Check for
updates

Korean Journal of Sport Science 2024, 35(2), 306-312
https://doi.org/10.24985/kjss.2024.35.2.306

Ksro’

Original Article

Differences in ACTN3 Genotype in Professional Ssireum Players
Between Weight Classes and Elite/Non-Elite Status

Seok-ki Min', Tae-whan Kim?, Tae-hyun Lee’, Tae-woong Oh* and Kwang-kyu Lee**

'Department of Sports Science, Korea Institute of Sport Science(Yongin University)

’Department of Sports Science, Korea Institute of Sport Science
3Department of Martial Sports, Yongin University

‘Department of Sports and Leisure Studies, Yongin University
’Department of Sports Rehabilitation, Chung-cheong University

Article Info

Received 2024.02.08.
Revised 2024.06.05.
Accepted 2024.06.07.

Correspondence*
Kwang-kyu Lee
kwangkyu78@hanmail.net

PURPOSE This study aimed to identify ACTN3 gene polymorphisms among
professional ssireum players by weight class and between elite and non-elite players,
and to select genotype that matches the characteristics of the sport. METHODS
The subjects of this study were 148 male athletes currently working as professional
ssireum players. Chi-square test cross-tabulation analysis was conducted to examine
the differences in ACTN3 genotypes between weight classes and between elite and

non-elite players. RESULTS There were no significant differences in allele or genotype
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between ssireum players, but there were significant differences in R-allele and XX
genotype. CONCLUSIONS Players with the R-allele type of the ACTN3 gene were

more often classified as elite. Using this marker as a basis for organizing a player
selection and training programs would be more effective in training those that match
the characteristics of elite players of the game.
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(co) This is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

ol A gt Aol 71&o] AT
i 7} ‘4’7*] S Y FAY A AR
77}7‘] 292 314 "i(ung & Kim, 2020).
9 AA 3 F71Ee] & 9FE vIAL A
AET Po] Jlom, F5 B4 AL &5
T ATE7] wZoll NSOl B, 274, thef, WRe] 4452
2 gEsto] Al 75_033}7 AHKim et al., 2019; Park et al.,
2009). o1& A& Bote] A7 7 & ¥ vA= 2
g 2% uﬁxﬂx]sﬂ = ;,l ), AeE2 A4l fARE 3t 71
= I¥ol= AdgT A 5 A ot 13y 29 9 099 A
F 257 olgol® 24 FFl wEt Bd P9 Apol 7t LAY E]
Uﬂ(Wllson et al., 2012), £3] T}t ATl = FHdsHy o]
=<9 9 79 zpo]9] URICE AAEIL lo] FE g A4 A
dra SHog g LS _clz]sH/ql— O % iz]. }M]—Q- o oq:rl_g] A
Yol 93hS & 4= AHCho & Kim, 2013: Kang & Lee, 2022;

Lee et al., 2022).

HAA7HA] S FAATF L 2009 W7 = ACRE HilE
910 ™(Bray et al, 2009), o|& G4 FA9| Hole Axz E
59 7180l & 66% 7 A FE PA= ALE HEPHTHDe

Moor et al., 2007). ©]& zto]& &]lst7] o &&5H= H#y
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Al FAATFGL e-actinin-3(ACTN3) R577XZ& ol& ZAE 4
% H(sarcomere)?] Z-21-& FA5Hs FH ZE0|H, Type
MAdRol ARt TEEo] 28 d nE EFc=d 8% AR
2 &85 Qtklee et al., 2022). ACTN3 S4AF = R allele &
RR genotype It¢ #d 5 A4EA &2 v[E&S AHAsH
), XX genotype> A1 FEHO AFEA A TEEE A
o7 HIEI YHCho & Kim, 2013; Kang & Lee, 2022). A
PAFANALE R alleleE HR/T Ag=toll A XX genotyped] A=
SR 99 9 AXHE FEo] ROt £ ACE Yo
H(Druzhevskaya et al., 2008; Pickering & Kiely, 2017), XX
genotyped] ALEE FAML A7 5ol E3tE] 9le AR
H1E 3 QItk(Yang et al., 2009). o] §42 AHE ¢ A
AL U 25y T T2 2 Al ARH JEE AT F=
TAREER &&E 5 U= Aotk Ly o] g3t oo E+L5t
I @A7A N ST BHE AR =TS At - E56HH, o™
A FAR Qlste] T8 W ApE0 Ay B f483 £4 EeE

