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Abstract: In order to explore whether NR5AI gene

VRS E 8. 2016-05-18 can be used as a candidate gene of the litter size of Hu

BETE ITIA KR [ 0053450 H [ CX(14)5031] 5 1735 sheep, SNPs were screened and the correlation between dif-
6 FRERE 34 T H (BK20140750) ; 5% (1 SR 22 3L 4 ferent genotypes and litter size of Hu sheep were analyzed.

i H (31501934) High fecundity sheep were used as the research objective,
VEB N 2 Rabk(1979-) , 4 g B G A, Tk BIFFSE 5, 8 M the SNPs of NR5AI gene was screened using DNA pools
FHY i E A S B R ESE . (Email) liyxmh @ combining with sequencing, and the correlations between
126.com different genotypes and litter size of Hu sheep were ana-

EiIUES . &/, (Email) sxcao@ jaas.ac.cn lyzed using SPSS software. Six SNPs locus were detected in
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Hu sheep population. g.6052A/G locus owned the Taql enzyme site and other five SNPs were absent enzyme sites. In Hu
sheep population, there were three genotypes in the loci of g.3362G/C( GG, GC, CC), g.4342G/A(GG, GA, AA), g
4666C/T(CC, CT, TT), g 60524/G (GG, AG, AA) and g 6991T/G (TT, TG, GG) and only two genotypes in
g.5699C/G (GG, GC) locus. The PIC of these six SNPs ranged from 0.306 to 0.375 and belonged to moderate polymor-
phism (0.25<PIC<0.50) , the He ranged from 0.377 to 0.500, and only g.60524/G locus was in Hardy-Weinberg equilib-
rium. Linkage analysis results showed that the locus of g.3362 G/C and g.60524/G were close linkage, and they construc-
ted eight haplotypes, among them, AAGG was the main haplotype counting for 35.90% of the total, followed by AGCG and
AACG haplotypes counting for 20.30% and 18.75% of the total, respectively. Correlation analysis results showed that the
average litter size of ewes with GG genotype at g.60524/G locus were significant higher than that of AA and AG (P<
0.05), and there were no significant difference in litter sizes among other genotypes of other five loci. The ewes with AAGG
and AACG haplotypes have 0.40 (P<0.05) and 0.53 (P<0.01) litter size more than that with AGCG haplotype in the sec-
ond birth, and the difference was very significant. The results showed that NR5AI gene has certain influence to the litter
size of Hu sheep, the single locus of g.60524/G and the linkage of g.3362 G/C and g.6052A/G can be used as effective ge-

netic markers in molecular breed of Hu sheep.
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F G — 1 IR B B IR DL MOIA IR AR R A — 3K
H Wk i A a4t BN RREHHH
FE B VKA oAl [ SC 8 =, -20 C IR fE, d21H
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MY 3 S Y Efkd NRSAT JEH 51 (751
5 :NC_019460.1) , & H Primer Premier 5.0 #X{fi%
T4 XFEFX) NRSAT LN & F 3 R SS9
(P1~P4) T HikibI=F NR5SAI SNPs v5, 519 i
L EER A I HOR A B ELG G, 51 5 A O
fREWE 1,

PCR WA Z K 20.0 pl , S HiH DNA 60 ng.,
Tag A5 U/wl)0.2 wl dNTP (10 mmol/L)0. 5
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wl 51497 (100 wmol/L) 45 0.5 wl MgCL,(25 mmol/L)
1.4 pl A 10X ZE i 2.0 wl, 300 K H W& K =
20.0 pl, PCR ¥ 3487 .94 C #lAEPE S min; 94 C

