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Genetic polymorphism of BMPR-IB gene and effect
on litter size in three sheep breeds
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Abstract: [ Objective] The study compared the gene polymorphism of BMPR-IB gene in the Tan
sheep . Mongolian Sheep and Small Tailed Han Sheep,and analyzed the effect on the litter size of the differ-
ent genotype,which would provide a theoretical basis for marker-assisted selection and breeding for prolifi-
cacy in sheep. [Method)] The gene polymorphism of BMPR-IB gene was analyzed by PCR-RFLP and the
effect on litter size of different genotypes was studied by least squares mean. [Result] (1) There were three
genotypes ++,B+ and BB in the Tan Sheep and Small Tailed Han Sheep,the genotype frequencies were
0.660,0.240,0. 100 and 0. 118,0. 353,0. 529 respectively,0. 780,0. 220 and 0. 294,0. 706 were gene fre-
quencies of + and B,and only + -+ genotype existed in Mongolian Sheep. The polymorphism information
contents (PIC) were 0.439 and 0. 501 in the Tan Sheep and Small Tailed Han Sheep, which means moder-
ate diversity (0. 25<CPIC<C0. 5)and high diversity (PIC>0.5) respectively. (2) The average litter size of
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Small Tailed Han Sheep with genotype BB had 0. 541 (P<C0. 05) and 1. 208 (P<C0. 01) lambs more than
B+and + -+ genotypes. Tan Sheep were more than 0. 076 and 0. 159(P>0. 05) lambs. [Conclusion]) (1)
There is the same mutation in BMPR-IB gene’s consecutive two basic (A746G) of Small Tailed Han

Sheep and Tan Sheep as that of the Booroola Merino; (2) The B gene of BMPR-IB gene mutation locus

may be a major gene which affects the prolificacy trait of Tan Sheep and Small Tailed Han Sheep or it is re-

garded as a genetic makers closely linked to target gene and could be as a marker assisting selection and

breeding of improve fecundity.

Key words: Tan Sheep; Mongolian Sheep;Small Tailed Han Sheep; BMPR-IB gene;litter size
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DNA 7 H AR F DNA JF 81 43 81 55 J7 2% o 6 # 4

¥ T BMPR-1B 3:H %) RFLP £ &, #F 58 A 7] 3
PR 760 6 7 26 B0 R i), LA Ry 4 5 B ) I AR I A
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54 HGET 2 (N 52l SR 46 v it =6 0 05 B °F 1) 1
EREE ORI F M I 5 R iE . 20/
HLE 2 BT SR sR) ARG B H SR B KR R
MK 8 mL,EAEFSE A 1.5 mL ACD it &7 1)
10 mL Ep &, 35 ™, PO 4R 32 1R 20 AR TR T 7 [l 52
¥, T —80 CAHMA & H .
1.2 EEZ DNA 25

Z 8 Chen 55 1 75 R FH LG -5 05 i
PRI H 4 DNA, T —20 CARFEA .
1.3 % ¥ BMPRIB EE (FecB)5|¥1Hi&it 5

i

1.3.1 314t B4 s MRAENF BMPRIB %
M ¥ 51 (GenBank % 5% 5. AF312016) # 4% fiff Y {3/
AU, Primer5. 0 330 1 X519 BWESI9) F,
¥ 5] % 5'-CCAGAGGACAATAGCAAAGCAAA-
3 FESI Y R, FH A 5'-CAAGATGTTTTCA
TGCCTCAACAGGTC-3", 5l¥y¥y it 5t = 1#Hix &
A RTHEA R A
1.3.2 PCR # 3 PCR R MAEB N 25 oL, H
i1 10 X Buffer(20 mmol/L,Mg"")2.5 uL. dNTPs
(2.5 mmol/L) 2. 5 pL, Tag DNA % & 8§ (0. 5
U/pl)2. 5pl, ER#ES1#) (10 pmol/pl) 4 0.5 pL,
B DNA (50 ng/pl) 1.0 pL MALGEK E 25 pl,
PCR Jx W #2)J¥ K .94 C AP 5 min; 94 CAE M 30
s, 54.3 CiBk 30 s,72 ‘CHEfdt 30 s,3E 33 NEH;
HeJa 72 CHEAf 10 min, 4 CLRAE, ¥ 3P H 15
g/ L BB NG B 5 R A7 i TRAS T
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.5 W F
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M | 2 3 4 5

2000 bp

1000 bp
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Bl 1 BMPR-IB J:[H ) PCR ¥4
M. Marker 2000;1~5. 4" 1§ /=4
Fig.1 Image of PCR products of BMPR-IB gene
M. Marker 2000;1—5. PCR products
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W RN d = — 4 b D=

