BB ESR 2012,43(11) :1825-1832

Acta Veterinaria et Zootechnica Sinica

BMP15 5pEF 1 SNPs il R EEBABH R
FEMRKEXEES

FARY BAF ORRE EES ELR
CR RO RHE B R B BEICHT M 225125)

W E. AR ESAEMHEES X4 E I 15(Bone morphogenetic protein 15, BMP15) 3 [H 2 254 5 80 A X8 £ & 7=
TR Z A 06 R L S XS B IR 0 47 50 %l B 3 B SR AL AL 4K 4 . R A PCR-RFLP $ AR KM 261 FUAR A A8 B
BMP15 ({3 235 M Ao Z R Wiz 2 W 2 850 SEMAg & 2 - MR X R . L8 BMP15 S/ 42+
LIPHI P AETE 3 A2 A5 C397T A474G Ml C594T, Horpr C397T fi s C—>T MR AL AR AN R NER . &
RELP #00,3 A~ 250 s K B0 3 FAE A, * K3 3= B BB A A9 B R 763X 3 L8 ¥4 T Hardy-Weinberg -
i BN ZFEGHTIX 3 MR 2B S EAG R RERZ ARG KM, C397T i sl TT KR
BIARRYTE = A %8 EHF CT BAK(P<C0.05), TT BIAMKR 300 A = EMEE® T CT BA K (P<C0.05);
ALTAG P73 AAAG A GG BIASARIR] ) 25 MR 25 B BR 18  (P>>0. 05) ; C594T i £ CC BIANK Y TF 7= H ik I8 3%
HECT 5 TT BAM, 3 M S A IR EE TTAATT SR Bl F 7= 0 F o JF 7= 28 i . 300 H IR E 4%
FiHE 300 A #47 EEA A W R (P<0.05) , A FHMANE R F, TTAATT 24 F 5 K AL, A B 58 45 R4
AR BMP15 B & I HL A TTAATT a] UFE 88038 & 2 77 MR B LE R DNA 4FFHrid.

KW HAYY ; BMP15 L 5 7= MR

FESES:S831.2 EKFRIRAD : A T ERKS: 0366-6964(2012)11-1825-08

Detection of SNPs of Bone Morphogenetic Protein 15 Gene Exonl and Its Association

with Egg Production Traits in Female Line of Shaobo Chicken
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Abstract: The objective of the present study were to elucidate the relationship between polymor-
phisms of bone morphogenetic protein 15 (BMP15) gene and egg production traits in female line
of Shaobo chicken and to provide a scientific basis for marker-assisted selection for reproductive
traits of chicken. Polymorphisms of exonl of BMP15 gene were detected in 261 female line of
Shaobo chicken by PCR-RFLP. The relationship between polymorphisms of BMP15 gene and egg
production traits in female line of Shaobo chicken was analyzed by least squares linear model.
Three polymorphic sites C397T, A474G and C594T were found in exonl of BMP15, and C397T
mutation resulted in an amino acid change of leucine—>phenylalanine. Three genotypes were found
at all three mutation sites in 261 female line of Shaobo chicken by RFLP. Chi-square test showed
that Shaobo chickens were in Hardy-Weinberg equilibrium. The relationship between three site
polymorphisms of BMP15 gene and egg production traits in Shaobo chickens was analyzed by

least squares linear model. The result showed that three genotypes (CC, CT and TT) were found
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at C397T mutation locus, and individuals with TT genotype had significant younger age at first

egg than that for CT (P<C0.05), TT genotype birds had also significant more the total number of
eggs at the age of 300 days than that for CT (P<C0. 05). Three genotypes (AA, AG and GG)

were found at A474G mutation site, and there was no significant effect on egg production traits at

the locus. Three genotypes (CC, CT and TT) were found at C594T mutation locus, and CC gen-

otype had significant younger age at first egg than that for CT and TT (P<C0. 05). The combined

genotype TTAATT also had significant genetic effects on age at first egg (AFE), weight at first
egg(WFE), body weight at first egg(BWFE) and the total number of eggs with 300 age(EN) (P
<0. 05). The combined genotype TTAATT was the most favorable genotype. The result indi-

cate that combined genotype TTAATT of BMP15 gene is a potential DNA marker for improving

egg production traits in female line of Shaobo chicken.
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4 COAF . RSN BB T 0. 8 Vo 3nt i W 6 s vl
VKR L IR 20 DNA B 46 B, JF il 11 5 &L W B
DNA FEfh % 50 ng» pl '

