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PCR-SSCP Polymorphism of FSHB Gene and Its Relationship
with Prolificacy of Jining Grey Goats
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Abstract: The follicle-stimulating hormone beta-subunit (FSHp) gene was studied as a candidate gene for the prolificacy
in Jining Grey goats. According to the sequence of ovine FSHf3 gene, nine pairs of primers were designed to detect single
nucleotide polymorphisms of 5’ regulatory region, exon 1 and exon 2 of FSHf gene in both high fecundity breed (Jining
Grey goat) and low fecundity breeds (Liaoning Cashmere goat, Boer goat and Angora goat) by PCR-SSCP. The results
indicated that the homology of nucleotide sequence of this fragment between goat and sheep was 98 percent. Only the
products amplified by primer P9 displayed polymorphism. Three genotypes (AA, AB and AC) were detected in Jining Grey
goats and Liaoning Cashmere goats. Three genotypes (AA, CC and AC) were detected in Boer goats. Six genotypes (AA,
BB, CC, AB, AC and BC) were detected in Angora goats. Sequencing revealed a G— A mutation at 94 bp of exon 2 of
FSHp gene in the BB genotype in comparison to the AA genotype and a C— T mutation at 174 bp of exon 2 of FSHp gene
in the CC genotype in comparison to the AA genotype. The former mutation resulted in an amino acid change:
alanine—threonine, and the latter mutation did not cause any amino acid change. Genotype frequency of AA, AB and AC
was 0.686, 0.137 and 0.177 in Jining Grey goats, respectively. The does with genotype AA had 0.78 (P<0.05) or 0.64
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(P<0.05) kids more than those with genotype AB or AC in Jining Grey goats, respectively.

Key words: goat; prolificacy; follicle-stimulating hormone beta-subunit gene; PCR-SSCP

{12 Gt 2= (follicle-stimulating hormone, FSH)/& f
FLEN Y G FORE - B0 2R B, a/Bir 5K
BRI K 1 AN . XA KL B
¢ 3% K 2 (luteinizing hormone, LH). & IR I %
(thyroid-stimulating hormone, TSH) VL & 2% & I (¢ ¥
[l 1% % (chorionic gonadotrophin, CG)M. ol — iV
LA IS, B AL YOE H BRI R A B IE . PN
FOEFAEN L B FRRRAEY R — AN
UL R gt B2, ZEGRSE I TR AL, AR
1) S5 52 B ME — RERN 0 (¥ g e B, FSHAE S 5
FREPE S MRS A A . dEFERS 2R R, IR AL
) 5T 40 o A MEE S A IR DRI R R, AR EE T E A
5 A K A8, FSHIA By 7] LH — b ) vk IR [ o e —
i R0 27 ] (1) 5 BR324 Joi AT LA
L% B R PR FSHIN & B A2 IR _FSHR] U]
T DR M MR % 43 W e 5 R R A AR BIL e A 4
RE, A & PO A v T 58 10 1) 39 17 A 25 F
yp & 1o,

W ChERESRGE) Phedk, el e R E
I B i =R SR, PR RO 2.94; T
Ol PG GO 118, RIS EREA = R
2 B BRI 2T R R RO 1.89~2.10%) 0 ANHF 5T
A SEE g 1l 3 b e (77 5 1L 35 ) MR B8 1l =
VT CTANR S AITE SN NI TE SN 7S E TAITE S PR op |
BE, K H E R % £ & (single strand  conformation
polymorphism, SSCP) /5 20} 7E A2 5 ik 5 B4 FH 1)
FSHBAE AT Z2 28 A I, JF60 H A SSCP 2 A&
DNA v Bt AT e LL 8o i, S A5 L7 5%
O G st A brac, Sh il =26 w8 S5 ) (R b 4l B ik
PRI AL A E S FIRF 24K
U R
1.1 SRgM st

BA kL 3 i ol sk 153 Hb i Lk
FMAER A ARG T LA ORR P R (Ll AR A A
By, 40 Hod okl FE R AR B bR T 3kiE X
THEREL 40 HU R I SEBESE MR R H 28048 & & i
Pk Rl 40 Hozz b 2 BEAE AR B P4

