SERKEEMEEEEE 25(2) : 171~180 (2001)
Korean J. Animal Reprod.

Vesicular Stomatitis Virus G Glycoprotein EnvelopeLZE FZF

Defective Retroviral VectorS 0|

2% 9| 22| XX} Ho|

ARM' . A2 . 5P - Ol E’ - 0|t - ZEhe!
grrtEdusa QAns A saa

Gene Transfer into Chicken Embryos using Defective Retroviral Vectors
Packaged with Vesicular Stomatitis Virus G Glycoprotein Envelopes
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ABSTRACT

Compared to other gene transfer system, the advantages of retrovirus-mediated gene transfer are

technical ease, efficient expression and genetic stability. Despite the high potency of the retrovirus vector

system in gene transfer, one of the drawbacks is a difficulty in concentration of virus stock. To

overcome this problem, we tested a new retrovirus vector system producing the progeny retrovirus
particles encapsidated with VSV-G (vesicular stomatitis virus G glycoprotein). The infectivity of this

virus was not sacrificed by ultracentrifugal concentration and the host cell range extended from all
mammalian to fish embryos. Virus titer after 1,000 X concentration was more than 10° CFU/ ml on

most of the target cell lines. We applied this pantropic viruses in transgenic chicken production by
injecting the concentrated (100X) stock into subgerminal cavity of stage X chicken embryos. The

survival rate of chicken embryos after injection was about 20% and gene integration rate in surviving

embryos was scored almost 100%. Analyses of RT-PCR and fluorescence microscopy, however, showed

no evidence of the transgene expression.

(Key words : Retrovirus vector, VSV G, Concentration of virus stock, Embryo injection)
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o] Lolsty, AA, HwA B kY WEoR
Be AAE Ao e ae ARo) Fesithe
AL 71A1 vKNaito 5, 1994; Vick 5, 1993;
Han %, 1994). I3 712FY 2%, £HF4E
2] £AA dojue dukrEl oA A Y(poly-
spermy) BAHPerry, 1987)0)), +4 FHE) 4
AFAA ] WA e R A3t stage X A7)} ¥)
o= wiutgdol ¢k 60,0004 7} <] pluoripotentdt A

T Eo] £ 34 FHEyal-Giladi 5, 1981). o}¥
@ eA, AR SHoR A% ATFA A
Ed g paew g §UAS

N
% LB ohig g &
g U= 2489 ulnad 277 A3, g

971 49 E4F ASFT AE WA o4
5
&

3 72 el ol BAl AHgE T
e oo Roh A, $AEe) W

2 AH oA Fdste RLE, 2 T
Holut BEHE £ AANA AR 2
3}el 5l 2w (SangF} Perry, 1989; Perry &,
1991; Naito 5, 1991; Ono %, 1994), Love &
(1994)2 th2 AtolA g FRAe] Aolg &
datdch. EA), WiNkd AEE o)AstE WY
(Marzullo, 1970; Watanabe 5, 1992; Brazolot &,
1991)0] QEH ] W2 T AA WA
mosaicismo] YERgLO B, &7+ chimeraZ} A 4hs]
2tk o] of sperm vectorg o]-&3 WOl Ak
29 © w(Gavora 5, 1991; Grunebaum 3, 1991),
sASA Ee)g primordial germ cell (PGC)o
retrovirusS £¢ 3t o] PGCE o] FYd= W
W (Simkiss 5, 1989; Savva %, 1991; Shumann3}
Shoffner, 1986)0] Ha=lof itk & o& Wi
Z X retrovirus vectorE stage X 9] wjutd Zof S
st Whgo] lewl, Salter 5(1987)2 HE Wl
o] replication-competent retroviral vectorg A3 F
et A FEANAM HolE HIESI, Boss-
elman $(1989)2 replication-defective retroviral
vectorg o] &3] AAH H& HNEAULE ol
i FAxte] dojof dolA retrovirus Y f+2]
ZEAE o] &3 ER 7|&H SR M Rolsitte

-172~

A o) YA FTEE ) virus stockS 3 Ol
slolM AEA Azt 5o EARH) AHHL A

= o)H3 ZARE A% Hstd
VSV-G glycoprotein2- envelope®® 3= retro-
virus vector system (Kim 5, 2001)2 AH8-3}3 0
o] systemol] o}s) A E vinse ZUAREE

oX r

S2AAN ZIEES 1,000 W) oF FNL &
S10W ¢ pantropicel 7] W) 3FE T3
4 Ag RE FTALE RN & AE 3

< JHA R ATHLin 5, 1994).

