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Abstract; The aims of this study were to identify genetic variants and construct haplotypes of
polymorphic sites of ACTN3 gene exon in Yili horse, and determine different haplotypes effects
on the mRNA expression level and protein secondary stucture of ACTN3, which would provide a
theoretical basis for further researching the influence of the gene expression on athletic perform-
ance. Direct sequencing was taken to detect the polymorphic sites of of ACTN3 of 38 Yili horse
and analyze its genotypes. The haplotypes and bioinformation were analyzed by haploview 4. 2
and online software (RNAfold and sopm) ., respectively. A total of 8 SNPs were identified from
the ACTN3 gene exon, only T9059G was the missense mutant, and the other 7 were synonymous
mutants. Based on the 8 SNPs, linkage analysis showed that the strong linkage between A6206G
and A11517G, and the different linkage relationship among the other SNPs. There was 14 haplo-
types by the 8 SNPs, HI (GGATCCCG) was the dominant haplotype, and the different haplo-
types could cause the change of mRNA secondary structure and minimum free energy of ACTN3
gene. The missense mutation of T9059G changed the secondary structure of ACTN3 protein.
The result indicate that the T9059G is one of the improtant functional sites affecting athletic per-

formance, which affect the secondary structure of ACTN3 protein.

Wi HEF:2017-11-30

ESWMA H YT /K AR X ERFHL LT (2017A01002-1) 5 Frs@4EH /8 FIR K R IA1H A B TR h E LR RS2 g R /R AR KK
22 A BT AL IR 30 H (201710758086)

EE® A 0988, B db RITA WA FENF S Y846 & i 5 BT 5 . E-mail : 275139618 @ qq. com

x BAEVESE Wk 2 . B42 . E-mail . yxk61@126. com



1300 = 4 o m

E % W 49 %

Key words: Yili horse; ACTN3 gene; genetic polymorphism; bioinformatics

BB B 1 CACTND J2& 3 47 76 20 M 22 5 40
Mz S R A . BT s R R,
FEMEFLBh ) b BEAE A A4 FhOR R) 26 R 1 AL B B
. L 3h B -2 CACTN2) 1 L 3h 5 143
(ACTN3) J-i 88 WL Z ) = B2l )3 0 HX Wb
A HEA & MMM LY P 5 —EO,
ACTN3 BLPFUAE F#s AR LA e rh Rk, HH Z
AME S WA R A 56, v] BT X £F 4 2R L
Ry ¥ D he . 5 4R 4 A LA ) A 2 OCHK
£ ACTN3 Je A i b /Iy B = 52 R 8 I8 L 42 b 1k Hia
TG 5 A% 366 Bl RN 7 TR AT A 3 A 1) OC B il —
B HeRFE B, ACTNS & (M 8= 5 85 AL
SERGT ORI B A T Ry e e —
UM, Gu 250 i X gl i & gE AT RO . 45 SR BOR .
ACTN3 B T4l 5 A 4 A48 7 45, Mata
803 g St i I R S B AR 9T R W, ACTN3 3£ [H
() cDNA £ 8 ANZAR i i, Horp 6 A~ Ah f 28 48 {7
SRR €A, Thomas M A AF 58 25 B W,
5 A WK I 5 b 2 rp 3 B 34 AN g8 AR AT, Ho
AT g 1104G>A A5, 4l il B h R & B AA
FE DR RS A A R LR R v 3 2% AR H) R
K GG e RRY, b4l ifn D ok £ 75 Y 8 1 32 Bl
1 B R By v 3 2% AR B0 O e R L B S
AL e 0 52 I R AT U U0 Sk A AR A B OR
ACTN3 JEH YRI5 B, s S e — B b
R, ACTN3 3 7] g8 2 iz sh M Ak H A H 21

R AL T 2 3R 4432 Bl I R ARG 5 e
SRRl 5 BRI I By e o | e e A 4 T A
BRI T SRR AT 2 38 B B I AL IF S A S R R
FT A SR R T A s Bl YL B 3R A KA
PR Iy gAY B RAF s s bERE . B AL
iz Bl g 0 W oY 3 AR v e R 20U 2 i i A AR
L7 S X4y F bR g W 58 A . B B X
ACTN3 SLH 4548 5 D fig JF ¥ iz 1T 52 be 2k
PR HEKE X,

ARG LA BB I Sk i 56 3h 4 3l 2 I 0 X
ACTN3 $& M 2 45 M A0 & JE A7 0 36 . JF E AT 3 BR
A B A AR B T IR IR AL Ey ACTNS A
2N AL 1) R sk M R o Tk R SR
AR RIS S .

