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Abstract: The full-length BM P15 ( GerBank: BU743938) gene was cloned in the goat, and its tvo exonswere
analyzed using the F-CSGE The results shaved that one single nucleotidewasmutated (A-G) at 901 bp, and the
mutation made the 32nd amino acid tum from serine o glycine M utation was detected using LDR, and its
correlation with litter sizewas analyzed in 3 goat breeds including Jining grey goat, L ubei white goat and Yimeng
black goat The reaults shoved that the mutation did not affect litter size in Jining grey goat, but significantly
increased the litter size in L ubei white goat and Yimeng black goat(P <0.05). The GG or AG genotype had
0.34(P <0.01) or0.31(P <0.01) more kidswhen compared to that of AA genotype in L ubei white goat; the
AG genotype had 0. 13 (P <0.01) more kidswhen compared o that of AA genotype in Yimeng black goat
These prelminary results showv that the BM P15 gene is either amajor gene that influences the reproductivity in
L ubei white goat and Yimeng black goat or amolecular marker in close linkagewith reproductivity
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1 BM P15 61-
BM P15 ,
5' HAX , PCR 2
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Tablel Primer squence used n PCR amplification for BM P15 gene
(5'-3") (bp) (bp) () (9
Primer Sequence Product size Location Annealing Extension
F: TGCCTGCCAGCCTTTCATT 92 110%
P1 R: AGGGTGTCCACTTGCGTCA 392 465 4832 62.3 %
F: CTCACGGTATATGCTGGA GCTG 429 4507
P2 R: GCCTGGCATATGGTAAGC 1159 1366 1383° 516 60
F. CTCTGCTTAGCTGTCCTG 846 863°
R R: CTGCCCTTTCCTTTCA GACCCT 2107 2931 2952° o186 120
F: TGGA TACA GGGA GGGAA GTG 2084 2103°
P R: TCCAA GTTTCA GGTGCAAAA 1486 3550 3569° 62.0 60
. c
5 F. GGTTGCAGAGTGAGCCAAATA 592 3421 3441 60.3 20
R: CAGATGCCATGATCTTCGTT 3993 4012°
F: GATTGCCGGGA GAAGTATCA 3854 3873°
P6 744 65.0 40
R: GAACCAAAACACGCCAGGCATC 4576 4597°
F. GCAGAGGTTCACATGGTTGCA TG 4494 4516°
Pr R: TCACTCATACCCCTA GACGG 97 26 45° 672 %0
F: TCCAGGTTCAATCGCACAG 13 34°
1224 7.
P8 R: CTTCCAA GGACCAAGTGTC 1215 1236° 67.0 %
F: TTCCCTCCACCC CA 941 958°
PO R: CACCTTTGCCGTCACCT 318 1242 1258° %60 20
a GerBank AF236078 ;b GerBank AF236079 ; C GerBank NW _936601
a Location correponding to GerBank AF236078; h Location corregponding to GerBank A F236079; ¢ Location corregponding to GerBank
NW _ 936601
2 BM P15 F-CSGE Md" 0.6 |, 20 mmol/L each dNTP 2.0} |,
Table2 Prmers sguence of F-CSGE for BM P15 Qiagen hotstar Tag (5UM 1) 0.21 I, 5 xQ-
eron of goat . . .
Slution 0. 2 I, Primer mixture (5 pmol/L ) 0.4
(5'-3) (bp)
Primer Sequence Product size H 1,DNA (50 ng/L) 1.0p 1, ddH,0
20 |
CD1-F HAX-TTGCTGAACACCAAGCTTTT 284 . )
1R CCCCACCAGAACAATATAGTATGA PCR : 95 15 min (Qiagen
D2-1-F  HAX-CAGGCTCCTGGCACATACAG 432 HotStar Taq ); 94 30 s 60
D2-1-R  AACTCTTTCAGGCCTTTA GGG
60 s 72 60 s 35 ; 72
D2-2-F HAX-CTCACGAGTGTTCA GAAGACCAAA 449 .
D2-2-R CTGGGCAATCATACCCTCAT 7 min
1.3.3 20 )
1.3.2 PFCR TE
PCR ,
50 pmol i | ,
pmolH FCR PCR ,
Primer mixture PCR 20 |

