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SAZE BMP2, BMP4. BMP6F0 BMP7 £5[&] mRNA FziA 7k I
SHPE R AR
s, EFRAL, EoR, Rk, REAA, M R, KB

CRIRAR R F B YRERE, PR 210095; 2 PHEURFARMFEBE, FHEARE 8600005 *YLIRATRMBI 1y, YLIRIRM 215000)

. LB B £ 00 £ 44 BUP2. BMP4. BMP6 #n BMP7 3L nRNA A AT 5H 0 e pd x5, % ®
T E L R E AT, AETHFEEL B TRENERESE. [FE] #W 16 REFHEEE,
AFEREAML EA, KGR 24~36 h B2, BUFE, HHINE, ERHAIIE A RT-PCR EL AN BuP2,
BUP4. BMP6 Fn BUP7 L F MY 4 SR R IAAFAE, ¥ — F AR Lo K N B PCR HAR AT E IR mhNA E R £ Fu % E4
WEARF I RAZR. [ER) BUP2. BUP4Fn BUP7 R FE M E W E NP XA, MAEERETEK. T
B.OGHE. FPRE. FERE. AT, WRE. LA, MG AL TFHERL; BPCEFREMFEHENL, B MW
F N E AR RL, EWRAR, ZEAHNEMEETTEEL (P<0.01), HZ E4 BUP4 3L nRNA KK
MBERTHEEL (P<0.01), T BUP2, BMP6 Fn BMP7 35 mRNA RIAE R 4 % 2AF TR EZR (P>0.05);
AR RAEINE AL, RA BUP4 3 oRNA kA G H I E EA X (r = 0.741, P <0.05) . (48] BuP4
FB oRNA R AT XA ML UM ERDE, THAVFRNIALXEED, ZYHHEHIRORERELR.
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Relationship Between the BMP2, BMP4, BMP6 and BMP7 Gene
Expression and Ovulation Number in Hu Sheep

XU Ye-fen'?, LI Qi-fa', LI Er-lin', TU Fei', HU Dong-li', XIE Zhuang', CHEN Ling’

(‘College of Animal Science and Technology, Nanjing Agricultural University , Nanjing 210095; *College of Animal Science and
Technology, Tibet University, Linzhi 860000, Tibet; *Suzhou Sheep Breeding Farm of Jiangsu Province, Suzhou 215000, Jiangsu)

Abstract: [Objective] The present study was performed to investigate the relationships between the mRNA level of BMP2,
BMP4, BMP6 and BMP7 gene in ovaries and the ovulation number in Hu sheep, so as to provide references for finding hyper-
prolificacy candidate gene and understanding the molecular genetic mechanism of high fecundity in Hu sheep. [Method] = Sixteen
adult Hu ewes, classified as the single lambling (S) or multiple lambling (M) group, were sacrificed for tissue sampling and ovulation
number counting between 24-36h after estrus diagnosis. The tissue distributions of BMP2, BMP4, BMP6 and BMP7 mRNA were
detected by RT-PCR and the gene expression levels in the ovaries were investigated by real-time PCR. [Result] BMP2, BMP4 and
BMP7 mRNA exited in the ovary and other tissues, including hypothalamus, pituitary, uterus, heart, liver, spleen, lung, kidney,
muscle and oviduct, but BMP6 mRNA was only detected in the ovary, kidney, muscle and oviduct. The expression level of BMP2,
BMP6 and BMP7 mRNA in the ovary did not differ between S and M group (P>0.05), but BMP4 mRNA abundance in the ovary
was extremely higher in M group than that in S group (P<<0.01). Bivariate correlation analysis showed that BMP4 mRNA expression
in the ovary was positively correlated with ovulation number (» = 0.741, P<<0.05), but there was no correlation between the mRNA
expression level of BMP2, BMP6 or BMP7 and the ovulation number (P>0.05). [Conclusion] The results suggested that BMP4

