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Abstract: [Objective] The objectives of the present study were firstly to detect polymorphisms in the growth differentiation
factor 9 (GDF9) gene, and secondly to investigate the association between GDF9 gene and high prolificacy in Jining Grey goats.
These results will provide a scientific basis for marker-assisted selection for high prolificacy in goats. [ Method] The GDF9 gene
which controls the fecundity of Belclare and Cambridge ewes was studied as a candidate gene for the prolificacy in Jining Grey goats.
According to the sequence of ovine GDF9 gene, four primer pairs were designed to detect single nucleotide polymorphism of exon 2
of GDF9 gene in both high fecundity goat breed (Jining Grey goat) and low fecundity goat breeds (Boer goat, Wendeng dairy goat,
Liaoning Cashmere goat, Beijing native goat) by PCR-SSCP. [Result] The results indicated that the homology of nucleotide
sequence of exon 2 of GDF9 gene between goats and sheep was 99 percent. The products amplified by primer 1 and primer 4
displayed polymorphism. For primer 1, three genotypes (AA, AB and BB) were detected in all five goat breeds. The sequencing
results indicated that there was one single nucleotide mutation (G**—~A?®) at exon 2 of GDF9 gene in goats, but this mutation did not

cause amino acid change. Frequency of allele A was 0.9128, frequency of allele B was 0.0872 in Jining Grey goats. The does with
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genotype AA had 0.54 (P<0.01) or 0.63 (P<0.01) kids more than those with genotype AB or BB in Jining Grey goats, respectively.

For primer 4, three genotypes (CC, CD and DD) were detected in all five goat breeds. The sequencing results showed that there was

one single nucleotide mutation (G’*—A"?) at exon 2 of GDF9 gene in goats, and this mutation resulted in an amino acid change:

valine—isoleucine. Frequency of allele C was 0.9266, frequency of allele D was 0.0734 in Jining Grey goats. The does with
genotype CC had 0.57 (P<0.01) or 0.62 (P<0.01) kids more than those with genotype CD or DD in Jining Grey goats, respectively.

[ Conclusion] These results preliminarily showed that the GDF9 gene is either a major gene that influences the prolificacy in Jining

Grey goats or a molecular marker in close linkage with such a gene.
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f10y 5 LA A i R A e B e I AR B A% S R £
PP, R 3k e K R I DR JRE A 4 11 4
TIALRAT, WL SCBUbRIC A B £ 105G v 4 1 . Ll
NFFERERE Y ALK IRF 9 (growth differentiation
factor 9, GDF9) Je¥AbAEK A7 B KK —N 0
B, Sadighi 254 47 GDF9 JE K E {VAE 5 5 YLt
kBB, GDF9 S i U REGH i 43 WA i) —Fh A K Ak IR
T ek S I ) A KR A3 e S T A
FHB2, Dong 5K pi k% T GDF9 Ah 1 2 (2 & 7/
Bl gdfO™ HEATINAT s RINLES T gdfO™/gdfo™ K /N
BURE I I, N RN, R A
gdfo™/gd o™ M1k /1N BRI B & 7 A ) O I A 1
MAGESk L A4E K- 20461, Hanrahan 25 K34 5% M 45 = 25
B SRR )i 429500, ¥ GDF9 JEK4afiBIX 1 184 bp
WAL SEAE (C—-T) firdah FeeG" (G8 58745), &
Il FecG" 4li 51 Cambridge £145 A1 Belclare BE4R -
WAH, MAE T FecG™FecG™ K 47 2 Lh By /= #Y
FecG'/FecG  REARLHEUN AL, FecG" 7F Belclare
45 2F A1 Cambridge F 45 2 19 HE O $080 N Al o {E
RN 1.7940.548 M (P<0.01) il 2.35+0.386
(P<0.001) P, DAWFFTUIA S 45 (2 SRR )
103, R M e SR, SR LR i
B, PRI EECN 2.94, TR P A
A L8P, PR I B P P g 2 0k 2,10, S8
2P P 280k 1.8309), b ntACHiL L EFEA Ny
Hao H R BAT L2 A ) 4y T i AR SR T (F 3R
T8 o [IOUEE Y S ) 0 ] ASHIF 5 DA ot 90 7 1 2 5 Aol

