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ABSTRACT

For the construction of plasmid and BmNPV carrying the FRT recognition site for the FLP
recombinases, we synthesized the wild type FRT oligonucleotides. The target FRT sequences
consist of three 13bp repeated DNA sequences; two repeats in a direct orientation and one
inverted relative to the other two. In addition, there is an 8bp spacer region between the
repeats which determine the orientation of the FRT recombination site. In order to place the
FRT site both in the target BmNPV genome and the transfer vector, we constructed a plasmid,
pFRTB-gal, carrying the FRT sites within the cloning sites of pSV vector and a recombinant
BmNPV, vFRTPH, carrying the FRT sites at a downstream of polyhedrin promotor,
respectively. In order to test the functionality of the FLP/FRT site-specific recombination
system, vVFRTPH, pFRTB-gal and pHSFLP DNA were co-transfected into BmN-4 cells. The
resulting recombinant virus was designated a vFRT,(-gal. From construction analysis of the
vFRT,B-gal with PCR technique it was concluded that the entire pFRTB-gal plasmid with [3-
galactosidase gene and origines of replication flanked by two functional hybrid FRT sequences.
The efficiency of recombination was 8.7%, which was higher than that(2.2%) of recombination
between a conventional transfer vector and the wild type BmNPV.
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gle crossover¥l wlola~ X1 5-o] FA13& sHAls)
7] 913 At we] Mausmgleh (Kitts er al,
1990; Patel et al., 1992; Kitts & Possee, 1993;
Luckow et al., 1993). 53] Peakman 5(1992)2 -2
BolA A 2F AAR in viroold AEF nlelz] A
Azto] 715sbcta dedvd], I+ bacteriophage P
12] Cre recombinase2} target sequencedl 34bpo]
loxPE 7171 ofA8 wlolejns} Heo] Fepav|=F
in vitroo| Al ¥HEA1A <k 50%2] AT vleolg] A5
dow, dubgol 23] A2 vlolelag e A
o] Fejan|rel opdy wlolelaE (A Y F
glcha skeith. o] wH-2 Cre recombinase”} loxP&
EolZ oz glasla kgl F ofE loxPell AZA|
71 7155 o188 Aoy AF A o E
9 BolA ANxg wpg R HEEw ot

&t#, Cre recombinase$} -§-AF3F 752 7141 FLP
recombinaset= Saccharomyces cerevisiae 2 pum Z2}
2P| 2o 1,272bpR MEF ] glon, o] Eie] &
o] Q4] «f7|vjd 2 599bp2] inverted repeats(IR)E
Z&3t1 vk sledck(Hartley & Donelson, 1980).
21 % Senecoff 5-(1985)2} Jayaram(1985)l] <]zf
FLP recombinase®] A <14] wldgl FRT(FLP re-
combinase Recognition Target}x= 8bp2] core F-¥-3}
13bp2] inverted repeatsZ TAIEe] gl Zlog vt
A}

o]2}§t FLP recombinaset= 55l &2)s= FRT
Apele] §AALE AASAY WIS vlE 5 glen,
AR A A2 ZoAL 5 Q7] d el A
= FAx 22 A7l f-g-sieta g eh(Golic &
Lindquist, 1989; Kilby et al., 1993 ). =&} FLP/FRT
A ~E& E. coli(Huang et al., 1991), 5-EA| Z(Jung
et al., 1993; O'Gorman et al., 1991), L2} 2]
protoplast(Lyznik et al., 1993), Full(Lloyd & Davis,
1994), Zs}2}(Choi & Perrimon, 1992; Golic, 1991;
Golic & Lindquist, 1989 ), ®.7]|(Morris et al., 1991)
59 A% fAAAA NS A7)
A7) Al 1SS Folete] oljal HHE-E FLP
recombinase®] W3l ofAltel] wle} rld o F oo
thar 3hedct.