ofN o
ry

/

HE

RIE T QA g2 A o[t
J8EE B 431 NE ASES g4o g ACTN3 $-44 tE S
= 95H] 9 A Zhof| 2fel7t A=A A

BAFOEA AF T E
Zahe] 220 glet.

gom ANHYTY 24 A BE WIS tgoR 97 24 9
Ao Yato] Hgstgon], AP FF 44ES o
SN wokth Yol BT A7IAAL 1480l glon, A
459 41414 EL (Table 1) 2.

A4 g4 B4

2 AT AE A5 ACTN3 34 AL ] 9
o TGRS FE5ho] A

Table 1. Characteristic subjects (Mean + SD)
Height Weight Age Career
Category (cm) (kg) (years) (years)
Tacback o 149 8074158 26.9+4.44 15.444.17
(n=52)
Geumgang 76 71400 90.9+41.82 27.8£5.03  16.8+5.44
(n=42)
Halla o c401 105.841.91 27.545.61 15.6£5.71
(n=30)
Backdu 00 01483 137.04543 29.9:530  18.6+5.04
(n=24)
SumESD 0 41617 97.0£19.99 2774505 16.445.11
(n=148)

% SD: Standard Deviation
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1. A& A 9 DNA &

DNAE #7HA1S] #7344 A 2o A &35ttt DNA & A
T W olEd AAE A6l 23] o] dAS A+ & A4S
(Single Warpped, COPAN, CA, USA)S.&2 74 Yy S 15~20
2R3& IHAA Attt AHE FIHZE= solution(DNA
lysis solution 400u0)°] ©71 1.5ml tubeol] HAA|Z] & 95T of| 4]
387t incubation® AAISFATE o]F 400402 DNA stabilizing
solution& A7Fotal 24 A7 $A4TC) Bt

2. Polymerase Chain Reaction(PCR)

PCRL probe &4]9 TagMan ProbeH oz REA3IHt.
TagMan GTXpress Master Mix, TagMan genotyping assay
mix(rs 1815739, Pre-Designed SNP Genotyping assays;
Applied Biosystems, USA), DNase-free waterg 242} &5 &
DNA(L.5u)E d7Fsto] 2 E8(10u)o] H3+Uth. DNASES
Thermal Cycler(7500, Applied Biosystem, USA)& ©]-&35}% 0
™, Holding(DNA polymerase activation), Cycling(Denature,
Anneal/extend)?] =412 1P =] ]t

3. ACTN3 §-47 o3 &5

AR BERe 344 oy BAZ2I3(7500 Software Ver
2.3, Applied Biosystem, USA)& ©]-85}9it}t. PCR Al 27 WA
£ 99l uis] DNAZ} u]3 7} Negative Control¥t oju] A%
Positive Control(E4]¥ DNA: RR/RX/XX)S H7sto] 42 A
Yottt

