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}95E H5ESe] ACTNS Az okl Ralaasisle] Hol

PR AFES o2 ACTN3 F44}F thale] B3 v &3 Wingate

) waks Aotk 28 9 3915 83k 10089 57k E
2 g AFE(EEY 319, 7% 139, 84 169, A4 69, AlolZ 169, =400m $% 189)< o4
o2 ACTN3 SAATE S AT FabihA w9 718122 Wingate testS E38] Peak power

2 Average powers \“Jr A2 B wedtt, YA A4S A5 G Peak Power(W/kg)ollA RRE +RX3E o]
13.67 + 1.57, XX&82 12.50 £ 2.042 R allele® 7} AFEAA frefatAl =74 Yebdthp(0.05).
aeu A7 AFEde BE F5oA ot Afol7t HolA] ¢igkt}. ZBH 22, ACNT3 R alleles &
38t YA AFEd A Peak power’t =5 Ao g Al ET

mlm

F80]: ACTN3, +44 18, 4k 949 Wingate test

A =2 dd e 2AZ A %ﬂ 73% %“éé}% E4Z type
[Ta%} 1Tboll A2t

SEAFY A71Ee Efold ¥ dWH T o1y Al 24 ‘34 7154 Aol & T°r isto] 8 9
74 @74 2.9 (MacArthur et al. 2008) <3 2 TR S TEE A3le A% 949 shiol
FESE ACTNS FAx= 114

e oz = shte] E43Ed Y (Complex Phenotype) . a-actinin-3%
olg} & 2= 9th. SAA Wo| e A7 F T 29 A AA ol EAskH, 577971%) ok27H(R)F A2
olzte] Tolahn], Bary et al. (2009)2] Ad] <3} EA(X)9 2FRHTTX) o2 thgo] AFHo A}
o A7 2 A7183 #AE SATE L 2007 o)A (RR: Wild-type, RX: Heterozygous, XX: Mutation).
o= v AT ACTN3 A+l R allele % RR genotype= T
olg]at gAY ZoA a-actinin-3(ACTN3) Fg AF(olaetd, AF=, aelx, Aol 4#) 9
R5TTX 22k o+ (rs 1815739)2 249 74 9] deE AdgEdA Wt 52 A ARt
(Vicent et al., 2007), @& (MacArthur et al., 2008) (Eynon et al., 2009, Niemi et al., 2005, Papadimitriou
2 7718 (Gomez-Callego et al., 2009, Juffer et et al., 2008, Druzhevskaya et al., 2008, Kikuchi
al.. 2007, Yang et al.. 2007)& 2AA= 483 & et al. 2013). ¥ ACTN3 XX genotypes W3
B shtg A7h A5 3 dv}. a-actinin-3 WdAEe AAe freld Aem et (Shang
et al. 2010, Yang et al. 2003). &Alo} A E FA
2] 2HAFES WESR ACTNS F44 3ol £X

=2 2392015, 04. 07. :
=5 4912015, 07, 03, g 718 3e] #A4E vlwd A3 ACTN3 XX
i 2o 08 2 genotyped] =7} eIz} vlmalel BAH R

* A2 AgkA] WA 7] (minseokki @kspo.or.kr)
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st YAl Uehga, RRORXOXXEOR F& 7152
HAstn At (Ahmetov et al., 2010 o]
ACTN3 #7449 RR genotypes dEEXAFEY] 1
AR 5 HEAe] Za, T3 FAE A7
Fgo] AR ACTNS +44ke] XX genotypest &
Azl AT oFF wWEstA &

ALK SEe dukd oz Vertical Jump 2
Wingate testZ %7be]olx| 1 13, &&d A= A
T 9 ZXSAA AYMd Frtet 2dk] S-&5 o)A
9t} thA] WePA, Wingate anaerobic power test
(WAPtest) & T2 T4 582 Hriske A=
7 dukrom AbE Ha Qa(Zupan et al.,
2009), H7}aHE0l Peak power (5 second) 2 Average
power(30 second) & FAHAA T3] 9 A 4
o] kAl A E2 mEolA gt o]k 2ol
WAPtestE "4’\%4 73718 AREZ QA EAA o
H ACTN3 37 @3} A9 FAtadd 9 ¥
x2AY 7 d%—"c 53] ¥4 :

