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AT E A A KIHESTAHER F279Y BT
SR B KB AT

oL, ARARS ERES B OFL kB
AL \xXFE, FAFE, FAEYS BHLT

’

(1. P EARNE R BB S BRI, AR T B A B A SR A=, JEAT 100193,
2. JEIR T RMBL A B S PO EFFFUIT, dE5T 1000975 3. ViR E Ay RSB, YT 065000;

N

CITIEE B EREFT T, fRE 071000)

# Z: KA PIRA-PCR #= RFLP 546 204 3k & B #7388 4 £ Kt & <4k ( growth hormone receptor, GHR )
KB F279Y RE, 4L FniRkey X 2. &R A BAHEE4 T4 2] GHR K E F279Y RE, 3 AR
A TT. TA #= AA H3% 5515 0.461. 0.495 F2 0.044, (5L E T A= A 693FE 5514 0.708 A= 0.292. 444,
AA EARAAK 305 REMEREST TAf= TT ABA (P<0.05); TT ARAMRIIEERE ST AA AEAA
R (P<0.05), SLEAEMEEZHT TA fo AA LA EAMK (P<0.01). A F{EABA 305 RZWMEA Edmbbm,
R MEANIRZD; Mt 4 ANFURSERA B, SHEA K. SR A BAREG S EGBL,
FEAR T EHRSILASWGEE . AR £ F279Y R TR T B 324 ok 69 ARt dd Bh ik 45,

KPR MATEEF; ARMEARAR; F279Y RE; FbK

RESES: S823.2 XEAFRIZED: A XE/RS: 1672-352X (2015)04-0515-05

Association between F279Y mutation of growth hormone receptor gene
and milk production traits in Holstein cows

GUO Xiaofei', XU Xiaobing’, LI Qiuling’, FENG Tao’, DI Ran', LIU Qiuyue',
HU Wenping', WANG Xiangyu', AN Yongfu*, CHU Mingxing'
(1. Key Laboratory of Farm Animal Genetic Resources and Germplasm Innovation of Ministry of Agriculture, Institute of Animal
Science, Chinese Academy of Agricultural Sciences, Beijing 100193;
2. Institute of Animal Husbandry and Veterinary Medicine, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097,
3. College of Life Sciences, Langfang Teachers University, Langfang 065000;
4. Hebei Animal Science and Veterinary Medicine Institute, Baoding 071000)

Abstract: The F279Y mutation of the GHR gene was detected in 204 Chinese Holstein cows using primer-in-
troduced restriction analysis-polymerase chain reaction (PIRA-PCR) and restriction fragment length polymorphism
(RFLP). The F279Y mutation and three genotypes were identified in Chinese Holstein cows. Genotype frequency of
TT, TA and AA was 0.461, 0.495 and 0.044, respectively. Allele frequency of T and A was 0.708 and 0.292, respec-
tively. The relationship between the F279Y mutation and milk production traits in Holstein cows was analyzed using
linear least squares model. Least squares mean of 305-day milk yield in individuals with AA genotype was signifi-
cantly higher than that with TA (P<0.05) or TT (P<0.05). Least squares mean of fat percentage in individuals with
TT genotype was significantly higher than that with AA (P<0.05). Least squares mean of protein percentage in indi-
viduals with TT genotype was significantly higher than that with TA (P<0.01) or AA (P<0.01). Allele A had a posi-
tive additive effect on 305-day milk yield with a higher dominance and had a negative additive effect on other four
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milk composition traits with a lower dominance. A is the dominant allele for milk yield, while T is the dominant

allele for milk composition. These results preliminarily indicated that the F279Y mutation of the GHR gene could

be used in molecular marker-assisted selection programs of milk production traits in Holstein cows.
Key words: Holstein cows; GHR gene; F279Y mutation; milk production traits

KW 3 2 A (growth hormone receptor, GHR)
PSR E S, AT, &2 A
KGN A 2 — o KB (growth hormone, GH) 4 4=
YIRS T, ARGAGHBFEAMNE, Yol
SRR B GHR 454G, kARG B g
RN A B R IR 2= TR . 4 GHR MK
A SAR S G R MM SR DI RE i, 4 GH
IEH DIRERAR , IITTEE =4 7= A 2 R,