A5 24

==

E Ao BE A7 E SPSS(Ver.25)E o]&5t] Hydt EEHA
£ APl AEE A g2 O AlF 1 Ae], @ 1~39 A
Z(Top Ranker; TR)%} ©]2]9] A4E(Other Player; OP)2] X}o|&
ol H 7] QI8 7tol AT AA(x’-test) A4 (cross tabulation

analysis)& AASFACH, $A4 FoeE2 052 AAsHt

rg

T gt

$E9] A& ¥ ACTN3 R557X tF3 A vl

X
(i
2

e, F7F, et Wi 4Ago) gk ACTN3 44+ R577X o
G2 (Table 2>l AAstA T AF2E RR, RX, XX genotype
of tiet B efo] F 23%, 40% E 37%7F UErEoH, 7%
45%, 35%, 19%, Stet 33%, 47%, 20%, B+ 29%, 54%, 17%A 2
O 2 yeylth AgE genotype> RR F+= RXP 9 H|E0] &2
Ao yepdAnt, BAHCRE {ou|st Ait= UEhA] ekok
(x*=10.485, df=6, p=.106). £, R-X HERFHAE vwg 23}
i 45%, 55%, =74 60%, 40%, et 55%, 45%, W5 54%, 46%
ol Aoz yetton, BAH foxte gl Ao Yetgth(x’=
3.174, df=3, p=.3606).

ZF AlgelA TR A2t OP A4E2] ACTN3 #3229 R577X
032 (Table 3)°] AASFAT. TR AE9] RR, RX, XX
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genotype®]| 3t 7= 35%, 48%, 17%% Ao 2 e oH,
OP A+EL2 31%, 36%, 33%= YELHTh TR A+ES RR E=
RX7} £2 A0 & UedAe $A44 §o3t= allen, OP A
FENAE Z42+9] genotypel] BEZF FARRE Ao &2 UENGTH
(x*=5.041, df=2, p=.080). R°X Hg-FHA A= TR A59] B$-
56%, 44%, OP AGE2] 4% 49%, 51%= L= o] 544 Fox;
7 Qe Ao & YRt th(x*=.850, df=1, p=.357).

Zk Algoll w2 A4 2 53143 ¥l (Table 99 &
ot AlF9¥ R-allele?} XX genotypel] X vl E ¥ 63%,
37%, 278 79%, 21%, 3t 80%, 20%, WF 83%, 17%%1 AL
2 Yepgon, BA44 f9aks gl Ao 2 YERgth(x’=5.140,
df=3, p=.162). A3 RR genotyped} X-allele?] E2 v
W 23%, 77%, 278 48%, 52%, Ttet 33%, 67%, W 29%, 71%=
yebgos, B4 f-92k= 919 th(x’=5.140, df=3, p=.162).

&0 M2 TR A9} OP AE2] R-allele®} XX genotype
o] B2 v (Table 5)¢ Zth. =9 TR 83%, 17%, OP
66%, 34%= YErEom, TR A4E0lA OP AsE Hl& 72

ngt 277t Y Ao Yebgth(x’=5.545, df=1, p=.019). RR
genotyped} X-allele®] BX B TR 35%, 65%, OP 32%, 68%
2 yepgon, 543 FoxE iUt x’=.167, df=1, p=.683).

FRAA= oF 4871
2770, & 7HA] B0l &
I AHBray et al.,
= ¢-actinin-39
WS Rk, ol AEW 24 94T, & &5 Al 24 1l
g 74 59 I obr £2HQ A FEO E&Z F QL
tHOh & Oh, 2011). £3] ¢-actinin-3% Type II -804 Eo]
Ao g I, Type I AR E4 2A o9 & iy
I e 5% A EYFog FY99HCho & Kim, 2013). RR
genotype?] A% Type 11 Af-ollAl ACTN3 5AA9] &do] 1

