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Table 1.The genotype and allele frequencies of the I/D poly- Table 3.The genotype and allele frequencies of the I/D poly-

morphism in the ACE gene between controls and athletes

Genotype (%) Allele (%)
1] ID DD | D

Control 11(34.4) 15(46.9) 6(18.8) 37(57.8) 27(42.2)
Athlete 66(37.9) 83(47.7) 25(14.4) 215(61.8) 133(38.2) Taekwondo 4(33.3) 7(58.3) 1(8.4) 15(62.5) 9(37.5)

morphism in the ACE gene according sporting disci-
plines

Genotype (%) Allele (%)
1] 1D DD | D

Total  77(37.4) 98(47.6) 31(15.0) 252(61.2) 160(38.8) Soccer 6(42.9) 7(50.0) 1(7.1) 19(67.9) 9(32.1)
NG 0.4402 0.2109 Baseball  4(33.3) 3(25.0) 5(41.7) 11(45.8) 13(54.2)
dft 2 1 Gymnastics 1(33.3) 2(66.7) 0(0.0)  4(66.7) 2(33.3)
i 0.8024 0.6461 Long  8(286) 18(64.3) 2(7.1)  34(60.7) 22(39.3)
Abbreviations®: degree of freedons; probability Short

e 9(45.0) 10(50.0) 1(5.0) 28(70) 12(30)

Table 2.The genotype and allele frequencies of the I/D poly-

morphism in the ACE gene between controls, sprinters

and endurance athletes
Genotype (%) Allele (%)
1l ID DD | D

Control  11(34.4) 15(46.9) 6(18.8) 37(57.8) 27(42.2)
Sprinter  38(40.9) 43(46.2) 12(12.9) 119(64.0) 67 (36.0)
Endurance 8(28.6) 18(64.3) 2( 7.1) 34(60.7) 22(39.3)

X2 3.9819 0.8243
df* 4 2
P 0.4085 0.6622

Abbreviations®: degree of freedons; probability

d N=E B2 sto] WA nes 2ARE
A3} 2ol A= | A3 fAAke] ul=r} 57.8%, D
g ] Ww 42.2%=2 D o541 =} a]
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)
o
rN
2
o,
r_

=9} 52 vz
Ao % el B

t olAdel dFEAUR =l Aol A fAdA
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el gie} (Hong 5 1997, Chagl Sohn 1998, Yang

% 1998, Hongs 2003, Um% 2003).
Table 2= +FASES sprinterg= (b7 &
Alg, =oF 3l )3 enduranceds (AR &
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Jumping  15(41.7) 17(47.2) 4(11.1) 47(65.3) 25(34.7)
Throwing 13(39.4) 15(45.5) 5(15.2) 41(62.1) 25(37.9)

Others 6(37.5) 4(25.0) 6(37.5) 16(50.0) 16(50.0)
Conteol  11(34.4) 15(46.9) 6(18.8) 37(57.8) 27(42.2)
Total 77 (37.4) 98(47.6) 31(15.0) 252(61.2) 160(38.8)
X2 22.2242 6.8369

dft 18 9

P? 0.2218 0.6541

Abbreviations®: degree of freedons; probability

Pz AR ‘& i | ACE 81z} t}3)Ae)

H]
i Poloﬂ ol gt x}ol—‘:;:’— »}E‘r»lixl e ek
ofiel, fzate AA {2l zols el
skt
Table 3% +-5A4ES 47e] F5e 23 Al
g ¥, ACE f-4=ke] I/D o434
ZA}o|t}. Table 2} wpab7bA| =, f4213 Bl s
A =rh FEEe o7 Aelg vEhiA|
et

o 1o
S A

Kl
mlm
BN
>
o

Xk
=

o

Renin-angiotensin systef st 2 o] Ak
e A AERA T)eelA FoT I8
33t} o] AJe]A =A== renin, angiotensinogen
(AGT) 9 ACES} 22 il AH oz o]Fox
et el2lgt 74 AEE FolA, ACEX angio-
tensin | (Angl}e 352tz A 2g-d #ol o}



