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Y1) A7 180 & TR H R P kEiB X F A (CHEAF R R KA — Rl BRF %
XA L% i, K 5k DNA A, 52 Al SNaPshot H AR X & X4 a9 4 & AR B 4% 8 84T
SNP 5%, ¥ 4055 CARMLEL , 5T &4 3K B A Fo 5545 K B A 4 A, 0 i ik 54k 5 FeilliE )
RARRIRAGRER A KR B, Frned R B oA 45 R 3 47 Hardy-Weinberg -F- #7456, &% P>
0.05 B, $L9A L B A oA 456~ Hardy-Weinberg T 47 & 4%, B4069 R B A 5 545 K B 5 248
HRMF AT, ¥ P<0.05E XA MM ERA L F LR sA LA FEL, &R
1) ACTN3 Jk B rs1815739 4% & . ADBR3 Jk B rs4994 4= & | CNTFR Jk B rs3808871 #=
541274853 4 & (PPARo & I rs4253778 4% % VDR & F 157975232 Fe 152228570 4 % A A
ACE 3 B 151799752 45 &84 3k B 7 5577 f2 &40 P 754 Hardy-Weinberg P45 & 4 (P>0.05);2)
ACTN3 A B rs1815739 £ & CNTFR A& B rs41274853 4 &, 69 K W AL A 15 S K B o A 2
BFHFidiEH R el AZ A £ F LA % FEL(P<0.05), %% :ACTN3 A A
rs1815739 4 % (CNTFR Jk B rs41274853 4 5. 7T # € A L5 & Bk 55 Fil 12 3) R A N B A%
Beag R B 5, B TR A LB A 09 5 FARIL,

KEIR FHERE NS AR F 5 A SNP R

Abstract: Objective: To compare the difference of candidate gene loci between excellent judo
athletes and ordinary people, to determine the sensitive gene loci related to explosive power of
excellent judo athletes and to explore the feasibility of gene selection as an auxiliary athlete se-
lection method. Methods: The loci related to explosive power quality were identified as the can-
didate gene loci by consulting the literature. In total 54 excellent judo athletes of Han nationali-
ty (group J) and 180 ordinary university students of Han nationality from Beijing Sport Univer-
sity (group C) were selected as the subjects of this experiment. Using disposable oral swab, oral
exfoliated cells were extracted and DNA samples were collected. SNaPshot technique was used
to conduct SNP genotyping of the explosive force gene loci of the subjects and group J was
compared with group C to analyze the genotype and allele distribution characteristics of each
group, so as to screen out the explosive force gene loci associated with excellent judo athletes.
The genotyping results of each group were tested by Hardy-Weinberg equilibrium test, and
when P>0.05, the genotype distribution was consistent with Hardy-Weinberg equilibrium law.
Chi-square test was performed on the data of genotype and allele distribution in each group, and
P<C0.05 was defined as the genotype and allele distribution of the two groups with statistical
significance. Results: 1) The genotype distribution of ACTN3 gene rs1815739 locus, ADBR3
gene 154994 locus, CNTFR gene rs3808871 and rs41274853 loci, PPARa gene rs4253778 lo-
cus, VDR gene rs7975232 and rs2228570 loci, and ACE gene 151799752 locus in all groups
conformed to Hardy-Weinberg equilibrium law (P> 0.05); 2) the genotype distribution and al-
lele distribution of ACTN3 gene rs1815739 locus and CNTFR gene rs41274853 locus showed
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statistically significant difference between excellent judo athletes and ordinary people (P<<
0.05). Conclusion: ACTN3 gene rs1815739 locus and CNTFR gene rs41274853 locus can be
identified as the gene loci associated with the explosive force of the excellent judo athletes in

China, which can be used as the molecular marker of gene selection in the future.