&1 NR5A1 EFE 7 SNPs iFiE R4 BET S 4

Table 1 The primers for screening SNPs and genotyping of NR5A1

AsPE 30 s, 3B K 30 5,72 °CIEAH 30 5,35 MEFR, 72
°C #E{# 10 min,,

G/ S FHI(5—3") T, (C) JFBtR/N (bp) ik

NRS5AI-P1 F:TCAAGGAGCTGGAGGTGA 54 1077 SNPs fifi 1%
R:TGGGATGTTCTTCCGTGT

NR5AI-P2 F:TAGGTGCCAGGATAAGTAGG 54 1279
R:GCTCAGAGGTGAGAAATGAA

NRS5AI-P3 F:GGGACAGTGAAATGGATGA 52 1180
R:TCAAGATGGGTCATTAGGC

NR5A1-P4 F:AGAACGCCTAATGACCCA 54 1115
R:CTCTGTACCCAGACCTCGA

2.3362 P5 F1:CTATCTGTTTCCCTGTCTG 50 747 AS-PCR
F2;CTATCTGTTTCCCTGTCTC
R:TGGGATGTTCTTCCGTGT

2.4342 P6 F: TAGGTGCCAGGATAAGTAGG 52 409 AS-PCR
R1: CTGACAATGCGCTCAAGG
R2;TTGACAATGCGCTCAAGG

2.4666 P7 F1: ACAGAACAAGAGGCAGGGT 53 563 AS-PCR
F2:ACAGAACAAGAGGCAGGGC
R:GCTCAGAGGTGAGAAATGAA

2.6052 P8 F:GGGACAGTGAAATGGATGA 52 1180 PCR-RFLP
R:TCAAGATGGGTCATTAGGC

2.5699 P9 F:GGGACAGTGAAATGGATGA 55 422 AS-PCR
R1:GAGCGCCGGCTCTGTGAT
R2:CAGCGCCGGCTCTGTGAT

2.6991 P10 F:AGAACGCCTAATGACCCA 52 558 AS-PCR

R1:ATGGAAAGCAAGTGGCAAAG
R2:CTGGAAAGCAAGTGGCAAAG

1.3 SNPs fiFik

55 N EH- 41418 DNA B4 i — 1> DNA
i, DL DNA St Bt , SHl=E NR5AT BE 1T PCR
Y3l YR e S B A 98 T AR B R A FR
RN AR I 4% SR A 4k SNPs a7 45,
14 RENF

B ali ey H B9 R Bt PCR 2.1 AR/ 1R
A1 TEEIR A BT 16 C BRI, B4 30 % B

AP AN, IR T & 2R Pk LB AR 37 <C
REBCER . PRI S B T $ BORL, PCR & FHE
TR T WA RIHEATINT
1.5 EFEqHE

FRAEI P 25 58, NRSAT S 3EA 6 4> SNPs fif
JL R 2.3362G/C . g.4342G/A . g.4666C/T . g.
5699C/G. g. 6052A/G F g 6991T/G, H rf
2.6052A/ G575 K Tagl TR 517 &5, F PCR-RFLP
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FARMEATRH 437 HoAy 5 4~ SNPs i £ ] AS-PCR
( Allele-specific PCR) J5 %40 &Y, fir 51 ¥ P5~ P10
FEFIME R ILE 1, RFLP £ A PCR [ b & R AR 7
[R5 1.2, 72 1% B BE BEEE S HL UK , Gold view (1
RIRZFR YL ) etk 34 45 2R . Tagl NG
YIKZ 15.0 pl, &% PCR 774 5.0 w1 Tagl (10 U/pl)
0.5 wl J10XZZE i 1.0 pl FIKFERGEK 9.0 pl, 37
CHEYI 3 ho F 3% B Aati e e v Dk Ao 0 it 1) 7 49
T JS-780 4= F BB AR 53 BT ASGHEA T R 53T o
AS-PCR ( Allele-specific PCR) J [K 43 % ELK 7 2 4
T oA T 2 XY, W g 3362 PS5 g.4342
P6.2.4666 P7 .g.5699 P9 g.6991 P10( 5 1), H
g.3362 P5H1 g.4666 P6 H L-IE5 14 3" dtie 5 — 18
A 225, T I 5l Y, g 4342 P,
2.5699 P9 ¢.6991 P10 R ilE5 14 3" Sty i fg — >0k
A2, LU I 51, AR 2
X510 53 5 Al —FEA #EFT PCR 9734, PCR 473%™
Y2 1.5% B REWHEE I HL UK 2558 |, 55 JS-780 4 H 3l
BEEIE G T BT ASGHAT UG 5317
1.6 HESH

ESi0ng s S SN RV v SPS T e AN
Baa HKRRGE IF#EIT R RE, #IH
SPSS18.0 #AFH One-Way ANOVA J7#: 40 1 A [a) 3
PRI 55 08 = 7 SRR O

