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FHIFRHIF 52308 Jie

w, TR

B OE: L5k, MAENNSTUHIERGRHE LR, RETARF LN ES RERER, NEHF
WRBOHRR, RETCAATHR. 2 THHEARTFAE 2000 FREH TEHAGTHETAAT, L L
ZRREEFHREM, BHRFNE, BHFFEFRMERL, RREFHER, RARXSA LR FILF
B, RETEMNFOLTHHBAREEH S TENTHATHRLRREBAABE, FHIRARLLRE
ZOFMEFTATAST&: Otk RENFEEAARLN T XEBH R AMPEHEAGRFETHL
A QRBEABEARTES R &M RBAAk S ERBATR 2 OFB XS AR H AW E4H.

KRWH: 2 THw; ABAREM; RFENE; ARXEA

FESES: G804

1 2FVWREN L TFENF

43 T2 Wi B AR B 43 1A 4 2 D B T R
R PN 3 A 0 TR Y 5 v AR 3 K T Y R A TG A
BHIMBEAR, 2 F2HETNZE N EZETL,
H¥t% £ Em$E DNA, RNA #IEH R,

ST YN E S EaR RN R R
EERWOMESER, FEIER ERBEKRNEZS
STFEYY, REZBEASTEHHEAR, ERE

XEtrES: A

XEHE: 1008-3596 (2016) 04-0089-08

BRGYRIFT; BETEAK M T2t

RIEIT, MMRE BRI RE, B HG R

K MEARMECHANT T HEHIMNER =4
GHMENER, RAATFRTHEARY
GitgmIhee, BERBSHEINEN. BZ,
TR B & R ¥ KR HE BB 3 7 T Y
SRR, CAIE I GRkE A i TR

2 ATVWEZEH L2 TENFFTHNA

R AR EGRARAOYE, THREIIXHE 2.1 B30 KR I K BB 2 B

EWMBLRARE . B0 T2HRARERZE
R TR R AR AR IIMA  NASBA, 3SR, SDA. RT-PCR,
A REETEIE 3 Bk R HERTE; BT LIE I
T AR B S YIGREE R RE 1, 3T M4
hakTr, REINGRREME; TG TKF L
TRB SRS A AR, TR TR 3
PO RO RS s BB BOR T LA &
FRANFER , EHEA GBI AR, LiEEs)

WfE B HI: 2016-03-09

EL£WH: WA EFREFHRHEMAE (201510115 20151015)
EE@r: EBO (1978—), &, WMALRE AN, BIHEMER, ARF R ANBHEZEMEBHIILE.

multiplex PCR., PCR-RFLP,
PCR. cDNA %53 B ¢ %€ & B 4 U 5 AR O W
. EZHTTEYFRIAARE, FRAR
R, —S6IE A RPN = R R 1 2 A
R, BAREFRBEE, mOoRERE. i
B4 . FIeREEEAE . BIRMIRSE, XM

AR, HEEFERT MRS RRE,

nest-PCR,
IEXPAR, AS-
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BRI 1 R A AR W2 3h 5 38 12 R 1 Fniz 3
Bk A, E2ERERmEmN.

BMP4 (i 4 7= A=, S DLBE 32 BE A3 Y 8
PLps, REWS PG I3 3B 3 X A 7= AR 1) R
#117, FGF3. FGF10 1 FGFR1 # & /£ i & {2
HHELHSH. MEER. SMEMGORE L/
AP R . Salle 5 AP HFF T 138 £ 18 %
35 F I, BREZ 4—5 PR HERRE
3 5 LR, B IR R MR R KR
RN HE SRR RRE . BIER . B I RS R
LS AL B ILREE . 9 DAL SR B MR VR FE A5 9 DNA,
féi ] TagMan SCH} 5 B PCR Ho#5 4 Ja] 36 R Y 22
5. %% BMP4 1 FGF3 EH ¥ 552 3 i
LR G 725 75 A o2, FGF10 2 W2 5 LI 28
I, FGFR1 & HZ &M 5 R TTAH L.