Qiagen

: 10 x buffer 2.0 |, 100 mmol/L

9600 (AB 1) PCR
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(F-CSGE) PCR 20 | Qiagen 2.0 1
1.3.4 - (F-CSGE) PCR-buffer (10 x), 0.6 | Mg2+ (100 mmol/
0.5u | PCR 0.5 I ROX 0.5 | L),2.0u I dNTP( 20 mmol/L) , 0.2y |
(50 mg/ml) 0.5y | Tag (BUM1),4.0d | Q-olution (4 x), 0.4
, 1.2 1.5 | 377 M | primer(5 pmol/L), 1.0{ | DNA (50
:2kK,4h 30 ,1x ng/L), 9.8y |
TBE, 4 h Genemapper Perkin-Elmer Gene Amp PCR Systans
9600 : 95 15 min, 94
1.3.5 DNA F-CSGE 3059 1min, 72 1 min, 35 ,
PCR, PCR 2% 72 7 min ., 20
, PICR 3.0% ,0.5 xTBE ,
-20
1.4 BM P15 LDR 1.4.3 LDR A901G
1.4.1 LDR PCR 3 A , 3
F-CSGE , G )
A901G LDR NP 2 ,
: FAM (
A901G , PCR 449 bp ), 5’ :
Foward: 5'-CTCAGA GTGTTCAGAAGACC- . 3
3 LDR
Table3 The probe squencesfor LDR
(5"-3) LDR (bp)
Probe Sequences LDR length
A901G_MOD IFY P-GACTTGAAAA GGGTGGA GGGAACACTTTTTTTITTTTTTTTT-FAMA
901G_A TTTTTTTTTTTTTTTTGA TCCCA GCCCA GCTGCTGGAA GCT 82
A901G_G TTTITTTTTTTTTTTTITTGA TCCCA GCCCA GCTGCTGGAA GCC 84
1.4.4 TE , 95 2min, 94 30 s
50 mol/L , - 20 60 2min,35
5 mol/L LDR AB | PRIV -377 DNA
1.4.5 LDR 2000 I PCR , LDR
, 1y | buffer(10 x) , 14 | Probe 1y I LDR 1y 1ABI GS
Mix( Probe ),0.054 | (40 500 ROX 1p 1
UM I),6.954 | , 1y | RCR , 95 2 min,
PCR PCR , 5% 5 mol/L
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Fig 1 The CD s ssquence and predicted am no acid ssquence of goat BM P15
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Fig 2 The genetic structure of caprneBM P15
v
CAPRA_HIRCUS 1% MVLLSTLRILIIWGLVLFMEHRVOMTQVGQPSIAHLPEAPTLFLIQELIE S0  EAPGKQQRKPRY. LGHPSEYMLELYQRSADASGHE GATMVELVE 99
OVIS_ARTES 48% MVLLSILRI. LLYGLVLMEHRVQWTQVGQPSIAMLPEAPTLPLIQELLE 49 EAPGKQRRKPRY. LGHPLEYMLELYQRSADASGHF GATVELVR 98
BOS_TAURUS 4 MVLLSILET. LLLHGLVLFWEHRVONTQVGQESIAMLPEAPTLPLIQELL 49 EEAPGKRQRKPRILGHPLEYMLELYQRSADASGHE GATVELVE 99
SUS_SCROFA #  MVLLSIIRT. LLIWGLVLFMEHRVOMTQVGQPSVALLFEACTLPLIRELL 43 EEAPGKQQRKPQVLGHPLRYMLELYQRSADARGHF GATVELVE 99
HOMO_SAPTENS A MVLLSILRT. LFLCELVLMEHRAQMAEGGRSSIALLAEAFTLFLTEELL 49 EESPGEQPRKPRLLGHSLEYMLELYRRSADSHGHF GATMVELVE 99
RATTUS_NORVEGICUS 7B, MALLTILET. LLWGNVLIMEHKVQMAKVEWPSTTLLAENPTLPSSLILAK 43 EAPGKEM. KQWP. QGYPLEYMLKLYQRSADPHGHE GAKMVELIK 97
