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W R H A% % MEIVR G o 25 1) Neo® 5 PRI AT e B 4K B-actin DNA. A 55 DRI 5L 5010 40 0 1) 0 80 5 SRR A ML R I o

SEEA

AR, AT R RS BRI, BRAR A A, RN Oy e D Sl R AR R AR IR A B S D e S e 3t T AR A

KR ARG, AN, T PCR, MM, FeRE R

FRAES Q7

R BORLE . L BEREH LRI N

s MR RN AUE ). SR Al W
NIRRT P AAAC I AN 5 DA 8 AL

il W B R N A SR TP R T
TRGESR R R N B2 I AR e R A
PIEAR, AR BARAFAEARL AL, WAL
DS AR HRATBEALIE . oA A K
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B RE TR A A0 10 0 5 73 2 15 5% T3 VAN e B R AS R
J362 P A RS D52 AR 189 3 37 P A 28 4 R e i A
VIO, BRARAE S A, 98> T Bh B
MR, [N it — D Tl B BORIRAFHE FE DA
TR A AT

1 HRFTTE

11wl

L1l wAP Bk, KA E. coli DH5a BT 48
RN K2 BB 22 AR 7, pRNAT-U6.1/Neo Jit
P H GenScript A H].

1.1.2  EZAFA]. PCRIAFIE. DNA Marker ¥ [
TaKaRa A #]; Lipofectamine TM 2000, G418 Ji4 H
Invitrogen A H]; NP-40. S M KW H EilgE T
YT REH ARG PR AW ; DMEM-F12. 4% (1)
H GIBCOL A +); fif4-1fiii& % H Hyclone 73 ).

1.2 A%

1.2 AR R R Y.

MR FLEY JJ B R — 3 (1 cm x 0.5 cm x
0.5 cm) BTV = AR IRAIZ, A& N
WK 75% 2.1, DMEM k23, ARGy
100 pul DMEM, FHHRRFE 8 PR 41238k e L3 1),
WY 3.5 em HE SR LS, 37°CHCE 2 h JE A
20% FBS ] DMEM, EH3#4M 37C, 5% CO,,
100% % B2 R 77, 2 M JE R K aR L, &id 4
UARAR, A K 1) 40 M T 25 3 A 2 B Ak fhe B 21 4 4
Jtk.

W AR AT e A M2 &2 6 em FE R L,
I8 F] 70%7L A FER, 3% Lipofectamine TM 2000
WA BT, FF 8 wg IR UKL pRNAT-U6.1/Neo
J I Sca T V)4 1AL Tk pRNAT-U6.1/Neo 437l
45 Lipofectamine TM 2000 ik Ve &, %5 4 Ak i
FRAFHEN M. #5412 h 5, 0.05% Btk
524 FLBL, 1EEH 20% R4 ) DMEM-F12 1%
TR REFR, MIEE] 0% A, AT 800 mg/L
G418 () DMEM-F12 $5 35 RFLLTE 1 . Rkl
M rCRE S, AL s RE, HBT i DMEM-F12
TR A B IR R RE A2 1000 S /ml, A
224 fLACh Ry KRR SR, FE4EHRF 300 mg/L (1)
G418 41

FAFPERR TR T 1 R e AT 4 4
MR AE 75 em? $5 7R H Ik B 80% T4 BEIN,
BB R IR (DMEM-F12+15%FBS) 4k £: 1% % 35 h
JE W EE, 4000 r/min B0 5 min, 54 B S ETEE

B IR AN LU R A B A RS . th T
Fi pRNAT-U6.1/Neo 5 A7 £ (0,58 2 111 3K (cGFP),
AT DA T {59 B S B R 2 Y i R B 5 A L
AR L B AR e MR HE DRI R 2 S 1O