M XEH W2 (ACL) BB™EN %
VR ARG Z —, SR = A 3 F A5 9 14 L A1 1%
KHiH . Posthumus & AN EHAFERFE LB E
HEER AR 11922 Bt 5 ACL W RIBA %Y
K% . Raleigh % AU 5@ BT 126 4 WU A Ff
ACL G H f 214 X & &£, GDF5 QA
B AL A (rs143383) F1 ACL BB % 25 19
RS #H 32, Posthumus 28 AMI %t 129 4 (&
38 4) ACL BFHRFHRM 216 &4 (ot 83 )
EHMBEHTHE HAESHFHEH#T
COL12A1 3 43 ALU1 F1 BSRI FR i 44 H B
KELZE& % (RFLP) 4#f. ARG R EH,
ALUL Rl R BREZEERN AAZRE 54
PR ACL %R i XU A SR B, 5 3B M 0 R Bk
P£; BSRIRFIHERFBERKESZSHEERNESLS
ACL %95 WU A AH 2

WHLIE M R AERBTHETE — R 5%
#5, {H Lundin A" R, HRWEHRHMHHAE
PR e A% R LR R 28 A AR Ak, R, HED S HE L
Ji 7 55 A5 B 2 0 SR A o I 0L A B SR gk
Fo X 13 AREER 13 BEFEXNRERN 10 4
(R & B & lal, collagen 3al, MMP-2,
MMP-3, ADAMTS-5, TIMP-3, 34k & A %
W, SEHEAZHE. ROEARE. SURE
HEWE ERRBFTZRASN, ERENT
e, BRIEFEE 1al 1 3al, SUEE AR
MYGEGEE A S Y S EE LA, MMP-3 fi
TIMP-3 @& T, HRUANEFE KA BEF L
AR, R PR Rk B B SRR ALER B T LR

R, Rim IR BN SNREE AR VA T LB R 2
RE®ETS%E,
BEHKEILE Z O EERERA XK,
Shah AL 2 847 HELK B 5K MR,
X7 NOSIAP % [ 28 4~ SNPs fii &, 8%
B, BRUAR NOSIAP %W 5 QT & #i /Y £ Bk
P HAMF G E N B E, B —IK rs1932933 S
FEEPEHEBSHMERK QT HH (4.9 msec,
P=7.20X10""), #ERBEEAN @I 60
AN R PR BE A BEFD 80 4 iIE # A BEAY NOS1AP
B4 SNP i &5, &I NOSIAP 4 6 4b B F X 1,
[ s3751284 o g W] BE & N B I R SR B 1Y B SRR
A7 A . Koskela Z AN i@ i Xt 1 963 2% 2% 3%
BE#HTEHNIK, RIAEET B0 IR ERIE
A—ERNHIEM.
2.2 BEhFESEHIE MR X ER WIS
%1 5 miRNAs H X85 KILERF"
miRNAs N B8 LR

HDAC2, C6PD, RN R, ILEFR
1, HDAC4, c-Mect AR . RMS, ALS

IGF-
miR-1

miR-133  LASP1, MET, pME &#JLAEK. RMS

miR-26a  Ezh2 RMS

miR-29  NF-Kb, YY1 RMS

JULPY 25 48 AT
LINAE-E3n NIN=- 5

AR, EWHEME
45 . RMS, ALS

miR-499  b-MHC

miR-206  Utrm, c-Met, HDAC4

FHRIDBEEREEZEAENERARIE. £
RHIR .. LPIERR. DLAZES%. JLAEX.
WUERE . RAEEN AR X SERENFRSE, EF
W5 &I, miRNAs 78 82 5] R 8 &ix 2
PRI R A

McCarthy 48 AT 38 i 5 5/ BB 85 DUE K
R, RHMAEDROEEUMEL B AR HE
miRNAs 1, miR-206 B £ 5 A2, miR-1 I
miR-133 WRBHETHET 50%, HWIEHAT
WLPY 5 R miRNAs X8 8 UUE KB —EEH .

