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SUMMARY
Development of insect resistant crop using insecticidal gene from Badillus sp.

Expression of a Synthetic cry1Ac Gene in Transgenic Rice Plants

To make insect pest resistant rice plants, we neutrally modified the DNA sequence of
Bacillus thuringiensis crylAcl gene for better expression in rice. We analysed twelve
genes from rice to get the data about the codon usage in rice. The final modified
gene was different at 393 residues, 21 % of 1845 bases of the wild-type gene and 56
% of 615 codons. And the G+C content was increased from 37% of wild type to 48%
of modified crylAct gene. We synthesized DNA fragments of the modified crylAcl
gene by recursive PCR method using 54 primers .The modified crylAc1 gene was
expressed using an insect baculovirus vector system. The product was analysed by
western blot and assayed against diamondback moth larvae. The toxicity of the
modified crylAc1 protein was equivalent to wild type protein. A synthetic cry1Ac gene,
codon optimized for rice, was made and linked to the rice rbcS promoter and its
transit peptide sequence (Tp) for chloroplast-targeted expression. The expression of
crylAc protein in the transgenic rice plants was determined by immunoblot analysis.
crylAc were clearly detectable in all lines of rbcS-Tp::cry1Ac plants; whereas no
expression was detected in nontransgenic plant. Stem cuttings from
rbeS::Tp-cry1Actransformed lines were infested with the neonate larvae of Japanese
black rice bug ( Scotinophra lurida) and striped stem borer ( Chilo suppressalis). Also
we got the resistance of a cry7Ac - transformed rice T2 plants against natural
infestations of the rice leaffolders under field condition. In fact, most of the larvae,
particularly those of yellow stem borer and rice leaffolder, were found dead in the
sheath tissue before they were able to penetrate into the stem. We expect fertile
transgenic rice plants expressing the rbcS-Tp: :cry1Ac in chloroplasts at high levels.
The use of rbcS-Tp::cry1Ac transgenic plants to express an insecticidal protein in
chloroplast of transgenic rice plants would be especially useful for conferring resistance
to sap-sucking insects, rice leaffolder.

Development of the recombinant proteins which have the aphidicidal activity

The destination of CP fusion protein in the gut of aphid was investigated with fusion proteins
of GFP and CP. Two different fusion protein, GFP-CP and CP-GFP were expressed using
baculovirus expression vector system (BEVS). When expressed in Sf9 insect cells, fusion
proteins showed a molecular weight of about 53 kDa, and CP-GFP existed as the large
granular form compared to GFP-CP. To study the binding activity of GFP-CP and CP-GFP in
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the aphid gut, each fusion protein was mixed with aphid artificial diet and fed to adult Myzus
persicae. However, none of fusion proteins were detected in the aphid when the Western
hybridization was carried out with GFP antibody against total protein of aphid fed to GFP-CP
or CP-GFP fusion proteins. To determine the toxicity of Bt crystal protein against aphid
and to screen crystal proteins having higher toxicity against aphids, Bt crystal proteins
were fed to M. persicae in the form of non-solubilized intact form or solubilized form.
The results revealed that B.t. subsp. kurstaki had relatively higher aphidicidal activity in
both form used in bioassay.

Construct of tissue-specific promoters to regulate gene expresion

For artificial gene expression in plants, just a few of promoters have been frequently
used. Those are 35S (CaMV), actin (rice), and ubiquitin (maize) promoters that are
strongly and constitutively expressed. However, some organ specific promoters also are
required for regulation of the gene expression in transgenic plants. By using
Arabidopsis genome information an effort to find such specific promoters has begun.
Cloning of the 2kb upstream region of the root-specific genes into binary vector
generated the promoter-GFP-GUS fusion system in transformed Arabidopsis. From
GFP/GUS expression pattern observed a couple of clones showed tissue-specific
expression at cotyledon stage (T2 generation). Although the expression pattern does
always not match between GUS and GFP either expression clearly indicates the
activity by a promoter. Further search and analysis by this approach will be done to
obtain more specific promoter-candidates

Search of insecticidal genes from entomopathogenic microorganisms to transform crops
for insect resistance

Development of transgenic crops against pest insects is a very important mean in
integrated pest management programs which are a mandate in pest control strategy
these days. But research in this field, including isolation of new insecticidal genes, is
not satisfactory yet in Korea. Therefore, my research project is targeting on selection
of new insecticidal genes from entomopathogenic microorganisms isolated from Korea
and on the possibility of their application to development of insect resistant crops and
cultivars by crop transformation.

We have been working on isolation and characterization of new insecticidal genes
from the Bt strains. To identify new cry?-type crystal protein genes, 56 Bt isolates
were selected on the basis of their toxicity against Bombyx mori larvae. The restriction
fragment length polymorphism (RFLP) patterns of the PCR-amplified fragments revealed
7 distinct patterns, and 7 standard isolates were selected from each RFLP group.
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Through cloning to pGemT-easy vector and sequence analysis of the PCR-amplified
fragments showing unique RFLP pattern, 7 novel cryl-type genes were identified from
5 standard isolates. Among these strains, Bt K-1 had 3 novel genes and Bt 2385-1
strain also had 2 novel genes and two strains had high toxicities to lepidopteran
larvae. For cloning and characterization of the toxic domains of the novel cry-7 type
genes, Bt k-1 and Bt 2385-1 strains were selected and the 2.4 kb toxic fragment of
the 5 novel genes were cloned from them. To verify the activity against lepidopteran
larvae, the novel genes were expressed using baculovirus expression vector system
(BEVS) and the bioassay was performed to Plutella xylostella (Px) and Spodoptera
éxigua (Se). All novel cry1-type genes had high toxicities against Px larvae and,
cry1-44 and cry1-5 had the highest toxicity against Px and Se larvae, respectively.
Also, cry1-1 and cry1-5 had dual toxicities against Px and Se larvae. Finally, each
novel gene must be a very useful resource for development of microbial insecticide
and insect resistant plants.
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1 Zbgata 9lom @A) Bt v|AEAFAAE AAARCE
185%F°] 5wl FstA AHE= L vk (EPA, 2000). A7 22 A
WE Bt W5a2d8d §Aaxe] e AA 44 (full gene) & 7I€2 8
867H°ﬂ olzv 7 9 AL 7/IA& N-terminal ¥4 52 dF% 433
X 12470 o) BaEo} ok (Crickmore ef al, 1998). o€ ‘jr‘”k“‘?}
‘*H ATz FARE A S5 met unE 54, gefs 5A
3 ZEo giste] FAAEA WrelxH 1
& Aor deA e (Hofte and Whiteley

ﬂl_,

2 o|8% B FAARAEZL [PM (EHA HZHA) Y @
sow ol§H W 9o AANA AZolM Aww pr FAABRABRE
L

ANES WA Yol v Eo] FEAS BolE cryl type &3k
FAAE dAASR O 7N Bf cotton (Perlak et al, 1990), B rice

(Fujimoto et al, 1993), Bt corn (Koziel er al, 1993), Bt tobacco
(Strizhov et al, 1997), Bt tomato (Perlak et al, 1991), Bt cabbage, Bt
soybean, Bt alfalfa 5 t}okst ghEox o]Foj= a1 givh, ot HAHH &
AHFe WAE AW cry3 typed] F-AAE FAHAES Br potato (Adang et
al, 1993)7F Slov, 27 Populus spp. £ HF ol
(Lymantria dispar)& A7) $18te] Bf trees7t ALEHE 5 1

o] &M HAF EAtEal 9tk ol# gt FHAS o] &2 Br EATNA Y
FEe A ade] Zide Aew dx tE 4% ARG 1
FE7HAHAM dFst Az A W] A3etEE codon usageE

A grEe] Bt sA9Wd S 2HT S Qlo] T

AZaHNE 9& F A2 AY (Perlak er al, 1991).

z
-+
2
N
ol
-{o
L
i
=
=2,

— AE JAA Mg Ve @A F892%F (Particle Gun) o] &%o] ¥
AFSE T Qlom HZo Agrobacterium ©l£3= ol JdE 1 QlojA
AL 7= FY FRo] vlmA folgh

- W FAAE Jiso] BEHEA AR AU #HE Bt toxin F3A

(Fujimoto et al, 1993) 3 proteinase inhibitor +dAF (Ray Wu et al,

1994) & o] &3 UFAdH, chitinase A =l &3 U4 ¥ (Lin et

al, 1995) Rip 32 91 & AjzA4 AFZAY ¥ (Kim et al, 1998)F°] U=

_15._.



17k AAAR e of

- 24y ¥ FAEE 7140l 198934 Fx= JRete (Shimamoto, 1989)
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=
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=
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& Bacillus thuringiensis (Bt) 9 WEsA@®™4 (crystal protein;
8 —endotoxin) > HAZAHA Ry AFAd g F sbg Aty wE
AFHE Holy i Q1S okdstn @) a7t flo, olE FAAY
FAAG e HFoRRE AES B Vo] dA7A sHE
BaFoldA, 7 &4 WHOE =T gk (Gould, 1998).

— ol gk oA, AFo) AFHE AYs W AR 2 BEvpEY e

Fejuete] @73 Bso) ek 55t ool u|Fo] B o vlg- Fod ofuE

— olgdt Xl #7184 woF ARl El of]

B
wAE e LS A Bt & Ak o9, B

d

it
o ¥
30
rir
2
Rt
N
N
e
X

Al 2 Z =gl Z1emE 9%
A1 A =S ATAR

1. 959 B¢

A7HA gl e Bt 52 amd F142 = A §42F (full gene) S 7]
To% 86700l oj27 1 9] HAS 7FAE N—-terminal B &2 diu 483 Ax
12470 o} ®Hiaso] itk (Crickmore ef al, 1998). o]#1$ Bt UEAagd#AS ol &
stol Bt FAAFALES == AL IPM (T3 sl wA) 2 3 FASFToR ol gy
e AATA el Al Bt FAHIIEZE U6 E FE A 96
Yo ol ZEAS Hol:E oyl typed £3H= $AXNE FAABI}OZH Bt cotton
(Perlak et al, 1990), Bt rice (Fujimoto et al, 1993), Bt corn (Koziel et al,
1993), Bt tobacco (Strizhov er al, 1997), Bt tomato (Perlak et a/, 1991), Bt
cabbage, Bt soybean, Bt alfalfa & thFst 2HEoA ojFojxl1 it} Tt Ty
5 Y WAE 38 ory3 typed fHAE AW BE Bt potato (Adang et al,
1993)7F glom™ ZEFR Populus spp. €2 NF<Q wvlvd (Lymantria dispar) £
WAst7] fsked Bt trees7t MEEE 5 1 o] HAF Fada vk Bt 2FA4
FAAENZE] o] AYE v o5 EolwW Bt cotton] A 19973 AA Al
bH o) 25%% olu] AHEtxo] 9lon 1998dd= 4592 FUMHA olF HET F
FEAE Holx o thE Al EF 0 F = pollgard cotton  (Monsanto Co., USA)
ol k. Bt corn® Z-¢= 19983 AA AwjHA ] 25%F XA it 15% =
ol F7AIE Holn 913 KnockOut 3 NatureGard (Norvatis Co., USA) 59 o]
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FOoE AEsHY AQuiE 3 Stk ZEubolEaE 52 S5 5ol ASKAH wEol
Bt} wiEo]l AdAer ARRHI Qe vlAEAEAFY shold (Bonning and
Hammock, 1996). 1% vlo]y AR e AEAo] #Hd FHAE sty e ¥
A% o 2= Hukuhara 5 (1999)0] #AtkzbA® vlolzl A (Nucl eopolyhedrovn’us,
NPV)el Azse  Z7kA717] 9l @ (Pseudaletia  separata) &)
entomopoxvirus =48 #3213 virus enhancing factor (EF)E el dddssle] 2
Arld oz FEvtolefxe] gist S S A7E s¥sld. 1 A9 2
2t FFol 48 HE A S Aol NPVl gk ZdrAS SorE e,
T Aol A gshe volela S FAF R FAAAA AU R S vole A A
S A7k g95 el F2ols & 9E baculovirus®] WU -#3 g9
¢l enhancing Eulle] JAAZES k5NN (Trichoplusia  ni)
granulovirus® enhancin -FAAE 712 AT DulE Ao olF E3Hd
AcNPVE] Zadgo] F7tEe A8 @19l tt (Hayakawa et al, 2000). vy 3
A atol el A (LANPV) & 7]&e] Raud Sioizay niolel 2o Alsoi BuHA|
2 Zog od#xd 21o™ (Bischoff and Slavicek, 1997),
S

2 enhancin FAAE 2=
of fdxt gl oA} NPV BHEX S 7 F Slg Aoz ZdsH o

L

¢

7} Bt
2 #3388 A ddAds B8 uAE ASAY AudTE 53 B, AL

|}
a
Y
o
Q
w
@
it
-4
J{N'
-
4
32,
lo
i)
9
s
N
4
o
lo
R
M J
2
M oox
}:J

pia=s (Kun et al., 19983, Kim
et al, 1998b). 53], Bt #F9 Uy54 @i A48 485 % 5°] Primer set
oF A4t fHAF G S 93 Degenerate primer setE A&l M2 Bt ¥ U #
Az @S g 7INkE St Qi 12 ’%ZELV} Holuz EAo] 7[&e] 45
g 8 YRS %*éﬂ Bt

olFHFIE A :«‘iﬂ@‘ﬂ TR
5% T30 Ay Fo Aok =
FAA T cry1Af18] 037“‘}05% BAsle] 5539t (Genbank Accession No.
U82003). o]9Jollx =9 9 BA&H3Q ahtdbe) 73 AF2HS wol:= Bt STB
series® wdlsld 1 BEAAE By oew (Chang er al, 1998; Chang et al,
1999), Bto] SA71&E dolr7] 9% Az FEA Bt #5o U dF e 5H3A
th (Roh et al, 1996; Park et al, 1998). @Al spypd @ dejAA v bl A3
a37F Hojdk #5 Bt K-1 ¥F (Hguls 5359 W3 A 2001-374453) 2%
B A2 cryl typed] YsAGwAS Faste] 54784 Fo ot
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v NPV ¥ 7]E} 233894 v E
T vAEE Bt o9 nAEAZAR ApLso] AFREHI Q= SAvizEA e
oA % A4 Fdolo e Hu W EAge] @3 AFE A Hhol

gao) B2 AFE g Auit Aczbay blolgs (NPV)E #H3iglon, o]F
TOINPV (Bombyx mori NPV), WHIWINPV (Spodoptera exigua NPV), Sl AA)
"UINPV  (Spodoptera fitura NPV), S8 UANPY (Hyphantira cunea NPV), vijv]
WRENPV (L. dispar NPV) &9 NPVE % Zejste] 1 Bdde] #sto d72
Bahsior WEdS wolv FAAEA @A wfrENPVE enhancin FAAk] o
gto] 259 2 5EAFAE AlEska gtk olgle wlojzise] W] gt A=
ata AFE Tl vAE AEA &S A% VedTE F¥sty Uk 238 dA
S3ol+ Beauveria bassiana, Beauveria brongniartii, Paecilomyces fumosoroceus,
Metharizium anisopliae 5 %7 ZZFH YA FHo] F7HE AL O ZRE 409
T wElst] Bieta o, olF P fumosoroceus®t M. anisopliae= ¥l YA
Z93% 24072 ZFAL38E protease AR PR-1 §AAE Bedtel 1 EXAHE ﬁtﬂd
vl Qlch autol i wWHAEQl StreptomycesZHE] AEA §4< cholesterol oxidase
TR FYE 72ATE Syt ok
. Bacilus ¥ 225 E FHZFEAE A A2 AT
Bt 54 @iAdE 2% 2840 receptor® YA Ak C'-FEI Alxe]
T (pore) & Pt N'-F2 o7 o]fojx=d|, receptorg A A=
ol 540 A8 (host range) A7 Fae S v wEkA =
( ) 2] A3}#-S receptor mediated endocytosis WH O E E3}3}o]
% ol Aantol# Al AIdMA ligand F-HF Bte receptor 1A dg
|3t FAlFToE I 7IFHA7 &8 NEE 8 Ased fAAE
c ol FAAE FHAS HAEAY FRS(FFH AN FHAA ol FFS
Al Rtz Aot
2}, Bacillus thuringiensis(Bt) 54
A4 8 Yo Bt A7 271%E Bt 75 28, AF
A e An =R 28 2 3P4 58 %
A& Aot HT 19999 = oF 1d #ke ¥
st} Bt M9 crylAcl 838 w5 3 2HA
Ay sto] A2 E3 wiFo FAHEst] w2 e fF
(diamondback moth) ol &8 stA A &g w5 Adsisich A
o A& Sy 2 ofule] 100% AFHeRAT A YL w5
Az AF AR EHE codon AFEE EUR crylAcl F3A9) ofu] A4l v
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e

H3kglol DNA wjd S w339 g (neutral modification) o] wf JAAA L] FA=}
Lo Aot 24 E, dEE° TATA box, CAAT box, intron consensus
sequence, poly (A) signal 5& wlAlstct 18l &4 & A4 dste] 93t
Ao Agas Ags Aoz wH sk ojgdA dxld crylAcl F33
1854bpE 5099702 oligomer® Y59 21 sequence 7¥] TEHIHAES FAst
PCR3lo} 2293t @71 EE glsto] SulE 28& A2t dA 1854bp
ATEL A E ol &t ddst #
% Baculovirus systemolA 2&dAIA A3

