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Production of transgenic embryos through nuclear transfer using
ovine fetal fibroblasts transferred with foreign genes
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Abstract: Human ALR gene sequence was amplified by PCR from human total DNA and inserted into
PIRES,-EGFP vector. The bicistronic eukaryotic expression vector, pIRES-EGFP/ALR, expressing EGFP, Neo" and ALR
genes was constructed. Sheep fetal fibroblast cells (SEFCs) were transfected with pIRES-EGFP/ALR by the induction of
lipofect AMINE™. The positive cell clones were selected with medium containing G418 (800 pg/mL). The fluorescence
of transgenic cells was examined with a confocal laser scanning microscope. The expression of ALR gene was tested by
PCR, RT-PCR and immuno-histochemical staining. The transgenic cells were used as donors for nuclear transfer to enucleated ovine
oocytes. Transgenic embryos were tested by confocal laser scanning microscope and immuno-histochemical staining. Results
showed that the EGFP and ALR genes linked with IRES were coexpressed simultaneously in sFFCs; the blastocysts formed
by nuclear transfer using tranfected donor cells are all transgenic blastocysts. EGFP, ALR and Neo' gene were all
expressed in the transgenic embryos. In conclusion that a method to construct the positive embryos before
pre-implantation which stably express ALR gene by the indication of EGFP expression has been successfully established.
The application of this method can simplify the procedure of testing the targets and contribute to the efficiency increasing
of transgenic domestic animal production.
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IR EE RN 45 2C B Neo PUMEREDNAEAERILIL, L
S H DR FIXER R BRI S ) . 5T oA i
KRBT 9% T N HBAZ BE AR E N AL S IRES(Internal
ribosome entry site)iZ #2111 AN A [A] 1 3 5] m DL 3L
A, & BRI ARSI THOEN . Hiss
FEDObR I IE R, JF HAIH IRES H4Hg5mak

6,55 8 11 %5 K (Enhanced green fluoresceng protein,

EGFP) &5 H ) 5 B A I 41 Jfg 5 4= 19 o B 1
hALR(human Augmenter of liver regeneration, ALR)
A, MR EGFP. ALR MU 1 FLAZ ik 404k,
PR EGFP A1 ALR FEPRIZE 4 it /K1 B3R A
MURTATYE, JF HRe R R D A0 B AT AL A A, S BLAE
JV Jia 7K~ 30 e 2 €2, 27 S T 20 A 2 TR B A2 Ve I £
H. Kato etal (1999 )#71 £ 1], H#ik EGFP [
NEURIR RS R AR IS AR, 77%% EGFP BHE.
I, TEAH PR R 7K1 _Lon) e B R s W AT i ik,
DR HAE AR RER | FRAREAS, )
TSR SRR B AR AR X

1S T

11 ##

N ALK B A Sl O it o JJORE pIRES,-
EGFP [ Clontech A#], FukiHEH Atk ik &%
B Promega /A7 . RNA 207/ #. SuperScipt™
first-strand synthesis system. 4iJ/fi}% 7% DMEM.
G418. PBS 3. Lipofectamine™ 2501 [ Gibco BRL
AT PRBITE A VIEEAN T, R E e T
FEAH o BT ALR HUEBEHUA 1Cs FHARISCE F 5
P 2f R B O BT S, G AR S I
WAEVEAR A
12 Ak
1.2.1 pIRES2-EGFP/ALR XU J 1 FL#% 35 Ak
g KE GeneBank £idi & ALR JE[RI41F 411k
5 14#)(P1: 5'- AGAGACGTGGATGCGGACG -3'/P2:
5'- GACTGGCTGTGATGCACTTTAA -3'), Tl =4
Sk 1786 bp. UK B 41 B 20 B R B B0 A BN
ML A 41, $2EUS DNA AR, PCR 371 ALR 3%
Rlo JWAKZR(1X N2« 1 mmol/L dNTP. 0.5
umol/L I Fi#514)+ 1.5 mmol/L MgCl,. 1 U Taq
100 ng DNA #5A5) s AR FR R 25 plo Je gk 4 94