Y
CAPRA_HIRCUS %  PLASVARFLRGSWHIQTLIFPLRPNRVAYQLVEATVVYRHQIHLTHSHLS 149 CHVEPKGQKSPTNHFPSSGRGSPKPSLLPKTHTENDIMEHVGRELKNHKG 199
OVIS_ARTES 8% PLASVARPLRGSWHIQTLFPLRPNRVAYQLVRATVVYRHALKLTHSHLS 143 CHVEPHWVRKSPTHHFPSSGRGSSKPSLLPKTHTENDINEHVGQELWNHKG 198
BOS_TAURUS s  PLASVARPLRGSWHIQTLIFPLRFNRVAYQLVRATVVYRHULHLTHSHLS 143 CHVEPHVAKSPTRHFPSSGRGSSKPSLLPKANTEMDIMEHVGQELHNHEG 199
SUS_SCROFA ¥ PLVNGARPLRGPWHIQTLIFFLEPNRVAYQLVEATVVYRHQIHLAPFHLS 149 CHVEPHIQKSTTSHFPSSGRGSLKPSLLPQANTEMDVIQHVGQKLWHHEG 199
HOMO_SAPTENS A PLTSVARPHRGTWHIQILGFPLRPNRGLYQLVRATVVIRHHLQLTRFNLS 149 CHVEPWVRKNPTNHFPSSEGDSSKPSLMSNAXKEMDITQLVOQRFHHNKG 199
RATTUS_NORVEG1CUS B, PSASAMRLLRGPWHIQTLIFPLASKEVAYQLIRATVVYRHQLHLVHYHLS 147 C]WEPWVPKCRTKHIP_SI\S((}S‘;ICPSSVSKWREMNITM:IQQIG_WNRKG 196
h 4 a1 -
CAPRA_HIRCUS L%  RRVLRLRFVCQQPRGSEVLEFWWHGTSSLOTVFLLLY LPKGLKEFTEKDPSLLIRRARIAGSTASEVFGPSREHDGFESNGCELHFF 298
OVIS_ARIES 483  RRVLRLRFVCQQPRGSEVLEFWWHGTSSLDTVFLLLY: LPKGLKEFTEKDPSLLIRRARIAGSTASEVEGPSREHDGRESHGCELHFF 297
BOS_TAURUS 4  RRVLRLRFVCQQPRGSEVREFWWHGTSSLDTVFLLLY LPKGLIEFTEKDPSLLIRRAFIAGS TASEVE GPSREHDGPESHLE FLIPF 298
SUS_SCBDFA %’ RRVLRLRFMCOAQWGSEILEFRGRGISSLITAFLLLY. LPRGLEEFMARDFS] REARRAGSTASEVLGPSREHDGFESHI LHFF 293
HOMO SAPTENS A HRILRLRFMCQQQKDSGGLEL. WHGTSSLDIAFLLLY LPRGMEEFMERES. . ADGISAEVTASSKHSGPENNQESU{PF 298
RATTUS HORVEGICUS 7B, BRVLRLEFWCQQQEGNETLELRWHGWTSLDVAFLLLYFIDTD. ESAQAKL 245  LARGQEELTDRESFF FATCSTASDVPCPSQEQDRSVINECELHPY 295
(125)
CAPRA_HIRCUS ¥ QVGFQOLGHDHWITAPHLYTPW{CKGYOPRVLITGLNSFRHATIQNLYNE 345  LVDQNVPQPSOVEYKYVPISILLIEANGSILYKEYEGNIAQSCHT 394
OVIS_ARIES 482  QVSFQQLGHDHYITAPHLYTPWYCKGYOPRVLHYGLNSPNHATIQNLVSE 347  LVDANVPQPAOVPYKIVPISILLIEANGSILYKEYEGHTAR: MOk 393
BOS_TAVRUS s QVSFQQLGHDHTIAPHLYTPWYCKGHOPRVLHYGLNSPNHATIQNLVNE 345  LVDQSVPQROVPYKIVPISILLIEANGSILYKEVEGHIAASCIC 394
SU’S_SCRJJPA E-3 QVSFHOLGHDHHITAPHFY TPH{CKGYOPRVLHYGLNSPNHATIQNLVNE 345  LVDASVPQPSOVEYKYVPISILLIEANGSILYKEYEDMIAQFCIICR 394
HOMO SAPTENS . QISFRQLGHDHWITAPPFYTPWYCKGTOLRVLRDGLNSPNHATIQNLING 345  LVDASVERPSOVEYKYVPISYLNIEANGSILYKEYEGWIAESC[C 392
RATTUS WORVEG 1cvs o8,  KVSFHRLGHDHWITAPRLYTPNYCKGICTGVLPYGLNSPNHATIQSLVNE 345  LVNRSVPQLYQVPYKFLPMSILLIEANGSILYKEYEGHIARSLIGR 391
3 BM P15

