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The Tissue Distributions and the Expressions in the Ovary of BMPRIA and
BMPRII mRNA and Their Associations with Ovulation Number in Hu Sheep
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Abstract: In order to understand the molecular mechanism and the candidate genes for high fecun-
dity in Hu sheep, sixteen adult Hu ewes, grouped into single lambling (S) and multiple lambling
(M) groups, were treated for synchronized estrous and sacrificed for tissue sampling and record-
ing ovulation number. The tissue distributions and expression levels in the ovary for BMPRIA
and BMPRII mRNA in Hu sheep were investigated by RT-PCR and real-time PCR. The results
showed that both the BMPRIA and BMPRII mRNA expressed in the ovary and other tissues, in-
cluding hypothalamus, pituitary, uterus, heart, liver, spleen, lung. kidney., muscle and ovi-
duct. There was no significant difference in the BMPRIA mRNA abundance in the ovary between
S and M groups(P=>0. 05)and no correlation with ovulation number(P>>0. 05) , but the BMPRII mR-
NA abundance in the ovary was higher in M group than that in S group(P<C0. 05)and positively correla-
ted with ovulation number (r=0. 722, P<C0. 05). The results suggested that BMPRII might play an
important role on ovulation number and might be a candidate gene for high fecundity in Hu sheep.
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W EMRELN SIS FE R Z —, 8E
SEURRAE PR IR IR 25 5 0 A3 AT K B 2 2 L A
FE R MR Y 22 5 08 1 0 e R AR AT
WH 7 EREE T RS ORI AR 2
JEER I EROE A . A 4w B S AT T
T K F W 4 Br. % BMPRIB (H FecB 3 ).,
BMP15(B)l FecX 5 fl GDF9 P #E4T T 28 7 »
FEAUEWT AT 52 e il 2 2 2 i Rl i R 2 I PERE Y
FRGEE RS, A 0 SN R B2 1 2 BM-
PRIB 5 [N & 48 4li & & (BB) , 1A 2 BMPRIB 3 [H Jf:
AP 2 5 WA I 2 22 IR R RE A AR S Ak B AESRE
HR I 2] BMP15 8 5 A 5 %848 (FecXI,FecXH,
FecXG.FecXB.FecXL) , i {Ffi] — a2 454
PR ELA A v 0 HE IR 55 {HLAE 80 2 B A0 A R T )
X B AN AR B K A AR s B A B 0 SR A
PCR-RFLP J5 ¥k i 21 ) 5 B 1K 47 7€ GDF9 %
H G8(C—>T) A8 A KA AL, W WA [F 48
- gl o ) 92 o 22 T R R ) T2 A8 RS R AR [

BIE & & 4 # B (Bone morphogenetic pro-
teins, BMPs) J& # {b 4= K [ ¥ B ( Transforming
growth factor B, TGFR M E G & KA W K%, K
ZYIREHE . BFFER Y], BMP &5 5 — > D) g
(4 55 4 W6 I Y5 AR 2R O YT B BE b B 3 1 R A X CHE
gpt, BMPs % F & ¥ 1€ F B A IF 3 % {k (Bone
morphogenetic protein receptor, BMPR) , BMPR
AR 2, B 22 R/ 95 2 B AR 1 U 0 1 A
5 2 Fp T 52 f& (BMPRIA 1 BMPRIB) fi1 1 F 1l
12K (BMPRID , — H BMPRII % % {k & & ¥ 1E
B B R SE T Az i, T 29 37 (R A F 40 iy
75> ¥ Smad 1 5 Smad 5. i HoiE L5 AT EE
454 Smad 4 B RE A W iE A0 MR AR TR E
SE Mg sh T 9 R &R AP E N . R TR
W2 e B2 R o OB O 3 5 e ) o 2 IR PR Y
T o 8 R, A AF 92 R Il RT-PCR R 98O0 € i
PCR # A X1 3¢ BMPRIA # BMPRII 32 [ {4 20 21
FEIRFE S DA A A SGHR 22 S5 41 00 BLZH S i 3R Gk
K AT 4 B s N4y F K SF B R 3 BMPRIA il
BMPRII % [{ mRNA ) 33k K 58 F 2060

