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Polymorphism of Exon 2 of FSHPB Gene and Its Relationship
with Reproduction Performance in Two Goat Breeds
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Abstract: [Objective] The objectives of the present study were to detect the polymorphism in follicle stimulating hormone
beta (FSHp) and investigate the relationship between FSHB gene and high prolificacy in goats. [Method ] According to the sequence
of ovine FSH gene, two pairs of primers were designed to detect single nucleotide polymorphism of exon 2 of FSHf gene in two
goat breeds by PCR-SSCP. The least square mean and genetic variance of different genotypes at polymorphic loci were analyzed, and
the selection reaction was forecasted by genetic correlation between marker locus and genetic variance of litter size traits. [Result]
There was one polymorphic locus occurring in exon2 (P,) with three genotypes (EE, EF and FF). In Xinong Saanen dairy goat, EE
genotype had significantly higher (P<<0.05) litter size than EF and FF genotype in the first to fourth parity and average parity; EF
genotype had significantly higher (P<<0.05) litter size than FF genotype in the second and average parity. In Boer goat, EE genotype
had significantly higher (P<<0.01) litter size than EF and FF genotype in the second to fourth parity and average parity; EF genotype
had significantly higher (P<<0.05) litter size than FF genotype in average parity. In Xinong Saanen dairy and Boer goat, the heredity
of litter size was mainly influenced by genetic additive effect. [Conclusion] In Xinong Saanen dairy and Boer goat, the EE
genotype is a favorable marker genotype for litter size.
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[WFAREX] ZEMWEIRELFEEFMEEHIRZ
—, ZEMRRE RO S N e AR EIR, B
JIRAG (£5°0.23) , SRHAH RS PRI 35 A 2L
A Bt e, FEAR AR BB T R L2k i
FE o FRac i Bl Bl i s PR ()L R R DA A
EA P T B R M s a4 MR I B D, ik
B 5 H MR IE DR AR E B 1) > it An ], S
Frac BB e v st Lar AWFIHERE ] BRI
W # (follicle stimulating hormone, FSH) & F Frfix-
PR-PERR B ) B R AR 2 —, R Rt
T EABRAR AR RN B R
PEHEHEONAE, FSH 1M I(E 5% Siie 2k FSHR
NPT IR — A BRI (cAMP) 1212,
FSH Hi o~ B WML, 7EF—9F, o WA Z
—EU, B I SE S N2 ARG & IR S (i T g 32
AR, o B BSHZELGEHESHXIEN. o
WIS KB E 3 AMME 7R 3 AN AT, B ISR
i 3 MNINE TR 2 AN BT B WAL T 15 5
Pettfk b, ROKE 6 610 bple A4 IR L 5h 4 i ik
W FSH & AR, ZGREFER g Kmate B, With
Ja AR KR W IR FSH, i FSH AR
KIERET o AR O 55 2 ) ol g — L i A 1
BB AR FSH IR A s, X SRR
WUF SN #E R 2Pt s FSH WREF =i
U, WU R . K AR50 FSHP J:H
WET 1 —BHARANT Y FEAA MR =15
e BB BAMA R 1.5 KB, i xR FSHB 3[R 58
ST, I FSHB JERIAFAEZ 305, v Re 24
ZHAME R — D RO N EUR 5 2 AR B AR B
f—ARicl . Hr, #5510 FSHB JEN £ &tk S
ZHEPEREAH S FURE IR Do DARTFFTUIA AT HEM
FSHB K& DA 0 Ll 2 7= 26 B 2 DA v] e 2k
K PCR-SSCP 434, %F FSHP A HEAT 22 28 MERG I,

x1 SI¥FY. HEREREIAN

Table 1 Primer sequence, amplified region and product sizes

T Z AL PRI R, R 2 2547 AU
A&7 ZERAT 0 AT, e HAE N 4y gL pR i i w471k
FEmPE . DU OCRE ) ] 4R35 = G R AR
RIEIARCA T, E— i m e B tERe, g
7 SR IR LI AR A B B PR B L B R AR A AN A
o

