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Abstract: [ Objective] This study explored the relationship between GHR gene polymorphism and
growth traits of Qinghai plateau yaks. [Method] The GHR gene was amplified by PCR in a test population
of 440 healthy yaks at the ages of 30— 36 months under same grazing conditions, before being sequenced
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and analyzed for SNPs using DNASTAR 7. 1 software. The association between different genotypes and
their combined genotypes with growth and development indicators (body mass, body height, body slope
length, chest circumference and tube circumference) was then analyzed. [ Result)] Three SNPs of
g.732091C>G,g. 732195A>G and g. 732373G > A existed on the GHR gene of Qinghai plateau yaks,
where two genotypes (AA and AG) presented on g. 732195A > G and three genotypes presented on
g.732091C>G (CC, CG and GG) and g. 732373G > A (GA, AA and GG). The X* test showed that
g.732091C>G,g. 732195A>G and g. 732373G>A were in Hardy-Weinberg extreme imbalance, g. 732195A>G
was low polymorphic (PIC<C0. 25), g. 732091C>G and g. 732373G > A were moderately polymorphic
(0. 25<<PIC<C0. 50). The association analysis with growth traits revealed that g. 732091C>G,g. 732195A>G
and g. 732373G>A could significantly or highly significantly affect body weight and chest circumference in
plateau yaks, and the dominant genotype was GG for g. 732091C>G and g. 732373G> A and AA for
g.732195A>G. The combined genotype GG-AA-GG individuals showed the best growth and development,
especially in body slope length. [Conclusion)] There were three SNPs in the GHR gene of Qinghai plateau

yaks. Because of the association with some growth traits,it could be used as candidate genes for molecular

marker-assisted selection in yaks.
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S ARF M :95 °C WiAEME 5 min; 94 C A8 30 s,
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view 3. 32 #fFXF GHR S i1y SNP i 5 #4745 JF
SR R A3 AT 5 6 AN [) 35 PR AR 5 A R R ) ) DG Bk
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S A5 3 i 5 DR AL A8 R A PR 1 R

JIT 2R 0 T3] A5 98 Oy

Y, =p+G,+A,+E,;,

KoY, AR R AN SR, p A RERSME .G A BR il
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Fig.1 PCR amplification of GHR gene in Qinghai plateau yak
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g.732091C>G LAF7E 3 FEE R AL, 40 5] CCL.CG
1 GG;g. 732195A>G A7 7 2 R ILH AL, 43 51 K

AA Fl AG;g. 732373G>A FfF7E 3 FhIE X BY, 43
B GGL.GA Fil AA,

TR GHR H: K SNPs j8t 14 2 25 M 43 7 45
W(E DER,g 732091C>G i GG ML IEH
B, G MBS HE N 5. 732195A>G (i AA N
P R, A 3 H; g 732373G> A
i GG ML HFEN T, G HIRHEM A, RI7
Ko 8 % B, g, 732091C > G, g. 732195A > G Al
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A. g. 732091C>G fif i ; B. g. 732195A>G i 5 ; C. g. 732373G > A i 5
A. g.732091C>G location;B. g. 732195A>>G location; C. g. 732373G> A location
2 35 RS GHR M SNPs i 4
Fig. 2 SNPs location in GHR of Qinghai plateau yak
*1 FBESERES GHR ER SNPs HiEE S SN H
Table 1  Genetic polymorphism analysis of SNPs of GHR gene in Qinghai plateau yak
D= FEI) 45 2%/ O eovivy B /0 .
M,.‘? %@#‘fﬁﬁ/% ' fr{i%@ﬁi/ﬁ x? PIC He Ne
Loci Genotypic frequencies Allelic frequencies
g.732091C>G CC52) CGOD GG(17) ¢ G 149.03 0.372 3 0.494 8 1.979 2
34.55 20. 68 44,77 44. 89 55. 11
g.732195A>G AA(288) AG(152) A G 19.18 0.244 9 0.285 8 1.400 1
65. 45 34.55 82.73 17.27
2. 732373G>A GG(269) GA(73) AA98) G A 163. 27 0.334 4 0.424 5 1.737 6
61. 14 16. 59 22.27 69.73 30. 57