IR TV KRB O (1 75 4400 7K BB FE ) o SR KGR
I, PRIk A 10 mL/ 2, H ACD ikt —20°C %
7o M A gL FE R 4 DNA, % T TE, 4°C
,T%ﬁo

1.2 FZEiF
Tag DNA %4, ANTP. pGEM-T Easy 544

DNA Ji BRI aE A il R . Dok $ B2t Ak 1k 7 5 45
590 1 A A BORAT R A W

1.3 5|4i1%itF1 PCR ¥ 1%

R A Guzman K% MOVR R (143 £ FSHAFE N 57 1
¥EX 74 (GenBank 3% 5 : S64747), A ¥ 1 F4h
5T 2 ()7 51 (GenBank & 3% 5 S64745) it 9 Xf 1]
WYy, 43y e 5 R PEIX AT 1 577 bp i X kAo
BT 1 ANET 2, FHIAK 2026 bpe G L
PR EMHEARGR A WA 5IFFIE 1.

PCR §"#4 [x WAK R Ny 25 pL, 45: 5 umol/L 5|
Y12 uL, 10X PCR ZZ /1 2.5 uL, ANTPs 29K & 4 200
umol/L, Tag DNA 24 1 U, 50 ng/uL DNA 42 3
pL, Mg?" &M A 1.2~2.0 mmol/L(& 51K Mg
BIRTEAE, VENR 2), LR KRN

9 X514 PCR 14 4 F: 95°CHIALNE 5 min;
94°CAME30s, P30 s(& 5 R PER A, ¥
F2), 72°CHEM 30 s, IL 33 MIEIF; B 72°C L
8 min; 4 CORAF. =W 2% S5t IR B e s FRL KA ) o

1.4 SSCP 9#f

1.5 uL PCR F=#H1 6 pL JNEEZEPHBL(98% Ik
. 0.025% R i . 0.025% - H 5. 10 mmol/L
EDTA(pHS8.0). 10% HiH)iE~], 98°CAME 10 min, 44
JEUK#T 10 min, {2 RFFAEPDIRES . AEVEfS PCR 7~
W) H AR A2 PR S N K B i B IS (polyacrylamide  gel,
PAG)Z it H1VKk 5 h, HR 4 24 . SSCP 7 #r 45fF W4 2.

1.5 =RENF

XF SSCP 437 Ji AN ) 445 3 K AN A ) PCR 7~
Wy A I [ AGR )  mTie tiAk ;- RIS 1) DNA
J BN pGEM-T Easy #UARIER, JFEAL K AT 18
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Table 1 Primer sequences of goat FSHJ gene
gl Y SIS —37) P X R PRI (bp)
Primer Primer sequence (5’ —3") Amplified region Product size (bp)
Pl F: AAGCTTCATCTTATCCTCGACC 270
R: GGATGGCTAGAGATACAGTAAG
P F: CTTACTGTATCTCTAGCCATC 224
R: GCATCAACCTGGGTAAGAAAC
P F: CGTTTCTTACCCAGGTTGATG 227
R: CAGAGATGTAACAGAAGCCAAG
P4 F: CTTGGCTTCTGTTACATCTC 5 R 204
R: CTTGCCTGAAATGTCCTTGC 57 Regulatory region
Ps F: TGGCAGTGCTATAGGAGAC 302
R: GTATTGCTTTGGCTCTGTTG
6 F: CAACAGAGCCAAAGCAATAC 258
R: GAGCGGTGTTAGCCTGAAG
P7 F: CCAAACACTGATTCACTTAC 179
R: GTGGATGCTGAGACTTTTC
- F: GATGAAGTCCGTCCAGTT SRR 20
R: TAGACCCTCAGCACCCTC Exon 1
- F: ACTCAGGACTTGGTGTAC ST 2 247
R: CTGCTGCTCTTTATTCTC Exon 2
%£2 9335148 PCR-SSCP 747 & 14
Table 2 The conditions of PCR-SSCP analysis for nine pairs of primers
gl. & P1 P2 P3 P4 P5 Po6 P7 P8 P9
Primer
2y
ﬁ§2+;éfk§g(zfé’elﬁr)ation (mmolL) 2.0 12 12 12 12 12 12 1.6 12
SR (C) 56 55 60 59 56 59 56 60 50