A B&d A3 7

o oAl uig- Feste]e ddEn. ARt o]
S84 = EF38l1, WAPteste dd A¥=
SollA FARA T A #HAdo] 9= ACTN3
T4 T o] Soldzte] Faargel tisiA gketEA]
531 (Garatachea et al., 2014, Massidda et al.
2012), ACTN3 #42 &' WAPtestote] #dA
S AED AFE n]ge AFolt}

mEkA 2 AT FAL d2E gAY AFE
< Uido 2 ACTNS 32 432 WAPtestE &3
H FAtay Fdsd e #HAS Hlaste Aot

o o

A7

AT oY

E d7e 229 399 A7E(EE, 2006)
= P82 s 59 wvitR 3 gl 100
(H&d 319, = 134, %4 164, 2 69, Aol

te] dRiQlY H]JLOM X}OWQ ““53’_ LA Y
APtest?] Peak power % Average
2 Hlu/wste] #EdS Fetsiold

)
N
—

_?\_4‘
o
&
é

1) ACTN3 &
T7AAE AH 2 DNA =
DNAFZE 7 gote] o] 58 AAG & /Md 23
At % (Single Warpped, COPAN, CA, USA)
o] &ste] FARZIAEE 1521t HAAA A
DNA lysis solution®] 400ul €97} 4= 1.5ml
FHo| HAAZG. 95T 3%%F incubate A
DNA stabilizing solution< 400ul 78tz Ag 4
Al A7A 4T WA BB

TR Chele| &4

o o rkﬂ

@ Polymerase Chain Reaction(PCR) 44|
PCRE TagMan ProbeH S o]-&38te] EA431%4
TagMan GTXpress Master Mix, TagMan genotyping
assay mix(rs 1815739, Pre-Designed SNP Genotyping
assays: Applied Biosystems, USA), DNase-free
waterg 27 £ T HF EF(10uDd %=H
DNA(1.5u) & 7k}, DNASZ-S Thermal Cycler
(7500, Applied Biosystem, USA)S ©]-&3fo] 44|

at3ict.
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E 1. OjAX AMAE EY
Groups
Variable _ _ All athletes _ _ All control
AM (n=58) AF (n=42) (n=100) CM (n=178) CF (n=173) (n=151)

(yAeiis) 24.17 £ 2.81 24.12 £ 2.81 24.15 £ 2.80 23.29 £ 1.17 19.78 £ 1.63 21.29 £ 2.30
H(eclngl})lt 176.41 £ 8.85 166.19 + 6.99 17255 £ 9.56 178.11 = 5.61 163.52 + 5,70  169.61 = 9.17
Weight

(ke) 82.46 + 16.45 63.38 + 15.13 75.25 £ 1840 77.55 = 10.73 54.73 £ 6.59 65.05 £ 14.33
(k]?;/[riz) 26.46 £ 4.73 22.63 £ 4.18 25.01 £ 4.88 24.44 + 3.18 20.32 £ 1.96 22.19 £ 3.29
Career 10.22 + 342 10.60 + 2.93  10.38 + 3.22 - - -
(years)

Values are means*SD.
AM:; athletes male, AF: athletes female, CM: control

@ ACTN3 Genotyping

ACTN3 47 thage e FAA 2" (7500
Software Ver2.3, Applied Biosystem, USA)& o] &
ato] Eelatdth(2d 1). PCRAYE 3/ Negative
Control (DNA 1] #7H2) 2 t}ad Positive Control
(o]v] €1 %1+ DNA-RR3/RX3/XX3) & #7}slod
Contamination 2.2 Q& T F e A4 &
F& WA

2) A4 M 53 (Wingate test)

Allelic Discrimination Plot

Al 2

14
Al 1

® Aol 1l 1 ® Al 2 Alele 2

8 Alele 1/ Alels 2

B Negative Control, ®Allele 1/Allele 1: RR,
Allele 1/Allele 2: RX, eAllele 2/Allele 2: XX

(2l 1). The distribution of ACNT3 genotype

male, CF; control female

A A o 211 E (MONARK, Ergomecic 894E,

sweden) & ©]

&3to] Wingate testS AAlste] F-AF

24 53¢ 2490 WA 50-60rpme.2 38]e

9 Fhie gz o

W, 4de Qudoz g g

fojn o

F95E AN F

o] &1

;ﬁ O]'M—-
JQE ZaE

T

=& AFUH] A= 7.5%, A= 5% = Agst] A

A3t Zupan et al., 2009).

