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Asp 18.4 19.0 19.2 19.0
Glu 5.5 6.5 4.3 4.1
Arg 3.3 3.1 3.0 3.2
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1~-1 21.33 19.35 Thr 1.3 1.2 1.4

1~m 21.58 19.61 Tyr 0.5 0.5 0.5

I~V 22.70 1864 Asp 0.2 — 0.2
e Glu 0.5 0.5 0.4

Arg 1.4 1.4 12,2

His 1.1 1.0 0.9

Bl dCMP B LU CMP THREL - REWANONESR Lys 'y 4.9 48
o X dCMP CMP Met = — 0.1

- ——m— —_— Cys 0.7 0.9 0.1
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B4 -NFaO0dA4 NN AZHWEEEFEAICHET ZHE :
AAIWMTHEEINDEZ Za—A v ANEY T2 9w v I O0F D20 T

HOECREBR G AR - RS- 2

BH, B, BELRLE, ITNSR2TOELRABIIVAINA, ME, RARERE
DREBICERTIRPEH 2T THAIELNEETHS., £IT. RABKEHR
NoDOREE. TRADLBEBEHEEE VS EFECIIF U E2ERALAZHREOF
HARREZRATERL. COJIFICRHNENEYVECOEEFHTEIAETI I F
e MBEFERNUBRER LEAEEAEMENITT N bEBEML ZAEL
TJOF O/ ENRHE. LHELEYES, ThsBWIThbREKTHE 1
Z, M, RRELEOHEAZREE LS TIRASHRL., TOXS52HKHY
ZF IR, BETFHABIERICEIDY T2y NIV F>, a2F—-F
>EOOFY, TEN—TOOFIREORBERIIFUONBEET SHLIICR
e T MDD a—Hy ANBRBENIIIVIANALHEENS Za—
By AN I1I A (Newcastle disease virus, NDV) ORI L-> THK
THERWTHD, ZHIZEKRRLESRS, TOBRERIIBY THE W (Nagai et al.,
1988) . BifE, TOTFHRELTHFVANAZAVWVEEDIIF & EED
SPITHMES B I NVAZAELRLER, BEL, S5IC7JaNCbEMAL
AEXTIFURED, WOWBHRBEY 7FNEMEENTKL 5.

TIZT, AHATENDVOFY R IVBENF20O0MNARIY - TR
Bxd (Mori et al., 1994 ; AB S, 1995 ; A%, 1995) . T OFEBY > )%
VEEYTAZy MOV FUOLELTHIAT 2 HiERGM L.

MEL & Ji ik

L. XFaoA I AR I —-~DOFY N 78GcDNAZOQ—=> 4
NDVOF# >N 2V7E%3— R9¥5cDNA (Sato et al., 1987) #2527
¥ —~N27%—pAcYM1 (Matsuura et al.,1989) OFUARY > T7OE—%—
OFRIcZ2O0—=>JL, IBBRA NS AT 7 - ¥ —pAcFEHERLE.
ZOpAcFZ, A2 HBLUTI P IHHKOEEMPS, s ORH THM
TEDELDOIEHEMBEL RTINS Ty RNF20T7 1) X (Hybrid
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nuclear polyhedrosis virus, HyNPV) (Mori et al., 1992) ®@DNA& &
BT, I RTHB RO EMBIPLB-SF21AE (Sf#il) b5 2723
>LF. #LT, NDVOFZ NIV HEZRBRTHIHABRAIANF2 0017 R
HyNPV-F&75 —Z iz k D#ifEL 7=,

2. FANKNIHEDOHA AW TORE
AAARLEHEDSERETOLBMMZEL TATHEBZHNVWT, BEM&F2
fiof (MBS, 1988) . NFaDOUA I AHYNPV-F&A A JWRICER &,
SHEICZD2HED) HEHKRTPTERL, - YRR LALEBERIZHRILTY
YEB-FOEASI I EMA, HYNPVZAREL . BHE. THhZE545.
106%. 254%, 05 ICY CEEHBBRTHERL, ThEho I F o FEEEL =,
FEBIOMIIZY UEEHFK20ml, W A NL70mlzmA %, A{LLNDV
DFZNIEH T2 =y NIV F O EZH/BL -,

3. U0 FFR—ar

7HE OSPFEO KREBHANICD 7F o2 InI O OBEELE. RE%2EE8
28R L=, MBENDV LK £ 104-0EIDS0/PFOBANICKEL, BIKE
RE2AMBEL .