1 #HHEMFTE
L1 Rz
P Y90 4 180 = o 2 O b 37 20 % fit R G A &0

RAF 2 F e 16 HCHp 2™ 3.4 BB 8
RAYERTZGH . &7 a8 HAE X M4,
FEAS ] 2 5 H B 0 2 1) 95 7E (W] — BR 5 h, oR U5 T[]
— A . SRAE T ] ST 5 BE AN (PG-CD ¢ f 4 X
F 0.1 mg FHATWLATS, 2 d JFikseF Rk
T, FF 18 d 555 2 Ik B AR RGBT L 1T RFE

SR FH 19 3 G A 1 AR = CRDRS 8 45 L) 101 v F
PR % B G 24~36 h )R E 28 E
S I D, AR HE OP A (LR B0 2 iid s A
A7 T A B B HE B KR, DL ZAE AT O L HE B R RO i
(s [T G i S ol N 7 N N = SR
JHE ALt UL AT O A AR 2 N7 BRI TR R R
i, — 70 CLRAF . I THEIUE RNA,
1.2 RFIFA{LEE

Trizol reagent 2k 3€ [E Invitrogen 2\ & ;= i ;
MMLV J %% 5% i 5 55 [ Promega 2y 6] 77 il s Taq
DNA %A . SYBR Premix EX Tag™ HS DNA %
A T f1 pMD18-T Simple Vector 2 K i% TaKaRa 2y
A i . Opticon 252 I 5 & PCR AU £ [E M
N AT AR TR T B AL (Centrifuge 5810R) Shy
= Eppendorf 23 w) 7 i 5 86 B PCR A, 8 I iR &
4t 5% [ Bio-rad 24w i .
1.3 4% RNAZEERER

FH Trizol 3L HUA 41416 RNA, HAKHAE S MY
TR & U6EH B R AT R AN O BT E B RNA
W BE 0 48 BE (ODsgo i/ ODg o = 1. 8~2. 00, JH Fifi
LT IR S RNA #EAT R 55 OBAR & Oy 25 ple
2 pgkh RNA, 1 pg BEALSI 4. 0. 4 mmol - L
dNTPs,20 U Rnasin, 200 U M-MLV J% % 5 fif§ ,
5 pl 5X RT Buffer, KNFEF: JE i RNA JFH .
dNTPs FFEALGI 9,70 “CAZ M 5 min J5 57 BUELK |
B I A IR A1 05 37 (C RN 60 min,
95 CAPE 5 min, RT P¥MRET —20 C#H.
1.4 RT-PCR RN 55 ENF

T GenBank %4 FE b K R A B 45 3 BM-
PRIA 5 BMPRII J¥ 4. i & % 4 BMPRIA 5
BMPRII 3N mRNA F%){Z & . H Primer premier
5.0 BTG (R D) i B3R A W4 AR AT R
o EV G R R BEA factin fERNZ:

M ZE S 10 pl:0.5 uL RT 4.1 U Taq

DNA % # W, 1 pL 10 X PCR Buffer
( 100 mmol « L' Triss-HCl  ( pHS8.3 ), 500
mmol « L' KCl ), 0.25 mmol« L' dNTPs,
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Bl 25 %5 . 2 BMPRIA F1 BMPRII 3 [H 20 47
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1. 25 mmol « L' MgCl,,0.5 pmol « L' _F i Fl T Ui
519, BT 94 CHUZYE 3 min;94 °C 30 s,
Bk 305,72 °C 30 s, 33~36 PE#H;72 C kA
5 min., PCR 7291 8 % B 74 # Mok Jl 48 e ( Acr . Bis
= 29 0 DK B ARG FBER SR R 48 A .