Power(
olm, 747 A%

X2 w2

Z2H3tEo

Peak

el

W), Average Power(W) % Power drop(%)
T A= A=

A Agl= Window& SPSS/PC. Ver 19.0 &7

=29 ol 4390
e 4%

2RO RE @ 9 52

skt Pearsons X? test & o] &

AL

&3t

Hardy-Weinberg equilibrium(HWE) distribution
9] £ RE Fotslgln ACTN3 RA77X 44 ¢
P WAPTestd 2= ANOVA(with Turkey's

multiple comparison test)E

t-testS o] &
FL (=.052 AA3Y

XX % R-dominant
model(RR and RX genotypes) #AE
stk BE Aks E49] $AA frele

unpaired
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# 2. ACTN3 R cide| 2=

RR RX XX R allele X allele
Athletes 7 (27.0%) 50 (50.0%) 23 (23.0%) 104 (51.2%) 96 (48.8%)
Control 35 (23.2%) 83 (55.0%) 33 (21.9) 153 (50.7%) 149 (49.3%)
p-value 0.724 0.784
p-value was analyzed by Pearson’s X* test
HWE (Hardy-Weinberg equilibrium distribution)- Athletes: 0.987, Control: 0.221
E 3. ACTN3 &%t chgdt Wingate testete| A (&)
Variable RR (n=15) RX (n=28) XX (n=15) p-value RR + RX p-value
Peak/kg (W/kg) 13.96 = 1.76 13.41 + 1.44 12.50 + 2.04 0.088 13.67 £ 1.57 0.048*
Peak (W) 1133.50 + 317.66 1082.62 + 324.53 1058.19 + 384.44 0.833 1102.19 + 318.67 0.692
Average/kg(W/kg) 8.78 + 1.38 8.72 +1.25 9.04 + 1.31 0.789 8.75 + 1.28 0.496
Average (W) 727.20 = 135.48 726.85 = 163.00 714.3. + 191.40 0.973 726.98 + 151.14  0.813
Power Drop(%) 59.85 + 10.44 57.46 + 10.74 56.44 + 8.26 0.655 58.38 + 10.55 0.561
Values are means = SD.
* p<0.05.
2 3 Wingate test9}e] #Al= (& 3)oll AAEFAH.
A5 & Peak Power(W/kg)olA RRE +RXE o]
13.67 £ 1.57, XX8& 12.50 + 2.04% R allele®
ACTN3 $XX} Clalo| & 7 AFEd AN fFolatA =4 WeRgTh(p(0.05).
ER, BAACE @ BAAe wolA g
ACTN3 244 B el X (& 20 8% HWE  ATN3 §44 182 Peak PowerS vlmd A3},

FE Athletes# Control#ol|lX 22t p=0.987,
p=0.2212 e} FgPgo] HFHUT

Athletes ACTN3 #+32F 0482 RRE 27%,
RX¥ 50% 181 XXdo] 23% = YEltt}. Control
9 ACTN3 +d# t82 RR¥ 23.2%, RXY
55.0% 28]a XX&o| 21.9%% Athletesv3} B
ate] fFolgt Aol yEhA] skt

Athletes9] R allele(RR¥% RX)¥ 51.2% 181
X allele(RX$} XX) & 48.8% % Uebdt}. Controld
9] R allele(RR¥ RX) & 50.7% 28] 1 X allele(RX

r-{m

St XX) & 49.3%% FAXCE fFof3 AP Hol
A st
ACTN3 #&At Cradnt WAPtest2| 2H4|(H)

92t Athleteswoll el ACTN3 3 ddz}

RRE 13.96 + 1.76, RX¥ 13.41 + 1.44, 2181
XX¥ 12.50 + 2.04 +£2.2 Yeyih

SfA9F,  Peak Power(W), Average Power
(W/kg), Average Power(W), Power Drop (%)<
A EdA = T & foldh #HAE YEYA]
Tt
ACTN3 &%} Cteat WAPteste| ZHA|(0)

o2 Athletes®olAle] ACTN3 d# thdz
Wingate testehe] A= (F 4)ol A|AlaH3ct.

