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TERRE P B, 1455 /)N e € °F 7 SR B AT KK 70 A
57 TE Ay S b )R 40 o 7 SR AL 2 SR

1 BRI R®

11 HARE
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145t FecB 43y R (FecB++ B By 2~3 % it HE Y
/N FEERE A R P S D S ALk SR R 2
SRR 8 H LB i B R T R A R R S T A R
YRR, HNREMZ B R b RALEE 3 H, 58
it ) 30 % 15 X R T AR S 2 SO B I Tk
J& S T R AR DG LRI B R R
AN, T N N e NN A R = Tl S R L
ZURE N . R 4 08 i 42U 2 mL ) RNase-

Free A EIF R HE AR AR, F#H#E —80C
UKFA A7 25
1.2 I DNA F1Z8 41 RNA B3R EXFR 46

4 E M DNA 440 RNA 142 BUE 8 S W
DNA . RNA $# B 7] & (b5t RRBHE A R A
RS I A e B R OD (B 5 - FH 1.5 26 14 352 iR W 68 Jig Fl
KX DNA RNA S5 47480 .

1.3 BHHEHESI¥i&it % cDNA &R

4 GenBank #2fik i 48 22 BMPR1A %% X
J¥ 51, FIH Primer Premier 3.0 3 {4 % 11 85 4h & 1
19, B AL R — i A R A IR AR A . 5l
YifE BE 3 1.

F FH 2 %% 34857 & (PrimeScript™ RT Reagent
Kit, TaKaRa, H 4%) & M cDNA, & # 5% )& i 1k &
(20 p) ZHCH R HE DM Ik, SREBEEK L
AT, R AAF R 37 °C 15 min, 85 “C 5 s, X4} 5%
SR T HEAT S8 L R AT B AR HERY cDNA R A7
F—20 CrkH#H.
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Table 1  Primers used in the present study
N GenBank % 5% 5 1Y 5 (5'—>3") =W KN/ bp B R BE/C EIR7DiE
Gene GenBank 1D Primer sequence Product size  Annealing temperature Usage
BMPRI1A NM 001280714.1 F:CCGTTGTGTCACAGGAGGAAT 127 60 PCR
T ’ R:AGACACAATTGGCCGCAAAC 4
F:AATGCCAATGCCAACTC NZ
RPL19 XM_004012836.3 151 60 NS EH

R:CCCTTTCGCTACCTATACC

Reference gene

14 XHK%HXEE PCR(qPCR)

¢ 6 5 B K I A Roche Light Cyeler® 480
I AVEE) 2 & PCRALHEAT., RMAKR (20 pL) 1
BIF S5 CHEREY L. KR cDNA FEA 5
Tt BT, LA 2 A5 B8 BE R B RS M B A 2 1~128
3k 8 A e B AR A ] T bR o il Ze iy 22 s Bk
cDNA fE #iM %F BMPR1A 1 RPL19 43 % #E 47
qPCR 7347,
15 ERFEHSE

K Sequenom Mass ARRAY® SNP #; A %t
BMPR1A ¥ ¢.41128225A>T .,g.41127598A>G
1 g.41127600C=>T FEA [] 7= 75 KUY 45 26 & A op
FFA8 50 AR FURE S Ry 704 AT ) 5 b 45 2 1L RE L 42
5 83 K .68 HAR# R E 23 HuE3 .70 HInje
FEEOR 80 R IR R B2 DL R AT 7R 2R D SR Y 380
HUNRBFEE, Hp/NBFEE W E LR RER
Z G Al AL E S AR A R, B BR L RS
HO R E R ik, A BUEE N 40~80 ng/pl
1) DNA, B FE M8 20 pl.