Georges Z5UH1 Arranz 250143 BIHRIE T 9524 20
GG AR AL T P R ) B R DA e
(quantitative trait loci, QTL). Falaki Z5°M4}i GHR
SR AN A BRI Tag | BED) 2 2808 5 20N far 7
A B FLE AR AR . Blott 25071 Yk B AT b 10
Wy GHR JEIK cDNA JEH 5 836 ALATF/E AL T IR
FAF T—A, %R FE GHR B X 5 279 AL
TN SRR TS N T 2 R (F279Y ) o S0 MT 28 W IZ SR AR AT 45
AU 20 S 4tk Esgm =ik QTL 1)
RN, Hregiar . FURRRFL G AR
A B Rk, Viitala ZPNESZ T 2522 RE A
AL RIRAL 5 FUNR AL E 2R B AR 1A O
Peo FRWFRIRIYIL GHR FR F279Y RAEL

P TEARA AR A SR AE

AWHFH GHR AR Ak D, R 514+ 5]
N VIAT 13 -2 6 55 20 S M. (primer-introduced  re-
striction analysis-polymerase chain reaction, PIRA-
PCR) Fl B il 1% J7 B A % 22 2 (restriction fragment
length polymorphism, RFLP)J7 VA o [E] fay 745 )
’I- GHR JEN (1) F279Y RAZ, pMrig e 57 Wtk
WRHIH S, A0 3 9574 (1) 735 B Rl b AR 4
1 #R57EZ%
11w

204 SKAq B CEATT I 5 Sk A FI A
O AR BiAEE 3 A4, Kb 159
3% 86 k. 2 SUIEI 60 k. 3 SR 58 k.
BUERCR AL, FORMLPER S 10 mL-3k™, Kl
ZHEDURE, -20°CHRAT . FI ST dRVESR IDUEE R 4
DNA, %1 TE ZEM (10 mmol-L" Tris-HCI (pH
8.0), 1 mmol-L" EDTA (pH 8.0)), 4 C{#fF. it
BEA A= L S5 AR — W FLINIE0 305 R )
H. FUEE. AURE. JEAREMAEAE. B
WL 5 A WIPERIR R B A PEGe vt AR 1.

x 1 FIH s AR REERRERITE

Table 1 Descriptive statistics of phenotypic values for five milk production traits in the first lactation
T H 305 KK~ Wi /kg FUIEH/% FLIEE kg FLEAFE/% FLE A /g
Item 305-day milk yield Fat percentage Fat yield Protein percentage Protein yield
- 1){E Mean 7540.01 3.93 308.27 3.15 258.26
FrUEZE SD 600.14 0.42 60.21 0.17 38.63

12 EFZEiRKF

Tag DNA B4 ANTPs. DNA [R5 IR
PR A A R ARAT IR A Ssp T B
I A DIBEIE B 215 AR AL RO AR A .
1.3 PCR 5|4i%i1%A PCR # 1&

FIH] Fontanesi 25CHR3E 19514, BIZE L5140
RHIN—A Ssp T BR$E DI 1B DIA7 53 (3 i
4 MEE T-A). 517514530k F: 5'-AATAC
TTGGGCTAGCGACAATAT-3'; R: 5'-ACGTTCCTG
GTTATGA-3'. WP 14 B Ay 182 bp. 514th 1
IR AW ARAT FR A w4 il

PCR ¥ 3 e W R H 25 L AR Z&, SO AIZH
>4 10xPCR Buffer (AN Mg®) 2.5 pL. 2.5 mmol-L™"

dNTP 2.0 pL.25 mmol-L" MgCl, 1.0 pL. 10 pmol-pL™
v RS 1.0 uL. 2.5 U-uL Tag DNA 541
0.5 uL+ 50 ng-pL"' DNA 842 3.0 uL, B4tk = 25
uL. PCR ¥4t K: 94 CHiAE M 5 min; 94°CAR
P30, 61°CIEBKk 30s. 72°CHEf 155, 32 MEH;
72°C4EfH 8 min, 4°C{RAF. PCR F=HITE 1.5% g
B LA T IR (S IR S BE R ), TR if%:
PRI 14 25 5L
1.4 PCR-RFLP

RFLP WAk & K 15 pL, HHp PCR 774 5.0 L,
5.0 U-pL™ BRAIEE N I8 Ssp 10.5 ul, BEIZEMME
1.5 uL, B4tk % 15 L. 37°C/K¥# 2~3 he [
FEMIAE 3% M B IRRERE R AT rE VK (B Ak LB
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), M Alphalmager™ 2200 and 1220 Documenta-
tion and Analysis Systems (Alpha Innotech Corporation,
San Leandro, CA, USA)KMIBFDI 45, 1l R,
15 ENF