=

=

A =

243 ool A 452 AT T ujFe] FARB] AFATY W5 S
¢

O

J

Y
I
=)
rlr
-~
=
1o
i
r
o)
@)
=
>,
o
lo
o
Joke
L)

g3ttt o] Ay A 535 29 FolH(ESEAME00-46327).
) TERE A
= A7EE Y g9z, s 9 FIE Bo] ZRRHE sty 159 x£3
5o} A g 4 A7 E g dA §dxA ZE2RE 1F, FE 50 TEEH
3F D w8H XA50] TEHH 1FE 53F4d FojtH(EFHEARE 01-12040)
53| f3E 5ol LEREHe & AFd A &8 e ZEREE T
2) A& vloly A AT

HI—T%

A= vlolglx A vhola o] udwAg o] &3k wroly A A AE Y
HEE 83t cucumber mosaic virusell A G 9 BEviEES AIFOR
Mg vk Qlow AR AR Y Fojoh. AAA 2 AFde] RN U= vt
ojgiAe] oA {FHAE= cucumber mosaic virus(CMV), turnip mosaic
virus(TuMV), ribgrass mosaic virus(RMV), lily symptomless virus(LSV),
pepper mild mottle virus PMMV)E 258 259k

ol A8 FA ABAAT

TREY  JleMEAgle s Ffotueate]l ZAstEy W WA HAR

HEE Fe v ¥ FAASEAE RSt Ad 1697 wF A ATARI

vh AE AR 2 ov AELA
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2 4R gl Fo dsiA Ay 20873, 2 3§
P

o7 < F59 FFAE Y 254
71es& FA39 o, B3| BtrhurstakiBtk)E 40

=
23k 571 sk toxin

A&
22X Lepidoptera (5o 2454 S Vel Cryld} Lepidoptera®t Diptera©ll
AEdS el Cryll, Bt subsp.tenebrionis (B.t.t.)dF7F Akl toxin®

=4 Coleoptera(®d M 5)o] A5A4& el e Crylll, 183,
B.t.subsp.isralensis(B.t.i.) @7} A28t Diptera (3 &) of A45A4& v d&
CrylV, Z12]31, B.t.i. #3571 A48, A8 5ol do] ¢l toxin?d Cryt AGSZ 3

F AR A ARILTE ST %
Al 3R AL 3 Ug 2 23

AL ANMAF-AY: Bacillus 24378 7345 o188 ASATE AE AL A7GEFRAT71D

v AEE 2 UgbdM e BEE S5, ¥ 5 F5oRroleA g AuiEs
He Fo8E A2 Y B3] At AFHE Bol: Bacillus
thuringiensis (°}sF “Bt” & <Fgh) o] Ulma @A {42 crylAcE: #oA] 2
LAY TE FHAAENY T3S

Bt ¥} 54 ¥ F3Z crylAc (018 “‘wt—cryIAc B O E
3,637 bpE oAt 1,178 ME 3Ed 1 QUrt o] wt—crylAce A £ o
i+ 1,854 bpZt % A FH A A o] FEE 4 FATe
ofn| At WA WA A] ¢k DNA 7wt Wda g4 2% 54 #
= rEsth

3 wt—crylAc §3AL) ZES vHEE opp Al MBS wt—crylAc KA}
o FEF okgivh o] Wl "M EAA FRIA] B3] 2H-o] #ojdE DNA 7]
AAda fARSE 2B o So] TATA boxtt CAAT box$ polyadenylation
signal (AATAAAS A AE5E 67) o]ate] AT E718idd), 2 QA EE(intron)
o] & 7ol ¥ FE (AGGT, QEESY 3 7% BB)& FEL v d A
Astalth. 8 mRNA HgAds) #-o] gl& Ao nug ATTTA f7¥d s
AR AASATE. crylAc 5822 DNA 971 FA4L wte adenine 577 7H,
thymine 585 7}, guanine 377 7§, cytocine 315 7oA A FH4AE {§Ax9)
7d-% adenine 479 7N, thymine 481 7ll, guanine 397 7}, cytocine 497 7| ¥
gxglon, AA G+C FHFE 37 %A 48 %= TR ARHRoE A
1,854 bp & 21.2 %ol #F3t= 393 7/ @A77t wigsglon, dAA F&= 618
N F 66.5 %ol Fsh= 349 7} FEo] W h

crylAc 372 4 &4 recursive PCR & ALt =0), cryldc &
A Ao} uEt Fdd8 o)W (primer) 50—mer 47 ), 49-mer 3 7,
48—mer 2 7N, 47-mer 1 7}, 44—mer 1 7}, 39—mer 1 7}, 32—-mer 1 7} &
o] &3ttt Zetolwes SAMURE 14-18 GV SHIES d=d THEE
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annealing <57} 45 C olAEEE 514Gt PCRES E435= DNA ©Ho F%
€ ZztolW = 20 pmol, F7+2 ElolW= 0.2 pmol F%7F HEF HIbsta,
95 T 2+, 45-55 C 2%, 72 C 1¥°2% 30 3 33ivh o] w polymeraset
proofreadingd}™  blunt—endE W=+ PWO polymerase (Boehringer
Mannheim) ¥+ Pyrobest(TAKARA)ZE AF&3AT dAEE 72719 PCR 94
& 28] pBluescript SK(+)o] 243 F DNA F7IwWdE Q15
crylAc wA2 74 A8F X3k F858 Adsiglt. Add PCR @2 F
7 AEd vE EulEdd Alstas 7\}94% | g3t 7zt dEEES ddskd
1,854 bpol 4 #FAA crylAcE AT+ A H crylAcE baculovirus
(BmNPV) Zd e} o AXE o] &3te] AT ¥ wjFH:pE o 25
g AAES st 2 dwE orylAcd] AEAES 4@3}%\‘;} +A A" crylAc
FAAE rbeS TEZHE Y transit peptide @71 G A43te] A& Iy HHE
Azt vleo] B d3seioh '

(o7

1

55 AdgEA 22 DNA 4¥E2 Sambrook 59 “ Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratory Press, second
edition, 1989 & =3t
Ligations: PCR A¥}E T Agas Azjd FHES 08 % otz A
TAE W#olx A71gE5e § 528 DNA @88 sk opbes As 2
Zlo}] QIAEX gel extraction kitZ o} g3ty FFA7 AFsts Bidl 989
DNA @8E FASAT dA€Y DNA D2 tpA] opyk2 A AojlA 7] F st

T =
o 1=

dlst ¥ H&sts dHEY HEE 1112 Z¥3a T4 DNA ligaseE Ab
S8kl 15 Celld Al ligationA X ¥, B colell ATt 9™ (100
ug/ml) & A YA WA E ol 8t FES AL

E. coli Transformations: E. coli= DH5a & AFE-3tth. Sambrook %o weh
CaCl, WH o2 W& competent cell 200 ulel ¥A) ligationd DNA A58 &
et F A3 30 &, 42 T 90 %, 4 10 ¥ AFstx A4 LB X 800ul
A7kete] 150 rpmo 2 EE)FH 1AZ wigsty, EFAE (100 ug/mD 5
2k FAA wiA] (LB wiA) o] =3kl 37 ToljA] whA] skttt ool w
2t 0.008% X-gal¥} 80 mM IPTGE AH&3te] WE] 9] beta—galactosidase
TR HH RS B 53 DNA @dH2 AdoRE gelshsin.

ZebavS Fel 9 A9 wE S AH9E JAAY B coliE JNAY 5 AT

-ﬁ?l

j

d

|

l

P gAAE 2@eE AA WA 5 miel GEST 37 C, 250 rpmel A WA )

¢
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&%t 5, Sambrook Fol wet <zte] Wyow FetavsE Eesiivh e
ZgAn=E Agd Adas Ag T A7 GEstel gelsgich

2
miniprep kitE ©]&3lo] EetAv|EE REd & DNA €714 dE ddsqith

48 2. 7449 A71ME 3

wi—crylde 349 @7MA e FAREE, el AT DAL FARE

o By 24 247 e AMLL BFE AAGHEA G+C FFE 48 %2
Egoh o] W oprl:Al NAe WEAIA L wi—crylAcst YA ATt
ok PCRE & 7F DNA @& sty sjsete] AR Atas Aes el

% 1.Bt 2 A w2 B8 42 (mod) 2] codon AR HIE Blw

CODON wt mod CODON wt mod CODON wt mod CODON wt mod
TTT-Phe 30 6 | TCT-Ser 11 17 | TAT-Tyr 24 5 | TCT-Cys 1 0
TTC-Phe 6 30 | TCC-Ser 7 18 | TAC-Tyr 4 23 | TeC-Cys 1 2
TTA-Leu 22 0 | TCA-Ser 12 3 | TAA-»xx 0 TGA-*=*x% 0 0
TTG-Leu 5 19 | TCG—Ser 7 0 | TAG—=*x= 0 0 | T6G-Trp 10 10
CTT-Leu 10 17 | CCT-Pro 10 10 | CAT-His 7 0 | CGT-Arg 7 11
CTC-Leu 2 CCC~Pro 2 3 | CAC-His 2 CGC-Arg 2
CTA-Leu CCA-Pro 15 19 | CAA-Gln 22 15 | CGA-Arg 4

CTG-Leu 3 3 | CCG-Pro 6 1 | CAG-Gln 5 12 | C6G-Arg 1 0
ATT-I1e 23 11 | ACT-Thr 12 15 | AAT-Asn 35 11 | AGT-S8er 21 4
ATC-I1e 6 35 | ACC-Thr 6 15 | AAC-Asn 14 38 | AGC-Ser 3 19
ATA-Ile 18 ACA-Thr 13 AAA-Lys 1 AGA-Arg 23 20
ATG-Met 8 8 | ACG-Thr 5 AAG-Lys 1 2 | AGG-Arg 7 9
GTT-Val 18 21 | GCT-Ala 20 15 | GAT-Asp 20 11 | G6T-Gly 13 13
GTC-Val 0 3 | GCC-Ala 4 13 | GAC-Asp 5 14 | GGC-Gly 5 6
GTA-Val 18 GCA-Ala 11 GAA-Glu 26 15 | GGA-Gly 19 24
GT6-Val 6 17 | 6CG-Ala 1 0 | GAG—-Glu 3 14 | GGG-Gly 8 2
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¥2. wt—crylAc®t T3 FAAE crylAce] 2 zpolH

Wild-type gene Modified gene
Bases different from wild-type - 393/1854(21.2%)
Codons different from wild-type - 349/618(56.5%)
.. 577 A; 315 G, 479 A; 497 C;
Base composition
377 G; B85 T 397 G; 481 T
G + C content 37.32 % 48.22 %
Potential poly(A) sites 11 0
A + T rich regions,
. 36 0
>6 consecutive A and/or T .
ATTTA sequences 9 0
CCAAT 6 1
TATA 19 0
AGGT(intron 3' end) 6 0

Y 3. 73 FEE AT el (primer) AF

Zetolnl= (FI)BMS(ME M+ ANx% 1717-55) o) Azg F&sto] ARS8}
Soh. Zglolvj= 5 3 AER 560 A=, 50-mer 47 7§, 49—mer
3 7H, 48—mer 2 7H 47-mer 1 7N, 44—mer 1 7}, 39—mer 1 7}, 32—mer 1
A}tk 7+ Zolms AR AFE xetoluiel 5 W 3 Az 14 — 18 &
71N FHHEES sty FHPEY annealing %71 45 C o GHEF 3T

zgloln} ME 1W. cryldc 5422 1,344 9471%¥E 1,854 27174 2] PCR&
AgE Zoln. Zatolw 1-16+2 1,854 7)o A¥FE IE TAA 2 AFdas
Kpnl (GGTACC)S E&sla k(¥ 1).
Primer 1-01 (50—mer) :
—CAGAGCTCCTATGTTCTCTTGGATTCACCGTTCTGCCGAGTTCAACAACA-3
Primer 1-02 (50—mer) :
5'-CAGGGATTTGAGTAATACTATCAGATGCGATGATGTTGTTGAACTCGGCA-3'
Primer 1-03 (50—mer) :
5'—AGTATTACTCAAATCCCTGCCGTGAAGGGAAACTTCCTTTTCAATGGAAG—3'
Primer 1-04 (48—mer) :
—CCGCCAGTGAATCCTGGTCCGCTGATAACGCTTCCATTGAAAAGGAAG-3'
Primer 1-05 (50—mer) :
5'-CAGGATTCACTGGCGGAGATCTTGTGAGACTTAACAGCTCTGGCAACAAC-3'
Primer 1-06 (49—mer) :
5'—ATAGGAACTTCGATGTAGCCTCTATTCTGAATGTTGTTGCCAGAGCTGT 3"
Primer 1-07 (50—mer) :
5'—CTACATCGAAGTTCCTATCCACTTCCCATCCACATCTACTAGATACAGAG—3'
Primer 1-08 (50—mer) :
5'-GATTGGGGTCACAGAGGCGTATCTAACCCTAACTCTGTATCTAGTAGATG-3'
Primer 1-09 (47 —mer) :
—CTCTGTGACCCCAATCCACCTTAACGTGAACTGGGGCAATTCATCTA-3'
Primer 1-10 (49—mer)
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5'—

5!

5

57

5'

5!

GGTAGCAGTAGCTGGAACGGTGTTGGAGAAGATAGATGAATTGCCCCAG—3'

Primer 1-11 (48—mer)
—TCCAGCTACTGCTACCTCACTTGATAATCTTCAATCCAGCGATTTTGG-3!
Primer 1-12 (560—mer) :
—GAAGAAGTGAATGCGTTGGCACTTTCGAAGTAACCAAAATCGCTGGATTG— 3
Primer 1-13 (50—mer) -
CAACGCATTCACTTCTTCATTGGGCAACATCGTGGGTGTTAGGAATTTCA— 3
Primer 1-14 (50~mer) :
—GAATCTGTCAATGATCACTCCTGCAGTACCGCTGAAATTCCTAACACCCA-3
Primer 1-15 (49—mer) ;

—GTGATCATTGACAGATTCGAGTTCATTCCTGTTACTGCCACTCTTGAGG—3

Primer 1-16 (39—mer)

—GGTACCTTAAAGATTGTACTCAGCCTCAAGAGTGGCAGT -3’

Igtolw AE 2W. crylAc 534 864 @71HE 1,351 471742l PCRE 9
Sk sTelolw (19 2). :

5?

5'

5

5!

Primer 2—1 (50—mer) :
AAGATCCATCAGGAGCCCACACTTGATGGACATCTTGAACAGCATAACTA- 3
Pruner 22 (50—mer)
—GTAATAGTATCCTCTGTGAGCATCGGTGTAGATAGTTATGCTGTTCAAGA— 3
Primer 2-3 (50—mer) :
—CACAGAGGATACTATTACTGGTCTGGACACCAGATCATGGCCTCTCCAGT~ 3
Primer 2—4 (50—mer)
—AGAGAGGAAAGGTAAACTCAGGTCCGGAGAATCCAACTGGAGAGGCCATG- 3
Pruner 2—5 (50—mer) :
GTTTACCTTTCCTCTCTATGGAACTATGGGAAACGCCGCTCCACAACAAC—3
Prhner 2—6 (50—mer) :
—TCTGTAGACACCCTGTCCTAGTTGAGCAACGATACGTTGTTGTGGAGCGG— 3
Prnner 2—7 (50—mer) :
—ACAGGGTGTCTACAGAACCTTGTCTTCCACCTTGTACAGAAGACCCTTCA-3
Prhner 2—-8 (50—mer) :
—GAACGGAAAGTTGCTGGTTGTTGATACCGATATTGAAGGGTCTTCTGTAC— 3
Pruner 2-9 (50—mer) :
—CAGCAACTTTCCGTTCTTGACGGAACAGAGTTCGCCTATGGAACCTCTTC-3'
Prhner 2—10 (50—mer) :
—TCCGCTCTTTCTGTAAACAGCGGATGGCAAGTTAGAAGAGGTTCCATAGG— 3
Primer 2—-11 (50—mer) :
TTTACAGAAAGAGCGGAACCGTTGATTCCTTGGACGAAATCCCACCACAG— 3
Prnner 2—-12 (50—-mer) :
—GGGAGAATCCTTGCCTGGGTGGCACATTGTTGTTCTGTGGTGGGATTTCG-3'
Primer 2-13 (50—mer) :

5'=GGCAAGGATTCTCCCACAGGCTTAGCCACGTGTCCATGTTCCGTTCCGGA—3'

Primer 2—14 (50—mer)

5'=GAGCTCTGATGATGCTCACGGAACTGTTGCTGAATCCGGAACGGAACATG—3'

zgtolw] AE 3W. cryldc A& & oo CCE FHBstx 900 9717k 2 PCR
< 93t Zetoly (17 3).