1.2.2  AMIsC R > B TE. SR M8 T 4%
SE R AT e M R 1y R 9%, BB — Mg vk
A e bEfe, THAGAE R RE, SRR AR oA
FREFAEAN g 10 1 LR AR 24 FLBRC, B
PSSy D Ny A i DR ST I SR R £ AV
LM, KR 8% L& E, SHTH
800 mg/L G418 f] DMEM-F12 1% 37 i ¥ 4 i i% 2
Jil, BRI R AR L A A . 5 Rk
KA RE S, AN M FE A A 24 ALK
H, RRAR AT, AR 6 LA Ak KB TE,
FEHERF 300 mg/L 1 G418 41

1.2.3  JEPI4] DNA Hli#F1/MEEE ] PCR %€ .

W& 6 cm RHi by K5 FR 10 40 L, PBS
Peuk 1k, Indh$2 22 4 (10 mmol/L Tris-HCI,
0.1 mol/L EDTA, 0.5% SDS, 20 mg/L Jii RNA ),
BEATRE A ZH4RHL. 100 ng JE K41 DNA 1E B,
HEAT B-actin DNA F14MJEAE Kl Neo® ) PCR 47 1 45
5. PCR R Ni4eff: 95°C iAZYE 4 min, 94°C 30 s,
56°C 30s, 72°C 50's, 35 Mg, 72°C 7 min LA,
AR JEEE ] Neo® §7 34 1) EJiE 514 5 GAGGCTATT-
CGGCTATGACTG 3', Filf 514 5 TCGACAA -
GACCGGCTTCCATC 3', ¥ 4 J Bt K /) 411 bp;
B-actin DNA 4" 14 f1) L 51 4% 5 CACACGGTGC-
CCATCTACG 3', N5 5" GCCATCTCCTG-
CTCGAAGTC 3", ¥4 5 Bt R/ 204 bp.

WA B Ab T FE R A A S AR IR BB, PBS
VEU 2 IR, ¥R A PCR &, HI NP-40 sk 1 K
HEATRAAR AL BE . NP-40 2% U5k 2 4r ik PCR &
TN 9wl IxPCR ZE0T9E, 1wl 10% NP-40, i &
PCR X #E4T 95C 1 min. 4C 1 min, 5 {IZFELAL
. AR K 24T Bk PCR E A
9 wl IxPCR ZZi, 1l 20 g/L B AR K, JIA
PCR ¢ 55°C 30 min, 95°C 5 min. #XJ5 %5 LA
G SRR PCR A NN 10 wl PCR 22 3f
(2 ul 10xPCR Z2 0P, 2 pl ANTP, 5144 1 pl,
0.15 wl r-Taq), % bib & N 4&PFEATY 1. £ &
PCR ¥ 3845 W 2347, 5 2 F H Neo® I T ilf
SR 30 R, AR 2 wl By
Y, MG Neo® fil B-actin DNA # %} I F i3l
Y PCR [N, FREEAT 30 B39 1.
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1.2.4  FESER G AT S AN MR A AL

LR HRAE S SCHER(7], RN R BT U 2= R
SE BRI 2 NS PMSG 100 U/ H. 96 h J5 B
SR IIKE S HCG 100 U/ H, 14 h 5 B2 ik 5
TS CEBURENE, AR HRD Mk
HIONE, KEOP - SRREAE AR E A AR AN 100 U/ml
% JRREE I HRD 1, WA, AT S 1k 2 ks
41 i 5 4= M

DA2 R 3 — B AR 40 A% (%9 MLUIT 3901 B0 55 41 it
W2 A, 24 0.5% FBS WMLk 2~5 K
(142t 5 DRI A 20 B R 1 5 4D A 00 PR AR A 4t i 2 1) 3
ITRFEHE. KA TSR G 7ERL A (0.3 mol/L H &%
B VAV VR N 0.5 mmol/L B 825, 0.1 mmol/L i
J%4%5, 10 mmol/L Hepes, 1 g/L BSA)3 000 V/cm Hi
A, 80 min Ji % 7 11 F A IR 1 AT 0 Ak 2
7 ik A), RIEBA mRD(H &4 5 mg/L
CHX, 2 mmol/L 6-DMAP)*H 1577 1h, T A mRD
RS IR 2 hy e AT 2.5% FBS 1) B2

