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An investigation into physical characteristics of collegiate male athletes
in case of distinction according to a-actinin-3 (ACTN3) gene
polymorphism: Regarding swimming, water polo,
badminton, table tennis, and wrestling players

Inkwan HWANG, Dai UEDA, Naoki KIKUCHI, Yoji OMOTO, Tadashi OTSUKA, Yoshio SEKINE,
Shingo MSTSUMOTO, Hideo HUJIMOTO, Taeeung JUNG, Kenji BEPPU, Dongjin SUNG,
Shuji MATSUNAGA and Masatoshi KOBAYASHI

Abstract: The purpose of present study was to investigate physical characteristics of 162 collegiate
male athletes who were all regular players of each club (swimming: n=30, water polo: n=22, badmin-
ton: n=25, table tennis: n=15 and wrestling: n=70) in case of dividing them according to a-actinin-3
(ACTNS3) gene R577X polymorphism (RR, RX, XX). ACTN3 polymorphism test was executed with the
method of TagMan® MGB probes by collecting subject’s buccal swab samples. All subjects implement-
ed physical battery test of grip strength, back extension strength, standing long jump, 20 sec side step
and 30 sec sit-up.

The Gene frequency of ACTNS3 in all subjects was 25% of RR type, 50% of RX type and 25% of XX
type. As to each sports event, the frequency was 30% of RR type, 47% of RX type and 23% of XX type in
swimmers; 27% of RR type, 55% of RX type and 18% of XX type in water polo prayers; 25% of RR type,
48% of RX type and 20% of XX type in badminton players; 27% of RR type, 46% of RX type and 27% of
XX type in table tennis players; 21% of RR type, 46% of RX type and 33% of XX type in wrestlers. Sub-
jects with RR type indicated high values in all physical tests compared with subjects with RX type or XX
type, and especially, showed significantly higher values in all tests than subjects with XX type. Likewise
in case of divided them into their specialized events, there was a tendency for subjects with RR type to
be superior to subjects with RX type or XX type in all physical tests.

In conclusion, it was suggested that athletes with R allele in ACTN3 gene R577X polymorphism,
particularly with RR type, would have the advantage of strength, power and agility which must be
required in athletic events objectified in this study, and that excellent physical training both in quality
and in quantity might be indispensable to the athletes with complete deficiency of a-actinin-3 (XX type)
beyond the athletes with R allele.
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n, ZNITESWTIF T VT URIENRERENS
GEETO%B). Lo L, Mo2r0RNTEETOH
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HEGRp o727 I VBHPREEG LIS V8 BHRHN
TEREINLZ LI b, BETEROHRTY, FHU
LB OEREOERDET 1% UL ELOBEETHE SN S
BE R MIEFER EIFY, CRIEAERKRE R ED
BEWELLLTELRENTHLEEZORTWVS 'Y,
WAETI, 2O X)) REEBETRISER, EEEREk
B CICWT A2 EIETOMENEZHBESATY
%' a-7 7 F = VIIERAEO T L I X T ICB W
CZIEOWE VD 7 V2 TH Do a-T 7 F =
WCRBIEEHOY 777 3 =ML TWBED, B
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Ml OARFEBENSE L LTWwB Y, ACTNS T
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ACTN3 BIEFIZ XM EXRBLIZI N, b FO&ERTHIIZ
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EBL%Z5NT02""", Yang 513", B i
LARVDAR—Y #BF 2RI ACTN3 #In TSRO
REHEZ AR, £V Ey 2L NV D AT
YRRy —RHFHD b v TEFTIE RR B 50%, RX
B 50%, XX 0% CTHY, g/t v 7LD
FARBEHET TIX, RR I 30%, RX I 40%, XX
30% Thol-tWE LTS, ThODFKERITD L
Ed—oDRallele #$F->TW5b Z & (RREE RX A
HBAT) ¥ MR —REHICIIAERNICEH 2 L 2R
BLTW5h,

—F, ACTN3 BIZTOLAOFBUHEIZIX, A
ENHHIEDME) IR TVE, ZOHETI,
ACTNS #fn T OFBBEE L, B ATIX RR # 30%, RX
Bl 50%, XX B 20%, 7Y 7 AT RRH 17%, RX &
58%, XXM 25% CTHDH, 77 ARBAIIBNT
13 RR &Y 84%, RXH15%, XX 1% #/RrL7z& LT
WY IS ORENS, ACTNS Ein T2 R 0¥ E
DEFI SR B LT V7 NIFARERIZ, 77U 7
FEMNIATY) ¥ bRy — RN TW AR
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HICFNZNETALF 25— HBFRET 162 4%
WHE L, ACTN3 EIE OB 2 5% L i
THOIHEHBO L V—AN243% (BT 9%, %
T 149 %, ki 69.7+587%) a3 bu—Jj & L7z,
B, ETOPREITIRNEO T E % T4HITHH L
&% &7 EcllEs £l 72,

