A
TFHol| FEL X E FHAEC] AR wHAL glor,
E£3] angiotensin I converting enzyme (ACE) 2} (Gayagy
et al., 1998; Rankinen et al, 2000b), muscle specific creatine
kinase (MCK) %77} (Rivera et al, 1997) E A DNA
el BE §14 WolSo) A7 JgL vAE
23t 313 {42 (candidate gene)?) ROZE YEPHT) Rivera
et al, 1998). ] & FH FHAE FolA AFEA| DNAE
RNASH IRNAS 45 slslE §1AHE o9 A"
(electron transport system) 2 AF8}A 14Hs} (oxidative phosp-
horylation)oll #oddl= Be A4ES G333 A4S
Esiar gl7] WEe olE &AES] /157 Aold| d%F
vAE A o7t A7+ 3
A=A AR FFgE v
o] AbA| DNAC EAstes 37 Wolet o g FAES
o] BAE 2AE] 93 ATE°] = UTH Dionne et al,
(1991)2 24~29419] AUTIIS ez 2FFe] AF &
&g o848 BAE F3iA ALEA DNAY SR8k F34

Y 228 T9 ¥ A=t B
4L B3 A3} NADH dehydrogenase subunit 55 &
FRAl EASH Hine M AT Eaol e b3
ol Huj 4t AM|FF L kA FH ZROYE T
d AFES ol #AMdol UFE BHadgich 28
Rivera et al, (1998)2 A sHHTHQ] 125 =

o wlo

0.14
5 2;1
b
F{C'l'
rSE
e
HU
N
%
lo,

L Ao ox i?l

09,
lo
Ho
ol
R
-P
il

B

6579 RS gl A8 A DNAS] NADH dehydro-
genase subunit 55 ]'Eﬁ} 3= 734 2 D- loop region®l] &
et 4FR7 P S B4 E, 7 It Fod
A {23 HE Zo|E HEHH ZPS B ol F
) Ak AHEglM e Fo3 2ol HEsA] Kapgich
oprlo} Fetel d¥el I FIRIE LR g a7 AdFHe
Mokele o w 3 AT Anels Aol S vERY
=), B3] 42908 oz g Ao A Murakami et
al,, (2001)& A3 T4 Hine M1, Nci I 2 Bam HIZ ©]-&
g A3 Mol B o) &3t AT BEAYES sty
31 o}, ©]E°] monomorphic?t pattemS WERI O] T o]
o) 8498 3T 4 Itk Nei I 2 Bam HIO| 93
HA Wole B dPoME 9] We f3ix gy
yehgiglEd), f24 3400 A oledt FAMg
Acke] G4 w7 (genetic background)®] AL AL
< AL DNA $4AM % 953t e Zolth
Fon A& e §A4 WA FAMS B
< ¥ DNA 2 Y S84 EAlsts fAaEd dig od
A4 BAqME 9 dZE 3 9t} (Bae et al, 2001). Mura-
kami et al,, (2002)2 AFEA] DNA EAsHs F-axHE ol
3 o 9xx} theido] BAA AT Fo3 29lo]
e AME Q14Ete] ALRA DNA FolA vjad %2
HA2} ekl S e E K92 D-loop region®l] ExSH=
F+24 Wolg o] gste, 200]9) 5589 FAAA H At
2z 2§ 8 T89S 53 Fd AFEAA
9] zpo)7} EAFEAE EAEGTh 1 A o] B9l &

5 ot

Aok §AR WolEo] o5 HAYES AR FIB
$2 AT AL Buse Y2AL Yoz @

R of
ey

2 o r]
>

rlr

D-loop region®l| EA5h= 44 WHol7p A|7Y
A

4
Ak FE T2a9s §F $Y AF R fAE 9%
o)X= HH EA (genetic marken Y= PSR
FAAE Aoz & X718 B8 A7AME Chen et

, 2000)°] 3379 &5 AFET 20 UERTE Wt

3}o] D-loop regionol] EXgh= 34 ®olo] 2¥7}
Zholl o3t Zol7t e A& ZARI T, 2 243 o
FAA B3 °‘°1*1 T 23t i atel7t A&
% Murakami et al, (2002)°] YA &
PFde et 1y f6A ok
oop reg10n°ﬂ EA8te o34 Kpn 1
S E}ﬁ“qg o] &8k 20tho] 3
0“1? Ao A=

p
rO
o
2
0%
LE

I

o
_t'g‘
R
e,
)L
[+0
ﬂF

o]
ox
o

!
gt
ok,
_EL
N,

P,
i
flo
U

A0 glo ot O ok

oo

B
=
o
=2
HJ
r—l,J
o
=
=3
_o‘L-
X
L
lol
O
f&
éé
2
).
>.
3
o

o%é?iiﬂo_#h_aoiﬂmemﬂmHﬂﬁr?ﬂmloxtﬁ
mio
A
20
rir
Jo
2t
2
ﬁm
i
)

f

)
ruZ‘.
O
51.1
tlo

-233-



2t @7 e A7 4 @ e A
A7 deEe 34U @ gy

& o] MEER o]FolA U3
7] & AN E %% FE59) g 3 o3
AR DNAS) EAjse #33 Wolr) A7=e) vXe &
FH7t Aol o8l freldel RS THe e WA
g grh Ed B dAyoAs 8RS ddeE syl
AFehs 2 fata T T2 aRS FsR] 4gk) o)
L a2ele dtes gala Yy zeoug

4‘:«1 7H°1‘§ z}o) 7} A}@zﬂ DNA°ﬂ 2=

e

2
121:
_%

ek
o
ot
ot
o
fr =
o
£ b
r-{u:
gi
m
o
w2
fols
%
F“F
E

0171 fa R
Fohe AR PIHA DR JFL T

£ AT AT ALEA DNAY EAME 537/ dE8E
FollA W& FHx dEA 7S YER Bam HI 2 Nei I T
FAS AT U 3FR oy 2Vt g, vjuE,
g A2 2 29 F9f oju st dAAo] J=AE AL
3ok 2 A, Kpn 1 8ol 5 Agatelx 24471 ¥
oF g3 frofdt BEAS veERET, A dIE FAAE 7
7 % AFEo] MM € dF 3RS ZE 5 A
Eo] oA W &3] g9t e JehU) ol
Ae Kpn 1 THEA 0] 39l FAolA n8de] o5 3
Age) 488 ¢ QE 83 F14 BEXY 7S AlA

e AB2A FEEUCL AW B AT GRES 207
o e £F AFTULOR o]0} AR YORA
oJE Auele] Y @Yo FWAIVIIE Tk A
B ohuje el glolME WA Wiwe gdoz A
g FA] e o] BEyel nEdn feld aRYE
eheAlel B duel 2 nded BaEe e
2 @ BA-gEE 97 52 B Hrl 3ue e
& SRY T & A0 A AW Kon 1 G4

UV | *}%xﬂ DNA
‘ﬁ' Axg EFsH=
Kpn 1 1:]-53’34—]- &

fr
o
L
N
£
Ha
2
re
it
4
=
X
i
i
rﬂ

o2 BuEct (Kokaze et al., 2001; Kokaze et al., 2003).

7] gt foldt AEAL 715 AFo) obd Kpn 1
143 AL-A DNA W] E 2™ gosts ofg] &
HAA F& FHZ Ho|ote] AW EHF (linkage disequi-
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