TE:PIC>>0. 50 O 5 J 245 ;0. 25<CPIC<C0. 50 Jy ¥ 245 PIC<C0. 25 WIRIE LA X0 5 =5. 991, X{ ,, =9. 210,
Note: PIC>>0. 50 means high diversity, 0. 25<ZPIC<C0. 50 means moderate diversity,and PIC<(0. 25 means low diversity. X(Z)A 05 —95. 991,

Ao =9. 210,
2.3 GHR EFE SNP u s EEHB SEFE£KER
B KBRS 47

W 1 IR ARE A 1 5 A KR TS BR 4 B S5
GHR J[K SNPs v i 1) 55 P B gE 17 G BE 73 A . 45
H(E 2 BR,g 732091C>G fii & F GG.CG
T F% e A B 25 T CC FE IR (P <20, 01) , 1 HeAtl
AR MERE 3 R WA ZH 2R A R E;

g. 732195A>G P B AA KDY () 4R i A Wk 3%
BT AG EE B (P <<0.01), 1 Mg B B E MK T AG
FER A (P <. o5>,,\ﬁﬁ¢kr$4j<§#752%,
2. 732373G>A i b GG 3 - R kg [l 1 S 3

T GA FERF A (P <<0. 0D & & M m R RH A
ERZEET GA RN (P<<0.05),.H15 AA %
FSEUPER S oF N
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Table 2 Effect of different genotypes of GHR on growth traits in Qinghai plateau yak
oL s Jk R 7Y RFEE/Ckg s k™ A5 /cm HAEHE /em 1 il / cm EHl/cm
Loci Genetype Body weight Withers height Body length Chest circumference Circumference
CC(152) 134.79418. 36 97.93+5.73 103.1747.94 132.94+14.58 B 14.88+1.18
2. 732091C>G CGO9D) 139.03415. 36 98.49+6.19 104. 93+8. 11 138.06+11.00 A 14.96+0.98
GG(197) 138.47+18.50 98.83+5.85 105.16+10. 47 136.26+13.45 A 15.0340. 86
37.5 51+ + 35. 16+ +
2. 732195A™>G AA(288) 137.58+18.90 A 98.5146.01 104.41+8.72 135.16+14.16 b 15.00=40. 88
AG(152) 136.824+15.88 B 98.34+5. 66 104. 45+10. 12 136.11+£12.21 a 14.89+1. 20
GA(73) 129.544+9.76 b 95.91+3.57 b 102.12+12.56 b 131.75+11.20 B 14.52+0.52 b
2. 732373G>A AA98) 136.04+20.02 a 98.50+5. 88 ab 103.79+8.38 ab 134.17+15.32 AB 14.86+1.30 a
GG(269) 139.89+18.17 a 99.12+6.20 a 105.284+8.30 a 136.97+13.17 A 15.11+£0.93 a

T [ — 7 s [ S B J5 A AR RN B 3R 28 57 .35 (P <20, 05) B AN R KRS b 3R0R 25 R % (P<<0. 01)

Note: Different lowercase letters indicate significant differences (P <C0. 05),and different capital letters indicate highly significant diffe-

rences. (P<C0.01).

