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 E: B 8 AR K CXCR1(Chemokine(C—X~C motif) receptor 1) 3 B % #5 X SNPs 55 47 47 38 4 ik SLA IR A R
FROFFAMIRIE X Z o A RATRE) S R4 865 kAT ATIE A CXCR1 A B %A X ¢.642 ASG., ¢.816 C>A. ¢.980 A>SG
F7¢.1068 G>A 4 A~SNPs 42 %, Bl AP £ KA 20104 12 A £ 20124 7 A 45535 472 2010 4 £ 2014 545 2F 4 = 1k
A& (Dairy herd improvement, DHI)3E3%, KA % W& 7 £ 547547 CXCR1 A B CDS X SNPs & B & 552 B =
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LB A AR 4 18 B 2 E KT AA B MK, 1 CXCR1-642 A>G. CXCR1-980 A>G 2 CXCR1-1068 G>A 4% & 3¢ /= 4k
M. FEGRLILR I, BARE AR IR IR KRR F M £ (P>0.05) . CXCR1-980 A>G F=
CXCR1-1068 G>A x5 #7384 = o5 35 Fo SU e U A 42 R A 20, CXCRI ¢.816 C>A 4 B35 = 45 1) I8 % v@) 2.3 .
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Abstract: The purpose of this study was to explore the association between the single nucleotide
polymorphisms (SNPs) in the coding region of CXCR1 (Chemokine (C-X-C motif) receptor 1) gene and
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milk production traits and partial reproductive traits of Holstein cattle. 4 SNPs in the CXCR1 gene coding
region (c.642, A>G, c.816C>A, c.980A>G and c.1068G>A) were detected by time-of-flight mass
spectrometry. The recordings about calving intervals, days in milk at first breeding for every parity,
breeding times and days in milk after pregnancy of 865 cattle was were collected in a large dairy farm
from Dec. 2010 to July 2012. The DHI recordings were collected from 2010 to 2014. The association
among the SNPs and milk production traits, calving intervals, days in milk after first breeding, breeding
times and days in milk after pregnancy was analyzed by Multivariate analysis of variance. The results
showed that CXCR1-642 A>G and CXCR1-980 A>G had significant effects on SCS in milk (P<0.05),
c.642 A>G, c.816 C>A, ¢.980 A>G and ¢.1068 G>A had significant effects on fat percentage, milk
protein percentage and total solids in milk (P<0.05). For CXCR1-980 A>G or CXCR1-1068 G>A, the
daily milk yield of the individual with AA genotype was significantly higher than that of AG and GG (P<
0.05), but milk protein percentage, total solids and SCS was significantly lower than that of AG and GG
for CXCR1-980 A>G (P<0.05). CXCR1-816 C>A had significant effects on calving intervals (P=0.033),
the calving intervals of individuals with AC genotype are significantly shorter than that with AA genotype.
CXCR1-642 A>G, CXCR1-980 A>Ga and CXCR1-1068 G>A had no effect on calving intervals, days in
milk after first breeding, breeding times and days in milk after pregnancy (P>0.05). CXCR1-980 A>G or
CXCR1-1068 G>A had significant genetic effect. CXCR1 ¢c.816C>A had significant effect on calving
interval. The SNPs in coding region of CXCR1 gene could provide reference for selective breeding
about improving the milk yield and quality and shortening calving interval in Chinese Holstein.

Key words: Holstein; CXCR1 gene; SNPs; milk production; reproductive trait
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CXCR1 JE[H 5" ) FL X — 1830 157 s, 1 S i [X. 783 {37 1
XA 305 d =i . FLAG AIFLER 1 AR ) i
L AN A I R L D A RN B PN R AR 3%
ZHEMERER R, (HH AT R WA & CXCR1 3
DR 5 AR G BRAAT diRAE o BRI, AR SCHE R
Ko A Hr AR CXCR1 JE[H CDS [X SNP JEfifi |, 1k
SR FLPEREA e A =il S AR IR I L R K, 7
I ) PR R B Y B S5 B %, X CXCR1 BE R 2
B DX AN [) 32 0 FF SNP 5 i 07 30 2 b L 1 AR AR i —
WA M, BT L SNP 5 B AR 1A S Bk
DIIA A for ST dH 2 SEhH M R Ay TR B B RS %

