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NIRRT B R, U7 £ YT S FecB 2 R S5 9 090 T2 AT OarJL36 EE /8 G781 48 3 A (VD

REFAMFE) SHEENBFRMA (BRERMZ RS THRELENE, RITIMTESNREF FecBHH
WERFTEXZ. (ER] GEEAN/NREF Y FEFHSKAEZAZAR 1B (bone morphogenetic protein
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FRE (n = 48) I E LA 0. 085 1 0.125, 7 BBRUNEEE (n = 154) Fu BBRME (n = 48) $i%
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OarJL36 t T 2 AL 182 bp (U A F X F FERBNEYN AR, EHA—THEL (D=0.614), T+FMEHE
OarJL36 % T B AT F#y 160, 192, 196, 200 bp S FLF A4 (D'=1.000). L& # Y OarJL36 4% T 2 A 182

bp FAIREGNREF FecB 2k BRI RXEZ FIFERENENAR, REPREF L X FHEHEBF M
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Abstract: [Objective] The objectives of the present study were to elucidate the linkage relationship between microsatellite

locus OarJL36 and FecB gene of Small Tail Han sheep and to provide a scientific basis for marker-assisted selection for high

prolificacy in sheep. [Method] Genetic polymorphisms of microsatellite locus OarJL36 which was the closest linked marker to the

ovine prolificacy major gene FecB were detected in high fecundity sheep breeds (Small Tail Han and Hu sheep) and low fecundity

sheep breeds (Texel and Dorset). The linkage disequilibrium between microsatellite locus OarJL36 and FecB gene of Small Tail Han
sheep was also analyzed. [Result] There was a same FecB mutation (A746G) of BMPR-IB gene in both Small Tail Han and Hu

sheep as that in Booroola Merino ewes. The same mutation did not exist in both Texel and Dorset sheep. The frequency of BB, B+

kS BEA: 2008-08-18; #E HHA: 2008-11-13
EEWME: ERBHEEEMSAATF G @EUIR (2005DKA21101) FE ZKIARA M P HARAR R 30 L 10 58 4 (R FBHEUR[2008]10 ) EZK “9737 14

&R A (1968—) , B, =zt AN, BF7CH, Wit #9005 8 0 F U LY . B-mail: mxchu@263.net

(2006CB102105) . % “863” 7%l (2002AA211081. 2005AA211080) . [ EHL:Z4#it%] (2008BADB2B01. 2006BADO1AI11 .
2006BADI13B08). [HZ5 [RAFAEEINH (30140004, 30300248) . JbstmiRIZERHL TR (D07050550000701, Y0705003041131)



2134 th & L BE O 0%

and ++ genotype was 0.500, 0.386 and 0.114 in Small Tail Han sheep, and was 0.800, 0.200 and 0.000 in Hu sheep, respectively. Ten
alleles and 31 genotypes were detected at OarJL36 in 463 individuals from four sheep breeds, in which 160 bp was the shortest allele
and 200 bp was the longest allele. The 182 bp was the predominant allele in Small Tail Han (n=308) and Hu sheep (n=60), of which
frequency was 0.696 and 0.925, but 0.085 and 0.125 in Texel (n=47) and Dorset (n=48). Especially, the 182 bp allele frequency was
0.915 and 0.938 in BB genotype group from Small Tail Han and Hu sheep, but 0.129 in ++ genotype group from Small Tail Han
sheep. The polymorphism information content (PIC) was 0.475, 0.139, 0.661, 0.768, 0.153, 0.588, 0.843, 0.116 and 0.212 in Small
Tail Han, Hu, Texel, Dorset, BB group from Small Tail Han, B+ group from Small Tail Han, ++ group from Small Tail Han, BB
group from Hu sheep, B+ group from Hu sheep, respectively. In Small Tail Han sheep, linkage analysis indicated that there were
fervent linkage disequilibrium as well as certain recombination between 182 bp allele of microsatellite locus OarJL36 and B allele of
FecB gene (D'=0.614) , and complete linkage between 160 bp,192 bp, 196 bp, 200 bp alleles of microsatellite OarJL36 and + allele

of FecB gene (D'=1.000). [Conclusion] These results preliminarily showed that 182 bp allele of microsatellite locus OarJL36 is a

genetic marker closely linked to B allele of the prolificacy major gene FecB in Small Tail Han sheep.