16 HEFHITE5 90

AR i 75 B AL A AR Rk R T2 0
WHIUHEATIERL. FIA SPSS 19.0 (IBM, 3 &) 45 3
BAFEAT B R T7 22 00 s R A e/ B3 22 5
(least significant difference, LSD) ¥ # 17 £ & b
B, R Microsoft Excel 2016 (Microsoft Excel, 3¢
D B PE G348 3 BMPR1A 3£ 4 3 4~ SNPs fi7 5 #f
WM A B R A XS % Guo Y Bl G
AT M 3-8 1A 4% S 7 ( Hardy-Weinberg equilibrium,
HWE Kl . BMPR1A AN [) 5 [ 7 5 7 S 4ok i ¢
HRME A DTS I 52 S B R A

2 HERESMH

DNA # il 25

S WOAS [R] ity ol 4 2 0L 9 Ak PR 4 DN I8 3
1.5 0 B0 BRI W B i R 0 L 25 2R I 1 s . B
PR MR N 4] DNA & 50— H o 2% 4, vk
5 AR R B R R S 20K

2.1
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M:DL5000 DNA marker; 1:/NE 2% Small Tail Han sheep;2: i
£ Hu sheep; 3: 75 JE %7 3¢ Sunite sheep; 4: %K # 2 2% Cele black
sheep;5: 2 Tan sheep; 6 : 5 R B 2 Prairie Tibetan sheep.

B 1 7F[E&MEE DNA BiKE
Fig.1 Electrophoresis of DNA of

different sheep breeds
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PR 1R 14 FhAZUE RNAL I 1.5 % B9 35
JU AR O e Fh, AR T G B it AR BT 2 A BT, B Y
21 RNA JC B B B A, 28S Fl 18S 4547 I M mJ
W KR 2 = 1, FIJH Nanodrop2000 f# & 43
S BE TR I B RNA REA WK E R OD . Dy /
Dogo Y97 1.9~2.1, UL B2 I RNA 248w, LA
R Z 5 8 cDNA Rt RPL19 K #4719
WL A5 2B R  RPL19 JERAE 14 Fh 4 41
PIG RO RAF 5 2 qPCR SEH 25K,

288
18S

910111213 14

EZ |

Polytocous

M:DL2000 DNA marker; 1::00E Heart 52 fFIE Liver; 3: i AE Spleen; 4 filifilf Lung; 5: '8 It Kidney; 6: BRI Thyroid; 7. % FAR
Adrenal gland; 8: KMk Brain; 9:/Mi Cerebellum; 10: F i Hypothalamus; 11:3E4K Pituitary; 12: 9088 Ovary; 13: 78 Uterus; 14 %y

P45 Oviduct.
2
Fig.2
2.3 BMPR1A HHA KX
D) BMPRIA 5 KA G 0 1A [7] 41 21 ] 9 3% 5K
B 3. BMPR 1A 3 [H 41 41 3% 3k B¢ 1iF n & 3 TR .

3r

gene
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BMPR1AFEIE N Rk 2
Relative expression
of BMPRI1A4

s\

ZHA Tissue

H.:.O0ME Heart; Li: fFIE Liver; S:JE Spleen; Lu:ifili Lung;
K:'B M Kidney; T:H R IE Thyroid; Ag: ' F I Adrenal gland;
B: KM Brain; C:/IMili Cerebellum; H.F il Hypothalamus; P
& Pituitary; O: B0 EE Ovary; U: T8 Uterus; O % ¥1% Oviduct.
RE/NG FRARF L R B % (P<<0.05), Different small letters re-
present significant difference(P<C0.05).

3 BMPRIA ERENEEFNOHSHARMERE

Fig.3 Relative expression of BMPR1A

gene in various tissues of Small Tail

Han sheep in follicular phase

INEZEFE 14 FHHL RNA BBk (A) & cDNA(B) #& il &
Electrophoresis of RNA(A) and cDNA (B) in 14 tissues of Small Tail Han sheep

BMPRI1A B #%3%i6, THL R 2%, BMPR1A
ARG T Fe i AR AR A RS R L DR
AL BMPR1A 3 mRNA (1) 4 % 3235 &
YE 2 IR, KR Fr i 3R 55 &t 43 51 by 2 1R 20 2L 1%
4.13 f5H1 3.33 4%, Btk bl 2 = TR R Rk it (P <<
0.01) , 7£ I 5L . 7 F 4 O A 2l 8L R 5k 1 43 1 o
FEARH LU 2.16 4% (P =0.051) ,1.43 ff5(P =0.46)
129 f5(P=0.62)., %%, BMPR1A 7 HUR AR
JEF U At O T 55 0 £ 200 B PR v K S B 3 ik L (HA
AR MR 2 2SR 3R B3k 3 W 2 KOF O AR 20 2SR GA
[ 3.37 4% (P<C0.001),