Prnner 3—-1 (50—mer)
CCATGGACAACAACCCAAACATCAACGAATGCATTCCATACAACTGCTTG—
3’
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Prlmer 3-2 (50—mer)
CGTTCTCCACCAAGTACTTCAACTTCTGGGTTACTCAAGCAGTTGTATGG—

3'

aner 3-3 (50—mer)
CTTGGTGGAGAACGCATTGAAACCGGTTACACTCCCATCGACATCTCCTT—

3'

Prlmer 3—4 (50—mer)
GCACGAACTCGCTGAGCAGAAACTGTGTCAAGGACAAGGAGATGTCGATG-

3'

aner 3-5 (50—mer)
CAGLGAGTTCGTGCCAGGAGCTGGGTTCGTTCTCGGACTAGTTGACATCA—

3'

Prlmer 3-6 (50—mer)
GCATCCCATTGAGATGGACCAAAGATACCCCAGATGATGTCAACTAGTCC—

87

Prlmer 3-7 (50—mer)
ATCTCAATGGGATGCATTCCTGGTGCAAATTGAGCAGTTGATCAACCAGA-

3’

aner 3-8 (50—mer)
GAGATGGCCTGGTTCCTGGCGAACTCTTCGATCCTCTGGTTGATCAACTG—

3’

Primer 3-9 (50—mer)

5'— AACCAGGCCATCTCTCGTTTGGAAGGATTGAGCAATCTCTACCAAATCTA—

3’

Primer 3—-10 (50—mer)

5'— GGATCGGCTTCCCACTCTCTGAAGCTCTCTGCATAGATTTGGTAGAGATT—

3'

Primer 3—-11 (50—mer)

5'— GGGAAGCCGATCCTACTAACCCAGCTCTCCGCGAGGAAATGCGTATTCAA~

3'

aner 3—-12 (50—mer)
TAGCTGTGGTCAAGGCGCTGTTCATGTCGTTGAATTFAATACGCATTTCC—

3V

Prlmer 3-13 (50—mer)
CCTTGACCACAGCTATCCCATTGTTCGCAGTCCAGAACTACCAAGTTCCT—

3l

Primer 3~14 (50—mer)

5'— GAAGATTAGCTGCTTGAACGTACACGGACAAGAGAGGAACTTGGTAGTTC

._3'

Primer 3~15 (50-mer)

5'— CAAGCAGCTAATCTTCACCTCAGCGTGCTTCGAGACGTTAGCGTGTFTGG—

3'

aner 3-16 (50—mer)
TATTGATGGTTGCAGCATCGAATCCCCATCTTTGCCCAAACACGCTAACG—

3'

Prlmer 3-17 (50—mer)
GCTGCAACCATCAATAGCCGTTACAACGACCTTACTAGGCTGATTGGAAA—

3'

Primer 3—-18 {(50—mer)

5'— AGTGTTGTACCAACGAACAGCGTAGTCGGTGTAGTTTCCAATCAGCCTAG—

3'
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Prlmer 3—-19 (50—mer)
CGTTGGTACAACACTGGCTTGGAGCGTGTCTGGGGTCCTGATTCTAGAGA—

3'

Prlmer 3-20 (50—mer)
CAATTCTCTCCTGAACTGGTTGTATCTCATCCAATCTCTAGAATCAGGAC—

3Y

Prlmer 3-21 (50—~mer)
GTTCAGGAGAGAATTGACCCTCACAGTTTTGGACATTGTGGCTCTCTTCC—

3'

Prlmer -22 (50~mer)
CTGTACGGATAGGGTAACGTCTGGAGTCATAGTTCGGGAAGAGAGCCACA~

3'

Prlmer ' 3—-23 (50—mer)
CCCTATCCGTACAGTGTCCCAACTTACCAGAGAAATCTACACTAACCCAG‘

3'

Primer 3—24 (50—mer)

5'— AGAACCACGGAAGCTACCGTCGAAGTTCTCAAGAACTGGGTTAGTGTAGA—

3‘

Primer 3-25 (44—mer)
5'=-=GCTTCCGTGGTTCTGCCCAGGGTATCGAAAGATCCATCAGGAGC—3'
Primer 3-26 (32—mer)

5'=GTTCTACAGGTAGTTCACACCCGAGGACTACCTAGAA-3'

A3 4. Recursive PCR, PCR3 DNA Y#H9 A71Ad &el 9 o4

Rcursive PCR< Prodromou®} Pearl® ®(Protein engineering, 1992,
827-829)& -§83l3lch PCRS H33h= DNA wHe] 4% & xgtojnE 20
pmol, %t} x o= 0.2 pmol &7t HEE A7F8la, 95 C 2%, 45-55
T 28, 72 C 1723 30 3 3t o] w polymerases proofreadingdt™
blunt—endE W=+ PWO polymerase (Boehringer Mannheim) X+
Pyrobest(TAKARA)E AH&-stith od=s 2719 PCR ©¥E E¥dhd
pBluescript SK(+)2 EcoRV ¥ Smal Ao A3std £ coiel B2 A3}
I dHol AYldE @A ZRYE AEsgivh Adud 9 224 100E
QIAGEN miniprep kitE o] &3ty Zg}An|=& #2332 DNA Sequencing kit
(BigDye™ Terminator Cycle Sequencing Ready Reaction)& Ap&3Fo] w3k
A B7IMEE A AR VMG dAske F8E A9sdth FAE
crylAc AA) dFsl= 1,865 bpEs EFSHA HE v PCR @ F&2 7
Rk 2 PCR @9 Ak Adedhd oy 2o (1 6 7F3).

1) pl—3 : primer 3—1%¥ primer 3—127}4 127} primer® PCR ©¥# <}
420 bp. 748 crylAc #3422 HSRE Clol(2¥ 29 419 7D 7HAE 283t
%}, pBluescript SK(+)2] EcoRV Atge E243Ath p2—-42 Cfol A&
Attt

2) p2—4 : primer 3—11%E primer 3—-227}4 127] primer® PCR @W# <F
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p5—42] Drall zte]s} d4dskslit).

3) pb—4 : primer 3—19%¥ primer 3—247}# 670 primer®] PCR &3 o
190 bp. 574 crylAc §3AA2 Drall(659 €7D ¥ Dsal(841 7D 7HAE =E
grstr}, pBluescript SK(+) 2] EcoRV Al F24Y3I%th p2—42] Drall A
2 p7-32 Dsal Al A4St

e}

4) p7—3 : primer 3-25, 3—-26, 2—1, 2—17F4 47] primer® PCR &3 ¢of
170 bp. 7 crylAc w732 Dsal(841 97D % Mrol(968 /7D 7HAE X &
St} pBluescript SK(+) 2] EcoRV #bglo] 2338t} pb—49 Dsal =2 9

pBS102] Mrol A2}t A4sksich
5) pBS10 : primer 2—1%-¥ primer 2—-87}% 87} primer® PCR w8 oF 24
bp. 74 crylAc 5383 Mrol(968 |7DFE Accl(1074 |7 7HAE E3st
t}. pBluescript SK(+)2 Smal Agjo] FZ24Ysitt p7-32] Mrol A 9
pP62] Accl AFEl9} A5k}
6) pP6 : primer 2—7%¥ primer 2—147}4 87 primer? PCR w3 °F 380
bp. &8 crylAc FAAY Accl(1074 7D HH Sacl(1351 7D 7HAE E¢3t
o} pBluescript SK(+)2] Smal #glo] F2z4Y3dth pl-39 Cfol Ay %
p5—4¢ Drall A&}t A4t
7) pl7 : primer 1-1%H primer 1—167}4 167} primer? PCR ©3# ¢F 520
bp. ¥4 crylAc A2 Sacl(1351 947D FE 1854 4718k WY $5 I+
ol HEE Kpnl(1865 A7) 7kx& E3F3stt}. pBluescript SK(+)2] EcoRV A
ol SxsAnh pP62] Sacl #tE] st AA T

7} PCR @8] A4S A&shd o3y 2™ 7 33).
1) p1-3% Smal¥} Ciol, p2—4% Cfol¥ EcoRI, pBluescript SK(+)% Hincll
9} EcoRIC® Awsta ztzk F2]st $ 343} (three—way ligation) p13—-24
Z AlFersict.
2) pP6% Clal3} Sacl, p17& Sacl® Xbal, pBluescript SK(+)& Clal¥# Xbal
oz dosty 72+ ZeElet F AZdd o] (three—way ligation) p6—175 A2
=8
3) pBS10< BamHI# Mrol, p7—32 BamHI% Mrolo 2 s}
F AF@3s pBS10-732 A ZEATE
4) p5—4%F Dsal¥ EcoRI, pBS10~73& EcoRI¥ Dsale® Awsla 217 2
& & A4dsto] phaE AR
5) p54% Apald} Drall, p13-245 Apal# Drall® Adsty ZHzF 225 & o
Asto] pb4—13& AFsAT) ,
6) p54—13& Accl® BamHI, p6-17% Accl® BamHI®® dwtstar zhzh 2
gt & AAsto] pBt9S A &EATt,

o

g}

&3]
£

R
)
L3
i
Ac)
<

~

A8 5. 84 crylAc AR in vitro 23 W A4 AA

rid

FA

kK

<
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T AEFE SI-9(Spodoptera frugiperda)-& ©)1€3sF3 1, 10% FBS (fetal
bovine serum; Gibco—BRL, USA)7} g#¥ ZFAHAXEF 8dE TC-100
(Gibco—BRL, USA)ujF® o2 Summers® Smithe W (1987) e wet 27T
G oM 2V EFEES ZeAa (25a) D 2x10° A ERE] 4-5dnir} A
EIEIEC il
Az vold A AR 2 At

Sf—-9 MxEFo] AMzEg dolwlE pBac8—Bt9 500 ng¥ Bsulblo® Aoy
BacPAK6 (Clontech, USA) viral DNA 5E E&3}al lipofectin (11 mg/mé)
15 E H7tste] 27CollA 5A17F 5<F cotransfection 3FSATEH o] & A} wjok o
2 wAsty, AF 5d F vpoly A yAS dEdte] BARTE &8 it v
olglx  £3tE Y3t A F A (end—point  dilution) S wpolE A HFRE
1072=-107"Wi712] 3438k, 96—well plated] welld AE 1x10°49 sz &
T wFA e ZF 3 Ag HEty 27Tl vkttt HF F 4UFEH vt
ojf s ZUFFE EHAEU A LR BEsto] wlo]HAE AEeta, U WHHL
2 33] ol £3AALE A =53 AZT vlolziA vBac8-Bt9S A
tH(E 8).

P FAA Ed FQl

Sf=9 AXFE 35-mm diameter dishol] 1x10°4¥2 ¥F81 wt—AcNPV
b Az eiol# X vBac8-Bt9 APNE AMET 5 PFU 5% AHAFe ¥ 44
39 ZH7y At dild A7) JEH AEHFCR YA HHAE gl
s}3ith
Gl AV E

vlo]gj A ZFA Ao o] gk WG F2 vholg vt BEE MEE
AFo] PBS &% (137mM NaCl, 2.7mM KCI, 4.3mM NagHPO4, 1.4mM
KH:PO) 02 23] At 2 s2e A A8 &9 (0.0625M Tris—HCI,
pH 6.8), 2% SDS, 10% glycerol, 5% S —mercaptoethanol, 0.001%
bromophenol blue)& & ¢kox Z38kala, 100TCAA 1087 A2 she]
A7) 5N EE Fuadth 1719 %S Lammli WH (1970) < e}
SDS—polyacrylamide o4l 4233} Commassie brilliant blue® 423t
sl T
Western blot ¥4

ol 2] NaE A719 5% el PVDF—membrane©] Aol At
PVDF—membrane¥ 5% skim—milk £% 9% blockingAl713 crylAc A
(Adgia A% @ PSB05200) & 100:1% 5% skim—milk €%} 3]43sle] vH-gAIZ
o}, TBST fAo =7 33 9 TRS gMo7 13 A& 3, BP-AS BP-B 1:1 &
sl (Adgia AF) O F LAl ¥ thr] TBS £H0 7 AHAH (28 9).
BEHA
HlFE=F o g vlojH A2 AEHALS Evans (1981)° ¥ 29 (Surface
contamination assay)°ll we}, Wl & 2af AVIE 2 1 el FE 2
As d3 FH 62 o] F3 3¥H T 48 FF 200 o g 3nkE 3]

e 38

oE

=
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t}. Holt gk stem borer test: 4%37]0] i@ H = Bf-Hel T3 5ukel¥ HFESH
of AEFEE AEsH

6. T crylAc wAAY] A& 2d 2 A3 A4

A5 vy W AZR 9 Agrobacterium FA AS

pBt92 A crylAc(1.86 kb)E EcoRIS® Zehfo] pBluescript SK(+)$%
EcoRl #tzle] AQlstdct. =1 A3 849 crylAcs 4 #3el wet pBto1d}
pBt92Z  AJ(2¥  10). pBt91E&  HindllI¢k Nceolo®  Hus}il,
pCAMBIA3301% HindllI®} Ncoll® A= 1 0.8 kb CaMV35S X2RHE #
g ato] A4ste] p35SBtE A 3FsSith. p35SBtE Hindlll$} BamHIC 2 s}t
o] 2.65 kb(CaMV35S Z2REY/SA crylAcE 22 & pCAMBIA1390E
HindIl1$} BamHIS 2 At 4FQlste] A& 34 wE pBt20S AlZshsith

pBi209] Agrobacterium tumefaciens LBA4404 ¥A AR An 59
freeze—thaw W (G. An, P.R. Ebert, A. Mitra, and S.M. Ha, "Binary
vectors" in Plant molecular biology manual. A3: 1-19. Kluwer Academic
Publishers) & AFg3}9ith Kanamycin®] 50 ug/ml £8% YEPH|A| oA At
Agrobacterium& w|F8ta EAvEE Felsty ATdas dus BHToEN
Agrobacterium® B4 AL Tu] FA Mo ARG

A7 23 W FAASA A

D AEAE 2 242X § 5

2 Ao A28 W (Oryza sativa L) &
Hel 385 AASIL 70% g 177 1
oo 2087F wnkshaA W A st A
A3ty 2,4-D 2 mg/LL ¥89 N6(Chu %5, 1975) .
STk 25T, fx7NAM 4-553 wjekste] callusE:
callusE FH3oto] FH A AHESHSATH

JL
off
ofN
o

e FTAE o] &Sk
2% sodium hypochloride
FTAE "ol 3-43 o] Al
FEMA ) FA4E Ags

N
el

rit r%‘i

m“éo
L)

2
F539 21, embryogenic

il

2) A A3 vector

AVE-E ARG rbeSTp—crylA )] Wt vector mapS figure 119} YER
on, S corylAc)l W V1M ELS GenBankel SF%H o8tk plasmid
pKS—crylA(c)E ATEAE Ncold}h Nodl® AHedte] crylAl(c)E B3+, Tp
(transit peptide)7} @Z¥ rbcS promoterZ ¥ 83l= pSK—-RTG| ligationd}$d
. rbeS:Tp—crylA(c)s= BamHI¥ Nodl Z Ad3dle] potato protease inhibitor
II (Pin II)/ 35S promoter/ bar/ nopaline synthase terminator % %o matrix
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attachment region (MAR)E ¥ 33t pSB11 borderel #Astasd BamHIZ Noldl =
ligations} A t}.

3) Agrobactreriunms ©]&3r v A A%

CrylA(c) §AAE JAASEA Agrobacterium tumefaciens EHA1012 YEP
AAuhA oA 28C, 24A1%F  wikst  wAlE FHsRdh dAE 100 mM
acetosyringones 353 AANH A 107 cel/mL7}t HES g
embryogenic callus®} 15%7F Aufoksta, 33+ uwb HolA 2,4-D 2 mg/L
acetosyringones X&3l= NoeuvlA A Fsujdstddct. TSt F  calluse
cefotaximes ARSI #& 93] AASL, 24-D 2 meg/L, 250 mg/L
cefotaxime % 6 mg/L phosphinothricin (PPT)& X38h= NEwjA| oA 453 3
= Aol A AR 2 Al kst AAASHAl SAsHE callusE AdskgiTh
Ay calluss AEFA (MS medium, 0.5 mg/L NAA, 2 mg/L kinetin, 250
mg/L cefotaxime, 6 mg/l. PPT) A 26T, 2500 lux HAHE slo] sjeksta &
/@3}# ?53707(—]3}:}_ )‘]gxﬂe /Htﬂ- }93\\:}—

WE ol

4) Genomic DNA®] % 9 Southern blot analysis

W2 genomic DNA¥ AA3E 9 1g& AAFHd CTAB (cethyltrimethyl
ammounium bromide) bufferE ©] &3 DNA Fz]"HH (Dellaporta 5, 1983) %%
FE330th. %% DNA 5 wgs Agasr Psd EF EcoRICE ddste] 1%
agarose gelo] 27]9% 3t t}2 denaturation #8-& AZ I nylon membrane
(Hybond—N+, Amersham) 2.2 Hdol&3itt #old DNA WHES 1GA717] Y3}
o] UV—crosslink (1200% #J/cm?® & AAl8t 3 membraned hybridization buffer
(0.5M Na2POs pH 7.2, 1% BAA, 7% SDS, 1 mM EDTA, 10 mg/mL salmon
sperm testicle DNA)E AFE3le] 1A]7F F9F pre—hybridizationd}F v, ©]F
random primer DNA labeling kit (Takara Bio Inc.)E o]g&to] **PE 1.3—kb
crylA(c) fragment DNA ¢ *PZ 0.6—kb MAR fragmentol labelingdlo} 65%C¢l
X1 16—18A17F 5<F hybridization A% Tl membrane washing solution (1st
solution, 2X SSC, 0.1% SDS; 2ed solution, 1X SSC, 0.1% SDS; 3rd solution,
0.2% SSC, 0.1% SDS) 2% A&l3tal X-ray B& (Super RX, Fuj el 74330

5) RNA 5% % Northern blot analysis
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A el 9 03 g AxE AFH tbS Triazol (BioRad) & ol&3514
total RNAS FZ3lth A48 RNA 20 «gg formaldehyde’} L3H 1%
agarose gelol] Z7]19=3sk9ith RNAZF ANE geld nylon membrane
(Hybond—N+, Amersham) el blotting®t ¥ 1.3—kb crylA(c) fragment DNAE
probe® 3}9] hybridization®?} washing ¢ #4-& southern blot#} 72 HHo=

s,

6) protein % % Western- blot analysis

GdS F2317] A 1 g9 AT A& AANAL ShelA EHsta, ¢Ed S
% buffer (50 mM Tris—HCl pH 7.5, 0.1% SDS)E ZH7lstqich. olF- 4T,
12,000 rpmellAl 1083 didwelsto] @WAds %3191 2™, Bradford solution
(Biorad) & ©o]&ste] wwid FE& AAsGY w9 d#AS 10%
SDS—polyacrylamide gelold 271958ty @Hsd 9#AS polyvinylidene
difluoride (PVDF) membrane {(Immobilon—P, Millipore)ell electroblottingd}
Western blot analysisE 2A]3}9 T Western blot2 anti—crylA(c) polyclonal
antibodyE 1:10000.2 3Aste] Argslg oH, BioRadAF2] manufacturer's

instruction®] @&} alkaline phosphatase color ¥Hg2 433}4th.