Key words: sheep; prolificacy; FecB gene; OarJL36; linkage disequilibrium
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Table 1 Allele and genotype frequencies of FecB gene in four sheep breeds
fiFlt Breed K ST IERATE Allele frequency FE RIS Genotype frequency
No. B BB B+ ++
NRIEF 308 0.693 0.307 0.500(154) 0.386(119) 0.114(35)
Small Tail Han sheep
#H12£ Hu sheep 60 0.900 0.100 0.800(48) 0.200(12) 0.000(0)
¥ TUZE/R Texel sheep 47 0 1 0(0) 0(0) 1(47)
% ¢ Dorset sheep 48 0 1 0(0) 0(0) 1(48)
Fi N R TR FE R AN A% The numbers in the brackets are the individuals that belong to the respective genotypes
OarJL36 14 TR FEfr PCR B354 S bk P24y, M 1 2 3 4 5 6 M 7 8 9 1011 12 M N
B AR 160~200 bp 2 [8], JoARRF SIS 1Y 4% 201
AT TR TSP R 1 "
160

1~5: fLALREAT OardL36 ff] PCR #4%; M: 600 bp DNA marker
1-5: PCR products of microsatellite OarJL36; M: 600 bp DNA marker

E 1
Fig. 1

YRE OarJL36 1 T2 FELH) PCR F=4))
PCR products of microsatellite OarJL36 in sheep

2.3 WHIE Oardl 36 OB SN

4H2F OardL36 A2 Ha {7 1Y 3= 2 PR 1Y LI 2.
HLVK SR T, BTG A, AT IR AR A0 . i
AEPEAT OardL36 7t 4 N4 AP i i 4 R AR 2,

K2 WMIDERENL Oardl367E 4 NMEERM DY 1B

1: 160 bp/160 bp; 2: 160 bp/182 bp; 3: 172 bp/182 bp; 4: 178 bp/182 bp; 5:
178 bp/184 bp; 6: 180 bp/180 bp; 7: 180 bp/182 bp; 8: 182 bp/182 bp; 9:
182 bp/184 bp; 10: 182 bp/186 bp; 11: 184 bp/184 bp;12: 200 bp/200 bp; M:
pBR322/Msp |

B2 ®BF Oard I6WDEEMHFERERE
Fig. 2 The main genotypes of microsatellite OarJL36 in
sheep

OarJL36 7EiX 4 N Rl L S8R 3.
M2 2 WL, fE/NRIEE, WISE. R gERMZE
FERF 4 AN ARE MRl 463 AN ILAIN R 10 AN 4547 5
PRI 31 PRI Y, A5 47 BE DR BRIy 160~200 bp.
Horp e 308 H/N R IEA LA 2] 10 ANEEA7 P AN

Table 2 Amplification of microsatellite OarJL36 in four sheep breeds

M Breed FEPIFI(H% ) Genotype (frequency)

SERTHER (FR) Allele (frequency)

160 bp(0.029), 172 bp(0.023), 178 bp(0.050),
180 bp(0.091), 182 bp(0.696), 184 bp(0.089),
186 bp(0.011), 192 bp(0.003), 196 bp(0.003),
200 bp(0.005)

172 bp(0.017), 180 bp(0.025), 182 bp(0.925),
184 bp(0.033)

178 bp(0.106), 180 bp(0.436), 182 bp(0.085),
184 bp(0.096), 186 bp(0.277)

NRIES 160/160(0.003), 160/178(0.003), 160/180(0.003), 160/182(0.036), 160/184(0.010),

Small Tail Han sheep ~ 172/172(0.010), 172/182(0.013), 172/184(0.006), 172/186(0.006), 178/178(0.003),

(n=308) 178/182(0.063), 178/184(0.024), 178/192(0.003), 178/196(0.003), 180/180(0.013),
180/182(0.140), 180/184(0.010), 180/192(0.003), 182/182(0.519), 182/184(0.088),
182/186(0.013), 182/200(0.003), 184/184(0.016), 184/186(0.003), 184/196(0.003),
200/200(0.003)

W 172/182(0.033), 180/182(0.050), 182/182(0.850), 182/184(0.067)

Hu sheep (n = 60)

