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SUMMARY

The efficiency of transgenic livestock animal production may be improved by early
selection of transgenic preimplantation embryos. Te examine the posSibility of GFP gene
as a non-invasive matker for the early screening of transgenic embryos, the GFP gene was
microinjected into'rabbit zygotes and the later stages of preimplantation embryos were
examiried for the expression of GFP. The presence of injected DNA was detected by PCR
analysis and the expression of GFP was detected by observing green fluorescence in em-
bryos under a fluorescent microscope. Qut of 108 GFP gene-injected rabbit zygotes, sev-
enty three(67.6%) developed to blastocysts, The rate was significantly(P<0.01) lower
than the rate of non-injected zygotes. Of the 73 zygotes developed to blastocysts, 33(45.
2%) were fluorescence-positive, When 11 fluorescence-positive blastocysts were analyzed
for the presence of GFP gene by PCR, 6(54.5%) were positive, and all of the 8 fluor-
escence-negative blastocysts were also negative by PCR, The resulis indicate that the
screening of transgene in rabbit embryos by PCR analysis and GFP detection could be a
promising method fé)r the preselection of transgenic embryos,
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e Be 59 £ T FAAE vAFYHT
R o4 F & 259 FABNAE A
stejol i, ol @ WYL uEEAAE HLH
da Atid Fgel Huz FAFREIE ALY
Fa% Fojaclel g Ut} olefF FAE FE
87] 95t 3o glole] Aot £E transfec-
tionA1Zl TS ol oz FAARFTES P43
£ 71¥el A=HZ Iok(Cibelli %, 1998). &
dHog AT nAFEAR KA} dF
AR AN XNE urxs] Ao Hqdo
FAAEE embryo TS o] olFoBH
2 58S wolde =Y JYP= 2 v FAA
3 FATL A3 Y5t PCRE o 8-8AY
Z & firefly luciferasev} green fluorescent pro-
tein (GFP) A 5& reporter gene &2 Al&
32 Yk (Bowen %, 1993; Cousens &, 1994.
Menck %, 1998; Chan %, 1999). GFP+ & 5g]
o] AF9) Aequorea victoriadl A g dA R
2o A BFg @Eke Adol Ao Aokl
£ Y 8oy BEAA dHAFAAY gETGE AL
e o] FEASA AHSHI Jlo FAAEETE
o 2 AEAE 88 & U 7H5HE €A F
91 tH(Chalfie &, 1994; lkawa %, 1995: Huang
%, 1997; Takada %, 1997; Chiocchetti %, 1997;
Chan %, 1999). GFP #3AE §AAHFTE =7
Ago) o) &31H MXE E E F A& 71FE A}
28 Farl Y2 biopsyE U FATY SHE
29 F o, & A7kl WA fAALE
& B F U R ojyFgo M JAHREFE
A EEAE A B IS AR 7
2 At} Ikawa $(1995)& ol& &34 ¥F &
wy GFP-34 9 33 8218 Adsio gz
o ol&zte A2 32ui e 4 F 3¢9 GF-
P-transgenic miceE& A3 Takada 5(19
97)& GFP-¥A FA ¢ 55708 ©]43td ol d
12v2] 9] A2 2 8uiEle] FAME HHE 4%
o228 B4 Wdl o FAHRBAF S 4
Sxg A EEFAE ol E F UYL

22 GFP #38A8 o] 43 FFAHRFTEALN
2 AFANAY BRIHYL o} 715 L vRE o
€ FEA BidE o fich 28 2R o3l 7]

Hol 7tEME S48 ¥ A& A FA3te A7
b NEE Aot B AddMe EVE RYF
B2 A3t o fAR2AM GFP §4%-E &4
A ol v Y3 wivtEs| 7R HegdgA
7 o) EdA Y AR B} ¢dS PCR £4
2 FFPnAAF o2 B
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£ Agd A% E7e dgeAddEdsies
BE ZTIFHe AFE 3~5 MY¥ New Zealand
White F ¢3le=z AFL 3~35 kegdl A& AHE-
HAL, A E7e AF 1049 o3 @ R
A5 4 kg 0140 A& FABHAG. o] EA A
5(E714& "93AE, FIh E& A/ |
AAReH, P2 YA L 28T 1047
& Ags g