1.2.2 s51¥iEit i GenBank |/ fi B9 Jt 49
BMP15 %: [ DNA J¥ %1 (GenBank % 5% 5. NC _
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1.2.3 PCR ¥4 PCR $" #1K £ Hy 25 ;110 X
PCR ZE P 2.5 pL, 10 pmol « L' E N5 ¥ %%
1.0 pL, 2 mmol « L™ " dNTPs 2.0 pL,5 U+ pL™!
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2.2.1 BMPI15 BRI BF 1 C397T i i Ear 1
137 C397T fi i Ear | VIR PCR 9§73 7= ¥
517 bp . AR 4 B UK BRI P 45 R 255 o A A3
Fh L . CC(467 bp/50 bp) .CT (467 bp/271 bp/
196 bp/50 bp) Fl TT(271 bp/196 bp/50 bp) , HHr,
H T 50 bp A BOR/IN 18 HL UK I B S e A ik 7 il D)
B A LBk E5 R ILA 1,
2.2.2 BMPI15 BEHAMNEF 1 A474G fii i Hae |l
it 4] A474AG i g5 Hae 1l BEYIHY PCR 9734 74
517 bp, KR4 UK BRI 45 R 25 G . 3
Fh 3 B 8. AA (517 bp) ., AG (517 bp/321 bp/196
bp) #l GG(321 bp/196 bp) , L5 R ILIK 2,
2.2.3 BMPI15 R EF 1 C594T fii i, Alw2l |
i 1) C594T {3 5 Alw21 1Y) 9 PCR § 14 7=
Yok 517 bp ., AR 48 v UK BRI 25 R 25 5 4 L 3
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A 3 FpILH A . CC(271 bp/170 bp/76 bp) .CT(347
bp/271 bp/170 bp/76 bp) F TT (347 bp/170 bp),
500 3,

bp

M. DNA X 7> T B An e 1. EFA CC; 2.3. 2P

A TT; 4.5. JEHEACT

M. DNA marker I; 1. CC genotype; 2,3. TT genotype;

4,5. CT genotype

E1 BMP15 EESNEF 1 Ear 1 BEUIER

Fig. 1 Band patterns of exonl of BMP15 gene digested
by Ear |

M. DNA FXf 43 F B bndE; 2.3, HEFEH CC; 5. £ K

B OTT; 1.4, FERHEB CT

M. DNA marker I; 2,3. CC genotype; 5. TT genotype;

1,4. CT genotype

B3 BMPISEFEMEF 1 Aw2l IFGYIER

Fig. 3 Band patterns of exonl of BMP15 gene digested
by Alw21 1

2.3 BMPI15 EF C397T,.A474G 1 C594T TR 1

BEEEE A
AR A XS B &2 BMP15 FEH A & 7 1 C397T,
M. DNA X 53 F i i 5 3.6, JEFIR AA; 2.5, 5% AATAG F1 C594T 3 AN s, 1 45 467 6 PR A 26 1 3k 1A
FH GG; 1.4, A AG L . .
FoI) 45 2% PR ANAT A biAl
M. DNA marker I; 3.6. AA genotype; 2,5. GG geno- i}ﬂjiéﬁﬂ»/nﬁjb% 1.31 {i‘ﬁ‘ = ﬁ%i%ﬂ@ﬂ%
type; 1,4. AG genotype WL 2, X 3 7S 1T Hardy-Weinberg -
B2 BMP15 EESNEF 1 Hae 1 EEVIER ko 32 3
Fig. 2 Band patterns of exonl of BVMP15 gene digested
by Hae 1
®1 BMPISEFRSEF 1 WEMERMEMEFRB R
Table 1 Allele and genotype frequencies of exonl of BMP15 gene
EZY DA PR ] 4 P2 47 FE A #Y A 2 [R5 SGALAEE AR AR AR A
Polymorphic site  Restriction endonuclease Genotype No. of samples Genotype frequency  Allele Allele frequency
C397C 54 0.206 9 C 0.438 7
C397T Ear 1 C397T 121 0.463 6 T 0.561 3
T397T 86 0.3259
A47T4A 48 0.183 9 A 0.455 9
A474G Hae || A474G 142 0.544 1 G 0.544 1
G474G 71 0.272 0
C594C 85 0.3257 ° 0.546 0
C594T Alw2l | C594T 115 0.440 6 T 0.454 0

