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Abstract
Small Tail Han (STH) ewes during different physiological periods (follicular and luteal phases) and with different fecundity ( monotocous and

[ Objective ] To investigate the expression features of bone morphogenetic protein receptor 2 gene ( BMPR2) in various tissues of

polytocous ewes) ,and analyze the correlation between its polymorphism with litter size in STH sheep.[ Method ] qPCR technology was used to
detect the expression model of BMPR2 in 14 kinds tissues of STH sheep.Sequenom MassARRAY ®SNP assay was applied to detect three single
nucleotide polymorphism (SNPs) of BMPR?2 in six sheep breeds,and then the correlation between BMPR2 polymorphism and litter size in STH
sheep was analyzed. [ Result | BMPR2 gene was expressed in all selected tissues of STH sheep and highly expressed in the lung, brain, liver and
hypothalamus tissues, and the expression of BMPR2 in hypothalamus, pituitary , and ovary of polytocous ewes was higher than that of monotocous
ewes at follicular phase.The allele frequencies of g.203707935A>G and g.203708072T>C loci of BMPR2 were significantly different ( P<0.05)
between monotocous and polytocous sheep breeds.The correlation analysis showed that g.203708352A>G locus of BMPR2 had significant nega-
tive effects on litter size of STH sheep, the litter size of wild type was significantly higher than heterozygote genotype (P<0.05).The combina-
tion analysis of g.203708352A>G locus of BMPR2 and FecB (A746G) showed that the litter size of AA-GG genotype was significantly higher
than that of AA-AG and AA-AA genotypes (P<0.05).Therefore, it was speculated that g.203708352A>G locus mutation might weaken the
downstream signal intensity of FecB,resulting in the decrease of litter size.[ Conclusion] The SNP locus of g.203708352A>G in BUPR2 might
have negative significant association with the litter size of STH sheep.The present study provided the reference basis for lambing traits selection
of STH sheep.
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PR RIS e PR ) Ak P4 , 52 MR A B 3 3R (follicle-stimula-
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B AR DGR 23 AT, ARG BMPR2 JE DR 3R 3K S 2 38
PES A SRR B DG FR , S B R4 7 S ML) 28
RE A

1 #R5FEZE

L1 #EARE W0 FORA AR F /N FEF M
Yy AEG 1L FecB 53R (FecB++#4) 1Y) 3 % it /N FEFBEF
R SR SR AL I S M 2 R R R 6 H sk F
KW BB ERF I E AR . xF Bik 12 JU/NRIEF
B2 B 8 ZE [ 72 ZE ( controlled internal device release , CI-
DR) S [R]3A A 18 16, 7ok i 12 d, ok 5 I s 0
ZEYNIL A F FIHEBR RO, JEAH I 2 U LU g B2 AR
ASFNRAEISE], 73 HITEROAR 5 45 h(BRYIH) #1110 d (EiAdy])
BEATIBSE o SRAZD I I I B ORI BB R R /N
T Bl A B R R A S 14 RRH RS, K
KM EEZA LU 2 mL ) RNase—Free 5 A7 45 I L il
AWARED  SRIGHAEE —80 CUkF I A7 .

1.2 [i% DNA F01ZH43 RNA FYIRENANAET 48 F 1yl DNA
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Table 1 Primers used in the test

E s NEWR 2 4
s Confank 5215 ElE7kz0 PN e 1907
Gene GenBank ID Primer sequence Product nnealing Application
(5'>3") size // bp temperature // C of primers
BMPR2 NM_001306123.1 F & AGAATGAGCGCAACCTGTCA, 149 60 qPCR
R & TGTGCTGGACATCGAATGCT
RPL19 XM_012186026.1 F & AATGCCAATGCCAACTC, 151 60 WZEEH

R & CCCTTTCGCTACCTATACC

14 B3t EE PCR(qPCR)  FEL5E & 45 A ] Roche
Light Cycler ®480 T %1 %% % % it PCR AL 17, [ WK &
(20 wL) MR R 5% SO s MDA . K545 ) oD-
NA FEAS S A5G RE T, LA 2 A% b B2 7 B SR AR T B A B8 1 ~
128 £ 8 AN EERE A, HI T ARMERN L i 2215 3R ¢DNA
YER#siR , X BMPR2 F1 RPL19 4331347 qPCR 4347

1.5 ERFESE KA Sequenom MassARRAY ® SNP 4 R X}
BMPR2 & g. 203707935A > G. g. 203708072T > C Fl
2.203708352A>GAss wi AEAN R P SR AU 4 2 b Pl e A 7 43 A
S3BUREGL N T04 AN[E] AP S U A5 83 H - .68 X
SRR 23 HESE 70 HI5R R 80 HURE JE AU LA
RA 7 EH OO R 380 HUNRIESF, i /NEBIEFE HF

FHRE R 22 25 i, HAL Y S s kb o3 B Bk D
RS EH A5 M e S . 3 MR Sl DNA, R v
H 40~ 80 ng/ L, BFEAMEAN FHE S 20 pl,