7) Insect bioassay

japanese black rice bug (Scotinophra lurida)$} striped stem borer (Chilo
suppressalis) = o] &3t  TOYW T1AEA dist IS XA Y. Petri
dishell 5& E9] filter paperE Z2 t}2 young—fresh stem& Yol 51 5%
% Z} plateolA] japanese black rice bug$} striped stem borerdl] T3t 2 E ]2
HHPE B AT AHE AEE AT T2 lineol] Wit A=HPO= ofg] X
ol A rice leaffolder (Cnaphalocrocis medinaiis)oll 213t AR A Ea] 9 v
FAdEA ] g 2AE 20033 9€ 23U (FR7D Ol AAEHP oW, TS beet
armyworme®] et FAHE B9 HAPFEE RO I Ri1o1A e o] infestationd} il

62 & AEA AT D A5 APE F=S 2R
8 FAAH 4EAY FhU
T3 T2AdAd A950z Fgola B4 AFol H5# lined] FPAF 2

EA25  H phosphinothricin (PPT) S A¥ &= viX o] A7 par A4 AF
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ATGGATAACAATCCGAACATCAATGAATGCATTCCTTATAATTGTTTAAGTAAC
CCTGAAGTAT
AAGTATTAGGTGGAGA 80

AAGAATAGAAACTGGTTACACCCCAATCGATATTTCCTTGTCGCTAACGCAATTTCT
TTTGAGTGAATTTGTTCCCGGTG 160
CTGGATTTGTGTTAGGACTAGTTGATATAATATGGGGAATTTTTGGTCCCTCTCAAT
GGGACGCATTTCTTGTACAAATT 240
GAACAGTTAATTAACCAAAGAATAGAAGAATTCGCTAGGAACCAAGCCATTTCTAGA
TTAGAAGGACTAAGCAATCTTTA 320
TCAAATTTACGCAGAATCTTTTAGAGAGTGGGAAGCAGATCCTACTAATCCAGCATT
AAGAGAAGAGATGCGTATTCAAT 400
TCAATGACATGAACAGTGCCCTTACAACCGCTATTCCTCTTTTTGCAGTTCAAAATT
ATCAAGTTCCTCTTTTATCAGTA 480
TATGTTCAAGCTGCAAATTTACATTTATCAGTTTTGAGAGATGTTTCAGTGTTTGGA
CAAAGGTGGGGATTTGATGCCGC 560
GACTATCAATAGTCGTTATAATGATTTAACTAGGCTTATTGGCAACTATACAGATTA
TGCTGTACGCTGGTACAATACGG 640
GATTAGAACGTGTATGGGGACCGGATTCTAGAGATTGGGTAAGGTATAATCAATTTA
GAAGAGAATTAACACTAACTGTA 720
TTAGATATCGTTGCTCTGTTCCCGAATTATGATAGTAGAAGATATCCAATTCGAACA
GTTTCCCAATTAACAAGAGAAAT 800
TTATACAAACCCAGTATTAGAAAATTTTGATGGTAGTTTTCGAGGCTCGGCTCAGGG
CATAGAAAGAAGTATTAGGAGTC 880
CACATTTGATGGATATACTTAACAGTATAACCATCTATACGGATGCTCATAGGGGTT
ATTATTATTGGTCAGGGCATCAA 960
ATAATGGCTTCTCCTGTAGGGTTTTCGGGGCCAGAATTCACTTTTCCGCTATATGGA
ACTATGGGAAATGCAGCTCCACA 1040
ACAACGTATTGTTGCTCAACTAGGTCAGGGCGTGTATAGAACATTATCGTCCACTTT
ATATAGAAGACCTTTTAATATAG 1120
GGATAAATAATCAACAACTATCTGTTCTTGACGGGACAGAATTTGCTTATGGAACCT
CCTCAAATTTGCCATCCGCTGTA 1200
TACAGAAAAAGCGGAACGGTAGATTCGCTGGATGAAATACCGCCACAGAATAACAAC
GTGCCACCTAGGCAAGGATTTAG 1280
TCATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTTTAGTAATAGTAGTGTAAG
TATAATAAGAGCTCCTATGTTCT 1360
CTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCATCGGATAGTATTACTC
AAATCCCTGCAGTGAAGGGAAAC 1440
TTTCTTTTTAATGGTTCTGTAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTT
AGATTAAATAGTAGTGGAAATAA 1520
CATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAG
ATATCGAGTTCGTGTACGGTATG 1600
CTTCTGTAACCCCGATTCACCTCAACGTTAATTGGGGTAATTCATCCATTTTTTCCAA
TACAGTACCAGCTACAGCTACG 1680
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TCATTAGATAATCTACAATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTT
ACATCTTCATTAGGTAATATAGT 1760
AGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGATTTGAATTTAT
TCCAGTTACTGCAACACTCGAGG 1840
CTGAATATAATCTG 1854
281, wt—crylAc M11068) F38xF AAdo] 3,537 bp & %A
otul:-Elnjd Z 1 854 bpHte] DNA @714 4.

==
W Bl

e

CCATGGACAACAACCCAAACATCAACGAATGCATTCCATACAACTGCTTGAGTAACCC
AGAAGTTGAAGTACTTGGTGGA 80
GAACGCATTGAAACCGGTTACACTCCCATCGACATCTCCTTGTCCTTGACACAGTTTC
TGCTCAGCGAGTTCGTGCCAGG 160
AGCTGGGTTCGTTCTCGGACTAGTTGACATCATCTGGGGTATCTTTGGTCCATCTCAA
TGGGATGCATTCCTGGTGCAAA 240
TTGAGCAGTTGATCAACCAGAGGATCGAAGAGTTCGCCAGGAACCAGGCCATCTCTCG
TTTGGAAGGATTGAGCAATCTC 320
TACCAAATCTATGCAGAGAGCTTCAGAGAGTGGGAAGCCGATCCTACTAACCCAGCTC
TCCGCGAGGAAATGCGTATTCA 400
ATTCAACGACATGAACAGCGCCTTGACCACAGCTATCCCATTGTTCGCAGTCCAGAAC
TACCAAGTTCCTCTCTTGTCCG 480
TGTACGTTCAAGCAGCTAATCTTCACCTCAGCGTGCTTCGAGACGTTAGCGTGTTTGG
GCAAAGATGGGGATTCGATGCT 560
GCAACCATCAATAGCCGTTACAACGACCTTACTAGGCTGATTGGAAACTACACCGACT
ACGCTGTTCGTTGGTACAACAC 640
TGGCTTGGAGCGTGTCTGGGGTCCTGATTCTAGAGATTGGGTGAGATACAACCAGTTC
AGGAGAGAATTGACCCTCACAG 720
TTTTGGACATTGTGGCTCTCTTCCCGAACTATGACTCCAGACGTTACCCTATCCGTAC
AGTGTCCCAACTTACCAGAGAA 800
ATCTACACTAACCCAGTTCTTGAGAACTTCGACGGTAGCTTCCGTGGTTCTGCCCAGG
GTATCGAAAGATCCATCAGGAG 880
CCCACACTTGATGGACATCTTGAACAGCATAACTATCTACACCGATGCTCACAGAGGA
TACTATTACTGGTCTGGACACC 960
AGATCATGGCCTCTCCAGTTGGATTCTCCGGACCTGAGTTTACCTTTCCTCTCTATGG
AACTATGGGAAACGCCGCTCCA 1040
CAACAACGTATCGTTGCTCAACTAGGACAGGGTGTCTACAGAACCTTGTCTTCCACCT
TGTACAGAAGACCCTTCAATAT 1120
CGGTATCAACAACCAGCAACTTTCCGTTCTTGACGGAACAGAGTTCGCCTATGGAACC
TCTTCTAACTTGCCATCCGCTG 1200
TTTACAGAAAGAGCGGAACCGTTGATTCCTTGGACGAAATCCCACCACAGAACAACAA
TGTGCCACCCAGGCAAGGATTC 1280
TCCCACAGGCTTAGCCACGTGTCCATGTTCCGTTCCGGATTCAGCAACAGTTCCGTGA
GCATCATCAGAGCTCCTATGTT 1360
CTCTTGGATTCACCGTTCTGCCGAGTTCAACAACATCATCGCATCTGATAGTATTACT
CAAATCCCTGCCGTGAAGGGAA 1440
ACTTCCTTTTCAATGGAAGCGTAATCAGCGGACCAGGATTCACTGGCGGAGATCTTGT
GAGACTTAACAGCTCTGGCAAC 1520
AACATTCAGAATAGAGGCTACATCGAAGTTCCTATCCACTTCCCATCCACATCTACTA
GATACAGAGTTAGGGTTAGATA 1600
CGCCTCTGTGACCCCAATCCACCTTAACGTGAACTGGGGCAATTCATCTATCTTCTCC
AACACCGTTCCAGCTACTGCTA 1680
CCTCACTCGATAATCTTCAATCCAGCGATTTTGGTTACTTCGAAAGTGCCAACGCATT
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CACTTCTTCATTGGGCAACATC 1760
GTGGGTGTTAGGAATTTCAGCGGTACTGCAGGAGTGATCATTGACAGATTCGAGTTC
ATTCCTGTTACTGCCACTCTTGA 1840
GGCTGAGTACAATCTTTAAGGTACC 1865

T¥ 2. 89 crylAce] DNA G719, A3 B2l MY A& 3E8 L8380
AEA N cd(GMTQDxwﬁi%31%%%%%%&%%&5&%T&%4ﬂ@§i

Kpnl (GGTACC) A#lE F7}atsd).

Sacl(1351)
CAGAGCTCCTATGTTCTCTTGGATTCACCGTTCTGCCGAGTTCAACAACA——————~——
—————— AGTATTACTCAAATCCCTGCCGTGA

GACGGCTCAAGTTGTTGTAGTAGCGTAGACTATCATAATGAGTTTAGGGA
BgllI(1489)
AGGGAAACTTCCTTTTCAATGGAAG-——~—————————— CAGGATTCACTGGCGGAGA
TCTTGTGAGACTTAACAGCTCTGGCAACAAC
GAAGGAAAAGTTACCTTCGCAATAGTCGCCTGGTCCTAAGTGACCGCCTC
TTGTCGAGACCGTTGTTG

—————————————— CTACATCGAAGTTCCTATCCACTTCCCATCCACATCTACTAGAT
ACAGAG————~———————————— GCCTCTGT
TAAGTCTTATCTCCGATGTAGCTTCAAGGATA
GTAGATGATCTATGTCTCAATCCCAATCTATGCGGAGACA

GACCCCAATCCACCTTAACGTGAACTGGGGCAATTCATCTAT~————————————— TT
CCAGCTACTGCTACCTCACTTGATAATCTTC
C T G G G G T T A G

GACCCCGTTAAGTAGATAGAAGAGGTTGTGGCAAGGTCGATGACGATGGA
G

BstBI(1719) Pstl
AATCCAGCGATTTTGGT—————~———————— CAACGCATTCACTTCTTCATTGGGCAA
CATCGTGGGTGTTAGGAATTTCA————————
TTAGGTCGCTAAAACCAATGAAGCTTTCACGGTTGCGTAAGTGAAGAAG
ACCCACAATCCTTAAAGTCGCCATGA
(1789) Bcll(1794) KpnI(1862)
—————— GTGATCATTGACAGATTCGAGTTCATTCCTGTTACTGCCACTCTTGAGGC

c G T CCCTCACTAGTAACT GTU CTAAG
ATGACGGTGAGAACTCCGACTCATGTTAGAAATTCCATGG
2% 3.3 ayidc £ 1344 971%E 1854 F/IAA ] WA FB 2E TA
#4 2 A¥EL Kpnl (GGTACC)E HH¥-& PCRE 9% xefolnie] Y 2

a4 A,

XholI(866)
AAGATCCATCAGGAGCCCACACTTGATGGACATCTTGAACAGCATAACTA-———————
—————— CACAGAGGATACTATTACTGGTCT

AGAACTTGTCGTATTGATAGATGTGGCTACGAGTGTCTCCTATGATAATG
Mrol(986)
GGACACCAGATCATGGCCTCTCCAGT 1 —— ——— GTTTACCTTTCCTC
TCTATGGAACTATGGGAAACGCCGCTCCAC
GTACCGGAGAGGTCAACCTAAGAGGCCTGGACTCAAATGGAAAGGAGAGA
GGCGAGGTG
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AccI(1074)
AACAAC————"——— = —— ACAGGGTGTCTACAGAACCTTGTCTTCCACCT
TGTACAGAAGACCCTTCA—————————————
TTGTTGCATAGCAACGAGTTGATCCTGTCCCACAGATGTCT
CATGTCTTCTGGGAAGTTATAGCCATAGTT

————CAGCAACTTTCCGTTCTTGACGGAACAGAGTTCGCCTATGGAACCTCTTC——~—
————————————— TTTACAGAAAGAGCGGA
G T T ¢6G G T ¢ G T T G A A A G G C A A G
GGATACCTTGGAGAAGATTGAACGGTAGGCGACAAATGTCTTTCTCGCCT

Bgll(1267)
ACCGTTGATTCCTTGGACGAAATCCCACCACAG-——————————~——————— GGCAAG
GATTCTCCCACAGGCTTAGCCACGTGTCCA

GCTTTAGGGTGGTGTCTTGTTGTTACACGGTGGGTCCGTTCCTAAGAGGG
GT

Mrol (1296) SacI(1351)
TGTTCCGTTCCGGA ~ = — = — == = e
ACAAGGCAAGGCCTAAGTCGTTGTCAAGGCACTCGTAGTAGTCTCGAG

29 4. A erylAc RAAS 864 @715E 1351 @717HA1 8 PCRE $¢h Zdtojr o
g 9 A AEL A

Ncol(1) Nsil(32) Scal (69)
CCATGGACAACAACCCAAACATCAACGAATGCATTCCATACAACTGCTTG—————
———————————————— CTTGGTGGAGAACG

GGTATGTTGACGAACTCATTGGGTCTTCAACTTCATGAACCACCTCTTGC

CATTGAAACCGGTTACACTCCCATCGACATCTCCTT——>———————————————
———CAGCGAGTTCGTGCCAGGAGCTGGGTTC

GTAGCTGTAGAGGAACAGGAACTGTGTCAAAGACGAGTCGCTCAAGCACG

Spel(178)HinclI(184) BstX1(216) Nsil(226)
Bell(249)
GTTCTCGGACTAGTTGACATCA——————————————————— ATCTCAATGGGA

TGCATTCCTGGTGCAAATTGAGCAGTTGATCA
CCTGATCAACTGTAGTAGACCCCATAGAAACCAGGTAGAGTTACCCTACG
GTCAACTAGT

ACCAGA-—~—————"—~ - ——— — —— AACCAGGCCATCTCTCGTTTGGAAGGA
TTGAGCAATCTCTACCAAATCTA-———————~
TGGTCTCCTAGCTTCTCAAGCGGTCCTTGGTCCGGTAGAG
TTAGAGATGGTTTAGATACGTCTCTC

A ¢ ¢ 1T 1 3 8 1 )
Cfol(419)

ATTCAA—=—————————————————— CCTTG
GAAGTCTC CTC CACCCTTCGGC CTAGG
CCTTTACGCATAAGTTAAGTTGCTGTACTTGTCGCGGAAC

ACCACAGCTATCCCATTGTTCGCAGTCCAGAACTACCAAGTTCCT——=——————
—————— CAAGCAGCTAATCTTCACCTCAGCG

T G G T G T C G A T
CTTGATGGTTCAAGGAGAGAACAGGCACATGCAAGTTCGTCGATTAGAAG
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TGCTTCGAGACGTTAGCGTGTTTGG—~—~—~——~—— === ————— GCTGCAACC
ATCAATAGCCGTTACAACGACCTTACTAGGCT