2)BMPR1A J X 7E VE B il 20 20 1) (9 3% 3K A
Ko WARFE RS L A/ NEFEE T -
A RO S R Gl AL U AT R A T, S SRR 4 BT
7N. BMPRIA 7E 5P 22 26 20 Fr 1 . 2 {4 7 B
Hrp IR R T R R A AE B R B i R B
HEh ,BMPRI1A L EHREEDH T H
S E RS P g R BN S T2 H
PRI B B E K (P>0.05),
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il N .
K g o 220 B 361 304 He, ? ]
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4+ 2 o E‘ 3 20
K o = &
Ea> ez
= 5X 1.26 Hox 1
eyl a my L &
N z=
TEx TEX
- 1B~
gé‘gmm Qﬁéo ( |*|' :
= ‘ i P o = : P 0
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H: F EMf Hypothalamus; P:#E{K Pituitary; O: 50 Ovary.
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Fig.4 Relative expression of BMPR1A gene in gonadal axis tissues of Small Tail Han sheep

24 BMPR1A EEZ M AL RAFAE 3 R R A, 43 1) Ry B A 25 7 CC LR
BMPR1A 3 H g 41128335A > T (¥ 5A), HHEICT ULRA4EM TT, i g.41128335A>T

2.41127598 A>G (& 5B) ,g.41127600C>T (& 5C) m;ﬁﬂ EAFAE AT ali B B 4 A R A7 7E 2 Fp

rRIgE IR E 5 Bk, DL og.41127600C>T AN, R, A3 R 2 A 380 AT FIEF A 4l 45 0 AA,

177_25_41128335 178_25_41127598 179_25_41127600

7T 22r .
/o No call(43) 20 o Nocall(()) 10 /cNo call(12) S/
or / +A(226) 18¢ G(21) or  cc /.12y S
st AT(115) 16} GA(93) 8 / TC(H4)/
- T(0) 14k AA/ vA(Z()]/ 7 / wC(lll)/

ar / AT

>

High mass height
w

High mass height
@]

High mass height

01 3 5 4 5 ¢ 7 02 46 810121416182022 012354567 860910
Low mass height Low mass height Low mass height

Bl 5 BMPRIABEESBREZR
Fig.5 Genotyping of BMPR1A
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Table 2 Genotype and allele frequencies of different SNPs of BMPR1A gene in monotocous and polytocous sheep breeds

Fk R R R (REAR B0 B PR AR
. ) . KIrKs .. & K5
{F A5 FL R A Genotype frequency(Number) 1t Eo¥ive 75| Allele frequency 1t
“ test < test
Locus Genot 2 2 Allel 2 2
oeus enotype % Z% (P value) ee K Zx (P value)
Monotocous Polytocous Monotocous Polytocous
AA 0.62(105) 0.88(431) A 0.81 0.94
g.41128335A>T AT 0.38(65) 0.12(59) 0.00 T 0.19 0.06 0.00
TT — —
AA 0.68(112) 0.66(337) A 0.80 0.77
g2.41127598A>G AG 0.25(41) 0.23(118) 0.35 G 0.20 0.23 0.26
GG 0.07(12) 0.11(57)
cC 0.35(57) 0.23(120) C 0.54 0.44
g.41127600C>T CT 0.38(63) 0.42(219) 0.01 T 0.46 0.56 0.00
TT 0.27(45) 0.35(181)