1.7 #HiEsE

I B R F SPSS(13. 0) % ANOVA k47
B ZE RS T A R L I S AR MRV ROR .
2 HR 50
2.1 BMPR-IB &H FecB(Q249R) =2 R #y PCR

i1

Hl FecB 5|¥%F 3 A~4 3L K 4 DNA #1719
By 15 g/ Loy B RE WEEE IS H VK A DU A5
FIK R 190 bp 945 M40 (B 1), 5 i 45
AHAT 5B A %7 0 B F S P A T B R AT )
5HT.
2.2 PCR¥EBFMWr) AVall B51

M AVa ll WYIEEXE PCR 7™ ¥ #1788 I . 16 1k
J& 120 g/ L (1 58 D M BBk i 56 J5 46 A7 i TR
B2 a] Lz B R A /N B FEE RIS A3 5] 3
iy B, 43 i & 190 bp WY EEY) 554 (++) 190 il
160 bp B Y] 44 (B+) Al 160 bp Y B VI & 45
(BB) 7587 - F HA 190 bp MBEYI 454 (+ 4,
Horp -5 B AR R, B o AR Ze 4 L, BB B Y
RAMEGR, FREIRL R, /N FEF IR £ 1R X
SR AL ST 238 M 5 SE AR IR A AN
fE2 51k

N}

M 1 2 3 4 5

Y TR PV P Y

Kl 2 BMPR-IB 3£ PCR F=##y AVall Y
M. pBR322 DNA/Msp | Markers;

LA T B:2,3,5 B AR A+ 4. RABME B BB;
Fig. 2 Eletrophoresis of PCR products of BMPR-1B
gene digested by AVa || enzyme
M. pBR322 DNA/Msp | Markers; 1. Heterozygote B+;2.3.5.
Wild genotype + -+ 4. Mutalion homozygous genotype BB

blast. cgi W35t 4T BLAST AR, [R5 %F 4% 15 X 119
H Ry 5 A http: / www. ncbi. com/CLAST-
WL Rl 17 Fe . W 25 51 (I 3) Bos, iz B
DNA FF 3 7778 2 4~ SNP i 55, BV 45 5% X 56 746
PiAHSE 2 MR K E T A—>G B %0 R
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AR B A TR Y ) A B R TR R (Q249RD .
PE L LT /)N e 2 E FLME S BMPR-IB A& [H 4 5%
SRS 746 RLARAR 2 Kb AL A AR T 5 A 6 L 56 M L
AR 2878 (ATA6G) 1T 52 i = TS A 3 b 5%

716 746
T CA AACC TCG GACC

Q(CAA_)
B3 /NRIEFHMMEE BMPRIB 3R 1 587
Fig.3 BMPR-IB gene mutation of Small Tailed
Han Sheep and Tan Sheep
2.4 WME REFMNEEF BMPRIB £E
RFLP i#1& & &5
3 AR Bl BMPR-1B JE [N 22 2507 i S DA A

—  R(CGG)

R BRI R 2 BE B S (PIO) A 305 1
%L (Ne) . fif 88 2% & B (He) FI 7 s 2l & B
(Ho W EZR R 1, 3k 1ol ML m/h R
FELEYRBT ++ B+ Al BB 3 RO KR, 520k 2
R+ + LR A, BEE 5 E RN EIEE
+ 4 .B-+F1 BB % [X B 2 5~ 0. 660, 0. 240,
0.100;1.000,0.000,0. 000 A1 0.118,0. 353,0. 529,
+F1 B E P ER S 51k 0.780,0. 2205 1. 000,0. 000
1 0.294,0. 706, /NEEFEZE BB LR RIS R BH B = T
i S | S R T ol = N S P R DA
Kb TF Hardy-Weinberg AN S ik 25, 1 /)N B2 FE 22 0
b TP AR

i — 2o R S N FEE AL He F
PIC 43 %)k 0.500,0. 439 F1 0. 580,0. 501, 43 5l %
PRy b B 22 35 ORN R BE 22 AN, R WX T S A SE L RR
BMPR-1B A ) 288w s % 22 R 8K, Al E
Sy VAR5 A i TR % o A Ak R RSCEE L T 4R
o 2 B T MR IC Bl B

