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Abstract: Von Hippel-Lindau(VHL) disease is an autosomal dominant disorder and its clinical manifestation including
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haemangioblastomas of the central nervous system, renal cell carcinoma, hacochromocytomas, and pancreatic cyst. The
deletion, mutation and promoter methylation of VHL gene can cause VHL disease. Swine is considered as an ideal model for
human disease because of its physiological and anatomical similarity to human. We cloned pig VHL gene that is 2 725 bp in
length. VHL highly expressed in adrenal gland, liver, pancreas, heart and testis. We designed 5 shRNAs and screened the
most effective interference RNA fragment with a knockdown efficiency of 72%. Porcine embryonic fibroblasts stably
transfected with pGenesil-shRNA vector were used as donor cells for nuclear transfer and there was no significant
difference of embryo development compared with the control group. Moreover, VHL was efficiently knocked-down with
efficiency of 71% in porcine cloned blastocyst, these results lay a solid foundation for constructing the VHL knock-down

model of pig.

Keywords: VHL gene, RNA interference, pig
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Al SRR B I ABI A H]; DNA I H
ST AEAE YA IR R S
1.3 ¥ VHL EFEH=[E

SLRERE VHL SR ORSFIF S : 25 pL SARFR
PCR W AR RALFE: Bk 1 ul, 59145 0.5 uL,
10xPCR Z& #hif§ 2.5 pL, dNTPs 2.5 uL, rTag
0.3 uL, dH,O 17.7 pL. PCR W ZH0% &N .
94 CHIAEME 5 min; 94 ‘CAEME 305, 60 CiBk
30 s, 72 CHEM 30 s, 35 PMEH; 72 CHE{H
10 min, PCR F=HI7E 1.2% BIRWHEEIRE e vk ot
WELLERL, #4E PMD-18T FH)y ., Ligtt5 T 3
K 3'-RACE ¥ B4 fil 5-RACE ¥ 14, #%1f TaKaRa
) S U B AR HEERAE S IR AR LR 1,

4 3'-RACE Hl 5'-RACE ¥ ¥4 34310751
SE, SR AES PCR BEY 1 VHL
EReRK (8 1), P 1.0% BNERHEE
H LK IR ERZE R, 3% 4% PMD-18T R 4AI:-IF .

1.4 Real-time PCR ¥ VHL R EE#&E
NEREHRRIXER

F Trizol IR T /N ShREHFAE BT
i, BEE. B LAR. S5, AR . OBE. S,

bp M 1

Bl 1 3% VHL EELKrY1E
Fig. 1 The full length of the VHL gene cloning by
overlapping PCR. M: DNA marker; 1: VHL gene.
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Kl 5 FpTHRAUA R TR, LA B-actin 1EH
WZXS IR, LI iPS difflh VHL JEP ik 5
1 (control), LW 7F ABI 7500 Real Time PCR {% I~
AT, 4% I8 TaKaRa i85 & B PR
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x1 SIYFINSTERBEKE
Table 1 Primers and amplified fragment length

Primer name Primer sequence (5'-3") Length (bp)

Conserved sequence Forward AGGAGATGGAGGCCGGGCGG 302
Reverse TGTGATATTGGCAAAAATCGG

3'-RACE-1 GSP1 AACTGAACTATTTGTGCCATCTCT 879
GSP2 TGTTGATGGACAGCCGATTTTTGC

3'-RACE-2 GSP1 ATCCATCTACTCTTTGCGACC 618
GSP2 TGGGGACCTAAAGCGTGTA

3'-RACE-3 GSP1 GGTTCGGTTTTACATAACTGAGAT 676
GSP2 ACAGTTTTGTATTCTACTTTCTTATT

5'-RACE GSP1 ATTGAGAGATGGCACAAATAGTTC 250
GSP2 ATGTCCCAGCATCTCGGAAGAGCCAA
Forward ATGCCCCGGAAGGCTG

VHL (full length) 2725
Reverse GCTAAATGCACCACCACATCCTA
Forward GCCGCATCCACAGTTACCGA