Wbt o BRI, Table 1 1R Y TH b,
AWFRIZBIT B b7 L - BB ENTIEZEICBE T 5
B, EAEROR#ES X OB REE IS LTI,
HARKERFMBEEE S DKRE KREES 4 009-
G001 %) 2f37-bDTH 5,

2) ARBEE&IUAHE

Wetidr o MU, B, 7R, IR (%Fat),
BRIRIIRE (LBM) Z48EE & LTIV 720 KEE, %Fat,
LBM (22T & InBody430 (Biospace #L#) % v,
FRAV DN LB 2 i B B i 02 Tl SE L 72

BAME L LCERMRAT ) (B, Bl o
WEZAT o720 HTMERZZNLEN 2 BTV (B
FEAZRZN2MH), ERZ EHEREDHEE L7z, &
TEEHINTTRL 7Yy VREIEE (PrkpRRtt
#) ZHWCTHE L. ZomoflEicovTid, #
FHAT) GOBHEEAEZL), Thhory— (GLbiE
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Table 1. Physical characteristics of all subjects and comparison in physical characteristics between ACTN3 R577X polymor-

phism (RR, RX, XX) of all subjects.

Experience of . .
Age .. Height Weight Spanofarms  %Fat Lean body mass
Item Competition
(yrs.) (cm) (kg) (cm) (%) (kg)
(yrs.)
All subjects (n=162) | 20.1+1.9 8.7%x2.5 1722169 704+9.2 175.8+9.4 13.3+4.2 60.9£6.8
RR type (n=40) 19.7+2.1 9.0£2.8 173.0x6.2 71.7+10.7 176.9+8.6  12.7+3.4 62.5+8.1
RX type (n=82) 203+1.9 8.8+2.5 172.1+£7.0 70.2+9.2 175.7+9.7  13.7+4.6 60.5+6.8
XX type (n=40) 19.6%1.6 8.4%2.3 171.7+75 694+7.7 175.0+9.6  13.2+3.9 60.1+5.1
Each value represents Mean + S.D.
BEOY), BEYE OUEBE D) 2 ThERfTole & EIEOVTHE, —ERESHIIEI, ZOMRHA

B, BN, W, BRI L, vbiEBke, AEM
ECDME S FEIZOWTIE, #H - HARAN DA EHEE
2000 D JFEE ITHREVFERE L 720

3) ACTN3 EIZFEDBEN

AWFFETIE, BeBeE O OIPEN D SHkEZ v -C O
Milsi A 15 #0103 &3 0 $RILL 7M1, BRI A - 72
TV TNVERIIAND , BV T IVELERITE DI L
#E (12,000 g x 5min) &7V, (LB & EAHD KIS
SE LTz EMoOKSZERy NTRDBRE, BIFIK
(SNET 50uL [20mM Tris pH8.0, 5mM DESA,
400 mM Nacl, 0.3% SDS]+Pro K 1L [200 pg/ml
Proteinase K) ZiRM L 720 # D, 55°C 12T 30 451
4 v F 2=} L7V % BioRad tH# DY 7V 5 4
5 PCR #i# (real-time Polymerase Chain Reaction ;
CFD-3121, UK) %Ji\T, TagMan MGB probes i
WZCTHHT - BT 24T o 720 6B, ACTN3 BT Dk
A CPR JE 2 ¥ R — % ¥ MIZDO W TIL, TaqMan®
PCRMaster ~Mix-ordered  separately
12.5 uL, 20x, 40, 80x TagMan® SNP Genotyping Assay
Mix 1.25 uL, 7K 1025 uL, DNA1uL %Mz, £E)s
BuLic b ) MPAEL2dboe vz, /2,
ACTN3 BIZFLZRIDOMNRRIZE D, R577X & WX}
7 allele 12H§2 XX B, F allele D AIZHFD RX Bl & 4
SHFELBWRRIIZZERZNE L,