T C T G T C T

VAWV

2.3362G/C

2 4 R

2.1 PCR = 1%

FIFHBCIT 4 XF 51904 35 - NR5A1 J:H H
&, P 2east 1% i BB W R Jie e DK R I, &5
W1 R, 45181 PCR & Sk, 38 A
BRUNS HIW A& R/h—3,

2.2 #ZE NR5A1 BEE &40 A TR %

PLIE DNA St A AR 6 NRSAT 3£ 5 3 617
PCR #7384 , 3 1 7= ) 22 B 1 0 68 ¢ P K G 00 J U
J¥ . I DNAStar #AF X 3 45 8 047 o), AR 45
DI P ZE0 2 & B 6 4~ SNPs v 5 (& 2) , 43
W4 K g.3362G/C . g.4342G/A . g.4666C/T. g.
5699C/G . g.6052A/G H g.6991T/G.,

M P1 P2 P3 P4

5000 bp
3.000 bp

2000 bp
1 500 bp
1 000 bp

P1~P4. 15 NR5AL JE R R G199 3§ 6 R B M: 5000 bp
Marker,,

1 3 NR5A1 BEERE S|4 8= ik EiE

Fig.1 PCR amplification of NR5A1 gene in Hu sheep

T CcC A A T G C

2.4342G/A

W(\A/ YC\B @W

2.4666C/T

A T C A A C A

2.5699C/G

C c A T G C A

(ool

2.60524/G

2.6991T/G

B2 #% NR5A1 E[E SNPs il RIFENFER
Fig.2 Sequencing results of SNPs locus in NR5A1 gene of Hu sheep
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2.3.1 g.6052A/G 4%.% PCR-RFLP %5 #  NRS5AI 3t
g.6052A/G 51 5 AL T Taql BEYIAL M, F PCR-
RFLP Jrikiff A0 B se . XF 139 Hl E e A i 47
PCR ¥ 3% | B i W e g vl vk G, B4 B 5
WK EE—2, H Taql BEXT PCR =430 47 BV 5
P 3 FhELIA L AA (615 bp 565 bp) AG(615 bp 565
bp 406 bp 209 bp) Fl GG (565 bp 406 bp 209 bp) ,
LUK B LR 3

M AA AA AG AG AG GG

700 bp

400 bp

400 bp

AA AG 1 GG 2 3 FARFEZEFE B ;M 2 1 000 bp Marker,

B 3 % NR5AI £H g.6052A/G fi & PCR-RFLP 428k &

Fig.3 PCR-RFLP electrophoresis at g. 6052A/G locus in Hu
sheep

2.3.2 g 3362G/C. g 4342G/A. g. 4666C/T.
g.5699C/ GFa g.6991T/G 1% & AS-PCR % & ¢
NRSAI $: 1 g.3362G/C . g.4342G/A | g.4666C/T. g.
5699C/G M g.6991T/ G i 15 A & LRG0 55, 1 ¢
AS-PCR JT kAT R 3 8L, #5140 g.3362 P5 g.
4342 P6 g.4666 P7.g.5699 P9 g.6991 P10 %I 139 3k
WIZE DNA FEASEST PCR 9738 A e ik AR PGSR 5 |4
P34 H 0 2 1A TeE T3 R A R S5 SRR g
3362G/C(GG .CG .CC) . g.4342G/A(GG .GA AA) g.
4666C/T(CC .CT TT) Fll g.6991T/G(TT TG .GG) fii
JURT 3 FhILRRL T g.5699C/ G v AR L REA
LB 2 LR GG AT GC(& 4)
2.4 NR5AI EE S B AW EHEEEFFE
NR5AT 3£ 6 1~ SNPs o7 s5 76 51 2 1A v i) 5L
AR SRR 28 F B SR MG E R
Hardy-Weinberg “F-#7 L3 2, I3 2 Al LUE H | Bk
PSR TE 5 A SNPs v 5 o0 A AH G 3559 22 00K
KAHIETE g.6052 i s A BT H 53K 74. 80%
G FER B HALIR 25.20% , 2805 B &8 (PIC)
0.306 F| 0.375 N5, J& 45 i (He) M 0.377 %I
0. 500, 7E3X 6 4~ SNPs 37 i 71, A g.6052A/ G 17 kb
T Hardy-Weinberg “F#PR S, Hax 5 ML 4b T