B Aol o] pantropicE retrovirus vector
systemS o] &-8ke] AWAE FFE 9| virus stockS
stage X< Alge] witq ol viAF st oA
S77E ¥9) genome W2 HOHEE AR
o, A F vl A FARY Holeh HHE F<
A sk

I. 4= 3 24

1. MIZEH{U(Cell culture)

B Aol AR EE AEF S 293m
GPHy (Kim %, 2001), PA317 (Miller¢} Buttimore,
1986), PGI3 (Miller =, 1991), NIH3T3 (mouse
embryonic fibroblast, ATCC CRL 1658), EBTr
(bovine embryonic trachea cell, ATCC CCL 44),
HeLa (human cervix carcinoma cell, ATCC CCL
2), 18]3l primary culturedt CEF (chicken em-
bryonic fibroblast)] ok o 2 10%<] FBS (fetal
bovine serum; GibcoBRL)$} penicillin (100 U/ml)
- streptomycin (100 zg/ml) (Pen/Strep; GibcoBRL)
o] 7R Dulbecco's Modified Eagle Medium
(DMEM, 4.5 g/ glucose, GibcoBRL 12800-017)&
AHLstg T o] MEEL 37C, 5% CO: £79
incubatorel] 4] ¥} 9F&} o}

2. Retrovirus vector2| T (Construction of
retrovirus vector)

B-Actin promoter2] downstreamo] eGFP gene
& =3 pLN feGFP retrovirus vector plasmid+
Fig. 13} Zo] F&3&t5ith



3. Retrovirus veetor2| 4 4HProduction of re-
trovirus vector)

Retrovirus vector¢l pLN SeGFPE PA3179]
transient transfectiond}ed virusE 9HE & o] virus
7t TR wFdg PGI3e] ZEAALH 5 pg
mle] polybrene2 H7FstHith G418 (800 png/ml)
o] A7tE NP LAo R 237 M Aol
PG13 colonyg] poold ¥ kgl & o]E M EZHE]
=331 virus stock (Kim et al, 1993)2 & 434
oJA] F23 293mGPHy Ao 7ZFFEAIA G418
(800 pg/mlyo] Fr7te AMER o2 257 AEs
Atk ME®E Neo® (G418 resistant) 293mGPHy
-LNB eGFP M £} calcium phosphate ¥H 2 2 20
1g 9] pHCMV-GE transfectiondls] 37°C, 5% CO:
ZZANA 8AIZE Wik F A WG o2 Zol FH
t}. 48A17ko) A F retrovirusE T EE wj
A& FE3

51} BN ES
tion of virus and infection of target cells)

488} virus stocke 4°CollA] 16,700 rpm S Z
907} vertical rotor (Beckman 70Ti)E o}-&3}d]
AR E sk 45N FH3] AAFE F A
HEo] 0.1 X Hank's Balanced Salt Solution
(HBSS, Yee =, 1994)c]u} DMEM/FBSE 7}3t
ol 4ColA 16417 TAg F ARLF3AAT 55
# virus stockZ 045 pm pore-size?] cellulose
acetate filter& o] &3l o318 & -70°Co| W3}
Atk Viruse) titerZ ZA37) A FF A
%9} virus stockS &# 28 FFA T A
Atk 24AN7F A T AEE splitdte] slide glass
Aol A 247k ¥ F HAAN PO 2 GFPY &
e BASAY T 3Y 7F 22 G4189] A7t
g Aaujokal 0 7 7ro}io] Neo® colony forming
unit per milliliter (CFU/mH& &3 3%t}