L IEIR 178/180(0.170), 178/184(0.021), 178/186(0.021), 180/180(0.255), 180/184(0.043),

Texel sheep (n=47) 180/186(0.149), 182/182(0.064), 182/184(0.043), 184/184(0.043), 186/186(0.191)

EZ 2 172/172(0.083), 172/180(0.042), 172/184(0.042), 172/186(0.083), 178/178(0.270),

Dorset sheep (n = 48)
184/184(0.125), 184/186(0.021), 186/186(0.083)

178/186(0.063), 180/180(0.021), 182/182(0.083), 182/184(0.042), 182/186(0.042),

172 bp(0.167), 178 bp(0.302), 180 bp(0.042),
182 bp(0.125), 184 bp(0.177), 186 bp(0.187)
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Table 3 Genetic parameters of microsatellite OarJL36 in four

sheep breeds

mFh Breed AMEHL 151240 Genetic parameter
No.- " pic h N E

NRIEFE 308 0475 0495 10 1.982

Small Tail Han sheep

{51°F Hu sheep 60 0.139  0.142 4 1.166

¥ 70 JE2E /R Texel sheep 47 0.661  0.705 5 3.396

% %845 Dorset sheep 48 0.768  0.797 6 4.931

26 FHIEN7H, 182 bp/182 bp & N RS I = 4 0.519,
182 bp S5 KRR f =i A 0.696, 2Les S0 ik [RUATR
JrARAE 0.003 £ 0.091 WITEE N £E 60 b= rp ALk
D 4 ANTEATHERRT 4 FhEEDI Y, 182 bp/182 bp Al
U2 f v A 0.850, 182 bp Z5 i J PR A 22 gt v Ay
0.925, HoAx 3 MNERLEEI AR 73 A {E 0.017 31 0.033
(IG5 7F 47 HRE s S8R 4p 2 LA I 2 5 /NS5EAT
FELRIAT 10 FhILLR 7Y, 180 bp/180 bp FEK AT Z(0.255)
W T e BE DAY, 180 bp S5 A L DR Bk
0.436, H e SEALEEAER 73 A (e 0.085 £ 0.277 (175
PPN s 71 48 H 2 R4 2 R AN 1) 6 AN45 A0 FE PR AN

13 FPJLA AL, 178 bp/178 bp FE KBS (0.270) W
TIHE T, 178 bp S50 KL A 5 =i 4 0.302, JL
EAG A LR Z A AE 0.042 £ 0.187 (IEHIN . 45 5
fi7 OarJL36 Jf7 182 bp/182 bp FEKI I 182 bp 2%
7 FEDRIFE v B gt PN R SR S R 2 38 g AR A
DRI B FOR SR DN, TR AEAR A ) i PR e 2 R
EZ LI g ey Ly

M 3 W, 0 LR IO B ) IRy e 2
IRMZIRRFREE R B 24, R BN =2
FELFNWEP MR T EZSAMREZ S,
FE TR N 22 B IR 2550 S A 5 DRI B S5 o 886 DR A L
BT, USSR AR IX 2 AMIC BG4y
AR RIEY, /N RIE LR P A S A S R K
SRR RE DS SRR, AR 12 e o7 S5 A e R 11X
2 AR R AT AR AN

454y FecB SR r RS, /N R IES) N BB,
B+FI++21 3 AMEAR, KI5 4 BB A B+4Y 2 AN
1A, 2 4 BB R EEAL OardL36 761X JLANE A AR 5L A
T SRR ) A At iot, % 5 2 OardL36 7EANH]
FecB Jk K71 (1) /)N R JE S RN SE FE R vp ) 5 AR 240

4 nf 0L, 75 154 HU/N2IESE BB RUHE4,
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Table 4 Amplification of microsatellite OarJL36 in different genotypes of FecB in Small Tail Han and Hu sheep