Keywords: judo; explosive force; locus; genotype; allele; SNP genotyping
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il 3 7£ Pubmed . Web of Science . SPORTDiscus « Med-
line %5 4P 3T X 35 7 2 “Judo” “ gene” “explosive force” 2 ¢
) i 5E 5 0 R RE DR B BL mRAE D s R TR L A, L i
BEACHE : BT T H F A5 Fol 0 H 2Rl AR E N S
iR IEAM K . — T SCERRT 2R (1997 —2015 45) 8w, &
DA 120 AL ARG 50 75 12 B BUIRAS MG, Hh g 77
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0, AR E R M, 7E 43 N 58K DI B bR
ACE % [K 154646994 {7 & . ACTN3 % [K] rs1815739 7. &5 Al
PPARo 4 [F 154253778 47 st 7E 3 T EY 3 T LA b ) 72 o 4
iE B 5875 12 3 i 19 9% K 77 5 35 F ¢ (Ahmetov et al. ,
20150« BRBG, BA B 3 AL 5 AT g N AR WF I 4% 32 i R A7
Mo BT B Q017D FE X 3R E A 55 328 Bh 51 18 K 70 AR K FE [
Z 3 Mk KO TN R R R B 7S R B, ACTN3 4 [
131815739 . ADBR3 3 [A] rs4994 . CNTFR & [X] rs3808871 #l
VDR 4 [H] r$7975232 7 5 45 10E B 5 v [ 4 75 348 3 01 3 K
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rs3808871 A1 VDR & [A rs7975232 7 £ 49 N 7 F 70 1) 1% ik
FEBIAT 5 . [ A ST AE X} CNTFR £ 5 5 VDR 3 B A1
I Z AL BATRE A, B2 AN —, N ARAIE 45 SR 1 v
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al., 2019 ; Hong et al., 2014 ; Massidda et al., 2015 ; Miyamo-
to-Mikami et al.,2016) .
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Table1 Primer Name and Primer Sequence for Each
Gene Locus
5l AR 314550 (5'-3")
1-RS1815739-F GACAGCGCACGATCAGTTCA
1-RS1815739-R CTTGGTGTTGATGTCCTGCG

2-RS4253778-F
2-RS4253778-R
3-RS41274853-F
3-RS41274853-R
4-RS3808871-F
4-RS3808871-R
5-RS7975232-F
5-RS7975232-R
6-RS2228570-F
6-RS2228570-R
7-RS4994-F
7-RS4994-R

AATCACTCCTTAAATATGGTGGAA

TGATTTACCTGATGACCACCTGT
GAGAAATCGGATGTGAGAGGC
AGGAGGACCTTTTGCATTCTCT
CATCTGGAGGTCAAGTCCGTT
CCGGGATTAGACTGTGGACG
ATCATCTTGGCATAGAGCAGG
GTATCACCGGTCAGCAGTCAT
GGCACTGACTCTGGCTCTGAC
TTGCAGCCTTCACAGGTCATAG
GCTGGGGAAGTCGCTCTCAT
GCCAGCGAAGTCACGAACAC

8-RS1799752-F
8-RS1799752-R
1-RS1815739-F-YS
2- RS4253778-R-YS
3-RS41274853-F-YS
4-RS3808871-F-YS
5-RS7975232-R -YS
6-RS2228570-F-YS
7-RS4994-F-YS
8-RS1799752-R-YS

CATCCTTTCTCCCATTTCTCTAGAC
CTTAGCTCACCTCTGCTTGTAAGG
CAACACTGCCCGAGGCTGAC
ATGGGAAATGAAGCTTTTGAATC
AGGAGGGCCAGCTTGGTGCG
CCCCGGTGTACCGAACCTTGC
GGTGGGATTGAGC(A/G)GTGAGG
CTGCTTGCTGTTCTTACAGGGA
TGGTCTGGAGTCTCGGAGTCC
GCGAAACCACATAAAAGTGACTGTAT

1848 NCBI 9 3 24 A3 (¥ 5 [K] 7 51, F Primer 5.0 B4 %
P PCR 514
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Figure 2. Results of SNP Genotyping of a Sample
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B 41 R 5 R 4 B &5 315 3 4T Hardy-Weinberg 1 7 7
U5, 24 P>0.05 i , Uit B 2k 5 1Y 43 A 45 4 Hardy-Weinberg -
1 i, RIHT S0 REATBEARACR A . A 4H HER BY
5 A8 A 2 TR 93 A7 B 1R R 5 R 5 K P<<0.05 5 A
PRI SR R B 93 A 5 S A R PR 03 A 22 5 B ek 22 3