% 1 BMPRIA BMPRII # B-actin 5|95

PCR W1 276 S5t i Wl 5 Je rlL VK 4 185+ 58 A1 AT
NEIBCH 9 R B ] V-gene DNA 3 i 8] i35 &
Bl fcaifl . sife ) PCR ™ Hik LISl Y HOR A
FR 2> /I

Table 1 Parameters of oligo-nucleotide primer pairs for the BMPRIA, BMPRII and f-actin
H g s A 5475 (5'-3" 74/ bp B AR EE/C EE ]l
Target gene Primer sequence Product size Annealing temperature Reference sequence
F.CGTCGTTGTATCACAGGAG
BMPRIA 163 51 NM001076800
R:CTGCTCGTAGACATTCATCAC
F:GTGAGCCCAACAGTCAATCC
BMPRII 243 64 XM617952
R: TGCTTGCTGCCGTTCAT
F:AGCCTTCCTTCCTGGGCATGGA
Bactin 117 68 U39357

R:GGACAGCACCGTGTTGGCGTAGA

1.5 SRR EEE PCR

R RiRZ % 20 pL:1 uL RT 4.1 U EX Tagq
HS DNA % & #§., 4 L 5 X PCR Bulfer,
0.3 mmol « L' dNTPs, 3. 75 mmol « L' MgCl,,
0.5mmol« L' HWHEE LA T HsI 9.1 pL
20X SYBR green | . &M 2 ¥ K. 95 °C fi 48 #
1 min; 95 C 10 s,iB k& 10 5,72 °C 15 s,i%Mr ,45~
A8 N 72 C HEAR 5 ming HEAT KA Ml 220 At
65~94 C,HEF 0. 2 CEEMlR— W AREHE 1 s JFA
M) . BMPRIA Hl BMPRIT % F % ik 5 DL pac-
tin AN S 222 R RS A, Hb AAC, =
(CoppgnmConzup ) o BRI HE 4 40 BMPRII
Il BMPRIA mRNA KA LA ZE 47 90 SLRE i 73 51
e 3 W HEBHMERIR .
1.6 HFEHH

R LE R RN = +SD , { SPSS13 For Win-
dows BAFHEAT S M. 77 20 25 2H RN ™ B 26 2H ) o 14
J VB IR UK G ST 2 7 S R O B R L HE O
¥ .BMPRIA fil BMPRII mRNA 7E 5P 14140 p 32
IR ) 2 S R ST REAS ¢ A 38 E 17 43 B 5 FH A7 PR AR
SRMN LK Jul I X ) 5 B L 20 40 BMPRIA , BM-
PRIT 3 mRNA 3k 5 [8] K 5 HE B0 5] 53 5 38 47
AH DG [B] U3 537

% R
2.1 BRAMSKHEHBFHINHH LR
BRSNS AW 0 IR B A iR P 2

BGPTSR 2, oRd A Z R
F] 0 SF AR T I 3 25 R (P>0..05), Z 5 A B
PG G A HE O B B s TR R4 (P<
0.01), Z 20 UP 5L T 1 35 = T RS 4 (P<<0. 05)
2.2 BMPRIA, BMPRII #1 factin & E & RT-PCR
¥ig

DL 2E B 81 2H 21 8 RNA g B Al F i 1y
BMPRIA ,BMPRIIL I Bactin 3 H 5191453 5347 RT-
PCR ¢ 3% 25 5L WK 1, @bl e & 8. 7 9 5 1
R B A/N—%. B DNAMANS. 2. 2 %l 5 45 5 5 8]
W IR E B R4 T )R LA 45 SR & B 1 5 BM-
PRIA I BMPRII cDNA §"34 i Bt 5 51 93 ¥ 1)
[ PR ) A 98 %6 1 98 %46 5 Bactin FE R4 48 H- BL K
750 55 51 e v 5 i R4S 10026 . TIEB] RT-
PCR #7143 % 4 # ¢ BMPRIA, BMPRII 1 3
actin 3:H cDNA F B,
2.3 3 BMPRIA 1 BMPRII £ F () 40 40 R 35 i
S