A FecB JE[F 1Y e EECTES) e T¢I ES)
Breed Genotype of FecB Genotype (frequency) Allele (frequency)
NRIEFE BB 172/182(0.014), 172/184(0.006), 178/182(0.006), 180/182(0.032), 172 bp(0.010), 178 bp(0.003), 180 bp(0.016),
Small Tail Han (n=154) 182/182(0.838), 182/184(0.104) 182 bp(0.916), 184 bp(0.055)
sheep B+ 160/182(0.076), 160/184(0.008), 172/172(0.017), 172/182(0.017), 160 bp(0.042), 172 bp(0.029), 178 bp(0.084),
(n=119) 172/184(0.008), 178/182(0.143), 178/184(0.025), 180/182(0.311), 180 bp(0.164), 182 bp(0.580), 184 bp(0.088),
180/184(0.017), 182/182(0.252), 182/184(0.084), 182/186(0.025), 186 bp(0.013)
184/184(0.017)
++ 160/160(0.029), 160/178(0.029), 160/180(0.029), 160/182(0.056), 160 bp(0.114), 172 bp(0.057), 178 bp(0.143),
(n=35) 160/184(0.056), 172/172(0.029), 172/186(0.056), 178/178(0.029), 180 bp(0.171), 182 bp(0.129), 184 bp(0.229),
178/182(0.029), 178/184(0.112), 178/192(0.029), 178/196(0.029), 186 bp(0.057), 192 bp(0.029), 196 bp(0.029),
180/180(0.112), 180/182(0.029), 180/184(0.029), 180/192(0.029), 200 bp(0.042)
182/182(0.029), 182/184(0.029), 182/186(0.029), 182/200(0.029),
184/184(0.086), 184/186(0.029), 184/196(0.029), 200/200(0.029)
fIES BB 180/182(0.063), 182/182(0.875), 182/184(0.062) 180 bp(0.031), 182 bp(0.938), 184 bp(0.031)
Hu sheep (n=48)
B+ 172/182(0.167), 182/182(0.750), 182/184(0.083) 172 bp(0.083), 182 bp(0.875), 184 bp(0.042)
(n=12)

ARSI 21] 6 P BE DA RN 5 ANSEA RN, H. 182 bp/182 bp
ST AR S vk 0.838, 182 bp 57 KL AR ik
0.916, it HIZEAT I R AEIZE AR R AL A AT JE A

7E 35 H++RUEAR R ARG I 2 7 24 FPEER AR 10 4

SR IEIN, S N A AR A], SR LE 0.029
£ 0.229 Ju[H N . 7F 48 H BB B Erp LR IS 3 Fh
FEDRI AT 3 NEEAT LA, 182 bp/182 bp HE A Y44 f%
14 0.875, 182 bp AL HE KA IAF] 0.938, HIE%
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FEAT AL A . 78 12 2 BRI AR R 2] 3 Fh
FEDRIRRN 3 ANEEA7 JE R, 182 bp 2547 KL PRIE 4 0.875,
BT BN IE: (0.580) , X AAESEIK N OarJL36
JERLAEIE T ) 2 3545 B8 E U RR S A R b i
M. G5 E IR, OardL36 JENL 182 bp/182 bp Fk K7
A1 182 bp S M A {E/N R FEF BB FEAAFIHIF BB #f
PR AL T AEREFA, AR/ R IEF++ A 25 R K]
TR RS S5 FE R A A R385

s I, /NEFEF BB BB AP 2 SE RS

AR, AMREZE, A8 RE R SEPr A
DRI 2E SRR, Ut W2 R 7 A 3K — AR R o A A AT
flirs MAE/NRBIEFE++HRTAF, ZEERETRERIT

0.843, AMJEZE, ARG R SR A5 KL A
B LR HEIT, UL IHAZ R AE X — TR R A A ik 34
A), BUEAR SRR . AR A BRI 2R AL R
B BB TR 2 56 B EAGRIK,
A& A+, PRI e/ RIS R RIS 4

%5 WMIDEBEN Oard 36 TERR Fed BRE/NEEEFPERHRESH

Table 5 Genetic parameters of microsatellite OarJL36 in different genotypes of Fec® in Small Tail Han and Hu sheep

mifl Breed Fec® £ [X 7 AMEEL 5124 Genetic parameter
Genotype of Fec® No. PIC h N E
NRIEF BB 154 0.152 0.158 5 1.187
Small Tail Han sheep B+ 119 0.588 0.619 7 2,626
4 35 0.843 0.858 10 7.057
WIE Hu sheep BB 48 0.115 0.118 3 1.134
B+ 12 0212 0.226 3 1.292

2.4 D2 0ard 36 IFFIHHR

T IE R, $RA540FE OardL36 i FALREAT 10
ANERLIER A, B3 A N EER (160 bp)
B RAEALRE D (200 bp ) PA K iz e RO A5 5 R (182
bp) HIF41.

