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ABSTRACT

The purpose of this study was to identify mitochondrial polymorphisms associated with
high endurance performance. We determined sequence of ATPase subunit 6 (ATP6),
ATPase subunit 8 (ATP8), cytochrome b, and D-loop sequences of mitochondrial DNA
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from elite runners (ER, n=31), non-elite runners (NER, n=108), other athletes (OA, n=43)
and control (CON, n=112) by the direct sequencing method.

As a result of having compared frequency of gene polymorphism, as gene related to

endurance performance, ATP6 was selected. In ATP6 gene, 59 single nucleotide

polymorphisms (SNPs) were identified, and 31 of them were non-synonymous substitutions.

The frequency of Mt8794C — T (His90Tyr) in the elite runners was significantly higher

than that in other groups.

Cluster analysis of the ATP6 nucleotide sequences revealed that they could be classified

into eight clusters. The proportion of runners in the members belonging to haplogroup VII

characterized by Mt8794C — T was significantly higher than that of runner in other

individuals belonging to other haplogroups. These results suggest that Mt8794C — T

(His90Tyr) is associated with high endurance performance.
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DNA DO BIEFZ BAT T )V F — 4 Rl o
EHBROBREICREITER~NOEBEIKRE
B DNA ZRISHOEBIIILHT 5 EEZ NS,
2T T, AMETIE, BWIATERDICHEY
BBETEREWS MIIT A0, BEEHERD
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1.1 X &%
BEREL, FEENB X UKFOME EERERICH
BT A28&182%, BXFControlfEE L TORE

- BRG—fgRFA1124 (CONTF) Thh, 2B &

¥ informed consent % 1472, B H (X HFIMEH IC
EYVHELA LT, BAEFHESIRELG2 S
EZREEL L, BEEHEICLY, Elite_Runnerﬁ-.
(ER #, n=31), Non-elite Runner # (NER &,
n=108), Other Athlete i (OA%¥, n=43) D 3%
WAL TRE L7,

1. 2 BEESIDRER

MRS B VIEOERIRE > e L, &
DNA % #i it L 72. Applied Biosystems ft @
GeneAmp® PCR System 9700 % JHv», PCREEIZ X
D a GBRIEF IR (ATP8/6 : L5 8,366 ~
9,207, cytochrome b 14,747 ~ 15,887, D-loop
16,024 ~576) & HiEL 72 (R1)12. 2L T,
Applied Biosystems f+:® ABI PRISM® 310 Genetic

&1 ERLLF7A4=—DY AL
3ODBIETDITA VY =2 T AD7=0IIPCR % HV T SRS & H0E L 72,
First PCR Second PCR
L1 Hl FL2 H2
L3281 HI11571 FL8345 H9133
FL8635 H9235 ATP8/6
FL8913 H9483
L13901 H609 FL14559 H15162
FL 14837 H15340 Cytochrome b
FL15126 H15755
FL.15405 H16016
FL16221 H342
FL16504 H581 D-loop
L77 H3370 FL100 H742
FL398 H1014
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BAD LEFRDOEF|TH LUETM T >~ 7)) v VR
HEEIL2) L L, METERERELL.

1. 3 #rEtnsg _

#E [ T 0 SNPs {4 2 D L8 Welch O -5
v, & SNPs D HBIBHED#E X, Fisher D
BEEMRGTEE T AW TRE L. AEKELRE
FREE5 % AT & L7z,

ST R OFERIZ1E, GENETYX-MAC
Ver11.2%FIH L, 7T A% —ii R BE A%
.

2. &8 R

2. 1 EHEEFZEOETE

SHRBETZELEY AL -0, F—EREE
LT, ER# 104, NER#504, CONFE204IC
DWTC, ERFEETHEEOBT21To 7.

ATP8 B X TF ATP6 E{ETFHIRTIX 39 # pTIC

) FRJERIELT yTIChHo7z (R2). T0
9 B Mt8860A — G 1%, Mt8860A (adenine) Hi&
W 27 v JEEHERLH O W T rare polymorphism
EINTVHDOTHHPLBRALE. —F,
cytochrome b E{Z T IR Tid 46 7 P IZ SNPs 53§
manfe. Z0) LIERBRERIZI 7T TH-
7z (R3). ZITH, MI5326A—G Al LPHRE
TREEND, 7)) v JIEERS] T Mt
15326A 75 rare polymorphism & S LT 5 D TR
HL7. TROEDSNPsDLDHE, 5%~95%
DWBIHEZ R, M8414C—T, Mi8563A—G,
Mt8584G — A, Mt8701A— G, Mt8794C—T,
Mt14979T >C D6 # B D SNPs & U L7z, &
LB D SNPs |22\ TR & L 1245 L ER
FETMB794C— T DHEED 50 % &, DD
ICHAREEICE { (vs. NER B: p<0.01, vs. CON
BE: p<0.01, +R4), ATP6EIZT#HIE, &< I

 Mt8794C— T Z R DS IZ OV THRA L 7.