2 ATE AE AP G uold s ARG &
£} single crossover] ¥-#)4-& 7Nl s} L3} yeast]
FLP/FRT AlA~8-& 7lFsle] BmNPV Algoll 9
EolH oz ofARE AT e M2 A
2 & & szl sl

M=z 3 gy

L E. coli @5, Y& ¥ FXX}

Fefav| = DNAS] A S| AHEE E. coli &
= IM 109(Takara, Japan) & XL1-blue(Stratagene,
us.Apled, 12 F2Yel AHSR HE]= Stra-
tageneA}2] pBluescript I KS™ % SK'E, PCR 4HE-9]
Z24-& Promega(U.S.A}2] pGem-T HE]E ARS-
shadet.

pBm4 A o|=E] (Kobayashi et al., 1992) % pSV
Ele AR WMREsdried i) AEgst A7
AlZHE] Boputo Ao 2] 7 FLP recombinase ¥
W)= E 5(1997)0] Rargk pHSFLP iwle 5
AR2-3kodel. B-galactosidase A= PromegaA}2]
pSV-B-Galactosidase HE] 2 H¥] F-2]slo] AL&35)3]
t}. 7] e} 443} 222 Sambrook 5-(1989)2] HiH o
Fte] it

2. ZA| HIO[HA Y D& MIXE HHSF

FA mlol# s AR AT 7Ied T4
M EFE dFAldlA] Bopike ol ckzAy v}
o]2] ~(P6E)E- AH&-33dct.

23 R Eel A ¢ wlo]g| A FA2 10°pfu(plaque
forming unitsys%2] P6E vlolel A 20 WE BmN4
A Eol] HEgE F 27C 27]olA] wjoFslar] 5-7
A oA 84 f5-5 g3l F shaEE Agod
vjekelg At olE 15ml FAFHA $A
3,000 pm o2 1087 A48l A2E AAE AA Y
& nlola~ A o slx, effendorf ol 1
mi4] B3l0] 70°Coll Baslgdct. vlolzlae] Fre
O'Reilly $(1992)} HbHel] w2} TCIDg(tissue culture
infectious dose}s AFE3lg]c}. vlo|z]~ DNAF Pen-
nock $-(1984)2] whell whet chzhA| 2 #E NOV(non-
occulded virusys- F-2]8 § Maeda(1989)2] el w}
2} NOVZ YE] &35}

TF A ETE dB RReErlsdTA
o] HEFIAFAZTE eldt fHe] BmN-4
AZFZ Fofutol ARS3lgIrt. BmN-4 A 272] A
tiufeke- 10% FBS7} &3 Ex-cell 400u]7] 2-o
TC-100w) R & 25°CollA] 5~747F wiokdt A2 5 =
HEn| 7 o Pl FA AxE G L, 7
282 Jdaleg AEE dod F AlAdu)A] 4 mio]
= 25cm’ ZefAaFol 1 mi¥ B8k 25°CollA] i
oF5}3]t}(Maeda, 1989).

3. DNA 84| Ho|
2 uljofA ol vlo]z| A DNAS} #olwle] DNA
Z ZA]H0]3}7] ¢&l liposome transfection reagent?]
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DOSPER(Boehringer Manheimm, Germany)Z o}-8-3}
o] A|Z3|Ale] vyl we} alsldc)

%, nlo|z]2: DNAsg} HolwlE] DNAE 717t &gt
g % 20 mM HEPESE 7}slo] & o3 6 ul = 7
__?:

g % o}y|ell DOSPER 3 uza} 20 mM HEPES 3 W
A AE Arhsted 4 A2 F 25Coll 1583k ik

A ATk o] HESES A 107) AER B3I 24
well Z¢f|o] Eol] H7}sla 25'Collx 647k Hkg-A17)
& A% eR 2 A s 27°CF-27) ¢l wieFslel
t}. o] 3 5~7917) uijoks}uiAl *ﬂ;‘?ﬂ chzbA| Aol

v Al 22 A2 DNA #o] o] -2 39l 519t}

4. DNA H7|AMY B4

DNA 997|498 zE47)4ed BAA3H=] (Applied
Biosystems Inc., U.S.A)Z o]-&&}o] #|2}3]ale] vl
A ket apsieict. 2 971e] B4t dye deony cy-
cle sequencing kit(Applied Biosystems Inc., U.S.A)yE

o]-g-3to] HhEelS ZAstal PCRE S-daiich.
PCR Hh-E-AbES AARE F 4.5% ol=zdolvlo] =
o R 7hshedch.