747 bp
M CC GG GG CG CG
233623 /5
409 bp
M GA GG GA AA
g 4342030 5
563 bp
cC CT CT TT
24666137 /5
422 bp
M GG CG CG GG
2569907 /1
558 bp

M GA AA GG GA
g.6991f7

CC.GG.CG AA AG .CT.TT FIl GA N ARFEFEFEL M 4 1 000 bp
Marker,,

4 % NR5A1 E[E SNPs fii ;5 AS-PCR 43!k B

Fig.4 AS-PCR electrophoresis of SNPs in Hu sheep

APAFIRE (R 2)
2.5 NR5AI BEERTAL LA FE FE B X F 7~ %
B

NR5AT £ SNPs 7 55 280 5 F 4 IR 05
BRI P SR IR T 5 SR LR 3, A 3 7T
DI :g.6052A4/G 3 15 GG R 13k R 72 S6 50
PR E W T AG BL(P<0.05) , iR s
GG ML AA AG BI435122 0. 23 3LA1 0. 33 3k, = a7
SERR GG B L AA FIAG B3 5122 0.32 Sk 0. 23
% HJEIBA B B W K (P>0.05) o HA 7 AT
BRI K i 7 SR R S R G
BORNSE- 39 77 S5 80 22 5 40K 1 3 (P>0.05) , 48
g.3362v ;5 1) CC RISk R r= 264U L GC B2 0. 21
%, 24342 (LS GG BU = JRF= 68 L AA AL Z
0.33 3k,2.5699 i 5 GG T i =64tk 6C A%
0. 34 3k (HRIARIKF] B EKF-(P>0.05) ,
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2 NRSAI EE SNPs B SEMFHETNEFRGE ERME SEEEAEREEE
Table 2 Frequencies of genotypes and alleles, expected heterozygosity ( He) , polymorphism information content ( PIC) and test for fitness to

Hardy-Weinberg equilibriums ( p-value) of the SNPs of NR5A1 in the common Hu sheep population

57 5, A FRITE (%) FEA A HREFBITER (%) ZHERGE ETE p-value
2.3362 G 56.10 GG 40.30 0.371 0.493 3.93x107% *
c 43.90 GC 31.60
ce 28.10
2.4342 G 49.64 GG 9.35 0.375 0.500 5.57x10713 %
A 50.36 GA 80.58
AA 10.07
2.4666 c 43.17 cC 8.63 0.370 0.491 1.54x1076*
T 56.83 CT 69.06
T 22.30
2.5699 G 58.63 GG 17.27 0.367 0.485 8.95%x107'7 *
C 41.37 GC 82.73
2.6052 A 74.80 AA 56.11 0.306 0.377 0.932°8
G 25.20 AG 37.41
GG 6.47
2.6991 T 60.66 T 28.06 0.363 0.477 1.08x107 *
G 39.34 TG 65.47
GG 6.47

*ARE AT L AL T Hardy-Weinberg AF-HRfR 2

*£3 NR5AI BEEE M EAAREREE 58 FE =R KEBE

Table 3 Association analysis of genotypes and litter size of Hu sheep

(DR B RS 63 BN YRSV By T VT P SRR
g.3362 GG 56 1.74+0.58a 1.85+0.69a 1.61+0.74a 1.77+0.26a
GC 44 1.60+0.58a 1.76+0.68a 1.83+0.56a 1.71+0.32a
CC 39 1.81£0.51a 1.72+0.45a 1.64+0.61a 1.77+0.35a
g.4342 GG 13 1.53+0.66a 1.67+0.50a 2.00+0a 1.80+0.38a
GA 112 1.75+0.54a 1.73+0.61a 1.75+0.67a 1.75+0.32a
AA 14 1.71+£0.61a 1.90+0.74a 1.67+0.58a 1.73+0.23a
g.4666 CcC 12 1.50+0.67a 1.67+0.50a 1.60+0.54a 1.63+0.24a
CT 96 1.72+0.55a 1.77+0.56a 1.82+0.68a 1.78+0.33a
TT 31 1.80£0.55a 1.68+0.80a 1.73+0.70a 1.70+0.29a
g.5699 GG 24 1.77+0.67a 2.11+£0.92a 1.78+0.67a 1.80+0.27a
GC 115 1.65+0.57a 1.77+0.53a 1.69+0.64a 1.74+0.32a
g.6052 AA 78 1.73+£0.59ab 1.77+0.71a 1.68+0.69a 1.66+0.32bc
AG 52 1.62+0.49b 1.67+0.63a 1.77+0.58a 1.76+0.29b
GG 9 2.00£0.65a 2.00+0a 2.00£0.63a 2.01£0.10a
g.6990 TT 39 1.82+0.52a 2.00+0.79a 1.64+0.70a 1.78+0.22a
TG 91 1.57+0.59a 1.70+0.56a 1.70+0.56a 1.70+0.34a
GG 9 1.75+0.50a 1.75+0.50a 2.00+0.81a 1.95+0.37a