7 P<<0.05 F/R 2 5% B3 Note: P<C0.05 indicates the difference was significant.

H1 2 2 AJAl, BMPR1A 3P g.41128335A>T  BEPK AR 3 R 45 07 Bk A %6 5k 3 & 25 /K F (P <
F g.41127600C>T i S AEBA X4 E A A 0.05), 1 g.41127598A>G 37 s A ik 3| B 7K,
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Table 3 Population genetic analysis of different SNPs of BMPR1A gene in 7 sheep breeds
) . BEBE WAL
LY g ZERR e Tt o
fir 15 i S A e S D
. Polymorphism Heterozygosity — Effective )
Locus Breed Genotype Allele . . X% test
‘ f information (Hg) number P value)
requency requency content of allele (Ng) vatue
AA AT TT A T
/N JE
M ‘;'é 0.90 0.10 0.00 0.95 0.05 0.09 0.09 1.10 0.34
Small Tail Han sheep
#2E Hu sheep 0.57 0.43 0.00 0.78 0.22 0.28 0.34 1.51 0.05
LS
0.77 0.23 0.00 0.89 0.11 0.18 0.20 1.25 0.55
Cele black sheep ’ ?
2.41128335A>T W Tan sheep 0.87 0.13 0.00 0.94 0.06 0.11 0.12 1.14 0.59
BN ES
jj‘h—.—,':h:'e 0.27 0.73 0.00 0.64 0.36 0.36 0.46 1.86 0.00
Sunite sheep
EJE ﬁqﬁ 0.94 0.06 0.00 0.97 0.03 0.06 0.06 1.07 0.77
Prairie Tibetan sheep
AA  AG GG A G
INRBIES
0.64 0.22 0.14 0.75 0.25 0.30 0.37 1.58 0.00
Small Tail Han sheep ’
2% Hu sheep 0.55 0.40 0.05 0.75 0.25 0.30 0.37 1.59 0.58
b
0.87 0.05 0.08 0.90 0.10 0.17 0.19 1.23 0.00
Cele black sheep
2.41127598A>G M2 Tan sheep 0.70 0.22 0.08 0.80 0.20 0.27 0.31 1.46 0.14
. 4
‘}J‘J—K‘j%‘;ﬁ 0.80 0.19 0.01 0.89 0.11 0.17 0.19 1.24 0.82
Sunite sheep
AR S
Eﬁj:ﬁﬂe 0.69 0.30 0.01 0.84 0.16 0.24 0.27 1.37 0.36
Prairie Tibetan sheep
CC CT TT C T
BT
0.23 0.45 0.32 0.46 0.54 0.37 0.50 1.98 0.11
Small Tail Han sheep ’ ’ ’
#2£ Hu sheep 0.06 0.45 0.49 0.28 0.72 0.32 0.41 1.69 0.40
%*Jj““j‘e 0.46  0.19 0.35 0.56 0.44 0.37 0.49 1.98 0.00
Cele black sheep
2.41127600C>T
#EE Tan sheep 0.32 0.41 0.27 0.52 0.48 0.37 0.50 2.00 0.40
75 ¥ Sunite sheep 0.17  0.37  0.46 0.36 0.64 0.35 0.46 1.86 0.10
R
R 0.49 0.36  0.15 0.67 0.33 0.35 0.44 1.80 0.09

Prairie Tibetan sheep

T P>>0.05 FRRAL S AL R P AL F I ACIRAA K SE A iRk 2% . Note: P=>0.05 indicates that the locus is in Hardy-Weinberg equilibrium.

Xt BMPR1A F:HN[R) SNPs {3 576 7 ™40 26 i
Fofr ey B A 38 4 2 A0 T & B (6 3D, 2.41128335A>T
DL AE/INB IR R R M DL R R S
Fifr vp b TG B 22 25 (PIC<C0.25) 75 1) 26 F1 95 JE 4 2
b T BE 225 (0.25<<PIC<C0.5) 5 2.41127598 A>>
G 7 A5 TE SR i 2 LT3 2 A R R i R S S A ep ik 1
IR 238 (P <C0.25) . 75 /N FE 2 W 2F R = o Fof
o b T £ 75(0.25<<PIC<C0.5) 5 g.41127600C >
T 7 ASEE T A 43 3 Bl 33 40 T b B 2 38 (0.25<<
PIC<<0.5), RAKEAEREWH. BT HIERED

gA1128335A>TAhHL 5 Ff /N FE L. B L 1

241127598 A>G A3 5 LA KR # R 11 2.41127600C>T
BN AR AL sAE A i B rp 25 40 7 i AR AR A% P
AR (P=>0.05)
25 BMPR1A EE &L
A
H# 4 145, BMPR1A 3 [H 3 4~ SNPs i 15 5