Fig 3 Camparison of the predicted am no acid squences for different gecies BM P15

6

2 N- ,

Filled triangle and Boxed sequences indicate the four potential N-glycosylation sites Open triangle position of the single intron; arrow
and Boxed sequences, the RRAR putative processing site and predicted start of the mature processed peptide; Boxed sequences indicate

the six cysteine residues that are conserved across Pecies and Numbers in brackets above the lines indicate anino acid positions of

mature peptide
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4 BM P15 F-CSGE PCR
Fig 4 The PCR product electrophoresis of BM P15 gene for F-CSGE analysis
A:(CD1 PCR ,384 bp;
B: (D2-1 FCR ,432 bp; C: CD2-2 PCR , 449 bp

A: PCR product of CD1(384 bp) ; B: PCR product of CD2-1 (432 bp) ;
C: PCR product of CD2-2 (449 bp).

400 500 470 480 490 500 470 480 490 500
——
a b c d
PN J )
5 F-CSGE
Fig 5 F-CSGE electropherogram s of hanoduplex and heter odupex
a CD1FCR ; b: CD2-1FCR
c: CD2-2PCR ; d: CD2-2PCR

a Haomoduplex and Heteroduplex fomed in the mixture of PCR products anplified fram CD1;
b: Hamoduplex and Heteroduplex formed in the mixture of PCR products anplified from CD2-1;
¢: Homoduplex fomed in the mixture of PCR products anplified from CD2-2; d: Heteroduplex
fomed in the mixture of PCR products anplified fraon CD2-1

2.3 BM P15 LDR A,
82 bp, G , 84
2.3.1 LDR PCR bp, A/A GIG AIG3
PCR 7, 449 bp, , LDR 82 bp
, , LDR 84bp 82bp+84hp
2.3.2 LDR LDR ABl 2.3.3 BMP15
PR 19/ -377 DNA , LDR 2.3.3.1
( 8) BMP15 4,3

A901G AIG ; 3 ' ;
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Hardy“W einberg , , G
Hardy\W einberg , A

1 MVLLSILRIL LLWGLVLFME HRVQMTQVGQ PSIAHLPEAP TLPLIQELLE EAPGKQQREKP

61 RVLGHPSRYM LELYQRSADA SGHPRENRTI GATHMVRLVRP LASVARPLRG SWHIQTLDFP

121 LRPNRVAYQL VRATVVYRHQ LHLTHSHLSC HVEPWGQKSP TNHFPSSGRG SPKPSLLPKT

181 WTEMDIMEHV GQKLWNHKGR RVLRLRFVCQ QPRGSEVLEF WWHGTSSLDT VFLLLYFNDT
(1)

241 QSVQKTKPLP KGLKEFTEKD PSLLLQ AGSIASEVPG PSREHDGPES NQCSLHPFQV

7 53016 (A2016G)
301 GFQQLGWDHW IIAPHLYTPN YCKGVCPRVL YYGLNSPNHA IIQNLVNELV DQNVPQPSCV

{125)
361 PYKYVPISIL LIEANGSILY KEYEGMIAQS CTCR
CAA GTOCAGTCTTOCICAA G TCGOGTECTTC

b 901A(AGC) i 8016 (GGC) l

a

6 BV P15

Fig 6 Goat BM P15 ssgquence and mutations
a s , RRHR ,
o b BM P15
a Predicted anino acid sequence of goat BM P15 protein Amino acid positions in the mature peptide
are in parentheses Boxed sequences indicate the RRHR Furin protease cleavage site and predicted
start of the mature processed peptide The triangles indicate positions of mutations that confer anino acid substitutions

b: Nucleotide substitutions of BM P15 mutations that change an anino acid compared with wild-type goat sequence

