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The Effect of Transgenic Mice Model Down-regulated GDF9 on Reproduction and Growth

XI Qian-yun, JIAO Li, XIAO Min, ZHANG Yong-liang*
(College of Animal Science s South China Agricultural University, Guangzhou 510642, China)

Abstract: This experiment aims to detect the effect of down-regulation of GDF9 on reproduction
and growth in GDF9 shRNA transgenic mice through statistical analysis of the litter size and
weight gain of transgenic mice and detection of biomolecular and blood biochemical indexes such
as GDF9 shRNA,GDF9 and serum FSH and GH level after reproduction. The levels of GDF9
shRNA and GDF9 mRNA expression were detected in hypothalamus, pituitary and ovary via
RT-PCR,and serum FSH and GH level were examined using ELISA. The results showed that 16
GDF9 shRNA transgenic mice obtained were positive,and GDF9 shRNA in transgenic mice was
widely expressed in various tissues. Litter sizes between transgenic and wild mice were signifi-
cantly different (P<C0. 05) ;Body weight of transgenic male mice was higher than that of control
mice with significant difference (P<C0. 05) in the seventh week,and body weight of female mice
did not show significant difference. Compared with the negative mouse,GDF9 gene expression in
transgenic mice in hypothalamus and pituitary were decreased by 35.4% and 39.8% (P<C0.05),
respectively. In transgenic female mice, GDF9 expression in ovaries was not significantly de-
creased (P>>0.05),but its serum FSH level was 55% higher than the control (P<C0.01). The
present study showed down-regulation expression of GDF9 gene can improve the ability of animal

reproduction. It may provide a favorable material and molecular target for producing transgenic
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large livestock with high reproduction.
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GDF9 % b 4 K W ¥ B ( Transforming
growth factor-B, TGF-R) ¥ % A 52 » (i P4~ 71 i T
M— NG TR, TGF-p MRk —28454 . 18
REAH 2C 1 2 KB KB 7 0 5 % 4l ks b A 5
TGF-R. 6L &K (Activin) VB IEE &4 H A (BMP) |
KL T GDF) %, TGF-R B 1T 5 Wi 20 il Y
W5 Ak R FEIR R & & LA BE B B B TR
RN A5 T R AR . R R
TGF-B # & WA~ 51 GDF9 LEAR 3 59 i &
FHib AR R TR O E R,

GDF9 3 B4 OP i vh 32355 [A) ief 6 JF P B 4
Zirh A Rk AR IR IR SR O I R B L AR B A
A BUMER (LHD 2 R iy 235 . 5 FSH B[R] 5] 38 57 i1
AR, EEPREI A KRB AL IR, B
A= RGN K I R BN BRI GDFY 1 3R
I e TR A B 3L T LA A DN B 9 R RSURE 48 A 4
(9 GDF9 nJ & 3 Hbu {2 3 70 360 J5 200 Jd 7y 18 4 ] e 2
Bij 1k BRI N 2 0 B 4 kS, DL L Vage 5 &
B, Rk - GDEF9 R s, c. 1111G>A SNP £ #
HH EG Al AT AT B4~ SNP #0455 8 10 72 A1 50 N T 4%
MAFaisF o 1A S EREREEARE
0.46~0.57 M5 F%. W5 ERW . GDF9 Hl 3%k
5 A URL A e DA 52 1759 3 HE O R B0 . DA T 2 A5
7 240 L 5 A ) FSH S 98 2 I R ME AR A TR
It W2 HE B 96 A0 B 1 4346 . GDF9 [ %
20 P A TR 20 A o G R R JRCUORE A %) 1 R
1717 2 3 552 i U9 900 1) & & N B A 1Y FSH A7 UL 4
M fE Y . ASEF ST B i RNA T3 09 7 2
il & GDF9 shRNA %% J X /N BROAL AR, A6 0~ A
GDF9 K& [F 1) 22 15 2l ) S50 P BE 10 52 i, Oy i —
AR B i KR A A M R AR AL A R B R M
MiEE

1 ##R5F=E
1.1 I s 4

¥ GDF9 }:[H shRNA i FVB /MEH R .4 H FO
PO B4 JEI o ft e TG 5 2 5 i A4 (Specefic patho-
gen free, SPF), 7 JH F& b A= 9 BE B A R 2 =] il
o TSR E SR A OB R 12 h, BT 12 ho R 21
CL[F—fk G BEFRF R 23 YD . B R iRok.