— ACE RExte] HeUZy cHl —

Uzl g3 gelxlel bradykinine] 7)%-& A3}
+= angiotensin Il (Angllg. A3A7]= SI3e 53
3tc}h. ACEell 2)3] Angle=z=xE] Astd Angll:
Angll type 1 receptart 233t Zof t}ekst A=A
¢l 7155 £33t o]8)3t Angllg} Angll type 1
receptop}e] ZA3e AzAG A=E /fAEa, &
B $5¢ =T 29 ohish $Ao=RE aldo-
sterone] Hu] =218 E3)|1] (Erdose} Skidgel 1987)
Agd oz dghe AeAlrle Aoz ez
AT ARWA S5 Aol UAT Y

o] A} F, Bl 953 APRA 75 2

g AFEE e 7§‘J=°l E
Six=8 GayagayL—(1998}— ACE 317} o8 Adell 2
sle] 3FQE Ao g AFelM =24 ASE
s Sz Abelol ACE fAARe] #31A13 Rzl

A o8 Aol7} 9ee Hze wssch o A
T Azl BER oo, 2919 FFNFES o
goz & ATNME A fAHE el HEE
vF glet (Alvarez 5 2000). 72, o2 BlEe] o
FolE ATHH ACE fA71e] | 547 A
o9 WMol o] o WAL AXHA
9t A7Eo] nuEs|= i) (Taylor 5 1999,
Rankinen’s- 2000).c]24&t A3 A52 334,
ACE $70712] | hsd4axeh A 72iske] AAol
HahM, T2 AFE oz st s AT
ol dAeHA] ke & eI (Gayagays
1998, Myersons- 1999, Taylors 1999, Alvarezs
2000, Rankiners 2000). A7 Aa=7ke] o]# 3t
BUAE AT FolASe £5ERelt 9T
Aol So Aol Apelit mEA wjAe] Helof
g AFl Zleoz AlsEo

A7 AsplHE ACE $44 S84 Il 4
AAYT | AR WETt HEE Y SRS
Bl KO Aol g hehlA doke Bk ok
2}, sprinter} enduranceEE-& ol x Blud S
Wel 7] £% F5E wage A= o
A SRR I} ARG EA 213 T
7 REHA gkt ole FE Aoele dow
g AFAA | AF R0 W S ARE) F
2 = A9 folgt AsAHAd-S B3 Myerson

5 (1999)y] A#= w]xE3te] ACE f-3=F9] I/D o}

Aol Ao 7o) 2% e v 17@—4: A7
Ashsshe AU Az ACE S7e | 9y
SR @22 FHeNN A7 fo)T DAY

o] olthe 7S AA A e A=z Aledd.

A7 PH 75 Bl A3+H ACE
A | PR Akele] A st 7=
obz BRI A] = &AL | P A 89
22 A HFHoz ¥ ACE =9 d3H
= WA R, O FAAHE 7] AEEe] W
a4 bradykinine] oA =7} A7) o) Fe|, brady-
kinin zx2] A5 e 713E B3l fAk4 5
ol NAE 7154 e] & Aoz A% = o
£ 7FsA e 71Fte = ACE 3141 | Hisd -
A2} ACE 412k} 717k 9121l 9l o2
do] Hx daaAksl A% 273 (linkage dise-
quilibrium) Al )& 71 HAM= F5
487} Sl

o] A7 Ads =ZId FE AF AN
ACE #-421¢] I/D t}3§ 4] ] 11—7—53*’1] o3 &
= ERA] ke, olgk 2ol A4
2 eloz A BIHFPY x|o]|7} ].zol- A== q)
= 7ldY Aoz A7EY. =,

s x& rlo

1
>
O
:|o
2
2L

o

|
BRI 7}77P°loﬂ A7 g%a o= FHeia}
A 20 AR fAAE 2N 74—% A A% 2
3¢ veble Y2 ACE $449) ID o84
= o8 FANS el W), A3 299
o) sl ok Agol oA g AdE
b Aoz <& 4 7] wEelsh =3, ACE
AALe] UD S-S sl gPAel TelaA] o
X intron 3-9)¢l] Z2A)8}7] wj ol o]} & 1A
oS A5 E ArtelE AlFsH Zhu 5 (2001)
2 ACE §#1A}ol] H3F S9do] & zls &3}
o 7A&= £°E*E°]C Zo| A A 977} G X35