Real-time 161
Reverse GGAGGCATCGTTCTTTCAGGGTAT
Forward AGATCGTGCGGGACATCAAG

B-actin 72
Reverse GCGGCAGTGGCCATCTC

R2 BVHLERTHHE
Table 2 shRNA sequences of the pig VHL gene
Length of

Sorts of ShRNA

shRNA sequences (5'-3")

target site (bp)

anti-VHL-shRNA1  GTTATTGCTCACACACCGTGTGTGCTGTCCACGGTGTGTGAGCAATAAC 1 590
anti-VHL-shRNA2 TGGACAAATCAGTCAATGCGTGTGCTGTCCGCATTGACTGATTTGTCCA 1106
anti-VHL-shRNA3  ATCAGTCAATGCTTTGGTGGTGTGCTGTCCCACCAAAGCATTGACTGAT 1113
anti-VHL-shRNA4  TGTTGATGGACAGCCGATTGTGTGCTGTCCAATCGGCTGTCCATCAACA 379
anti-VHL-shRNA5  CGGTCCTGATCAGTCTTGAGTGTGCTGTCCTCAAGACTGATCAGGACCG 646

Note: the sence sequence and antisence are both 19 bp and the loop is 11 bp.

A FR, 5 EE 2 FJG T DNA K%
FE, PR AR A LA A, 58 T
Y 240 i Ay B R, R B A W — A B R4
M, 7ERAERIER (BN 7.5 peg/mL gUARAShE
B W mERAER) rh R S AT R o3 B — A A B S
FEL R M S B 2o 4%, FFiE A — IR i+

BT, 2 5 O RE A0 A R ek, e
S e L (1.2 kV/iem . 30 ps 2 k) 7%
S 20 it 5 2 A% B R A0 i 5 O i B A R - i
ZHEEE, AR TR R

K MG 48 h F1 156 h 23 4K 56 41
FUXT LR i 10 B 245 | 9 I o6 e 3% I 44 i
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%, Real-time PCR ¥:MFEAR VHL KR )k
K

2 BEREA
2.1 B VHL BRI RERFISH

¥ VHL )P 52K R 2 725 bp, AT
13 YAk |-t NCBI b (http://blast.ncbi.
nlm.nih.gov/Blast.cgi), ¥ VHL FLFEF51 5 il
JFAN3EAT Blast LA, A% HERIF S ARRIME R 100% .
i i FE K 45 R 43 B X S (http://genes.mit.edu/
GENSCAN.html) 43 #7T & B, 5'9E 4 i X 3 Ny
65 bp, 3AEGmASIXICH 2 042 bp, ZwfGIX N
618 bp, H:4ufi 205 MR . ¥ VHL JEH 5 A
FUNE VHL ZE B cDNA 2t X A7 %5 & 4 [
PEE, RIVEYES 500 79.85% 1 71.36% , HAEH
H5AHFUNR VHL & E 750 [ I8 53 51k
78.08% Fl1 76.10% (I 2)

R T B VHL SRR XA R ) VHL FE
Wi R, AT 2 5/ 7 51 F
MEGA ARG o 531 & I AR vl L
G R REE . AREEE . Wh 2R s k.
B RG0S W 485 RIEARTT &8 o 252
MG ERTDVE B VHL SEREHEE T A2k
( 3)

2.2 & VHL ERESHER{PEIRIESHT

e AR 2 d B 58 AN VHL DN 3R 5
5L (B 4)o Lh B-actin fER IS XTI, FIXTTIF
e VHL B RA R, s AR EH 2 VAL
SRR FRTEN, KRB VHL FERLERE. B
J L BRAR L O E L SEUR A RS A R TR
KW, BEE. AIHS44HZ] (P<0.01), 1 HAE
iPS 4iiffll (pm20) 1 VAL 3R Ry Fk i,
SIFNEBA W35 25 5% (P=0.4626).