4. Virus2 ZH (Concentra-

5. AI7IESAME SlE virus2| M4 0{R EOI
(Examination of replication-competent helper

virus production)
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Fig. 1. Structures of retrovirus veetors. LTR,
long terminal repeat; Neo, G418 resi-
stant gene; B-actin, rat #-actin promo-
ter; eGFP, enhanced Green Fluorescent
Protein gene. The pLNB eGFP was
constructed by replacing the LacZ gene
fragment of the pLNBZ with eGFP
fragment derived from 780 bp Hind M
- Not I fragment of pEGFP-N1 purcha-
sed from Clontech.

#ET AdFgo] B Neo” EHALY Y
AL 045 um pore-size filterS o] &3t} o =g
% PGI3 packaging cellol A7AGAZ )k 48417
Wl k3 5 ujorel & 4283t HeLa A Lol ZHEA]
AX G418 (800 pg/mlyg F7IS AEwjtdo s

F7r W Fsr AT

6. S Hiof ChBt 1Y (Chicken embryo infec-

tion)
E Ao AH2H FH L ISA brown A

F0 2, AV E 4 &A e
E7} S ASAIZ S Mesle, o] Eo] A4S F
%, 6013 g ZA S AWE FUHAT F3E
V—}EW % Fi(stage X)& S4Y AA UH
2 0AZ A ‘l%}od HHXM A e FQE J ol
ANHES & F I $ES S8 o gted 4
mm® A72 Z‘—i%ﬁ}ﬂ window & THEQth &40}
23 microinjection pipette (SIGMA, pipette, mi-

[nru



crocapillary, 50 yl, 100 mm length)S o] &3} 10
pg/mig) polybreneo] #H7}¥ virus stock 10 plE
W&ol FU AT TSR A DMEM/
FBS1} HBSSE & #9] polybrene& A7tsle] FY
sttt Viruse] F9fof £ A2 windowE pa-
rafilm 2 33| Zolx PH & F % 94A A4
HE 26CS) F37ol A 1A2 71 AAF2EH
S FA% By 244 A 377C
9 Lo ANGE 55% 2] Hairlo Y3t
of 2A F712 ABAIFIEA 18U7 EAAIZ
¥, 1994 REE ATE 37CH Exo s
T 75% ZAY A2 &7 F AdEA] g
defell At Fatg wj7tA] Hﬂ"&’\lﬁl’%‘ i 3t
Qb 109, 18Y, 21 A A& LA 7 o5
Ha7E B3td BT

mlm ol rir

7. HY HIXMIFOIMIZES] YR L(Primary
culture of chicken fibroblast)

=9l 2} F-obA) E(chicken embryonic fibro-
blast; CEF)&= 793 ¥A-E 7AYo} PBSE F¥-3]
FH§ F 5XTrypsi/EDTA €& H7Hte 14]
7+ 21 37°C, 5% CO; incubatord)] ukx] 34Tt H
8 2L 1§ 30x=¢ ZEsly 1,000 rpm e
E 5% 94¥9e & ¥¥EE DMEMFBS
(10%)8-d 3t &3t 37C, 5% CO; incubatorsf]
A wjokstdeh Al O 2 debris7t SA3] A
AR A viusE ZHAZ F GFP ¥d o8
& YFANAE ALt Felstgnh

Wotel o] 245 o] &3 primary culture= 7]
i—‘?ﬂ ol 22g 4T A PBSE 33] M

F 3578 "ot 7t E AHE-Et A chopping
gtk 23 o] £ tubeo] 5XTrypsiEDTA £}
2 Ay Hrhste 3087 37C, 5% CO, incu-
batoroff A] ¥HGAIZ S ¥ wkSo] BTy ¥ 1§ 302
$o et RSt o B4 38 Wy
3 3 223 pipetting® B A XE FPOoFTHE
2AANAT & £ trypsin A4S QA7) 9
slel DMEM/FBS (10%) £%2 Fr7sigen, 3
FTAHOZ 1,000 rpmol A 5E7 Y42 & A
&8 DMEM/FBS (10%) &<l AE{3to 37C,

5% CO, incubatorol 4} v st gk vjokel 2 of
o dud sl FRoW ALY F A
A X E slideglass Aol A W}ty §3@mAL
GFP w38 £22 solstad.