GCAATCGCACAAACCCGTTTCTACCCCTAAGCTACGACGTTGGTAGTTAT
GATCCGA
Drall(659) Xbal(668)
GATTGGAAA———————~———— CGTTGGTACAACACTGGCTTGGAGC
GTGTCTGGGGTCCTGATTCTAGAGA-———~—~
CTAACCTTTGATGTGGCTGATGCGACAAGCAACCATGTTGTGA
CAGGACTAAGATCTCTAACCTAC

CTCTTCC—— === === CcC
TCTATGTTGGTCAAGTCCTCTCTTAATC
ACACCGAGAGAAGGGATTGATACTGAGGTCTGCAATGG
Dsal(841)
CTATCCGTACAGTGTCCCAACTTACCAGAGAAATCTACACTAACCCAG———————
—————————————— GCTTCCGTGGTTCTGC
G A T A G G C A T G T C
AGATGTGATTGGGTCAAGAACTCTTGAAGCTGCCATCGAAGGCACCAAGA
XholI(866)
CCAGGGTATCGAAAGATCCATCAGGAGC
TTCTAGGTAGTCCTCGGGTGTGAACTACCTGTAGAAC

¥ 5. 4 crylAc AN F FE Qo CCE HAR3l1 900 E717kx1¢] PCRS ¢
st azalolm o] wld 49 AlgFA A,

pl—3 : 420 bp

SLBX.SILN.Xb.Sp.Bm.Sm.P.RI.(RV) (RV).H3.Cl.Acc.Xh.Ap.K

Ncol Accll Ciol

p2—4 : 450 bp

K.Ap.Xh.Acc.CLH3. (RV) (RV).RL.P.Sm.Bm.Sp.Xb.N.SII.BX.SI

Accll Cfol Drall Xbal
p5—4 : 190 bp
K.Ap.Xh.Acc.CI.LH3.(RV) (RV).RI.LP.Sm.Bm.Sp.Xb.N.SIL.BX.SI
' Drall Xbal Dsal

p7—3 : 170 bp

SLBX.SILN.Xb.Sp.Bm.Sm.P.RI.(RV) (RV).H3.ClLAcc.Xh.Ap.K

Dsal Xholl Mrol
pBS10 :240 bp
SI.BX.SII.N.Xb.Sp.Bm. (Sm) (Sm).P.RI.LRV.H3.Cl.Acc.Xh.Ap.K
Mrol Accl

pP6 : 380

K.Ap.Xh.Acc.CLH3.RV.RL.P.{(Sm) {(Sm).Bm.Sp.Xb.N.SiI.BX.SI

Accl Sacl
pl7 : 520 bp
K.Ap.Xh.Acc.CLHS3.(RV)

(RV).RI.P.Sm.Bm.Sp.Xb.N.SII.BX.SI

Sacl Kpnl

= (o]
E%‘t

a9 6. F8HE crylAc AA o) sgst= 1865 bpE EFSHE= PCR &
770.

r'l
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Acc, Accl; Ap, Apal; Bm, BamHI; BX, BstXI; Cl, Clal; H3, Hindlll; K,
Kpnl; N, Notl; P, Pstl; RI, EcoRI; RV, EcoRV; SI, Sacl; SII, Sacll; Sm,
Smal; Sp, Spel; Xb, Xbal; Xh, Xhol.

pl3—-24
K.Ap.Xh.(Acc/Sm).P.RL(RV)
(RV) RI.P.Sm.Bm.Sp.Xb.N.SIL.BX.SI

Ncol Accll Cfol Drall Xbal
p6—17

K.Ap.Xh.Acc.CLH3.RV.RLP.(Sm)
(RV).RLP.Sm.Bm.Sp.Xb.N.SII.BX.SI

Accl Sacl Kpnl
pBS10-73

SI.BX.SILN.Xb.Sp.Bm.Sm.P.RL. (RV) (Sm).P.RI.LRV.H3.Cl.Acc.Xh.Ap.K
Dsal Xholl Mrol Accl
pb4
K.Ap.Xh.Acc.CL.H3.(RV) (Sm).P.RL.P.Sm.Bm.Sp.Xb.N.SII.BX.SI

Drall Xbal Dsal Xholl Mrol Accl
pb4~-13

K.Ap.Xh.(Ace/Sm) P.RL(RV)
(Sm).P.RL.P.Sm.Bm.Sp.Xh.N.SII.BX.SI

Ncol Accll Cfol Drall Xbal Dsal Xholl Mrol
Accl

pBt9
K.Ap.Xh.(Acc/Sm) .P.RI.(RV)
(RV) .RLP.Sm.Bm.Sp.Xb.N.SII.BX.SI

Ncol Accll Ciol DrallXbal DsalXholl Mrol Accl Sacl
Kpnl
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pBacPAKS
(5.5 kb)

a9 8. &3 cryviAc FAAE in vitro 2ES 93 pBac’—Bt9 WE] A F, 3+
crylAc +AAE AolME (transfer vector) pBacPAKS8e] Arsty =A%
S{9°] BacPAK6 viral DNAS} FAI7H4 (cotransfection) A7 F A3 wlo] 2
2~ vBac—Bt9S A@sict

M C Sl S2

A o (B)

a9 9. 84 crylAc 32 8 99ia SDS—PAGE 2 western blot 34, (A)
AZY vholel A vBac-Bos) A3t #4 crvidc 4 Rwld oF 67 kd(SAE).
(B) crylAc ZAE AF43F western blot 4. M, size marker; C,wt—AcNPV A
%5 S1, vBac—Bt9—S1; S2, vBac—Bt9—S2; W, wt—Bt crylAc @83,
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pBt91
K.Ap.Xh.Acc.CL.H3.RV.RI
RI.P.Sm.Bm.Sp.Xb.N.SII.BX.SI
ATG pBt9

Ncol Accll Cfol Drall Xbal DsalXholl Mrol Accl
Sacl Kpnl

pBt92
SI.BX.SII.N.Xb.Sp.Bm.Sm.P.RI
RI.RV.H3.Cl.Acc.Xh.Ap.K
ATG pBt9

Ncol Accll Ciol Drall Xbal DsalXholl Mrol Accl
Sacl Kpnl

TAA

TAA

I8 10. @A cryviAe AR 3 ZejAnj=, 28 79 pBt9g EcoRIC®E Aok
o] pBluescript SK(+) ¢ EcoRI #&le) 2elste] A cry/dAc 322 A4
Wkl web pBt913 pBt92 A AFas ol 19 63 AT

43 8 nF
1 crylAlc) ¥ ARAEA At

ol A== A A S crylA(c) gened rbeS promoter®} chloroplast—
targeted expressiong &3l transit peptide sequence (7p ol AIAHTE 714
rbeS—Tp¥ 50|22 = chloroplastell AAsHAA BHAE A=A Gz H4& 4
Al stoka <elx vk Chimeric rbeS—TprcrylA(c) geneS 35S promoter %}
phosphinothricin acetyl transferase gene (bar) & E&3t= 2]E 43 vectore] A4
sto A G ) o] gtPtt. B AHojA HYEm e embryoigenic callus¥ crylA(c)
genes I ¥ Sl Agrobacterium™®} FFgstel F 3270 lined] FAATAE A
Ateteith. 348 A &A= phosphinothricin (PPT) 22 Awetglon, Ao A
B AEAE AAAA Yol AJHFFQ BastaE AT o]E o]gdte] Axdte] B A,
Ay BE AEA lineolA bar AZAES YeRdlth TS o]E AR AEAE 58T

o
=
§:9,r

o] ATt

p RI

PiniI 355 [ Bar [~ NOS ~{ BL
T ] { il ,/ j | Bl

Figurell. Expression vector used for rice transformation. rbcS-:Tp—crylA (c)
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consists of the rice rbcS promoter and its transit peptide (7p) sequence
translationally fused to crylA(c) coding region and 3' region of the potato
protease inhibitor II (pin/l) gene plus the bar gene expression cassette that
contains 35S promoter/bar coding region/3' region of the nopaline synthase gene
(NOS). The hybridization probe (probe) used for DNA—blot analyses and the
restriction sites (Pst/, and EcoR] followed by the expected fragments are
shown below the map. BR, right border; BL, left border; P, Pstl; Rl, EcoRl

2) rbcS—Tp:crylA(c)ol 218 v FdA3 21 &4 genomic DNA 4

Genomic DNA¢®] Southern blot #4& ¥ A3} 32 line Tl 16747}
rbcS—Tp:crylA(c)?) FAAIAZ YeElDtH(figurel2A, B). AEAS oz R
genomic DNAE F23l1 Astas PsAC = full-length crylA(c)E A3t
southern blot hybridization& 33ttt 1 A3 Psdel olgt 2.1-kb @HI S
Apol=e) W= yh yElon, olo] Aa crylAl(c) A7 B genomic DNA 2]
AEASZ A3 Hri= AL gl AJAH FA o EcoRICE Awsk 0.6-kb
MAR probe& AMg-3ste] 2248 Aol 5 line¢] Mar #3872 WEE vehdo] ¥
A3t H-So] gaxitt Copy F+ ZF line B singleoll multi copy F7FA ©
&FatAl YRR QAT

rbeS:Tp-ayIAC)
m B b MX53xINC1 234 56 78 9101112131415 16
A s Tp-ayIAQ) SR '

b MXS3UN123456 78 901IDBASH 65

Probe2

Figurel2. Genomic DNA blot analyses of rbeS.:Tp—crylA(c)—transformed rice
plants. A. Genomic DNA blot analysis of rbcS--Tp—cry1A(c)—transformed rice
plants. Genomic DNA from the leaf tissues of rbcS:-:Tp—cry1A(c) —transformed
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plants (1—16) were digested with Pst/ (P) and hybridized with a 1.0—kb gene
specific probe (probe 1) containing 3' region of cryvIA(c) cDNA. PC contained
Psti—digested rbeS-"Tp—crylA(c). B. The same genomic DNA used in A were
digested with EcoRI (RI) and hybridized with a 0.7—kb DNA fragment (probe
2) containing 5' region of MAR sequence. PC contained EcoRI—digested
rbeS::Tp—crylA(c) . NC, genomic DNA from an untransformed control plant; 1,
3, and 5 in PC represent 1, 3, and 5 genome equivalents of

rbeS::Tp—cry 1A (¢c) relative to 5 ug of rice genomic DNA, respectively. The
DNA molecular size markers (M) are indicated.

0]01H o]E 167 lineoll oi3t T13 T2 Althel td Southern #4448 AAISHS] o

T linedllA] TOoA 9 22 Aol DNA WMEE Qe = At (figurel5,16 ). o

Ei line FollAl W=2] o] 7 F3eta, positivest 32 A8 e LS Y

U A A v Adg AZA9 AFY Ao]lE Kol L 7-1 line

S A 19 sub-lineg Southern #4138 A3 RE sub—linedA A=

positive WMIT9} ZL YAloA F2F FAA MEE B3Av) 7-1 lined 23E F4
AT AEAA AUE cryiAlc) FHAAT ¢+H 51* °0F FAHRSE et

|

3) W FAAZNANZREY cryiAlc) 2d

H FAAR AEAZTE crylA)S FE g AN S8 AT o 237
A total RNAE FE35t3l T%% RNAZ #7135t Northern blot #4& F33Ict
DNA BEA oA el & crylA(c) probeZE }%3}0% Adtgl 570 X lined] RNAE #
At A3 rbeSHTp—crylAlc) B8 AEA BE linedd w2 2d 4dE UE

Aok ®hd EHZ?E Abga 8] FAAE LA ojd RNA Td PHE molA kgt
S(figurel3 ). &3k T13 T2 AfoldE A2H lined rRNA

rbcS:: Tp-cry1A(c)

NC 3-1 3 4 27

Figurel3 . Expressed levels of crylA(c) transcripts in rbcS::Tp—crylA(c)
—transformed rice plants. Northern analysis of rbcS:“Tp—crylA (c) transgenic
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rice plants., 70 ug of total KNAs isolated from transgenic plants and wild type
plants were transferred to a membrane and hybridized with a 1.0kb gene
specific probe (see probe I in Figure 1) Hybridization with the rbcS gene of

rice was used as a control for equal #NA loading.

Bl cryiAe) FEE BT 4 9l9le, o] F Southern “‘E'r:* o 4 <4 Z—?Oi i
BE 7-1 lineo] 7F¢ 2 w3

Northern #43ow, 7 A3 7-19 ¥E sub—hneoﬂ}ﬂ 7‘% FE 2 RNA 24
Fde AT F AT Tigureld ).

%, Sohthern @ Northern blot 58 2o 98¢ crylA (ool ta) & wal of
AL transit peptide (TP)Q] <dakel Aoz Azt el A SR\ Arabidopsis
thaliana rbeS ats 1A EZZREEo] transit peptide (TP)S Z$gt A7} u] 233 Ao
gk crylA(0) ] HdE vjwst 43 TPE ¥385 A crylAc)®] mRNASH iz
o] 10-20¥) FrFele ez Ha H3Y(Wong § 1992). ¥ Ao ARgsH
rbcS—TP sequencer B A3 AEA|oA o] A2 7HE3 HAS FE3FE=
oz gl @ vk 9t(Jang 5, 1999).

PAAG AEA ] G oM cryiAlc) A WS
A& AASETE 4] rbeSTp—crylAl(c) BARAZ AEAE A
= polyclonal al’ltlbOdY“’é o]-gsfto] 4 0}95}2“?, A3 dld Be lineoﬂfﬂ EF%"J?}
ls 5 T 4 AATH(igureld ). wbE, v FAAZ A EA
g AT 4= lol §e) METst BFA crylAlc) SRAL] BE MEAS Bl

.
rO
_O‘_l_g
nﬂi K
U
3
3
c
5
o
=
=4

rbeS: . Tp-cry1A(c)

NC 1 2 3 4

Cry1A(c)
66 kDa

Figurel4. Western blot analysis of rbeS>Tp—crylA(c).
RbcS:Tp—crylA(c)—transformed rice plants protein extracts were separated
on SDS—PAGE, transferred onto PVDF membrane, and crylA(c) was detected
with antibodies against crylA (c). The amounts of protein extracts loaded 40ug
per lane. Lane 1, 2, 3 and 4 are the purified rbcS-“Tp—crylA(c). NC, protein
extracts from an untransformed control plant.
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A B

Mx5x3x1INC1 234 5 678 9101112131415 Mxbx3xI1NC123 45678 9101112131415

.

Figurel5 . Southern blot analysis of Ti rice plants (Lane 1-15) and control plant (NC).
Genomic DNA from transformed rice were digested with Pst [ and hybridized with a
2.1kb gene specific probe (A, CrylAc) and with 1.3kb DNA fragment (B, MAR sequence)
M, DNA molecular size markers; x5, x3 and x1, positive control.

®

Mx5x3x1NC1 2345 678 9101112131415 Mx5x3x1NC1 234 5 678 9101112131415

Kb

12.0 12.0
5.0 5.0
3.0 3.0
2.0 2.0
1.6 1.6

Figurel6 . Southern blot analysis of T2 rice plants (Lane 1-—15) and control plant

(NC). Genomic DNA from transformed rice were digested with Pst I, and hybridized with
a 2.1kb gene specific probe (A, CrylAc) and with 1.3kb DNA fragment (B, MAKR
sequence). M, DNA molecular size markers; x5, x3 and x1, positive control.
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4) Insect bioassay

rbeS:Tp—crylA(c) BAAZ AEH ] =7&
stem borer® fZo A2AAl7]a1 54
ZAMe A7 v FAA A EAE

japanese black rice bug$®} striped

2 ¢} toxin peptide°] oJgF Az

o] T2 A8 x2 2 AME ol

BAE s U 559 Aede =
|

T ool' ol glo] & Aston) dAAs =

5 Z29E e o (figurel7 ). €4 A E- Aol infestationdt 59 & ZAMS
% 9 95-100%°2] AAFES K<l wid Hi
=

A
A}EE L} japanese black rice bug 5
velyioh. 3 striped stem borer

BN

v&
2
™
2

e 1

)
=
1}
A

2)
&
7

033

et

19 B

e
o
rﬂ‘

foll M8 XAHES TTS. T olst
ﬁga;ﬂﬁl ABANA 50-80%) AXEE debdd, dgdor 448
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. 2 AN doR A AEA F 10%c FENE T 39 BRY =2
toxin FEE UEhlew, Vi) B8 cylABIS cylA)S) FERT 10904
100 e} o] #=A Jebdrh ole) i dAdE FEARHN TEEAA HEFE WA
of ZHAQ FEoT AHol g} wak ol FAAS AE o AAA toxin &
T2 feeding timeol T @HA Folr 0.23-0.31%) 2= oz FFHUT
Wuhn 5(1996)2 @94 = 0.009%2 crylAb) TFolA " striped stem borer$t
vellow stem borere] tisted 100%2 A &S Yepdthy B 1 vf 9lon, olH
=& crylA() (G9A F 0.05%) 9 aryvIA2] B (FWAd Z 0.024%) 0= 72}
striped stem borerel] il 10-50%2 AAME (Fujimoto 5, 1993)3 yellow stem
borerell ti3)} 76—92%2° AA+&(Nayak 5, 1997)& vepd Axrt ot

A B

Japanese Black Rice Bug Rice Stem Borer
E \§‘

Figurel7. Insecticidal activity of rbeS:-Tp—crylA (c)—transformed rice plants.
Tissue damage caused by black rice bug and stem borer feeding. The stem
cuttings of untransformed and rbeS:"Tp—crylA(c)—transformed rice plants
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were infested with neonate Japanese black rice bug or rice stem borer larvae.
The larvae were allowed to feed on stem cutting of untransformed and
rbeS:Tp—crylA(c)—transformed rice plants. Mortality was calculated 5 days

after infestation.