2. iU k7| 2F =& 2ol x{ 2t

Fuj@e] f71e A5 FAEZ Y 100 1US
eCG (Serarumon, Denka Co. Japan)2 2&3FA}
33, 72712 F FREZ 9 R o 100 TU
¢} hCG(hCG , Yuhan Co., Korea)& c|Fgo g
FAEIA T @Y A FL hCG FA F 18~22
A 7o) ¢E 7 E chloropromazine HCl(Sepamin ,
Samsung Co., Korea)& 25 mg /kgo. 2 &8FA}
ste] WA 2 sHERe) B8 AASGT 28
31 ketamine HCl(Ketara , Yuhan Co., Korea) &
25 mg /kgo & ol W FAlEle ANnFHE F=35
T s GSAZAZ AT F2E AFA
ANE ABFES AN AT Catheter§ o] &3}
o E7 8 d@RTERFo2 Yt AFEE H
¥R A D-PBS7t € FAIR @7 S
& AFsAh AT FHTLE A AN AFAAA
ARt Axde] A4 Az AYFPAo] 535
Al & Boji g dYste] ¥4 FAA

3. FHIXte FH|
¥ 2439 nAFYgd AH8-§ FAAe Takada
5(1997)0] FAAEYFE FA3t7] fAste] AHE



39" CE321-FL GFP expression vector plas-
midg #uro} EH]st ) o] vectore ¢ 7 ¥
oA ¥Fe LI=E fAE AWM (S65T)
GFP §4x& %339, A} EF-1 promoter$}
CMV-IE enhancerd] ZAEYE 71R 2 Y} &
A 2v =& Hindll ¢} BamHIo 2 AWa} agar-
ose gelolAl A71gE 8t 2.7 kbe] AHL Ad
¥ o] band¢] DNAE glass bead adsorption ¥
(Quaex Il kit, Qiagen, Chatsworth, CA, USA) <
2 293532 34, %39k 34 ¥ DNAE mic-
roinjection buffer(10 mM Tris, pH 7.4; 0.2 mM
EDTA)e) £8jA1A E&5 =2 DNAS} &7 agar-
ose gel AolA ol HlnE FEE ARS8 2ng/ul
52 343t 300 ul ¥ microcentrifuge tubed)
Bzste] —20Co] B3t injectiond] A4
st th(Polites ¢} Pinkert, 1994).

4. 22 RTALe| +F 2 olMIF

ARFAAL] AT vgRATI7E F2E
DIC(Differential Interference Contrast) Z=gd
w7 FelA AANFAT FREY TR F
¥ g GFP #4318 % 2~3pl A= RA2PA 3
Aot HuEfo] Sf FEo 2 F FEAA WA
HE FARH FAGY AL v FH o]
BY F ARl #3HR gL AW Fgg TCM
1997 RD HiFo 2 &7 E7|9 G4 A x9
7+0) 5% CO, Wi k7)) o) &) ul kst ot

5. & 2to] M ejuhet

TR AguiFg At WA 27 d@4

Mxe ZHe =49 E7Y d#S penicillin G
(500 unit /ml)$} streptomycin(500 pg /ml)o] 3
Qe AHAESFE AT AFF S A
dAZZ ¢ ZHE S 2gRAgH Az S
AAGAE 70% GEANA 253 o oA 34
A7t A7 e 52 AHsZ TCM-199 #f gl
(GibcoBRL, USA) 1 mie] E4de FANE &
FAPHANN FERZOZ FFAZI o-F BAoR
GHE gFEUA dF YA EE AH AT A
g A AEE 500 gollA 5B QA E S
o AE NS AA}NL YA pellet FE& 23 o]
4 dAEENE MFHEA 1~2X10° cells /ml9]

C HEEEE 2EH oL 10% fetal calf serum

(FCS, Sigma, USA)-& #7718 TCM-199 i} 2
Z WFA A AEsA .