2.4 GHR EE SNP i s & HERB &
FHiEE R AAE S GHR B J 3 4 SNP i 5

FBAAAE 18 P A IR AL, KSR S T 5% MG
JFERAA 7 A, BRI 3. K 3 R, GG-AA-
GG KHEMUR IR k5] 18. 86 % .1 GG-AA-AA &
AR R AR 6. 14 %, B A I 56 B 8 7 25 50 #r
B4 B AS [ 9 56 R X R A A K R 1 R B 5

WL, S5 R (R O BIR, AR E A GG-AA-GG Mk
PR B S T GG-AA-AA il CC-AA-GG & 3
FER R (P <C0. 05) ; 7E 4R ot o A &5 L 45 161 A g 1L
1T 4545 I 3 A ) 22 52 8 B 3% (P >>0. 05)
B FEAS IS BE R L 76 75 1 = R AR A AR R
1, GG-AA-GG ZH AR T 1 & IF L AL

®3 EESREESGHR EHERENSHHER
Table 3 Distribution of combined genotypes of GHR in Qinghai plateau yak
i 1ok A WA/ Y% B I dE IS A/ %
Combined genotypes Number Frequency Combined genotypes Number Frequency
CC-AA-AA 28 6. 36 GG-AA-GG 83 18. 86
CC-AA-GG 61 13. 86 CC-AG-GG 31 7.05
CG-AA-GG 36 8.18 GG-AG-GG 38 8. 64
GG-AA-AA 27 6. 14
*41 FEREREEES GHR AHEREMESFERKETERAOZM
Table 4 Effect of different combined genotypes of GHR on growth traits in Qinghai plateau yak
e EEY R/ (kg kD R/ em WAHE /em fitg Fl / cm B/ em
Combined genotype Body weight Withers height Body length Chest circumference Circumference
CC-AA-AA 134.78+21.81 98.39+6. 39 104.2148.03 ab 133.00417. 10 14.98+0. 93
GG-AA-AA 137.01423. 14 97.7445.70 102.9649.86 b 133.43417. 54 15.02+0. 85
CC-AA-GG 136.77+19. 80 98.45+6.03 103.82+8.47 b 133.61415. 49 15.1540. 87
CG-AA-GG 140.61+18. 41 99.58+6.74 105. 67+9.56 ab 137.27413.57 14.934+0.99
GG-AA-GG 141.95+18.75 99.58=+6. 20 106.7848.85 a 138.11412.09 15.18+0. 88
CC-AG-GG 138.86+15. 36 98.1946. 21 103.32£7.50 ab 136.424+12.15 14.87+0.93
GG-AG-GG 138.71+18. 64 100. 1645, 87 105. 34+6. 87 ab 137.91+13.97 15.1340. 90

TE < [ 8BS 5 AR AN 6] /NG 50 30 22 52 3% (P<<0..05) .

Note: Different lowercase letters indicate significant differences (P<C0. 05).
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2T PCR-SSCP $4 AR BFFE T 4 4 5 Rl i 33 1%
5, kKM GHR HEHNRAXFE A4 A KM f W F