Universal

4) fREHuE

T O MEAE AR 2 TR L 72 BB 12 B
% ACTN3 BIn FEZMOFHFIZOV T, FE (%)
TaRL, avhu—HN, EFEENE X &5
Héarybo—nbo ACTINS #Efan T2 OB
DI 2 T 72,

FZMEIHH 2B 5 ACTNS @& fm £ R o2EDOK

BEDVD 5725 DK L T Tukey DL H LI E %
To720 BB, WINOKREMLIIZBVTH Y 7
I SPSS (16.0] for Windows) # i\, fElis 5% i
bo THEKIEE L7,

3. & R

1) £HRERUZHEFANICE TS ACTNI B FEH
DFIFE

Wt 4k (n=162) 12B1F 5 ACTNS E{EF%
OFHFIE, RR A 25% (n=40), RXH!50% (n=82),
XX #125% (n=40) T& 1), Hardy-Weinberg V- fii 1
EDORER, HELEEFIEDONL D72 (=002,
p=0.875), %7z, ¥ Fu— )L ® ACTN3 #fz %1
DOFBFEIZB VT, RRE19% (n=47), RX ! 52%
(n=125), XX # 29% (n=71) %KL, HalFEMIHE
REGRO NG o7z (=037, p=0.544) .

BHE N DO ACTN3 BIZFL MO BT IIONWT
AbE, Bk (n=30 : RR &! 30%, RX&!47%, XX
23%), KEK (n=22 : RR # 27%, RX & 55%, XX %
18%), NF3I ¥ b ¥ (n=25:RR % 32%, RX48 & %,
XX B 20%, HER (n=15:RR & 27%, RX % 46%, XX
B 27%), LAY Y7 (n=70:RR % 21%, RX ! 46%,
XX B 33%) DKBHITBIT S RR B IL 21% ~ 32%,
RX 1% 46% ~ 55%, XX BIZHBWTId 18% ~ 33% %
ZNEIRL, WThoBEEEEIZBWTHa Y b
O— )V E B L CHBELRBBBEO AR IR D bk
Ao 72 (Table 2)o

2) 2WREICH TS ACTNS BIEFZRFID &4 8E
(BhH, BHH, LHIEY, RE#EBT, E&EC
L) DOL&

REL7-) OEIJIZOVTAL L, RRE (0.69+
0.10 kg/kg) %5 RX & (0.64 £0.08 kg/kg) & XX #! (0.62
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Table 2. Genotype frequencies and allele frequency of ACTN3 R577X polymorphism.

genotype frequency

allele frequency

Subject (n) P value P value
RR RX XX R X
All subject (162) 40 (25) 82 (50) 40 (25) 0.36 122 (50) 122 (50) 0.21
Swimming (30) 9 (30) 14 (47) 7 (23) 0.38 32 (53) 28 (47) 0.23
Water polo (22) 6 (27) 12 (55) 4 (18) 0.46 24 (55) 20 (45) 0.23
Badminton (25) 8 (32) 12 (48) 5 (20) 0.29 28 (56) 22 (44) 0.14
Table tennis (15) 4(27) 6 (46) 5(27) 0.66 14 (47) 16 (53) 0.86
Wrestling (70) 15 (21) 32 (46) 23 (33) 0.70 62 (44) 78 (56) 0.87
Controls (243) 47 (19) 125 (52) 71 (29) 1.00 219 (45) 267 (55) 1.00
A B
1.0 3.0 : P00 )
%'z 0.9 p<0.05 %2,5
& [ 1 (=)
< 08
b %20
507 g
£ o6 ﬁ R
0.5 ‘ ‘ 1.0 ‘ :
RR type RX type XX type RR type RX type XX type
C D E
p<0.01
250 - p<0.01 %0 50 T p<0.05 '
=270 | lﬂ\ 75 45 p<0.05
\2260 F 870 ' p<0.05 ‘ Ba0 |
.5250 F 65 2
g240 Z60 235
w230 | % 55 530 L
"é’zzo H =50 @
P00 45 B
200 . . ‘ 40 . . ) 20 . \ )
RR type RX type XX type RR type RXtype XX type RR type RX type XX type

Fig. 1. Comparison in isometric hand grip per body weight (A), back extension strength per body weight (B), standing long
jump (C), side step (D) and sit-up (E) between ACTN3 R577X polymorphism (RR, RX, XX) of all subjects.