Xt PCR-RFLP 731 J AN 7] 3 PR B4 4l 45 A4S A<
PCR ¥l DNA Jy BebRs 2l fb [nl ok 7] & 2l ,
EH: 3 pGEM-T Easy #i44&, I % b K
(Escherichia coli)TOP10 B ¥k, W V)% & 5 7E
3730(ABI) A LI o 0 S 1 Eh b 5t AR A
BT AT B2 7] 58
1.6 Zitoh

Be N AR AT fe /N 3R T Z2 00 b, EEALHY
AP YR A BE PR Y 22 ) ) 2 5«

Vi + Hi+ S+ G + ey
S,y NIYE AR s e AT T8
i HW5 i AR, (A1, 2, 3
AR JRDAFIIEE N, jA T, 2, 3, 4, 53 Gy
N GHR FEN 55 k BhRE Y [ 2 BN, & b 1, 2,
3: ey ABEHERZERNY.. HI SAS(6.12 )] GLM

(general linear model)idf F£ 58 i .
2 HRE5DW
21 PCRY %

XF 3 AR Ef TE AR ) GHR SR HEAT
P88, A B R S U RN — B R L
A A EFEHEAT RELP 3. 5109 3545 R LE 1.
2.2 RFLP &

H Ssp T BRI Py DI PCR 4738 7= 4y k47 15
U1, BEU ] 3% B R R LI r vk A I . 45 Ak
W48 7 BAFAERG V) 2 25, UKL 3 PP A Y, %)
MR 45 R /N by e TT #9(158 bp/158 bp). TA #!
(182 bp/158 bp)F1 AA #I(182 bp/182 bp), WK 2.
FEFTRENIK 204 SKEF B, 20655 TT 845 94 3K,
A=A T TA B 101 3k, 2661 AA 947 9 k. TT.
TA Al AA [FEEAIRIR 225500 0.461. 0.495 A

0.044, Z5A7 FER T A1 A ISR 4395124 0.708 £10.292.
M 1 2 3 4 5 6

1~6: PCR product; M: 600 bp DNA marker [
1 35|%89 PCR =)

Figure 1 PCR products of primers

M 1 2 3 4 3

1,2: TT genotype; 3,4: TA genotype; 5,6: AA genotype;
M: 600 bp DNA marker [
2 GHREMA Ssp [ EgII4ER
Figure 2 Digestion of GHR gene with Ssp [

T A4 T T T T T A T A T T
l( \ A 5\ F‘-“,‘I
l{r\ ‘.’I.‘ "'\ / K\ / \ / \‘i / \‘\ =.' ‘.‘l //\ =:.‘ ‘.‘l: f\/ [ \!\
WY \ \ [ [
Z ! \’ " / \ / \, \\ i\ / \ \ ,\Q ) / , K \
TT type AA type

3 4 GHR EFRARREIEFEEFF LR
Figure 3 Sequence comparison of different genotypes of bovine
GHR gene

2.3 FIISHh

HTT A1 AA 2 FRIERIR PCR kAT ve b
Wy, 55573 TT 2 5F GHR 3 (GenBank %
S5 NM_176608)) 741 —5, & SUNEFAER, 76 AA
TR P v A IR 836 AL — A T—A I EAhg e
FRA(K 3). HEF Y18 BEnfd 28 LR 7o, 5
B AERIMILL S 279 A0 T TTT 842 %4 TAT,
B HH R N = PR IR N s 2 IR (F279Y)