L6 HERGITSAH R 270Nk 5 B LA KX
Fikit, FIH] SPSS 22.0(1BM, 36 [H) e it 4 A7 A R 7
220001, 31 A /D 8.3 22 5 (least significant difference,
LSD) i i7 L E b8, W i Microsoft Excel 2016 ( Microsoft
Excel , 28 BG40 BMPR2 FEPRI 3L 3 4~ SNPs i/ 5 5k
PRI AL BRI | 228545 % & ( polymorphism infor-
mation content, PIC) 244 J& ( heterozygosity , He ) FIIA % v/
FEKZ (number of effective alleles, Ne) , 118 /AR 252 Guo
AT AR , A TIA A — IR AFTRS SF- 4 ( Hardy-Weinberg
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Note: M.DL5000 DNA marker;1.Small Tail Han sheep;2.Hu Sheep;

3.Sunite Sheep ;4.Cele black sheep;5.Tan sheep ;6.Prairie Tibet-

an sheep

1 FREMFLEZE DNA ZASHE R kG

Fig.1 Agarose gel electrophoresis detection of DNA from differ-

ent sheep breeds
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Note : M.DL2000 DNA marker;1.Heart;2.Liver;3.Spleen ;4.Lung;5.Kidney ;6. Thyroid ; 7. Adrenal gland ;8.Brain;9.Cerebellum;10.Hypothalamus ; 11.Pitu-

itary ;12.0vary ; 13. Uterus ; 14.Oviduct

B2 /NEEFE 14 FEZL RNA Bik(A) K cDNA(B) %
Fig.2 Electrophoresis of RNA (A) and ¢cDNA (B) detection in 14 kinds of tissues of Small Tail Han Sheep
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Fig.3 Relative expression levels of BMPR2 gene in various tis-

sues of Small Tail Han Sheep in follicular phase
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Fig.4 Relative expression levels of BMPR2 gene in gonadal axis tissues of Small Tail Han Sheep
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Fig.5 Genotyping results of BMPR2
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Table 2 Genotype and allele frequencies of different SNPs of BMPR2 gene in monotocous and polytocous sheep breeds
SRR es Hpnp| ) - .
WRGAR)  EGHAR) e Aokt 2RI o
7 15, FE R Y o ! LRI ;) L EeYivE a5 Allele frequency  Allele frequency Al
Genotype frequency  Genotype frequency X test . . X test
Locus Genotype . . Allele in monotocous in polytocous
in monotocous in polytocous sheep (P value) (P value)
. . sheep sheep
sheep (sample size) (sample size)
2.203707935A>G  AA 0.74(129) 0.66(352) 0.07 A 0.86 0.81 0.03
AG 0.24(41) 0.29(152) G 0.14 0.19
GG 0.02(3) 0.05(24)
2.203708072T>C  TT 0.16(28) 0.26(141) 0.02 0.42 0.49 0.02
TC 0.51(88) 0.46(244) C 0.58 0.51
CC 0.33(57) 0.28(149)
2.203708352A>G  AA 0.98(170) 0.98(521) 0.71 A 0.99 0.99 0.75
AG 0.02(3) 0.02(9) G 0.01 0.01
GG 0.00(0) 0.00(0)

TE:P<0.05 R 225 B35, P<0.01 FUR 22 7 i3
Note;: P<0.05 indicated significant differences,P<0.01 indicated extremely significant differences

i 22 3 AT, 2.203707935A>G o7 5 IR e/ N FE £ b ab T

(0.25<PIC<0.5) 4, LESEABZ 2 SR P AL T i
%275 (PIC<0.25) ;2.203708072T>C 13}

AbF 4275 (0.25<P1C<0.5) ;2.203708352A>G {if

hEZE

A rp b TR E £ 25 (PIC<0.25) .

RAE 6 ANERE AR Y

N

RO AR
H],5.203707935A>G (LRI 7E 6 AN4RF ah Bl AL TR -

SE 6 4

TRAAASFARIRZS (P>0.05) o

TERSEARIRZS (P>0.05) 52.203708072T>C 3 i T/NBIE
SMEFC ARG R AL T8 1 — IR H R 25 (P>0.05) 5
£.203708352A > G312 (L 7E /1N SEE AIWIE: S R b 0 1 -

2.5 BMPR2ERZHMSNMNERFFZHNXE hk4
Al 41, BUPR2 3 .203708352A>G i (5848 5 /N FE
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R EBCRE A (P<0.05) B AE R LM B E R T FHRIK(P<0.05) . AA-GG BRI 6 AUR 5 = T AA-AG
Al SPZALE AR FE B S5/NEIEF FecB FEHALEITRE 1 AA-AA FLHHAL,
o R 3 RN (3 5) , HAS /N E S == 2 i e
%3 BMPR2 BERFE SNP (L5 7E 6 MAE SR HBEIRIEE M
Table 3 Population genetic analysis of different SNPs of BMPR2 gene in six sheep breeds