2 MRER

2.1 BA SRR 45 A 45 R 49 Hardy-Weinberg - #4456 45 %
54 240 F5 2 B A 5 180 44 il K 2 A 4% 5 A Avr

R % Hardy-Weinberg 1> #7 & 36 75 7 Hardy-Weinberg ~F* 7 &

R, R TN REA RHARARIEP>0.05),

Fx2 MWMASMAERESELE R Hardy-Weinberg FE# 1645
Table 2  Genotyping Results of Each Locus in Two Groups Test-

ed by Hardy-Weinberg Equilibrium Test

Hardy-Weinberg -F- #7436

K H AR A% % 55 I ca
Ve P Ve P
ACTN3 151815739 020 091 223 033
PPARa 154253778 0.08 096  0.01 1.00
CNTFR 1541274853 046 079 142 049
CNTFR 1s3808871 279 025 178 041
VDR 157975232 484  0.09 045  0.80
VDR 152228570 0.10 095  0.19 091
ADRB3 154994 043 081 112 057
ACE 1s4646994 031 086 401  0.13
22 BAASERAASMERFFLEARASRER

ACTN3 % [H] 151815739 £i7 1 51 J 2H CC & [K] 2 45 % &,
EET XA P<0.05;%£3), CEMERNPEREERT
%o FE2H (P<<0.05) ; CNTFR 2 [F rs41274853 A7 &5t J 40 GG
FER R R B 3 T o6 A (P<<0.05) , G S5 5 (R AT R
VS TXIRA(P<0.05) . HARFER A7 4 36 K AL AT %
5 BB AE TR C Lm0 2 R gt 8 X
(P>0.05).
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%It &%
ACTN3 % [H 151815739 A 55 5k [K 7Y 43 A7 5 &5 A Jik
SRLEMR T RIE 1 5 B E N 2 0] ) = 7 B ﬁéﬁﬁ‘z%

E X (P<0.01;3% 4); CNTFR % [H rs41274853 {7 /& %= K £
I3 A 5 S BN 3 A AE A 55 FR 18 18 B 51 R I8 N 2 [A) 1)
ERBA G E X (P<0.05),

3 a5t
3.1 ACTN3Z H rs1815739 1% 5 5 A A a4 £ &

A FE R I R F5 18 3 51 @k 2% J UL ED 1) ACTN3
H [l rs1815739 o s FE B B 73 A7 L &5 A HE R 73 A 5 C 4L AH
k25 BA Gl m L (P<0.01;%4),] 4Hh CC %A
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Table 3  Results of Genotype Distribution and Allele Distribution of Each Locus in Two Groups

LE L Iy R AR E /% e A
I ca I Ca

ACTN3 rs1815739 cC CT TT CcC CT TT C T C T
S1* 41 8 28 52 20 74%* 26 54 46

PPARo rs4253778 cC GC GG cC GC GG C G C G
96 4 0 99 1 0 98 2 99 1

CNTFR rs41274853 GG GA AA GG GA AA G A G A
72% 24 4 53 37 10 84* 16 71 29

CNTFR 3808871 CC CT TT cC CT TT C T C T
63 36 1 63 34 3 81 19 81 19

VDR 157975232 GG GT TT GG GT TT G T G T
35 59 6 52 42 6 65 35 73 27

VDR 12228570 cC CT TT CcC CT TT C T C T
35 50 15 32 48 20 60 40 56 44

ADRB3 rs4994 AA GA GG AA GA GG A G A G
9 24 67 1 27 72 82 18 86 14

ACE 154646994 AA CA CcC AA CA cC A C A C
63 31 6 59 31 10 79 21 75 25

Eo AT CAL 27 R (P<0.05, FH#kk).
F4 FAHBE(Ivs. C)ZFNRERELSHEEMERD
HROFITEEN
Table 4  Statistical Significance of Results of Genotype
Distribution and Allele Distribution of Each Locus between

Two Groups (J vs. C)

B A S5 A FEEABASH

AR AR 1555
e P x i

ACTN3 rs1815739 14747 0.001** 14312 0.000**
PPARa. 154253778 1662 0.197 1.705 0.192
CNTFR 1541274853 6770 0.034* 7218 0.007+**
CNTFR 53808871  1.281 0.527  0.046 0.830
VDR 157975232 5249 0.072 2370 0.124
VDR 152228570 0913 0.634  0.725 0395
ADRB3 154994 0.705 0.703  0.640 0.424
ACE 154646994 0.654 0.721 0.536  0.464