might play a key role in ovulation number and might be a candidate gene for high fecundity in Hu sheep.
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[P Y SEAE P BV 5. WA 5
Ji b DX (TR A o FEEL AT, SRR A
LMz —, Kk H FHLT R R E
343.18%, FF R 0 B 2 B AL WL (KO F KT8 2
e BT B AR P L AT — 8 (0 B 3 SR S AN
. [T AWREEER] AMNEIEES K AEEE 1B
27 {& (bone morphogenetic protein receptor type IB,
BMPRIB) %:H 545 F1 Booroola 4 °F- £ i 6 1 55 45—
SHHEES, BIB&KEEA (bone morphogenetic
proteins, BMPs) 747458 77 T B 5T H 2 52 219K
1. BMPs JE4 A K K1 B (transforming growth
factor B, TGFP) MKk I KN IE, K2 T)ke
F1, 7RO S R HE S B AW R, BRI R
HE4, BMPs I8 1 41 it 4 c AR F T8 5 22/ 95 S Rk
Bz 4k (BMP %24k) J&, 1 BMP I 252 /R i % 1k
BMP [ B2 44, iG Ak f) 1 245244 5 {5 5 % 5 25 11 Smad
1 5% Smad 5 454, WML Smad 1 B¢ Smad 5 & [ JiifR
Fut (22 %1%, Smad 5 BER1L)G 5 Smad 4 455 TE %
SEREBIRN, ERTRERFENET, 51K
AR NI, 75 BMP WK KT, 402 BMP1S A
AR AR GRAR I B R LA B I R B A, by e S
R ERSEN . H AT IR AR FeeX'
FecX". FecX®. FecX® I FecX" 25 O oA i [0,
WF5T K BB E34 0 BMPRIB F:1K 746 At (A—G)
KA T, N BMPRIB FER AR 2 B TEBE R
TN, [, REEHISE S Cambridge A
Belclare £ R IL ERGEHF B GDF9 HE KAL) 55
FEAR, R, R R4S R AL 22 R R 0 32 2
FER T BEAS AR A, T 2FAR T e AAAE e AR N =0
[Al . 57 % ) BMP2., BMP4 ., BMP6 £ BMP7 j&: BMPs
WGP EER G, AR KR 39, 4, 5
2P F AN, R B R A O 4N i T
BN CARBFFT I 5] AL mRNA P 5T
BMP2., BMP4, BMP6 F1 BMP7 J: [N {131k K155
FHEON B R R, I B 2 RN 1%
M2 22 R TR R A I R DR T AR 5/
R A SR i 0 ] ARG I RT-PCR A58 51
I 52 f PCR AR, #0ll BMP2.BMP4.BMP6 F1 BMP7
FEPRIFEI 2 LR IBRRAE AR 7= 22 6 R R ST

SRR IRIEAK 2253, L5 HE BRI AR DGR EAT
I, ITFACT ERRIHXLEIL ] mRNA KA/
WAE RS R AR, M 2 IR PR ki3
DR S PRt A U 2 T 0 8 R M) = 22 i (K ik
FEPR, DAl v S ) I R R AR B Rt
2%,

1 MR573%

1.1 R EHEmRE

FEVL IR W E M E ORI IR R B TC W« AL R
U Zr=EREE 16 Ko Pl s 2 AR 4
TEAEZORMI N, PRI SUEA B %0/
RZHMKILRNG G, TAEFREEARXS B0 . AR A %
JEAR, R =G, WAGREEE 8 JUE N Z 64, &
FEELE 8 JUAE N AL . SR FE AT &AT A B A
(Cloprostenol Sodium for Injection, PG-C, #t5 4
050903, T THTBEEHIA AR A=) HEAT A K
AL BRI SR ARG I ), 18 d JE 3 IR HAR KNG
I, SR ER AR AN A CRoks g a3l il
DHH TR % E, K5 24~36 h KR ERRE )G
s, WOR 7 E A AP EL, 0 S IR SR RN AT Bk
HAKD , RUOGHEINEL. AR5 g 29 01 515 PR I
FE, RN AR BN el TR, DR, FE . JHE. B
M B SRAEER, JNBE, —T70°CHAE, HT
FEHLE RNA.
1.2 2 RNA IRENFIR 4% 3R