4. I KOS

AR ERGESR MBI HUA M (HD 13, E@BmEz2EEBERRL, x1707L
— hEICKDME LA (Iritani et al., 1991) . #MHiER T 7 — 7@ DIEIC
LEDWELE (Beard and Hanson, 1984) , 728, M (ND 34 EKRD
100pfuZz90 %HIE THAMBEOESHFREK TERLE.

i B

1. WA OWTRBELEFY N VEORNED R
HyNPV-FIZBRLAEAMIWMIZ2HEREO) D EEH®ERZMA, H-FREBL
FHEBKZOMEL, ISICIOMHEE ) CEBEEH®R TS, 1015, 2565, 50
BIZHFERLE. TS DA NV ARKBIOMICY UEEHF®20ml, WA 1TV
70mlzZmA%E, HILLNDVOFY > XV EBY oy vV Fo ML,
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oD Fo1Iml 27 E# OSPFEBO KEBHHANICEEL ., X 5I1IC28M
BICHBEBNDVT HAHERMEETHANICIHEL, BRERZ2HEMBRL 2.
=, WREFOR MERBEEMBIMS KNPz e L., REIZH W TIIRIMER
BRENFMZRNEL, 77F > EABORE HHZIEL 2. TORE., R1IZ
RLEESIC, MENDVOERIZH L T2fFRETI0O0XOHHE RERL
oo LALARNS, WEKOPMMIZONG, 565 105FRoThETHITHL T
Ewn@EZzxRL, $ICHREOR M EREEE B G225 H%H REABETORH, 565, 10
EHEROETNhETHhiICHL TEVWmZERLE. 23, 2o/ REHEREL TY
JFLELTOHRBETTFNEZ2ZEE2RTHOTH 5.

2. HyNPV-FORRIZL 3 EE

RIZHBIR VY —NIZARBIEEZTZ2EBALEEHES,. ToOXRZY -O#RICK
STHARBETFIHEREL., TRICE-> TN VHOREBDEMABE FTH &M
HohTwad, 5E. NDVOFY N7 E%Z21— R 5cDNAZNF 2001
AR HZ—-ICHEBAL, RUARY T OE—9—-—OHBATFTTHEY>>NVEDOKR
RBRERABEN, COLIRBETOBRIELEVIBRIVIFCOORBREESE L
S b RNE, SBKERBEICRS EEXALSNS., £ T, HYNPV-F &S
Mg TOMEGERR L, HoNEMRBOTAIINAZA AL JWICERBL . [k
KOO FELTONREZRAZ., TOME, R2IZRLEELSIZ, 5REARL
TH, MHENDVOEMICHLTI00%0Oi Az EZR L. K R2EME ORK
i EREE R MEGEIC BN AS hiado7.

# %2

ARYTAZy bIOF R, HREOAET ZVFORAREAI I F 2 E13E >
T, DE2BEDINVB AT HHREBLIUMRERE ZMAGEIHTELL T &
Z&D, WEEICH TPV RZEDAIENTES. 20D, SROL S
CHEHLUZZNDVIEH T ATy NIV F 25 LR OKi BREE £ H
lid, D7F 2 FEMOBLAKICEMHETHZICOMOS T, PRMEIIT I F >
BEfLAZBTREVEZRLE, L5 T, BBHITBVWTII7F O HEELEBN
NDVOBRBREZFENEDINDHEEZTI ZENTESL LEEX 5, @EI,
HABRRMECEBE, PR &RMICKR MRBENDHHR LR T HZLicix 5.
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L LABRS, RV FCOHBEELTEHMLUEFENFSY > NNVETHD .,
ZDF NR7ERBRREBBHEO DO THAH, FMRBERIF RNV, B
HIZ, TONDVOBHE, FMBRBELEEIITVANNADRSY > NIV ETHBLHNSY
SRV ERMEAT VS,