Horp RSP 2 B B AR BB ORI T 2 3 AT R
FHE s ix 4 A FORART R FLARRORA 1
5 FoORABOAM 2 H F2 AR 1T R F2 AL B
0 15 AR B HBE RUIT P I R PR R AT B B #EAT I 5%
BEAPRE BT o0 5 3 JE e I XS AT BRU2EFT PCR £
A e BB BH R . 3~ 7 JE Y. UE AT B A H
M AR 2. 7 R R IR b AR AT BRUIR BROR
& FrREKEM 1.5 mL #0488 .4 CHrE 2~
3h,3000 r e« min ' 4 CE.> 15 min, 53 & Il 5,
—20 CLRAF . /DN BUR IS8 S5 o 37 B SUHE 6 F AL 2E
SULBE QR NI A= S o 1 1 NN S L T I =
LA AR ARG E T —80 CLRAE. & .
1.2 Gl/NREREZERELZA DNA ZEUK PCR 318

F|F Primer Premier 5. 0 3448 #8 4= 7= 5% 3L A
/I B A S ) 2 A BT — X 51 ) GEP, A6 il 4% & K]
Je 1 O B AR /D BN 2 R R H Y 3 R e )
Wit PCR 5% . W WA TAYMA R G, B
MRSIFI L 1. R Omega 41 DNA 42 it
&4 M. PCR [ B & & : 10 X PCR ZZ pf i 2
pL.10 mmol « L 'dNTP 0.5 pL. - F#f54 GFP
(10 pmol « L") 4 fin 0. 5 L, JEH 4 DNA 2 pL,
Tag DNA B & (5 U « L7 0.2 ul, #h
ddH,O % 20 ul., PCR & :94 ‘C 5 min;94 C 30
$,55 °C 30 8,72 °C 40 s, 3t 30 PMFH ;72 °C 4t 7
min, 4335 pL PCR ™9, 1 0 BB bl 6 s v vk »
ik ENNE SR Ve
1.3 GDF9 shRNA cDNA 4 #5 ity %1 & % 52 B 35 3%
E & PCR

KM Trizol P4 BZH 2 RNA, 57 & FIK B A5
s R 1 pg o pL L R RCRE SEGH &
miScript Reverse Transcription Kit & i cDNA
(QIAGEN) ,universal Tag HJ Oligo-dT £ N 2 % 55
9. EXEA RN GDF9 1) shRNA B3¢ 57
eG4 .5 -AAGTCAGTCTTGCTATATACT -3, 3f
BT M. Oligo-dT il 514, KL cDNA Jy Bt
HEAT ST 58 it PCR, PCR X MK & : 10 X PCR
ZZWik 2 p1,10 mmol « L™ ANTP 0.2 pL, | Fiif
BI#5 (10 pmol « L™ 4% 0.2 uL. &4 cDNA 2 4L,
Dream Taq f§(5 U+ nL.7")0. 2 pL, %Ml ddH, O £
20 pL, R FEF:95 C1 min; 95 C15 5,58 C15
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s,72 C40 s,35 MEFH ;72 C10 min;4 C F4HF. LA
Bactin NS R 2744 R EL R G A R Gk 2 &£ B

o 2.1 Gl REERE/NMRA PCR AR
1.4 MiFH FSH GH gyl E G1 AR/ BUE it PCR 6 0 8 5 B 44 o8 B 7
LT FSH A GH g9 I B ELISA BUSE Pk a0 07 & 40 TR0 28 29 SUNEUH PCR 440
R F]D AR #2100 G U AT sEm A 1, M NEL 16 B NEL 13 1
&1 5|19F5
Table 1 List of primer sequences
314 (53" B KR/ C B /b
Primer Sequences Annealing temperature Products length