Pig MPRKAG————KAGNAEEA——————-— RAGAEEAGA-ESGT 27
Human MPRRAENWDEAEVGAEEAGVEEYGPEEDGGEESGAEESGFP 40
Mouse MPREKAA——— E— SPEEAAG-EPGF 17

Pig EESDSKELGAK-EMEAGRSRPVLRSVNSREPSQVIFCNRS 66
Human EESGPEELGAEEEMEAGRPRPVLRSVNSREPSQVIFCNRS 80
Mouse EE——~— MEAGRPRPVLRSVNSREPSQVIFCNRS 46

Pig PRVVLPVWLNFDGEPQPYPTLPPGTGRRIHSYRGHLWLFR 106
Human PRVVLPVWLNFDGEPQPYPTLPPGTGRRIHSYRGHLWLFR 120
Mouse PRVVLPLWLNFDGEPQPYPILPPGTGRRIHSYRGHLWLFR 86

Pig DAGTSDGLLVNQTELFVPSLNVDGQPIFANITLPVYTLEE 146
Human DAGTHDGLLVNQTELFVPSLNVDGQPIFANITLPVYTLKE 160
Mouse DAGTHDGLLVNQTELFVPSLNVDGQPIFANITLPVYTLEKE 126

Pig RCLQVVRSLVRPENYRRLDIARSLYEDLEDHPNVWKDLER 186
Human RCLOQVVRSLVKPENYRRLDIVRSLYEDLEDHPNVQKDLER 200
Mouse RCLOQVVRSLVKPENYRRLDIVRSLYEDLEDYPSVRKDIQR 166

Pig LKQEHMENQRTAGETEDFN 205
Human LTQERIAHQRMGD 213
Mouse LSQEHLESQHLEEEP 181

2 VHL F5IERE xS 5 47

Fig. 2 Multiple sequence alignment result of VHL protein.
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Pan troglodytes vhl (XP_001171363.2)
Pongo abelii vhl (NP_001126390.1)

Pan paniscus vhl (XP_003826339.1)
Nomascus leucogenys vhl (XP_003265009.1)
Gorilla gorilla gorilla vhl (XP_004033637.1)
Gorilla gorilla gorilla vhl (XP_004033637.1)
Otolemur garnettii vhl (XP_003785492.1)
Papio anubis vhl (XP_003894160.1)

— Canis lupus familiaris vhi (NP_001008552.1)
L Felis catus vhl (XP_003982535.1)

Sus scrofa

_[ Bos taurus vhl (NP_001103489.1)
Ovis aries vhl (XP_004018651.1)

— Ovis aries vhl (XP_004018651.1)

Y Mus musculus vhi (NP_033533.1)
Sarcophilus harrisii vhl (XP_003762485.1)
— Ovis aries vhl (XP_004018651.1)

L Xenopus (Silurana) tropicalis vhl (NP_001016367.1)
r— Danio rerio vhl (NP_001074153.1)

L— Salmo salar vhi (NP_001167062.1)

Apis mellifera vhl (XP_001121921.1)

Drosophila melanogaster vhl (NP_524986.1)

3 VHL EREZREM S
Fig. 3 Phylogenic tree analysis of VHL gene.
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Fig.4 VHL expression in tissues of pig.
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2.3 VHL EEBTIMFBESRE iPS @A HY
i 12

¥ pGenesil-1-pGenesil-5 T gk A fa e % YL
J#5 iPS 2 T e SRR AR Y IR S (B O Y T P
(B 5A. B).

Real-time PCR 4403, 25 RE,
1€ pm20 1, T3 H BE shl fl sh2 W& @K T VAL
BERMRIE, 2l T 64%F1 712% (Kl 5C,
P<0.01), 1fii sh3. sh4 Fil sh5 X} VHL JEH A Fik
WHRERmN (B 5C, P>0.05),

24 VHL EEMTIX T EERAEEN

¥ shl A1 sh2 WA T4 R Bott ] 3% 422 31
pGenesil-1.0 ik I, DI SRS 0E
PR LB AL A M, AR A A% A 2 e i
Jifi, G5RFH SN R B A AR |
R P W 25 R (3R 3), iff—
# Real-time PCR 453 i /R i B0 20 Se e AR VHL
FERFA R B EERKT 71% (8 6, P<0.01),
& B i 7 16 1) T B8 R B T LAAS R0 78 IR I o
5% VHL JEH

