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Genetic Effect and Detection of SNPs in Candidate Genes Related to
Milk Production Traits of Xinjiang Brown Cattle
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(‘College of Animal Science and Technology, Xinjiang Agricultural University, Urumqi 830052; *School of Agriculture, Ningxia
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Xinjiang 834700; *Xinjiang Tianshan Animal Husbandry Biological Engineering Co., Ltd, Changji Xinjiang 831100)
Abstract: This study aims to explore the association between polymorphisms of candidate genes related to milk
production traits and somatic cell score (SCS), and explore the genetic feature of polymorphism from these
SNPs in Xinjiang brown cattle. Totally 262 cattle from Urumqi cattle farm, Tianshan Animal Husbandry
Biological Engineering Co., Ltd and Tacheng cattle farm were selected. Based on previous SNPs data obtained
by re—sequencing technology in DNA pools, totally 17 SNPs of FASN, FSHR, HAL, GPIHBPI, NIBPL, C9,
PDE9A, PTK2, STATI, ZNF66, ZNF567, ZNF7, ZNF623 and ZNFS804A genes were screened. At the same

time, combining with Sequenom MassArray Genotype technology, the genetic polymorphism was detected. The
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genetic effect of the 17 SNPs on 305-day milk yield, milk fat percentage, milk protein percentage, lactin

percentage, total solids content and SCS were analyzed by GLM procedure of SAS 8.1. The results showed that
the 17 SNPs were in Hardy— Weinberg equilibrium, and 9 SNPs had significant (P<0.005) or extremely
significant (P<0.001) association with milk production traits, and these SNPs were located in FASN, FSHR,
HAL, ZNF66, ZNF7, ZNF804A, GPIHBPI and PDE9A genes. The results indicate that these genes can be

taken as candidate genes for screening molecular markers of milk production traits. Association analysis of this

study provides a theoretical basis and reference for the molecular marker—assisted selection of Xinjiang brown

cattle.

Key words: Xinjiang brown cattle; milk production traits; SCS; candidate gene; SNP; association analysis
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SNP SNP 5 elie 7| PR LB A=Y KA
1 T51397250C FASN 19 51397250 T/C
2 C31176783G FSHR 11 31176783 C/G
3 C60625677T HAL 5 60625677 C/T
4 Hapmap30086-BTC-002066ab ZNF66 14 1490178 G/A
5 Hapmap30646-BTC-002054b GPIHBPI 14 1461085 C/T
6 T47091355G ZNF567 18 47091355 T/G
7 C1517553T ZNF7 14 1517553 C/T
8 C11595662T ZNF804A 2 11595662 C/T
9 1529018751 NIPBL 20 39518857 T/C
10 1541586699 PDE9A 1 145954149 A/G
11 1541624797 PTK2 14 2201870 G/A
12 141627764 ZNF623 14 894252 A/C
13 1541647754 HAL 5 64833594 T/C
14 rs41941646 9 20 37399087 G/A
15 1541942492 NIPBL 20 39485917 T/C
16 1542954630 NIPBL 20 39601103 C/T
17 1543706906 STATI 2 79923716 C/G
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SNP — 51 1LY