olzHolvto] = Ale] ofn] T2 30%ER 0%~
1%2 slod o), A RF3)e AT PCR AFEe] for-
mamide 5 2} 50 mM EDTA 1pE Yol 100°Cell
237% A2lskn FUE F 2 wellol) 6 a4 F5)akal
ch. 719358 1450 volioll 4 s} B4 s}s o0,
A71M DL 71712 FE] Qg delet2 ¥ AA
st

5. Oligonucleotides M 4! PCR

FLP recombinase®] T 2-9]al FRT: Pan %
(1991)e] w3k A7) qd& FHuR3led sense prim-
er= 5'1-ACGCGTCGACGAAGTTCCTATTCCG-
AAGTTCCTATTCTCTAGAAA-3'?} Z}o] 45merZE-,
antisense primer— 5-CCATCGATGAAGTTCCTAT
ACTTTCTAGA-3'9] 29merE A A5} §H42(3)
ol 5H4 ©)=laksirs.

BmNPV] chzhl shalgl §ae 2] )
&t primer: latrou 5(1985)0] B 73k chzlA] chulzl
frAztel AriMdE R sl Axbsledch
Sense primeri= TRZHA] Al R-21x12] -2~+19¢]] 3
3sh= 21bpe] 5" et A A Nru 1 YA 5
7}3le]  5'-CGTCGCGATATGCCGAATTATTCA-
TACA-3'9} 7ro] 28mer2 A)Z+a}ed 21| antisense=
1201~1220 71¢l #3h= 5-CAATAATGCGCC-
TAACGC G-3'2 A slsir). PCR HE-2-o0-8 Premix-
Top Zl=(Korea Biotech Inc., Korea)ys ©]-8-3fo] =

7]32ed -

}\o]"\i =

o

A - AR

[<] c

A3k, PCR-E 94°Col] 387 A 2] 2 94°Cel|
30%, 55°Cel] 13, 72°Cel] 13#30%°] Hbg-#A-&
303] ulE-s}ar 72°Cel] 78-7F vk-&-A) 7o}

Nz3} vlolel s~ AL 213 PCRS OReilly %
(1992)94 w2 2512 sle] =asiedct. olhzbA) v
A AR} T4 2|8} sense primerss -93~-740]] &t}
3= 5'—A’ITAACGATACAAATGGAAA-3$]- antisen-
se primer +590~+610 $]%]2] 5-AGAAGTTCTCC-
CATATGACG-3'¢} 7o) 3HAslsdct. B-galactosidase
A2 £A1-8- 9Js g3l antisense primer: pSV-
B-Galactosidase ®E]2] 716~735 x|l sfdsli= 5-
TCTTCGCTATTACGCCAGCT-3'¢} 7to] &4 s}ict.

Long PCR-2- Takara(Japan)2] LA PCR kitE A&
slod A zkE) AL A o) wlel whg-of-g ZAl|gh
& Themer cycler(Perkin Elmer)el}4] PCR 3}53ic}.

9] A7IMd ZAS $1% primer:= Stratagene
(La Jolla U.S.A)°] M13 primer(5-GTAAAACGAC-
GGCCAGT-32} reverse primer(5-GGAAACAGC-
TAT GACCATG-3) 2 Promega(U.S.A}A}F2] pUC/M
13 forward primer(5-GTTTTCCC AGTCACGAC-3")
2} reverse primer(5-CAGGAAACAGCTATGAC-3")
2 Fasted ALgehac.