JUL PR 22 48 0 2 — 288 LAV 3 0 55 UL A O AR AIE 1Y
WAL, McCarthy 2 AU 5@ G B HIE S
LP 25 45 0 55 K B EE B L miRNAs 1) R ik 748
fb, L5 R 18 A miRNAs B RIAH 9 848
1k, HEMECHLH AT BB 8 i miRNA-499 [H] 4
£ b-PIREEIHF (sox6) MR,
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U8 55 RE & —Fh R R T LA Y 38 15 P28
TR, AL ERE AR, BAEMIED
B A R A, Greco A i i 3 mdx
/NS BF A B /NEL. Duchenne LB A R &
HEHE®HANBHIAASRBERNZE R miRNA,
RIA 11 4 miRNA 7£ mdx /b B 1 Duchenne
HANERARBEPAERMUNRERE,

MEEMREACE iR NE) BiB3#HE
TR —F, 7E ALS ¥ RS 3 s A i AR
1, miR-206 J& 4% HDAC4 R¥EE RXBIEM.
Williams 2 AU %% $17E ALS B & /N R miR-
206 FikBER M, Velleca 2 A" R WIEB B
AR SRS, miR-206 43 F B AT R TEZ 31 4R
2.3 ERIEH

BN ZBRERRFWMBRK. M5, A&
i 200 YR R 18 MR RLR DNA £75
PSRRI S ANNA T E. EIESKFE.
it 3 7K FA N INGRROR A

De Moor % A" il it GWAS 43 #7855 T i
ZREEAWEIENAKFE, RRAAMT 37 B
BRART 57 -BEBEAL AR & BUEE 2 BRI /Y rs10887741
5k AESHKFRBER K, BNES KA
AMPKa2 % K rs2796516 fif & G % i & H.
rs2746342-rs11206889 {7 s AC BA {4 %I &5 3 R W]
R/ K MB35 B 5 Fhnid.

WELZK “BEER” «HUNEA 3
(ACTN3) ERH 577 B FHITHWEE o2
WLA S B AE 2 B h i g L, FRfs RS ADY
KRS RS R PCR Y EMER, &
SET REL. PRy ACTN3-C17 B A Z &5 Al
Fik.

N KA A J7 0 8% 2 300—80%,
EEE PN ST I DI ¥ P E Y =Pt
B4, HETZHEAR, MEKEER. e
FEEZW, KESOLS TR A, X
TN EANPT R 12 722 8 T FMENE DR
FA B RE J1 4 28K . Thomaes % APV & B GPS Xf
oL 580 5 S8 A B KR A B VI SR 8CR G I 5 &3
REE, MAT AMP &R 1 £H., BERWE
ERXRFTFERNMBERMEZEKER®B
rs1800169, rs17602729, rs6190 5 it J3 /K F 28
B %, HEEHE AP R GI357A B4
GG EFAT LME T E LR FREIZS %
MR % 4> F s 5 Fhnid. R8P & B UCP2
MK 3’ -UTR 45bp Ins/Del DD % 54 &i& 3
fe 1% ; OGDHL % rs 1268722 AA Bl 5#
KHEEBEEE B #; ACSLA FH rs5943427
GG ., rsl324805 TT %, rs5943427-rs1324805
(GD HEMEBFKBEIRERZEN
AR,