A AP TELEINTEZFY N IJEEINDVORBIIH LTEBTH S &
EZRLULEN, TNEANDVRTFHOFY S N7BEAEKOVESEZ2AETHFY N
DEBAA WP TEAINEZEZHMPLEDBDOTHS., 3512, 25HFH R
TOFHMETIO0OXDORBREYENRERLEZER, A1 IWIEBEZDH
2,50 mIOFRFEALS T2 bV F o OEREZMBTESEERLE, T
Nz, BEEEH OIS AL FoEHEBLTS (LEAS, 1994) |
AL IWDAEMENMCKBRICFY D NIVENEEAZINTWVWAZ ENHSMNITR-
7=

Lo T, AHRICKONDVORERT IVFCOHEEL TFY >N IH
ENFa2a00ANARIY —2HOWTHAOIWMTEEASIE ST L. EHTL
MHEEMBEFRTHEZEMNHBAL =,
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Bombyx mori fibroin light (L)-chain gene was cloned and
a green fluorescent protein (GFP) gene was inserted into
the exon 7 of the L-chain gene. The L-chain/GFP chimeric
gene was used to replace with the polyhedrin gene of
Autographa californica nucleopolyhedrovirus (ACNPV) .
This recombinant virus was used to target the L=
chain/GFP gene to the L-chain region of the silkworm
genome. Female moths were infected with the recombinant
virus and then mated with normal male moths. Genomic
DNAs from their progenies were screened for the desired
targeting event. This analysis demonstrated that the
chimeric gene had been integrated into the L-chain gene
on the genome by homologous recombination and stably
transmitted through generations. The chimeric gene was
expressed in the posterior silk gland and the gene

product was spun into the cocoon layer.

Received November 24, 1998; revised version accepted .

Lepidopteran insects and their cells are very useful as hosts
for the production of heterologous proteins by baculovirus
expression vectors (Luckow and Summers, 1988; Miller, 1988).
However, gene expression 1is transient, because the infected
cells ultimately die from virus infection and the polyhedrin
promoter is expressed only during the very late phase of
infection. For this reason, the IE1 promoter from NPV (Jarvis
et al., 1990; Jarvis, 1993) or a densovirus promoter (Giraud
et al., 1992) have been utilized for stable transformation of
lepidopteran cells and constitutive expression of foreign genes.
Attempts to develop similar transient expression systems in
silkmoths have failed, because plasmid DNAs injected into
silkworm eggs were rapidly degraded (Nagaraju et al., 1996).
Although AcNPV can replicate in the silkworm, B. mori, the

AcNPV-infected larvae survive and grow without any symptoms of
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nuclear polyhedrosis (Mori et al., 1995). Previously, we
reported that AcNPV could be utilized as a vector for the
transovarian transmission of foreign genes in the silkworm (Mori
et al., 1995). The luciferase gene was introduced into the
ACNPV genome, female 5th instar larvae were inoculated with the
recombinant virus, and luciferase activity was detected in the
larvae of subsequent generations, indicating the luciferase gene
had been vertically transmitted. Densoviruses are also
considered to be candidate transfer vectors for transgenesis of
lepidopteran insect cells and stable expression of foreign genes
(Giraud et al., 1992). On the other hand, transgenesis of
Drosophila melanogaster is routinely accomplished by using the
P-element transposon and this has facilitated the analysis of
developmental regulation of gene expression (Rubin and
Spradling, 1982). Recently, germline transformation of dipteran
insects has been established for the purpose of genetically
controlling the Mediterranean fruit fly (Jasinskiene et al.,
1998; Handler et al., 1998), and mosquitoes have been
genetically transformed using the insect transposable elements
Hermes and Mariner to control diseases such as yellow fever
and malaria (Coates et al., 1998; Zwiebel et al., 1995).

In this report we examine the transgenesis by homologous
recombination to carry out gene targeting and ferry transgene
into the silkworm, B. mori.