1 M#EEFR*®
1.1 RIEH A

PL38 L@ R Lo R g, Hh AL
16 VG, BE 5 22 UG, ¥k 2016 AR AL Ey o AL TE R 2
FELLUC 30 o A TR A R 1M A8 R B K ML AE 5 L,
RAJG BT —20°CH~-TF.
1.2 5|#i&it5 PCR ¥ &

ik DNA $2BGAH & CE TAY TR (R
R0 A7 BR 2N WD SR B e DNA, HE4E NCBI 2 A 9
g if. & ACTN3 J¥ %] (HQ005425) % Al Primer-
BLAST X it A #F i F 347 51 9 3 11 2 40 <8 7 A~
A 5 2 8] [ BE A /N O T 350 bp) B TS A6 B F
WL XS AT Y (R DL Bl E A TAEY)
TR CE) Bty A R A A #4765 . i R
PCR #4793, PCR /R R (25 pL): LTSI %
0.5 pL,dNTP(10 mmol « L™')0. 5 pL, Taq Buffer
2.5 pL.Taq (5 U« uL. 1)0.2 pL.ddH,O fin &
25 pl, PCR Y HFLF .95 ‘CHASE 3 min; 94 C 7%
£ 30 5,63 ‘Ci k 45 s, H3t 10 DF I, B 1E 2
&A% 0.5 °C .72 C #Ef# 1 min, 94 “CAS P 30 5,58 C
Bk 45 s,72°CHEAH 1 min, 30 NMEH, 72 CEE IE
ff 10 min, PCR ¥ 84 H 1. 5% TAE B g b
VKA R
1.3y @74 F 1 BLAST 4> #7

W BT AT 38 7=k 34 T AR TR C R B4y
A R 2w AT Y . 5 R DNAStar 44454 i i 15
GERHEATASE, 55 ACTNS % 5 91 3 17 %) 1
(HQ005425) , i 1 BLAST 43#7 31 i 28 28 v 45 .
1.4 FREDEEBREEHSN

i3 haploview 4. 2 B/ M40 I 5 1 0 11 48 4%
BB A REN R H L 2 A B AR R (B A5
R KK M Hardy-Weinberg S IR 25 (24 P>>0. 05
i ) % AbF Hardy-Weinberg SE# R 25D .
1.5 ESAFERAFERSH

ik HaploView 4. 2 84X i il 4 1 5 X 35
SRR AT U P48 0 BT e B A AL
1.6 E£¥EEESH

FIH NCBI H1f#% ORF find #fi % 54 & ACTN3
DRI 4 B DX, O 2E A7 2 B R 1 B0 %, R A BioXM
2. 60 SRS i i B () 2 B R Y 91 HEAT LR 38 2o AR



6 FA s AR D ACTNS EFEAN G T2 55

1301

Fx1 FHESIYMER

Table 1 PCR primer information

LI R H) (5" >3D TSI T H (5 —>3") B E/bp  FRYEANE T
Forward primer sequence Reverse primer sequence Length Amplified exon
TTCCAGTGCCCCCAGATTCT CAGAGGACGGATGGGCAGA 497 1
CCTCATCCAAACTGGGACCTG TGGTCCCTACACTCCCTCCTG 732 2.3
CTGAACCCGTGAAGCTGGACT GTTCAACATTGACTCAGTCCTCCTA 625 4.5
TGGCGCAAGTCTGGTAATGAA GAAGGATTCTGACCAGGGAGTG 527 6.7
AGTGGCTGTGACTAAATGTCTCTG GGGTGAAGATGGCAGGAGAAG 753 8.9
TACTGGTCCCTGGACTCAGAAAT CATCACGGTTCACCCATTGTA 537 10
TCCAGCTCTGCCGATGTTCC AGACACTGTGGCCCAAAGACG 427 11
AGGGTAGACTGGGCAGGTGTG GAGACAGGGTTACGGGAGGAG 479 12
CCTATCTACCCTGGCTGTCTCAT TCCCGTCCCCATTCCTCAG 561 13.14
AGTGCTGGGCTGGGAGACA GCAGACTCCAGATCCGAAGGT 451 15
AGGTTGAATAACTTGCCCAGGA GTCACTTCCACTTGCTAGGTCTC 701 16,17
ATCATCAAACTTTAAGGCAGGGA GGCGTGATGAGGAGGAAGTG 595 18,19
GACGGTCTATGGAGAAAGGAAG TAAGCACTTGGCTGGTCATTCT 650 20.21

2R3 RNAfold #I A [7] B 4% 1A mRNA — 40 45 14
(http://rna. tbi. univie. ac. at/cgi-bin/ RNAWebSuite /
RNAfold. cgi) K d5e/IN A 11 8E . 18 I 7E 26 B A sopm
M8 A — 2 45 # Chttps://npsa-prabi. ibep. fr/cgi-

bin/npsa_automat. pl? page=npsa_sopma. html),

A B R R AE /T LU 2 PCR 7= 4#)° A 5 ACTN3
AL F 3 2k X I 46 SR R AT LX) A A, 4

BoR L EARE T ACTN3 JEHILE M A 8 o
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Horp L 55 15 4 F 1Y T9059G 58 48 oy i S %
A AR AR ACTNS 2 1955 594 A2 LW ih