1 #RIERZE

1.1 R

PEARTE R EIRE 418 4, K H BkyE 4 T-BH %
REEMEY . BORIIAEMAE 271 4y, SR A BTG4 B
BPUREMEY) . SR I, A 1 16 25 B P gt
M (ACD) put, (Kildarlal, —20CHRAFEH . XF
BB, D AIESE 4 RIS R0 K
1.2 FERFIFNE

TaqDNA &8, b FHET 4. 10X buffer (P
4 25 mmol-L' Mg*) . dNTPs 206 A b 5t 5 A4
FARHR AT . 10X TBE ZZ#i . pBR322DNA/ Mspl
marker 1 HAELEAEY TFREAT] . PCR AL (PTC-1148,
JH BIO2RAD) , /MAEEH S LHL (5415D, fH[H
Eppendorf) , HLJK{CHIEE B HLKHE (DYY-6C 7Y,
DYCZ-24DN B, JbniN—) , BiEaREIK (TY-80S,
A RUHTAR D B AR AT R4 (JD80T, VL
L)

1.3 514ngit

RIS FSHB JEK /741 (GenBank: S64745)
FIH Primer5.0 it 2 X514 (R 1) , W ERETS
J o
1.4 PCR¥/1%

PCR S WAKZ (15 pD) : 10X PCR 22k (Mg*h)
1.5 ul, dNTPs mix (10 mmol-L ™) 1.2 pl, _E3#514) (10
pmol-ul™) 1 ul, FiHE54 (10 pmol-ul™) 1 pl, TagDNA
BAHE (0.5U0-pl™) 1.2 ul, B DNA (100 ngpl™)
1.0 pl, ANKEMZEKE 15 pl. PCR RMNELF: 94°C
A 4 min; 35 MEIR (94°CAEME 30, Bk 30s,

{745 Sites 731 Sequence size (bp) BAEE Tm (C) Y HAX 45 Amplified region 7= K7/IN Product size (bp)
P, F: GATGAAGTCCGTCCAGTT 59 %5 1AM T First exon 202
: TAGACCCTCAGCACCCTC
% 2 4MET Second exon 247

R
P, F: ACTCAGGACTTGGTGTAC 48
R

: CTGCTGCTCTTTATTCTC
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T2CHEMH 45 8) 5 T2°CLLEM 10 min; 4°CLRAT .
1.5 SSCP 9 #f

LS wl i PCR A 5wl B ERESE IR A
98°C M 10 min, 85I TIANVKAKIEE P THER] 15
min, o FET 10 g L A ARAE 3R PR Ik e e s s
W, T 4°CL 180 V AT 45 FHIYK 4 ho FRVKES IR
Ji, DA 1 gL SRR, THK LR 15
min, RJEHZBKGEGREL 1~2 K, A REAR,
HHORAT o
1.6 IEHH
1.6.1 RXELZAMSF2HWHEXT GRUHES
A7 25T R DRSS RIS IR RS, JEAAT o7 3 A AT S6 »
TR BEARAE ZAT 2 T W 2 Hardy-Weinberg T~ .
KH SPSS (Version 16.0) [f] GLM F£¥X} FSHB &
DN 22 250 5 P GG A T AR DG A0 M, A T R DR ZR0) B
P d /D eI B bR IR (LSM+SE) KR,
JLER BRI R

Yij =p+FT; +G; +Ejjx

Y AMARE, w NBHAPIME, FTO AR
N, G; N HER TN, Ejjx HFENLRZ
1.6.2 ZXfL AT EZ0H WpMqsrilh ERF
MAEAZE, a=1/2 (EE [ LSM-FF [f] LSM) , d=EF
f] LSM-1/2 (EE ] LSM+FF ] LSM) , JIJZER A
InETT 2 (Va) =2pqlatd(q-p)]*: SHE 2 (Vp)
=(2pqd)*; WAL % (Vg) =Vat+Vpe
1.6.3 FMEZAMLEG AWM RAABEFERN (Ry)