+0.08 kg/kg) (ZHAT, RXEIL XXM L KL T2
nENEWEZ/RL, HTH RR AT XX BUIHART
HEIEWEZ R L (p<0.05) (Fig. 1A),
BRELZ2)OEHBNIICB TS, RRE (247+
0.33 kg/kg) 1& RX #! (2.13 £0.29 kg/kg) & XX #! (1.99
+0.19 kg/kg) (THART, RXENI XX L Rl L CZ
neENEWEEZ/RL, FTH RRAENG XX BUZHART
ZNENFEEZ /R L, JHI2 RR BUE XX B2 R T
AREICEWEZ/R L7z (p<0.05) (Fig. 1B).
VHIREEOTTIE, RRY (251.8+12.8 cm) ASRX E
(2345+11.3 cm) (p<0.05) & XX & (223.7 +10.1 cm)
(p<0.01) IZHRTWFRHAFREICH MEZ R L 72, %
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B, RXENE XX BUCHARTEWELZ R LG R A
XD SN -72 (Fig. 10).

SAEREBE I BT, RR B (60.6 £ 4.7/20 sec) A%
RX % (57.8+5.0/20 sec) & XX E! (57.3 +4.2/20 sec)
WL, RXEIE XX B RTENZEREEZ R
L, T3 RR B XX BN AR THEICEWEZ R
L7z (p<0.05) (Fig.1D)o

LR LTI, RRI (42,9 +3.1/30 sec) A% RX %Y
(37.6 £3.5/30 sec) (p<0.05) & XX %I (34.1 +2.8/30 sec)
(p<0.0D) IZHRTWIFNRIHFRICEVEZ R L7 &
512, RXENG XX BN R CTHBEICEWEE R L7
(p<0.05) (Fig.1E)o
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3) BEHEICEHTZ ACTNI BEFSEBIDHFEEN
(B, EW, LHIEHRY, REHEKT, L&
L) DB

BIKETIIOWTAL E, RRE (B - bRk
O BARE L p<0.01, EHIT - RAEAEBE D © p<0.05)
XX BN AR T I NOWMEHBIZBWTHEERE
iR L7z F72, RREUI RXENCHARTHVWTho
WEHHIZBWTHEEA/RL, FTd MEZ L TiX
AREICHWEEZ R L (p<0.05). 512, RX B XX
BMERBLTWIHOWEHHIZBWTHEMEEZRL
PRI, VBIEEEY, BRI LicBwTidARIC
EWEEZ R L7 (Wb p<0.05)o

KEREFTIX, RRE GEHIFEHRY - LRI L
p<0.01, #&JJ - HH)) - KRR © p<0.05) A% XX #l
WCHARTOWTFNOHEEHHICBWCHEREMEZRL
720 F/2, RRENI RX BT WTFhoflEEHH
BV TEMEZRL, HTHUVLEIRBEY, AEMBED,
HEREZ Lo 3HEHETIIAZICEWMEZ R L (W
b p<0.05), 512, RXEI XX BTV Th
OWEFHHICBWTEZ /R L, JFCVBIEEOICS
WTIFAEICEWMEZR L (p<0.05),

NFEIVFVBRFETE, WINOWMEHBIZBWT
b RREUZ RX B (W d p<0.05) & XX (W
Nd p<0.0D) IZHRTENRENAE R m\/‘fﬁ%ﬁtto
F 7z, RXENE XX BT FhoflEEHIic
WTEMEERL, $ICED (p<0.05), z%mwm
(p<0.05), FAEMEBEDS (p<0.05), EAREEZ L (p<0.05)
DAHBIZBWTENZETNERITEMEZ IR L7,

HEGEFTIZ, RRE (BJJ - BHi) - L HIEBR T
p<0.01, BAEREBETS - B L i p<0.05) A% XX HIZ
HRTOWFNoOBEHBICBWIHELEMEEZRL
720 F72, RRENG RXBUCHARTH W I ol EHH
BV THEMEZRL, hThEHN, VHIEKD, K
B0 D 3HH TRIARICEWEZR L (WTh
b p<0.05)o EHIZ, RXEUIBWTH XX BUIHART
WINOMEHBICBWTHMEZRL, FICEN
(p<0.05) &L HIREBED (p<0.05) IZBWTZhZNA
S WEE IR L7,