2.4 F279Y BT S5 IKRY KB

5 AFERRPER (305 K= Wi LR FUIER.
FUEARMAE AR M/ e VI epr it iR
FEE DRI KR 2% 2.

AL UL, F279Y 584855 305 Ry=@h (P<0.05).
FUIEZ (P<0.05) FIFLERFIH (P<0.01) KELEE.
AA FERBIANME 305 K7W 3w T TA A TT A&
IR (P<0.05); TT HEPRIAMAMFUNER T
AA FENA (P<0.05); TT SERRFL A (A RAMA
FE T TA AT AA JERALE) (P<0.01), TA JERALF
EARNEE ST AA B (P<0.01); 3 Fik
A AE LR AN FL AR A i L2 R R 25 (P>0.05),
A SEALBERIXTT 305 d P B IE ROy, B2
PEREAFDO A s TS T304t 4 Pl AR AT 11
TR, ST ARRAR . SR A AT
PR RN, ST T B $E ML 80
RIEA R 45 R WK =8.02 (P=0.018<0.05),
KW ZAEALL T Hardy- Weinberg AN FHRIR
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Table 2 Association between different GHR genotype and milk production traits in Holstein cows
A IR Trait
HEHA Sk %i%jff 305 Rityr-Wikt/kg  FUMEHAg  FUIEH%  FLEARAe  FLEAE%
Genotype ~ Number frequency 305-day Fat Fat Protein Protein
milk yield yield percentage yield percentage
TT 94 0.461 7500.4%+65.2 310.45+4.12  3.98°£0.04  261.15+4.01 3.20%+0.02
TA 101 0.495 7540.2°+60.4 306.7343.97  3.90+0.03  256.43+3.86  3.125+0.01
AA 9 0.044 7951.6+96.5 302.84+5.13  3.71°+0.06  248.54+4.95  3.02°+0.03
_— InPEROY Additive effect 225.6 -3.805 -0.135 -6.305 -0.09
E)‘l{?e‘ft W PE 3B Dominance effect -185.8 0.085 0.055 1.585 0.01
B 1EJE Degree of dominance -0.82 -0.02 -0.41 -0.25 -0.11

e NP RACR ISR EUEAE P<0.05 KF EZEREE; KETFRHMURIAS HEEAE P<0.01 KV EEREH.

Note: Least square mean with different small letter superscripts in the same column differs significantly (P<0.05); least square

mean with different capital letter superscripts in the same column differs high significantly (P<0.01).

3 itig
31 #GHREEREZM

GHR 7F GH R4 BN [ Bl 1) T 200
HEEVEH - GHR % 51 2 /D RN R AL 741 &
A SR E AT RERE M GH IEH ThREN R 44, Wit m
5 S5 PRAEMR . 77 WEVE 2 RO,
KL, ¥ GHR FEDE N 5K 2k = MR S22 D fg
fIESEIN, X 2425 5h P E A R U, Falaki
SEONR SR g T A F GHR JE D40 g A FR 3
uis DNA JEHIHHRILT 6 4 Tag 1 MIEEVI A B, 3L 9
Fl RFLP-Tag 1 JEP Y, b 5.7 kb #1 5.4 kb Bt
HEACTLER AR W I . Moisio 25 P IF5T55 24
A HGH A FET S A I W GHR BEK] cDNA 3 3 [X.
IR IUAELE 3 ANHURIAA 1 MR RA, 2
TLH 311, 320 F1 325 bp 3 PP 148 5 (GHR31 1~
GHR3y0 1 GHR3p5)F1—A> C+2313G 1) AL EAR
L AN, Hh GHR30 M GHRps MW ATAE T25 22
a AL A SRR, GHRyyy W) 32 A7 AE T2 b ol
. Aggrey 25U TIE AR IR SY R DL GHR JEIA
575 (K B X AEAE A Alu 1 BEVIRL A, Alu T (+/4)
RANY Alu 1 (/)R BA s SR T
T B FMEP<0.016), A Alu 1 (2 APEAT LI
T A BIbRIC A LR, . Ge 2515IE 4 GHR 5L
10 /N2 T RILT 4 4 SNP, 43 5)4E T76C. G200A.
T229C F1 A257G, H:H G200A F1 A257G 51t T4
FERR IR, 2309k AlamThr F1 Ser—Gly, #4h 2
AN AT SUIRAE s Maj 2SR ] RFLP %2 GHR 3
5 T T 2 &M, 4 FrudH T /Tse 1
1 Sau96 1 BEYIGRKIL T 2 A~ SNP, — M T P13
B B LINE-1 S s a5 P (-1104 bp), T3
— AT P1RB) TN (-262 bp), PIbER KA T C/IT