Results and discussion

Since fibroin, which consists of heavy (H)- and light (L)=-chains
is one major protein of silk and the most abundant protein
produced by the silkworm, the fibroin promoter would be a useful
promoter for the production of large quantities of heterologous
proteins. We constructed a vector for the purpose of gene
targeting in the silkworm, B. mori. As shown in Fig. 1A, the 5
kbp-upstream (long arm) and 0.5 kbp-downstream (short arm)

sequence of exon 7 of the L-chain gene (Kikuchi et al., 1992)
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were cloned, and a GFP gene (Chalfie et al., 1994) was then
inserted between the long- and short-arm sequence. The chimeric
L-chain/GFP gene was transferred into the polyhedrin region of
AcNPV and the recombinant virus was used as a targeting vector.
Homologous recombination was expected to occur between the long-
and short-arm sequences common to both the chimeric L-chain gene
in the virus and the L-chain gene in the B. mori genome. The
chimeric gene should then be expressed as an L-chain/GFP fusion
protein under the control of the L-chain promoter. Open reading
frame of the chimeric gene should be terminated by the stop
codon (TAG) of the GFP gene (Fig. 1B). One day-old 5th instar
female larvae (F0) were injected with 50 pl containing 5 x 103
plagque forming unit (PFU) of +the recombinant virus by
percutaneous inoculation. Approximately 50 animals were
inoculated in each experiment (Table I). Although normal
larval-pupal ecdysis was observed, pupal-adult metamorphosis was
arrested. Metamorphosis, however, resumed after administration
of ecdysteroid hormone (Mori et al., 1995). The average
duration of the larval and pupal stages in the uninfected
animals were 10 and 15 days, respectively, but duration of the
pupal stage of infected animals was a few days longer than in
the uninfected animals. This phenomenon suggested <that the
ecdysteroid UDP-glucosyltransferase (EGT) gene of AcNPV was
expressed and the secreted EGT altered growth of the infected
animals (Shikata et al., 1998). After infection with the
recombinant baculovirus, no progeny virus was detected in
hemolymph at 5, 10, or 15 days postinoculation (p.i.), but 2.3 x
102 and 5.4 x 105 PFU/ml of progeny virus were detected in
hemolymph at 20 and 25 days p.i., respectively. The progeny
virus was propagated and +the viral DNA was extracted.
Restriction endonuclease analysis of the viral DNA indicated
that the progeny virus was derived from the injected recombinant
virus and not from the activation of a latent virus present in
the silkworm (data not shown).



An outline of the screening method for gene targeting is
shown in Fig. 2, and the frequency of gene targeting is
summarized in Table 1. Virus-inoculated female moths were mated
with a normal male moth (Fig. 2). The genomic DNA was extracted
from 100 embryos and used as the template for a PCR using
primers 5 and 6 which screens for the presence of the GFP gene.
Approximately 3% of the inoculated F0 gave rise to Fl1 embryos
that were positive by PCR and dot blot hybridization (Table 1).
The larvae from the remaining PCR positive siblings were reared,
while the PCR-negative sibs were discarded. About F1 100-150
individuals were collected, and hemocytes of each 5th instar
larva were harvested from each individual separately. Genomic
DNA was extracted from the hemocytes and screened by PCR
analysis using primers 5 and 6. Overall, approximately 2.7% of
all the Fl1 individuals tested were positive for the GFP gene
(Table 1). Male and female moths containing this gene were mated
with normal moths, and their progenies (F2) were reared. About
150 offspring were produced from each cross and hemocytes were
harvested separately from each larvae in 5th instar. Genomic DNA
from the hemocytes was assayed for gene targeting using a PCR
screening method that specifically detects a novel DNA junction
created by the targeting event. Only homologous recombination
can juxtapose the two sequences that create this junction, one
. from the GFP gene in the targeting vector, and the other within
the downstream sequence beyond the end of the targeting vector
(Fig. 1A). As shown in Fig. 3A, the PCR reaction with a genomic
DNA (lane 3) using primers 7 and 8 amplified a 0.9-kbp DNA
fragment, and this showed that the targeting vector correctly
recombined with the genomic DNA. The same results were obtained
with the six other F2’s. Nucleotide sequence analysis of the
0.9-kbp PCR product from all F2 animals indicated that one of
homologous recombination occurred at the 3’ end of the transgene
in the targeting vector (Fig. 1B). After inoculating 252 animals
of the 5th instar larvae (F0) with the recombinant AcNPV, the
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chimeric protein consisting of L-chain (25 kDa) and GFP (27
kDa). Furthermore, the new protein band reacted with an antibody
against GFP (Fig. 3E), indicating that the silk protein prepared
from cocoons of targeted F2 animals was composed of chimeric L-
chain and GFP gene. Cocoons produced by GFP gene-targeted
silkworms did not appear any different from normal cocoons and
green fluorescence was not observed under the irradiation of
long-wavelength ultraviolet light. It is necessary to study the
phyéiccchemical properties of the cocoons and the raw silk.
These findings indicated that the chimeric protein was
synthesized under the control of the L-chain promoter in the
posterior silk gland and secreted into the cocoon layer.