6. BmNPVQ| REX} =8 58 2A

Yeast®] FLP/FRT A|A~®)l& 2] 7% BmNPV =}
712 o] 4sl7] sl FEe AFF FTekavise}
ntolz] A~ DNAZES] f-42F =3} o ¢ a8 7]
AL oh-5-3) o] 3stgic.

FLP recombinase & E], FRTS} B-galactosidase
FAAE FH-3 Aolle] 2 ulolz] DNAE vl
Aol 6A17F FA7FG A7 F 5 AR 353wl
HE 100 kA 3|43t O'Reilly 5(1992)2] HiHl o
ule} vloe 29| TCIDyE AHEsIsch o5 Hu=
sle] ulolalss Yele 96 well o] Eol 10%4 %
Zrdd & ole FEE Al nlole s HEN o
2 3k

vlolal A AE 2wk At welld 107] A&
B33 F 96 well Zejlo] Eof ulo]a] s LN 50

WA 5718k 3 27°C ol 4] wieksbwA] 5~7Ushol) 2}
welu A A {75 715 0R AT vleleia
£ 12} Abdsledc}. Adbel Az vlolai e 9w
FAAE NEF AN 53] S8l 7 welle] Al
weflE A3 o] & utole)n HFHOR &l
Qle} 2w o g 2-33 ubEagr). HEHow
A1ubgt 2 23 nie]#] ~2] B-galactosidase 3y of 3
= X-gal GA(O'Reilly ef al, 1992)0_2 3telsteic).
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y3har flopke nhog Az nlolg|AS At
spalon, AHE BEL A2 upole~g F5x
well?] 258 1hEsdct.
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L. FRTE Z &5t J0| HE XI=}

FLP recombinase®] ¥4 f%12}2] FRT(FLP Re-
combinase Target site}yg A3}, o] 8 24 wE
o 4F3lsto] FRTE 7}3l Alo] Fepuol =g by sl
it} FRTE §Als}7] 93] 5" gedoll Sal I A|gHEA
x5 E3A7] 45mer?] sense primerE-, 3' Wil
Cla 1 A8 A 91A5 2347 29merf] antisense
primerg  Z}7F Aok @AE primerE
Stratagene(La Jolla, U.S.A)*}®] Klenow Fill-in kit&
Apgaed AlxtalAbe] Wyl @iek o6bpe] FRTE A
z+steitt. FRTE- phenol/chloroform H}H 0 2 3|43
F Sal 13} Cla 1 A|grA T 232t Ae]slar o7k s

A 79 F02 DNAS Bl5atolehadd 1), 354
FRT-ET Sal 15} Cla | A5 22 M)k pSV = o
78S AlA pFRTSVE 9

pFRTSV #E]2] FRT 4] f-7-¢} %2 f4
2F FaE 3] 98 dAr|Mds BAskedch
2 2). 2 A3 AFl®l FRTE Zhu 5(1995)0] ¥ 113}
u}-2} 7+o] FLP recombinaseol] &]&F 37] 7pete] At
3} Az wkSo] Uitz 8bpe] core H-$]9} o] &
ZAlo % FLP recombinase?] ZAF ¥z odeix]
13bp2] 37]vfddo] inverted repeats 2 vl = o] 2J<]
t}. tj2-o] E. coli &} yeastl|] A zF vh$ T8-S
Z A7) e g B ax 3R] 13bp(Senecoff et
al., 1985; Jayaram, 1985y} B.E5] o] glel 5 vk
A Fol| 4] FLP recombinaseol] 2]&F #2271 | =3 &
88 20 A7+ A% Aoz 2udn. =y
FRT®] AR50l Sal 1 A|3E 4 22} shii-8
9] Cla 1, Hind I, EcoR V, EcoR 1, Pst 1, Sma 1 A&+
F2 912 ¥ opoly A taile] AR vl =] 2l
o}, webd o] BElS FRT shfoll 212 407} A1)