Annealing temperature ('C)

SR AT W M gt S A Wk P

2901 3901 49 :

1 2901 2901 3901 3901 49 11 49 11

Acr: Bis

B R s

R A 40 R 7 2 12% 12% 10% 10% 8% 12% 12% 12% 12%
Concentration of PAG

K (V) 160 140 140 150 130 140 140 150 150

Voltage (V)

(Escherichia coli)DHSo B Pk, & 1B 2 =] 5k 4 B
TR B IDUBURE A O I RS AR AT DN, B Ak
PRI 7 Y R 2 | B A O DS S A e ]
B A B A PR 7] 58 B

1.6 HiELE

B & B AR AT B /s 3Ry 2= 40 A, LREETE
T W2 AT FSHB IR Y 2 1) 1) 22 e

Vi = 1+ HYS;+ P+ G+ ejja

oy R BRI SR W B ME, HYS,
K T AR N PO AR IR B E
BN Gy o FSHBEER S k Bl DA R 1) ] 5 20 s e
b B HLAR 22 %08 . il SAS(VS.12) ) GLM(general

linear model)id 2 5¢ il »

2 R 5T
2.1 PCR i

Bt/ 9 %7514 PCR 4 B4 #R 3543 T Hr S k4R
W=, R B E S TR h—3%, I H Ak
RS PEY B4y, T DL BT SSCP 4 Hr. 9 Xf 5]
Pty ok JULE 1.
2.2 SSCP #&3m

X9 X514 B K] PCR 77443 I HEAT SSCP 43
Mr, R PO ¥ H Brfy 2540, 4R 8 XI5y
B B AAAE LA TE. PO § 1 BAT 6 FhL A 7Y,
I3 5E N AA. BB. CC. AB. AC Al BC( 2).
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1 2 3 4 5 6 7 8 9 10 11 M bp

1 933348 PCR =)
1,7: 554514 P1-P7 ff) PCR 7=4); 8. 9: P8 ] PCR /=4J);
10. 11: P9 [y PCR /#J; M: SD002 marker.
Fig.1 PCR products of 9 pairs of primers
1, 7: PCR products of P1-P7; 8, 9: PCR products of P8;
10, 11: PCR products of P9; M: SD002 marker.

23 FINHER

T 1112 FSHB FE D P 3138 AR WARTE, Kb AT
W va B Y % 7 By BLAST 0 M7 )5 HE 42 i1l 2
FSHp &N 57 XA 2 MR T4k, Faldt
2026 bp, S4%=F1 AR 98%.

HL A4.BB F1 CC 3 R T PCR F=4) Fr B it

e v b b A e
bl uc—o [

ro. » -
o et b b et et -

2 AEWFmi P §18 /B SSCP 44
1: CC M;2: AB %4;4,5: 44 ®;9: BB %4;3,6,7: AC %4;8: BC M4,
Fig. 2 SSCP analysis of PCR amplification using P9 in different
goat breeds
1: CC genotype; 2: AB genotype; 4, 5: A4 genotype; 9: BB genotype;
3,6, 7: AC genotype; 8: BC genotype.

TToelE M. K 44 B OB AR, BB T 55
AATIHIHAEAN B 7 2 5 94 bp B4k G—A KA (A
3:a), [FINF SR SR (N AR —~ HATR); CC R

5 A4 RARLCAEAN B 2 58 174 bp i b C—~T A8
(Bl 3: b), ERA IR 5 REIER IS, bR

RAZ o 3 Pk D R AZ IR I R 1R e 51 1) L 3 L
*3.