LAY Y ZEFIZBWTH, RRE (W - b
MEBE O - B Z L p<0.01, 487, BEREBE O
p<0.05) 25 XX TUIHARTIRTOMWEHHIZHB T
AEREMEZR L, 72, RRAEUI RXBUCHARTY
WTFNOMEEHICB W TEMEEZRL, 1FICEH
(p<0.05), V. BIEEED (p<0.05), EAR#EZ L (p<0.05)
DIHHTENTNARICHWEZ R L72 %8B, RX
BBV TH XX BN R CTEHEEBICB W THEHE
ZRL, RICEREZ L (p<0.05) BWTHEICH
WitiZ 7R L7z (Table 3).
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A% L, Yang 5 IE, AT A 426 A (B 134 A,
7292 N) ERBERHEL, A=A 5 T7OF) ¥
Yy 7 REEFS0NE ST ) — METHETF 301 A0
ACTN3#IaT % K L 7=/ R 5 5, ACTN3 D R allele
WERAT) VMR —=FT =< Y ATH L THF
W AR AR L7 $72, ACTN3 iz TR o
%ﬁﬁﬁmukﬁ#®%é*aéﬁiméhfﬁb
—ANZR LI L7254, HATIE RR 75 30%,
ﬁMWW&XXﬂ@m%,T/TATiRRﬂ#H%
RX H2358%, XX MAI25% ORBBEETH A28, T
79 A FREBANIBWTIERR B2 84%, RX AT 15%,

XX A 1% &) pEERE2EET L L, 7V T AR
FARBHNZ, T7UHARBANEIATY v bReNT —

FBHIC TV DOV E 5L TE 5,
WL, ARNETICBVWTEHY Y ¥y 7 REER

STEHLRBELEINDTVWL LAY ¥ FEkcER

L, VAR ¥ 7SR T ot B X 54t A
ACTN3 BIZFLHME LD & D BEMED D 5 222D
WTHRET L2 & 25, ERRRSERE T, RRE 41%
RX %Y 41%, XX 18% TH L DIIx LT, EEKES
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Table 3. Comparison in physical battery test between ACTN3 R577X polymorphism (RR, RX, XX) of subjects divided into each
specialized athletic events (swimming, water polo, badminton, table tennis and wrestling).

It ACTN3 gene Grip strength  Back strength  Standing long Side step Sit-up
em
polymorphism (kg/kg) (kg/kg) Jump (cm) (N/20 sec) (N/30 sec)
RR type (n=9) 0.62+0.04** 2.18+0.22* 2443 +15.2* 55.8+3.2* 41.8+£3.3**$
Swimming
(n=30) RX type (n=14) 0.61+0.04# 2.09+0.15 237.5+16.74# 53.9+1.9 36.9+34#
n=
XX type (n=7) 0.56+0.03 1.91+0.20 224.3+10.6 52.9+2.0 324+19
RR type (n=6) 0.65+0.06* 2.28+0.20* 245.5+7.2%*$ 55.3+1.9*% 42.8+3.1**$
Water polo
(n=22) RX type (n=12) 0.62+0.08 2.16+0.23 233.1+6.4# 52.4+3.9 36.6+2.6
n=
XX type (n=4) 0.59+0.03 1.93+0.07 220.0+7.1 525+2.1 320+14
RR type (n=8) 0.77+0.06*$  2.50+0.24**$  266.0 £3.0**$ 64.9 £2.7%*$ 41.0+£1.9%%
Badminton
(n=25) RX type (n=12) 0.64+0.05# 2.05+0.35 244.3+6.8% 61.4+2.7#% 37.0+2.2#
n=
XX type (n=5) 0.60+0.03 1.95+0.13 232.2+4.5 56.8+2.4 33.0£1.0
RR type (n=4) 0.69 +0.07** 247+0.23*%%  253.0+£11.3**$ 64.0+£1.4*$ 39.5+3.5%
Table tennis
(n=15) RX type (n=6) 0.63+0.07# 1.95+0.44 235.2+10.94 59.4+3.2 36.5+6.0
n=
XX type (n=5) 0.55+0.02 1.79+0.20 215.7+12.1 57.7+2.5 347+29
RR type (n=15) 0.71+0.13* 2.71+£0.30%$  251.0+11.3**$ 62.7+2.7* 45.1+£2.1**$$
Wrestling
(n=70) RX type (n=32) 0.68+0.09 2.22+0.25 230.0+9.2 60.1+4.4 38.8+3.2#
n=
XX type (n=23) 0.66+0.08 2.06+0.19 223.0+10.2 59.0+4.1 349+3.1

*p<0.05, *p<0.01: RR type vs XX type. #p<0.05, ##p<0.01: RX type vs XX type. $p<0.05, $$p<0.01: RR type vs RX type.

Each value represents Mean + S.D.

44% %R L, MEH THREGZRBIFROENTRD LN
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