2003 4¢, T A AEANE doAd FA(T, Alt)E dotra|A o] o] ol¢
sttt Fa dxel 977t B dxFo] AL U] EFeR Add B¥FHe
Aol wiwatl o, 53] We] 9lo}A rice leaffolder (RLF, SEubidh) o] o] Az}
Stk #H ) BRFA crylAc) FHA ARG R ogle ohglen, o]
w99 wolatel {57l SHUR {5 gt Hs AEE FAEIT 1 2%

= sub—line (127} line) & 4% % line(37} line) oA <Fz7ke] A2l E4jo]

Sl 2 Ao dAHA ki (Table 1). thx A EAe] A4 =431
z 2] EX o7 Mol AFy AFIdH U
Aol SIgol &l HYJ, =T AHE 7F
ol 47 HE vlwe Ayt 7-19] sub—linedlX FHE /53 (1270 sub—line o
3 A 55 ol FA oA

of Auct At $Fo vjAA ¢ Ao yE

5

of

=]

30 oy "

NC 12 34 56 7 89 1011

CrylAc

total RNA

Figurel8. Southern (A) and northern (B) blot analysis of 7—1 T2 rice plants (Lane
1—-12) and control plant (NC). Genomic DNA was digested with Fst [, and hybridized with
a 2.1kb gene specific probe (CrylAc). Total RNA (20g) was run on a 1% agarose gel
containing formaldehyde, and then hybridized with the same probe. M, marker DNA; PC,
positive control.

T2At) 7-12] 317} sub—line°] W3 beet armyworm® AAM&E-& ZAMSIGIC™, 1
A7 2570 sub—line®] 50-100%% AL ®ow, whd x5 80%2 AEE
S vebilth A9 ARERE rbeSTp—crylAlc) ARG AEAV ofd e &
Zoll diste] FBe AFH S 2= FoE Yehtow, ayviA(@)9 toxine peptidZt <F
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Ao 2, Aty Zlo] &kl el

=

Table. Resistance of a CrylActransformed rice line against natural infestations of
the rice leaffolder (RLF) under field conditions.

Sub-line
1 2 3 4 5 6 7 8 9 10 11 12

RTB103-1 +++ ++ - ++ + - -

7-1 - - - - - - - - - - - -
6-1 S ++ o+ A ++
6-5 +H+ e e A A A )
6-6 + A + + + o+ +H+
6-7 Ht+ A A

6-8 S ++ +++ +H+

4-1 -+ A A e e
4-3 4+ e -
- No damage symptoms or slightly scrape some leaves (Date: 2003. 9. 23)

+ The leaf damage grades showed with severity

5) 2% A=A S

FAAG A EA T2A 0 et} APA o R AlFHT = Basta® FEFEE A
gste] & A AFAT g2 vlgo] Wde o]2A FeEHle Age 3:1, &
ojAel ReulE T/ ATAA &l =HUth olF 311 o Eu|E Hoju oy
FAsE B & A49E Jed 7-1 lined FAE T24d7hA /Fx8k5.0,
ol 7-1 line® T2 E4%2 6 mg/L phosphinothricin (PPT)7} H71d MS sj=]of A
ete] bar gene AFAE ARG 1 A3 PPTE E&e wixelrd FPu8L
7-19 BE sub—lined 98% o]AF dolsle] FAA o R AS3IINOH, PPTE X3y
A 942 MS HjA| oA olst ¥ FAHE A=Aet FE A kil
PPT7F H7te MS wixlof} A4 8] M- dzv+ BE FA7F dotstA Eeta
0%2] BEES el o2 Ko} o]E FAHAG AEAE Fudi AHACRE =9
Az wdo] Ao R o]FAE AL HIY & AU

ojarel AE F¥e B, Agrobacteriums ©]&3t FAHZ WH O T modified
crylA(c) 378 845 Gad 4dAA o= 448 &4 1
Agd 2] EA= Southern®} Northern blot 59 ®AAESE 45
genomic DNAZ crylA(c) AR =43 RNAS @do] ofFojzl AL T &
ggitt. w3t JAM3 AEAZHE polyclonal antibodyE o] €3t crylA(c)o)] o3t
immunoblot A oA & F£F9 AFA toxin @A AAHS FJE 5 gled,

japanese black rice bug, striped stem borer, rice leaffolder % beet armyworm

F
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= oy o] §2o et WEAZTANME rheSTp—crylA(c) A3 ¥ 2EA7}
galy £ A% 488 72k ZAo® yehhh wEba fe] A3 "
2L WA Adety =99 347 Fool] g er FHHE JHE AHHL
3 Oh2 homoAlE R 145 AlA M2 WEA EFEo= Mistart g

o WEAd W 59 AL WA A5l & a%E 98 7 US
o, Fopo] AlgFo] Hagro 7 AU e} did AA FE AAEE] F7L, ol
AFde) 4k gE 48 7 UE Zifli £} EEf?l 5:15]7\} ; A

e}

2 m{rf
10
>
fols
=2
=
X

E. 535 A4 E 93 A& ol s
Zraped Aulol 8 A (potato leaf roll virus; PLRV)®= Luteovirusol] &38=d], JE=

Aol @A o), §AA= linear positive—sense single stranded RNAZR 71 H7|&
5882—-5987 bp °]™ 670 F-dA7F EATY. AEAe] ABH-o] T3] TAHHAA
W A of@ Al7le] PLRVel Zddd A9 F3& & F gl ALY ddE d=
th o] HpolHAE FFUEY AREF wiziEe] dapdd. W}E}H PLRVY A=
Z Jo] Zeett 7Y AEAo ARELY FHE It FAFH &
% Iy A 1?*401]/‘1 g7 3?& ool Eo2t
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A ARzl Lstaow
ke ;‘gxgg EAdA &8 w 19 ES HI T IR

Ak R °ﬂ’\1 Aozl npolyi olF
receptor— medxated endocyt051s 7] ol &5=d|, ol =F 432 receptorel
tisted ligand G &2 O}L 2L PLRVJ ) A (coat protein; CP)Y Aoz 74
At welx B A8 e PLRVY A3 WA Bacillus thuringiensis®] %542 dA
S FRAA AR E AL e NEE A g sstazt s
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1. A5 A vlolg A9 gjvgla S7Y

AFANEF A2 FFEF)A PLRVO] 78 2AE F£As% o PLRV #A8€ A
X}ﬂlﬁﬂ o] go] Bx g 9]y ofgiiE FZ A total RNAE £33t 7] Bx

¥ PLRV genome sequenceS< 0|43 PLRV genome FAAE 7] H3to] 4% 9]
primer® AR TH(IYE 1). RT-PCRE 3% A3 primer—2 ¢ —3& AHEst
coat protein %t product’} Utk o] TA cloning vectorell A¢sta 74L&
Ast (79 2), 7] 19 coat proteing ¢ A7iAd W opr| At A3} vlw kgt
=y 2% coat protein A} A7IMAL V€9 AEH FAMEOl W w23
PLRV Canadian isolate®] CP -5®=}[J. Gen. Virol. 71 (Pt 3), 719-724,(1990);
Genbank accession No. D139541% 357 Fa159 ©@X] 1 base % zpolE Holwn
AXPF(IH 3). EF CP FAAEY ofv|al AEME wl¢ 2 FAHIE B3
SG(2E 4.
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o »
g Lal

CP
< > (5.9 kb)
| ]
—> —> <+~ <+
-5 b o3 V-3

cp—5 ! S'—atg agt acg gtc gtg gtt aa—3'
cp—3 : 5'—cta ttt ggg gtt ttg caa ag—3'
rv—95 ! b'—aca aaa gaa tac cag gag aaa tt—3'
rv—=3 : 5'—act aca caa ccc tgt aag agg atc—3'

I%¥ 1. PLRV genome? $jujcwid $d219] 9% 2 RT-PCRE % =Zjoln,
CP, coat protein ; RTP, readthrough protein
(A)

ATGAGTACGGTCGTGGTTAAAGGAAATGTCAATGGTGGTGTACAACAACCAAGAAGGCG
A

AGAAGGCAATCCCTTCGCAGGCGCGCTAACAGAGTTCAGCCAGTGGTTATGGTCACGGC
C

CCTGGGCAACCCAGGCGCCGAAGACGCAGAAGAGGAGGCAATCGCCGCTCAAGAAGAACT

GGAGTTCCCCGAGGACGAGGCTCAAGCGAGACATTCGTGTTTACAAAGGACAACCTCGT
G

GGCAACTCCCAAGGAAGTTTCACCTTCGGGCCGAGTCTATCAGACTGTCCGGCATTCAA
G

GATGGAATACTCAAGGCCTACCATGAGTATAAGATCACAAGCATCTTACTTCAGTTCGT
C _

AGCGAGGCCTCTTCCACCTCCTCCGGTTCCATCGCTTATGAGTTGGACCCCCATTGCAAA

GTATCATCCCTCCAGTCCTACGTCAACAAGTTCCAAATTACGAAGGGCGGCGCCAAAAC
T

TATCAAGCGCGGATGATAAACGGGGTAGAATGGCACGATTCTTCTGAGGATCAGTGCCG
G ,

ATACTGTGGAAGGGAAATGGAAAATCTTCAGATACCGCAGGATCCTTCAGAGTCACCAT
C
AGGGTGGCTTTGCAAAACCCCAAATAG (627)
(B)

MSTVVVKGNVNGGVQQPRRRRRQSLRRRANRVQPVVMVTAPGQPRRRRRRRGGNRRSRRT
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GVPRGRGSSETFVFTKDNLVGNSQGSFTFGPSLSDCPAFKDGILKAYHEYKITSILLQFV

SEASSTSSGSIAYELDPHCKVSSLQSYVNKFQITKGGAKTYQARMINGVEWHDSSEDQCR
ILWKGNGKSSDTAGSFRVTIRVALQNPK (208)

L OiEEelA Hele 7AsiTntolel A (PLRY) SIS WA (CP) #3449 DNA

(A)

/7 ofrl =4k A (B).

U

_4

1 )

1) ATGAGTACGGTCGTGGTTAAAGGAAATGTCAATGGTGGTGTACAACAACCAAGAAGG
CGAAGAAGGCAATCCCTTCGCAG
2)ATGAGTACGGTCGTGGTTAAAGGAAATGTCAATGGTGGTGTACAACAACCAAGAATG
CGAAGAAGGCAATCCCTTCGCAG
3)ATGAGTACGGTCGTGGTTAAAGGAAATGTCAATGGTGGTGTACAACAACCAAGAAGG
CGAAGAAGGCAATCCCTTCGCAG
4)ATGAGTACGGTCGTGGTTAAAGGAAATGTCAATGGTGGTGCACAACAACCAAGAAGG
CGAAGAAGGCAATCCCTTCGCAG
5)ATGAGTACGGTCGTGGTTAAAGGAAATGTCAATGGTGGTGTACAACAACCAAGAAGG
CGAAGAAGGCAATCCCTTCGCAG
6)ATGAGTACGGTCGTGGTTAAAGGAAATGTCAATGGCGGTGTACAACAACCAAGAAGG
CGAAGAAGGCAATCCCTTCGCAG

GCGCGCTAACAGAGTTCAGCCAGTGGTTATGGTCACGGCCCCTGGGCAACCCAGGCGCCG
AAGACGCAGAAGAGGAGGCA
GCGCGCTAACAGAGTTCAGCCAGTGGTTATGGTCACGGCCCCTGGGCAACCCAGGCGCCG
AAGACGCAGAAGAGGAGGCA
GCGCGCTAACAGAGTTCAGCCAGTGGTTATGGTCACGGCCCCTGGGCAACCCAGGCGCCG
AAGACGCAGAAGAGGAGGCA
GCGCGCTAACAGAGTACAGCCAGTGGTTATGGTCACGGCCCCTGGGCAACCCAGGCGCCG
AAGACGTAGAAGAGGAGGCA
GCGCGCTAACAGAGTTCAGCCGGTGGTTATGGTCACGGCCCCTGGGCAACCCAGGCGTCG
AAGACGCAGAAGAGGAGGCA
GCGCGCTAACAGAGTTCAGCCAGTGGTTATGGTCACGGCCCCTGGGCAACCCAGGCGCCG
AAGACGCAGAAGAGGAGGCA

ATCGCCGCTCAAGAAGAACTGGAGTTCCCCGAGGACGAGGCTCAAGCGAGACATTCGTG
TTTACAAAGGACAACCTCGTG
ATCGCCGCTCAAGAAGAACTGGAGTTCCCCGAGGACGAGGCTCAAGCGAGACATTCGTG
TTTACAAAGGACAACCTCGTG
ATCGCCGCTCAAGAAGAACTGGAGTTCCCCGAGGACGAGGCTCAAGCGAGACATTCGTG
TTTACAAAGGACAACCTCGTG
ACCGCCGCTCAAGAAGAACTGGAGTTCCCCGAGGACGAGGCTCAAGCGAGACATTCGTG
TTTACAAAGGACAACCTCGTG
ATCGCCGCTCAAGAAGAACTGGAGTTCCCCGAGGACGAGGCTCAAGCGAGACATTCGTG
TTTACAAAGGACAACCTCATG
ATCGCCGCTCAAGAAGAACTGGAGTTCCCCGAGGACGAGGCTCAAGCGAGACATTCGTG
TTTACAAAGGACAACCTCATG

GGCAACTCCCAAGGAAGTTTCACCTTCGGGCCGAGTCTATCAGACTGTCCGGCATTCAA
GGATGGAATACTCAAGGCCTA
GGCAACACCCAAGGAAGTTTCACCTTCGGGCCGAGTCTATCAGACTGTCCGGCATTCAA
GGATGGAATACTCAAGGCCTA
GGCAACTCCCAAGGAAGTTTCACCTTCGGGCCGAGTCTATCAGACTGTCCGGCATTCAA
GGATGGAATACTCAAGGCCTA
GGCAACTCCCAAGGAAGTTTCACCTTCGGGCCGAGTCTATCAGACTGTCCGGCATTCAA
GGATGGAATACTCAAGGCCTA
GGCAACTCCCAAGGAAGTTTCACCTTCGGGCCGAGTCTATCAGACTGTCCGGCATTCAA
GGATGGAATACTCAAGGCCTA
GGCAACTCCCAAGGAAGTTTCACCTTCGGGCCGAGTCTATCAGACTGTCCGGCATTCAA
GGATGGAATACTCAAGGCCTA

CCATGAGTATAAGATCACAAGCATCTTACTTCAGTTCGTCAGCGAGGCCTCTTCCACCT
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CCTCCGGTTCCATCGCTTATG
CCATGAGTATAAGATCACAAGCATCTTACTTCAGTTCGTCAGCGAGGCCTCTTCCACCT
CCTCCGGTTCCATCGCTTATG
CCATGAGTATAAGATCACAAGCATCTTACTTCAGTTCGTCAGCGAGGCCTCTTCCACCT
CCTCCGGTTCCATCGCTTATG
CCATGAGTATAAGATCACAAGTATCTTACTTCAGTTCGTCAGCGAGGCCTCTTCCACCT
CCGCCGGCTCCATCGCTTATG
CCATGAGTATAAGATCACAAGCATCTTACTTCAGTTCGTCAGCGAGGCCTCTTCCACCT
CCTCCGGTTCCATCGCTTATG
CCATGAGTATAAGATCACAAGCATCTTACTTCAGTTCGTCAGCGAGGCCTCTTCCACCT
CCTCCGGTTCCATCGCTTATG

AGTTGGACCCCCATTGCAAAGTATCATCCCTCCAGTCCTACGTCAACAAGTTCCAAATT
ACGAAGGGCGGCGCCAAAACT
AGTTGGACCCCCATTGCAAAGTATCATCCCTCCAGTCCTACGTCAACAAGTTCCAAATT
ACGAAGGGCGGCGCCAAAACT
AGTTGGACCCCCATTGCAAAGTATCATCCCTCCAGTCCTACGTCAACAAGTTCCAAATT
ACGAAGGGCGGCGCCAAAACT
AGTTGGACCCCCATTGCAAAATATCATCCCTCCAGTCCTACGTCAACAAGTTCCAAATT
ACGAAGGGCGGCGCTAAAACC
AGTTGGACCCCCATTGCAAAGTATCATCCCTCCAGTCCTACGTCAACAAGTTCCAAATT
ACGAAGGGCGGCGCCAAAACT
AGTTGGACCCCCATTGCAAAGTATCATCCCTCCAGTCCTACGTCAACCAGTTCCAAATT
CCTCAGGGCGGCGCCAAAACT