) S: TAAGGCCAACCGTGAAAAGATGAC
f-actin ) ) - ] 58 428
A:ACCGCTCGTTGCCAATAGTGATG

S:GGTCTCCTTTCCCCTCTCTT
GDFY ] 58 151
A:GGTGGCTTCTGTTGGATTTA

S:CTACGGCTTCTACCACTTCG
GFP 58 235
A:GCAGCGTATCCACATAGCGT

1 234567 891011HMI121314151617181920212223242526272829 HM

H. H,O; M. DL 2000 marker;3~8.,10~14,16~18.,20.,29. /[N B I Ay B 5 At /)y BRI g 19
H. H,O; M. DL. 2000 marker;3-8,10-14,16-18,20,29. Mice are positive;other mice are negative
E1 Gl R/IEK PCRETMER

Fig. 1 PCR results of electrophoresis for G1 mice

2.2 GDF9-shRNA HERFR = FHREEN ST 127
o 10k *
8 HEACEL, X B AT 2 6 %% 5L /N R 7 AT ol
BOHEAT TG 007 45 B 1 2 i 7R . GDF9-shR- % 8 L
NA 38 P/ BP0 550H B A 80/ B9 7 4 5 £5 9
27,5 .2 5 53 (P<<0. 05) s x§ /1 BL 4% J 1 44 71 B =S
P M AT o M. SRk 2 s, BIEERERYS 2t
P B SR AR A 45 S I B 0 25 5 B PR  RUFE 45 ¥ . .
JEI R E 2 B PR A B ELTE SR 7 JE B 6. 7%, BT GDF9 shRNAFEE
EEBE(P<0.05), &4/ Eﬁé&%ﬁzﬂﬁiﬁ Wild type GDF9 shRNA transgenic
[F] o e S P/ R H BLIAREL 52 9 . ZESERH (P<0.05), Rl n=
2.3 GDF9-shRNA 7£/]\ B 48 43 th 5 RT-PCR # ] - figr;j;icgg Fd;ff:;;n;ii i%g{;;h;‘;‘;‘; ;; below. n=8
RT-PCR #iill GDF9-shRNA /] [{ 45 H HUFE 3R Fig.2 Statistical analysis of litter size of GDF9 shRNA
RGO ZE RN 3 FrR. KA 83 bp I H transgenic mice

()26 % BB L™= ) 5 pMIDIST 34 i 42 o B
B AL BRI S0 I FF IE 1, 42 9) GDF9 shRNA (RPN, BRI .
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Table 2 Analysis of body weight of GDF9 shRNA transgenic mice

Je i SRR P BE B FAPEABLCS) FHPEA B

Weeks Negative female mice Positive female mice Negative male mice Positive male mice
3 6.757 5+0.154 3 7.220 0+0.170 0 7.2325+0.189 0 7.272 5+0.188 5
4 9.692 5+0.176 3 9.495 0+0.015 0 10.245 04+0.174 3 9.635 0+0.306 3
S 12.192 5+0.240 4 11. 800 040. 040 0 13.305 040.271 0 12.547 540.398 3
6 12.007 5£0.358 6 12.145 0£0.1850 13.272 5£0.294 0 12.817 5£0.203 0
7 15.555 0+£0.347 5 16.105 0£0.025 0 18. 745 040. 233 4° 17.570 0£0. 380 9*

PR 13 H(7 8.6 %) Btk 14 (88 .6 %), [MAT/HARAS [ /NG 5 8} 360K 22 5+ 8.3 (P<<0. 05)

Positive mice are 13 (7 9§ and 6 %) ; Negative mice are 14 (8 3 and 6 %) ,respectively. Value with different small letter super-

script means significant difference (P<Z0. 05)