1 Trizol FEHUEFRINAIZLE RNA, HAAE/ES I
WA (GEE Invitrogen AF]) UL HHHAT. K4
JEOEEE I E B RNA IR A4 (OD,gy/ODagy=
1.8~2.0) . HBEHLEIYI0E RNA BT A%, |V
KZ N 25 pl: 2 pug & RNA, 1 ug BEHLSI9, 04
mmol-L'dNTP, 20U Rnasin, 200U M-MLV Jx %% 3%
(Promega A7) , 5 ul 5XRT Buffer (£ 250 mmol-L™!
Tris-HC1 pH 8.3, 50 mmol-L" MgCl,, 250 mmol-L™
KCl, 50 mmol-L" DTT, 2.5 mmol-L" Spermidine) .
SSFEFF: S RNA J5#, dNTP FIBEHLE 4, 70°C
AZPE S min L BUSOK EAEL, AL eI, TR
Ji 37°C ] V. 60 min, 95°C K 5 min. RT =R A{E T
—20°C# M.
1.3 RT-PCR [ 55 FEilF

GenBank ¥ %] BMP2. BMP4. BMP6. BMP7
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1 B-actin 257515 K., H Primer premier 5.0 3K {415
wal (& D, BlgSERAEVEARA WA 7 A .
LR IEA B-actin fE NS,

RINVAKZ R 10 ul: 0.5 ul RT 774, 1U Taq DNA
B4, 1 pl 10X PCR Buffer (100 mmol-L ' Tris-HCI
pH 8.3, 500 mmol-L" KCD) , 0.25 mmol-L" dNTP, 1.25
mmol-L"! MgCl,, 0.5 pmol-L™" 3R 514, [

%1 BMP2. BMP4. BMP6. BMP7 #0 B —actin 3|45 %

FEFE . 94°CTHASPE 3 min, PCR fEHF, 94°C 30s, il
K 30s, 72°C 30s, JL33~36 MR, x5 72°CHE(H
5 min. PCR = 8% WA BLI#Ek: (Acr : Bis =29
C 1D VK B, RIS B % 2 4 (35 Bio-rad
AT B PCR P 2% M BE R Hik o 55

LAMT FEIECH B, V-gene DNA BRI
Flgn Il 4tk . 2E4k ) PCR P2 4i% Eig 9 R

Table 1 Parameters of oligo-nucleotide primer pairs for the BMP2, BMP4, BMP6, BMP7 and f-actin

H 3 51955 ) S K ¢DNA %55

Target genes Primer sequence Product size (bp) Annealing temperature ('C) Reference sequence

BMP2 F:5'-ATCACCTGAACTCCACGAA-3' 140 48 DQ192012
R: 5-TACCACCTTCTCATTCTCATC-3'

BMP4 F:5-GGGGAAGAAAAAAGTCGCCGAGATT-3' 238 64.5 AF508312
R:5'-CTCAGGATACTCCAGACCGATGCCC-3'

BMP6 F: 5-GGTGGCAGGACTGGATCATT-3' 190 58 DQ192014
R:5'-CACCGAGATGGCGTTCAGTT-3'

BMP7 F:5'- AAAACAGCAGCAGCGACCAGAG-3' 123 68 AF508311
R:5'- CCTCACAGTAGTAGGCGGCATAGC-3'

p-actin F:5'-AGCCTTCCTTCCTGGGCATGGA-3' 117 68 U39357

R:5-GGACAGCACCGTGTTGGCGTAGA-3'

A PR 2w A e B
1.4 FAKBTEE PCR

VAR ZR 20 pl: 1 pl RT 4, 0.5 pmol-L' H
(3L D L3 AR5 14, 10 ul 2XSYBR™ premix Ex
Taq™ (I [ K& TaKaRa A F]) o NVFEFHR: 95TC
FiAZPE 1 min; PCR fFF, 95105, iBK 10, 72°C 15
s, WA, L 48 MEFR; RS 72°CHEH 5 min; HEAT
RbE 2 73 HT: 65~94°C, RERE 0.2°CEEAR— Ik GiLE
fHE s SRt o ] 27933 45 1, Hirp AAC=
(Cyrmmn— Comzrm) o BN MEEHE mRNA ik &
H CAON SR S B e 3 5 %25 mRNA RIA &
CFHXET- B-actin) [ T-HAME R IR
1.5 HIEHH