1 w857

1.1 HREHIERE

2011 4% 8 HAI20124F 7 H FVLAE KET Rk
A ABE R E TG A R A FIRE T8N AER R
905 Sk far WrdH AR LAY, Ak A4 JE %L 5~60, FEFE
kR 10 mL, AFREAPTEE, -20 CRIERIER
o RIS SR BAC A IR, S 24 1
&g B 1141 (Dairy Herd Improvement, DHI), % H
— K DHUE, HEFWI3 U, (M3, SEEHSE
FF 48 o 5 A UHT W o AR AR D 7L B B o H AR D
J7, AIR4A HH (Total Mixed Ration, TMR) fal i .
WA R AEZE 2010~2014 4F DHIN E 0 5 Mo M 56 3%
FE, FEARES . LS. WEH, e
PR FLUIER . AEOE, I I TR
i, AL R R A AR, AR FE A 2010 4F
12 4 2201247 H BFEA G 8 A . 77 HEMRg . ™
JE B FLREL . BCFP R EORAE DRI L R EEE
1.2 DNA#REUK SNP 432!

WA 1M Y 3 PR 4 DNA $BCR FH BB S 157
TE ¥ g, US4 DNA B i 5 B 2 100 ng - ul”,
~20 CIAAE I o 1 NanoUV-2000 # f i £ 403
F6HEHE T 22 DNA ¥ B FN 4l . DNA Al 52 b
Ji, B—a M2 100 ng- pl', 20 C#&H, #
A4 -80 CI-AF. T DNA $#2 Bl 72 Hh B 40 k¢
mfitd, fieJa F T SNP M REAS hy 8653k .

R4 4 B 454 CXCR1 JE PR 22 25 P 46 T 45
W, BHEER AASFEEBHEF c.642 ASG, c.816
C>A. ¢.980 A>G Fllc.1068 G>A DU A, kAT
I ] SR T A 45 SNP LRI YR 322 2R 45 32 B A1 )
B 0 A Bh 9 i W R B AT IR E) B % (matrix—

assisted laser desorption ionization time—of—flight mass
spectrometry, MALDI-TOF MS) 47 A, il 72 3=
FALE PCR IV, . SAPACHE | SEMRIN . =44tk
RGN AR 4y o K EE oS, TG A Fr ik
P37 TYPER XFIRABRZE 4, RIS LR 43 FU 5
1.3 Fitoth

FHIBAL 230 Shesis 1E AU A (2 501107
Br (B G EE % | JEDI AU % | Hardy—Weinberg
ARG A )

FIH Z A 2= T 22 53 M2 43 By CXCR1 A SNP
ST FLMERE M FL A SCSF2MA, UL
y=+b+n+s+p+l+cs+snp+e
Horpe S H =0 2LIR%R . FLEN
AL BEMAR . MUN ZARANAEITES (SCS) Ttk
B ; w M ARIME ; b MRS s n A
FERERLN 3 s MAET= RN s p AR IRESN (NSRS
VRREIZE 3 /6D s AW FLB B, 430 =By
B, RIy=HEif5 7~100 d. 101~200 d F1200~365 d;
s NMAFLA S IR U B ZE AU 5 snp Ry 45 A
SNPRUNE 5 e M BR 2RV o K FH SPSS #A4 (Ver
16.0) 51 GLM (General Linear Model ) 43 #7, Duncan
T2 5% 45 35 R SNP S [) 35 PR A8 o FLME IR 1 2 1
o MM YRR, AR R R R R
SYUR: 3~5 HNEZ, 68 HHEZE, 9~11 1K
BZE, 12~ 2 A &2,

Bs B e, M PRIEZS R T, 2
ANTERE A, BRAE DHIMIE Hid s Wb FLIs E] A
FRJE S 7~365 K, ME H P71k 5~60 kg, W E
H ZLIE %K 2%~6% , W H FLE 11580 2%~5%,
FLHE K 3% ~6% , KK 9%~18% , MUN Hy 1~
25 ¢-100 mL™", FLHYAZHMIEL(x1000 1> -mL") 1~
9999, GiitsArht, et LI AR I (SCO) et
HSCS, AR : SCS=log " +3, PU4r AL
PR, ORI T AR B 75 3%, ARURHAR
865k, FNAAIENES5~60, TRRIHIEILE 1,