CHARYE 3 min JGHEATEIR, 94 °C 305,56 C 405,

72 °C 2 min, 30 MM, RWVEHR )G 72 CLEtff 7
min. § 7Y 1.0%3 BRI ek M. FHIR

[RPCR B H i, 4 T T 244, DNA Il
FRafise HIWZER ALR 741, 0 IR A 1) TR 28
Sall 1 EcoRI AN ALR F B, 5E A3 H1AH ]
fiF 11 (1) pIRES, -EGFP JFURL 1) 2 7 v 25 7, PCR Al
Pt D7) G W 28 A A S A AE A . AP TT D) A R
PAIE Zeth Ak, IR G Al i e AL IR kL, ¥ T
Kk, H TR,
1.2.2 Z3F NG ) LBCET 2R 40 1 4 Ik DR B B P o e i e

IR URIRAT 26 3 AR 1 ) 5 ER1 A1 7 o
4526 ) LIS ET 4E 40 il (Sheep fetal fibroblast cells,
SFFCs), & &% ¥ 3% . Lipofectamine™ H T 4
PIRES2-EGFP/ALR # A\ sFFCs, % FLK 3RS ULk
A5 A TR E R G, F LA 1M sFRCs 71
4 800 ug/mLG418 1) DMEM 15 J5 M 4L 73k 14 d.
PUME TR R, 9 WAEE N SR, Ko bk
LT, Phik 3 MERETOE T REY OREETE, —
073 4 LR T A B DR R I s —0 40 41 28 0.5% FCS
[t DMEM YL 7% 3~5d, JH T H.
1.2.3 HuogBEl b ALR FEM ) PCRAGIN 420 I
21 2~3x10° A B0 AR, BT 20 pL 40 AR
, 37 CiHfk 3 h, &Ly, HU5 pb B3 T PCR
SN, RNARR BN ALR FER 518, &N 4 A% ]
b, DAREEFEIR SFFCs g BHPEXS I
1.2.4 Mgl ALR JER Y RT-PCR #ll 4R
5 ALR LA ) cDNA J3 %1 & il 51 % (P3: 5~
CGCCGACCTCCGATTC-3'/P4: 5'-TGAGTGCCCTG
CCCCTA -3, Fillr=#4 522 bp. £J 4X 10" M4
HLH T3 HC RNA, $EHC7 1551 cDNA 25— 85 1A
PRGN G UL B « B 2 uL cDNA SR IEAT ALR
cDNA 88, 7M1 1.0%35 A5 B ke F ik 20 47 o
1.2.5 FATTEEAN T ALR LR G028 41 20k 2 46

IR 5 o 400 P B R A i A0, LA 1X 107
LT B EHHMTARIE )T, 38 °C, 5% CO, Kt
7% 48 h J&, SP LT A A g tt, BN RBIA
ALR HLyC P 1IC3, HH2Z BAlEt F gL, JAH.
1.2.6 GUREAHAU ARSI R SaBEREE . AR
Rl RIS K v I VR Ji () ARk A B 5

K 25 2F O LR AT A R ) B R SR L
FHIE B TFAR IR BB 919 YL 33 RN B e — R RESH i &2
&K (cumulus oocyte complexes, COCs). ‘will#
POIETEA BRI, Y g ocsE, fsEses. 200
A3 =GN g MR oY - OF REE SR 514, 75 38.5
C. 5% CO, MR RIS AT T AR % 18 h J5
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8 PRI HE S WA HLR TR S R 2 R 4710 22
G Fr 40 6P O B0 M T 40 B R A . % O B 40
—R% ARG 52 5 A4 FH R U 3 1K, {E 38.5 C
5% COp AN LS KR 7% 0.5~1 h JGik
ITHREIAE. LA 190 Vimm, W5 E KT
20 ps/ik, [AIR% 100 ms FE Gk R Rl & 45 A A T R
Bl G BRI R BT, T 5% CO, ¥i R4
Tk 3SR 30 min JE ARV DL B DAY
IR E T4 5 umol/L 1A23187 £ SOFaa i 5
min, FREEE T 2 mmol/L 6-DMAP [f] SOFaa 54
FEirh, 78 38.5 ‘C. 5% CO, FIMIAING 41 R 5
7% 4 h R B WG ERIE 5 REHIHLIIAF 500
uL & B W IPU LA, 7E 38.5 ‘C. 5% CO, FIHLAl
MRESAT FREFR 48 h Jo R ropad e, PRECONEEkY
5], TERIEH MG H TR A . 50 IR 4k 2k
g%, 6 d 2o WLad e & & 1 (Kang et al, 2009).
1.2.7 WO L5 A T OB W %% B S TR v T AR i
ALR 5 [z 4 A0 A il