] 2 3 4 5 67 8 910 HMI M2

H. H, O;M1. DL 2000 marker; M2. DL 50 marker;1. .0>;2. iT;
3. 54 Bl ;5. 5 6. N Fei s 7. AR 8. LA ;9. B AE 10, 220

H. H,O; M1. DL 2000 marker; M2. DL 50 marker;
1. Heart; 2. Liver; 3. Spleen; 4. Lung; 5. Kidney; 6. Hypo-
thalamus; 7. Pituitary; 8. Muscle; 9. Ovary;10. Testis

B 3 GDF9 shRNA AR AL HH RT-PCR #&:7

2.4 GDFI mRNA E/NR TEM . EX. PEPH
FiE K F 1

B GDF9 5 FSH 4 WA %, H GDF9 1
O R P A Rk . i RT-PCR A X
P L GDFY W REE ., 4R B/R AT B
() GDF9 (355, M/ RS B/ B R B
35.4% (| 4A), 22 5 W 3% (P<C0. 05); 7E R
GDF9 1) 33k &, B/ BUS B P/ BUAH LT B
39.8% .25 R W % (P<C0. 05) (K 4B); 7€ b i o
GDF9 1Rk i, B PEB: BB M B BRI (A 22 /oA

Fig. 3 R.T—PCR a.nalySIS of GDF9 shRNA expression in BEP=0.153) (K 40,
different tissues
A 0040 B 00014, C e
| S e
Gt L o 1
g g RE 002 I < ouf
{8 § 0030} K'2 £ 0.001 0} REE
2 8 £ 0025} rEZ = &z 008F
mE3 = £50.0008f = T
Egg £0.020+ 4&35 %320.06-
o & Z£g 0.0006} B e
H .z = 0015} £ ‘”‘68004-
< ] —
Eggomo- %Eg 0.0004} 25
Q
3 2 S 0.00s} ©OE=  0.0002f ©E2 002
! 0 '
BH FH B BH M 53 FH1E
Negative  Positive Negative  Positive Negative Positive

A, T ER . n=11;B. Tefk . n=6;C. I ,n=6
A. Hypothalamus, n=11;B. Pituitary,
B4 GDFIERBHLABENRKRIEE

n==6;C. Ovary,n=

6, respectively

Fig. 4 Relative expression levels of GDF9 in different tissues

2.5 /R s GH F1 FSH #97K F #& i
A B &R i H GH #l FSH 1 7K .
gE LI BH B BUEL B P B B 45, 9% . 2 R B

#F (P<<0. 05) (| 5A) s FHIEZY B GH KF HEBA TR 22

BUK 28.4% . ZR AL FE (P>0.05) (K 5B); [A¥E
BERL FSH 7K F FL B B 5L 55 %0, 22 il i %
(P<<0.01) (] 50).,
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i a3 2 2
2 E 45t + EE45) EE,L -
2 5 40f 2 240} 5 2
E 5 35t E E3sl EEGL
B o 3.0} T wasor T Ho St
) : ke
gﬂéz.s- @82,5- egat T
S 2 20t S 20t 7ol
B S 15} E 215} B =
EH, = 24 2 2 22+t
2 210 2 ELo0f B 2
3 8 osf S 205 g 8lr
O T 1 O O 0 % a 0 1
© B e Btk L = B e
Negative Positive Negative Positive Negative Positive

x ox ZESFMBE (P<0.0D), M SRR N 13 H6 5 .7%)
% x , Extreme significant difference (P<C0.01),positive and negative samples are all 13 (6 % ,7 %) ,respectively

B 5 fuFEs GH F FSH 7K F A4 7
Fig. 5 Detection of GH and FSH levels in serum

RO I

RNA T4 H A AL 1E R KB )32, DAL
Rubinson 06 3k siRNA 1912 9 8 28 1403 1) i
T S 1 O vk R T b ST T CDS A p53 R i
PRI ZIN R 3 791 7 2 5 R /N BG4 D R iz i TR 1) 2% 3k
R FEREAL. M. A. Carmell 207 5@ o 7% 3L A 19 7
2 sIRNA 45 51 35 2L R 638 5 Al 2y i Ut 2%
THEEIE R N R GFP ) % ik, A 5286 % 5 0t
GDF9 5% 5t Re A &P, Bl RNA TR,
i e I A T GDF9 3 PR d5 A4 12 9% B T 8 ok, IF
J I A A B DR /N BB Y . A S 3R Al AR F 5
b B BN R T B S o i R GDF9 PR
X Bl W A K BB T