*2 BWRAMN—EANEATENREMIRICIHER

Gene Location Subjects Phenotype P
ACADVL 17p13pll 0.004 7
0.03
64 endurance
VOsumax 0.039
79 running
VOZpeak 0.02
25 mountainer
DO, 0. 000 9
60 elite
Max avDO; 0. 004
56 elite
. Running distance 0.001
30 sprinters
Exercise time 0.032
35middistance
ACE 17923 . Postexercise lactate 0.05
33 aerobic
VE during hypoxia 0.026
80 students
. Middle-distance running performance 0.036
100 triathlon
. Power output <C0.001
50 cyclists
. Exercise efficiency 0.001
294 offspring
X Maximal workload <0.025
58 recruits
. Muscle efficiency 0. 04
95 patients
ACTN3 11q13ql4 107 sprinters
ADIPORI1 1q32
ADRA2A 10924926 140 endurance 0.037
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Gene Location Subjects Phenotype P
263 patients VOzpeak s Exer VE/VCO, <0. 05
ADRBI1 10q24q26
83 heart failur VOzpeak ; Exercise time <0. 05
232 HF patient VOzpeak 0.000 1
63 PM women VOzmax <0. 05
ADRB2 5q31q32
62 PM women VOszmax ; Max avDO, <C0. 05
62 PM women Submax; avDO; 0.006
ADRB3 8pl2pll. 2
AGT 1q42q43
AGTRI1 3921925
104 endurance RPE <0. 05
AMPD1 1pl3
400 whites VOzmax s VEmax 0.000 2
51 VOzmax <0. 05
APOE 19q13.2
120 <0. 001
472 whites VO2max 0.018
ATP1A2 1q21q23
294 offspring VO2max 0.017
ATP1BI1 1922925
29 blacks VOzmax 0.033
BDKRB2 14932.1q32. 2 73 recruits Muscle efficiency 0.003
42 Caucasians
CFTR 7q31.2 97 CF patients VOzpeak 0. 05
CKM 19q13. 2q13. 3 240 white VOszmax 0. 004
125 whites VOsmax age interaction 0.012
HIF1A 14921924
29 blacks VOzmax 0.033
HLAA 6p21.3 8MZ,8DZ twin VO2max 0. 001
HP 16q22. 1 96 patients Walking distance <0.05
IL6 7p21 479 smoker PWCpax 0.002
MTND1 mtDNA 3307—4262
MTND4 mtDNA 10760—12137
MTND5 mtDNA 12337—14148 46 VOzmax <C0. 05
MTTT mtDNA 15888—15953 46 VOzmax <C0. 05
PPARGCIA 4pl5.1 104 PAEE/VOgzmax » pred 0.01
PYGM 11q12q13. 2
RYR2 1q42. 1q43
S100A1 1921
SCGB1A1 11q12. 3q13.1 96 asthmatic FEV1 after exercise 0. 04
SERPINE1 7q21. 3922
SGCA 17921
SGCG 13q12
0.02
UCP2 11q13 16 healthy Exerc. efficiency(gross,incremental) 0.03
UCP3 11q13
VDR 12q13. 11
LEPR(QTL) 1p31 90 black AVOsmax
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2.4 EREMEFEN

%3

BREZIAMTRER TXEARRANME, BARE. ERRANUAEE

G Protein expression of Physiological function of the Enhanced Detection
ene
gene-coding protein expression capabilities means
Increase the number of red
EPO gene haemopoietin blood cells, oxygen carrying ca- Endurance IEF or ESI-MSD
pacity of blood
Under hypoxic  conditions,
HIFs gene Hypoxia-inducible factor promote the expression of Endurance IEF or ESI-MSD
EPO gene
Stimulate no activity of angio-
. . . tensin (iv) into highly active, to
ACE gene Angiotensin-Converting . . Force EIA or CLIA
enhance myocardial contractility
and heart rate
Human Growth Hormone . .
hGH gene . Increase muscle size and weight Force RIA or ELISA
(contain several subtypes)
insulin-like growth factor ( A )
. o . . . LC-MSn proteomic
IGF-1 gene protein containing 70 amino Increase muscle size and weight Force )
. techniques
acids)
MGF gene Mechanical growth factor Increase muscle and strength Force RTF-PCR
FGF gene Fibroblast growth factor Increased vascular blood supply Relieve fatigue RTF-PCR
) Increased vascular, is to in- o
Vascular endothelial cell . ) . Radio immunoassay ,
VEGF gene crease the heart, muscle, liver, Relieve fatigue
growth factor ELISA
lung blood supply
Nuclear hormone receptor increase the slow-twitch fiber in Speed and
PPAR-dgene . RT-PCR
protein skeletal muscle endurance
) Tubocurarine (A protein contai- Muscle cell inhibitory factor ,
Myostatin . . .
ning two subunits, each subunit Remove that the muscles Force RT-PCR Detect mRNA
gene
containing 110 amino acids) get rich