T594T 61 0.2337
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Table 2 Genotype and gamete-type frequencies based on C397T,A474G and C594T sites of exons2 of BMP1S gene

i TR A1 KL R IR B A AR BN 45 o B A 3
Recombined genotype No. of samples Genotype frequency Allele Allele frequency
C397CA474GC594C 12 0.046 0 CAC 0.083 3
C397CA474GC594T 13 0.049 8 CAT 0.091 0
C397CA474GT594T 12 0.046 0 CGC 0.194 4
C397CG474GC594C 17 0.065 1 CGT 0.069 9
C397TA474AC594T 12 0.046 0 TAC 0.078 5
C397TA474AT594T 12 0.046 0 TAT 0.203 1
C397TA474GC594C 16 0.061 3 TGC 0.189 7
C397TA474GC594T 44 0.168 6 TGT 0.090 0
C397TG474GC594C 23 0.088 1

C397TG474GC594T 14 0.053 6

T397TA474AT594T 24 0.092 0

T397TA474GC594T 32 0.122 6

T397TA474GT594T 13 0.049 8

T397TG474GC594C 17 0.065 1

HE R 2 AT, 3 A i A I R R B 14
Flr, i CCAACC, CCAACT ,CCAATT, CCGGCT,
CCGGTT,.CTAACC,CTAGTT,CTGGTT, TTA-

&£ 3 31 EBMA Hardy-Weinberg FEH RN SHEEEZSH

Table 3 Hardy-Weinberg equilibrium testing and population genetics analysis at three polymorphic sites

ACC, TTAACT, TTAGCC, TTGGCT, TTGGTT
B Ok DR R B4 SR AG I 1

2L s i WA E ZEERER LR € R SR
ZN
Polymorphic Y P e ) Heterozygosity Polymorphism information Effective number
Heterozygosity
site variance content of alleles
C397T 0.897 7 P>0.05 0.492 5 0.062 5 0.371 2 1.970 4
A474G 3.230 8 P>0.05 0.496 1 0.062 5 0.373 1 1.984 6
C594T 2.4375 P>0.05 0.495 8 0.062 5 0.372 9 1.983 2
3yt KR A XS BE R AE BMP15 K& T2 B AR Ik 4,

HANE F 1 W 3 A~ 8 8 C397T. A474G,
C594T #4345 8| T Hardy-Weinberg - fiif , 3% B 8517
X BEZRAEIX 3 A7 A 11 Jik PR R0 001 R 4 % A A7 3
PRI EHE R HiX 3 286N
WhFH LA, R 3 M SR AR
FREER R FEAE R R MR R0 T X 3X 3 AN ot 1) 32
A BRI KA AL i e .
2.4 BURSHMESHBESEEAEAMEROXELE
T