R IR R 78, [R) I U0 & B ) I A 5% S R TR 1 0.
R R

2.1 FHMIEFIREE R MM E KR

e L AR S AT A A0 MU E 5 1 800 mg/L G418
f\) DMEM-F12 B8R FF 80k 1 14, A i i
o, LR 4 A 24 LB (IL 96 FL), Hih 24
LB RN i, 36 FLEEFIZ 1000 /> /ml, 36 fLEZ
B2y 2 000 /> /mI(ER 1). B0 72 FLBE A 3
Y1, B 24 fL, o> AAE BRI 50% 5% 1S
FEW L 100% &R h i 9. &2 ARG,
TEFIEEE TR P H AR 100+ DA, 7 50%
FAFR IR K AR A 3(14+2)4, 7E 100%
FAFEE IR K R 62+4) . 7E 6 LR
PR RS, A 6 MR KR R 4T
SEREIR, SEVERE IR I 40 i R A K
W22 B, e PR IR G A e N A0 A
HAEK.

Table 1 Effect of conditioned culture medium on cell colony growth

Total No. of viable colonies/

Conditioned medium(%) Empty One thousand cells Two thousand cells No. of cell-containing wells
0 8 12(1) 0/249
50 8 12(2) 212419
100 8 12(4) 4/240

The values in parentheses indicate the number of colonies selected for multiplication after 2 weeks in culture. Fresh medium: DMEM-F12+
15% FBS; conditioned medium: fresh medium was conditioned by growing non-transfected fibroblasts in 75 cm? bottles at 37°C in 5%CO,
until they reached 80% confluency, at which point the medium was replaced and conditioned for 35 h. The different letters on top of data

show significantly different(P < 0.05, y* test).

22 RIAMMZEENEEERKTLEMBS BEF
pp=A)

FREOMmIE 1 ] e 5 DS R 21 4 A PR G e P
i, LR 2 A 24 UM (L 48 4L), HHh A4
24 FLEERZ) 1000 A /ml, 55 4 24 LR Y

2000 /N /ml(F 2), A% E 10 FLARFEEE R R Ar
Y40 6 B, AR 4 000 A /ml, DU R E
10 FLEE LRI RI AL SE RNVR 5 R AT e i e, B2l 2y
4000 4™ /ml(F& 15 50%), H IR 3 0 46 40 i 11 25
FE. 42 s AR TR RS, R4l

Table 2 Effect of initial cell density on transgenic fibrolast growth

No. of cells loaded into the well

Days in culture One thousand cells ~ Two thousand cells Control Four thousand cells
(50% transgenic+50% normal)
0 24 24 10 10
5 11 13 9 7
10 8 10 8 7
15 5 9 8 6
No. of colonies selected for multiplication/ 5/249 9/249 8/10 6/107
initial No. of colonies seeded
No. of viable colonies after multiplication/ 1/249 6/24" 5/10° 4/10Y

initial No. of colonies seeded

The final number of expanded colonies was recorded only after confluency in the 6-well culture plate (last row). The different letters on top of

data show significantly different(P < 0.05, )* test).
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I AR A 5 A, At K g kR 9
A IR AR 8 N, YA K
AR 6 > 75 6 FLIRY KEE TR i, A
16 MR AE KORAS RUF. 45 F Wl 4 40 i 2%
JEE T e D] SO 2T A 40 L 5 5 5 R 1) 5 ) 222 S 5
BRSO A0 W 05 0 1) 5 B, A R T DR i 4 4 4
J v 1 2R K
2.3 FRRIZR b x4 B ] RY £ 4 4 Bk O 2200

IR TN LA TR pRNAT-U6.1/Neo % L pli 21
e Mo e amiag 1 8, A gnpurerE s, SR
34 24 LB (L 72 ALy, Hoh B AL ERR TOR B
30 L, 252000 4™ /ml, 55 LR IR B R 30
FL, Z12000 4~ /ml, 2B =41BEE 12 FLARF LRk
ST T IE, AL 4 000 A4S /ml(E 3). 42 H
SERSATIERE TG TR G, BE— A AC H  4l Fpk
H3AS, BRI RS 6 A4S, EE 413k
KA IR A 5 A, 28R WoR, ZePEb okt %
BRI, B TR 75 2o M AL 6 3L DR B £
YA PR IR 52 0 2 ) AN S 2

B 39 110 2 s DAL AR SR F T 4 40 B AR AE 9% 6 S A
5i T GFP [k oL LI 1.