A Holele) 2ol GFP 4d §58 3
Q187 YalA zZt A7]e] ZAL frozen section
machine (Leica CM1850)% ©]-&3lo Z @ aage
£ Azst F YR AstolM st

R i

8. ZH0M2| DNA E#2{%t PCR (DNA puri-
fication from tissue and PCR)

Wolg)e] g7l 2 RN 23S HAH3to
HAH L7 B HAATEE o3t TE Y
2 E}éﬂ g & QlAamp DNA mini kitE A}-&3}¢

g 293t

PCR% ZZol A £ T DNAE 27+ 0.5 pgH
sl 50 pmole] z} primer, 50 uM dNTP, 1.5
mM MgCly, 2.5 U Taq polymerase (Promega), 10
X Taq polymerase buffer (Promega)$t %3t %
94°Coll A 5B WA &, 94°Col| A 30Z(denatura-
tion), 61°CollA 30Z(annealing), 72CollA 307}
(extension) WH3-3}i= cycleg 353 wrE-AAIEY
o} gkl A3 primerd] sequencei= eGFP gene
o} thsjr= + strand primer sequenceZ 5'gagcg-
caccatcttcttcaaggac3's} - strand primer sequence®
S'aactccagcaggaccatgtgateg3's AME-3E 2™, Neo
geneo] TH3l primer sequence =& + strand primer
sequence 2 S'attccgatctgatcaagagac3's} - strand pri-
mer sequenceE < S'tttccaccatgatatteggea3’S A}»&
T ¥hgo) ¥ F 72CelA SEZ HA @

1% agarose gel2 ©|&3td A7|FFE A4 }m‘

o

9. RNA £8/2} RT-PCR (RNA isolation and
RT-PCR)

A 3= Qiagen 3]AFe] RNA Mini KitZ
A}ﬂa}ﬁt} ZHe) Aol A Fhe) PolA
S ste FuetE, MEE 1 XtrypsiVEDTAS A
23l 2184tk RT-PCRE 2 o)} A EoA
el RNAE 3 pg AT FH39 50 pmoley
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primer, 0.2mM dNTP, 1 mM MgSO,, 5 U AMV
Reverse Transcriptase (Promega), 5 U TfIDNA Pol-
ymerase (Promega), AMV/Tfl 5XReaction Buffer
(Promega)2 YHE reaction mixture®} EFI 5, o
213 cDNAE FAet7] 9iste] 48ColA 4587
Bk th& AMV Reverse Transcriptase®l 8433}
9} RNA/cDNA/primer2] denaturationg $]&] 94°C
oAl 287+ wrAATE 23 ¢DNA FAl3 PCR
ZZ g 93t 94ColA 30%, 61ColA 30%, 7
2°Col A 3027t whS3tE cycled 353] ¥HE A A
g, HF AGE A8 12CoAA SEZ EAERA
t}. Primere PCR] 749 548 A& AHE-8IE
o1, 1% agarose gelS o] &35l AV|FFS AA

skl o
m. da 3 na

1. CiYBE EXMZ e HHE EAlInfec-
tivity on the various target cells)

E 23 M = retrovirus stock?] F50] 1A
ZEA Mg T EAE sAs] dstd, 71EY
retrovirus envelope protein gene thAlol| VSV-G gene

Table 1. Host range of LNB eGFP vector pro-
duced by using VSV-G packaging cells

Titer (NeoR CFU/ml a) of

Target cells 293mGPHy/VSV-G b

1 X 1000 X

NIH3T3 (mouse) 3.0 X 10° 2.8 x 10
Hela (human) 74 % 10* 6.5 x 10°
EBTr (bovine) 29 x 10° 3.0 x 10°
CEF (chicken) 98 x 10 N/AS

Titer of the LN 8-eGFP viruses produced from 293
mGPHy/VSV-G packaging cell lines.