o) £o1g % ollz} poly A tail & 27 9Je] A9
BEAel| 4] FLP recombinase®) 2|3+ -f-A2} A =3+
Whgh el ol f-asteky 7ksic,

byl 3 nlofkA| FollA] FLP recombinaseo)| 2]&+
FRT ¥217F 642} A2E 52 AAs7] 930
pFRTSV #Ejol| B-galactosidase 71-317(]—% Abal5)ed
pFRTP-gal-S =M slelch(23 3). A)=2HsE pFRTP-gal
Aole]E= O'Gorman £(1991)°] FRT ¢} B-galac-

©] 23+ BmNPV2]

R EL 55

S'ACGCOTCGACGAAGTTCCTATTCCGAAGTTCCTATTCYCTAGAAAY
S'AGATCTTTCATATCCTTGAAGTAGCTACCS'

Kienow
SaltiCial

Spi 1

STCGMM"CCTAthCWTTCCTA"L TCTAGAAAGTATAGGAACTTCAT
T T TTGAAGTAGCTAS'

Cla |
Fig. 1. Synthesis of the FLP recognition farget (FRT) site.
Two primers were annealed and fllled in with a Klenow
fragment.The resulting double-stranded DNA fragment
was cleaved with Sal | and Cla |, respectively. The FLP
recombinase binding site and orienfation are indicated
by arrows.

TCGAAGTCGACGAAGTTCCTATTCCGAAGTTCCTATICTCTAGAAAGTATAGGAACTTC
8
Poly(A)
ATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCATAAT
c H RV R P Sm

{PFRTSV)

B

- B
Fig. 2. Parfial sequence of the plasmid, pFRISV con-
taining FRT sites. Fip recombinase farget vector was con-
sfructed by ligating the FRT oligonucieotides between
Sal I and Cla | site of the pSV vector. Abbreviations
used for restriction enzymes are as follows:BarmH | (B);
Cla I(C); EcoR I(R); EcoR V(RV); Kpn I(K): Hind li(H); Pst |
(P): Sal IS): Sma I(Sm); Xba I(X).

M1 1 2 M2

Fig. 3. Restriction enzyme digestion analysis of the B-
galactosidase fransfer plasmid, pFRIB-gal. The Hind il-
Pstl fragment containing B-galactosidase gene was Ii-
gated at the same sites of pFRISV plasmid. The clon-
ing vector pFRTSY and fransfer vector pFRTB-gal were
digested with Xba |, respectively and electrophoresed
on a 2.5% ogarose gel. M1; Lambda DNA digested
with Hind Ill, M2; 100bp ladder marker, Lane 1.pFRTSV
digested with Xba I, Lane 2:pFRTB-gal with Xba |.

tosidase --AALE E§3F Ao|wlE & F2sle] BB
A Eel4] FLP recombinaseol] &3+ ¥-2}7} -§-%1 2} =)
Z3 vk F-5-E5 B-galactosidase®] W3 Rz 7
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S i - B R |
A3 A2 FE I 2 2 ook EelA FLP
recombinaseol] 2J&F -x}7+9] §-A} A 2E & A
Aol o188 5 3¢ 702 YA

2. FRT & CI2t| EMYE REXEE ZEs TxE
ol M=t

FLP recombinase®] #-$] Eo]& A=} A2 7]
ol o)l FRTE ¥3H3 Ao]l¥ele} BmNPV 7t
FAAE AREFe] dojub=x]E A Sl ofA
& ulolej~e] ohzbA Al fAda) 91x]< FRTS}
B B i B BB e b =i S R EA R
Hpol 2 aE Al ztskelct.