Table 3 Effect of linear-plasimid on cell colony growth

No. of cells loaded into the well Circo-plasmid Linear-plasmid Control

Two thousand cells 30(4) 30(11)
Four thousand cells 12(9)
Total No. of viable colonies/ 3/309 6/30%? 5/12%

No. of cell-containing wells

The values in parentheses indicate the number of colonies selected for
multiplication after 2 weeks in culture. The different letters on top of

data show significantly different(P < 0.05, y* test).
(a)-(b-
(C)-(d-

Fig. 1 Drug-resistant clones stably transfected
with pRNAT-U6.1/Neo plasmids
(a) The transgenic fibroblast clones after G418 2w. (c) The transgenic

fibroblast clones after serial subcultivation 3w. (b, d) The transgenic
fibroblast clones showing cGFP expression. (a, c¢) Bright field

microscopic image corresponding to (b, d). Original magnification 40x.

24 BERRAHMBIZBERENEER
Ll

WA 6 em B5 IR ML g K85 5% 6 1 55 DA e 41 4
S, FEECEEN4] DNA, HU 100 ng 18 BT T
AMJEFE R Neo® ) PCR %558 (K 2). 4R ER, #
AUt 5 TR R £ 44 4 PR A AT AR SE ] Neo®, 177
e R DRIFI A e TR DRIV A5 15 7 T4 A okt A A
JE A Neo® (384, (HAT # 7r AR 36 JE DR e 41 4 4 i
AL, S29O6RMBTIER S H—3 B i
R I 25 P A ) T DRl T 4 40 L 11 o B B
{EL e S AR DR R T 4 40 11 2 ok L 4 R e

23 4 5 6 7 8 9

bp ! 10 11

2 000—

B

250-

Fig. 2 Identification of transgenic rabbit
fibroblast clones by PCR
1: pRNAT-U6.1/Neo plasimid; 2 ~ 5: Transgenic fibroblast clones; 6:
DL2 000 bp marker; 7~ 9: Transgenic and normal fibroblast clones; /0:

Normal fibroblast; /7: Negative.

FeATT A I T P A R R iG 248 g 7% PCR
SEIG 2k B m (] 3). 45 F IR PR T SRR
JEJGEE R ZH DNA #53& 4T PCR 47384,

Fig. 3 Identification of a single transgenic embryo
B-actin gene by PCR
1: DL2 000 bp marker; 2~4: Embryos disrupted with proteinase
K(2 g/L); 5~ 7: Embryos disrupted with 1% NP-40; 8 DNA purified
from cultured rabbit fibroblasts; 9: Negative.

I 4 DN ERSEDRIZ R AR R 4 A5 BRI
MRG0 A AR T 2 3 PCR
38, Ky AT K, SRR
2 ANKE S H AR5 B R DR NeoR 4ty (I, 35—
A2 Wl ERY 3G E B, 5 B-actin DNA
JLREAT PCR P73, MK R EoR, A&
JRNGHRY 14 HY H 1) B-actin DNA F B, [FIN) 4 AN
FEDIRZ A MR IR Y5 H L L DR Neo® 45417 (1] 4).
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1 2 3 4 5 6 7 8§ 9

10 11

Fig. 4 Identification of a single transgenic embryo
B-actin and Neo® gene by multiplex-PCR
I: pRNAT-U6.1/Neo plasimid; 2 ~5: Embryos produced by NT of
transgenic fibroblasts; 6: 150 bp marker; 7~ 10: Embryos produced by
NT of non-transgenic fibroblasts; 7/: DNA purified from cultured

transgenic rabbit fibroblasts.