RaG=ia OG I'ag

B T i 1ag=COVAc/(VAV)'"? : COVA=COVp
=Va: Vo=VptVa: Vp=(2pqd)’; Va=2pq[a+d(q-p)]’

FTLh: tac=(VA/Ve)'"? X, Va dric R n
PEJT 22, Vi IbRic PR i Bk 7 2

2 HRESH

2.1 SSCP f&M4E8R
PS5 909 341 PCR =45y 3 3E4T SSCP 43 #r,

FT2 FSHP AL S SRERMFRMERBSIE

iR WIR: B2 ANETAAAEZ AL, EVEREERED)
LRI IR L 2 Fp AR I 21 3 ANFERI Y, 4353 e SUA -
EE. EF f1 FF (& 1) .

1 f13: EE JE[NAL; 2 fl4: EF SE[NAL; S: FF LA
1 and 3: EE genotype; 2 and 4: EF genotype; 5: FF genotype

1 5149 P X AL F ST I8 Ay SSCP o4
Fig. 1 SSCP analysis of PCR products using primer P, in two
goat breeds

¥ 519 P, [ PCR =9 HEAT Rl 7,
DNASTAR #f (Version 7.0) %l 345 B3E4T L X,
GERLOR: M 2 AN T 40 bp A7 AREIE R A G—A I
BAR, 7 148 bp A7 s AbBdHE K A= T—C AR (& 2D
FIH] DNASTAR #0416 2 067 st T AR AM B 7L 1 1R
FE BB IR 5, W SAR A i I S R e 1t
ITExS, SRR G—A R4, 5lREEREE (X
RAIE— TR , T—C 5E WITERRAS
2.2 BERERMERERBBTEMSIT S0

7t PCR-SSCP J7iEHAT Z AR 43 24 5, I
BRAPTIRAME (Version 1.2) THEZ 847 AR FE R Y
Wiz, BERSE, AEEREZSEESE (R 2D .
HEETtas Rnlan, LEPEREEReY) L AR L,
ZAM BN E ARSI, R RER 550k
0.78 F10.75, 4 ) KsefFHh: 2EPEARBERED L ERI
IR, Z A7 s A7 2 3 W % Hardy-Weinberg
P (P<<0.05)

Table 2 The gene and genotype frequencies of polymorphism of FSHf} gene

At e EPSELTES KR A G ZEHEREE oAl
Breeds Genotype distribution Genotype frequencies Allele frequencies He PIC y’-value

EE EF FF EE EF E F
SG 264 120 34 0.63 0.29 0.78 0.22 0.34 0.28 1.94(P<<0.05)
BG 156 95 20 0.58 0.35 0.75 0.25 0.38 0.30 1.03(P<<0.05)
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40 bp 148 bp

EF 4[4 EF genotype EF 31 EF genotype
40 bp 148 bp

f

/\ A/ H"\

2 EF. EE #1FF EEZERS FHI LR
Fig. 2 Partial sequence comparison of EF, EE and FF genotypes

FF &M% FF genotype

EE 3% EE genotype

2.3 BEAZSHSEELBERXRD

FH SPSS ) GLM F2J¥xf FSHP SR 255~
SEHOIATA AT, IR 3 X PEAR BEREYILIZE, 76 1~
4 FaFIER 250, BE BAMAR AR B E T
EF Ml FF BAMA (P<<0.05) 5 EF BIAMARIIEE 2 R0
PR E T FF BUAME (P<0.05) , Hpx
FAEE . SR, 7E 2~3 R S,
EE MMM 52w T EF M FF BUAMA (P<<0.01) ;

EF RUAMA RT3 2680 W 3 T FF AMA, ez
SN AEPEREEREYY L AR R L 2E 2 AN R,
3 Pl DRI AN A 1P 1 = G E ) i iAoka 352 . EE>EF
>FF,