Z )7 22 7 WAL AL 2 BT CXCR1 FE A c.642
A>G, ¢.816 C>A. ¢.980 A>G il c.1068 G>A PU~1f
SN[ I R 7R o 30T 2 A P B (DR L 7 e G
FLREC, FEAMREBA S AT IR AL R E, BRI .
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K, YRR . R T I L R AL
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Table 1 Descriptive statistics of the milking traits and SCS

iR DHIE 54K WE H- Wit (kg) - FUER(%) FLERA(%) ~ FUBE (%) REA (%) REHR(g-100 mL™")
Parity Records number TDMY FC pPC LC TS MUN
1 7018 29.06+0.08 4.14£0.01  3.34£0.01 2.03+0.02 5.01+0.01 13.49+0.01 10.94+0.03
2 6741 33.06+0.12 4.36+0.01  3.38+0.01 1.82+0.02 4.94+0.01 14.05+0.02 12.52+0.04
3 6797 34.62+0.16 4.24+0.01  3.32+£0.01 2.22+0.02 4.86+0.01 13.80+0.02 13.80+0.04
A1t Total 20 556 32.21+0.07 4.25+0.01  3.35£0.01  2.02+0.01 4.95+0.01 13.77+0.01 12.17+0.02

e WE H =058 (Test—day milk yield, TDMY); FLIE*R (Fat content, FC); FLIEE 1K (Protein content, PC); SCS: IAZHIIF-4)(somatic
cell score); FUWH (Lactose, LC); AEA(Total solid, TS); JRZE A (Milk Urea Nitrogen, MUN), INER
Note: Test—day milk yield, TDMY; Fat content, FC; Protein content, PC; Somatic cell score, SCS; Lactose, LC; Total solid, TS; Milk Urea Nitrogen,

MUN, The same as below.

2 HEREHM

21 ERFE(B)RERNT

FIH RAT B3 v ) 865 Sk W HEIR CXCR1 A
[Kl CDS X 4 /4> SNP i 543 B, JEPRIAS R | S (R Y
WK 43 AT M Hardy—Weinberg -1 K 56 25 5% UL 3% 2.

CXCR1-642, CXCR1-816, CXCR1-980 il CXCR1-
1068 4 > SNP i S AL HIEF T4 5128 GG, CC. GG
MGG R, #4514 0.580. 0.466. 0.607 F10.658,
FALSRIBEO T H R G C. GHIG, Sy
2 0.758., 0.688. 0.784 F10.811, CXCR1 FEH CDS
[X 4/~ SNP 7 25 ¥4 F Hardy—Weinberg iR 75

K2 CXCR1IEFECDSX 4 SNPLmEMEE., EEZFER H-W FERE
Table 2 Frequencies of genotypic, allelic, H-W test 4 SNP in the CDS of CXCR1 gene

SNSRI A SR MREC AGOEA S R
SNPs or haplotypes ~ Genotype  Genotypic frequency No. Allele Allelic frequency X value for H-W test
AA 0.064 55 A 0.242 0.698
CXCR1-642 AG 0356 308 G 0.758
GG 0.580 502
AA 0.089 77 A 0312 1.219
CXCR1-816 AC 0.445 385 0.688
cc 0.466 403
AA 0.038 33 A 0216 2.023
CXCR1-980 AG 0355 305 G 0.784
GG 0.607 521
AA 0.036 31 0.189 0.001
CXCR1-1068 AG 0306 265 0.811
GG 0.658 569

2.2 CXCR1 EE CDS X SNP 5 FL 1R XBED T
CXCR1FE[H CDS [X SNP A3 15 AN [) 3 R AU 3 L
RE I ShniE2zE W3R 3, 224 RM, CXCR1-
642 X FLIR % . A B AR A B (P<
0.01) , XJ SCS 1%L v IR R Al & 5% W B % (P<

0.05), XF H = st FFUPETC B &5 (P>0.05) . £
FIARY, AARIZUR LIRS . HR . DR
HBEE T AGH GG HI(P<0.05), GGRIA hFL g%
FUE A B E T AAFIAG &Y, AG B! MUN & &
HEET AA T GG A (P<0.05) .
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H48%:

CXCR1-816 X ZLAR % . &A% . FUBEAI

SEM AR B KT (P<0.01), P8R [R50 4 i

FEKF(P<0.05), X} H =W, SCS. MUN JGIB %

I (P>0.05) . ZH# WE R, CCRIAKZLIE

KM R EE T AAK(P<0.05), MEAS R

W E T ACK(P<0.05), ACHIFLE A RE EMKT
AATI(P<0.05),

CXCR1-980 %} H y=this . FLEEF1% . SCSHLEL
A R 1 B 2 KT (P<0.01), RFFLAS S FIFL IS
SN i 25 7K F-(P<0.05) , X MUN JC {2 &5 (P>
0.05), ZEIEENE, AARAMEH =08 B ER
FAGHI GG AI(P<0.05), HFLEF1% ., SCSFLEL[E
B EMCT AG A1 GG A1 (P<0.05), AG AIFLAGR AN
BEETAARI(P>0.05), GGRIAMAZLR S EE
H T AAFIAG B (P<0.05) .