2

Table 2. Rate of ACTN3 gene polymorphism by weight classes N(%)
Genotype Allele
Category
RR RX XX R X
Taebaek 12(23) 21(40) 19(37) 33(45) 40(55)
Geumgang 20(48) 14(33) 8(19) 34(60) 22(40)
Halla 10(33) 14(47) 6(20) 24(55) 20(45)
Baekdu 7(29) 13(54) 4(17) 20(54) 17(46)
Sum 49(32) 62(43) 37(25) 111(53) 99(47)
¥'=10.485, df-6, p=.106 ¥'=3.174, df=3, p=.366
Table 3. Comparison of ACTN3 gene polymorphism by ranking N(%)
Genotype Allele
Category
RR RX XX R X
TR 26(35) 36(48) 13(17) 62(56) 49(44)
(0) 23(31) 26(36) 24(33) 49(49) 50(51)
Sum 49(33) 62(42) 37(25) 111(53) 99(47)
'=5.041, df=2, p=.080 $'=.850, df=1, p=357
% TR: Top Ranker, OP: Other Player
Table 4. Comparison of allele & genotype by weight classes N(%)
Allele & Genotype Genotype & Allele
Category
R-allele XX RR X-allele
Taeback 33(63) 19(37) 12(23) 40(77)
Geumgang 33(79) 9(21) 20(48) 22(52)
Halla 24(80) 6(20) 10(33) 20(67)
Bacekdu 20(83) 4(17) 7(29) 17(71)
Sum 110(74) 38(26) 49(33) 99(67)

1=5.140, df=3, p=.162

¥'=.6.525, df=3, p=.089
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Table 5. Comparison of allele & genotype by ranking

N(%)

Allele & Genotype Genotype & Allele
Category R-allele RR X-allele
TR 62(83) 13(17) 26(35) 49(65)
opr 48(66) 25(34) 23(32) 50(68)
Sum 110(74) 38(26) 49(33) 99(67)

'=5.545, df=1, p=.019

$2=.167, df=1, p=.683

% TR: Top Ranker, OP: Other Player

Bl 09 S5 AeEA FHA dFE FH, XX FARE S
A ¢ 5 A4S £ JFS vAEZ T FAX A
253, AB5etA Zo|7t 2AS & 4 AtH(Pickering & Kiely,
2017). o]t FEE 7|22 XF9 HxHo] e 44 FuHE
mhotetal A, Sp-H9-5 A4 7F §AR} Zfo] 7} 9l=A] BRI A

B3z} skglet

[Sha

H Ao A AFE ACTN3 genotypes Blw st A3 SA4 «
OJ3tE= YERA] o m(p=.106), AFE F5-H|&-F A4LE 2
73 ACTN3 genotypedl A= §9%t= gle ACE YEbTH

(p=.080). APATNA XNFY F8 AF 20 Loz J
oJstglon, ol 7|22 WFAEH &g /o] Qs A
ASFATHKim et al., 2019; Park et al., 2009). ACTN3 & A+
ol Al= RR, RX9] f-d34o] ut¢] W Lo 33l F3Fol Q=
Ao 7 K5I O (Carvalho et al., 2013; Kim et al., 2014),
£ Ao e AE AFEY FAFE 11 Aolg TET £ it
ol ¥ AZYE 9 o9 ¥ J4E2 ACTN3 RR, RX 44
9] H]&o] =2 AL E U AR ofAJolRlS A H o R A4
o] 4L 7oz By APATLe] Y&3+ Ax]3cHKikuchi et al.,
2016). T3, 5FRAS tHE 15 H[sh XX genotype?] H[&°] =
2 U ot o] 9 AN E 3 FE0|A I S ItK(Scott
et al., 2010; Yang et al., 2007). Yang et al.(2023)2] d7-of| 4]
T JYE G SHASE G R ANE B 20152 WEwt
A1 A59] 371937 43glo]l RR A ERolAE 64
A FY927F gl A0 R BIsHgTh o]ef do] A5 A7]E
2 AHA 8R1E FR5HARE A-E9] 7& W A HIHH 4
o280 g AALE AL & 4 °‘2“1(Bouchard & Hoffman,
2011), 5 447 A2 3o 19, AF, 34 L AF IF
& W7o £ Ao AL} Zol & jx},] H3H Fe= YA &
2 A0 Z AAAN Eynon et al., 2013).
HEFAALLYL FH1AYE v ZadoA= AF ¥ A
R-allele®} XX genotype, RR genotyped} X-alleleo]| A& 322}
7t GEPA] ek tH(p=.162, p=.089). $-4=-H]%-4= A= H]IL A] RR
genotypeTt X-alleleo] A& F-2J2H7F YeERFA] QLA TH(p=.683),
R-allele®} XX genotypeoll A& 5AA FoA7t = Ao0&
Eldth(p=.019). Kikuchi et al.(2013)29] Aol 9J5}H R-allele
£ E{% A4E0] XX genotype?] AE HlalL A] FARAA Tt
A7t =2 AR Yt on, Moran et al.(2007)9] A olx+=
R-allele®] E4Jo] 2+ A3lo] XX genotypel] E4J0] Q&= H]|
Tt AXYE FEo] Hojd Ao & Bttt & H&H
ALE QR IPE FH2 Ao E 7|80l =2 A+d
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45 R-alleled] £40] Uetton, vitja F7]go] &2 A4d
4= XX genotypel] EA4S /S Aoz B tHKikuchi
et al., 2013). E3H FHoIAZ ALE oY AP AFES
o g AAE Aol A dukQly} HlW A] R-allele £40] &2 A
& yeht 2 A9 Aatet XS & 4 JoHMin et al.,
2015), ol= A& A4EY 47183 TRste IR FFE &
4 & A% FE= R-alleled q]é@'-’? At