AlG %3+ Zedo]7} 438 ACE %= 9 gt
I Felgt T&r Aol dsS Barsksled, o

Ashe o] thgiAde] ACE f141e] UD B4t o
#HE9e e A715T oleh Wb, el
Zhu 5 (2001p] RZWUR S84< ¥l%a ACE 4
Aol AN e FR RS el



— Ol WEH, LU, Hols o2 —

A FE 7] AL A3 = o] g9l A of endurance performance and ¥@. Exerc Sport Sci

o fYAato =z /‘]%{ﬂ 23 Ho]of & Aoz Almw Rev 1: 1519, 2001.

o} w3, ACE S8 lol] A8k I/D S} A o] 747+ Hong-S}.—l, Kang BY, Prflrk WH, Kim JQ Lee CC : Genetic

o) SxMrse] Y3t ma BAELY 84 ACE = variation of the anglotens.Hcon\./ertmg ehzyme gene:.

wo] S olar BeAo] ol A= zAFsle], o] £ Increased frequency of the insertion allele in Koreans. Clin

s = Genet 51: 3538, 1997.

AZE Aol wAE el wiste] Bk ASA o5 83, vang HI, Yoo MC, In CS, Yim SV, Jin SY, Choe

o 71EE Fotehe 4= 745 d7EA T3 9 BK, Chung JH : Angiotensin converting enzyme gene

o5 71 Aoz A4FH. polymorphisms in Korean patients with primary knee

AEHog B A1z ACE Fx#+] I/D 53 osteoarthritis. Exp Mol Med 35: 18995, 2003.

Aol el AAT Ao A= A EHI £-29)3) Kang BY, Kang CY, Oh SD, Bae JS, Kim KT, Lee KO : The

HAAS e R 92lr] Wl o] thEAe] A protein polymorphism of haptoglobin in Korean elite

TR FAT mAE el 8% A4 2 Mj;Tée;isér,;Ae:Eprﬁ(;rZL:T JI-?ZIii?Sn?n;v(\:ZjH Myerson S

A7k obd Aoz Az, Clarkson P, Dollery C, Hayward M, Holliman DE, Jubb
M, World M, Thomas EL, Brynes AE, Saeed N, Barnard
M, Bell JD, Prasad K, Rayson M, Talmud PJ, Humphries

& 18l SE : Human gene for physical performance. Nature 393:

221-222,1998.

Alvarez R, Terrados N, Ortolano R, Iglesi@ubero G, Myerson S, Hemingway H, Budget R, Martin J, Humphries
Reguero JR, Batalla A, Cortina A, Fernandéarcia B, S, Montgomery H : Human angiotensindonverting
Rodriguez C, Braga S, Alvarez V, Coto E : Genetic varia- enzyme gene and endurance performance. J Appl Physiol
tion in the renir-angiotensin system and athletic perfor- 87:1313-1316, 1999.
mance. Eur J Appl Physiol 82: 11720, 2000. Rankinen T, Perusse L, Rauramaa R, Rivera MA, Wolfarth

Bouchard C, Malina RM, Perusse L : Genetics of Fitness and B, Bouchard C : The human gene map for performance and
Physical Performance, Champaign, IL: Human Kinetics  health-related fitness phenotypes. Med Sci Sports Exerc
Press, pp 243266, 1997. 33: 855-867, 2001.

Cambien F, Poirier O, Recerf L, Evans A, Cambou JP, Rankinen T, Wolfarth B, SimoneauA, Maire-Lenz D,
Arveiler D, Lue G, Bard JM, Bara L, Ricard S, Tiret L, Rauramaa R, Rivera MA, Boulay MR, Chagnon YC,
Amouyel P, AlheneGelas F, Soubrier F : Deletion poly- Perusse L, Keul J, Bouchard C : No association between
morphism at the angiotensinonverting enzyme gene is a the angiotensinconverting enzyme 1D polymorphism and
potent risk factor for myocardial infarction. Nature 359:  elite endurance athlete status. J Appl Physiol 88: 1571
641-644, 1992. 1575, 2000.