WFTHIF) USARET L m Rl GRoR L=
SCEWNLAES TSR dERURMILEE) iR
B, RS 23 (single strand conformation
polymorphism, SSCP) J7 V2% 75 b A ke F 24 F 1)
GDF9 JEPNAT b R 2 A8 YA, LALLAL GDF9
FEAEAFNLZE R 22851, JFRTH SSCP 24
PER) DNA F BOHAT IR LE b, B Hk5 7%
BRI AL, = my B8 ) ARl i i 48
PR =K .

1 MBS

1.1 RIERTE. s

FENIRE T 2004 AR E AR B E BT
P oy 1 8 Mo AT .
1.2 R
1.2.1 DNA &  HAM 1A 2 i E8odsx
MIUE T L AEREE 93 HBLA 16 HBF 735 I AT 1M
FER F AR5 775 LSRR (Ll AR FEAF ELD;
ICTHLEE 38 B, dbptAHLAE 31 HREE M ke
R A AR TSk VA DX K B SO gL E 40 HURESE
AR A b T XA s Ok R A RS A R (518
WARAD; BRI 28 RBEEMFER B ZHE &85
PO R Sl AL TR] Ol 2004 4F 3 H~4 H, #iEIkCR
i, FrRImAERA 10ml/ X, H ACD ikt -20°CHk
A7 o I ST P2 B 2 3 R 41 DNA, % T TE(10
mmol-L™" Tris-HCl (pH 8.0), 1 mmol-L" EDTA (pH
8.0), 4CI#AF,
1.2.2 FZLFH] Taq DNA EA50HF. INTP. pGEM-T
Easy #fKk. DNA B[l alidb il &, Fobifeial
AT S A B bR E A AR R A .
1.3 RWHE
1.3.1 5| ¥ i M TouchDown PCR # 4  H4E
GenBank KR M43 GDF9 LR F41 (GenBank %3¢
= AF078545) B!, JT] Oligo 6.0 %t 4 %f514y, ¥4
IER P NS EANNEF 2 F1 37 UTR. 5l
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WIPHIZR 1. 519 H LAY ARG RA S
o

PCR ¥ 88 e N AR 25 ul, 5 10XPCR
2P 2.5 pl, 20 mmol-L' Mg®* 1.8 pul, 2 mmol-L
dNTP 2.5 ul, 5 pmol-L™" L F#iF5 14144 2.5 ul 8¢ 3.0 ul,
Taq DNA %47 1.5U, 50 ng-pl”’ DNA #it) 2.5 pl.

&1 PCRIHERISIHFT

Table 1 Primer sequences used in PCR amplification

Touchdown PCR F£/F*": 95°C 10 min 1 AME
I 94°C 455, 58°CH 60°C 1 min, &2 MEH FFE
1°C, 72°C 455, 20 MiEH; 94°C 455, 48°CHL 50C
1 min, 72°C 455, 14 MEH; 72°CAE{H 15 min; 4C
TR
1.3.2 SSCPZ3#H7 1.5 ul PCR P24 F1 6 pl InAELE s

514 JEBI(5'—3) fir & (bp)” SR I (D) B K ECT)?
Primer Sequence Location Quantity of primer Annealing temperature
5191 F: GTTGGATTGTTTTTCTTCT 3280~3298 2.5 58

Primer 1 R: CTCTTTTATCACCAGGTTG 3432~3450

5192 F: CAACCTGGTGATAAAAGAG 3432~3450 2.5 60

Primer 2 R: GTCGTTCAGATACAAAAGC 3696~3714

51493 F: GCTTTTGTATCTGAACGAC 3696~3714 3.0 60

Primer 3 R: GCTAAGTCTAAAGTCATGG 3966~3984

514 4 F: CCATGACTTTAGACTTAGC 3966~3984 2.5 60

Primer 4 R: TGGTTTTACTTGACAGGAG 4271~4289

D 58T GenBank AF078545 [ffir 8 ; 2 e il K g

! Location corresponding to GenBank AF078545; ? Annealing temperature of first PCR reaction