X HRAEBE XS R FER BMP15 B2 A 3 A 2 2807 54
C397T A474G F1 C594T By BAAT &5 5 BEHY PR B 4T

He 4 Al X T 2800 C397T, A [a] A A
BIASRTESF 7= H i A1 300 H % 7= HE 500 22 5 8 %,
IR TT BAER ™ B 8 E BT CT BAK
(P<<0.05),5 CC BINMAZ R AR % (P>0.05);
300 Hig -4 Fm T CT BAMA(P<<0.05), 5
CCHINMAZ R AR ZE(P>0.05), X FLEME
AATAG , A7) 5 R B A {4 ] 45 7= B PE AR A8 4R 25 = 34
Kk F B HEAKFE(P>0.05), ¥ T 250 H
C594T AN [F) JE R BU AN TF 7= H % 22 S i 35 . R BLA
CCRINMAMFHBRER T CT AL TT 14
AR (P<C0.05),
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2.5 BREMNASSEERBEEEFEERN X C397T. A474G F1 C594T RSO 5 5 7= S IR gk
BES #7 TTHENM BRI ES,
X} BBAA RSB R BEIR BMP15 3L K 3 257 4

Fx4 BMPIS EFE3NMBUISSUATREERS~EHRMAXEKSN
Table 4 Correlation analysis of different genotypes of three polymorphic sites of BMP15 gene with egg productive traits

EZY DAY S AR P HEE/d FFPER BT /g JFRE TR /g 300 HP U 300 H i R/ B
Polymorphic Genotype No. of Age at Body weight at Egg weight at /g Average egg  Total egg production
site samples first egg first egg first egg weight at 300 days at 300 days
C397C 54 154.2410.2* 1 768.64143.6 36.5%3.0 38.24+2.7 105. 63, 2%
C397T C397T 121 158.9412.3> 1747.7£137.6 36.2+£3.9 37.0£3.5 100. 942, 6°
T397T 86 153.149.3* 1735.3+142.9 35.845.5 36.64+3.9 107. 744, 9"
A47T4A 48 156.3+8.2 1710.3£129.6 36.4+£3.6 37.0%3.9 106.2+4.4
A474G A474G 142 156.749.7 1755.14+108.9 36.2+4.3 36.8+3.8 107.8+1.3
G474G 71 154.3+7.7 1703.1+121.1 35.9+3.8 37.1+3.4 107.34+2.3
C594C 85 153.0411.1* 1700.44121.3 35.844.2 36.4+3.7 110.647.8
C594T C594T 115 157.14+11.7" 1 742.5+103.5 36.344.1 37.0£3.5 105.44+6.3
T594T 61 157.5410.4" 1761.2£146.7 36.4+6.5 37.4+4.3 108.2+2.4

[R) — 32 st ELAT AR TR = B B A S 2 (8 1) 22 5 R B35 (P>>0. 05) , [A] — 037 i B AT AN [R) B 5 A 9 S 24948 7] 22 57 8 3% (P<C0. 05)
Least squares means with the same superscript for the same site have non-significant difference (P>0. 05). Least squares

means with the different superscripts for the same site differ significantly (P<Z0. 05)

R5 BMPIS ERAHERES=EUHRNXESH

Table 5 Correlation analysis of BMP15 gene combined genotypes with egg productive traits

ANEE PR RE/d IR/ g JFE R /g 300 HERSFIE BT 300 HO T E KU/ ML

HIF R R .
) No. of Age at Body weight at Egg weight /g Average egg  Total egg production
Combined genotype

samples  first egg first egg at first egg weight at 300 days at 300 days
C397CA474GC594C 12 158.5+3.4™ 1 682.04145.9™ 38.3+2.8" 37.940.5™ 96.04+7.7"
C397CA474GC594T 13 152.54+2.1™ 1669.0+103.6™ 37.3+1.6" 35.84+1.7™ 104, 5+3.5™
C397CA474GT594T 12 166.04+1.3" 1701.0£121.7~ 37.3+1.5" 42.2£2.6" 90.0=+6.8"
C397CG474GC594C 17 153.7+3.6" 1820.24139.1™  34.8+2.4™ 36.8+1.5™ 102.343.3"
C397TA474AC594T 12 163.5+0.6" 1717.04+132.2™ 37.0%2.5" 37.6+1.7™ 95.0+14.1"
C397TA47T4AT594T 12 162.04+2.8" 1756.0£138.3™ 36.5+1.5™ 37.241.4™ 107.0£5. 6™
C397TA474GC594C 16 157.5+1.7" 1867.04+162. 7" 37.4+2.6" 36.14+2.2™ 104,143, 1™
C397TA474GC594T 44 159.4+1.4" 1759.94126.6™ 36.1+1.4™ 37.24+1.8™ 99.142.0"
C397TG474GC594C 23 152.742.8™ 1 654.04102.5™ 34,742, 9™ 35.9+1.7™ 105.4+2. 1™
C397TG474GC594T 14 158.543.3" 1897.04+101.3" 37.542.4" 39.8£2.0" 100.546.1"
T397TA474AT594T 24 152.04+2.9 1648.5+108.6 34.6+2.7 35.1+2.1 115.446.0
T397TA474GC594T 32 153.843.9™ 1762.3+126.4™ 35.141.5™ 36.14+1.7™ 105.9+5. 7™
T397TA474GT594T 13 167.0£4.2" 1926.0+137.2" 42.2+1.9" 44,51, 7" 97.544.9"
T397TG474GC594C 17 152.942.9™ 1702.0+122.6™ 36.3+2.7™ 37.7+1.8™ 105. 8+6.5™