SR G A JulRe 10% FCSE J7HE TCM-
199 #jfd s D-MEM(GibcoBRL, USA)$t RP-
MI 1640(GibcoBRL, USA)& 1:1 & 3[4 slef 1t
E RD W39 & E7]e] b oM X} 7o) 39T
9] 5% CO, Wl F7 1N AN o3t e 22l v
FA L BA AT ANT wigFR oz nEHAL
¥, RD 8] ko) & 48417+ w4 &t F TCM-199 wj %
doz D@

6. E7| =X M e FXXe] 24
1) GFP RXXt HAMZ 2i5t PCR

GFP #77 A41& % PCR 2499 74&
1 X PCR buffer, 1.2 mM MgCl,, 0.2 mM dNTP,

- 0.4 M primer, 0.5 U Taq polymerase & 3} %t}

S M Bpa Sph

50Gbp

Fig. 1. Restriction map of green fluoresecent protein (GFP) transgene. The GFP transgene contains the
CMV-IE enhancer, the elongation factor la (EF-1a) promoter, GFP (S65T) gene, and SV40 early
poly (A) signal. Ss, Sspl: H, HindIll; Spe, Spel: Sph, Spht; E, EcoRl: B, BamH!.



PCR &Z¢& 913 primer+ Oligo 4.0 Primer Anal-
ysis Software(National ‘Biosciences, Inc., Ply-
mouth, MN, USA) & AH&-3t9] HAHL &34
FogRy FEAFIAT. 2 /EL &
Zov o] primer 4-& AH§-3t FE == DNA A
&9 o) ZAol& 414 bpo|T}.

P1 (forward), 22-mer,
5 -TTGCACTACTGGAAAACTACCT-3
P2 (reverse), 22-mer,
5 -TTTTGTTGATAATGGTCTGCTA- 3

PCR cyclee &3 7+ 27402 A4t

1st cycle denaturation 96C 300 sec
annealing 61C 35 sec
extension 72¢C 32 sec
2-44 cycle denaturation 96T 35 sec
anealing 60C 35 sec
(touch down 1 /7cycle)
extension 72¢C 32 sec
last extension 72C 300 sec

PCR %8-9 negative control2 & GFP {37t
g FY3x & EVisA3es 279 FHRTE
Abg5lg e, positive controlZ& ¢ 100 fgo)
CE321-FL GFP plasmid& A} &3} th.

2) PCRMAME 24
PCR w8 MAE ZF <F 15 & SeaKem LE
(FMC, Rockland, ME, USA) agarose gele| A A

719 %38t ethidium bromide stain ¥ UV transil-

luminator 2 Z @ DNAE &3ttt

3) Ao/ Hol 28t orp REX}L whedel HY

E7| #3 %) GFP F3HAE FY3L wivtE7]
A Ade B¢ olEdM Y FAALES exci-
tation: 488 nm, emission: 500 nme] GFP filter
(Chroma Tech, Corp., USA)7} A8 %380
73 (Diaphot 300®, Nikon Co., Japan)2 2 ## =
AFstsiTh.

7. EABE B _
APAze A 42 Chi-Square test&

PEERUEXEEEEEEEET )

4 1

1. GFP REXIFY £7] 3 2e| Hojuus

E7 £33 29 A GFP f4& E& buf-
fer& wlAZAe T TCM-199 wWiFH ez A )
%3t 0|59 UEFH L ZALG A Table 1
o Vel vls} 2o}, GFP §AAE uAFYe B
7] A ZY wutEsA 9] SHEES 67.6%0 21,
ol buffer& v AFY e A FHaE FYA
Fe AL BV AT wivtE S E 72.4%
o} 83.2%0° sty £9#(P<0.05 ¥ P<0.01)
Aol & el ot

2. GFP SEAIFEY E77] $Hzie| A W

E7) £33 GFP #AAE FY43ta AYA
vjokate] wiwtEs|7lx) WA o, o]EdA
GFP #A#¢] 48 28 FFHvF 22 BFs}
KL u1l, 45.2%7F $4& B (Table 2 2 Fig.
2). ¥ 338773 FA GFP 444 HA 11A
o] £33 @& PCR A4 3t94 ul, 671(54.5%) & 9
Al PCR AMAME S & BAL, 571(45.5%) €
24¢ By ¥FAw M GFP 49 &