T (98% HIENZ . 0.025% VR MY« 0.025% — FF 2R
10 mmol-L" EDTA (pH8.0). 10%1H ) JEA), 98°C
AZPE 10 min, ARJE VK 10 min, 2 AR HIRAS
ARG PCR =) FHARAR PR AR I I 4°C F ik
HiyK 16 h 5, MG A. 519 1. 2. 3. 4 RN
RGBT IR 2 53k 49+ 1,29 : 1,29 : 1,49 : 1,
TN I TSI 0 A 14% 10%- 14%. 12%,
Hi R 239904 140 140, 170, 180 V.,
1.3.3 wfENyr BT haF GDF9 Jk[A Pk A W
i, ZEFR SSCP A5 A 2 BAE 25 H
B AiA A0 PCR 438 7= F A 2R [l ok )
Mlfcalifth; RIS I DNA A BAH pGEM-T Easy 44
VERE, FFAL K IATE (Escherichia coli) DHSa Bk,
FH A 1R 2 B R4 B A7) o B EUTURE A Ay 0 P S A gt
AT, A R B PRl Bk P A 5 43 S . )
J 8 E A 3 st PR A A AR A R ) 52 e
1.3.4 H¥sabs WA AR AT RN Ay %
IR, PR T LR R GDFO B[R 2 [ (1)
2 G4 1 RIS 4 (5L BG4 T b7 )«
Yi=HTHY Si+Pi+Giteij
Foe yya AP RREIIC SRR » N BHARIME; HYS;
N AR ] E RN P oA SR § AN IR ORI [ 2 2%
Ny Gy A S k AHEEDI R IR E RN e A BEATLAR 22
N o FH SAS(6.12 hit A 1) GLM(general linear model)
RS

2 HFER5H
2.1 PCR #$&%0 SSCP &3]

BT ih (19 4 555 19 H T PCR & #0315 T 51
250, W BUKEE S PN 2 i Hg A AR R
gy, TLAEIEIEAT SSCP 4T .

XiF 4 X5 5109 14 1) PCR =4 43 33 33847 SSCP 4347
RIS 2 F514) 3§34 Bok G 24840, 519 1 F
JI Ay BEZAE. S 1Y B 3 Rk
R, 2399052 X4 AAL BB AT AB (] 1); 514149
R BeAT 3 MR, 43dilsE Xk CC. DD Al CD (]
2).

1. 2: AARIEGFTHILF); 3. 4: BBRGLTHILF); 5. 6: ABHY
(BRILEE)

1, 2: AA genotype (Jining Grey goats); 3, 4: BB genotype (Liaoning
Cashmere goats); 5, 6: AB genotype (Boer goats)

1 5141 ARE L F i 18 B A SSCP 224
Fig. 1 SSCP analysis of PCR amplification using primer 1 in
different goat breeds
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-4

.L I~
= = 4 bd & L,,J, A Al
: R | i i -j—J
b3 el < 8

1. 5: CC R T
oL T80l

1, 5: CC genotype (Jining Grey goats); 4, 8: DD genotype (Wendeng dairy
goats); 2, 3, 6, 7: CD genotype (Liaoning Cashmere goats)

i ll=E); 40 8: DD BICCEWILAE); 24 3. 64 7: CD

B2 5144 3AREWLFRIFY G BRET SSCP 247
Fig. 2 SSCP analysis of PCR amplification using primer 4 in

different goat breeds
2.2 FHnth
Bra Bl & B BLAST 400, 38
°F GDF9 LA 7 2 4K JL 965 bp, ZF4 C 8

GenBank WER(E 'S AY681349), 547 GDF9 HL[A
AT 2 I IEYEE K 99% (955/965) .
I AA F11 BB AP A7 PCR P24 A B b4 T 7a

BE. 7. BB L AA BUALLAESM T 2 5 26 bp 4t
A 14 G—A FIRRIETAR . ¥R TR 741
BN R IERRTA, KIS 141 17 25 AR 24
A, ke EgR, KO PR SEAR.