Leptin gene

Follistatin

gene

GW1516/
AICAR

Endorphins/
Enkephalins

gene

CERA gene

Lean protein

Follistatin

5-amino-4-formamide

imidazole ribonucleotide

Endorphins/ Enkephalins

Continuous erythropoiesis

receptor activator

Weight loss

Affected proteins of inhibit mus-

cle development work

targets a protein called adeno-
sine  monophosphate-activated

protein kinase ( AMPK )

Prevent nerve pain signals

transmission to the brain
promote the expression of

EPO gene

Improve weight-

RT-PCR

lifting athletes
Force RT-PCR
Endurance RT-PCR

Improve the pain
endurance of Radio immunoassay
athletes

IEF or ESI-MSD

Endurance

Else: Transcription factor Pax7 gene(Pax7 protein:One paired domain made up with 128 amino acids) ,FATP1 gene(FATP),CD36

gene, Insulin receptor gene, GLUTSs gene(Glucose transport protein).
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] B S 2% 31 2 2P0 5 R X A ) 8 S DA R
WTFHNATREZI RO ER . BE
TR (B 4. A FAEEERYT T BT LAE
B RRBEREME . Hb TERBTEREA
B, FEFME R TR ERmANBRNER,
MR FRHRER Y, B FEREZREE. F
i EPO M W S8R L E, hGH i3 &7 3
i, IGF-1 Al B A BEAK . 454 A3
eFRER . BF —REEMNENNEHEH, H
S5WNIEE RSB AL, 3E B I R R R
HAi & 3l A EPO. HIFs, CERA. ACE,
hGH. IGF-I. MGF, FGF, VEGF, PPAR-5,
Myostatin Leptin, Follistatin Z& 90 &M E R
BXAEFE R EEE . TR X E R 7k &
R FERELRER., FAERFMKREIEAR
Sk, URAERRXRE, 0. K
W ISR SR ORI B B R E A .

H DA% AP @M PCR 28 HHEAR
AL T LR E & RT-PCR A U ML A4 K H F
(MGF) #H&ZE. 4REHN, KtEE RT-
PCR ERE4 X & B MGF 28y 5 5 [ 3R ik K -,
HRREKRT 0. 99,

BE % A g T PPAR-S i & 0 %
REAY, E A A I O R A AR B R AR BLE ML
Yixt B B R R sl 1E R, B 7 B R R
&, BT PPAR-s Bsh .

HANROHAMERER ChEPO) MEHA
ARK#E hGH) SC#ERRZSSEM, @
i BB o I AT LA SE M o B EPO W,
H DABEER S 0 A L Ak 2 OB SR 3 AT S S
Bt A E.

Kawasaki 28 A% LC-MS K A 24h i
44, "X CHO 4 ffi 3R 3k 9 rhEPO £& bl 5
AL S0 R R E AR R AR O 2 —
T BER S BEAT 20, LA R %R 4 BHK 40 i
Rk rhEPO 47 BA MBLER L N-EH 2
.