m 1 2 3 4 5

bp
23130
9416
6557

2322
2027

564
A

YT 24, 48 F196 h it unZe ., -4 il
R FNBEIR R G 2%, [RINFEROGI R B -0
HIRIarhar OB FRIK, FRik O Al b e
fageat [ € f5, H Hoechest33342 1 10 pg/mL PI 33t
TGO T T OB IR A WA T s it . %
REART IS L e B ALR B I IRIA, R
GE T 0.25%4EHE i L RREY A, KPR
[F) % 5L R SFFCs Az A Al 77 7% o

2 & R

2.1 pIRES-EGFP/ALR Ri&FH KayiE

PCR ¥ #11 1.7 kb [¥) DNA 455, @4l %
W], 5 hALR CANPHIFF &%k 99.6%LL E, & 3
ANGNE TR 2 AN T HANE T K BTV 55 547 Bk
R . 1 Jizr k3 PCR ORI U] A I 2% 48 44
PIRES2-EGFP Hlfy £ () A% KA B4k pIRES-EGFP/
ALR, &3 KH, ALR FEE 746N pIRES2-EGFP
Bk,

CMV

PIRES,; ALR
]

'~ EGFP /
CMV

Nro/Kan
\4 ALR

pIRES,

~EGFP
Nro/Kan B

P11 pIRES-EGFP/ALR B EAGI f 8 A ey 72
Fig.1 Restriction endonuclease digestion and the building of expression vector pIRES,-EGFP/ALR
A) pIRES-EGFP/ALR i I#l; B) pIRES-EGFP/ALR #{AK: (M: ADNA/Hindlll k5ic, 1: ALR #:[K, 2: pIRES,-EGFP/ALR/Pvull FiEt) 4%, 3:
PIRES,-EGFP/ALR/EcoRI fif§ ] 45717, 4: pIRES,-EGFP/ALR Jiiki, 5: pIRES,-EGFP/EcoRI M) 4% 7, 6: pIRES,-EGFP Jiiki).
A) Restriction endonuclease digestion of expression vector pIRES,-EGFP/ALR; B) The expression vector pIRES,-EGFP/ALR (M:ADNA/HindIll marker, 1:
ALR gene PCR, 2: pIRES,-EGFP/ALR/Pvull, 3: pIRES,-EGFP/ALR/ECoRI, 4: pIRES,-EGFP/ALR plasmids, 5: pIRES,-EGFP/EcoRI, 6: pIRES,-EGFP

plasmia).

2.2 pIRES-EGFP/ALR %45 Rs L4 PR

R BR4 52 BE B T 1L

JIg Jit #&  Lipofectamine™ 4% pIRES-EGFP/
ALR # %6 4L SFFCs 8 h i, EROGIR AL B
N T DL A L, 4 A R b B R ) S
o, BETOCAHREH IS 2, SOCY IR, TR
Jea8h IRCHME H %, JOtmse, Y0
Tt A iz b, A X TE(E 2A). &F
800 pg/mL G418 ) DMEM K533k 2 d J5 K4
60%IMANMIZET:, AkEETR 12d, JERE S pE
MR, THE 100 AN velE, Horh 67%be 4 i Ak 4k

e, 3% TEIEL G418 ffiik, HARALUSAETE,

{EE A0 A 2R (B 2)

23 PCR¥YETEHEMEMAT ALR EERFHE
M4H L R HEH DNA HE1T PCR, 3 M4 (A5 4

M T4 Bos 1.7 kb ALR 45717, 15 BH I I

PCR 45 A, A#LIER sFFCs B 40 Mo 5 A F

FEPEAl, MIPUER] ALR FE A CU8 45 31 452 sFFCs

(& 3).

