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Abstract: [Objective] This study explored the association between fat and obesity-related gene (FTO)
polymorphisms and growth traits of polled yak,aiming to find molecular markers related to the growth of
polled yak. [Method) The FTO gene sequence of wild yak in GenBank was used to design primers for the
4th intron and the 8th intron. PCR-SSCP and DNA sequencing were used to analyze the FTO gene of 354

polled yak,and SPSS 20. 0 was used to analyze the correlation between each gene and growth traits inclu-
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ding body mass,body height, body length and chest circumference. [Result] The A164506C mutation site
was detected in the 4th intron region of the FTO gene with two alleles A and C and three genotypes (AA,
AC,and CC). The dominant allele and genotype were A and AA with frequencies of 0. 694 9 and 0. 485 9,
respectively. In the 8th intron region,there were 2 alleles A and G detected in the G309000A mutation site
and 3 genotypes (GG,GA and AA). The dominant allele and genotype were G and GG with frequencies of
0.926 3 and 0. 858 4,respectively. The A164506C mutation site was a moderate polymorphic locus and in
the Hardy-Weinberg equilibrium state with low homozygosity. The G309000A mutation site was a low
polymorphic locus and in Hardy-Weinberg imbalance with high homozygosity. The A164506C locus had
significant or extremely significant correlation with height and body length of polled yak. The AC genotype
was superior to the AA genotype. The G309000A locus had significant or extremely significant correlation
with chest circumference and body length of polled yak. The GA genotype individuals were superior to the
GG genotype individuals. [Conclusion) The A164506C mutation in the 4th intron region of the FTO gene

and the G309000A mutation in the 8th intron region were associated with polled yak growth traits.
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Table 1 Primer information for polled yak FTO gene
EIE7EX I F5)(5' 3" B KR/ C J B B2 /bp S B4 B
Primer name Primer sequence Tm Fragment length Fragment name

Pl F.CCCCAGCCATCACATGGAAA 61 342 HET 4
R:GCCTCTGCGTACACCATCAT Intron 4

~ N atatalak e n el < SNV ~ A~
P2 F.:GGGCCTTCAGAGCCTTGAC 60 301 HNET 8
Intron 8

R:GTATGCCATTTTTGATTGGGAAGG

1.5 FTO EE& &M PCR-SSCP 43
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YUk gu o f g B, Pk A W) 3 R RS fR i T DNA
D CH VS 22 3BT BRA R 52 180 >R T MEGA 7.0
B 45 5 5 GenBank | % 1B 4E4 FTO
FEEWNEF 4 MNEF 8 T RRIT 517 LX),
T HE R AL,
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W5 45 A MEGA 7. 0 17 R T 51 Ho Xt
ik POPGENE 4 #1443 #r % 8t 1% 22 FF 1 458 A
Chn 35 PR RO A 238 | 45 v 56 R R L 2l 5 B (He) V6
i (Ho) A R BL B (Ne) .2 2815 B & B (PIO) |
MR- A S ST G 550 45 R A SPSS 20. 0 4 Hh )
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1—4. PCR amplification products of intron 8;5—8. PCR amplification
products of intron 4; M. DL 600 Marker
Bl 1 Jefted FTO NS+ 4 f1 8 1) PCR ¥ #4521
Fig.1 PCR amplification of introns 4 and 8 of
FTO gene in polled yak
2.2 TS FTOZEE#K PCR-SSCP &l
FTO XKW WHN & T 4.8 § 3 =¥ 1) PCR-SSCP
I CIEL 2) ke 0 B (B 3D 85 2R s AE N 1 4
1) 164 506 Ab & 4 17 A/C fl 3 R A (g & A
A164506C) . A7 2 DEEALIER : AL CL A7 3 R Ak A A .
AA R AC BIUFN CC B E NS T 8 A 309 000 4k |
BT G/A AR (i 45 9 G309000A) . 347 2
ANEFEAEEH A G 3 R AL GG AL GA A
AA B,
AA GG GA AA

Ty

B

K2 et FTOENNE T 4 MNE T 8(B) 7 B4
Fig. 2 Fractional map of intron 4 (A) and intron 8 (B) of polled yak FTO gene
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FIHL R 4 ) 02 A F AA, B % 4 Bl 2 0. 694 9

F0 0. 485 9;G309000A 437 5 AL #4045 A0 5k (R 0 5k A
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JKF-(P>0. 05), 4 T Hardy-Weinberg - i 4R 75 (0. 25<<PIC<0. 5) , G309000A 13 i K £ &
G309000A {7 s 35 | 12 2 K (P<<0. 05)  AFF 4 R(PIC<C0. 25); A164506C o i 1Y 2l &5 B B A,
Hardy-Weinberg AN PR G309000A i S W4l & B = o