94 bp 94 bp
Genotype A4 Genotype BB
174 bp 174 bp
Genotype A4 Genotype CC

B3 AA4. BB ir'u CC B R BN Fr i
Fig.3 Sequence comparison of 44, BB and CC genotypes of goat FSHf gene
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Table 3 The partial nucleotide and amino acid sequences of 3 genotypes
TR AT A —37) WA IR —37)
Genotype Partial nucleotide sequence (5’ —3") Partial amino acid sequence (5’ —3")
94 bp 174 bp 85 111
[’ ' ' '
A4 GGCTGTECCCGCCAT «»+++seeveeee AGCACTGABTGCACC GCARH« e sTHCT
BB GGCTGTICCCGCCAT AGCACTGAITGCACC GCIRH"'---------S TICT
cc GGCTGT.CCCGCCAT AGCACTGAITGCACC GCIRH------~~----S TICT
x4 4NLFERID FSH BEREMEME R INFFEF B RER
Table 4 Allele and genotype frequencies of FSH B gene in the four goat breeds
fh A DT E b JIIES VEYIIES ESaEAlIES
Breed Jining Grey goat Liaoning Cashmere goat Boer goat Angora goat
& N 153 40 40 40
AA 0.686(105) 0.700(28) 0.850(34) 0.100(4)
BB 0.000(0) 0.000(0) 0.000(0) 0.025(1)
DR TR cc 0.000(0) 0.000(0) 0.050(2) 0.175(7)
Genotype frequency AB 0.137(21) 0.225(9) 0.000(0) 0.100(4)
AC 0.177(27) 0.075(3) 0.100(4) 0.250(10)
BC 0.000(0) 0.000(0) 0.000(0) 0.350(14)
A 0.843 0.850 0.900 0.275
[eivivs 7 %
AL DA B 0.069 0.113 0.000 0.250
Allele frequency
c 0.088 0.037 0.100 0.475

T 5 NI AR R

Note: The numbers in the brackets are the individuals that belong to the respective genotypes.

24 FSHEFRZEARLFERMPEBREE SN

4 U E SRR FSHBHE R (R 5437 5k [R5 N
DA 2R A WK 4

H& 4 AT W, PO (938 Fr BeAE v 1 L 2R AL
TYIEP R E] 44, AB. AC 3 LA, £F
WORWZER JAGI S 4. C 2 NEATIEN, 44, CC Al
AC 3 FIEPRY; FEaeahhnL A AL IR 44, BB
CC. AB. AC. BC Jt 6 PN,

2.5 FSHAEREARERZNFTHLUESEZLRN
RN FHE

ANl FSHAREI I () 153 K7 8 1 ERE e 25
Kt e/ e K bR AE LR S,

R 5 i A4 FERGE 7 1L 2E P 0 i
/NZSRIE L AB FEK L) £ 0.78 H(P<0.05), Lk AC
R % 0.64 H(P<0.05); AB 5 AC JEIRL 265
I /N e E M ZE 7AW (P>0.05) .

x5 AF FSHREFEBRMFTEHELFESEHH
BN SRIE R EIR
Table 5 Least squares mean and standard error for litter size
of different FSH B genotypes in Jining Grey goats

E SRt FEA%L /N SRR E S bR
Genotype  No. of samples  Least squares mean = standard error
A4 105 3.03+0.15°
AB 21 2.25+0.19°
AC 27 2.39+0.22°

e HA AN F RS B 0SSR ) 22 5 2 35 (P<0.05).
Note: Least squares means with the different superscripts for the
same pair of primer differ significantly (£<0.05).