ACTN3 F32F tge] w2 Peak Power(W/kg),
Peak Power(W), Average Power(W/kg), Average
Power(W), Power Drop (%)2] WQlE9] vlw3t 2
7 g fo3 AEAS YehA gkt
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E 4. ACTN3 ®XAt chdnt Wingate testete| 2HA| (04)
Variable RR (n=12) RX (n=22) XX (n=8) p-value RR + RX p-value
Peak/kg (W/kg) 8.45 + 2.02 9.35 £ 1.67 10.10 = 0.92 0.128 9.05 + 1.81 0.147
Peak (W) 514.90 £ 146.98 610.31 + 157.07 579.40 £ 45.58 0.205 578.51 £ 158.20 0.988
Average/kg (W/kg) 5.75 + 1.05 6.26 £ 0.93 6.58 £ 0.58 0.155 6.09 £ 0.99 0.215
Average (W) 349.48 + 80.55 408.47 + 96.69 378.33 £ 37.91 0.181 388.81 £ 94.66 0.777
Power Drop (%) 55.78 £ 5.84 58.37 £ 6.10 61.52 £ 6.12 0.156 57.51 £ 6.05 0.120

Values are means * SD.

= 9

2 dFe dYE 99 A AFEs dteR
WAPtestE AAlgte] ACTN3 R577X frAt th3 A4
of W& peak power % average powers H| w3}
ACTN3 R577X a4t add 542 defdte As
ERoz AT 2 43 R allele(RR+RX)E
7F EAF Athleteswol Al WAPteste peak power
(W/kg, & 3)7F frefatAl =4 Yebsit

dE &y MFEs ddem AAg dF
(Kikuchi et al., 2014)9 Jatd, ACTN3 Fx# ot
9] R allele® 7H1 A7 XXE & Bf¢ AgEY
Peak Power(W/kg)7} frolatAl w& Ao2 A
A=t olelgh g FAAFAA T foJgt AR 2
A QT ole B Ao Aot A5k, ACTN3
R577X 732 thado] ol e} Sold o= gk

nd Fgls Aoz Ahdr, o] At =<l

A ACTN3 47 thade] Al ol Ao = ¥
 H A2 Z ] APgAFEo] o3 A7E AR
sk 9tk Walsh et al., (2008) < g-actinin-3 &
Mo Adt 24 a2 28 AAA JAE
peak powerdA 774 2<l "“’élce nAE Aoz e
won, E3 R allele(RR or RX)E 7H @450
XXE 7 YR AXYY FEo] Hojd Ao
ZAFE 9 (Moran et al., 2007). ©]#g 2352 &
= Efﬁ_doﬂ/ﬂJ ACTN3 {2t th&l o] 4 o &8
o] 7hs/d= AAska .

T AAE APATel
allele(RR and RX)E 7Id

oM, ACTN3 R
dYE P& AFE0]

XX BEf7ET gojd Aoz vehth(Kikuchi et
al., 2013). T3, 141949 #& 4 dA& ez
11579 A3y 55 248 & ACNT3 F44 o}
g 23 2§ FAE 243 249 R alleledM &
§ A7 F98 S71F9tH(Gentil et al., 2011).
183 o]fr& R alleled}t X alleled] 24 RS vl w3t
ALATE EYZ dZ 71538, R allele BSrol|A]
Type [Ix2] X7} f2osH =4 Yeld(Ahmetov et