1 ACGTTGGATGTCAACTCACAGGATGAGTGG ACGTTGGATGAGCCGTAGAAGGACTTCTTC geTTCAGGGCCACCAGGT

2 ACGTTGGATGTACAGATATCGGAGGTTGGG ACGTTGGATGTGAAAAGGCCAACAACCTGC 2ggACCTGCTATACATCGAC

3 ACGTTGGATGCTGTGGATTCTCTCTCCACC ACGTTGGATGTGCTCCACATGCTCAATGAC CCATCCTCCCATGGAGA

4  ACGTTGGATGAAGTGCTGGGTTCCTTCAAC ACGTTGGATGATGCTGGCTTGGTCTGAGGT gtgGGTCTGAGGTGAGAAC

5  ACGTTGGATGGTCTTGCGCCACCAATACCT ACGTTGGATGAGGAAAAGGCAGGCTCCCA TAACACGAGGGATGGAGA

6 ACGTTGGATGATCAATGTGGGAGGACCATC ACGTTGGATGACTGTGCTGGAGTTTCCATC  ccCCATCTTATGATATTGTGTGATC
7 ACGTTGGATGTGGCAAGGGGTCAGCAAGA ACGTTGGATGTTGTCTTGTGAGGCCCCTAC cggGCCCAATGGGCCTGGACCTAGAC
8 ACGTTGGATGCCAAGGAAACTGTTAAGGGC ACGTTGGATGCCTCTTCAGAATTTACAGGG AATTTACAGGGGTCAACA

9  ACGTTGGATGCAACTCTGCCTGTGCTGTAT ACGTTGGATGCTCAACAGTGGGCTTAAAGT  acCCATGTTATAAACAAATATGCT

11
12
13
14
15
16
17

ACGTTGGATGACAGGGTTTCTTCTCATGAC

ACGTTGGATGCACTCCTCTGTGTTCTAAGC

ACGTTGGATGATCCCCATCACAAGTCCAAG
ACGTTGGATGTGGTGTGGAGAGCATTTTAC
ACGTTGGATGGCCACCCCACAAATTCAAAG
ACGTTGGATGGTCCAACAATAGGGGACCAC
ACGTTGGATGCTATTAGTTAGTCCTTTAGGC
ACGTTGGATGGAAGCTCATACCACTGGGAC

ACGTTGGATGCTCTCTGATGTTGACGATAC
ACGTTGGATGTCCACTTCAGCAGAAACACG
ACGTTGGATGTCTGGATCTACCCAAAGATG
ACGTTGGATGCCCTGGTTTCTGTCTGTGTC
ACGTTGGATGCTGAGTGTAAAGCCTGAGTG
ACGTTGGATGCACTATCTCTCTGTACTAGC
ACGTTGGATGATTCACTGCTGAGAGCATAG
ACGTTGGATGGAAGAAGCACAATGCTAGAC

CATAAAAAACATAGACAGACAG

2aggaAGCGTGAACCTAAGAGAAGA

AAACATCTTGGGAAAACTTA

cctgCTGTGTCCCTTCATTGC

ggatCCTGAGTGTCAGAGGACTA

AGCATCATTCATAATTATATCTAATGTG

AGTTATTAAATTAATTATTGCAGAAGA

TCCATTTATGATCCGTGCT
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SNP PR FEDR Y i e S| E PN ES MBS TR S PR £ PIC 7 P