FIFH RT-PCR X 7= £ 26 40 ¢ F Fofigi |4k 7
B VO ER C JUE REE D L B UL IR | O A
%511 Fh41 21 BMPRIA #l BMPRIL 3 [7 [ 3 3k #E 17
K, 25 L WLIE 2. BMPRIA Fil BMPRIL 3£ R B T 78
BAEWE B RE G 24~36 h N9 B 20 8L h B0
FEIRHN AE TN Bl A TR O LR L B
JUE I R R A ZH A rh L 18 Rk BT S BM-
PRIA Il BMPRII $& R &) j% k3 A .
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Table 2 Comparison of body weight, average number of lambs born alive, ovarian weight and ovulation number between single lambling

and multiple lambling groups

(eI R RS TRy Y . .
4 51 FEA T i/ kg BRI/ YR BT/ g HEOR % /4
Average number of
Group Animal number Body weight Birth order ) Ovarian weight Ovulation number
lambs born alive

o

Single lambling 8 37.8=+10. 86° 2.33+0.58" 1.0040. 00" 1.3340. 27" 2.0040. 00"
group(S)

EZ 1

Multiple lambling 8 45.7410. 89* 2.60+0. 55 2.9040. 64* 1.9540. 13° 3.8040. 84"
group(M)

[F] 2 B3 B 40 A A [ /N 5 0 RS b 3 Sl 37 2 5 1 3 (P<<0. 05) 22 574 Wl 3 (P<<0. 01D

The values with different small and capital superscripts in the same line indicate the difference (P<Z0.05) and extreme difference (P<0.01)

bp M 1 2 bp M 3 4 bp M 5 6
300 Bl 400 e 300 D
200 — 300 200 [———
— — g v
100 200 — 100 T -_

M. DNA #5454 F i 545 #E (100 bp ladder) ;1.2. #12E BMPRIA J: 54 BB, 3.4. #12¢ BMPRIL 3R &1 KB ;5.6 W2E
Bractin FER Y1 B

M. DNA marker(100 bp ladder) ;1, 2. Fragments amplified of BMPRIA in Hu sheep; 3, 4. Fragments amplified of BMPRII
in Hu sheep; 5,6. Fragments amplified of pactin in Hu sheep

1 #% BMPRIA.BMPRII # factin & E i RT-PCR ik &

Fig. 1 RT-PCR results of BMPRIA,BMPRII and f-actin gene in Hu sheep

bp M1 2 345 6 7 89 1011 BMPRII 3 A mRNA Fik K FEifr 79O ERK
300 pen . . ’

200 S e e B — 5)/priA W25 JL UL 4, B2E 4 R £ 26 4 (6] O B 4 40 BM-
100 b PRIA 2 mRNA FHE KPR AR E (P>
400 :

400 _ B4 0.05); ZRAINH AL BMPRIT BN mRNA £k
> BMPRII .
o T3 HEFE THEH(P<0.05),

practn 35 B 5 HE U B 18] B 48 35 14 43 47

200

100
M. 100 bp DNA ladder; 1~11. R 431K T BN 344K . . . NN o
T A I LY i Hl Bivariate Correlations Xf ¥ % 5 & 41 51
M. 100 bp DNA ladder; 1-11. Hypothalamus, pituitary, BMPRIA fil BMPRII 3% A mRNA F k& k5

uterus, ovary, heart, liver, spleen, lung, kidney, muscle HEBR B8] 4y ) 3647 7 SRR PR A M, S SR L% 3,

gd ovi;l;;t * i M FE 3 i a] LLF H B0 BMPRIT 36 mRNA #
2 i BMPRIA 71 BMPRI1 R RIE G . s, - N -
Fig. 2 The expression profile of BMPRIA and BMPRII in IEBESH1E U0 HC5R G AR A G (P =<0, 05) - 1ff BM

Hu sheep PRIA mRNA ik 5HON 58 A W& 0 (P>

0.05), BMPRIA 3 A mRNA % ik & 5 BMPRII
FEH mRNA ik & th B 55 A E(P=>0.05) .