24 RT-PCRETEHEREMEF ALR EFEAEER
3TN M v [ E P 4T RT-PCR,  HLIk

K] W, 522 bp ALR cDNA 4%, KRR
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17/ 32%

B2 BOEIR A BIMEE T W52 pALR-IRES-EGFP # YL 451 ik J LS 41 4 41 il (A X 400, B X 100)
Fig. 2 sFFCs transfected with pALR-IRES-EGFP were observed under confocal laser microscope (A X400, B X 100)

A AT CAIML: B HGHH M s pE
A) Two fluorescence cells; B) A fluorescence cloned cell.

Ll

M + = 1 2

3 PCR il ALR
Fig.3 PCR results of ALR

M: ADNA/EcoRI/Hindlll #ric; +: FHYEXTEE, —: BIMEXIH; 1~3:
AR ) LRCET 4 A5 G bt
M: ADNA/EcoRI+HindIll marker, +: positive control; —: negative control;

1-3: fluorescence clons of sFFCs.

SFFC A KA (B 4). A F4LFoR ol ik
PO EE L EGFP JERERIXL, 108 EGFP F1 ALR
FER A N SFFC LR Ifpli e %, HIEEH =
A 3% % EGFP R ALR 2[Rk 2k K s s 58 4%
25 REHNETE ALR EHWFRIE
PG v RN MU T ALR AR ORI, AHZE
BES N SFFCs WA ARt lUR o0 A1 T k% N R 2%
(Kl BA), X HEZL4N A th (6] 5B). LA E &5 0,
7t EGFP kMBI we B A ALR S EHI B
B, RBL T IRES (D RERFAE, BV b R S AN
[F)JE PRI A R BEAR DG . Si P L3 81 14 FBERE, 5
MOWRGHEAT ALR LR s A0 R IN, 44 ALR &
FRIA, BEZEIRIRZK P | ALR JERIER A .
2.6 4EE[FZMAR T FEBERR BRI
HREON BN R E AR 22 h B R, KBk

Kl 4 RT-PCR il ALR mRNA
Fig.4 RT-PCR results of ALR mRNA
M: ADNAVEcoRI+Hindlll kicls —: BIEERTI: 1~3: 42Ehs )Lt 4t
ANMFOCTERE .
M: ADNA/EcoRI+Hindlll marker; —: negative control; 1~3: fluorescence

clons of sFFCs.

OLRLE, ON g RS Y. F N A S
74.4%(160/215) 1) UN R 40 i /1 AH 22 240088 ) LR
MR, BRBUBASELT 146 A TEBE. s
AbELEN 141 M, AbA T ONEL 109 AL, Rl
77.3%. 48 h J5 75 MEMIIROIZRL, BRELZ) 68.8%,
8-41 iy 62 Ak, 8-4H %Ny 82.7%. 52 M AHUOLE
ik, Hh 14 MRKERENRE, BIEREEN
26.9%. {EWOCILIR AL BT PSR, AR gn i fl G
Ji TR 5 B TR G AR AR A0 R B & IR S R SR A
EGFP LK, 71 SARL VAN SE A 1) B340 i # g 2Rk
ST, U BRI AL, ARG .
6A.B T/ A KGR TR IR IG (3L AL
B MIA—EfiR), K 6C o 8-4il U gkt s i 4
ALR FUAR G928 2140 Yo (0 41 B i 2% S A% A mT LA (8
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KI5 AHZE W IS ALR 173k D5 40 i v 10 2 22 (x400)
Fig.5 The expression of ALR protein in the SFFcells were observed by a contranst phase microscope (x400)

A) BIOCHIFIEFI AL B) XA AL A -

A) Transgenic cells with fluorescence; B) Transgenic cells without fluorescence.

[l 6 ek DA IR ksl
Fig.6 Detection of cloned embryos
A BT T EM IR, B) WG FIEMIE; C) hALR Sk eIt B EE: D) PI F1 Hoechest33342 Jefi AR bz ik fif; E) PI Al

A) transgenic embryo in common visual field; B) transgenic embryo in excitation light; C) immunohistochemisty of transgenic embryo; D:)PI and Hoechest
33342staining of transgenic embryo; E) Pl and Hoechest 33342staining of control embryo; F) RT-PCR of ALR,. M: ADNA/EcoRI+HindIll marker, —: negative

control, 1-3: fluorescence transgenic embryo.