CXCR1-1068 i i %f H =& . FLIRHR . &M

B FUBHALR A A AR i 27K (P<0.01), X
MUN G5 (P>0.05) . ZE KRB, AARIA
RHP YR SRR E T AGH GG AL(P<0.05),
GG BINMAZLRE S . FLER TR MZIN R 20T AA F1
AGHI(P<0.05), AATIAMARZEHT GG (P<0.05),
2.3 CXCR1 E[FE CDS X SNP S35 ML LB 17

CXCR1 & [F G i [X. 22 285 1 o) g 307 1H 2 7= 452 ]
B . =R E EC LA . B E L B AT R LR
BOZmmnE 4 R, H, CXCR1-816 13 s X% =4
6] B S ik B K (P<0.05), AC R ARIAMA
B FE (383.52+2.56 d) L E T AA JER A4
(397.24+6.31 d) . CXCR1-816 57 5% P 5 B LA FL
KRBT BCFMRECA B AT Wb L RO i 2 M
CXCR1-642. CXCR1-980 fl CXCR1-1068 X} = 4%
[ERE . EECMFLREL . BRI L B R b FL R
FEMA A IR i 7K (P>0.05) .

&4 CXCR1E[ECDS X SNP i = [ H FE B A S RELL I
Table 4 Comparison of partial reproductive performance between different genotypes in SNP locus of

CXCR1 gene CDS region (Mean+SD)

R T L C T e ey il
Genotype N calving intervals first breeding breeding times pregnancy
AA 46 383.26+8.17 68.91x1.71 2.96+0.4 129.22+18.02
AG 274 391.12+£3.27 68.74+0.62 2.60+0.11 117.57+4.62
c.642 GG 453 387.57+2.43 69.70+0.65 2.62+0.10 115.65+3.48
Total 773 388.61+1.90 69.32+0.45 2.64+0.02 117.60+2.86
P 0.404 0.588 0.640 0.453
AA 70 397.24+6.31a 67.73+£1.23 2.31+0.20 106.75+£7.15
AC 341 383.52+2.56b 70.27+0.81 2.60+0.11 112.48+3.39
c.816 CcC 362 391.74+3.01ab 68.72+0.53 2.73+0.11 123.78+4.96
Total 773 388.61+£1.90 69.32+0.45 2.64+0.07 117.60+2.86
P 0.033 0.145 0.674 0.700
AA 31 383.55+6.73 70.13+2.01 2.48+0.30 108.74+8.91
AG 275 389.17+£3.24 69.00+0.90 2.65+0.13 118.18+5.00
¢.980 GG 463 388.12+2.47 69.44+0.51 2.65+0.09 118.06+3.68
Total 769 388.61+1.9 69.32+0.45 2.64+0.07 117.60+2.86
P 0.162 0.839 0.513 0.184
AA 30 382.00+10.75 69.13+1.63 2.40+0.25 123.37+12.04
AG 234 391.57+£3.57 68.74+0.69 2.80+0.14 124.53+6.38
¢.1068 GG 509 387.69+2.29 69.59+0.60 2.57+0.09 113.44+3.07
Total 773 388.61+1.9 69.32+0.45 2.64+0.07 117.6+2.86
P 0.580 0.858 0.619 0.927
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3.1 CXCR1 £ CDS [X SNPs % it 2L 14 BE 2200
CXCR1TEF Y ERL A& b . 108 Je A
FH 5 56 PR 45 Ak W 5 | 9% 0 J o P &k #5E EE EEAE
Hl. CXCR1JEN &5 E 28BS, B ARSI
470 3k v E fr A CXCR1 KL 4t X 22854, 16
CXCR1 FE[F 4 fih X L% B 6 4~ SNPs,  Hid{i7 45 735
(C>G). 816(C>A). 819(A>G) 5 SCS, F=li KEk
IS 3 K (P<0.01)™, Leyva—Baca SE 1 5% 330
S R T A A R I -1768 (T>A) 7 5 % SCS
AL B 3 K (P<0.01)™, Goertz 25 % 739 3k
T =] oy ST SH W A= F ST R B, CXCR1 B2 1A 735 (G>
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