E AT P<0.05, %R 5 P<0.01,J 45 Ctark &5 S A W A 5
A5 AL IR B A A St & L

Rodriguez-Romo 2 (2013) f 5T % A7 5 I oK & BiL vt BE
FREEBIEFEZEH A G EHEN W AFEER, {1
ACTN3 % [H 151815739 £ &Pk 5 10 75 Fe i 12 30 A 7 Bk
SARFEMK. FFERDRTE RIEIE ) RO 5,

AR A TR R B TR 22 25 PR A7 7 3 L R I 22 5, AT 51 Ak
gERA 5.

Kikuchi & (2012) %f H Ak 75 #% & 12 3 i #F
ACTN3 R Z & M5, KILACTN3 EF Z &S5 H A

R HBIE B A IS FPIRE A K. T4 RS AR T
45 L — 50, W] RAAE RIS AN I 9o 0 SR AR X B RR A
[, (EL 5 N T30 H 4 A 8B, 22 DA v o B T 470 1 [R) B
3, BB R 1A ERIE .

158 Bk 55 (20100 5 2= e K 55 (2016) 7E 0 5 1% A7 s I
KRB CC HE BRI AL AT AR Sy o [ ALy e 2 iz g R 5 K
PB B VKB ) IR A I 0 TRl . B RQOIDFE
7538 By 51 1 73 A DR TR 22 25 1 R JHL T ASE R ) AT
HR I, ACTN3 3£ [K rs1815739 47 5 5 R E L 58 50 A 10
PR JIAFAEA DG By WL, 72 LR E AR 75 12 3l R R
FXF RIS, LR WIS AR U4 R AR — 2, Bk, 7R ik
B T G, BEARAIE A 75 415 0 4 0 B 1 X Ok IR
A= ST A ENE B A FE I H ES B E RS A
FULE AT W9 20 LA i CRAIE B AH — B 3 BT, AT
VISR ZE B T S G 4 SR A

SR REERRE, SR FIEV AR S
8 75328 30 53 1 1k I JTAFAE R BG . ATF 7R W, ACTN3 4
(Kl 151815739 i S R BLIN CC K R B 5 C 25 Ao FE R 75 3 &
A Z B S A (B &, 2017 ; Ahmetov et al., 2015
Moran et al., 2007 ; Vincent et al., 2007 ; Yang et al.,2017) .

SER ) — SRR AL SO L B ISR T VR R
ﬁﬁ SERC . BRI, ACTN3 % [F 5 5 & B a4
LB A -3 AAETE T IRINLEF 4 b, o4l L3 2 -3 ZE L
PR R S 4 3 B b ok AT RS . B R,
o~ F VAN -3 1/ BB o 8 AR AR A B MR e (Ma-
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carthur et al.,2007 ; Vincent et al.,2007) .

18 J@ T v ok FE (0 X B0aE B, AR i AR DLOE S AR
NEBRE T EEL WL FE RS AT AR T R B
CC 54 L K C X T i 00 H 20 35 5 5 A, (5 ok, 76
HEAT 12 B A 6 M B R R R Z 7 kAl B as B Lk A, AT
PRI B 3, O ST 2 TRk A 4 43 B8 147 DA
YT E R
32 CNTFR 3 rs41274853 45 5 5K /89 % &

AWETE R B, AR5 8 3 51 (ks 2% &% DL 1) B CNTFR
HE K] rs41274853 fir i J: D5 B4 43 A7 L S5 A BE R 43 A 5 C AR
b2 5 B AT it 2 L (P<0.05;% 4), T4 F GG A
PR E ST CA, H GG KA F5 18 3 5 16 7 A
B R T GAVAA LR R A (£ 3) , RHIIZIER 2 &1
Rf 25 540 75 2 18 Bl A7 AR R Bk .

Miyamoto %5 (2016) LA F AHS 532 3y 53 9 HIF 580G RIS
R, Z AL R 2 A E bR A i ) I8 3 5 ) &
RAVFRHR ARG, W 45 R 5 A0 e 45 RARFF — 5.