® )8

2.5 HERESRTHEMBIZEE

ARSI A% TR (1) A2 0 P Ay I 5 H B 2T 4 4
FVIER G T Edn . anfel 5 fios, AN S
RN IR Th A A FREE cGFP R, @i
ORI, 1E e T 4 4 i b 2 356 R G B 2T 4 4
WA L RS R, HERAREP>0.05), 1IEH
Yo AT 2 4 T U i DR e S 2T 44 40 L ) B9 4 25
IFH 225 WP <0.05). B I R et 4 40 i ok I 1)
R RHBENR ANy 23.5%, 1% G B 2T 44 40 i o 5 1)
RN E N 30.8%, AT EE % 75 (P> 0.05,
% 4).

Fig. 5 The transgenic rabbit fibroblast cell cloned embryos by NT

(a, e) 2-cell NT embryos cultured in vitro. (b, f') 4-cell NT embryos cultured in vitro. (¢, g) 8-cell NT embryos cultured in vitro. (d, h) Blastocysts of NT

embryos cultured in vitro. (¢~h) NT embryos green fluorescent image showing ¢ GFP expression. (a~ d) Bright field microscopic image corresponding

to (e~ h). Original magnification 400x.

Table 4 Pre-implantation stage development of nt-embryos resulting from donor cells

from transgenic or non-transgenic fibroblasts

Donor cell type NT oocytes Fused oocytes(%) Cleaved embryos(%) Blastocyts(%)
cGFP 105 68(64.8) 35(51.5)” 16(23.5)
Normal cell 96 65(67.7) 47(72.3)Y 20(30.8)

Normal cell-non-transgenic fibroblasts; cGFP-transgenic fibroblasts. The different letters on top of data show significantly different(P < 0.05,

X test).
3 W it

FEIE DBy (I — B B N AR ST I A R
FAEEY 2 B mAOk AU AT ) e 1 N
Hrst. WL RN RS R IR DA B R (R 45
TR B TTTHEN T — BT IR, BEEOR
FLAT AL G 7 I AR S C T LU R I 51,
SRIMT, AL N AS ARG S AR, A0
HIGHIET R, BB AR AE R
%, A T A o101,
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FE A1 Ay % S5 DAL (A6 A 20 M0 7 A S 28 D K T 18 B
JRiIE 7> B HEFR LS IR I U A S R 40
PEA RS, R R IIE, 2 U R AR

AT RE BEL 1k 20 0 A I A 10 R DA Ak S
DRI, 7 ol bR T A 200 1K) e e DAL 2T 4 4 it e
O3 B B TR I 5 K R 6 e B DA A IR 11
BLqi.

AWFFCHENL T — R, Tk, 7> BhiIR. %
T T e D] AR G BT R A0 M S LA R DR RS R i
AN A ROE . BARA SR SCIR B A 4 5
SEI PR AN O B B TR OR, (/D BRI HAR 4
T T R A R A i 9 5 23 8 5 v A L A
MIEBEIAIEAT o BB SR, (HE, RXMIER 5%
I PR BB RT3, ANRERD
BEATZ AN a R A, O Hop B 15T 40 0 v e £
AR, SEB RISz IR FA TR
11 24 FLAH N B FRAR I B B IRVE T AR D 34T 2 A
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FERLDRI AN M ve B IR oy 45 9. &0t S~ 6 JETi L LT
I, HERG Y B EEIRIA B 107 AR T- BN HE L [N 4
7 B () A S B T R 4 A, JE S PCR %3, X
S Bty G R S T 4 40 #48 mT LAAE Ay A e A1 Ak 4 i
Tl & L R R