f i 3 T, R 1A TR (CA) EE
5ea i BALRLT, CA ERE FIGMEREUN 11~31,
TEIZJEAL 160 bp ZEA7FEH 80 bp 4K I 14> C—T

A, M AE L SR SE PR AR AT R B A I 58 /32
XA fE L IR —RARN S 160 bp S5 A7 5P £ 113

KFo RSN BRgnEL 4 (GenBank X‘i?
NW_001495147) iZ 4 T2 B A7 32 5 1) 1) [R) 8 Ik
VEWZJEAT X 2 ANFR A AT IR m (AR S

87.7%,

P . 41 %F BMPR-IB %t [Al ( GenBank % 3% 5 :
NM_001009431) Lj/|- BMPR-IB 3% X (GenBank &%
5: NM_001105328) 2t /541 1 [ M ik 98.2%,
YRR AR X 2 AN R BEOR s, I TR
BMPR-1B & DXl 4> 7 471 w] LAAE — 8 B 15 b e Bl 4 5
FecB JE[M5 OarL36 i T AL JEfr B & . 7
0arJL36 1 LA EENAL T2 6 5 B4 /& BMPR-IB 55 4]
H5 4 WE T, 40E FecB LRV T-/f: BMPR-IB JE[A]
A 9 AME T4, WAL s L BE 2y 20 kb
2.5 I ERENL OardL36 5 FecB B F Ry E A T8
S

/N FRFE: FecB JE IR S5 TUAE OardL36 #5245 K] ]

PRAEALIRIERA T R A D RHDCRE P K P I3 6.

CACACACACACACACACACACA

m: {3
m: Flanking sequences; 0: Repeated units;

3 B Oard 36D EERIERN

.:.-'\( A( )‘\(.ACACA( AC.-'\( J\C}‘\( ACA(,A( A( .-'\( A(")‘\( ACA(,A( AC!‘

rﬂz‘/ﬂz O: i/ﬂkﬁ'fb -2

BRI T AR R A

-: The deleted nucleotide sequences; Numbers denote the positions of nucleotides

£ E [F B9 DNA 751

Fig. 3 DNA sequence of several alleles of microsatellite OarJL36 in sheep
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£6 INEEX FecBERE Oard 36D EEMEB A FESH DR PIE
Table 6 Linkage disequilibrium parameters D'(r?) between FecB gene and microsatellite OarJL36 and P valves in Small Tail Han sheep

160 bp 172 bp 178 bp 180 bp 182 bp 184 bp 186 bp 192 bp 196 bp 200 bp
B -1.000 -0.485 -0.954 -0.871 0.614 -0.038 -0.382 -1.000 -1.000 -1.000
(0.068) (0.012) (0.109) (0.172) (0.372) (0.000) (0.004) (0.007) (0.007) (0.011)
P=0.000 P=0.006 P=0.000 P=0.000 P=0.000 P=0.658 P=0.127 P=0.033 P=0.033  P=0.009
N=0 N=5 N=1 N=5 N=377 N=36 N=3 N=0 N=0 N=0
+ 1.000 0.485 0.954 0.871 -0.614 0.038 0.382 1.000 1.000 1.000
(0.068) (0.012) (0.109) (0.172) (0.372) (0.000) (0.004) (0.007) (0.007) (0.011)
P=0.000 P=0.006 P=0.000 P=0.000 P=0.000 P=0.658 P=0.127 P=0.033 P=0.033  P=0.009
N=18 N=9 N=30 N=51 N=52 N=18 N=4 N=2 N=2 N=3

N NS RG%H N is the number of haplotype

FecB JE[A B {7 3 [M 5 OardL36 i AL AT 182 bp
6 A R DR b 9 A 1) 3 B T i R 4L D'=0.614,
r’=0.372, EIVESRIEBAT#r, o {6h 2289,
P=0.000, W%, 1 B (7L OardL36 fil LA
JAEAN LA A JE TR 1) DY SR B0 A AR, AL FIERIA
R RS a2 %, 1 OardL36 fi A2y F
1160 192, 196+ 200 bp 257 HE K 55 FecB HE A +55
A7 HE D[R] PRI AR HEAE BAS T 2R 250 0 1.000, 1 X
S SE A7 e DR 5+ 45 07 R D] S A B
3 g