TATCAAGCGCGGATGATAAACGGGGTAGAATGGCACGATTCTTCTGAGGATCAGTGCCG
GATACTGTGGAAGGGAAATGG
TATCAAGCGCGGATGATAAACGGGGTAGAATGGCACGATTCTTCTGAGGATCAGTGCCG
GATACTGTGGAAGGGAAATGG
TATCAAGCGCGGATGATAAACGGGGTAGAATGGCACGATTCTTCTGAGGATCAGTGCCG
GATACTGTGGAAGGGAAATGG
TATCAAGCGCGGATGATAAACGGGGTAGAATGGCACGATTCGTCAGAGGATCAGTGCCG
GATACTGTGGAAAGGAAATGG
TATCAAGCGCGGATGATAAATGGGGTAGAATGGCACGATTCTTCTGAGGATCAGTGCCG
GATACTGTGGAAAGGAAATGG
TATCAAGCGCGGATGATAAACGGGGTAGAATGGCACGATTCTTCTGAGGATCAGTGCCG
GATACTGTGGAAAGGAAATGG

AAAATCTTCAGATACCGCAGGATCCTTCAGAGTCACCATCAGGGTGGCTTTGCAAAACC
%%ix%g¥%CAGATTCCGCAGGATCCTTCAGAGTCACCATCAAGGTAGCTTTGCAAAACC
gk%%#%?%CAGATCCCGCAGGATCCTTCAGAGTCACCATCAGGGTGGCTTTGCAAAACC
ggﬁi%%%%CAGATCCCGCAGGATCCTTTAGAGTCACTATCAGAGTGGCTTTGCAAAACC
g%ﬁi%%%%CAGATACCGCAGGATCCTTCAGAGTCACCATCAGGGTGGCTTTGCAAAACC
gg%%ﬁ%ﬁ%CAGATACCGCAGGATCCTTCAGAGTCACCATCAGGGTGGCTTTGCAAAACC

¥ 3. AAEHEeelg A (PLRY) S fuideiyg DNA 97149 ®lw. 1) Korean
isolate, 2) NC_001747, 3) D13954, 4) D13953, 5) X74789, 6) Y07496. = &
y_f\g D13954(Canadian isolate) 9t @7 el A2 dAste] & 3 @7|vt 2ol &

DMSTVVVKGNVNGGVQQPRRRRRQSLRRRANRVQPVVMVTAPGQPRRRRRRRGGNRRSRR
TGVPRGRGSSETF
2)MSTVVVKGNVNGGVQQPRRRRRQSLRRRANRVQPVVMVTAPGQPRRRRRRRGGNRRSRR
TGVPRGRGSSETF
3IIMSTVVVKGNVNGGVQQPRMRRRQSLRRRANRVQPVVMVTAPGQPRRRRRRRGGNRRSRR
TGVPRGRGSSETF
4)MSTVVVKGNVNGGVQQPRRRRRQSLRRRANRVQPVVMVTAPGQPRRRRRRRGGNRRSRR
TGVPRGRGSSETF
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5)MSTVVVKGNVNGGVQQPRRRRRQSLRRRANRVQPVVMVTAPGQPRRRRRRRGGNRRSRR
TGVPRGRGSSETF

VETKDNLVGNSQGSFTFGPSLSDCPAFKDGILKAYHEYKITSILLQFVSEASSTSSGSIAYELD
E}F{%}é\éIS\I%V%SNSQGSFTFGPSLSDCPAFKDGILKAYHEYKITSILLQFVSEASSTSSGSIAYELD
5%%}}%\1318\1%{/%81\1'?QGSFTFGPSLSDCPAFKDGILKAYHEYKITSILLQFVSEASSTSSGSIAYELD
{D/II;I%I}E\ISIS\I%IIJ\/?GSNSQGSFTFGPSLSDCPAFKDGILKA YHEYKITSILLQFVSEASSTSSGSIAYELD
\P/I;%E\lgi%ﬂ/?GSNSQGSFTFGPSLSDCPAFKDGILKAYHEYKITSILLQFVSEASSTSSGSIAYELD
PHCKVSSLQS

YVNKFQITKGGAKTYQARMINGVEWHDSSEDQCRILWKGNGKSSDTAGSFRVTIRVALQNPK
YVNKFQITKGGAKTYQARMINGVEWHDSSEDQCRILWKGNGKSSDPAGSFRVTIRVALQNPK
YVNKFQITKGGAKTYQARMINGVEWHDSSEDQCRILWKGNGKSSDSAGSFRVTIKVALQNPK
YVNKFQITKGGAKTYQARMINGVEWHDSSEDQCRILWKGNGKSSDTAGSFRVTIRVALQNPK
YVNQFQIPQGGAKTYQARMINGVEWHDSSEDQCRILWKGNGKSSDTAGSFRVTIRVALQNPK

I8 4. FARAEuto]HA(PLRV) S izl ojmjpAk A #vlw. 1) K
isolate, 2) D13954, 3) NC_001747, 4) X74789, 5) YO07496. 3st=+ =
D13954 9 X74789%F 2+2} o] ofuli-Abo A ut xjol & B Qi)

* H
A E 23tolx CPY gzte 981 kA
C

PgAAE =
0.) B Bacillus thuringiensis ¥+%5%54 wago]
P

1) GFP$ CP #34 3 % '2d ¥4

ARE 23T CPY < g5 AR 98] CP9 GFP7L &
e duds WEST CPet GFP 2 GFP$} CPE pBacPAKS8 (5.5 Kb) HEU ]
in—frame® 2 A3ty (1% 5) pBac8—CPGFP % pBac8—GFPCPE wE11(11% 6),
o] A& Z}7} Baculovirus bApGOZA genomic DNA$} homologous recombinations
A A ApCPGFP ¥ ApGFPCPE A3ttt 7). Add S5 24 34X
S{9el 9 LA FFEvIF LR AFS (Y 8) SDS-PAGERE 4383t (1
H 9. TFAEAA GFPRES ¥AAS ule AE AAdA S48 3ol AFHJL
1}, CP+GFP = GFP+CPY FHZ TdAR S W= 547 Fo] e =gtgo] #F
=t w2k PLRVE CPe FAXS #o7 A5 5L Zhs Zor 54
=

o
ox
X
i)
-~
[t
18
i
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pEGFP

GFP-NF GFP-NR
S
— -—
GFP-CF GFP-CR
GFP-NF 5'-CCGGTCTGCAGCATGGTGAGCAAGG-3
GFP-NR 5’-CGCGGCCCTCGAGCT TGTACAGCTCG-3”
GFP-CF 5’-CCGGTCCTCGAGATGGTGAGCAAGGGCG-3
GFP-CR 5’-CGCGGGTACCTTACTTIGTACAGCTCG-3"
pPCP2
CP-NF CP-NR
L] . Sl
— e e —
CP-CF CP-CR
CP-NF 5’-AAACTGCAGATGAGTACGGTCGTGGTTAAAGG-3"
CP-NR 57-CCCTCGAGTTTGGGGTTT TGCAAAGCCACCC-3°
CP-CF 5’-GCCTCGAGATGAGTACGGTCGTGGTTAAAGG-3’
CP-CR 5’>-GGGGTACCTATTTGGGGTTTTGCAAAGCCACC-3"

Fig 5. The synthetic oligonucleotides used for amplificaion of green fluorescent
protein (GFP) and coat protein (CP) gene of potato leaf roll virus (PLRV).

.05
pBac8-GFPCP ’ pBac8-CPGFP
BamH 1 EcoR 1 Bani1l EcoRT
Pst1 Xhot BamB 1 Kpn 1 P} Bl Yol Kpn 1

- — > «— «—
Bact EGFP Xho-F EGFP Xho-R CP-CF CP-CR Bac2 Racl CP-NF CP-NR EGFP Xho-F EGFPXhoR  Bac?

®

M1 2 3 M2

Fig 6. Construction analysis of the transfer vector pBac®—GFPCP and
pBac8—CPGFP.

The fusion genes were introduced under the control of the polyhedrin gene
promoter in pBac8—GFPCP. The constructs were analyzed by restriction
enzymes and PCR. (A, D) Solid arrows indicate the positions of primers for
PCR and the figures on the bar indicate the size of each fragment. (B) Lane
M1, Lambda DNA digested with Hind III; 1, BamH I and Xho 1, 2, BamH 1, 3,
EcoR T and Pst I; 4, Kpn I, M2, 1 Kb DNA Ladder. (C) Lane : M, Lambda DNA
digested with Hind III; 1, primer Bacl and EGFP Xho—R; 2, primer CP—CF and
BacZ; 3, primer Bacl and Bac2. (E) Lane @ M1, Lambda DNA digested with
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Hind TII; 1, BamH 1, 2, Pst 1 and Xho 1; 3, EcoR 1 and Xho I, 4, EcoR 1 and Pst
I 5, Apn I, M2, 1 Kb DNA Ladder. (F) Lane : M1, 1 Kb DNA Ladder; 1,
primer Bacl and CP—NR; 2, primer EGFP Xho—F and Bac2; 3, primer Bacl and
Bac2; M2, Lambda DNA digested with Aind 111

A) ©

ApGFPCP ApCPGFP

- > “——> — - ' — — —
Bacl EGFP Xho-F EGFP Xbo-R CP-CF CP-CR Bac2 Back  CP-NF CP-NR EGFP Xho-F EGFP Xbo-R  Bac2

B) D)
ApGFPCP AcNPV ApCPGFP AcNPV
1 2 3 M 1 2 3

Fig 7. PCR analysis of the recombinant virus ApGFPCP and ApCPGFP.
Introduction of the fusion gene under the control of the polyhedrin gene
promoter in ApGFPCP (A, C) was analyzed by PCR (B, D). (A, C) Solid arrows
indicate primer positions used in PCR. (B) Lane : M, 1 Kb DNA Ladder; 1,
primer Bacl and EGFP Xho—R; 2, primer CP—CF and Bac2; 3, primer Bacl and
Bac2. (D) Lane : M, 1 Kb DNA Ladder; 1, primer Bacl and CP—NR; 2, primer
EGFP Xho—F and Bac2; 3, primer Bacl and Bac2.
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Fig 8. Microscopy of Sf9 cells infected with recombinant virus ApGFPCP and
ApCPGFP. Sf9 cells infected with wild—type AcNPV, AcGFP, ApGFPCP and
ApCPGFP (from the top to the bottom) were observed by light (Left panels) or
light/fluorescent (Right panels) microscope (X 1,000).

“—GFP+CP

. &e® Wb «— Polyhedrin
. ~GFP

Fig 9. SDS-—polyacrylamide gel electrophoresis of the fusion protein from
recombinant virus ApGFPCP and ApCPGFP. Sf9 cells were mock infected or
infected with wild—type AcNPV, AcGFP, ApGFPCP and ApCPGFP at MOI of 5
PFU per cell. Cells were collected at 3 days p.i. Total cellular lysates were
subjected to 12% SDS—PAGE. Fusion protein, polyhedrin and GFP bands are
indicated on the right of panel. Molecular weight standards were used as size

marker.
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2) crylAc®t PLRV CPY ¢3dwz vy o 2N

Bacillus thurigiensis® %54 WA crylAce] S42wA(TE 104 domain |,
I, IIDS PLRV CPY N' Zof 4143 gIadWAds tlEo] A& it AbEAle A
E3tua stk wild—type crylAc $8AE Aol 18 103 7ol PCR$ d#<)
=40 R0S I ¥ PLRV CP9 §3A1#A baculovirus Ppol X R R E o] Q7431
(Z¥ 11) transfer vector pBac8—1Ac% pBac8—1AcCPE %E3I baculovirus®t
recombination Al#HA AplAcTFS} AplAcCPE& AWsty FQIstc(1d 12). A
d AZE volgdAE Hi5 AEolA HdA 711 SDS-PAGER &A% d3H(2¥ 13),
AdE = A7)0 dRAMEE EQsk 4 Qg

crylde
[ o]

€
1Ac-NF 1Ac-NR

1Ac-NF 5-GATGGAGGATCCTTATGGATAACAATCC-3
1Ac-NR S-TTCAAATCTCTCGAGTATCACTCCTGC-3”

Fig 10. The synthetic oligonucleotides used for amplification of N—terminal toxic
fragment of Bacillus thurigiensis crylAc gene (Bt) toxin protein gene.

A) D)
pBacs1Ac P oo pBac8-1AcCP

ERI
Xhol  BamH I{ Kpnt
0.5

-— > -
Bac?

- — — o
Bacl Ksund Kiun3

Bacl  Kbund K3un3  CP-CF  CP-CR Bac2

(B)

ML 1 2 3 4 M2

Fig 11. Constructs of the transfer vector pBac8—1Ac and pBac8—1AcCP.

Introduction of the toxic fragment of crylAc (A) and the fusion gene (D) under
the control of the polyhedrin gene promoter in pBac8—1Ac. (A, D) Solid arrows
indicate the positions of primers for PCR and the figures on the bar are the
size of each fragment. (B) Restriction endonuclease analysis. Lane : M1, 1 Kb
DNA Ladder; 1, EcoR I; 2, BamH 1 and Kpn I, 3, Xba 1, 4, Xho I; M2, Lambda
DNA digested with AHind III. (C) PCR analysis. Lane : M, 1 Kb DNA Ladder; 1,
primer Bacl and K3un3; 2, primer K5un3 and Bac2; 3, primer Bacl and BacZ.
(E) Restriction endonuclease analysis. Lane : M1, 1 Kb DNA Ladder; 1, BamH
I 2, EcoR 1; 3, Kpn 1; 4, Xba 1 and Xho I; M2, Lambda DNA digested with
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Hind 1I. (F) PCR analysis. Lane : M, 1 Kb DNA Ladder; 1, primer Bacl and
K3un3; 2, primer CP—CF and Bac2; 3, primer Bacl and BacZ.

A) ©)

ApIACTF AplAcCP

()
AplAcCP AcNPY
2 3 M 1 2 3

Fig 12. Contructs of the recombinant virus AplAcTF and AplAcCP.

By recombination between the transfer vectors (pBac8—1Ac and pBac8—1AcCP)
and bApGOZA genomic DNA, AplAcTF and AplAcCP were constructed. These
recombinant viruses were analysed by PCR. (A, C) Solid arrows indicate the
positions of primers used in PCR. (B) PCR products of AplAcTF. Lane : M, 1
Kb DNA Ladder; 1, primer Bacl and K3un3; 2, primer Kbun3 and BacZ; 3,
primer Bacl and Bac2. (B) PCR products of AplAcCP. Lane : M, 1 Kb DNA

Ladder; 1, primer Bacl and K3un3; 2, primer CP—CF and BacZ2Z; 3, primer Bacl
and Bac?2.

< CrylAc+ CP
< CrylAc

< Polyhedrin

Fig 13. SDS-—polyacrylamide gel electrophoresis of the proteins from
recombinant virus AplAcTF and AplAcCP.

Hi5 cells were mock infected or infected with wild—type AcNPV, AclAcTF and
AplAcCP at MOI of 5 PFU per cell. Cells were collected at 3 days p.i. Total
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cellular lysates were subjected to 12% SDS—PAGE. Fusion protein, CrylAc
toxic fragment and polyhedrin bands are indicated on the right of panel
Molecular weight standards were used as size marker.
3) CrylAc® domain I¥} PLRV CP §&dwd wd 2 3

Bacillus thurigiensis®) crylAc @A) hFAE2 weo] 9 (pore)-2 A3}
= domain [& PLRV CP& A7 dwae AGE =4 %5 AES1A &3tk
% 149} #9] domain 1€ PCR 3t %, PLRV CP% d4d3te] transfer vector
pBac8—1AcDICPE Aztstn Attt (2™ 15). ©]A & baculoviruseh AZ2 A7
3 AplAcDICPE  Adwdsta  #Rlgh (2¥ 16) His AXFA FdEAIZ
SDS-PAGEZ #43I3tH (% 17). §399AL dads ZA43S 2oy o &
A= o] o crylAcd domain I ¥E FUF WPz TIAANAA hE= Agkoh

He

(..—
1AcD1-NF 1AcDI-NR

IAcDI-NF  5-GAGCTGCAGGTAACTTATGGATAACAATCC-3"
1AcDI-NR  5"-GTTAAGTATCTCGAGCAAATGTGGACTCC-3

Fig 14. The synthetic oligonucleotides used for amplification of domain I
fragment of crylIAc Bacillus thurigiensis toxin protein gene.

A)

092 pBac8-1AcDICP FeoR1

BamA 1 Sac}

Psi1 EcoR 1| Xbal Abal  Xhol BamH1 Kpnl
.58 0.05

- — «— —> “—
Bact  Ksun3 1CaDt-R CP-CF CPCR Bac

Fig 15. Construction analysis of the transfer vector pBac8—1AcD1CP.
Introduction of the fusion gene under the control of the polyhedrin gene
promoter in pBac8—1AcD1CP (A) was analyzed by restriction endonuclease
digestion pattern (B) and PCR (C). (A) Solid arrows indicate primer positions
of PCR and the figures on the bar indicate the size of each fragment. (B) Lane
M1, 1 Kb DNA Ladder; 1, BamH I and XAo I; 2, EcoR 1, 3, Kpn 1 4, Pst 1
and Xba I; M2, Lambda DNA digested with Aind III. (C) Lane : M, 1 Kb DNA
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Ladder; 1, primer Bacl and 1CaD1-R; 2, primer CP—CF and BacZ2; 3, primer
Bacl and Bac?Z2.