C(113) 0.431 C 0.674 0.44 1.78 0.34 2.75 0.10
1 TC(127) 0.485 T 0.326

T(22) 0.084

C(13) 0.050 C 0.185 0.30 1.43 0.26 271 0.10
2 GC(71) 0.271 G 0.815

G(178) 0.679

T(42) 0.16 T 0.406 0.48 1.93 0.37 0.11 0.74
3 TC(129) 0.492 C 0.594

cO1) 0.347

G(70) 0.269 G 0.519 0.50 2.00 0.37 0.00 0.98
4 AG(130) 0.500 A 0.481

A(60) 0.231

C(73) 0.279 C 0.531 0.50 1.99 0.37 0.03 0.85
5 TC(132) 0.504 T 0.469

T(57) 0218

G(28) 0.107 G 0.347 0.45 1.83 0.35 0.97 0.33
6 GT(126) 0.481 T 0.653

T(108) 0.412

T(116) 0.443 T 0.681 0.43 1.77 0.34 2.55 0.11
7 TC(125) 0.477 C 0.319

@) 0.08

c(113) 0.431 C 0.670 0.44 1.79 0.34 1.62 0.20
8 TC(125) 0.477 T 0.330

T(24) 0.092

T(138) 0.527 T 0.731 0.39 1.65 0.32 0.38 0.54
9 CT(107) 0.408 C 0.269

T(17) 0.065

AQ14) 0.527 A 0.731 0.39 1.65 0.32 0.38 0.54
10 GA(37) 0.408 G 0.269

G(11) 0.065

G(238) 0.908 G 0.954 0.09 1.10 0.08 0.60 0.44
! GA(24) 0.092 A 0.046

A(246) 0.939 A 0.969 0.06 1.06 0.06 0.26 0.61
2 CA(16) 0.061 C 0.031

C(229) 0.874 C 0.937 0.12 1.13 0.11 1.18 0.28
" CT(33) 0.126 T 0.063

A(64) 0.244 A 0.487 0.50 2.00 0.37 0.23 0.63
14 AG(127) 0.485 G 0.513

G(71) 0271

T(138) 0.529 T 0.738 0.39 1.63 031 1.62 0.20
15 TC(109) 0418 C 0.262

C(14) 0.054
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SNP JEA Y B R AL 2R St N EhE Y NpES AT A R S R B PIC 7 P
C(155) 0.594 C 0.778 0.35 1.53 0.29 1.07 0.30
16 CT(96) 0.368 T 0.222
T(10) 0.038
G(53) 0.203 C 0.454 0.50 1.98 0.37 0.04 0.84
v GC(131) 0.502 0.546
5 174 SNPsiLm 5= IR & SCS B KB 47 (/N SRt E bR IR )
SNP e EYPN it 305 K= Wi /kg FURE% FLEBEHE% FLHEZR /% SLTE A/ % SCS
C 4649.45+172.77 3.98+0.05 3.27+0.02¢ 4.75+0.03 12.04+0.08 3.44+0.07
4644.84+361.54 3.98+0.08 3.30+0.03b 4.81+0.04 12.09+0.11 3.38+0.09
: FASN TC 4700.74+184.96 3.95+0.05 3.3240.02a 4.78+0.03 12.07+0.08 3.39+0.07
P 0.9420 0.6808 0.0037" 0.0798 0.6849 0.3715
C 4439.08+407.88 3.92+0.08 3.25+0.03 4.74+0.05 11.91+0.11 3.45+0.10B
G 4722.45+161.02 3.96+0.05 3.30+0.02 4.78+0.03 12.07+0.08 3.37+0.07C
? FSHR GC 4282.69+231.82 420.05 3.33+0.02 4.75+0.04 12.05+0.09 3.53+0.07A
Pi 0.0670 0.5331 0.0376 0.3003 0.1657 0.0004"
C 4437.86+220.9B 3.95+0.05 3.310.02 4.75+0.03 12.010.09 3.45+0.07
CT 4900.51£169.29A 3.97+0.05 3.310.02 4.78+0.03 12.07+0.08 3.39+0.07
: far T 4241.78+210.4C 3.98+0.06 3.27+0.02 4.76+0.04 12.09+0.09 3.4+0.08
PE 0.0009" 0.8147 0.0985 0.1642 0.3657 0.2329
C 4653.21+159.87 3.96+0.04b 3.3+0.02 4.77+0.03 12.050.08 3.41+0.07
13 HAL CT 4158.36+282.69 4.10+0.06a 3.29+0.03 4.73£0.04 12.19+0.10 3.45+0.08