Chae S, Sohn BY : Angiotensin-converting enzyme gene  Rigat B, Hubert C, Corvol P, Soubrier F : PCR detection of
polymorphism is not associated with myocardial infarction  the insertion/deletion polymorphism of the human angio-

in Koreans. Korean J Physiol Pharmacol 2: 6850, tensin converting enzyme gene (DCP1) (dipeptidyl carbo-
1998. xypeptidase 1). Nucl Acids Res 20: 1433, 1992.

Erdos E, Skidgel RA : The angiotensircbnverting enzyme.  Pasha MAQ, Khan AP, Kumar R, Ram RB, Grover SK,
Lab Invest 56: 345348, 1987. Srivastava KK, Selvamurthy W, Brahmachari SK : Varia-

Gayagay G, Yu B, Hambly B, Boston T, Hahn A, Celermajer tions in angiotensinconverting enzyme gene insertion/
DS, Trent RJ : Elite endurance athletes and the ACE |  deletion polymorphism in Indian populations of different
allele-the role of genes in athletic performance. Hum  ethnic origins. J Biosci 27: 670, 2002.

Genet 103: 4850, 1998. Taylor RR, Mamotte CDS, Fallon K, Van Bockxmeer FM :

Hagberg JM, Moore GE, Ferrell RE : Specific genetic markers  Elite athletes and the gene for angiotersionverting

268



— ACE RExte] HeUZy cHl —

enzyme. J Appl Physiol 87: 1035037, 1999. and the D allele of the ACE I/D polymorphism. Hum
Tiret L, Kee F, Poirier O, Nicaud V, Lecerf F, Evans A, Genet 108: 236232, 2001.
Cambou JP, Arveiler D, Lue G, Amouyel P, Cambien F : Yang YM, Park JH, Lee HY, Moon ES : Association analysis

Deletion polymorphism in angiotensinonverting enzyme of a polymorphism of the angiotensinconverting enzyme
gene associated with parental history of myocardial gene and angiotensin Il type 1 receptor gene in Korean
infarction. Lancet 341: 994992, 1993. population. J Gene Med 2: 230, 1998.

Um JY, Joo JC, Kim KY, Lee KM, Kim HM : Angiotensin ~ Zhu X, Bouzekri N, Southam L, Cooper RS, Adeyemo A,
converting enzyme gene polymorphism and traditional ~McKenzie CA, Luke A, Chen G, Elston RC, Ward R :
Sasang classification in Koreans with cerebral infarction. Linkage and association analysis of angiotenstohver-
Hereditas 138: 166171, 2003. ting enzyme (ACE)}gene polymorphisms with ACE con-

Woods DR, Hickman M, Jamshidi Y, Brull D, Vassiliou V, centration and blood pressure. Am J Hum Genet 68:-1139
Johns A, Humphries S, Montgomery HE : Elite swimmers 1148, 2001.

269



Korean J Phys Anthropol
18(4): 263 ~ 270, 2005

Abstract

The Distribution of I/D Polymorphism in the ACE Gene between
Korean Young Controls and Athletes

Jae-Koo Lee, Doo-Jin Paik’, Byung-Yong Kang? Min-Hee Jang? Kang-Oh Lee®

Department of Leisure and Sports, Sahmyook University
Department of Anatomy and Cell Biology, College of Medicine, Hanyang University
2Research Institute for Life ScienéBepartment of Life Science, Sahmyook University

A number of genetic and environmental factors influence athletic performance. Cardiovascular fitness is an important
factor of athletic success, and ACE gene is a good candidate for regulating cardiac and vascular function. Because
younger subjects have less chance of being exposed to environmental factors than older ones, genetic factors have a
relatively greater influence on younger subjects.

The aim of this study was to investigate the distribution of I/D polymorphism in the ACE gene between Korean
young controls and athletes.

By association study, there were no significant differences in genotype and allele distributions between two groups,
respectively (B>0.05). When stratified by sporting disciplines, the significant difference in distribution was not also
detected in our study (R0.05).

These results do not support the hypothesis that the I/D polymorphism in the ACE gene is associated with endurance
performance in Korean young subjects.
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