Table 1. Effect of GFP gene injection on in vitro
development of rabbit zygotes

Iniecti No. of No. of zygotes
njection zygotes  developed to (%)
Toups

grotp injected Morula Blastocyst*

Control

(non-injected) 197 171 164(83.2)*4

Control

185 153 134(72.4)°

(buffer-injected) (72.0)
FP

G 108 ez 73(67.6)B

gene-injected

* The values with different superscripts of small(P<
0.05) and capital(P<0.01) letters within column we-
re significantly different,



Table 2. GFP expression in rabbit blastocysts fol-
lowing injection of GFP gene and in vitro

culture
No. of GFP expression
blastocysts No. of No. of
observed positive(%)  negative(%)
73 33 (45.2) 40 (54.8)

Fig. 2. GFP expression in rabbit embryos at morular
stage under a fluorescent microscope (200
X).

A#L& PCR ANME BF 45 RAH(Fig.
3).

L ¢

HAARAH Y FAAANLS A 3~45F E &
28 2o 245EH DNAE #&% ¥ PCRoY
Southern blotting ¥HH-& o] & 319 t}H(Gendronz}t
Gridley, 1993; Hogan &, 1994). 28/} o]&3 A
WS RE A HEAE B Ave A

o] 228t FARFNF AAE V&3 gt

71 9}3ted marker transgene®} co-injection &}

M1 2345 6°7 8D 101112131415

"

s el o e 4 414 ﬁé-

Fig. 3. Detection of GFP transgene in rabbit em-
bryos by PCR (414 bp). M, marker DNA (¢
X174/ Haelll, bp): Lane 1-11, blastocysts
injected with GFP gene: Lane 12-13, nega-
tive control; Lane 14, positive control.

o] A==t Overbeek %, 1991; Bonnerot
9} Nicolas, 1993). €| & £, tyrosinase’} A¥ &
AAe 4249502 PNog "l o=
24 A7 ¢a}ol tyrosinase minigeneS 3¢ 5HH
PFAAGNFA Y 2L AAY FH o2 Jed A
o] t}{Overbeek %, 1991). Ikawa %¥(1995)-& GFP
7t gds e FAAH A4S £9 199 390 nme)
exicitation light 2 S o] w3 4.8 v &3 W
Heoz AF3A. FFATIAE TISA HY
e WES §AAENF O AFS gdsted &
£ Aol B g0 4, HAS} 2L FAHPFE
Aol 2 QA7 FHD AR, FAVE §E
2 o, o|E FEAAN FAXNPNAES 5LF
o7 AAE7] At 27| AT SA A
FARAE AYse Reol uFA ol W) bi-
opsy$l PCREZ #AAE € X, Y-g44 & &
g £ 9onz AL FAAE ERH R HHY
& 7 A (Cui %, 1993; Kirkpatricks} Mon-
son, 1993; Lui &, 1994). 28y} 7b&stchd bi-
opsy7t B AT v A A A4 Ye] F2A
A E Adsted oS fE Zolt. o]d &
A& A%t o HARE p-galactosides, chloram-

Table 3. Screening of GFP transgene in rabbit biastocysts by PCR and fluorescence microscopy

. No. of gene-injected
GFP expression Y

PCR-screening of GFP gene

blastocysts No. of positive(%5) No. of negative(%)
+ 11 6 (54.5) 5 (45.5)
- 8 o( 0 8 (100)




phenicol acetyl transferase(CAT)u luciferase$}
7+e reporter gene AML3ElY $ted oS F
FB A2 dFE F 7ol Ak H2 fire-
fly luciferase & o] &3to] WA YHoE J
AR FAFS FYsAtte dFAA RuH
Qo ofF o] whgo g JkAE st dele
Az8x Rty oH(Thompson %, 1995: Menck
%, 1998).