1 3AMBERM BMPRIB ERM AN EEELEN

Table 1  Polymorphism of BMPR-IB gene in three sheep groups
o . e [R] 7 5 R H IR R
it FEA Genotype {requency Gene frequency Ho He PIC Ne 2
Breed Sample X
++ B+ BB B
W i 0. 660 0. 240 0.100 . .
Tan Sheep 250 (165) (60) (25) 0.220 0. 500 0. 500 0.439 1. 980 22.605
A e
ELES
Mongolian 54 1. 000 0. 000 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000 /
< 54 0) 0)
Sheep
/N IEE - foc
Small Tailed 68 0. 118 ()'(333 0. 529 0.294 0.706 0.420 0.580 0.501 2.390 1. 530
. (8 (24) (36)
Han Sheep

W PIC>0.5 NEE £ ,0. 25<<PIC<0.5 Jh £ 4, PIC<0. 25 HIREZE.
Note: PIC>>0. 5 means high diversity,0. 25<CPIC<C0. 5 means moderate diversity, PIC<C0. 25 means low diversity.

2.5 WX FHEMMNEEXE BMPRIB HEE A
AREEBINEEFEHH I
3 e/ AR A AT A TR MR LS R RN

FE BMPR-1B 3[R A3 15 A [R] 3 R 78 A 44 1 S 2 5=
SERCCHRE DR RS ) » LA B 30 e A P R | e
BN 2,

®2 W REERNREE BMPR 1B 3 EF FE E R 5% 5 0018 5

Table 2 Genetic effect of BMPR-IB genotype on litter size in different sheep breeds
INRFEE W il
e[ 2 Small Tailed han Sheep Tan Sheep Mongolian Sheep
Genotypes - N . S ~
N LSM SE N LSM SE N LSM SE

++ 8 1. 625 0.263 179 1. 270 0.074 54 1 0
B+ 24 2.292 0.095 65 1. 353 0. 083 0 0 0
BB 36 2.833 0.063 38 1. 429 0.111 0 0 0
o
Additive effect 0. 604 0.080 /
{2 LA 0.063 0.019 /
Dominant effect
.t 5 0.104 0.004 /

Dominant degree

TE N7 O BIC KA LSMY Sy die /N 3R B 37 58 SE” AR EDR .

Note:“N” means test number,“LSM” means lsmean,“SE” means standard error.
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M5 2 a1, /N R 96 2 BB 3k R RLAS (R S 3 7
EME BH R A L 0,541 H, %R W E(P<
0.05), 8 + + WML 1. 208 H, 2 F i &
(P<C0.01) ;¥ BB 3% M RIA (R F 2 7= 26 50 ke B+
I+ LR B4y 512 0,076 1 0. 159 H, 2 B A
35 (P=>0. 05)  HAZ A7 £ R | 8 1 A4 g
P B A /N FEAAIK 0. 524,0. 044 F11 0. 100,

BAR/NRBFEEFIMEE BMPR-IB 3L {7 5 AR
5 DR U 5K 7 6 B30 38 1 RN AF AR R 25 7 Hrh e
ARSEDH B AT LI B 0 /0N R FE A 0 7 s A e
W= AN 3R B S B B 8 7 A R i A E AR A
A WG EE AT SR AT LUAE . BMPR-IB &
P S 28 48 JE I B ] BB 28 i /0N 8 9% 2 RN
ZIRYERE I TSN BUH RS AR R
A bR IC . AT L T4 i BEE 0 B b i i B 2 4 R
B TAE; 2F BMPR-IB BE PR A7 i A [R] 5 R 3 %6
/N T S RIS 7 SR BB AL AN 1 25 5 MR TR
REABORBE N7 25 e B A i — B IR A RS

33w’
3.1 ¥ EHEMMEZEE BMPRIB &EH
RFLP Bk &

AR, B N 6 T 452 BMPR-IB 3 [H i {4 A5
SEE L, T ERER AT 142
ERFR G LA R 2 & B, FLE AR R B
5 G HR A WEN) FeeB 3 B2 W) BO7 45
B B R Gl T /N € BMPR-IB SEH v
MAFAE+ -+ .B+ A1 BB 3 IR, ARWF5E L,
/N IEEFIWEE BMPR-IB % 455 15 51 (155 746
NLAHER 2 AbTEHE e Az T 5 A0 57 35 R U AR TR] 1 58
A (AT46G) BN BB JE F MM TR % AL AR TE
++.B+ M1 BB 3 LKA, &R S Lk 4
HIEA 3 2 2 BMPR-IB 3L %A %
A2 GRAR A S A+ B, 35 0 RURE S F 9T A
RoEe—.