INRETE R T B E A G (P>0.05), HTE
2.41128335A>THI g.41127598A>G fi i th, &%
IS SO O < R = . L | IS O I ]
g.41127600C=> T #, iY 28 48 78 WIS F 2% 5 74 Fn B
A TR R

RENEEFFTERHW
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Table 4 Least squares means and standard errors of litter size of different genotypes of SNPs of BMPR1A gene in Small Tail Han sheep

%% —JIfi First parity

2 .} Second parity % =i Third parity

o7 15, SRR
Locus Genotype FEARL FE%&(LSMiSD AR EL F%&(l,smism FEA KL Fxﬁéﬁu&v_{tsm
Number Litter size Number Litter size Number Litter size
AA 322 1.8740.04 194 2.12+0.06 79 2.38240.74
g.41128335A>T AT 34 2.0040.11 19 2.2140.18 4 2.5040.58
TT — — — — — —
AA 238 1.8540.04 145 2.1140.62 63 2.43+0.11
g.41127598A>G AG 48 1.88+0.10 27 2.3040.14 14 2.4340.23
GG 83 1.9820.07 48 2.4540.11 12 2.5840.25
cC 86 1.9340.07 48 2.1940.11 11 2.7340.25
g.41127600C>T CT 119 1.8240.06 72 2.1840.09 37 2.5540.14
TT 171 1.8740.05 105 2.02+0.07 41 2.4640.13

T — TR EERBERAFAEZFK M, Note: — means the genotype does not exist in sheep.

3 it i
31 BMPR1IABEEEWIAZIWALE P RIEHN

IhE

BMPRI1A 1£ ) BMP/SMAD {% & i % 1 % 3%
A, A5 R [ 288 R A Ry S M 45 L A6 I FL B ) IR iR
B AT I T B OP SLBURL AN R R B £
T e T 40 B 1% 1 5 R0 oy 6 45 O T R HE A T B AR
FHES D AKBESE & BMPR1A 3 75 /) & %€ 2
14 FpReH 218 ik TR 2UR S U B X /) 2
FELLANIE BRI IEF A e EEAEH . o
HOREB A E 7] HEEE IR E HEE
AP, B, Rajesh 20 BF 5% & W, 767K 4= OF
SLIGURL 4 6L A0 D1 36 RS 20 g b ¥ ) & U #] BMPR1A
FER Y 5 OF BRI I AR E, & i IR 4y
4 FhEA L R IRAER SO (A% d >13 mm, E,
i > 180 ng/mL) kL 41 i Fn 0 I I 40 g b
mRNA 2 H ARG IR 1.5~2.0 f5. 54k, Cos-
ta R EONE S BMPR1A T HA R 0.2
mm BPL Y mRNA &iEKFEF 0.1 mm B O,
XA UL BMPR1A #£ 00k & J7 & 5 46 B
YEH . AWF5E % B, BMPR1A 5 X 78 59 0 1) Fn &%
R Z S O LA 2R R TR e, R
SEH T REBIN S 5 P I LT RE L A 2 S Al Bp S A
U R R IR W TUR & AR B & B 1 B R 56 A AT
S AER I B S /N 2 B R —E W
R, 7O TEMIG K E I, BMPR1A [RIFE A&
BEHERWAEH . Miura 557 76 /)8 BUE iR 14 50 15 97
AR5 P & P, BMPR 1A %/ B A BE N IR JZ Cante-
rior visceral endoderm, AVE) i i # ¥ e & £ 1E
M, BMPR1A B @k 0y /N BUIR A g i = b IR )2