When male and female F2 animals were mated with normal
animals and segregation of the GFP gene in the F3 generation was
analyzed by dot blot hybridization, about half of the
individuals contained this gene (Table 2). When the GFP gene-
targeted F3 animals were crossed with normal animals and the GFP
gene-targeted animals, about half and three fourth of
individuals scored positive for GFP gene, respectively (Table
2). These indicate that the chimeric gene was all located on a
single chromosome in the F2 generation of the silkworm and that
a germline integration event had occurred at the F1 stage.
Although the genomic DNA from the individuals of each generation
was used as a template for a detection of AcNPV DNA, the viral
DNA was detected in only F0 and F1 generation.

P-element transgenesis of D. melanogaster or of other
insects using transposons is dependent on the random integration
of a foreign gene (O’Brochta and Atkinson, 1996). Recombinant
baculovirus-mediated transgenesis of the silkworm allowed
specific alterations in a target sequence. Targeted disruption
of an endogenous gene would permit analysis of gene function
through the production of gene-knockouts in the silkworm. 1In
addition, homologous recombination of a foreign gene downstream

from a powerful promoter, such as the fibroin promoter, would
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allow large-scale and constitutive production of a useful
protein in the silkworm (Marshall, 1998). Thus, the genetic
manipulations described in this study will be important in

clarifying the regulation of gene expression and introducing new
traits into beneficial insects.

Materials and methods

Construction of targeting vector and PCR amplification

The primers were synthesized for PCR amplification of the 5.0-
kbp long- arm and the 0.5-kbp short-arm DNA fragments according
to the published sequence data for the L-chain gene (Kikuchi et
al., 1992). The genomic DNA of 5th instar larvae was extracted
from hemocytes using a DNA extraction kit (STRATAGENE). The
primers synthesized for PCR amplification of long-arm DNA
fragment were : primer 1 as a forward primer (5'-
AATTAGCTCTAGATGAGCTCCCGGCGTACC~-3') and primer 2 as a backward
primer (5’'-CAACTAAGGGATCCGCGTCATTACCGTTGC-3’). In the backward
primer, the AAGCCGGTCGCG sequence included in the exon 7 of L=