I\ CC 1 DD PR EERIZL ¥ PCR 724l BeadkAT v
FE. 7. DD 5 CC BRUAHLLAEAM B+ 2 15 792 bp
WA 1A G—A FIRRRIETRA . RSB T
SRR Z IR P A, RILHS 396 f1 2 51 H 42 IR
Ry s IR
2.3 GORIERAEARFELFERMPHIRES SN

5 AR M GDF9 JERIAM G T 2 (55T JE [
SR R AR N 2. R 2 a0 0514 1,
5ANLE SRR ER BN AAL AB FIT BB 3 RhJEAIR, Ho
SET A GO L SERIEOR IS R EE AA
G REANME, A RLBSEN LN OGS L AER]
I gilAad B R ASEAEER . X5 4, 5 A
= SRR S HIEE CC. CD A DD 3 Ah3E[A %Y, Ho
FrrT e E S CC i ANME, C RS
SRR R 4 AR AR 2 H0E CD SR Y
AN, SO L AERNL T 8001 2 DR AR ASEA FE
JE R L =E RO R L2 C AR LA

F2 S5AMLERMER OFIEEINEF 2 BIFMEFESNRMEFBIF
Table 2 Allele and genotype frequencies of exon 2 of GDF9 gene in five goat breeds

YT B&sUIIES ST IIES s|nw: SiNIES BOR I
Jining Grey goat Wendeng dairy goat ~ Liaoning Cashmere goat ~ Beijing native goat ~ Boer goat
i N 109 40 38 31 28
5191 R AR AA 0.8624(94) 0.1250(5) 0.1579(6) 0.8710(27) 0.6071(17)
Primer 1 Genotype frequency  AB 0.1009(11) 0.3750(15) 0.4737(18) 0.0645(2) 0.1786(5)
BB 0.0367(4) 0.5000(20) 0.3684(14) 0.0645(2) 0.2143(6)
EEE TS TES A 0.9128 0.3125 0.3947 0.9032 0.6964
Allele frequency B 0.0872 0.6875 0.6053 0.0968 0.3036
519 4 SRS cc 0.8807(96) 0.0750(3) 0.1316(5) 0.4516(14) 0.3571(10)
Primer 4 Genotype frequency CD 0.0918(10) 0.4750(19) 0.5263(20) 0.4516(14) 0.4286(12)
DD 0.0275(3) 0.4500(18) 0.3421(13) 0.0968(3) 0.2143(6)
S HE DR S c 0.9266 0.3125 0.3947 0.6774 0.5714
Allele frequency D 0.0734 0.6875 0.6053 0.3226 0.4286
F5 I R AL
The numbers in the brackets are the individuals that belong to the respective genotypes
2.4 GOF9ERATEEFBMFTELEEHHE SERUR /N IR A AB FE A R BB JE Y 2 R AT

INZFRIE

ANF] GDF9 JERZL 93 Mt
T L FRAER I 3,
FHEE 3 0 T 54 1, AA JEPI LT
CMELL AB HEFMKZ 054 K

e h—

77 AR AR D

LR

lIES

(P<0.01), Lt BB ZEFEAKZ 0.63 K (P<0.01), =

WEER (P>0.05). X154 4, CC HEHFAG T+
Tk CD HEFMMZ 0.57 X
(P<0.01), Lt DD 2P Z 0.62 2 (P<0.01), ;=
JeX{HAE CD F K ALF DD FE N AL 2 (7] %

= 25 A —

RN
HEHESR (P>0.05).
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®3 AR FIERERFTELF-RZHM RN RISERRER

Table 3 Least squares mean and standard error for litter size of different GDF9 genotypes in Jining Grey goats

519 HE R 1Y FEAS /N TR R bR
Primer Genotype No.of samples Least squares mean +standard error
51901 AA 79 2.96a10.22
Primer 1 AB 10 2.42b+0.26
BB 4 2.33b+0.35
519 4 cc 81 2.98a+0.20
Primer 4 cD 9 2.41b£0.27
DD 3 2.36b+0.34