* Neo® CFU/ml refers to G418 resistant colony form-
ing unit per ml.

b 293mGPHy/VSV-G refers to 293mGPHy cells exp-
ressing VSV-G gene.

¢ N/A; not applicable, because Neo® CFU/ml was not
numerically measured due to technical difficulties.
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& TYsHTE o] retrovirusye A EE =9
EZEARY & 7294 E& 7HAE pantropice] &
dS 7R A, EF 1L,000w) o] & sHedt
t}. LN BeGFP (Fig.1)9} VSV-G geneo] WRAHE
virus AJAFA ZE 1 293mGPHy-LN feGFP A E ¢
retrovirus stockS 2AAR TR =239 o8 §
M Eo) ZGAA Neo® CFU/MI titerS £33}
th =2317) A9 retroviruse] titers= 7x10%~3 x
10 =2 Jegon 100082 553 Fo
titer= 1x10°~7x10°2.2 el tiTable 1). Gi-

bbon ape leukemia virus envelope protein® = en-

S

velopeZ} AE A5 retroviusE F53 73
£ virus9 titer7F 3= w59 ok 1208 e
By vz E w(Kim &, 2001), ©] retrovirus
LR re AT 259 titers] 271
wiE7E 1:19] vl 2 Jeldor olgd Ad= VSV
-GE envelope7t B4 vius7h g2l <a
53 TolE 72EA Ak S @ako] et
ZE AE BHAgEnh

B3l o] vector system> AP0 A3 RE X
A EANM HZH GBI titerE YEPE 22X
SFAXY A7 FEAEE §9F F AT
2 drelA HE A oA el vlelA {2k
¥ CEF M XE Z9AIAA GFPY] 28 L AT
A YRR MEo|M eGFP gened) WEo) &
Z¥u) o] &R FITC (fluorescien iso thiocy-
nate) filter cubeE %3} HaE I tHFig. 2).

2. A7IBAIE ok virns® MA O{F =
(Test of replication-competent helper virus pro-
duction)

Virusg A4kt M EXZHEE replication-com-
petent helper virus7} AAE =X 9] o5& F2ls}
7] 93+ retrovirus vectord] 7SI G418 HE
34 & A% Neo® EHMITERE 583 vjyey
£ PG13 packaging cello] 7@ Al Zith 48A1 79t
g F PGI3 A XM $838 A& Astd T
% 1 ml& Hela A Xo Z9AAHT 253 F<¢ G
4180) A/t® L8402 NH3 A} Neo® colony
7b A8 dEuA] ggten ojeigt AL 293m



Fig. 2. Expression of the GFP gene from tran-
sgenic primary culture cells of chicken
embryonic fibroblast. Cells were grown
on a slideglass and examined through a
fluorescence microscope (X100 (1, 2), X
400 (3, 4)) under white (1, 3) or UV (2,
4) light.

GPHy MEZRE ¥ virus A4t A XA hel-
per virus7h A3 AAHA deE HAFE Rolth

3. Retrovirus stocks O|&% Hel Hi2] DIMF
o|n} SMXI2| MO| 0{F EOl(Microinjection of
chicken embryos with the retrovirus stocks and
determination of gene transfer)

el AEEH 8e) Z718 Aokl 74
9ol W £ A2 A AVS F4T
A JH2 PRt AE 2ol WAL A
=& e ol WA deRd AXHES
sl 22 AR E BA FEFoEA 7de &4
of ol F3hgo] AstE WAL FHE viruse
FYol 7bsstAl st

B W) AT FTFE FA ¥ M A
A% retrovirus stocke] AFF wiAE AR 9

Table 2. Efficiency of virus media in gene trans-
fer to chicken embryos

No. No. (%) of
Medium 0. of eggs No. (%) of eggs

injected surviving
Control (no puncture) 20 18 (90)
DMEM/FBS 20 13 (65)
HBSS 20 4 (20)

To each freshly laid egg, 10 x! of DMEM/FBS or
HBSS virus media was injected into the subgerminal
cavity, then incubated for 10 days.