A BT TR AR I AE T FEENEE 4 2 h L, Goyal
sl gy 26 B i) R BMPR1A TE o 58 7 41 5P &
HAMWREIER Em THREM A, SERE
BMPR 1A 7 5P 151 F0 88 14 4] 22 755 20 09 §L 20 2L b ()
TR TGS R X B H R EW BM-
PR1A SR S5/NREYEZ B RAE —E W
KR,
32 BMPRIAERESHSMESFEHMXER
BMPR1A 3[H 3 4~ SNPs £ 5 ¥ 67 T 45 £ 25
SR S SN F L, 3 MU AN E TR
ARG R TR AR H o AR T R g
i 3 P SV MR IR R H R R H A hEE . R TN
FASZmE KRR GREMERRYIREAREZ ., &
JII4F TRAF6 S5 N & F 17 628 bp &b T—>C
) 58 A% 5 1R R R0 AR RS A KPR R R 3 R Ok
(P<<0.05); /N JEFE SMAD1 WS 5 & T
(g.12487190G>T) I =78 5 77 L4 ik F AH G (P <
0.05)", FAMALES WF5E & B . BMPR1A S 7E
o B ) ONRFEE OB ) RV B0 1 (2 3845
ST N S A ES LS WA B SR B E SR S L R Y Al
t AAAB il BB 3 F 3L K AL, 5 7= 26 5Ok A0 AT &
M AB RUNBIEF = ER L AA B L 0,15 H L (H 2
SAREP>0.05), AR5 K g.41128335A>
T Fl g.41127600C=>T i s 7 5. | 2 75 45 5 & Fh )
B4 5 R AT 3 S 7 i TR0 Rk B W 3K 25 R OK P
(P<C0.05) , 9] b & W] 3X 26 i 4 7T BE 5 40 ¢ 19 7™ 75
B OG5 IF H 3 4~ SNPs 7 s 78 AS ] 45 26 i Flvp %
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Tissue expression of BMPR1A gene and association analysis of
polymorphism with litter size in sheep (Ovis aries)

WEN Yuliang'?,GUO Xiaofei* , MA Lin',ZHANG Xiaosheng®,
ZHANG Jinlong® ,ZHAO Shengguo’ , CHU Mingxing'

1.Institute of Animal Science ,Chinese Academy of Agricultural Sciences/
Key Laboratory of Animal Genetics ,Breeding and Reproduction ,
Ministry of Agriculture and Rural Affairs,Beijing 100193 ,China ;
2.College of Animal Science and Technology ,Gansu Agricultural University ,Lanzhou 730070,China ;
3.Tianjin Institute of Animal Sciences, Tianjin 300381,China

Abstract To investigate the expression of BMPR1A in various tissues during different physiologi-
cal periods (follicular and luteal phases) and in ewes of different fecundity (monotocous and polyto-
cous)sand to analyze the association of its polymorphism with litter size in Small Tail Han (STH)
sheep,qPCR was used to detect the expression of BMPR1A in 14 tissues in STH sheep, meanwhile, Se-
quenom MassARRAY©SNP assay was applied to genotype three single nucleotide polymorphism sites
(SNPs) of BMPR1A gene in different sheep breeds,and then the association between the BMPR1A pol-
ymorphism and litter size in STH sheep was analyzed. The results showed that the expression of BM-
PR1A in hypothalamus and ovary of polytocous ewes was higher than that of monotocous ewes,but did
not reach a significant level (P > 0.05). From genotyping, the genotype and allele frequencies of
g.41128335A>T and g.41127600C>T loci of BMPR1A were significantly different (P<C0.05) between
polytocous and monotocous sheep breeds. The X* test indicated that the three SNPs were under Hardy-
Weinberg equilibrium (P >>0.05) in most of the sheep breeds. Association analysis showed that three loci
of BMPR1A gene had no significant association with the litter size of different groups of STH sheep
(P>>0.05),and the litter size of mutation was higher than that of wild for g.41128335A > T and
g.41127598 A>G loci. Therefore,we concluded that there may be a certain positive correlation between
the expression of BMPR1A gene and litter size in STH sheep, but the three SNPs had no significant as-
sociation with the litter size of STH sheep,which indicated they may not be the key loci that affect the
expression or function of BMPR1A.

Keywords sheep; Small Tail Han sheep; bone morphogenetic protein receptor 1A gene; gene ex-

pression; single nucleotide polymorphism; litter size; high fecundity gene
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