SPSS13.0 #{-{1+ f] Independent-samples T-Test
SRR C7 IRk BRI R HEOR AL
FNGNHA LR L mRNA RIA REAE P 48] 1) 2 5
HE4T 4 M1; H Bivariate Correlations Fl Linear regression
XTIBIE O HLAL 2R JE ) mRNA - Rk 75 5P HLHEBR 5L
() 7 ) TR AT 15 B A DG A A [ VA 3 By o Bt o
x*+8d

2 BRSO

2.1 BEASZEEMFLEEXSEBILER
PRALARTE . =ik BEIRT3 =i R HE N
WA 2, WK 2 /LG, 2GRN 55
FIHEIR R B2 v TR 264 (P<<0.01) , ISEARERN
EL7 IR B R AR 22 6 4 IR JC 3% 22 5% (P>0.05) .

®2 BXHE. SEEAWMFEEBXSHMLR

Table 2 Comparison of fecundity parameters in single

lambling and multiple lambling Hu sheep

Single lambling ~ Multiple lambling
) ™)

FEA R Animal numbers 8 8
1A Body weight (kg) 37.8+10.86 45.7+10.89
LU BRI (IX) Birth order 2.33+0.58 2.60+0.55
53 R SO NSTTS Y (| 1.00£0.00 2.90+0.64"
Average number of lambs
HEUREL (/™) Ovulation number 2.00+0.00 3.80+0.84 "

[RGB A F 43 | 7R 78 5 . 3 (P<0.05) FIZERpl B 3% (P<0.01)
*and** in the same line indicate the difference (P<<0.05) and extreme
difference (P<<0.01)
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2.2 W% BMP2. BMP4. BMP6FN BMP7 2 [E RT-PCR ¥
BERREENF
DLIEZH 2R RNA RSB, i m
BMP2. BMP4. BMP6. BMP7 F B-actin J:PR 545>
WIHEAT RT-PCR §784 (& 1) o PR, 79570

W B/ —30. I DNAMANS.2.2 S e 45 5 5 5
W5 S AT R PR LR, RIS BMP2.

BMP4. BMP6, BMP7 R f-actin 314 Fy B 55 5 Wit
T HRIPETE S 5K 100% 99%- 100%  100% £l
100%; B PCR 444 [ Be oy il il =F BMP2 . BMP4.,

bp
300

200

100

M: DNA 7 FHAric (100 bp ladder) : 1. 2; W BMP2 JERY W) BL: 3. 4: W1 BMP4 BP9 v Bt 5. 6: W15 BMP6 Iy 8 v B 7.

8: W12 BMP7 JEIRY B B 94 100 3126 Bractin FEDRIF 1 Fr Bt

M: DNA molecular weight marker (100 bp ladder); 1, 2: Fragments amplified of BMP2 in Hu sheep; 3, 4: Fragments amplified of BMP4 in Hu sheep; 5, 6:
Fragments amplified of BMP6 in Hu sheep; 7, 8: Fragments amplified of BMP?7 in Hu sheep; 9, 10: Fragments amplified of f-actin in Hu sheep

B 1 H¥E BMP2. BMP4. BMP6. BMP7FN S -actin B & HJ RT-PCR Hjk &
Fig. 1 RT-PCR of BMP2, BMP4, BMP6, BMP7 and f-actin in Hu sheep

BMP6. BMP7 F B-actin F:[X cDNA J Bt
2.3 HAZE BMP2. BMP4. BWP6 T BMP7 R E B4R LR KA
&

FIH RT-PCR XFI-E R Fefiey TR, T8, BUEL,
O BFES TR BB B ERN S Sk LA S )
BMP2., BMP4. BMP6 F1 BMP7 KX 23553 W4T #y
M (B 2) o BMP2, BMP4 Fl BMP7 45 AEHIE K G
JG 24~36h W F el AR, TGRSR, O, B

B -actin

M: DNA 7> T-H45i0 (100bp ladder) 5 1: FITfk; 2. 4k, 3. 75,
4: OREL; 5. OE; 6: FFME:; 7o BRAE: 8. MlAE: 9: WA 10: WL
11: 4o