1.8
1.6

1.4 |

1.2

1.0 | =
0.8 |
0.6

VHL relative expression

04 r

gl B

Control Shl Sh2

Sh3 Sh4 Sh5

Bl 5 ¥ VHL £R% iPS HMEH 8T e R H Real-time 4 T4 7 BB F R

Fig. 5 VHL RNAI in iPS of pig. (A) Sh1-Sh5 were observed in the light. (B) Sh1-Sh5 were observed in the
fluorescence microscopic. (C) Screen of effective interference fragment by Real-time PCR. The interference efficiency
of shl and sh2 fragment is about 64% and 72% respectively. *: P<0.01.
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x3 BBERRAEHE

Table 3 Development of nuclear transfer embryos

Number (%, X +s)

Cloned . Cells number ( x £s)
Groups b Replicates £ blast )
€moryos Cleavage embryos Blastocysts I (D EREEIE
VHL knockdown 159 3 105 (78.57+4.67) 18 (13.63+4.51) 34.67+6.11
Control 169 3 71 (77.02+3.98) 15 (17.43+9.40) 36.67+5.51

Note: *: no significant difference between experiment and control group (P>0.05).

*
1.2 ¢ ,—

0.8

0.6

04 r

H

VHL relative expression

02

0.0

Control Interference blastula

6 Real-time PCR #ill VHL 7£%% 52 B2 AR BR Hh BB
A=
Fig. 6 VHL expression level in knockdown blastocyst

by Real-time PCR. The interference efficiency is about
71%. *: P<0.01.

3 Wit

RATTCHESAS TH VHL £ mRNA 4K,
R A 2 d AR 2 VHL L A
BT, B VHL SERTERFE . B BAR . TR .
O S R RIA RS . R S RERAR T
SIME BB T T B, RRUE SR iPS 4EH &R
T EARAR A T B, IR RS SE R i v
Ui v VHL 559, TR JG 264k 1% VHL K%
P 15 A B9 5 A

¥ VHL FEREN T 13 Sk |, mRNA

41 2 725 bp, FEgAY 205 MEIERR . NRFIA
1Y VHL B8 P R 76.10% , TiisE Al
NI VHL JEH B A58 R JEER 78.08% , i H.
55 60~200 ZILMRAMUA 4 DNEIERINZES . 1
W] VHL BT NG b R o SCkaE
N VHL ) 103~124 ZFEFR 40 % #9835 (05
20 MR Y A K IR g A 1 R T g
103~124 Z3EM)FFNFAAAR], iR VHL
SEA TR 5 AN AL

VHL F&H R SRR EOE , PR I3 RIS
M7 EIETY VHL FED R D) BE K AL e o A
I LK 2 —, 2006 4F, Hong 45FFHIUIF %
FHEAN Cre R BT LIAEREE B 1
VHL %4, k%5 % E14.5 d f/NRIRHG VAL 3K
U RCICRAEIY. & kA E SE N TR AV E i BN K i Y ]
) L5 SR B R AR R4S, A E & E15.0 d 1Y
NERAG VHL 3R 205 I B0 48 0 VRG34 52
B2, A/ NRUR e R SRR VHL SN 4
G 5% B B I B FRATTE M s B R v
Kl 2] iPS 41 (pm20) H VHL BN (25
B X A5 SCHR P RE VAL FER TS kP2 B
PERFAHEAEHIW) A o BIrLATRATTIE SR ips 4000
h e T BE AN &, Real-time PCR
R TR B3k 72% K e e T ik
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ARG LT A VR A A B A, AR AR S A
Ferrh VHL FER R IA RN IR 29% . 5
b, VHL F K RS G 1 B 28 32 R 4 R 2 5 %6
WA IR A I 225, Uil VHL B
OO G R R & . AT T VHL
KRG NS, BAE T VHL T3 BEEIR
AT A R, NI Ry Jo A DU R R 5
VHL H5 R REAREE 5L 1 5 S 2V ek VHL BE A
AARSEFT T il

25 LR IR S RE TR VHL FER I HARYE
FPAME B3R B, ik s m a3 A
Be, AR T8 VHL NG R
SERENRNG, A JE Sl R AR B T A

BUM: RS L K TS HAR AT KA X A
ECR !
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