AT RS H5 B QO LRI L RA — .
JEPR AR < 1) 36 #0870 B0 H W A7 AE — %€ i 22, 73 A b
P75 32 By 573 15 K 77 R D% 5k TR 22 25 1P R HL T ASE AR ) AF
R, FE B AR K I UH AR 7512 3) D1 B 55 2 AN TH
CHAR PRkt EEA B Bk Wb 25 , 2 RE 1k i & o3
H AT e 238 SO0 90 45 R 10 2 FEVE - 2D BF FE 0 R ik A
g et G A b AR 55 38 Bl SO R I SR FE R 2 3
JFC IO R Y B I SR B TR OR T3 RN Bk U R
s ) BF SO0 SR R — Bt R AGRIE T A B AT A FH )
T H 35 72 VLR R 719 E R IUH 6 B AH A8 R R OIE R —
5305 H 5 8 8 2 0 N B L AR AE — e R 22, 4 b R
[ 12 75 32 3 53 8 K 70 AR K Jik IR 22 25 e R JH 0 A 2R (v g
TR, M HEHmENB e 2 101, BN
TE AT SNP A7 & 43 1 Lb 6f i & B, A 75 241 5 345 3 20 1 A
B2y 1030 Uk, AHE AL CRUEJZ R 77500 H AL 1)
Heffi B JAE CAMRERTE —8CIAS CHM NS
BIR LA HIAE 1130 Kk, MFm AL —PUERZA S
1B JIIUH R 7538 3y 53 2 18] 9 R B

A, 8 0 N 06 T %47 £ 5 2 3h 88 1 ik 9t , AAE
M5, CNTF 1y — Fpopp 22 8 97 F 7 ) LS R 42
WA, 52 R85 J5 R ALBAE R, T A K 2 2
P22 41 H 1 A R 4 4K B it 7E % (Fraysse et al., 2000
Gayagay et al., 1998; Guillet et al., 1999) . & Il H & —
Tl vy e JBE (0 % 47032 3, L PR AT VAC 4 o E M 22 1 R 45 R 58
F IR, 4 A 28 R G 10 2% A M W DL S Bl AL I B4R
RO, T Bl 5358 2 (1 LET 4E 2 5 LA I 4, 32 e B Ad
(0P s N oS AR IR P i
— AR IR R F1 B R S . [RIE, CNTFR 3 R ] i /2
ESCAR JUL DAY P AT 4 e R s R UL PR B M B RLE, T R

30

JVL P 44 BURH G, CNTFR 2 [R5 32 2 510k 45 R WL 2 30
KAEMS TR AE R, FEE— P IE . ER
TR, 7E DRUERT o5 RN B & 3& 11 L T B3
Tz B RG22 AN 0L s AT 43 BT, DT 4R v S 56 4 R 1
T RE
33 HfeABEEESRE N E R

PPAR /2 R 11 JIE 5 8 70 A B8 52 57 4, 10 48 RE 1) %
SR, LA RO B s LA O LR R 1 SEAK  Petr 2
(2014) KW, , C 45 A 45 P 4 27 /> Ak 5 9 Bk 95 55 Dk ok
RS L. ACERFR-MEREKRKRZ T M4
SRR EE, T LL 5|0 WLZE MR AR K, B g B v LR K,
T 5% Wi AL A% 1) 00 1157 ) B o Papadimitriou %5 (2016) &
B, AA B 5 032 2 51 e % LA SE R B[R] 58 Bk Rl A
NIZFIEE) 5 A8 B K 7T VDR EHZ 5 4EHF
Y6 S R o 2 W DR 9 S U 4% R S R T AR

A FE i A R B IE B ) PPAR a JE [A] rs4253778 37 55,
ACE 2 [H 151799752 i s « VDR & [A 157975232 Fi
152228570 47 55 UL K ADBR3 % [K] rs4994 £ &1 15 & [ £ 75
FIEIB 3 B R JIAE 38 T 3 — D 1 S35

4 g

ACTN3 2 [ rs1815739 £ s1  CNTFR 2 [Al rs41274853
AL T € Dy 5 3R AR TS SR T8 8 Bl R OR T AFAE G I
KDz A, H 5 AT AR R B (0 75 TR Ad .
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