ata] Yee 5(1994)0] g2l ¥+ HAHF virus
E ARFE o A3 HBSSS} virus A4 A2 E
e w AMS-35 Y DMEM/FBSE 598 42
Hate wAFEYEAT. ol AYHA FHT
FUF 29 37.7C, FAFE 55%4 24]
HASE Agsld 1097 Mg T AEES
ARBERTE AGAQA FRAT M| virusE FY
P o) A& go] ¥ Uehged, oy AL
windowE UE=E FAHolA 2eHE 2580 &
A3t vzt @l o F3, 2T FAUA it
d 2o gAHE 78 FEQ1 AR B W)
AE FY3 F Folx= DMEMFBSE FYU&
o] HBSS] ZA-¢-1wr} 3u) o] ife] HEEE e}
WA thTable 2). welx ¥3F retrovirus stock)
AES WX 2 DMEM/FBSE AHL317]2 8t
Windowg& A#ste EAA FHH} virus
stock?) F¢Jo] vl A 7A = FFE ZAME)
ste] AP virus mediaf FYE
#<! DMEM/FBSE F93 &, 183 232 8
2 R G4 FREE TIT 2UAA Hi st
viok 10, 18Y, 21l AL &S AT H)
% 107X = A Fol & AolE HolA ¥UL
U 18U M= virusE FUS o] AT AES
Ast S Bk 219 wldMEe Zd S
7ol 94%2) RELES HQ AFE yFFHe=
DMEM/FBSE %3} 9] 40%, virus mediag
Yt Zol 36% WEES JJEM A THTable 3).
o]2}3 AL windowE T=E o) AT B

g0l I3HHQ 9gE 71X, EF retroviruss]

O
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Table 3. Survival and hatching rates of manipulated chicken embryos

No. of No. (%) of embryos surviving
Treatment
embryos 10 days 18 days 21 days
Control (no injection) 50 47 (94) 47 (94) 47 (94)
DMEM/FBS 25 20 (80) 14 (56) 10 (40)
eGFP 50 30 (60) 20 (40) 18 (36)

To each freshly laid egg, 10 ul of DMEM/FBS or pre-concentrated virus stock (¢eGFP) was injected into the
subgerminal cavity, then incubated for 21 days. Surviving rate was detected at day 10, 18, 21 of incubation.

L P N 1

2 3

L P N 1 2 3

Fig. 3. PCR analyses of the eGFP (A) and Neo (B) genes in manipulated chickens. L: 100 bp ladder,
P: Positive control, N: Negative control, 1 ~ 3: Samples from 3 different chickens.

Folo] widaiol it Fslo] RAHQA J&FE e

= 2 9nsith AAZ G FQ wieA
7o Aol HAHA FAV 7|F A R, BE
gAY GASE BAFE Al AATh Marker
gene© 2 A28 eGFP gened AW oIA 2] A&
Z ¢l wrao] Al 9lojA cytotoxicityE vjER
o= H 3 (Anthony 5, 1999)7} glglon B 43
AME AR A7t vebstct

Retrovirus vectorol] ¢}3+ A3 #AA} Aol
o that BolL 95ty virusE FYT F F 21¢
H7pA] B v o] 22 & FF 5] DNAE £
3 & PCRE s slgct. O 23 386 bp2] eGFP
9} 686 bp2] Neo geneol] th 3 PCR productE # 7|
A5 FelA Felste 97 AL EQdo] o]F
ol RS FTH3AUTHFig. 3).