T, BIESN/ZSNPsIZETE, /TR F—
JEAT % A CHE % 085 5 720 12 D-loop D
M AEAT L CTiT o 72, D-loop THEIZE S /zi&

SNPs ASHESR XNz, S0 b7 I JEBROE{LE BRI b0, HEL S -7 (FH).
_ F+2 ATP3/6EIETFDOIEFEFEEH
ATPS ATP6 .

Nucleotide AA (%) "~ Nucleotide AA (%) Nucleotide AA (%)
8414 C—T  Leul7Phe 35.0 8,545 G—A Ala7Thr 2 8764 G—A Ala80Thr 1.3
8,447 A—G  Met28Val 1.3 8,563 A—G Thrl3Ala 6.3 8794 C—T His90Tyr 125
8,453 A—G  Asn30Asp 1.3 8,584 G—A Ala20Thr 5.0 8860 A—G Thrl12Ala 100.0
8459 A—G Asn32Asp 13 8618 T—C INe3IThr 13 8920 G—A Glyl32Ser 1.3

8,677 A—C  Lys51GIn 1.3 8962 A—G Thrl46Ala 1.3
8,684 C—T Thr53lle 1.3 9,053 G—A Serl76Asn 1.3
8,701 A—G Thr50Ala 63.8
%3 Cytochrome bi#{EF D IEFFEE R
Nucleotide AA (%) Nucleotide AA (%)
14,766 T—C Ile7Thr 1.3 15,323 G—A Alal93Thr 26
14,927 A—G Thr61Ara 26 15,326 A—G Thr194Ala 100.0
14,979 T—C Ne78Thr 6.4 15,458 T—C Ser238Pro 14
15,047 G—A Glyl101Ser 1.3 15,497 G—A Gly251Ser 4.1
15,119 G—+A AlalZ25Thr 1.3 15,662 A—G Ie306Val 2.7
15,218 A—G Thr158Ala 2.6 15,851 A—G Me369Val 1.9
15,236 A—G Tle164Val 1.3 15,860 A—G [le372Val 38
15,314 G—A Alal90Thr 1.3 15,884 G—A Ala380Thr 1.9
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< DHTIER

olzlz®d, SEOSH»6IERL 7. — N3, 127FFICSNPs 2 LTHBY, &F
& LTit, BLZ560 bp Z&IZSNPsAH HEHE
2. 2 ATP6E{EFHRIEDEER 2% 5.

ATP6 BIZTFHEBICDOWT, BHE 1824, 2
Y RE—= V1124120V THEERR » g L7

4 HEHOHEE SNPs D BSEE (%)

N 59 4 FTDSNPs DT, HBEED
5%~ 95 % DHIFT, BIEMAERE D5 THE
YD d % IEF 18 1 1d Mt8563A — G, Mt8701A
—G, MB7UC—TD3 rFiTh o7z,