58l 3k PCR X4 GDF9 shRNA (/) B &
FAIEATRM . 255 %W GDF9 shRNA Lo &
/0N B3 P 4L, % O DR /D RUORSE AN T @ 7, RT-
PCR 25 344 3 W76 3% LR /N BRI & N L b 3
shRNA ik, A5 f K5 shRNA 1 314 1%
W T WK R AR B R A% AR
WHRE S . X550 A MBS R, 185%ER ikt
G A RNAR 3 24 1 20 i 34 EL A R U G AR T L OB Ab
U5 Ik A S5 4 A B 1 2 e ik b R0 AT DR A
Fik . B. Dieckhoff 45 i) F 12 95 75 28 14 16 i 45 1)
BEJE DS o L A I B ShRNA 7E 58 10 0 L TR 1
I = N A S A S S = VN - A/ Qs B O 8
shRNA 7% 4 K b Xt GDF9 By T 3t 8558 . A BF
ek T 5 FSH 43 WA ¢ 19 Bl 8, GDF9-shRNA
KOV B R e DL 3R (Rt GDF9 ) 3% 35 &

5RO 5 E /N BN L B BRI N B i
GDF9 iy ik 8 PR 35. 4%, Z 5 13 (P<<0.05);
kb GDF9 [k F R 39. 8% . 2 5 % (P<
0.05); BR & GDF9 By RIX M A TR HE 5 A
BF(P>0.05), K] shRNA 754 i) 4H 4 5Lk &
AN X GDF9 iy TR W T e A . b F
RNAI AR HRE T M E M EREFLR A ZRT L
IR E P, M. Semaan 51 X 18 95 B HA AN &
) PERV shRNA %% 3 X i o 58 R4 & 81
shRNA FEA A A~ 1A K 7] — A K B A [A] 19 2 2L 88 B
REKEBEARFN. A Nagao 1 T 5
shRNA X XPA Fe[H T PR B 2 A5 X 2%
K shRNA BEETE[R] — KB, H TR S
e R ZHAn. O. Ter Brake M3 & %F HIV-1
FAS ) DX A T BT A E 4 > shRNA B K Y 12 9
TR, L 1A 14 shRNA (18 5 8 2% (< % HIV-1
P18 410 3] 07 58 o

W9 &I GDF9 4fi 45 il 2% 1 ME P /1 BR300 B
WEBEIESEAE, HJEMEENRITE R,
GDF9 ) FecGH 275 (G8 275 [RI Ff: e 41 i 2% & 4
M HEDE R AR ST A 3 /N B M R A R
7R . GDF9 shRNA % 3R /N R A7 50 3% = T
PE/NEL(P<C0. 5) 1T Ho/N B AR 5 0 R B 53 31
%X 5 GDF9 fE R 8L R . i 2235 & T RE4S
R—3. FELAES 7 B REA B E B EKT
FIPE A B (P<C0. 5) 5 1 FH 1 8 55 B B B4 5 A
&G T N E 2 5. BHETX GDF9 3 HBF 5 &
B SR TE B Ty T 6 A R A B R T R
WA RIRIE . T GDF9 BN ALEF F K. FE K
735 . shRNA T GDF9 J& ] 1) 3% ik 7] G %t 3l 4
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Bz AR 0 B 7 S 221K O T AR AR
P

By B e — N IR R P R L s AR
MR VER HEELZERWEI . A58 1 5
RIETWRCR B GDF9 shRNA ¥ 51|, 78 /)5 BB
ARSI, 25 E R W GDF9 3R i Al LR R
S EFRE T - A 5 4 R R Bl W) i) B 5 1 e 4R
T REFAR M MERE.
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