Retrovirus vectorE ©) &3 AAS ZE9 A

Table 4. Efficiency of gene transfer to chicken embryos

Medium * No. of eggs No. (%) of eggs surviving No. of LN 8eGFP
injected 10 days 20 days + embryos
DMEM/FBS 50 38 (76) 21 (42)
pre-concentrated 50 30 (60) 18 (36) 18
post-concentrated 100 54 (54) 21 (21 21

To each freshly laid egg, 10 I of DMEM/FBS, pre- or 100X post-concentrated virus stock was injected into the
blastoderm layer of stage X chicken embryos, then incubated for 20 days before GFP assay.
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st gl 71 BAl7E HE chimerism d4-&

22 317] 95ty 7] vl M E g=ol thdl virus
particled] 3 Z71E AlR&tgch O ggie =
220 3R] & virus stockT 2 YPAE T ubg o
2 100M} %33} virus stock (1 x10" CFU/mI)E 10
ulel AT oz Agel WatE 2 FYstal
o % A3 39 virus stockE F9I g ZH2he) 2
A 10guiel e AAEE oM & Aol E Y
Bl e Sdot 209 el 15%S) BEE
o] zpolE R4 THTable 4). T3+ 2093 ¢ *@ i
o A= PCRO olaf A2 Z9jo] i
7 A < A EJf"”E]Sti\ﬂ'(Table 4).

Tz A9 virus stockS FUS AS-
A FRA YellM ZZEEZ chimerism 42
e A= wl(Fig. 4), o2 Q42 TFEE 3

FYsted M Eo] thE virus9
SR EN S5 F AS A

e
fr e o

23l virus stockS
oA &S
olgti ALEET oo E AFANNE §F F9
virus stock-2 A 2ol FY3ke) chimerism &A+9)
Ty AEE BRAE AT WY Folu,

Z 2 o4 £ RNAS RT-PCR3E Aol %
A& frozen sectiondte] w7 &t A GFPY
2HE BBF Ao A 434014 Fagnh
S A4S Table 3014 WeRG HES} o) GFP
W) wate] f38 QL UERE 2o
13k Ao 2 AzZtE tHAnthony 5, 1999).
Z Aol Ao g Hold o FHAY A&

Qo

sl @ 686 bp

Fig. 4. PCR analyses of 10 different organs derived
from # 1 chicken of Fig. 3. L: 100 bp lad-
der, P: Positive control, N: Negative con-
trol, 1: brain, 2: lung, 3: liver, 4: testis, 5:
small intestine.

Ao wde) 44 YL SANE BAEL
B9 %ol ohgHVize &, 1988; Ebert &, 1988)
Hjgto| = A7}et Q8 uXE= Ao=Z rolt
g EAM S A7 Hste & AFAddA
T 84 29 AHgEHE dE

CMV (cytomegalovirus) promoter THAlo} tissue

-actin promotert}t

specific promotert} inducible promoterZ Ap&&h
retrovirus vector systemS 3 Zo|t}. o] promo-
terg o]§3le] 2} Y dAd @& FE
inducer®] EA] oo W fAR TP AT E
ZAse Ao 7hEdtA HWE 2R dig 2o
f 770l gene transfer systemo] Y= F U
Rolth

oF
21

FO

Iv.

HAAS 7129 Aol QoI retrovirus vec-
torg o] &3 WHS kg E£F9 FHAM X
tf3te] retrovirus X9 A3} g o KA
zte] Aolzt foldta, Hold {AAI AF AN
A 99 Y=z HdFeg =9E 4 3le
Ao GAALE YEHER g A7 Wy
ojty. Iy} hgellM e 27] vjtde 93 §4
& NE F3 Z/HE A8} 22D Y virusd
FEo] 8HEE, olF Y3t virus stocke) =
2] glo}] B} ¢HHH o] pantropicg] vesicular
stomatitis virus (VSV G) glycoproteing
2 7FAl= pseudotyped retrovirus vector system-S-
o} 8319 2.1, marker gene O E eGFP geneo] &

£ retrovirusg st o] virusE o] §-3tq]
A8 7}A EA A E 9} primary cultured: CEF A X
£ Z9AA GFPY B S IlsAen, 558
virus stocke stage X9 AeE M&slo windo-
wed eggE AT F wWiE o] FYIAS FF
A% g A4 LA Hol] vste 2 24
£& EA24 PCRE o] &3t 9 izt &
AL FA A7 100%) AO2 Vebget wd
g A Wl FRRY Tele) #), 7 Ak, &
F 5 A8 Z7leA FAFHAT

envelope
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