Wiki. £ RT-PCR il ALR JERATRIL, PEWIAER

57K EGFP il ALR FE R [F] I 1A o LLIE 5 AR A
e L DRI ST 44 40 1) v e A0S B, 26 56 RT 4 Jif
TE 40 P T A 380 1) e B VS I TR R B A I I
HEEFZES, HXHRAER IR R S
Teek g IeFRIA . WAL TEGN Mot s B
(K 6D. E).

3 i #

PR HEACAE R B A R s fe ™,
Ho2 QEITShae s, MlWa. EE. PR
e AR L, TR I T A R SR A

FRRER AR ). FFINTANHL AR AOREE, LG
AR ORI AR SL IR A L DRI,
AT A 9T (ALR) A 20 (41 B
Rk IFHKTTAEAE ALR 266, 15 ALR 4550
dits, GEHERFAUIA GL WA S W, Seralif
. FRTRALY ALR 28R TR 1T,
WA SRR, JFIE T 52 0T AR, (B i
ISR 45 4 0 28 1 S R A7 PR U 04, 000 %
LR SR R, P 508 3 M OB H 215
NALR, B IEHE 2R (9B RIS 1 W, (A E
I £ R AR A TR, AT E R
BRI AR
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FERSE RS & R, R LRI RORAK.
FSCAR TR AT A2 B sl A R DR 3 ) A R DA . FH 46
PE AR Fhrid, 7T LU 32 m e JE R L
. UL EGFP JEPRME A Fric D, FH R i i o
PR RN, SR P A Al R S
YN R e HE R B PRI IR, 350 23 40 B 3Rk e 2 ik &
G, RN, &7 21%, HRGIE, & 79%
(Wang et al, 2000). V25145 IR, il Wi
TS 7 A (1 A i DR R B 1 %148 0 20% ~30%
Takada et al (1997 )% W fld: 558 7™ A2 1) I 2 s i 5% A
FNEAERN, PN, HAE 70% 0 F RN
Blo BHA TR0 BAZ B AR B IR 37 S AE e HE R B0 4)
HH RN, Al A R R P 9 G 4 T 21 40 MK, F
55 DRI A0 B 0 AT A% R A 2 5 TR B ) 2 7 2 % 49 3|
e, Keiser et al (2001)F) FH 4440 k%4 ke
FEAE R OGN R, B SIE 92%. (R,
FH R85 6 B (AR s i 2 DR IR AT 2 3 RS i 11
TG, BB RE G AT RO ol % e 5 DR 3l ) 1) i e
{FL I 7 7 5 DR 3l 40 PR RS 0 o e BTSSR A7 A0 A il
FERS H PSERARE RN RIS . Trouet et al
(1997) I A 6 AZ B A& HE N A7 A (Internal
ribosome entry site, IRES) E4Zric I KA H ()3
N, EFE 32 MU 24 MAEZ 6w bk AT
IRES L MRS 0 #r, S2R3EHT, 1 IRES
TR bR R R R

IRES & A4/ RNA Ji 25 AR, 100 7 LA
I 5-IE T AR AT B E, JLRR A &
BE S AL T 40 /N5 55 RNASJEZ 5 X P9 55 1) — AN X
1, (Jackson et al, 1990). X— XK AL $5 450 % FF
MR, bR S I 3umas & 54 RNA AR
PR Ao R E R I IR0 A A m DA [ I R,
IRES 97 [ 15 HE 42 FA) B0 135 K FH 5 IR I 1 5 44 41
BRI AR . TP I HESL RN 2R IRES 5]
SR, IRES SOl REYS JE 2 FLAZ 40 M 1) 22 0 S %

Bk
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EGFP. ALR JL[HI[FIIf ik, HLL Neo. EGFP £
Kb e SE R AT IR L o 4% R 40 M ey S 4 45
RPUIE LRI E, 19300 5w B L 67%00) v
RIKGR G, 33%I v BE A RIS LR A, 1T RE
2 55 WAL 325 B AR P P 41 A7 . PRI 9 8
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