[l — B ARG PR R 22 5 8.3 (P<0..05)
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2.6 NR5AI EEARTABERSH

2.6.1 NRSAI % B g.3362 G/C %= g.6052A/G 1%
ERBEA SR Sl EWNNTRIL, g.3362 G/C
Hl g.6052A/G (i sl TEW EREAR Th B8, —F
AT 8 R AR A A 4 Bk AGCG,
AGCC ., AAGG ., AACC ., AACG ., GGCG ., AGGG Al
GGCC, 45 H 5 & B B 20.30%., 10.90% .
35.90% . 5.47% . 18.75% . 2.34% . 3.13% #
3.13%, Horp BAfE AN AAGG 3= %Ay B Y
BB 35.90% , AGCG Fll AACG IRZ, 433 A
20.30%F1 18. 75% .

F 4 NRSAI BRI RGBS HFEFRBAXESH

2.6.2 FAFRMA LI E T ARG H K ST
T — S B TR 3D AEETT ORI A BT, ik
HUREA B i 22 1) PR R A B 5000 2 10 7= S 800 T
RAAT . X NRSAT & A& A A & 5 ) F 4%
U™ SR SRR A AT A5 R LR 4, AAGG FRA% AU
I AACG HAS Y Z iR 7 2640 L AGCG A% B (1)
TR AR £ 0.40 (P<0.05) il 0.53 (P<
0.01), 3 W F ., AGCC HAERIA =Iir=E 8t
AACC HAE R = 87" 6202 0. 35 3k, AACG HLA
T2 77 2580 AGCC B3 T i S 1y 7 2 g &
0.34 3k (HJEH AR B #E K (P>0.05)

Table 4 Association analysis of NR5A1 haplotype and litter size in Hu sheep

FAETIA S 87 8 (H)

iE178

AGCG AGCC AAGG AACC AACG
S 1.71+0.45a 1.58+0.49a 1.69+0.61a 1.86+0.35a 1.82+0.65a
s 1.47+0.50a 1.78+0.42ab 1.87+0.61b 1.83+1.06ab 2.00+0.53b
=ik 1.85+0.66a 1.57+0.72a 1.67+0.57a 1.50£0.50a 1.73+0.62a
T 1.69+0.24a 1.52+0.47a 1.70+0.38a 1.83+0.29a 1.86+0.35a

i) —A7 AR TR B 7 BEROR 28 S AN .35 AN IR - BE 0K 22 5 .35 (P<0.05) .

3 11 i

NRSATL Je A% 32 1R NRSA 2 % v () 8 B2 A b1 22
— ,NR5A FIGAE 2 ReME AR T 251 5 0 2K [ it 2
JAE T T R HE SRR Y L WFSE R B NRSA K
BE PR R 14 /N BRS [ BeA J 25 L, BEm T W B T
AL NRSA %05 J2 2 W) % 5H 00 1 O S R A
T R O ME— 2 R R I A
di Rl A rh G B A g 4 2 b ke LR A R 8
B R T W TER, B RTOCT NRSAT HE K AE W]
FHER Y SNPs A7 5 S H 5 15 7 SR HOCHR 73 B
ISR A WARGH

AWV R 5 51 8 8 W - NRSAT 55 3 N
BRI, I Ham it DNA 5 125 07 v Ae 9 2 A
PR SNPs 745, 3138 18 PCR-RFLP fil AS-PCR
EHAT B ARAE W E R TP AR IS 6 4> SNPs
BT H 8.3362G/C . g.4342G/A . g.4666C/T .
g.5699C/G . g.6052A/G Fl g.6991T/G It HAM T T
HAEW AR st ek . 45 R WOR g.3362G/

C. g.4342G/A | g.4666C/T .g.6052A/G H g.6991T/
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