— PZRT W
. - IR SEOLREE AR A (O )
o i Genotype Allele Polymorphism  Heterozy- Effective 5
Locus Breed frequency frequency information  gosity(He)  number of é(P t{zibt)
content alleles ( Ne) :
2.203707935A>G AA AG GG A G
/NEFEZE Small Tail Han Sheep 0.62 032 0.06 0.78 0.22 0.28 0.34 1.52 0.14
#1F Hu Sheep 0.83 0.17 0.00 0.92 0.08 0.14 0.15 1.18 0.40
T Cele Black Sheep 0.71 0.28 0.01 0.85 0.15 0.23 0.26 1.35 0.56
WEF Tan Sheep 096 0.04 0.00 0.98 0.02 0.04 0.04 1.04 0.92
FJEHE Sunite Sheep 0.72 0.27 0.01 0.85 0.15 0.22 0.26 1.34 0.59
RS Prairie Tibetan Sheep 071 0.26 0.03 0.84 0.16 0.23 0.26 1.36 0.97
2.203708072T>C TT TC CC T C
/NEFEF Small Tail Han Sheep 028 044 0.28 0.50 0.50 0.38 0.50 2.00 0.02
i17F Hu Sheep 0.28 0.41 0.31 0.48 0.52 0.37 0.50 2.00 0.10
HHNE e Cele Black Sheep 0.10 0.50 0.40 0.35 0.65 0.35 0.46 1.84 0.43
WS Tan Sheep 022 048 0.30 0.46 0.54 0.37 0.50 1.98 0.86
JEAETF Sunite Sheep 0.16 0.51 0.33 0.41 0.59 0.37 0.49 1.94 0.62
FEJF R Prairie Tibetan Sheep 0.15 0.51 0.34 0.41 0.59 0.37 0.48 1.93 0.58
2.203708352A>G AA  AG GG A G
/NEFEZE Small Tail Han Sheep 0.99 0.01 0.00 1.00 0.00 0.01 0.01 1.01 0.96
#H2£ Hu Sheep 0.99 0.01 0.00 0.99 0.01 0.01 0.01 1.01 0.96
T Cele Black Sheep 1.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 —
WEF Tan Sheep 1.00  0.00 0.00 1.00 0.00 0.00 0.00 1.00 —
I JEAET Sunite Sheep 1.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 —
R F Prairie Tibetan Sheep 1.00  0.00 0.00 1.00 0.00 0.00 0.00 1.00 —

T :P>0.05 FoR s FEiZ i A AL T A QTR AR F AR

Note : P>0.05 indicates that the locus is in Hardy—Weinberg equilibrium

%4 BMPR2 7[5 SNP {if R £ EFEE 5/NEEFEFRHBREK S
Table 4 Correlation analysis between different SNPs genotypes of BMPR2 and litter size of STH sheep

25 1 Jif First parity %% 2 i Second parity 25 3 JIfi Third parity
fi 1 R ey Pt FeAH Pt FeAH Pt
Locus Genotype Sample Litter Sample Litter Sample Litter
size size size size size size
2.203707935A>G AA 235 1.86+0.04 148 2.14+0.06 66 2.39+0.09
AG 119 1.89+0.06 68 2.07+0.09 19 2.58+0.17
GG 23 1.91+0.06 9 2.01+0.26 5 2.10+0.33
2.203708072T>C TT 111 1.96+0.06 58 2.09+0.10 22 2.27+0.16
TC 176 1.82+0.05 111 2.04+0.07 40 2.48+0.12
CC 96 1.87+0.07 59 2.29+0.26 29 2.45+0.14
2.203708352A>G AA 371 1.77£0.03 a 228 2.10+0.05 a 90 2.40+0.05 a
AG 8 1.20+0.33 b 6 1.55+0.38 b 5 1.67+0.07 b

T Al — R RIS R NG F AR 22 57 .3 (P<0.05)
Note ; Different lowercase letters in the same column represent significant differences at the same locus( P<0.05)
&S5 BMPR2 5 FecB € R EHEE 5/NEEEFRHME XD
Table 5 Correlation analysis between the combined genotypes of BMPR2 ( g.203708352A>G) and FecB and litter size in STH sheep

%5 1 ifi First parity % 2 Jifi Second parity %5 3 ifi Third parity
Genotype Sample Litter Sample Litter Sample Litter
size size size size size size
AA-AA 58 1.03+0.07 ¢ 33 1.15+0.11 ¢ 10 1.25+£0.20 ¢
AA-AG 177 1.87+0.04 b 111 2.08+0.06 b 34 2.28+0.09 b
AA-GG 145 2.21+0.07 a 85 2.53+0.07 a 38 2.71+0.10 a

T : [RISARING B R 22 57 1. 3% (P<0.05)

Note ; Different lowercase letters in the same column represent significant difference ( P<0.05)
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