M: DNA molecular weight marker (100 bp ladder); 1-11: Hypothalamus,
pituitary, uterus, ovary, heart, liver, spleen, lung, kidney, muscle and
oviduct, respectively

B 2 2 BMP2. BMP4. BMP6FD BMP7 B E HYALAFRIEE
Fig. 2 The expression profile of BMP2, BMP4, BMP6 and
BMP?7 in Hu sheep

JUE BLAIE S M A RVL R L2 3 Rk, 1T BMP6
IAESR S, BT LA R OR A L Uh A Rk .
2.4 %, BEEMFINELEL BUP2. BWP4. BMP6 F0
BMP7 B [E mRNA KAk FESR

287 PRI 22 S5 0 LA 28 BMP2 . BMP4,
BMP6 1 BMP7 £l mRNA FIEK AT T 9658 &
e (B 3) o MK 3-B LI HF= 2 641 P LA 27
BMP4 £ mRNA Kik & (0.568+0.189) H R T
FEELZESH (0.130+0.052) (P<<0.01) ; {H BMP2. BMP6
1 BMP7 555 mRNA 1A f 11 22 JR 4= i e 40 3]
FRINEAL IR E ZER (P>0.05) (K 3-A, C,
D) .
2.5 HIEBPEELALT BUP2, BMP4. BMP6 1 BMP7 E R

X2 5 HEUPEE) AR K 1 K 4 BY 5] 3 AR

¢ BMP2 ., BMP4, BMP6 F| BUP7 %X mRNA
FIR Fa 5 HE IR AL A R 1] B e MR AH DS BT 45 R LR 3.
M AT LU H B S U BMP4 35l mRNA Rk i
EiHEON A S B EA DG (=0.741, P<<0.05) . fEAH
RABIMHEAS b, 57 7Tl E 90 8§ BMP4 JEX mRNA
KL g AR LR U7 . A=1.90+3.03xB

(#=0.55), I A K HEUEL, B P EE BMP4 mRNA

FikiE,

3 Wik

M FI ) R EEORR B AT et B D T
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8 A 1010 B
B 8
g 6 § 0.8 *
< 3 06
s 2 = 02
0 0
S M S M
215 Group 485 Group

03r ¢ 031 D
§ 02 § 02
@ Q
3 N
% 0.1 E 0.1
23] S
0
0 S M S M
215 Group 40 %)) Group

S: FRGALINNE M: PP EEAUNNE: ROR T E AN G BMP4 HE R RIS ZE R B (P<0.01)
S: Single lambling group; M: Multiple lambling group. **denotes the difference of expression level between S and M Hu sheep is extremely remarkable (P<<

0.01)

3 OSSR BUP2, BUP4. BMPEFN BMP7 EE mRNA B3R ikIK T
Fig.3 BMP2, BMP4, BMP6 and BMP7 mRNA expression in ovaries of Hu sheep

K3 HMFEDNE BUP2. BNP4. BMP6 TN BMP7 AT mRNA ik & 5 HER AL B AR K 447
Table 3 Correlation coefficients between BMP2, BMP4, BMP6 and BMP7 mRNA expression in ovaries and number of ovulation in

Hu sheep

LK mRNA RIAfE Gene mRNA expression

BMP2

BMP4

BMP6 BMP7

HEBP % Number of ovulation r=-0.056 P=0.895

1=0.741" P=0.036

1=-0.377 P=0.357 =-0.272 P=0.515

* FOREEML (P<0.05)

B E I R, NTHES T K0 452 B PR
HEAT T T2 s BRI T, X R IR I 2 A7 5 M 4
o BPEREI) FRSEN, DB s B 7 B M
R o WIAE AT A T T [ AR L S Rl i R b
C 4 5E I8 BMPRIB. BMP15 K1 GDF9 %% 74 JE R A
(] 1) AT ARA RRT I, 25 SRR I AT T AT REAS A 5% i)
LR ELIRIERIEN, AT IR MRA LR
WE R B2 RN, I RERE R FRIA K B ]
RE R M 20 A OB 3= SR 45 A - S DA T H
WE R EZ LA RO —