i, Viitala 25PHAE S GHR SERAE 8 40 TARAE
F279Y 5847, MLAMATES 10 AR 87 R T N528T.
A541S H1 S555G 4%, Fontanesi 25°HRiE GHR J:
K F279Y S8R i A FL A 28 RL RS FH 2R A
FERUSARAPAE B 22 5, BRI T4 F A5 2
DA h 0.727, &K T Rendena 4(P<0.05), 1k
BEMT B KRR (0.947) 2 KH PG T3 /R 2F
(0.909) #7624+ (0.947) . Reggiana 4(0.921) Al
Modenese 4-(0.924) (P<0.001). I igF25U74 3 7
1145 Sk [l far WrsH REZR HpoRT I 2] F279Y 848, F 45
R IR 0,639 AHFFTAE 204 Sk v |8 i 7 4H R
AL B F279Y RAE, FOSALEE AR A
0.708, SHT AWFFEEA—HL.
3.2 GHREMA F279Y RELES5=MMEIKAIXFR
GHR JEPUZ 20 S5t fk B FUIRN% 8 3%
FI2EH) QTLI®. Blott 2 ERFSY GHR FEIR F279Y
SEAFFEAL I 3 FHIEIRAY(TT TA FT AA)K i % fuf 7
W4 4 )L 7" & B % (daughter yield deviation,
DYD)( I 41). Bt =i A4 DYD(IL4). #idk
Va2 DYD(ITAL) B 78 22 A Hr 30 BE 25 36 3L AE
(lactation value, LV) (IV4L). #rEEvbF b FUE(V
YIRS R I, 1% 584N 5 AN F= IR 1 3
UTE| S K VR N A i S S R N A e
(P<0.01), TA FERALE TT EERBMLEL, 5 DA
IR T 3.3%. 10%. 13%-. 10%A1 13%, AA
FERAL 5 TT JERALMIEL, 5 MREA D HIFFHR T 6%-
17%-~ 30%-~ 19%F1 10%; X FLHE R A 5%
(P<0.01), TA FERAE TT ERBMLEL, 5 MEHA
SRR T 6% 13%-. 19%. 14%F1 28%, AA %
R TT SEDFRAHLEE, 5 ANBRA D IR T 14%.
20%- 68%- 31%FH 33%; K=& HAT G I,
TA FERALE TT BRI, 5 AR 38N T
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67. 89. 112. 87 fil 162 kg, AA FERALL TT KX
RUAHLE, SNBSS IS T 128, 68+ 441, 99 Al
59 kg, BRIV AL R ZE R B EKFEP=0.17)4, K
fib 4 G1I4IK 37 Sl R /KT (P<0.01); X FLAR I
IR AN W2, (AR IR 1, TA FER Y
5 TT LA L, BRITZH 0 0.1 kg 4b, HAx 4
AR HIBR T 140 150 1.3 F12.1 kg, AA I
5 TT FEAHLE, 5 NEEADBIRE T 4.1,
52. 23, 83 f18.3 kg; XFLEAREMILMEA L
=, TA RS TT R, 1. TAIVASy
IR T 0.1. 1 A110.6 kg, IIIFIV 2020503 T 0.3
1 12kg, AA FERALE TT JLAAHEL, 1 A4
SYIEINT 0.2 6.3 kg, 11 VAV 415 iy b
T 4.4, 3.1 fl 1.4 kg. Viitala 2585} 25 22 52 /R E 52
GHR FERI GG R= MR I ¢ R BT THEFT, RIN
PRSI FLIAIBE 5 W LI GHR JEDK F279Y %
AR AR S FL AR R RS R AR WL,
A AA FERFAILL, TT R TA JERAIFLER A&
FURRWT R FLER R0 SR W 2538 2 18 sy,
Forp TT DRI LA 11 A0 LR 107 2 10 8 I 2
r T TA BRI, 3L AT s AN LR = X n
N IEAHIA, 17 TT A TA DR B 06 4 48 F AT %
AN, TT RPN =W it (W B AR N K T TA 2
DRI o £ I s L30T P 122 5 R 5 A i ERT R 7= 97
PEAR % 5 5 — W L — 3, Bk B R
F279Y 578 %) S8 1 1) 5% Wi L8 ik LR 1 1 5%
Wi, TigFeElTR S F279Y SRAR b b [E i dE RE A
305 Ry“@iE (P<0.05). FLHE®R (P<0.05) FIFLE
1% (P<0.01) KECEFE: A R mrm s
SEATIEN, T 24 S R LSS FE K] . Waters
OIS} 848 Sk W HH- 95 HLA: 4 GHR LA 7 54
FEEREI O REAT T WAL, 25 R EIL F279Y RAZ
A FERER ] B S YR (P<0.001), (HXFFL
JEWi & (P<0.05). FLIEWIZE (P<0.001) FIFLHEH
o (P<0.001) AFELEAN AR (1) A0 o

Sk
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