. 2011), X allele®th R alleleE 7H1 A4 2 o

O

E’&"JEO] FYA e e 7lee vEid A AL
2 2189t (Vincent et al., 2007). ¥ & FAg
MEEAM XXEQ Hgo] =1 A AS(slow-

twitch)9] £EX&E7} 2 ASE YESTH Ahmetov
et al., 2011). §%°], Kikuchi et al. (2013)¢] &
?Loﬂ o3t A E Y&y AFEdA A7eEe] =5
= X allele®] ®l&o] frofstl WAl vebsten, <
“4"\4“1: RRE +RX¥o| XXFHT} £ Aoz AL
ATk, o] ¥t ol2} a-actinin-3(ACTN3) ©d &
eccentric training &9 & &4 F9 QXS 7HAA))
= Ao dEA 9o (Vincent et al., 2007), S0],
XX genotypes 7H A E ZFHAFENH T acute
eccentric training ¥9 & £%4(CK, a-actin) & 3
ZEA(Cortisol) o] #2 o2 YEITH Pimenta
et al. 2012). o]y g A2 2+= ACTN3 R577X
A7 o 2 Ego]d 3?91 Ay HgES
Z7bsstA st 745]"4
Td F et dE 116“3
thH | X allele® 7}11 AreEe
227t #7] g &% A=

o CR e

1o ol o
Aa

[¢)
&
o
_L‘_O
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ACTNS R577X9 Az thge Exee diky
o2 opAloRRIE 1ol RRE 17%, RXf‘é 59% 1
2]al XX 24% = RX¥ 9| H]&o] %1 XX%°] RR¥
o] Hl& FXHET g YepdTH( Yang et al., 2007).
North et al. (1999)2] ACTN3F# 7S] EAo] B3
B o, XXE8= 7}%] S Az} AL 41: %

A g gol 1 7]5S ACTN2 tiAlshe Aoz
#)dgo

A= dutdlseld ACTNS 23 (XXE) %ol
18% AT ZAet= Ao 2 Yelyth B Ao 49w
gutel S o & A e X274 e] Adiol oA L}

Bt BX 1°7 7%0 dA)ete AEgE HATHXX
%:21.9%).
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WAPtestE
e ke Ae FHo= ﬂ%% AYg 2
ACNT3 R alleleE 7} 32} 55l A WAPtestﬂ
E7 vebskom, WAPtest= 1816* = 7e& Bkt
T 842 ACTN3 R5TTX 44 b # H&dle E

gold 2 o] $8 7ed Aom AddEn
B%o], ACTN3 RE7T7X frd 7} T+ de] Al Sol A9l
BFE 75 ATY 71ZARE 28 7T Aol

:ﬂl

=Y =
Ed AR |
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The Difference of Anaerobic Power Based on Muslce Power Sports
Athletes in ACTN3 Genotype

Seok-ki Min', Seung-Taek Lim’, Hong-Sun Song', Kwang-Jun Kim', & Tae-Beom Seo'
'Korea Institute of Sport Science, *Dong-A University

The ACTN3 R577X polymorphism has been associated with an elite athletes status. Several
studies have determined that the R allele is connected with power-oriented athletic performance,
whereas the nonfunctional XX genotype may give some beneficial effect for endurance
performance. The main aim of the study was to determine the possible interaction between the
ACTN3 R577X polymorphism and an power-oriented athlete status in Korean elite athletes
(wrestling 31, judo 13, boxing 16, fencing 6, cycle 16, <400m athlete 18).

Each athletes performed a 30-second WAPtest with a resistance equal to 7.5% for male and 5%
for female body weight. Genotyping for the ACTN3 R577X (rs1815739) polymorphism was
performed using the TagMan approach. The ACTN3 R577X genotypes exhibited a HardyWeinberg
equilibrium distribution in our population.

The relative and absolute average power results of the 30-second Wingate test did not differ
significantly among the genotypes. However, the relative peak power result of the Wingate test
was significantly higher in the R-allele- dominant model groups than in the XX group in male
but not female athletes.

These results suggest that the ACTN3 R allele is associated with the relative peak power during
the Wingate test in male Korean elite athletes.

Key Words: ACTN3, gene polymorphism, anaerobic power, wingate test KISS '