AN LB A I T A 40 P P A R P 75 [
SCRE . AR T DL R A K IR A0S, T4 A
JRAAA M 7 3 W R 7 B2 IR A K IR 7 B R R A
KPRT M /NBRIEPE AR PR 7 A T 4 i A
KT A A KA TR g Al 2V K 0e, ok
T PRI BC IR 7, PATIRI L A ST 4 4 i
Fril g T ARG IR, T R R AT 4 40 i e
B oy BRI S AR MRS IR N LG £
R, ISP RS TR0 e R DR AT 4 4 e 1t
TR LW R, R RESE RO S PE RS R B3 1
AT YN L o VA AN R . 5o 4, g
S R P T 2 40 5 B AR Mk AL e ok, R T
FE i RE DS AT e i 2y B R SR 0%, Wi T e
AT Ay 40 i A ) 2 P AR, T T B DR e Ak
(IR BOE A T4 O N RSE AL fefid, 3RAT
F DMEM/F12 $535 1A% T DMEM #5373, A7
PRI DR R T 4 40 o (1) T R B s ).

TEBEAE Ry A A4 0 P P R DR R 2T 4 40 M B 4
ANEESEINFENR, @S PCR J77k% ¢ T B-actin DNA
FHMJEHE K Neo® HIHEG I L. % T 3R (1 £ U0,
LUK PCR ™ HIANRE 58 A A0 I 21 SN IS 5L H] Neo®, 1X
AT BERUA SRR BRI A0 s b . DRk, O T 4
IS Eaf v, FRATRIA T 2 E PCR HHATY 1,
Y 4 5 BT IR PR SE DR ARG S R R R 5 4 —
. R, SRR T SRR 1 cGFP /E R
AIEIN, AR T ER S A0 M K iR . AN
SR )R S T

DA A P 2 o DR G 3 2T 4 40 it A (LA 4 PR gk A T
KEF A, IE BH 2 5 DR 40 P S R v B W 7 BB AR
T 23.5%. WFFCHIR LRI, #3414 4
JRUSKIR I BEIR K % LU IE S 2T 4k i i 2AIG,  JF:
HA — e St W 0 e T B AT O &
. JLJ5UERI AT e A0 PRAT I e F v 52 21— e R
(AT, B B DS 4 P G €A 2 DAL Ay Al
DRI R A T 5. IRk, S KBS R ) 55 44
0 Mt 2 G i 11 K 0 3 o Al I AZ RS A o U
(17,181,

DL E L DR A2 SRR 2 180 B 77 7 iR AN i A A%

PRI P AR DR B IR T, 3 T ek
EhW L 1R, it DRI R EARRAS
FEHEIN v i SR I 2 1

2 % x M
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Abstract Transgenesis in rabbit has provided numerous opportunities for livestock production. The development
of nuclear transfer (NT) technology has improved the production of transgenic livestock by the combination of
transgenic technology. However, the isolation of pure colonies from a single transfection event remains laborious
and can be a constraint in the production of transgenic livestock. 24-well cell culture plates were used to isolate
cell lineages obtained from a single fibroblast clone transfected with the pRNAT-U6.1/Neo plasmid. Since single
fibroblast clone does not grow well in fresh medium, the use of conditioned medium was evaluated. Meanwhile,
the effect of initial cell density and linear-plasimid on transgenic fibroblast colony growth were investigated. The
increasing initial cell density and lining plasmid could improve colony growth and expansion. There was a
significant difference in the conditioned medium or initial cell density compared to the control group. The
neomycin phosphotransferase gene was detected in isolated colonies and NT embryos were produced from these
cells. When the transgenic fibroblasts were used as donor cells of nuclear transfer, the blastocyst rate were 23.5%.
There was not a significant difference in the transgenic fibroblasts compared to the normal group. PCR or
Multiplex-PCR assays were performed to detect the transfected fragment as well as autosomal B-actin DNA in
single NT embryos. This approach provided a reliable method for isolating transfected mammalian cells and for
diagnosing the incorporation of desirable vectors in NT embryos. This method can reduce the time and cost of
transgenic livestock production; further improvements in related technologies will facilitate the use of this method
for the generation of the genetic engineering of rabbits.
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