chain gene was converted into AAGGGATCCGCG, resulting in a
creation of a BamHI site. PCR amplification was carried out
using the LA PCR kit ver.2 (TaKaRa) with 0.4 mM of each primer
and 200 ng of the genomic DNA as template. After heating the
reaction mixture (50 pl) in MicroAmp reaction tubes (PE Applied
biosystems) at 94°C for 1 min in a Gene AmpPCR System 2400 (PE
Applied biosystems), amplification was carried out for 30 cycles
of denaturation (20 sec at 98°C) and annealing-extension (15 min
at 68°C). A final 10 min step at 72°C was performed at the
completion of these cycles. The long arm was cut out with Xbal
and BamHI, and the fragment was inserted into baculovirus
transfer vector pvVL1392 (PharMingen) at the Xbal and BamHI
site to obtain pVLFL-5K. Primer 3 (5’'~TACCCACTGTCCAATCCACCG-3')
and primer 4 (5'-CCGGCTTAGTTGCTAATGCTC-3’') were synthesized for
amplification of the short-arm DNA fragment. Primer 5 (5=~
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GGAGAAGAACTTTTCACTGGAG-3") and primer 6 (5=
ATCCATGCCATGTGTAATCCC-3’) were used to screen for the GFP gene.
Primer 7 (5'~ACTACAAGACACGTGCTG-3’) in the GFP gene and primer 8
(5'=-AGCATGACAACAGTACCG-3’) in the intron of downstream sequence
from exon 7 were synthesized for screening of the targeting
event. These PCR amplifications were carried out in a reaction
mixture (50 pl) containing 10 mM Tris-HC1 pH 8.3, 50 mM KC1l, 200
mM dNTP, 2 mM MgClz, 0.4 mM of each primer, 2.5 units of rTag
DNA polymerase (TOYOBO), and 200 ng of the genomic DNA as
template. MicroAmp reaction tubes were used with AmpliWax PCR
Gems (PE Applied biosystems) for an auto-hot start. After
heating the reation mixture at 80°C for 5 min and cooling to 5°C
for 30 sec in a Gene AmpPCR System 2400 (PE Applied biosystems),
amplification was carried out for 35 cycles of denaturation (1
min at 94°C), annealing (1 min at 55°C) and extension (2 min at
72°C). A final 7 min step at 72°C was performed at the
completion of these cycles. PCR products were cloned into
pCRT™2.,1 vector (Invitrogen). The short arm was cut out with
EcoRI and inserted into pGFPcDNA vector (CLONTECH) at the
dephosphorylated EcoRI site to construct pGFP-0.5K. BamHI and
Stul fragments were separated from pGFP-0.5K and ligated with
an BamHI adaptor at the Stul site. The resulting 1.2-kbp
BamHI fragment composed of the GFP gene and short-arm DNA
fragment was inserted into pVLFL-5K at the dephosphorylated
BamHI site, and the recombinant baculovirus transfer vector,
PACFLGFP, was constructed. Spodoptera flugiperda IPLB-SF21AE
cells were transfected with 5 pug of the recombinant transfer
vector and 0.5 pug of linearized AcNPV DNA, Baculogold™
Baculovirus DNA (PharMingen). A recombinant AcNPV (targeting
vector) rescued by the transfer vector was isolated and plaque
purified.

Dot blot hybridization
Following PCR amplification, 10 pl of the PCR sample was
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immobilized on a nylon membrane (Amersham) using a vacuum
manifold. GFP cDNA was cut out from pGFPcDNA vector and used as
a probe for hybridization. Detection of PCR products was carried

out with the ECL direct nucleic acid labeling and detection
system (Amersham).

Analysis of nucleotide sequence

The nucleotide sequence of the intron-exon boundary of the L~
chain gene was determined by the dideoxytermination method
carried out with a 373A DNA Sequencing system (PE Applied
biosystems).

Southern blot analysis and Western blot analysis

The GFP gene was cut out of the pGFPcDNA vector (CLONTECH) with
BamHI and EcoRI and used as a probe. A probe for the L-chain
gene was prepared by PCR amplification. The primers were
designed to amplify a part of L-chain gene (Fig. 3B). Primer 9
(5'=TTTTTAATTATCCACAGCTC-3") and primer 10 (5'=
GTCTGTTTTTATATAGGTAG-3') was synthesized. The PCR amplification
was carried out in a reaction mixture (50 pl) containing 10 mM
Tris-HC1 pH 8.3, 50 mM KCl, 200 mM dNTP, 2 mM MgClz, 0.4 mM of
each primer, 2.5 units of rTag DNA polymerase (TOYOBO), and 200
ng of the genomic DNA as template. MicroAmp reaction tubes were
used with AmpliWax PCR Gems (PE Applied biosystems) for an
auto-hot start. After heating the reation mixture at 80°C for 5
min and cooling to 5°C for 30 sec in a Gene AmpPCR System 2400
(PE Applied biosystems), amplification was carried out for 35
cycles of denaturation (1 min at 94°C), annealing (1 min at
55°C) and extension (2 min at 72°C). A final 7 min step at 72°C
was performed at the completion of these cycles. Southern blot
analysis was performed on silkworm genomes after digestion with
AccI and Scal (Fig. 1A). Electrophoresed genomic DNA was
transferred to Hybond-N membranes (Amersham), and hybridization