2.4 BENLAHTES LR R AT

2SR ML T AT b (R D,

X AR B RE WL 2RI R ILEE, 78 1~4 (137 6 4
22T RN s 2553 0] o BE DR R 251 98.23% A1

&3 FSHR BEREZ LA S RHMEXSH
Table 3  Statistical analysis of FSHP gene polymorphism with litter size

b e pR 7R SPI(EEARHE R Mean + SE
Breeds Genotype 8 1 AT 2K 92 e 3 8 4 Jare 2K TR 68
1st fetus litter size 2nd fetus litter size 3rd fetus litter size 4th fetus litter size Average litter size
i e EE(264) 1.58+0.03a 2.00+0.03a 2.11+0.03a 2.22+0.03a 1.96+0.02a
Xinong Saanen EF(120) 1.37+0.05b 1.77+0.04b 1.88+0.04b 2.04+0.04c 1.76+0.03b
dairy goat
FF(34) 1.38+0.09b 1.59+0.08¢ 1.7620.08b 1.88+0.08¢ 1.65+0.05¢
IS EE(156) 1.47+0.04a 1.87+0.04A 1.99+0.03A 2.14+0.03A 1.87+0.02A
Boer goat EF(95) 1.39+0.05a 1.73+0.05B 1.79+0.04C 2.00+0.04B 1.72+0.02Bb
FF(20) 1.30+0.11a 1.55+0.11B 1.60+0.09C 1.90+0.09B 1.59+0.05Bc¢

55 WECFAREASG WS ARNE P REROR 225 B H(P<0.05), ARIKE P BEGR 2257 135 (P<<0.01)
The numbers in the brackets are the individuals that belong to the respective genotypes. Values with different letters within the same column differ significantly
at P<<0.05(a, b, ¢) and P<<0.01 (A, B, C)
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Table 4 The variance analysis and selection reaction of polymorphic locus

i J7 2243 M7 Variance analysis Ra Rp RaG AL A
Breeds A Vi Vg Genetic correlation Rag
PUARBEREDYIL - Xinong Saanen dairy goat ~ 0.0111 0.0002 0.0113 0.9823 0.0177 0.1053 0.9911
W/RILISE Boer goat 0.0079 0.00001 0.00791 0.9982 0.0018 0.0889 0.9991

et Ra A1 Rp 73 ARSI 28OS AN S MRS AE 1 T 22 PRI, R ARERIEPE R

Ra and Rp represent the percentage of additive and dominance effect from genetic variance, respectively, Rag represents selective response

99.82%, Ut 2 A7 RT3 SR AW a5 A 32 B2 BTN
TR R M . TP AR B RE WS L 2R R AR L2,
Z AL BRI AR AR DG A0 0.9911 1 0.9991, [H] i %)
LN AEPRCIERRIRIE Gy ST 1 FIEF RN
AT TAhvE, BN 404 0.1053 Fi10.0889.
3 g
3.1 FSHR EFEZBAASEAEMENER

B £ IR S A5 I B ) S P B 1 DG R
UMY, FSH 8RR R R 0E, sl S i o
T, EE T LEEIER . FSH R tMENEZ) P
BN HEOE. R SRR B BRI ) )
R AN, DR FSH DR Ay A e 1
e A, SIS FSHP 2P PCR-SSCP £ 241k
YO RS SR IIE SN 3T WP S N Y S I Rl =
M YRR AA. AB FIl AC 3 FRIEN AL, 7E
PORIPERRIE] AA. CC Il AC 3 FREERAL, AA
FEPRALS i e m A e T e 2 R
R, AREG R 1L FSHB JE RS 1 2 12 2847 05
ESECAAL, TR AR 2 A5 A 1 5 7 A A B A G
(P<<0.05) o ifidg AR, T ILEm
SkiliZE FSHB EMMANET 1 A2 hRRIIZE. K
TR 45 R HAFAE 22 53, T RE S L = P )3 1)
B HEPON) FSHP FEIA 5" X 193 bp KJEH—BF 51
HEAT PCR-SSCP 731, KIAE IR B JIZRE L
ESNI ANy SN e NITE V1S T SR MTIE SHy
CME) A7PAE 3 PRI (AAL BB f1 AB) , I
ti BB AU LA SRR IE R IAFE IR AL BRAS DT
AR, T AERHE FSHP WHRAT 5 5 P A7 Bk
BEME, TERFIEF] 10%LA_E . fhasP R oTaE s,
FSHP JEPHEE 1 W& FEEIE S 2 M7 RIS
A AB BB S AT B S =T BB IR, AB
RIS 5w T BB RESE . My 5
WFCRINL, FSHB JEHRLAIERA AA 45T BB