TEABEGE B, W F /N JE S+ + B+ fil BB
HL H BT %4y Bk 0. 660, 0. 240, 0. 100 A1 0. 118,
0.353,0. 529, + 1 B #4535k 0. 780,0. 220
1 0.294,0. 706, He F1 PIC 43 3] 0. 500,0. 439
F10.580,0.501, BEARZEGERE & EMBARLEE
EEN PN AU 2% N (R S DR (¢ ]
FR L RUIFH A 5t Z R PR R R R )
B o /DR IEEFINEE LRI AL ST BRIy 2 A
M2, R{Y] BMPRIB BN 28580 s

AR S AR (R AR O IR 5 A 18] i A 43 A
bR IC T4 i 45 2F B AR e B s B
i TAE Bk T RE
3.2 ¥ RHFEF/NEEZE BMPRIB EEARE

EF A= R R R

B PN 0 K o AH G BF 5 45 SR R B 1 22 4 2 S R
BMPR-1B JER A 81 B 5L PR 42 & = 26 5oy - &=
RGP R AR5 T BMPR-IB 3
DRI TR A 2% 2 45 ity 2R [R] 14 53 A7 B 45 Tl 5 8] 7 24 5 1) 512
Bro= S Ol . 45 R R W) BMPR-1B J& 5 Wi 24 = 77 7%
BB F2 A R, T A R 4 2 7 2 R 1 45 5 M I
I5 A 5T R B, 0 7R RN 28 7R N R E 2 BB S R R
53 - S A B AL 2 7 2% 0. 9(P<C0. 05) F1. 5
H(P<<0.01); B¢ FEAEY 5 £ W, /NEJEF BB
SERRIES 1A 2 MGV 47 2 80 R+ + R
M 0.77 fit 1,02 Hop 4 55 N HE , NRBJE R
BB B+ il 4 + J& B AU 9 - 38 77 26 8053 ok 2. 81,
2.76F0 2. 25 H, BB % K A5 4+ H R L 7R
0.56 s Mz B EMER TR T 1 MEERR,
G S M R W kB, R RS &
FrER W1 BMPR-IB %72 3 N (FecB H: K 4
TS A RS 109 B[R] — b XA 2 Y
SEBAR 0,80 HAL HEILATHEM LR 2 £ ik &
FENAEAE . ABFSGE & B, /N JE3F BB 3 [H R 2
FEHBE B+ RERREAML 0.4 H, 258 F
(P<<0.05), B+ +HREMEL™ 1.21 L. 25 R 8
HP<0.0D), 5 Bk G5 R IHA —30: M F BB K
TISE-2 7= 26 808 B+ AL+ + 43 31 £ 0. 08 F1 0. 16
H EZRREE(P>0.05), HhndEz w82 sk
LT M B 4y )8 /N R FE SR AR 0. 524, 0. 044 Al
0.100,BMPR-1B S Z &7 s 548 B ] B af L i
BN /0N R FE A A 7 S R 2 A B ok L
Aem B B, X RSB HR BMPR-IB £ K
P B3k D AIORE A7 7 R R S L 1 TR BT ORRE
ABIORIEG I 4 2  F B i — D IR AW S . 3 4b
WEEHEMA D B L PR3 ™ 26 B0 388 15 800 R B 3R
U e ¥ AL AT RE 5 M SE A R SR A B AR R

FRAE B0 3 1% 2 L, R IR = 33 1% R0 + 3R
B8 . AR A 4 S SRR R Y s AL D ARIK L R
298 0. 03~0. 1Mok AR 32 3 35t 1% 520
1M HLE A7 B I 558 45 1 Vi 37 07 3K 95 KT 45 2R 45 [
R . 5/ R JE M b, W2 00 4] 77 38 B8 4 45
TR Hb 1) A A A I SR A R A S R AR
AR KNBIEE, ZRM/NEEFERALKRLZ R
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o ] Pl 3 14 ) 3% 7 X i T 2 1 7 A AR R

2 HARL L — R ORI A T AR O %
S B X o5 R 4w AR R Be 1S B 5 o K
L5 1 Tk 4 W 0 Bl . 7E L BMPR-IB A
VE Ry b e B A 3 2o 6 6 2 o8 BF AR rh B A A6 ik R AR
R (1 ) Ao 0T ] % A5 R o P sk £ F R ) B
Rz —,

4 %5 W

D) WEE RN FES BMPR-1B J: K 4 6 )7 51 55
746 (LAHAR 2 AbBRIL & A T 5 AR R SE R U4 SR A
[F) i) 2248 (CAT46G) A7 7E 2 5k T 52 7 36 ) K &
A X g

2)BMPR-1B B SR AR FL A B 7] g2
il /N FEE RN Z M PE AR 1) EROE R R 5 2
TEAE B35 B B AL brid . v DU T4 s i
Pric i Bk FE R E A AR,
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