CONZf  EREF  NERZEF .
— BL7zONKRT ThbH, CONBETODHIUHREC
Mt8414C—T 55.0% 300%  28.0%
ATP6 LT, Mt8563A—G & Mt8701A —G D2 » i
MI8563A — G 5.0% 300%  20% . P R
MIS584G — A 0% 0.0% 6.0% DSNPs 1B L TR B IABEIZRONED
MI8701A — G 80.0% 400%* 620% o7z, =, Mi8794C—T Tix, ERH#IZBIT 5
Mt8794C—T 5.0% 50.0% **  8.0%
Cytodiinoms b ' WBUHREASCONBEL LB L TH %KLL L TH
Mt14979T —C 15.0 % 00% 42% BIZEWT EDHH S R o T,
*1%, CONBEICAH LT5 %KM, **id]1%kiETHEE
BRLENIZL O,
#£5 D-loop DBfaFER. HMBSHEA10% L LD S D
Nucleotide (%) Nucleotide (%) Nucleotide (%)
16,129 G—A 19.8 16,304 T—C 125 263 A—~>G 100.0
16,182 A-del 104 16,311 T—C 16.7 303 c-ccc 21.1
16,183 A-del 22.9 16,319 G—A 10.4 303 Cc-CC 58.9
16,184 c-cce 114 16,362 T—C 479 311 Cc-CC 98.9
16,189 T—C 31.3 16,519 T—C 438 489 T—C 66.7
16,209 T—C 115 73 A—G 100.0 514 C-del 375
16,223 C—T 74.0 152 T—C 188 515 A-del 375
16,278 C—T 104 248 A-del 12.5
+K6 ATP6EIEZTFDSNPs. £HE (n=294) T1.0% Ll EOERE CHE X 172 SNPs
Nucleotide AA (%) Nucleotide AA (%)
8,563 A—G Thrl3Ala 6.1 8,844 C—T Ile106 1.0
8,584 G—A Ala20Thr 44 8,856 G—A Alall0 1.0
8,701 A—G Thr59Ala 7.0 8,964 C—T Thrl46 5.4
8,705 T—C Met60Thr 1.0 9,053 G—A Ser176Asn 31
8,764 G—A Ala80Thr 1.0 9,090 T—C Ser188 1.7
8,793 T—C Pro89 1.0 9,123 G—A Leul99 24
8,794 C—T His90Tyr 8.2 9,180 A—G Val218 27
8,829 C—T Asnl01 2.0
R®7  HEHE L SNPs 0 IRBIE
Mit8563A — G Mt8701A — G Mt8794C — T
n (Thr13Ala) (Thr59Ala) (His90Tyr)
ER # 31 473 (12.9%) 17 58.4%) 6131 (19.4%) *
NER # 108 6/108 (5.6%) 68,108 (63 0%) 10308 (9.3%)
OA Bt 43 3us (7.0%) 2743 (62.8%) 3 (7.0%)
CON B 112 5112 (4.5%) Tlhio (63.4%) 5112 (4.5%)

*1X, CONBRIZH LTS % KETHFEEVFR OGNS D.
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IhaAV TS ADOERITIR, BEOSH
AEH L TV BEDTREMBINEEETH L. £
ZT, ZOATP6 BIZTHIMOEEETIC, HH
2 H R0 ATPR BR T RO IR RS %
ffmL7zb D%\, 7 IR —@ifikiroi-.

THICEY BN OSIEERL T L, 5%L
LDONED BT H8OD 2 FA Y —ABHREN
72 (M2). $hbb, ZOBETHEITSNPs % #
7z 72\ Haplogroup I, Mt9053G— A (Ser176Asn)
% %> Haplogroup 11, Mt8414C—T (Leul7Phe)
% ¥ Haplogroup I, Mt8584G— A (Ala20Thr)
% #§2 Haplogroup IV, Mt8701A—G (Thr59Ala)
7213 @ Haplogroup V, Mt8701A —G 2Nz T
Mt9180A — G (Val218Val) % > Haplogroup
VI, Mt9123G—~A (Leul99Leu) % #™

Haplogroup VI, Mt8794C—T (His90Tyr) %2
Haplogroup VI 25§52 & #17-. Haplogroup Z & |2

A HEERE R A L, Haplogroup VI I2J& 9

5232405 %, EREEIZ6% (26.1%) 59,
NERB10%ZZMA A &, #£7 v F—316%4

(69.6%) Th-7z (F). ThixL, fo

Haplogroup IZJ& 3 5271409 %, ERFIZ25%

(92%) THYH, #£7»F—ix92% (339%) T
& 72, Haplogroup I IZE@ ¥ ALY — 7 v+
—OHIEE, fbo Haplogroup B3 %5 Y — b

T —DOHEILTHREIIEL (Fy Xk =
347,p<005), 7 v F—DEEIFEENRS

iz (v XA =445,p<0001).

3. F &|

INLDOKBIZLY, ATPAKERS 6 7L

%8 £ Haplogroupe (25343 % 7 v+ —DHE

Haplogroup
I II m v \Y VI Vi VI Total
n 56 9 101 12 76 10 7 23 294
ER £ (%) 12.5 0.0 9.9 8.3 8.3 20.0 0.0 26.1* 10.5
NER (%) 304 22.2 36.6 41.7 41.7 50.0 57.1 43.5 36.7
ER#+ NER# (%) = 429 22.2 46.5 46.5 50.0 70.0 57.1 69.6%* 47.3

*IE5%KHET, ** L] % KETHERENRONZbO.
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