B35 3 0], A164506C i 5 K v B 22 25 07 s

VY WV VY

j J | \ (AAY.
' A | \ } \ Y | 4], -
A G T CG G AT A AGTO CG GG AT A
GG GA
(B)
B3 MAED FTO SR N & T 4 FIA & T 8B A %
Fig. 3 Sequencing map of intron 4 (A) and intron 8 (B) of polled yak FTO gene
K2 ZARABF FIOEASSUANERBEMNENERS mNE
Table 2 Genotype and allele frequency of FTO gene in polled yak
o7 5 Genotype frequency Allele frequency LAl P i
Site AA B GG AC 5% GA CC 5% AA ARG CH A ¥ value P value
AA or GG AC or GA CC or AA Aor G Cor A
A164506C 0.485 9(172) 0.418 1(148) 0.096 0(34) 0.694 9 0.305 1 0.789 6 0.071 2
G309000A 0. 858 4(303) 0.136 0(48) 0.005 6(2) 0.926 3 0.073 7 0.928 8 0.007 9

HEAH SRR A TR

Note: The data in parentheses is the number of samples. The same below.

®3 THRAEF FIOEBRASSUANEERSEHY
Table 3 Genetic polymorphism of FTO gene site in polled yak

(A a4 KA A 205 A IR B 25 ME &
Site He Ho Ne PIC
A164506C 0.419 3 0.580 7 1.738 2 0.489 8
G309000A 0.863 6 0.136 4 1.158 5 0.217 3
2.4 ZTARFFTOERESSEREERKERNHE 0.0D);7E 18 H il af, AC JER B m 25 = T
KRS AA SEH AR (P<0. 05) AR RHE M B 3% = AA

%4 45 R A164506C i 5 TG g 4 4 1k FEFEFAK(P<<0.01)., G309000A 1 55 J& i 4
ARG BT g A et e 6 iRt AC B IH 26 e AR G B B A e, 7 6 H i, GA
BN B KR B ES T AA BREBAEK (P BEFEBAEK E R D FH ST GG R MK (P<
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0.01),7F 18 A #Ht . GA Jt [ RAMA A B B 25

F GG FEHAIAKR(P<C0.05),

R4 TAEFFTOEASSURARERBESHERERKBXBES T
Table 4 Association of different SNPs with body measurement traits in polled yak FTO gene
7 A5, A i R B FEAD AR R LN R Jy FEl
Site Months Genotype Body weight Body height Body length Tube girth

AAC172) 76.37+8.01 93.86+5.16 90.76+5.93 B 123.28438.16

6 AC(148) 76.81+£9.54 94, 8045. 29 92.98+£8.33 A 124.5946. 94
CC(32) 76.5447.68 95.094+5. 36 92.88+8.85 AB 125.3249. 30

A164506C AAC169) 82.25+10.74 96.49+4. 14 95.99+4.78 125.224+5.32

12 AC(146) 82.63+10.12 96.49+4. 30 95.75+5.04 125.0744.77
CC(34) 83.72+11.13 96. 44+ 3. 89 96.41+5. 54 125.2145.28
AA(154) 100. 8946. 11 121.50+£11.80 b 100.76+5.52 B 137.21410.07

18 AC137) 102.5245. 99 122.92414.86 a 102.5646.09 A 139.01410. 23
CCE3D 102.77£5.71 122.86410.02 ab  102.1945.05 AB 140.7443. 14
GG(303) 76.35+8.61 94,1645, 25 92.14+7.50 123.55+7.80 B

6 GA48) 78.0448.97 95.75+5.23 90.69+6.57 126.90+7.57 A
AA(2) 75.31+7.18 95.00+2.93 86.50+4. 95 126.004+2.83 AB

G309000A GG(299) 82.71+£9.43 96.56+E4. 12 95.9144.83 127.2245.04

12 GA(48) 81.81412. 32 96.2144.58 96.19-+5. 82 126.924+5. 48
AA2) 81.0049. 00 95.00+1.41 93.50+0.71 126.00+2. 83
GG(279) 122.35+12.74 101.5446.24 101.46+5.75 b 138.10409.97

18 GA44) 123.17+14.67 103. 4044, 48 103.3845.86 a 140. 48411. 45
AA(2) 122.50+2.12 100. 00+8. 49 102.00+4. 84 ab 131.5046. 36

TE < (7] 0% 1R 8 B i )5 AR A R /N5 83 08 22 5 B 3 (P<<0. 05) AR A [ K5 78 108 22 e i |1 3% (P<<0. 0D,

Note: Different lowercase letters in same month indicate significant difference (P<Z0. 05) ,and different uppercase letters indicate extremely

significant difference (P<Z0.01).
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