[R5 1490 A LA AN ) SRR I T34 4 ) 22 S 4 . 3% (P<0.01)

Least squares means with the different letters within the same primer differ (P<0.01)

3 iTig
3.1 ¥ GPIEREMIESM

Sadighi % FH Msp 1 [ U145 F GDF9 4 3L K15 3] T
13.5 kb #1745 kb ¥ )7 B, A AR HAE HindIITH A7
AR, 2Rk SSCP FI5g B I 745 5 10 %
BN RIEFE W 2R E G L A A
GDF9 JERAMNE T 1 I 152 bp kb kA2 T HgHL 5848
(A—>G), I SFBEIERMEAE (REAWEE— KL
%) 128, Hanrahan 25371 Cambridge 45°FF1 Belclare
452 GDF9 FEMMANE T 1. B WA T4k
B2 45 AN B 2 SSCP AN FAES 1 2
LRI 8 NP TTIRZ A, Hi A 3 MR L
A5 (O3 RIAELT4mABIX 471 bp AL C—T. 477 bp 4L
G—A 1978 bp 411 A-G) A FEE LRI AL .
44 GoA RAEZFET AL, EA1
PEFgifig X 260 bp ALIIEH 87 MNMEILERIL KL RS E IR
SR AR, JEHSI T Hha T BEDIA 2T 2k
Gl X 721 bp AIEE 241 DNEIERRTRES h B AR L
AR IR; B IHTIX 994 bp ALIKIEE 332 N SL Rk AL
HHZ A R U k) e st AR s dmbih X 1 111 bp AR5 371
NSRRI A IR UL N AR, T IRy
BURAAE IR ARG D) 2 0T, BAE B R N
wEah, FrolefeE A 530 GDF9 B K DR
IS . AL T4itBIX 1 184 bp ALIKARIESAE C—T
FEAL TGRSR 395 NIRRT AL t 22 SR U
RN, WA T BOAE A X, B
ST GDF9 HE K T BE M AR

AR 4 X514, K H PCR-SSCP BEAAG M
GDF9 KA 2 78 5 AN IL=E iR (i iR 2
A, SRR 2 NP TIREZ . MNET 2 5 26 bp
WA 1A GoA MFRRRFETRAR, R 5 R IR L

Ay AMET 2 5 792 bp A 1 A GoA GRS AR
H BB IR L N e R
3.2 HKNUEFIRFASFEAEMENXR

Hanrahan 25418, ¥4 GDF9 FE:[A¥FA4i &0,
Belclare BF47FHEOFHCh 1.9240.28 # (n=11),
Cambridge BFAR AN 2.27+0.49 HL (n=10); 4
GDF9 G8 A4 &), Belclare 4121 Cambridge
R L AT ;24 GDF9 G8 A8 N 24411, Belclare
4% ¢ A1 Cambridge 4 3 HE 59 HC# 38 . 4 ok
2.67£0.89 # (n=1) F14.28+0.31 ¥ (n=28) I,

Chu 5541 7 GDFO KPR AR 7 1 kil H 1) AA
FEDRI R PR I 1R /N 8 €28 — IR SR I ™ S e/
TIRIME ST AL AB FEAIT £ 0.30 HL(P<0.05) 1 0.77
H(P<0.0001) &,

AHFFT &5 RA) 2D 2% 1 GDF9 F K ] R & 42 il 5 7
W2 AT RER— AN R N S 1 2 A7 A B 1t
FEIEBI T Anid. TR D, (E15
B SR R B ER AT

4 g

4.1 KI5 R PCR-SSCP A K HL GDF9 F X4k
B 248 5 MLEERM AR 2 MR A S
BT 25 26 bp A 14 GoA AL, #BH
SLHERFERMAE; SN2 T 2 5 792 bp 46 1 4> G—A
1) BRI 58 AR I 5 B IR U o S e R

4.2 AWFRGERYILR GDF9 F K Al fg & ot
THUCEZIRTEREM — A ERIE N BE 5 2 Ar e B
BB 2 AR
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