3 HwLHRE

TE 32 BlAH B ) i PRI B 2 i, AT
DU Be i i B R A 2 SR RE R 51 R — s 3 i %
B R, ET/FEHTREARMEK. FFRA
. ARE 3T KXo, KT I7 %k 8 Bt
Fo. UIREEHTIEAE, DAEBIE B R A R R g

By . Sk TR RS, X TN
BB IR F AW ER P F A, AR IHER
TER/IN, ITRUF B BRI Tk ikt 2%, —RB
Rz RABEMRGR, B E LU
T 40 T TN R I R Rl SR Bk RS

HRILE Rt AR @R R, EFERIRE
WEFE B B T — £ miRNAs 755 # JL5 A o 11
FABLSL, KER 5356 vh 1E 15t % Rt 20k B B LB
TN A B LR I S AR 2D, RATRL I E
#E— 2 MR R miRNAs XJ & # L5 W 59 1E
HAEMMEREE . EFNAEER,

grF L Wi R TE 32 3 8 18t 1% % b N A
FBKBE, AMTXFIE 38 1% 5 A B A% 10 A W7
W, EEZEBREAE M AEME. SR AFES
EMERN RSB RE RBRENEZ KR, M
BERE. B RN RRNEART . ENERZ
SHZWZ IR RS, —EEE T LMER
T I 3 i B RE 7 R 55 Bt Ae bl (H LR R A
HWNRIZ B RE T L o A B RR, 10 ACE %
Ht 2 AEE NI R BERANERZ —, )/
ZWRERY ACE BF 5 ANEAF iz Z [ F7E
WEAMXE, HEOWAREZSHRA T A,
J. R RuiV AR L, HBAE TS
WEHE B ACTNS3 3k [ BB % {2 4 V5 3F F Ui vk 32 3
ARZEEES, GUAN WANG % A™ 35 [F
Me. BA—EHRRY, Efsshmihi st
B, FHn—Fzsh g RS HEH, Sigal
Ben-Zaken™ 2 A BFY &P, IGF-IR AA EHZL
SHAERMTHAOREZS, BXTHEREIHNFE
WHAFEEm, EEME, BESHTTFED
ZRORMH Z B EirESENAREZ RS
WETERNAWEH,. 52368 0A KM E
H., BEARVFHRERER/A, AMTERREE
ARG, WM LIS 3RE R B L B .

5 R 2 5] 7 B AN T SR T R R R T H R 9
WEoT e, S B oxoh 5 R 2w 30 Y00 F 5% o 37 4 %
TEBFR, A B K BR B HE 45 /0 P 38 ) B A9 B )
Z. [AE, BEMXEF RN R, B,
AW 2R 2 AR, B R 2 A SR A T
RRIEE, FTEFLSFAGEMEE., o5k
BAR, BRETEARGEERIEFTR, FHAXR
BB AR R TR R A R AR, 9 A0 43T B
BEAR . YR BRgs HOR LU KR Se i B 4 pr 3R
%, TRAWMERSRBEN SR, JEE
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Research Progress of the Application of Molecular Diagnostic
Techniques in Sports Molecular Biology

WANG Xiao-hong', ZHANG Guan-nan®’, ZHANG Dong?, WANG Qing?, Xing Li-li*

(1. Track and Field Sports Management Center, Sports Bureau of Hebei Province, Shijiazhuang 050000, China;
2. Sports Science Institute of Hebei Province, Shijiazhuang 050000, China)

Abstract: In recent years, with the continuous development of new molecular diagnostic techniques, it
has become possible to evaluate physique and athletic state of athletes at the molecular level during the
adjustment, training, and competition periods. Molecular diagnostic techniques were applied to do-
mestic sports scientific research as early as the year of 2000, and its application mainly lie in athlete
selection, mechanism of sports fatigue, exercise-induced skeletal muscle adaptation, gene therapy,
gene doping detection. This article summarizes a variety of application principles of new molecular di-
agnostic techniques and their advantages and disadvantages in sport molecular biology researches, and
puts forward that in the future, the following directions of its development should be focused on: (1)
Application of rapid and easy allelic gene detection method in athlete selection and sports genetic dis-
ease screening; (2) Application of gene techniques in dividing the regional and ethnic polymorphism of
athlete selection; (3) Innovation of gene doping detection techniques.

Key words: molecular diagnostics; athlete selection by gene; fatigue mechanism; gene doping