N e i AR 3 B ST R 57 T 9 50 BMPRIL 3
FTETRRAM S R IR BMPRIA B RNA ek it 15 HE 50 8010 26 b I 117 B A

2.4 HEIPE AL BMPRIA #1 BMPRII £ #F mR-
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Bl 25 %5 . 2 BMPRIA F1 BMPRII 3 [H 20 47
mRNA ik 7K - 55 HE B 5R] 1 4 56 PEBF 5% 1451

035

MBMPRIA|
COBMPRII

03 F

0.25 |

02 r

015
0.1 |

BMPRIA,BMPRII /B -actin

0.05

0 1 I
S M
213 Group

* . RN Z A H M B 6 ) BMPRIA 8 BMPRII
BE DY S ik 1 28 5 .35 (P<<0. 05)

% . The difference of expression level between S and M
in Hu sheep is significant (P<Z0. 05)

B 3 #AFEIPELHL b BMPRIA 71 BMPRII & [§ mRNA

KIFRIEKTF
Fig. 3 BMPRIA and BMPRII mRNA expression in ova-

ries in Hu sheep

2.34+4. 40B(r=0.722,P=0. 043) , H:tp A FyHEP
H.B HUPH BMPRII mRNA MX £k &,

3wt
3.1 HEDPEAL BMPRIAEFEREKERHES
HEOR B X &R

BMPs £ 2 2 1 152 1A . BMPRIA I BMPRIB,
Hdr BMPRIB 35 Bl & Booroola 4§ £ £ i 1 BE 1
FRGER LR ABRTETT S B FeeB J [H 3 A 58
S—5 R & BMPRIB 3 H & A8 380 115 5
& it B X Z AR R 1015 5L R e A BB

B3 5L 2L HE B B4 i 1 Booroola % £ ik 26 B i
B, (R4 1 SR T % B BMPRIB 3 A 33 5 i
W Z MR e EREREY . AT —H 2
BMPI BISZ (K #E4T T WF5E . BMPRIA JE 41 813 5K
FE VT A o | B R R SR N e N N ol [ N N
B LOPL 0 W VR L R Bl LB UL A S A 4
Hi 154 BMPRIA 3£ mRNA 4>4i . 54~ BMPRIA
RN AR RE— 8 B S e Y R — R,
BMPRIA JEFAE W F R N W AR 2 E R . o
58k B BMPRIA 3£ P4 7E 6 199 /0y BB I A0 0k 1
R A E B R Y BMPRIA S g Bk
2l /N BRAE T W R 2 0 5, 0 ik & B A7 A
FEEEBETY o A ST TE LA I 2 Y IR ARG I
K 5] BMPRIA JE PR 3¢ 3k, 3¢ B 36 BT iR 2B 5
BCAE Bl B R RO I 1) i — 25 & B B IE H D) Rg ) 4
FrdL e 5 wEAEH

WFFE & B, A6 25 BSR4l 21 BMP T i1 11 AU 57 {4
5 BMP ik — & 7E 9k & ot B bl E HE % &
LEHAE Y BMPRIA SE P 78 5) Fe-O9 B 40 i 52
A RS B 75 2 B2 oA BB R B9 E 40 i R R SR K
KU /N BMPRIA B R 4% 35 i Bl 35 90 96 1) &
A, Ui BMPRIA 3% [H 76 09 i % 7 i 72
R EEZEER . AU R 78 B4R &I W 4
OG22 25 E O L] 20 BMPRIA £ mRNA
FRIK- A B 22 5. HSHEO RO A B A0 5%
HE— 25 W AH 5 43 B 2 W1 1 S B S 41 41 BMPRIA
5 BMPRII £ mRNA 35k 7K - ] & A7 i 35 1) AH
KA BN 1 - BMP R G AE B S op ol gE O E £
it BMPRIA sz 1Ak & 5 4EH .