AEHCE & AFAE AF AFEY AT 4 SHeE
AR AL allele B genotype %%}% Zo] E&o|girt. o]
o] ACTN3 R577X polymorphism< ZARF 23} genotype E+
alleled] @<= HlIoA= N & AFEY EFS BT 5 gI9UA

9t genotype¥} allele®] H]i A] R-allele’} A& A+E9] 3719
o 3841 FFE VA= XA FHALE AAXoks A+ 2=

SEAE B Ao A= thaat 22 AHEE 7HA AL ok A B
A LA BP0 @2 o 5ol Frofstal glom, oz} A

o] SHSHHA 7] T3t A5t = FAlolth {HA A
oF Fsto] AYPAFo A= ACTN3 genotype?] 3¢
£ Aol7t A 4= ik AIF AA =] (Min et al., 2015;
Moran et al., 2007), &%= A% fAAE hFo2 o =
At A7t A P=|ojof & Ao oA

nlru el

ZE Y HA

2 AFs A 25 A ZEAF A54E9 ACTN3 3449 2
olE AZ3 AFEN ST} e AES AAstA stk A,
B Aol #ET ZE2ANF AdES] ACTN3 -84 = Alw W

ALE o] Zol7t gls AL R Yehy A& 59 Al 1+ E42
50 % 71208 AR ]ole BRAC] glE A0R AR
FA79] RR, RX, XX& 7|€2o2 514 A
= H] A] Aol7h @l AL & YERY ACTN3 R577X T4l 9l o
& HEEE 94195 A5 BR7L o]He ACE oA A
A, ACTN3 G-AA19] allele®} genotyped B3+ A3} AF 742
Aol gl 7102 Lhehg AR, 951].95 M4 ]I A R-allele
9} XX genotype®] #ol7} 9l Ao ekt 94 HE Ag5o
A BRI} R-allele H]-&0] ngg . 1HER & A7
ol = ACTN3 FHAE &-8-5to] S--H|9-5 A4=0] Zpol5 &2l
ST, ol BARZIY T L T FYL AT PANEE B
89 & 92 Rolth. 3ok 4¥o] U2 Ffo] AFL I8 ol
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WS A59] ACTN3 §-44 247 e =lolo & Zlo]m, ACTN3
S o 9l0] Thokst §Ate] BYHS A4S Bole] A
A kAol Mg A4EC) B71e0 nlxE Fgol ) 4w zo}
oF & glolt}.
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