WG TR T2 1.2 3R/5, I A SRR B
BEIFAFEIE R . AR AR R IR EE R, AR il
SIS R W] FSHP FE R 4 008 7 A - 5O A 50
M, A5 ERPIT Y R W] FSHP e 8- HE DR B ) RO
PEAFEOE B 5. Linville 2550197 &% 91, FSHP
SRS PN NN SN s B AN ATEAES VI N TS 7
W) 5 J52 W A5 2OTFF 91U 512, XS FSHPB 51K 5" i 425X SNPs
P g5 P R AR B AR OC . TR P E
8¢, FEFZEERE FSHP RN Sumill HIX A2 AA.
AB Al BB HY1L 3 MEEPA A, JURAE: FSHP AEEAIT)
ST 3 X LA AA BT AB 3t 2 RS, 246
20T R0, 221125 FSHPB KA 5'3m i 3 X A5 AA.
BB il AB 3% 3 FiJE AR, DL E&5 9, FSHP H:
AAAEZ AN R IF BRI 2807 55 EhPE e W5 A
O, N FSHP J DA n] Re A 2 SR PERE I — AN 22
FER B 5 AR R IR A B

HiT, A% FSHP LR siia b, b
FORAEHE N AR 5 77 SR RO G J7 I . A
FIF SSCP AIEE S 3 (1) J7 2% FSHP K&K 4h 51 2
HEAT TR, 255 Rz XA 7E 1 A SNP 7 AL, K
IR 2 Ah Y 40 bp AbBEEE & A G—A BAR, 1 148 bp
AR R T—C AR, AEPUAR B YL - AR
2 MR, EE SR BAMAR PR - e e m T
EF I FF MA (P<<0.05) . &5A a0 NI FT 4 SR vl LL
HE— P UFSE FSHP K5 DN 2 24507 mi b5 B v g 2 541
Ko
3.2 BEBMEEASD FEERICHATITIES

PR P MR TR IC IR BN, e E LR
P T P 5 R 2R, ke D] 2R AR AN AS 5 35 DAL PR I P 280
S LR ) BN, FLSEI AL 4 JR AR A R ]
(RN 280, DR b P 20, i i B Bl B 6 119 B R,
AL FRad PRI B FE I RONAED A S
AR IBAL T7 225522 2 IA) R34 AR OGP R S o AR
REGAER RS BB eh, R REPIAL S 7
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ARIANRI AR A DG LA R B I, T g o] 5 DR 2R P 51
g% WU BN, B Ntk T 2 7 38 4% 75 2 7 Jin o g L
i, HEWT 22 A7 A A L= 2GR A TR AR 1L 1
AT M R ARBEREYY LSRRI R L 2ET 5, %A AR
FE DR T g 2 v itk ast A% 5 22 IR LeAg 3 il 1A 21 98.23%
99.11%, 48 EE BAMERA RS/~ 54, F4
LR R IR RN B8, DR 7 s LA A g 7= bk
R F LA BB . 5848 FF BUAMAR S AT
B, R S BRI Y )5, Rl FF
FERIRL AT DU T hmac il Bh e 88, MRS B AT %48 FF
FEDRI LI 7P SRR AR A A

4 ZEip

X VAR BEWILLE AP R IS 23500 51 EE
FEDRIAN A S5 R 25 = T EF A1 FF BAMK, Gl 7
ZEIIHT AT R 2 D NP RN BT S, Rk BE 2
DR AT A = SE VIR AR G RE AR, R T S
PRACHIBIEEFE .
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