%3 WU E BMPRIA 1 BMPRII £ [F mRNA %% 2 8 & 5 HE DD #1849 46 € & 47

Table 3 Correlation coefficients between BMPRIA and BMPRII mRNA expression in ovaries and ovulation number in Hu sheep

N it H HE G0 % BN Gene
Gene Item Ovulation number BMPRIA
BMPRIA HH5¢ Z 4L Pearson Correlation 0.330

I #F K Significance level 0. 424
BMPRII #6562 %31 Pearson Correlation 0.722"° 0. 544

I #F K Significance level 0. 043 0.164

%, FINEBFEM K (P<0.05),n=16

% . Correlation is significant at the 0. 05 level (2-tailed) ,n=16

3.2 HEIPHEAL BMPRUERRZKERES
WEHEHB X R
BMPRIIL & BMP 241 11 Bl k&, gl LY

A M 5h BMPs 3 A &5 G U A 9. F s TR %
T 51— FR 50 0 240 i 9 GBS L BMP {55 5%
Gl E R . AR T R R AR AR K
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FLIE Bl A A L) e B A AL 2 p ¥ BMPRIT S 2% 3Lk :

MRNA 4 i W LB — A 2 IhRERE I, AL D1 M kBR84SR 1 S o

R FIH A3 B IR W A B R O 4 Fr 3 S Z4E .
EN AR T 4 £ W, BMPR [l 1928748 2 S 805
5 Yt 3 % 2L o SO i Bl KT T LA et R 4 A
AT 5 | A Rt I A o A

o AL IF I & BE 76 BF S 41 41 BMPRII 2 [
FETE T2 A 6 & 8 B B 01 3 1% 50U 248 Jtd 1 oY
R M () B 20 A 7 T B4 BN L B R O
HWHZ 40N 4 BMPRIL E (A7 76 I i 99 1
{18 B3R 240 J60 50K 240 i D R A B B9 Y6 1 B R 40 i
WL IE 5 HE BMP R 40K 51— & X 0P i & F M)
REIR T R AR Y, X9 BMPRIL 355 & Fifi 5 51 i1
KB MG UL BMPRIT LR FE DR & B o 2
RIFFEEAET ., ATFRERY, Z 5 HW F AR
it BMPRII mRNA 35K 525 TR G, i —
A S S BT 22 B L B9 S 4 21 f BMPRIT 3L A 5%
TRV 5 HE R B B 3 E A 6 X B BMPRIT J
PR % 381 5 1 HE B 50k — 5 AF L & BMP & 4e ] 5
T2 22 G AR B 96 B R HE B 1 — A G B A R
M) T892l B 5 ik 326 TR AHL G L B O i T 30F —
HARSE . B A SE O 2 BMPRII mRNA ik
It 55 HE OB 2 el )3 5 R A DG R Bk 0. 722, B
Bl BMPRII mRNA 3£k & X ] 5 HE 0 50f — 2 1)
SENA TR A R R A% L TR 6 B 3 T A
AT .

4 &

ABEFEFH RT-PCR 42 AR XF B AR # ¢ B 3¢
BMPRIA 1 BMPRII 3 [H 2 40 3% 3k 3% i 47 1 0F
5% K8 BMPRIA 1 BMPRII % 4 R 7 OP 5 21 21
T RN R FERAR T B TR DR D
JUE O < RLAE U L L LR G Ak . AE B
L, g — 20 9Ot | PCR BF9Y & 3 BM-
PRIA 3P mRNA 3 3k 7K P 78 526 4R 2 765 2 (6]
WA B F 2SS BRE. Z 54 BMPRIT J K mRNA
FEIROK T B 3 T 06 AL R 56 R [ IE Sy B 2 B
BMPRII mRNA ik /K- 5 HE P& 5 @35 A0 K
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