2 # R H R AR 2 bk 2 R, Ay 45 58 A8 A i 3 Ry ]
2.1 {FED ACTN3 EEMFR SNP £ 5 RIS
Bl 75 5 o ACTN3 3 [H 7 51 (HQ005425)
Fz2 ACIN3 EENBRFREMEAER
Table 2 The information of SNPs of ACTN3 gene exon
175 Al EquCab 2.0 i & EE VA SNP FEAF A IR
Site Distribution EquCab 2. 0 position Reference position Substitution type ~ Amino acid position
SNP1 PR 4 26 516 534 3334 G/A [/] S &% 129
SNP2 AhEF 10 26 519 406 6 206 A/G [ X 58 2% 366
SNP3 ST 14 26 521 808 8 608 A/G 7] S 5€ 7% 534
SNP4 AT 15 26 522 259 9 059 T/G LG 594
SNP5 AT 15 26 522 291 9 091 C/G [/ S 5E 7% 604
SNP6 A 19 26 523 860 10 660 C/T [/ X 5E A% 778
SNP7 AN F 20 26 524 504 11 304 C/T [a] ¥ 7875 814
SNP8 AT 21 26 524 717 11 517 A/G [/ S 5E 7% 858

2.2 ARG ACTN3 REMAKIREFESH
X ARG HE ) 2 78 A7 et ) R DR (RO A 2% % 22 254
BEmESH A, sk 3 s, e AL D rp

G3334A., A8608G. T9059G. C9091G F1 C11304T
5 A GEAR A X UK I ) P Fh L PR AL, HE Ay 3 AR
AR E K ) 3 AP R A, G3334A., A6206G Al
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Table 3 SNPs analysis of ACTN3 in Yili horse

HhCoE I F Ml CC, MIFEZEFEEFE
(PIO) By 4325, A6206G I A11517G J& T H E £ &
(0.25<<PIC<<0.50), HA B RTHHKEZ S
(PIC<C0.25), ARHE-R 7K 56 0y 245 53R o, B e I 4%
i 5 #I4EF Hardy-Weinberg SESRR AR (P>0. 05) ,

7 15, F IR R R/ U6 EMERME/ N REE AREMENE £2XFEE&E HEPH
Site Genotype frequency Allele frequency He Ne pIC P value
G3334A GG AG AA G A

72.97(27) 27.03(10) 0.00€0)  86.49  13.51  0.2337 1.305 1 0.206 4 0.993 0
A6206G AA AG GG A G

7.89(3) 52.64(20) 39.47(15) 34.21  65.79  0.450 1 1.818 6 0.348 8 0.551 4
A8608G AA AG GG A G

97.37(37) 2.63(1)  0.00(0)  98.68  1.32  0.0260 1.026 7 0.025 6 1.000 0
T9059G TT TG GG T G

94.74(36) 5.26(2)  0.00€0)  97.37  2.63  0.051 2 1.054 0 0.049 9 1.000 0
C9091G cC CG GG C G

97.37(37) 2.63(1)  0.00(0)  98.68  1.32  0.0260 1.026 7 0.025 6 1.000 0
C10660T cC CT TT C T

86.84(33) 10.53(4) 2.63(1)  92.11  7.89  0.1454 1.170 1 0.134 9 0.383 6
C11304T cC CT TT C T

76.32(29) 23.68(9) 0.00(0)  88.16 11.84  0.208 8 1.263 9 0.187 0 1..000 0
A11517G AA AG GG A G

15.79(6) 63.16(24) 21.05(8) 47.37 52.63  0.498 6 1.994 4 0.374'3 0.212 8
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ACTN3 B R EM A FE
Linkage disequilibrium analysis of ACTN3 SNPs
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Table 4 Analysis of pairwise linkage disequilibrium of ACTN3 gene SNPs

{7 45, Site G3334A A6206G A8608G T9059G C9091G C10660T C11304T A11517G
G3334A 0. 448 1. 000 0.323 1. 000 0.181 1. 000 0.332
A6206G 0.016 1. 000 1. 000 1. 000 1. 000 1. 000 0.909
A8608G 0.002 0.026 1.000 1.000 1.000 1. 000 1.000
T9059G 0.019 0.052 0. 000 1. 000 0.414 1. 000 1. 000
C9091G 0.002 0.026 0. 000 0. 000 1. 000 1. 000 1. 000
C10660T 0.018 0. 045 0.001 0.054 0.156 1. 000 1.000
C11304T 0.022 0.258 0.099 0.004 0.002 0.012 1. 000
Al11517G 0.019 0.477 0.015 0.030 0.015 0.095 0.149