LTt

S, AU DNA P 2 X484 GHR 5E A

SR
-2



14 PHALR AP K222 4R CA SR B 2 B

%52 %

ZEMERIT TN RME 9 NS FHRE 24
SNPs, 55 10 4M@ FFE7E 1 4 SNP, X 3 4> SNPs fif
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W SE R, Hith g, 732195A>G i S B E R &
oMK E £ 8 (PIC<C0. 25), g. 732091C > G
g. 732373G>A i 2B HFR SR ATELE
(0. 25<<PIC<C0. 50) , M1 2 2% & JE 3 A%, i BH BT F ¢
YR BE R GHR NS s e 28 £ & —,
PEFE VS )1 B, T Hardy-Weinberg 3E 5 £ 1R 25 1
ULHTZ A S IE AL F N TR B W S, ARBFSR
T AR GHR LA g 732091C > G Al
g. 732195A>G i i Ab TN & F IX Bl L N &
T X IT 51 TG 4 % D) B o A2 X380 TT RE 7E 3k PR R 3k
PR AR . TEER A BE S & B, V4 R 4
IGF2 3N & 1 8 9 BB BIA7E 307 i k4 G—C
Bed,335 ik A—G RAS; MM HL4E 4 BB 3 K R
MEE R B E S T ABLAA BEF B A& (P <
0.05), ETRHE W95 & B, s dE £ N & F 8
AbTF 32 B Hardy-Weinberg RNEHRR S, IGF 3 A
AA I AB YA R 19 16 5T 5 38 BB BIASR R (P <<
0.0, AWFFEH, HilEm R 4E4d GHR S 9 N
T IXE A 2 4 SNPs 4 5 K &8 A1 5%, i3 B
GHR W &gmEEEmEEFNAERER. K
R A PCR-SSCP # R 7484 GHR N4 5
HhRF BRI X AR I A2 B2, 1% 2 BT R
T 147 939 bp AL G— A 5875 T 1 5 25 437 56
B2 & KB4 7 R AR AR H M e A R AL
Ao BERAE A S DRER ML AR, E AR
B T e s o R Sk X AR 2R GHR 3k AT
R, 45 3 % B0 7E BT A BAE 4= BE R b, GHR 3
246 bp BRAR FAFAE 111D F1 DD 3 Ff 3 5 AU, i 47
WAL T Hardy-Weinberg V- # IR 25, H B K 46 5 B2
BE 2 EEBIL, hhE2 R R 2 sS4 K
PR 0 A S M0 W R LA S 6 T BT B4
A AR MR 3 A G (P <20, 05) , 16 B % 7 15 5%
WAAE A AR R . sk e fEFE 4R GHR JE N
5510 AT 257 bp A& A—G KA %A SR
TAREE 2 547 50, £F4 Hardy-Weinberg R34 .
GrEMET W R B W ALFE RS 5 Ah T SNP i
S TT.TC A1 CC 3 FIER AL, Hih CC il 3
FERAY, HOTT J P ALAS A i) 48 AR 12 35 = T TC
A CC AR(P<C0.01),TC Al CC A 73R & (P>
0.05), M{THE Mo kB, EEEAFGFE IS

& W 5 A DI SNPs(P <0, 01) , 2475 %5 i 1 2%
BRSNS N R R P Y 5y, &
BB SE 0 LB 464 GHR £ 45 10 4b i 7 SNPs
77 AR IR AN T) 3 PR AR [ 6 L IR 25 S OR R 15X
48 SNPs 7] e A [a] LS . A58 7E 75 it = Jt A 4
4 GHR N EEBLT 3 4 SNPs i i . Hai &
HEAMARRER Em TRGERNA, X5 FEMW
WX BT AT BAE R GHR R BOBF ST 45 5 — %,
HAj. RN BE a5 M n
2 T sh W B R G I AR B R AR R L Bk
REB MYy m, UL R4S ik s
80 A AR X KB W GHR 3 X iF
SERM, BEMEA GGTT.GGKT #l GHTT fE!
EHEE TR RE M R AL, X R RE A R
(P<<0.05) , FH#EE" 3 ESR.NPY HHEEA
BB M R L A I AAAC 1 300 1 400
H W 7= 25 B 5 7 1 o 72 i ) 34 f . ok e A A
XA E A RHA PRL Fl POULF1 3£ H Ry 9 MEE
FEHBIIEAT T 08, ARG R AACC 1y 72
JEWS P RO S T A 8 AR A LN AL, & PRL
HILH O AA B ERE R T 3076 4, &
POUIF1 B3R CC B = HE A & T 2. 84 4.
DL BRSE BE S, S R A B A e sh 4 1 b s m]
T, HEA R TR EWBRGR R, A5 E TR
HHRHE MM LM, A IFEE B GG-AA-GG FE 44
WA K EE o HR AR R

4 5w

AT G IE 1T DNA K I 47 A 76 7 16 55 J5 8L A4 4
GHR 3 R T 3 4 SNP i 5, H 548 4 1935
SRR B FEM G, 2R EFEN ST A, GG-
AA-GG ARG FIEH AL, H UL, 76 6 & R AR 4E
15y FARiC B B Rhob, 7T LUK GHR JEHAE
PE 2R3 0 A R 9 2 T st AL A DAY A

(5% k]
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