PIH 0.0418 0.0039° 0.4056 0.0906 0.0160 0.4459
A 4218.47+225.35 3.98+0.06 3.3120.02 3.31+0.02 12.12+0.09 3.39+0.08B
AG 4723.94+166.44 3.99+0.05 3.31+0.02 3.31+0.02 12.06+0.08 3.40+0.07B
4 ZNF66
G 4847.92+211.71 3.89+0.05 3.29+0.02 3.29+0.02 11.95+0.09 3.55+0.07A
P 0.0116 0.0245 0.5120 0.7807 0.0089 0.0001"
G 4104.89+328.94 4.01%0.07 3.32+0.03 4.78+0.04 12.22+0.10 3.43+0.09
GT 4363.98+209.28 3.96+0.05 3.31+0.02 4.78+0.03 12.05+0.08 3.41+0.07
6 ZNF567
T 4757.53+161.99 3.97+0.05 3.29+0.02 4.75+0.03 12.03+0.08 3.40+0.07
Pl 0.0173 0.6775 0.4033 0.1630 0.0354 0.8872
C 4544.3+388.43 4.02+0.07 3.33+0.03 4.76+0.04 12.1240.10 3.30£0.09C
CT 4641.14+172.62 3.99:0.05 3.31+0.02 4.79+0.03 12.09+0.08 3.35+0.07B
7 N T 4718.86+184.15 3.95£0.05 3.2940.02 4.75+0.03 12.02:0.08 3.48+0.07A
P 0.8241 0.3478 0.1848 0.0699 0.1972 0.0002"
C 4321.02+180.05C 3.98+0.05 3.312£0.02a 4.75+0.03 12.04+0.08 3.43+0.07
CT 4694.27+179.18B 3.94+0.05 3.312£0.02a 4.80+0.03 12.08+0.08 3.38+0.07
8 ZNF804A
T 5386.154235.21A 3.99+0.07 3.23+0.03b 4.76+0.04 12.07+0.10 3.41+0.09
PIH <0.0001" 0.4488 0.0017" 0.0179 0.6290 0.3034
A 4634.52+160.45 3.9740.04 3.30+0.02 4.77+0.03 12.06+0.08 3.41+0.07
12 ZNF623 CA 4676.73£520.85 3.90+0.09 3.28+0.04 4.85+0.05 12.15+0.12 3.32+0.10
Pii 0.9325 0.3852 0.5075 0.0313 0.3233 0.2718
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&gRs
SNP A He R 305 K7Wk /kg FUBH% FLEAE/% FHER/% ST A% SCS
c 4192.78+363.86 3.95+0.08 3.27+0.03 4.82+0.05 12.13+0.11 3.20+0.10
CT 4569.51+170.34 3.93+0.05 3.31+0.02 4.76+0.03 12.00£0.08 3.43+0.07
9 NIPBL
T 4852.06+186.46 3.99+0.05 3.30:£0.02 4.77+0.03 12.09+0.08 3.42+0.07
PlE 0.0510 0.2229 0.4360 0.1902 0.0875 0.0112
c 3889.75+393.86 3.92+0.09 3.29+0.04 4.82+0.05 12.16+0.12 3.25+0.11
4772.02+185.27 3.99+0.05 3.30:£0.02 4.77+0.03 12.09+0.08 3.42+0.07
15 NIPBL
TC 4547.55+171.27 3.94+0.05 3.31+0.02 4.76+0.03 12.01%0.08 3.41+0.07
PiE 0.0339 0.2550 0.7947 0.2716 0.1118 0.1529
c 4638.04+172.91 3.98+0.05 3.30+0.02 4.77+0.03 12.08+0.08 3.41+0.07
CT 4636.05+185.17 3.95+0.05 3.31+0.02 4.76+0.03 12.00+0.08 3.42+0.07
16 NIPBL
T 4448.70+490.87 3.91+0.10 3.3120.04 4.83+0.05 12.12+0.13 3.25+0.11
PE 0.9211 0.5827 0.9120 0.2359 0.1360 0.2048
C 4820.254+208.38 3.92+0.05 3.3+0.02 4.76+0.04 11.96+0.09 3.55+0.07A
T 4217.224224.65 3.95+0.06 3.30+0.02 4.78+0.04 12.10+0.09 3.39+0.08B
5 GPIHBP!
TC 4735.724166.29 3.99+0.05 3.31+0.02 4.77+0.03 12.07+0.08 3.37+0.07B
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