4 BM P15 3
Table4 Allele and genotype frequencies of BM P15 gene in three goat breeds
B reed
Jining Grey goat L ubei W hite goat YimengB lack goat
BM P15 A 0.24 0.43 0.74
A901G Gene frequency G 0.76 0.57 0.26
AA 0.15(31) 0.20(10) 0.58(43)
Genotype frequency GG 0.68(136) 0.33(17) 0.11(8)
AG 0.17(34) 0.47(24) 0.31(23)
Number detected in parenthesis
2.3.3.2 5 BM P15
, Table5 X analysis of genotypes distr ibution
5,3 of BM P15 among different goat breeds
(P<0.01)
2.3.3.3 BMPI5 B reed Lubel  YimengBlack
W hite goat goat
3 BM P15 Jining Grey goat 24.39 75.24

6,3 , L ubei W hite gat 20.26
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6 3 BM P15
~ —— 600bp
= . _
300bp Table6 The genetic polymorphisn param eter s of
200b; .
100b§ BM P15 gene in three breeds of goat
7 BM P15 LDR B reed B)I)morphisn Heterpzy- Effective
infomation  gosity number
PCR content of alleles
Fig 7 The PCR product electrophoresis of Jining Grey goat 0.30 0.36 1.57
BM P15 gene for LDR analysis LubeiWhite goat ~ 0.38 0.49 1.96
YimengBlack gpat  0.31 0.39 1.63
80 bp 80 bp 90 bp
82bp  84bp 82 bp 84 bp
AIG A B

8 BM P15 A901G LDR
Fig 8 The profile for LDR in A901G mutation of BM P15

> > 7 BM P15 3
2.3.3.4 BMPI15
BM P15 Table 7 L east quaresmeansand standard error
of theBM P15 mutation site genotypes
for litter size in three breeds of goat

, (P <
0.05) , GG AG AA 0.34
(P<0.01) 0.31 (P<0.01), GG Breed  Gemenpe CooS  Sandad oy
sjuares ermor
AG mean
(P <0.05),AG AA AA 2.76 0.11  <0.0001
0.13 (P <0. 01) Jining Grey AG 2.73 0.11 <0.000 1
’ gat GG 2.71 0.06 <0.0001
(7 AA 223 012 <0.0001
, L ubei AG 2.5 0.08 <0.000 1
W hite goat GG 2.56° 0.09  <0.000 1
AA 1. 06" 0.03  <0.000 1
) 8, Yimeng AG 118 0.04 <0.0001
9 , B lack gpat GG 1.17°®  0.08  <0.0001
(P <0.05), ' (P <0.01)

Values in sane breed with capital letter mean P <0. 01
(P<0.01), BMP15
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8 GLM

Table8 Anova reaultsof the GLM Procedure in model

BM P15

for mutation of BM P15 n fecundity breeds of goat

F-

Source df Squares M ean square F Value Pr>F
Model 13 153. 97 11. 84 19. 42 <0 0001
Error 598 364. 66 0.61
Corrected tal 611 518. 63
B reed 1 3. 965 3.97 6.50 0.011 0
Parity 6 88. 10 14.68 24.08 <0.000 1
() Fam 4 61. 56 15. 39 25.24 <0.000 1
Geno type 2 0.35 0.17 0.28 0.752 8
9 BMPI15
FeeX' FeeX' FeeX® FecX
Table9 L east sjuaresmeansand standard error FeoX [4] ' Hua
of theBM P15 mutation site genotypes for
litter size n fecundity breeds of goat
) FeX' FeX" FeeX® FeeX® ol
Gene type L east-squares Standard error Pr> |t
means
AA 2.54 0.09 <0.000 1 FecX' EFexX' (101
AG 2.62 0.07 <0.000 1
GG 2.60 0.06 <0.000 1
FecX® , FecX® ,
3 [11]
3.1 BM P15
BM P15 , FecX
, 5 440 bp, , BM P15
5309 bp, (NC_010461.1) 4 978 hp, :
(NC_000023. 10) 4 645 bp, (Mus 3.3 BM P15
musculus) (NC_000086. 6) 3 555 bp, BM P15 5
(NC_005120.2) 3623 bp tz-aa Hanna
, (FeeX")  Inverdale (FecX') Belclare
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