3w
3.1 FSHBREREMZ M

BB & L B FSHB RS PIAE AN [5) 5% 5 R Ia) A7
EMIRFLPZ &1 £ 22t 3.5 kbAL )46 A Bl 2 58
AR IR o AE SE FSHBHRE R 45 1) X +809 5+810 i ik
(0] A I — A4 NS4 N T BEK: 292 bp, Wi H A
AP F 3 HA A polyA &5k, h— LAY [y 5
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JE TG54 U2, A 9T W R RE AR i X SR A — A
Sl 2 AR BL(KZ 270 bp), (HMllF45 %8 2R
T H P s A RIS A R E A, INRE T
P~ RNA K& 11 53+, B Al T T
DI A A, A R 2 SR A
Alu AN TRAE 5 12,

WG R 1L FSHB N W54 A% 1T IR
RAR, AN 2 3 94 bp M G—A R, IF5IIRA
BB SR(NAR—~ A IR), (M E T 258 174 bp
C—T R, HEAHTRAIEREAE, HITERRE.,

32 FSHAERFESZEHEMEIKER

H il AFSH B3R g S8 ) g e L T i T K
ST TAE . V2 W 9CUE W FSH BHE IR B8 PF R
A EBR . B s DAE oY R W2 i R
FSHHE DA 25 55 DR R ) Ji 7= A7 BOR P i A7 4 22 57 2
o AR IR PR A I R A ) AT RO el
# WL, fE FSHBR R 5473 T FL I 2E K 26 R i ¢ o
RIAE T (Nn) BERE G AR K E L2l 5 1 5 AR
KR, AEE R E AN (P < 0.05), #0755 47
E B nf BERE, G LA A KT NN AL BESE
(P<0.05)M°Y, Xt FSHARENHS 3 457/ 37 JERH PR IX
AT IPCR-SSCP A Hr s Il B GFUHW N S AL RN, G
S B DN Ol B AT BRI R AR N, R R Sk iR R
FEAFH1.205 S/, PRIEAF R 1.418 Sk/E R4
Yo, A DL R PR AT 0.618 Sk/EE, FEIEAT
0.834 3k/zs5 11,

H AT S LRSI TE . B R A D g
FSHBHER S PR 43 3 51 19 43 B 2 BH O A %
P75 H AR A7 5 FhobE L IR AN AE T R IA 22
SR DX o s A PR AR T A PO ST R W
FSHBSERIN & S48 = A SRV AL AT 5 . 251
2 DRI 5% 3% W FSH AL IR 45 356 IR B %o B3 7 AT st
AR ERW . fEFSHBRER S AM M FSHIK JE . HF
B R0 A A PR SC R, JF R R %3
DR} I e PR AT (525 R g B2 S FSHAK S P47
. HER L. T EABEEMRR QTLHAT e 4, ik
19 RINAE FSH R H BT A7 A2 X e PR 1 QTLE . X
BRI 5 AE RERIRE BT U0 B FSHBHRE R ] BEAS I 5% )
B PR 1) 32 R T

FEVE 2 R W FSHBRE R 258 94T 1 25 5% i (1) i
FUA, K E) (K FSHBES R A I 4547 56 4 BE2,

BT S5 Bt FSH AL IR RIMG P2 AT Bk AT (1 G
53 N HIUE B FSHBEE AR #3844 2 & 1 L BBk
HPRETZ277 1.2 k8, N ASERIE R L AT 4
AT B Ve AR, 76 1 s S R
KNigE S, JUTAAEEBSEALFE N, MAE Ak SRl
BEEATFE R (LA, S T BRI AE AN [R] R e () 90 A
SUABLST- 55 L 0N B AR B 1R = AT Tk e AR OF i . AR
BRI T RUNIN S, Gt/ 4 B % W FSHpIE
DAL ()T R S 7 S R A, EAES5 5F 75 L 2R A L 55
HEORH X BAIG 1R 3L 7 2 1l = R K Ll = v A 55 7 5 [
(IR HV IR Ry o IXAN ) LI T3 B KFEA B b il —
WIRANWEGT, (R I 2% 18— LEAH G [ 1AL 15 5o

AW A4 FERBIGE 135 1L 26 0 7= 65U
F o TALA R EE A, IR A FSHBHE R V] fg
eI T LEZ AR — A R AR EE
ZAAE BB E B — AR g, 4 G0 RE A
AR 2R S BUOEH . R FSHBEE BT bR
Tl B B kA v Ll 2 SR AU AR 1
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