1% 4= FRT9} op2hA] b §-42-5 pBmd A
olHeloll 2t S w3 Zle® PCR
2 55T oA A {5432 pGem-T HE] o]
A4 4k&A1A pGem-PHE A'E3sict. pGem-PHE
€| Nru 13} Hind T AFEAE A8lsle] 1.23kb
o] b2 A whilAd Az B, o] fAiat

oolyhedrin

Hindill

I
Nlul/ﬁg B

@ =

Nru |/ Hind I /c'. 11 Kisnow
Hind 1l

-)

— Nrul
Xho | {74 pol. TN Hindill
Hind TN
pBma

Hind 1

\ d Am I Hind I

pBmAFRTPH

e

Fig. 4. Construction of the fransfer vector, pBmd4FRTPH.
The PCR product containing the polyhedrin encoding
gene was infroduced into pGem-T vector. The Nru |-
Hind i fragment containing polyhedrin gene from
pGem-PH vector was ligated between the Cla | site
filed in with Klenow polymerase and Hind Il site of the
DFRTSV vector. The pFRIPH cleaved Xho | was filled-in
using T4 polymerase and digested with Hind lll. The
FRTPH fragment was infroduced info the fransfer vec-
tor pBm4 prepared by digestion with Nru | and partial
digestion with Hind Iil.

e

. 7‘;%03

cghgA - AR

poly [ — "™
—_—
5-TAATAAAAARACCTATAAATATCGTCGAGGTCOACGAAGTTCCTATTCE

X R N +1
GAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCATCGCGATATG -3

—~[en

|- vFRTPH

 RRpovhedn | 5 vy
s kw x M

Fig. 5. Sequence of the recombination region of the
recombinant virus, vFRTPH. Recombination region was
PCR amplifed and cloned into the pGem-T vector.
The resulfing plasmid was sequencing. Abbreviations
used resfriction enzymes are as follows . Hind Ili(H); Sal |
(S); Nru I(N); Xba I(X).

2 Cla 128 kst o} Klenow polymerase 3] 2] 2
blunt end 2 9= & Hind 12 2] A <38 pFRTSVel|
4kal3}o] pFRTPHE T-33bsich.

w3 FRT9} thzhA| chiid 5215 pBm, Ao
Elof] FAlel 4tslsl7]$isl pFRTPHE: Xho 125 A
=g} t}-8- Klenow polymerase 2 blunt end & 3H537,
ol Z Hind & Adsto] 1,244bp2] FRTPH whzig-
dojr}. o] WAE Nru 13} Hind 12 $-3 Arls}o]
& 8.8Kbe| pBm, Zeo|HEd| <173zl pBm,
FRTPHE- A|&t&}sict.

o4ge)x] A<k pBmFRTPH o] Hleje} oby )
ulo]zl~ DNAZE BmN-4 A %ol BAZ A7)
end-point 3|M o2 vizbil & PAlste A=t np
olel2g Ak}, ol vFRTPHE Bedsjaich. At
UE 2 TS A1 BH AT 9)
chapal s §Albe] mEuE] shgel FRTS) of
ZH A i {1z AR sfdse] glslen,
ot whde] W Ade Tzedz e
70bp sHF-l $1215k3 QAT olshe fAAh vl
ZHe] vFRTPH A Z3§ vlolei e thzhd szl
=2 ueje} sl f05 Aolol AHlglel 9]
= FRTe| 2Agle] chhE Jashs ez ae
Sk weby At A2 vlolEl it FLP -
combinase & o|-8-8F F-AA} A 2g Al~8le] £4 v}

olelzg $-43fiz Azt

3. pFRTB-gald} vFRTPHZIC| SEX} Rix& %
s= 243

pHSFLPE o) &3}o] pFRT-gal¥} vFRTPHZLS] &
Az} N2 w3 2 T8-S FAlslkgd et Az uk
2-©. pHsFLP 0.5 ug, pFRTB-gal 0.5 ug % vFRTPH
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Table 1. Efficiency of FLP-mediated recombination
between wild fype virus, vFRTPH, and transfer plasmid,
PFRTA-gal