MALE EF D ETFH R
D’ data are above the diagonal for SNPs, r*data are below the diagonal for SNPs

®5 ACTN3 BEE B FRNESH
Table 5 Haplotype frequencies of ACTN3 gene

Wi H Item %R Haplotype

H1 H2 H3 H4 H5 H6 H7
J¥ %1 Sequence GGATCCCG GAATCCCA GAATCCTA GGATCTCA AGATCCCA AGATCCCG AAATCCCA
Ji 2 Frequency 0.477 0. 189 0.092 0.039 0.038 0.036 0.034

HS H9 H10 H11 H12 H13 H14
J% % Sequence GGATCCCA GAAGCCCA AGATCTCA GAATCCTG GGATGTCA GGGTCCTA AGAGCTCA
$iZ Frequency 0.015 0.014 0.014 0.014 0.013 0.013 0.012

L sopm XPARRIZER B gy ACTN3 B WS & AR LERE RSN ES B Ll & A .
() A HEAT U, 25 Rk 6 Pion . SR KW, fE ACTN3 4h i 7 e M 8 A4S 28 48 7 4
T9059G s LHAR i TS M Al ACTNS  Hop 3 AR i S5 Nt 45 S — 80"
FEETRM e kA T3, BITE M 5. 65078 KI5 AL S (G3334A, A8608G, T9059G .
M 5. 88% sa MEJEHT 64. 63%048 Ay 64. 19% ; LML #h C9091G F1 C10660T), 8 A~ Z Ao s v X 1 4 B 1Y
JEH 19, 29% 48 4 19. 40% s {d iy 10. 42% 28 Ky IR 4y I 4k F ABD 85 H 0 #F R 380 (RLs 380 A

10.53%. “EF7F A ABD B0 32 SR B R GRS Z 258
B 4R 21 e S HE Z R FIBEAE
3 3 8 WEARIEULAE — B2 M 3CHE . RLs 3R 4 A1 5%

ACTNS B E B e — R Mgy SRR H R RR N 34 o BHE . 225E
GER IR NS R E LT 11q13. 1 Jetadk N ST KOS SO A R e I A A
JEP P LT 194,12 oM, B AR/ R SCRE “EF7FRIEE & Ca¥ L X Lsh E A R EEA
REERBHH M ZhERRA & B FFm, (¥ 30 T 4 FEAT IR YT AT 5 Wi LT 4 A R
ACTN & (R B2 WAE ARG S E AR W LR R A v] & w8 5 ACTNS 2 i
BlEPE R BRSNS ORI T A SIS DRE S LT M S5 1R S 1L 5 S AR A A
Mg E MBI SR . R RS A MR . A NI S UL s S e .

B2 AR AE S0 T E AT 2 5 AR sh . XL ZRE LT DI BE R R R 2 A R S
BEH LIPS e A EEEM. Ebashi [F/ERMLE RS, AW 0BT E Y 8 4
WO A PR BB IR AE L 2SO T E U P A T R B L 45 S8 2 ) A
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H/NA HfE: -4 710.86 kI -mol™! /A HHEE: -4 699.16 kI -mol™! fie/h A HAE: -4 705.43 kI -mol™!

HF
q

HI1
fe/NA HfE: -4 711.28 kI -mol™! /A HEE: -4 703.75 kI -mol™! F/NA HHfE: -4 710.86 kJ -mol™!
Z} Z’
0 ) o

b
H4 HS H6
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| q q
H7 H8 H9
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f M|
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2 ACTN3 A[E#{Z2 mRNA Z R4 E
Fig. 2 mRNA secondary structure of different haplotypes of ACTN3
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Table 6 Prediction of ACTN3 protein secondary structure before and after mutation %
s [ B o BB JCH A h BE it J 2
Time Beta turn Alpha helix Random coil Extended strand
2 7F i Before mutation 5. 65 64.63 19. 29 10. 42
A% 5 After mutation 5. 88 64.19 19. 40 10.53
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TR AT mRNA AT — 2025 Mg 40 b7 o7 4% o Physiol 12017, 117(3) ;409-416.
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Fras e 2011,39(D1) ; D225-D229.
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P H: mRNA (8 454 e M AE . O, et al. Association analysis of ACE, ACTN3 and
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oM. 25 B R rmay 8 NS MATA European strength and power athletes [ ] ]. Biol
T I XS SRR U U PR Sport2016.33(3) :199-206.
N BN S P /. v 5 M - ,4M; . :;. lati :J.
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. g s . . o erly women [ J]. J Phys Ther Sci, 2016, 28 (10):
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. . ~ 2):el1004862.
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