[/ 3 P9 L e A5 30 A % B GRAR R R) 5 38R 50 B 28 5 L35 (P<T0. 05) 5 " R 5 00 H8 22 F AR B 3% (P<T0. 05) sns IR 25
A2 (P>0.05)

The data with the most advantageous mean was chosen as the control in the same column; * means significant different with the
control (P<C0.05); “* means extremely significant different with the control (P<C0. 01); ns means not significant with the
control (P>>0.05)
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5 AL, A I SE DRSS (RO I 7 H RS
T JE PR i L300 H S - ¥ 5 i & f0 300 H
WA B ., fIFEEE A TTAATT 4
PRI TF 77 B S5 B o I 7™ A 5 o i e o O ™ Ok e
5,300 H# TR R, 300 A = E R,
AU FF 7 H O R A A JF 7 2R T AL R L 300
Hs =B 2 X 580 e 2 E iR 5
TR T S A 258 A0 — 5L

RO I

BMP15 3 PRy 455 il S50 PR AR 00 3 %00k I B
i 35 L PR [ N A Z R 2 B4 . Monteagu-
do Z:217E Rasa Aragonesa % 2F 1) BMP15 3 A 4h
BFEINAFHRAE, FE17 bp GRIEEK,
FE T ] 2 A 48 o 2% 0 F P B AT 45 R & B B
BRI B A A M s IR = 0 7 G R AR R R B TR
2.66 H B B 58 HA 1036 HL iR AT
A B4l & A BLOP S ) B 4 2 E . Shabir 0
X85 H AR Iy Bk F0 2 A g Aok R BE S Y
BMP15 B R4 & F X3k 47 PCR-SSCP 437 &
A, B2 FEMIEEM AALAB 2 Fh 3 KR, [5]
PEA A A B 2 R 5 T T 3 1R/ DNA ¥ 4[]
PEPEIXRF) 97. 8% ., Chand %2 75 A U 8 1) fig B
i KB TR B B2 AR Y R E ) BMP15 A
TAAE 3 AN A1, 2 AT 5 i B X (31T~
G.71C—>G) J3 — i M AE S — b F (387G—>A) .,
Liu 55 %) oy [5 22 98 1 5P $1 25 A 4E 5 A ) BMP15
LR 4 i DX AT Z 8 PR3 B, 25 R R B 34C—~G
109G—~>C.169C—~>G.288G—>C F1598C—>T 5 N L&
PR X e Z AL R A R 5 Z RO LR B IEA K
Hou 2" % Al PCR-RFLP J i 6 A 1L 4% Ak
Wi BMP15 SEH 2 850, 45 - kB AA RUEE R RE
A B 77 A7 B8R 7 0 AT ROk B 35 E T BB YRR R
A s AB R BE R B A 1) Sk i 7 AT B0 T AT BOpR
T AA BRI BB BB REA

A58 H F PCR-RFLP J5 i X} 6f 10 X & &
BMP15 JEF AN 1 X3 AT SNPs £l 45 5 k&
B3 AL R C39TT il C—>T B RAZ
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