Infected . -
Method wellse" oce” occ”/B-gal+’ bja(%)
Homologous 139 136 3 2.2
recombination
FLP/FRT system 23 21 2 8.7

DNA 4pg& 3420l E4) ol A2 F 27°Col
slegeiolel. ek S| 41T vjgpele 2y
occ- #Hefe] wlelej~E 13k AEk ¥ B-galac-
tosidase2] W&ol & X-galgd W o g EFalzloe] )
23 585 AAs 1 A3 1) 23709 3
wellZ 27 welloll4] X-gal G0 odojytom o]
ZA Fhd well®] 8.7%31t}. o]71-& ok E wlole]
229} Holwe| ko] Abg AFFFo R 22 2.2%2] Y
Z2% Zavch =obvh v 8.7%9) 23 8
2 O'Gorman Z(1991)0] 753} FLP/FRTA] 28| 0.
2 EEAFNA 60%] MFF B8 Peakman 5
(1992)c] FLP recombinase ¢} -f-A}3} 2 %37} 7|58
7}A1 bacteriophage P1§-2]2] Cre recombinase 2 in
vitrool| Al A& 50%2] HzF FgRc} kel of
23t ol AxF vRSo| dofvie 7|l e}
WA 23t B0 FA Aol 7|lshe Al
oluym AEM] DNA Ho| A&, 7|5l 23t o]
DNA2] Fafl AHx, A3t &40 waake] Aol
23t ARl Bl FF old gt A7
7} o] RolFl o2 A 2F EES A 5 el
e A7t

4. R2|K0X TU=Ef HIO|HAL| FHX| 71X HA

kgl §-915o|3 A|xg wle]e]s, vFRT,P-gal
o] A} L2E PCRE 2459t 6).

%, oA e fAzke] ZRwRE R9E
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Fig. 6. Identification of a recombinant virus, vFRT,-gal
by PCR ampilification. Expected recombination event
by the Flp recombinase between the wild type virus
and the transfer plasmid fllustrated and showed the
position of primers used for PCR reactions (upper
panel). M:A. DNA digested with Hind Ill, PM:PCR mark-
er, Lane 1,2: the fragment amplifled by primers p1
and p2 from w.t. virus, VFRTPH or recombinant virus,
VFRTB-gal, respectively. Lane 3; the fragment am-
plified by primers P1 and P4 from recombinant virus,
VFRT.B-gal. Lane 4; the fragment amplified by primers
p3 and p4 from recombinant virus, vFRT,B-gal. Lane 5;
the fragment amplified by primers T7 and P2 from re-
combinant virus, vFRT.B-gal,. Lane 6; the fragment am-
plified by primers P3 and P2 from recombinant virus,
VFRT.B-gal(lower panel B)

primer 2 Z}7} F3}4ske] PCR3}gIct. 2 23} (lane 3,
4)545bpe} 452bp 2. FAHE FHA} 2EE 7o
2 Yo} ozt el Azl ZERE] sl
FRT ¥ B-galactosidase -3 2}7} wld=o] gl= 7S
el 4 gldr}. =3} pBluescript ISK+ #E] -2l
2] T7 primer & FRT &Alol] 21431 sense primere}
cpb A child $A1x) BB-2 antisense primers %
&slod PCREF 7-$-(lane 5,6), 742bpe} 692bp7} 7+
7} ZZ5 g}, ©]712 pBluescript 11 SK* #lg]2] T7
Z2RE 3hFell FRT9} oA @ f-42171 2
A2 ujdEe] gl= AL AT 4 Agdok

ojAkel Astel|x] pFRTB-gale] vFRTPHS] FRT $
2ol F-9 Bold oz AxPA & I 5 U3l
o, w Atel¥l B-galactosidase F-%1 A= o}zba] 8-
Azte] R uEo] o3 Arrdss Aoz A
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Kilby %-(1993)3% Peakman(1992)2- recombinasei|
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