T AL JREAY. OardL36 [ 182 bp A5V 3 K 7 /) 2 3¢
F (n=308) . W (n=60) . FFWIHER (n=47)
MZFEFEMF (n=48) T HIZ5 510 0.696. 0.925.
0.085 F1 0.125, FecB [f] B S {3 PRI U 43 7 4
0.693. 0.900. 0 F10. AJ UL 182 bp Z5A7 KRR AEA
[Fi) i ol o 7 22 S 1) T R DR R I 4 AN T R
(1) B ST FE AR AR, SREASEWMA —EXR,
EAF I AR A 3 RFEA A — 2 4 Hr e

VERARFE 1 AN s BH ) B AE, FecB BEA
ST AE WK A Booroola Merino 4% 2F 0 4 & I .
Montgomery 25215 Bl FecB & [A 5 ik & i fir
OarAE101 1 OarHH55 B4 &4, wifL i &40l h 13
H120 cM. Montgomery 252" FIES /> M2k FecB
FERE AL %) OarAEL01 Al EGF (i A= KK 1) /IF (%h
T 1D Z MK, T4 6 5 3 tknG
#%i . Lord 258 1k ¢F EGF At 1L F7ic OarAE101
ZIEN 2 ANCTAL A MeMB3 AT OardL1A LUK 1
ANFEIR R 220 3 B PR E (CENPE) , HE—08%
FecB Ji RURSAff 22 {3 7E 47 2% 6 5 YL (it 2R X (1 sk T
SEFRiC OarAE101 A1 BM1329 2 [i]—> 10 ¢M [X ] Y .
Mulsant 25U FecB & [R5 A7 1% X 1 ik 1952 e o7

471U A1 300U Z[al/hF 1 M [ (AN, i JBEA
BMS2508 F1 LSCV043 11 FecB ik X [X 1k 4 it 5 LT 1)
FRid, BERRBS 4%k 1.5 F1 2.3 ¢cM. Wilson 25004
Booroola i[RI R 1R85 A s e 7 A4F K
FREW 6 5 Qi brid Bl G of kR, AT 28U
HEMOHEIREERL, ¥ FecB BEPENMBI4TF 6
PRI — AP X IRN 6923-q31CKZT 1.64 cMD,
ENGOAK 4921-q25 [k, 1M QTL SEAL TR
BRI R, A AL OardL36 &b FecB i
BSERIFRIC, JFH OarJL36 5 FecB 2 i ¥ £ &
o B e NRIEE R T T FecB S
5B Ard OarJL36 MIEHICR, 45K W R FecB
LN B 247 F K 5 OarJL36 {8k A7 /e B2, (HIFFT
AN 72 H BB Y /N RIS, A — 2 1R R E.
AAEGLL 308 JU/NRIEFEAMN FEX LR, O LA
JEAT OardL36 7 BB B+Al++REAH 1041, 4555
INTE/NRIESE BB BUREAR 1A 83.8% 1444 OarJL36
LR JE 182 bp/182 bp, H 15.6%HIAMAHE T 14~ 182
bp SR, AT 0.6% AT 182 bp S JEK . i
N RIEE++RIFEA A 2.9%MAIL OarJL36
FE[R ALy 182 bp/182 bp, A 20.1%[K A4 1 4~ 182
bp SEALEEA, 1T 77.0% A5 182 bp SR L, 4iE
AP T, NRIEERCILE AT OardL3s 5
FecB REPIEEBISCRER, (HIFAR Booroola 4i-F
FESEAEDL, UPRRINE — 2 EL, KR T
Tl LA a7 OardL36 7 AN [F] 4 = b Ffr o 16 43 A 2 75|
IR o FEANIR IR AR = b M b ik 12 e (R84 225
PEAEAE— 225, TEARIRWEITN 4 N4 Rl 4
A PTAAIL

4 i

T T JRE A OardL36 1 182 bp 254 3k [K L /) 2 5
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doOE kW R %

2%

Frm B FRIE FecB (1) B A7 3L N 2 IA/A AR
SRIFEBIC R, ML ERLIEL . 182 bp 5F
Fr LR B /NI 22 06 AR R E B — i
Fbrid, X T4Fm B bm i B e A A B

N A A -
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