was performed with a commercially available digoxigenin DNA
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labelling and detection kit (Boehringer mannheim), according to
the supplier’s instructions. Western blot analysis for chimeric
protein expression was performed on silk proteins from the
cocoon layer. To dissolve the silk protein, 150 ml of 70% LiSCN
was added to 5 mg of the cocoon layer, and 40 ml of 62.5 mM
Tris-HC1 buffer (pH 6.8) containing 2% SDS and 5% 2-
mercaptoehtanol was added to 10 ml of the dissolved silk
protein. The silk protein (20 pl) was then subjected to 12.5%
SDS-PAGE, and the proteins were transferred to nitrocellulose.
The nitrocellulose blot was placed in protein blocking solution
(20 mM Tris-HC1l, 500 mM NaCl pH 7.5 (TBS) containing 3 §
gelatin) for 1 hr, and the blots were treated overnight with
rabbit anti-GFP antibody (CLONTECH). The blots were then treated
with goat anti-rabbit IgG (H+L) horseradish peroxidase conjugate
(Bio-Rad) at 1:3000 dilution for 1 hr, and Konica Immunostaining
HRP-1000 was used for signal detection.
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(Legends to figures)

Figure. 1. Homologous recombination between +the targeting
vector and endogenous DNA. (A) Targeting vector (top), intron
and exon of L-chain gene (middle), and a product of the
targeting event by homologous recombination (bottom). (B)
Nucleotide sequence of the intron-exon boundary in the vicinity
of exon 7. The 0.9-kbp product amplified by PCR with primers 7
and 8 was sequenced. The sequence of the GFP gene is shown in
italics. The sequences of exon 7 and intron are shown by
uppercase and lowercase letters, respectively. The downstream
sequence beyond the end of targeting vector and the stop codon

(TAG) in the chimeric gene are underlined and double-underlined.

Figure. 2. Scheme of the screening method for analysis of gene
targeting.

Figure. 3. Screening for gene targeting. (A) Screening by PCR
analysis. Primer 7 (5’'-ACTACAAGACACGTGCTG-3‘) in the GFP gene
and primer B8 (5’-AGCATGACAACAGTACCG-3’) in the intron of
downstream sequence from exon 7 were synthesized to screen the
silkworm animals for homologous recombination events by PCR. As
the normal L-chain gene contained no binding sites for primer 7
and the targeting vector contained no binding sites for primer
8, only the homologous recombinant allele could contain both
priming sites. The targeting event was demonstrated by
amplification of the 0.9-kbp PCR product. Lane 1, negative
control containing water instead of template DNA; lane 2 and 3,
genomic DNA from hemocytes of a control larva and a tested
larva, respectively. The size (kbp) of the DNA markers is shown
at the left. (B) Gene map of the periphery of exon 6 and 7. The
Accl and Scal sites are indicated in the L-chain gene (upper)
and the chimeric gene (lower). The lengths of restriction enzyme

fragments and each probe were also shown. (C) Southern blot
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analysis of silkworm genomic DNAs. The genomic DNAs were
digested with AccI and Scal and analyzed by Southern blot
hybridization with the probes for the GFP gene (left) or the L-
chain (exon 7) gene (right). Lane 1, genomic DNA from a control
larva; lanes 2-8, genomic DNA from larvae in which the 0.9-kbp

PCR product was amplified. (D) Green fluorescence under the

irradiation of long-wavelength ultraviolet 1light. Silk glands
were dissected (left) and exposed to long-wavelength ultraviolet
light (right). Silk glands from control animal and the GFP
gene-targeted animal are shown as control and GFP, respectively.
(E) SDS-PAGE (left) and Western blot analysis (right) of silk
protein. Lane 1, normal cocoon layer; lane 2, cocoon layer from
the GFP gene-inserted animal. Antibody used in the Western blot

analysis was specific for GFP. The size (kDa) of protein markers
is shown at the left.
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Screening strategy
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