el e] YFEQ Aequorea victoria A EE €
GFPE & W& &3l #71714 o]} cofactor
o Eggle] 253 S WEdn. 1rE GFP
o] AML luciferase, B-galactosidaser} CAT %
o] LSS o4 Wt 2 FHo| 7|EE
g2 &% gon PCR Wy 2ol & A7tst
o8 GAE AXNA FIT Aol FABAA 4
I mEA AR 2H qRg & F doh 29
B2 GFP #AAE £ @ FYsta A& de
A YBPujAo e gAsle 254 U dAstE
FAXL Agsio] olqFgozH JAAEFE A
Ao A& 87142 A7 E & Ao Lka-
wa $(1995)& GFP §Az7t 4448 &9
marker24) Ay Bust 28 BH
g d4es GFP f3AAE 166719 3¢ A
Woll FYsE o & o] 3te] 16(9.6%) wt&] o 4t
A Yastgded, 2 & 30121(1.8%) 9 23 AA
GFP #Axte] wde] A=Y Takada F
(1997)& A3 % & 3] GFP fAAE F%
s ALdA s d ul, WivtER] WHE
& AF A 46.9%, 2olA 11% oleH, &L
FFAv|Aog FAA Hde FABIAEY 4z
39.9%, 9+ 9.3%7t ¥4-& BAh & APdME B
7 £33 GFP FAAE FYHI A JlA o)
st W v, W E R WGEL 67.6%02H,
o 5S FFAVH LR FAR LEE FAEAY
Y 45.2%7t ¥43& 2]tk A¥ F3# FUF FH 2
E7)¢) B8 o2 47 Bivt glens 3
27t o894 Takada 5(1997)9 472} H|
28 o AR BFd) vlEe B9 @Ego]
A3E e Aoz velgoen, GFPY 2dEx
o7t ESkth olE #£AFFE PCR AY34Q Hl,
GFP 84%A4e B9 11719 £ @A 671 (54.

5%)% 9 PCR AMNME FA4& BAZ, 574
(45.5%)€ €4& Bt GFP 33 AN M ¢
AL B FAT F 455%7F PCR ANdAME
GFP %A} A&HRA && olfrel A3 &
Ao oY uk GFP 839 ¥4, &4 B4 |
3 FkAY 2L PCR AAA A% A&7 /M
oz e A ok 28y GFP 333
AqM o2 Y& 3T ZF PCR A4
M §4o2 YL A2 Bol GFP 33& o) &
3 Ao g A9 non-transgenicd AAY §
AL& ¥o Fu}, Takada 5(1997)& GFP 44
Q A FATL gl R4 ol4sle] 22%<] 4t}
BAEE AAZ o|F 117H8)(8%) A GFP #A
o) e #elsislh

olg} 7+e& AT Rol GFP {4 A& reporter
gene o 8 §8-3t] FATL o]4 A AT
FAARFEANY 880 Fold + UL L=
Az, ages gog GFP A& #48F
AAE §%5A Y coinjectiondre 24 GFP 44
28] Bl FEFAR ) HES AN E WY
o g Zolgle A7t Adsojop & Aoz A
ZHe o},

5 e

E7] £AT] $AAY W GFP §4AE 7|
AFPste FAAAE AL F&sx, PCR
-screening ¥ GFP-screening® 2 F48 FA=
o] A B % GAL =7lo} FAE FHAAA
g ST AEr¢E ANGFoEN FHARF
B AA7EE FHNNZA dde] AP S AN
At E7|$A e GFP §8AE FY43 F A
WS A7, WEs 7R GG EL 67.6% At
olE WMWY FolAM FFHuF oz AP GFP
fAAe] HE L 452% Aot olE GFP 4Ant
% 11709} ¥l E & PCR screening @ A3}, 54.5%
7t ez AEHAY, 2 FFE0G el
A &Aoo JeY 8719 vl¥t¥ s PCR screen-
ingdME % $A4o2 Yelgd. o8¢ A=
Mo}, GFP $A A& marker geneo s #43lo
FATEG o] Ao FAFgez JYAABFENLY
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