WEFURIL BMP 506 ] |1z A T 91 53 AR 5 40 i
CEFGSHIN BRI O, oy i, JF
W5/ H At SR B AT . ARG 4 R
78 BMP K EIEIK P BMP2. BMP4. BMP6 K1 BMP7
FEAEE O A S RIE, X8, B XS
S e YR E g -2, ] BMP2 . BMPA,
BMP6 1 BMP7 3 KA J5 24~36 h I BN 5
HL P Re RIEHE LM . AWK, BMP2.
BMP4, BMP6 I BMP7 & [ 1] $lIfl] 45 = 55Uk 4 fitg 24
M 3 AU 100, (AN S ) 4% 2 R A4 M 8 e A Y,
BMP2 1 BMP6 5 [ 0] 1142 B9 76 15 4 i 22 i 0
HINE R, BMP2 E A SUOBRCH O 6 R i e — i
(K145 18 1 BMPG &5 [ 1] (i 3k By i ffa 446 ),

* Correlation is significant at the 0.05 level (2-tailed)

BMP4 & [ 0] LA HE /N B4 B9V B O B 4% B
Hl'%, BMP7 & A T BOK BUSLG NS AR, W14
fizs iR M B i Y, sk 3 DR 2R A I AT I
Romney %1 - 3F 41 8 91 ¥ 0N B} 41 fg X & i& BMP6
mRNA jAN&i5 BMP2, BMP4, BMP7, {H RT-PCR
AJ LUK L R 40 ) BMP2 . BMP4 F1 BMPTmRNA
FIAU H O Fr 99 REGN ST A R AR AR A s 7 i
H, BMP6 JENZIEAE G BEA Il R, T BMP4
KRR FEAAS, TEON 4 iiuh BMP4mRNA 237t
1, 1 BMP6mRNA RPN, ERul gt [ BLHEDY
R BN BMP4 1 BMP7 FE[K mRNA FikHg K, A
R KRB RS R 24~36 h GRS ZIR BMP2,
BMPG6 Fl BMP7 5[5 mRNA FIALE = oG4 f £ 26 4]
(G 72 e, (R 2 Z6 4115 BMP4 JEN mRNA ik
BT, AR M R N AT BMP4 JE
K mRNA FIA 5 HE AR IEAH DG i) BMP4 JE [
FIA T REAL S EHE OB N R 2 —, AT RE 2
BMP RG22 B IR 9R v i RHE O (1) —
DREET AL, SRS EHE OB IR R R, LR AL
PUEA A T RE— D5

AARI H LR KB, BMP2. BMP4 F1 BMP7
FEDAEIE R e AR, T OO FPRE. BRE.
IR B, SRS UN AT R, 1T BMP6
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FENAE . LA, oA R Ris . Hp e
AL IRIE S Faure 252145 B — 8, BilEA]
7 HE AR 2 20T B0 I8 B A D R = AR . Uk B
BMP2 & [ i 7E AE /D R LIZAFRIA, IF activin
A JLFMERE FSHB #5124, BMP4 & (1] 345 - 7
R4 s FSHB mRNA Fik Ml FSH B>, BMP4 %A
55 activin Ml GnRH — i nJ {2 /) i FEAR 40 il FSHP
mRNA kM FSH B#™), HET BMP2. BMP4 F
BMP7 FEDRILE 5122 A 9 (1) B AR FEAS W A

4 ZEig

AR AR R 5 24~36 h WISEREE BMP2,
BMP4. BMP6 F1 BUP7 KN RIS EIAT T 5T,
RN 4 ASFERIATE O S 2447 3Rk, BMP2. BMP4 Hl
BMP7 JERTEEEAR ST iy 8 RIONE . OE.
FERE RS BBAE. B, WAL Rk, BMP6
FEEE. LA SN A LipRIA . Aoy 8,
WEZ G S PG H N BOoE S B 2%, BMP2. BMP6
I BMP7 55D mRNA FIATE FL AR AN 22 641 1A) G W %
ZEStE o 2 SR ULM 2 BMP4 3EIR mRNA Rk 52w
LR, AHSCHN B 43 T R W] BMP4 55 mRNA ik
LB S IEA . NIk, BMP4 w] REXHM A HEUN %
EAEF S wAE R 52 ma 12 HE OB gk KL DA gk — 2D A

2y
FHo
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