A)

AplAcDiICP

- — “— - — —
Bacl  KSun3 1CaD1-R CPCF CP-CR Bac2

B)

AplAcDICP AcNPV

1 2 3 M 1 2 3

Fig 16. PCR analysis of the recombinant virus AplAcD1CP.

Introduction of the fusion gene under the control of the polyhedrin gene
promoter in AplAcDICP (A) was analyzed by PCR (B). (A) Solid arrows
indicate primer positions used in PCR. (B) Lane : M, 1 Kb DNA Ladder; 1,
primer Bacl and 1CaD1-R; 2, primer CP—CF and Bac?2; 3, primer Bacl and
BacZ2.

CrylAc domain 1
+
cp

35 A

: «— Cryl Ac domain |
“— Polyhedrin

25 N

Fig 17. SDS-—polyacrylamide gel electrophoresis of the fusion protein from
recombinant virus AplAcD1 and AplAcD1CP.

Hi5 cells were mock infected or infected with wild—type AcNPV, AclAcD1 and
AplAcD1CP at MOI of 5 PFU per cell. Cells were collected at 3 days p.i. Total
cellular lysates were subjected to 12% SDS—PAGE. Fusion protein, CrylAc
domain I and polyhedrin bands are indicated on the right of panel. Molecular
weight standards were used as size marker
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QA FAABPY ¢ AFHARANL
A ¥ 95A B3AB N1 AR

t

D ¥ 9S4 DNAZRH Q=A 3243 ¢ubq A=

GEHE FE total DNAE 28 AASte], & FAd <& A14E primer
0S16S(GGCGAACTCCAGGC

TAATAATCT) &+ OStrnI{AGCTCTCCCC—-TTTTTCCGCCCGACTCT) &  ©] &3t
PCRE AAetaleh. AAg Ax, 7] 9539 oddgd fAxel A=A border
sequence DNA A¥ol uYelygoh(adE 1). Jephd wi=°] DNA HHEE& AASE
pCR2.1-TOPO #WHE ] PCR clonings &3%th cloning ® A border 7144 &
HinclI9} PvullE A #¢ 2.5 kb@d#-S pUC18 #E 9] Pvull &2]el subcloningstitt.

3Bk

PCR2.1-0sCtv(7.7 kb)

1.37kb 1.10 kb

pUC-OsCt-Bor(4.8 kb)

138 1. PCRel o8l B 94=A border 9714< £ 2 cloning
lane 1: 1Kb ladder DNA(marker)
lane 2: PCR fragment

2) ¥ A=A YHAE S g3 AdvlA FHNE AZRF

7H Spectinomycin A% vlA FVAE (Prrn—aadA—TpsbA) AZE
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oA subcloning®dt pUC—OSCt—Borell A vtz 7 ES A28 37 YsiA
pUC—0SCt—BorE Stul(Blunt end) 2.2 A2j3t% 2 JAFsE 319y gel elution ©% 1
NE] S 2] A 9t g2 2d8 Adups SFHNEC Prrn—aadA—TpsbAZ pPCR
script—CstolA Smal(Blunt end) 2% *}2l3}o] Gel elution d}32H
pUC—0SCt—Bor$} ligation 3to] B 3EA &A1 pOS—-CtVE A sHSi ).

E 5
v >

ERG)
g a

pUC-OsCt-Bor(4.8 kb)

)?

Smal
BamHI
Clall
EcoRlI
Pstl
Bglll
Pvull

192, Spectinomycin A2t FVAE (Prrn—aadA —TpsbA) Azt
M: 1 Kb ladder
1.pPCR script—Cst/Smal
2.pUC—-0SCt~Bor/Stul

) Hygromycin A@vatA VA E (Prran—hph—TpshA) NZT
pOS—Ctvaytale] Agtas Clal 3} NotLO_E g sto] olFx Aud WA <)
pNeCtVH® A} Clal & Notl2® A 2lajlA hph +3A @HE gel elution®. & &3 4

Aetdl o pOS—CtV 2¥bA ¢k hph @8-S ligation dte] pOS—-CtVHE 24 st3lth

_64_



® ox % — =]

= = E > o — :*i*._.'—'*
ErsorBe3ER EXSETEESET G
2588 S5 S8 838 ch 238223888

= g BIEDE M o DA ZnNnMm

Q

= -

< S o= %S E

= > -1 53 5% o

E ~ vy m

7 pOS-CtvH(6.5kb)

1% 3: Hygromycin AEvlA VN E (Prrn—hph—TpsbA) AZ2E.
M: 1 Kb ladder
1.pUC—-0SCt—Bor/Clal/Notl
2.pNeCtVH/Clal/Notl

3) 3N BE F34Z CSPAE ¥ 9EA dEd Az

pOS—CtVH ¥ge] Y4 #Ad F3x2 &#2 CSP(Cold shock protein) & AMEF
sh9itk. pOS—CtVHE  HindllIE AHelstn &  Qibsgeled  ¥HEHE  $Hl81
pKK223-3-CSP1< HindllIx&de psbA 5'Utr FEo] FF"A CSPE &Y
pOS—CtVH ¥ &} ligation 3+ 3+ XL1-Blue MRF' Tco] 33433t € 3
AR fA o 2HE AZXID pOS—-CtVH-CSPAZE H7] FAso v =A AL
sl th.

e
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=
ey
jing 2
|

Sall
BstXl HindIII
BamHECORV

BamHI
1 Hindlll
EcoRIPstl

pOS-CtvH-CspA(7.0kb)

o =

1.0 3 e
& 2

m

13 4: CSPA §3#9] pOS—CtVH SubA) A=

4) AF 54 FAA CrylIAl 349 ¥ G4FA 9o Axd

pOS—CtVH—CspA¢l Xbal #glo] CrylIAl Xbal ©+8< AF9ldto] pOS—CtVH-CspA

—CrylIAS %% gt AxTd SukAlE BglllE A #sted 1.3 kb @] A
2 Ake] whako]l Awpeks s @y Xbald H#sle]  2.2kbel cryllAl F-34F A4S
glak3int.
e
ZEEa-EEE _
» E = mmmmn.:!:ulu_l_ ::_ feso]
2 Ext BT EZ=
2 & O Szs [A@M@ B

10 ] pOS-CtvH-CspACrylIA(9.2kb)
L

a9 5 CrylIAI 32 pOS—CtVH—CspA SHHAIV A xg
M: 1 Kb ladder
1.pOS—CtVH—-CspACrylIIA/Bglll
2.p0S—CtVH—-CspACrylIlA/Xbal
3.p0S—CtVH—-CspACryllA/uncut
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5 =8 callusd A WA HAE

B callusE FAAZI T idwiFie] o AF callusE FE3Y] I A
spectinomycin ¥} streptomycin ¥ EHZ At wiA] 2N6 s o] FEHEE H7}
3l XA} FEE A vl A GHAAR AFRT gadA A= spectinomycin
#} streptomycin °of A8 veldls F-AA o vk Al AT spectinomycins 100ug

/ml FEAME o =AE callus? AL JAsE AR Yeikgn gl ZEo de
AbE3lal Qe spectinomycinolAlE callus #9-S& AAskx] Ea] W callus oAM=
streptomycin ©] XA@uj]e] Hrlehs Zlo] Aghek Zlow Ve

a9 6: G5 callus 84 WA 2A
A: streptomycin &5 A 2N6 WA oA ¥ callus 4 ¢
B: spectinomycin FEH 2|3t 2N6 vR] o] W callus £E U4

6) A F(Biolistic) S 1§83 W JEAFAAE

Y callusEHE S0 R embryogenic callus® A8 3879 AXY 2NeuiAo) X3
ko] dzAA 29 i3S Gold Particle 0.6 micron o 89 pOS—-CtVH-CSPE &
33t A% § 3F 4oz A 2N6(+Hyg 30ug/mb) oA Ald] A sjFR ot
65 F callus = 0] AT callusE& 1979 BAH 2d & =+ U

g 7: FAAS 35 calluse AulR] Adoljx 9]
A F3AF LA A embryogenic callus®) 427
B: fdAE WA T A% XA callus £AFT(6F)
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7 W GEA FAAE AXY =Y FEAA =
&84 hygromycinol A& Yelde ¥ callus2HE total DNAE #2l8to] hph AR
o 9= primerE o]&slo] MutvlA FARE AREE hphhygromycin &) 842 78
go1atsith. 59 callusol A positive W=7} YERETE

A B

Putative transformed callus
MNC12 3 4 5 5 56 PC

A B callusZ2% 8 227+42 hph &<l
A A W callusZ2HE At AA FAF
B: o 93k hph F-dx ¢ W29 agarose A7)19F AR

B ErtE 454 213

=
2AE 9 47

EvlE BERER (O71FR) EXE5 70% oEg® 1337 FAT F 1.2% NaOCl=
15683 ZHAAs & dasE 33 FAsNY 29" EvlE FAE 30 g/L
sucrose & 3 g/L phytagel (Sigma) 7} A7Fd MSMurashige and Skoog, 1962)
LI S Rl B T o

A Aist

HE 107119 5 Zolst FAEA ] AY FF & ZdAM 07 1.0 mg/L BAPY
071.0 mg/L TAAV} &84 28 MSHiA o 2/ete] 85F3F widd v 7] @482
AT E7] 348 A Xdd dE F 277 58 29 g5 BESE A
Abat Tk WA= MS Z1EuA o) 30 g/L sucrose®} 3 g/l phytageld FH7MsH &

5.8 ZAFFR oW, Mg &% 23 £ 2T, 16h FF718re] wjekadelA 2AsHAdt
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Eobe 454 AAY WE A2

ErntE ASA F4d3E ¥EH pKRT22-Av EvtE AE5A AwY rml6” tnA
(103,993 n.t. 7 106,182 n.t., Z00044, EMBL Nucleotide Sequence Database) ¥
£ PCR WH&-& &3l F33 $ pCR2.1-topo cloning kit (Invitrogen)< ©]-838of
pCR2.1—topo vector® E=YEATF (Wakasugi, 1998). Daniell 5 (1998)2] Wi &
o] &3l pUC1I8e st &, 16S rRNA promoter$t pshbA 3' terminator A}o]ej
aadA (aminoglycoside 3"— adenylyltransferase) §2x7F £0{9)+= cassetteE Sma
[07 Adst & EnlE 9E=A flanking regiontd £A3t= Pre 1T (105,331 nt) =
ol &3l WEE %39l PCR primers forward primer (5 ‘—AAA ACC CGT
CCT CAG TTC GGA TTG CC-3") ¢ reverse primer (5'=CAC GAG TTG GAG
ATA AGC GG-3"E AFESISTE PCR WESE 94 TColA 583 Wbg §, 94T 30%,
58.5C 30%, 72T 1+ 30&%3 303 W& @/«1 &t Aozl PCR AHE> 0.5X TAE
agarose gel& ©]§3te] A71PF33ith pKRT22-A°] EnlE JS5AY LHARE
ZAFEE7] Y el wild type pEGFP vector(clontech) 2 Xpa 102 gfp FAxE E¢sh
< EvlE J=4 gd242%8 HE pKRT22—-A9) cloning dtod pKRT22-AGE #A3IS
o (Figure 1). Bt 82 &§F 454 2 A S 24gdstr] 98 pKRT22-A2
Clal 3 Not 1 & ol&3stod crylllA FAAE A9ldte] pKRT22A-CryllIA HE|E 2
33t at (Figure 1).

EulE 9= flanking region @714Y B4

EntE A5A flanking region®] 4%9¥" pCR2.1—-topo vector® AAT F
dideoxynucleotide chain termination "' (ABI prism dye terminator) 2% PCR
S-S A A3 YE. PCR primers M13 forward primer$t M13 reverse primer® A}

3ttt 97192 automatic DNA sequencer (ABI9700) & ol&3i3icth. 23¢
A71 DS DNAStar 2ZEg o] =g 7:L o] &3t @] (Nicotiana tabacum) QE
A Al vl o

FARAEL ol g

it
Wil
.3‘:'
rL
l"..u
g

GFP7l €%+ EvlE 454 443 wEd pKRT22-AGE 1gg/bombardment
7 HEE FEE ZAI} 3T 0.6 gold particle® FEEATH Biolistic device
PDS1000/He (bio—rad) & AR5}l 029, target distance® 9cm7} HEE A 3
% 1,100psi®lA]  bombardment® &t} CLSM(Confocal laser scanning
microscopy) ¥ ©| €3 EviE A=AY GFP Z3d #32 BombardmentE AAIS 3 2
e AESRA ] 2)dste] GabeloA] kg T 16417, 40A1%Y, 64A17H5o] HEA)
HellAl GFP Fd& #dsidnh 454 daddioze Ao 9o U g o
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AX Z1EAET AEAE BESAT. TP E (CLSM) 2 Olympuselld 7+
T, GFP W& #2334 blue light(488nm)-& o] 43 21, dyel(filter) = GFP%}
Rodaming AHE3th GFP 2dS #3312 CLSMO green channelolA] &+
M AAEA)) ] A7 ol zeroZF HEE PMT (Photomultiplier tube) & 6800] &
55 A% 5 ddd98A2 GFP #¥s BEsich

G EEE

2

3 FAAdRE Heto] pBINAR—-btt(3HHTl £U4)E freeze—thaw WHS ©]-§38¢]
Agrobacterium  tumefaciens LBA4404% EHA1059 X3ttt  (Figure ).
Agrobacterium 2 kanamycin 100 mg/L7F #7Fe YEP AAuAiof HAE3te] 28T
A 250rpm 082 IRiFstEA O.D.gge 1.27F HEZE wjddt F MSHAAujx =
5X10° ml/cello] H%EZ zAsch AQF e Awhsto] 2443 tddelA A
A 3§, FHlE djtde] 10¥3F AHET o, Hud AHA|A oY
Agrobacteriumes AT & AL A MS 7]2mMA + JAA 0.1 mg/L + BAP 05
mg/L) 2 o]tk AE AR oja¥l HABAE 25CoA 243+ hiF g iy,
a2 AFH3 F cefotaxime 250 mg/L$} carbenicillin 500 mg/l. ¢ kanamycin
150 mg/L. 7} #A7Fa WA &2 o]Aste] 3T o7 Algjujoks sty Auknfzjolr] &

stk AAE Adsto] MS wjx]of o]Aste] WA T AR o]AE ).
Southern blot 4

Y 2 1g9lX genomic DNAE %319 th Southern blot 41 Y8t 20 pego
genomic DNAE Asta& A BamH 1 100unitE AFR3s] A3 & 0.8% agarose gel
of A719EstAth Gel& 0.25 N HCIol 10237 Helste] denature® A2 ¥ 0.4 N
NaOH gdo] s upward capillary W28 0]8&38 nylon membrane
(Hybond—N+, Amersham) ] DNAE Aol 3tk dol7b &k 38 ¥ UV-—cross linker
Z ol&3 1200 ml/awe UVE ZASe) DNAZE membraneo] AT
Membranes 1A%} pre—hybridization Al ¥ X8 23 DNASZ 187 2043k Fot
65TolA EA43 REES S, &3 DNAE EcoR 12 ARE3te] 650bpY
btt(crylllA) +32 ABE  AFE3 21 Ready—to—go labelling system
(Amersham)-& o] &3] [¢—"?P] dCTPE A3t A3 ¥% T membraned
65ColA 2xSSC, 0.1% SDSEHo= 10%, 1XSSC, 0.1% SDSEHC=Z 104,
0.2XSSC, 0.1% SDSEHo 2 208 AFs T —~70TA 47793 X—ray filmel] =
SA1A gelstsict,

2% 8l u3
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IAA, BAP /3o & A EA A3t

EvtE AQoERE g " Ays & 17250 o]FojAA dukAow
3TAFAEY AHAEFEH 52 A4 Xé%ﬂ‘ﬂ I s e BT g i o B K R B
2 BEE S gk EntE Aoz RE AEA ARl wjA o] HItee A
A [AAS BAP 9 AA 55 A Ay BAPZ A7ME A & v =
‘do] ¥R kgton, BAP 0.5 mg/L AHelFeola vlud ¢sd £7]84d0]
A3, 53] BAP 0.5 mg/L$} IAA 0.1 mg/L E&AFoA £7184380] 99%

2 7b4 %453 At (Table 1).

oX,

_:% ok

ErntE 924 Al flanking sequence

Homologous recombinationo] 28t 454 A v7lZE (Figure 2) o &3l
EvtE 45 FAAY AEy £ o3 EnlE 954 i flanking regions i
st} PriMdE ARt g9l @] 354 DNA sequencest Bla #2433
o} (Staub and =Maliga 1992; Maliga 1993; Maliga et al. 1994; Wakasugi, 1998;
Kavanagh et al. 1999) (Figure 3). 3% 2% AHEW 16S rRNA ¢ tRNA(#rnl and
trnA) 572} sequences EvES wu] B Zdstgdow o pnl AR e £
sl intron®] A7} EvlEHE 723bp, HHloAE 707bpR W, trnA F X o
S8k intron®] A7) EWrEZF 809bp, HulelAlE 709bpE EVIE Q=A DNAY
intron®] =77} @ejRg Z& <o 5 A9rt ol AxE EU|E Palmer 5(1987,
1988)c] B3tk uie} o] 3=x DNA sequence 7+9 homology7t %8ko™, 53]
structural gene® homology7} "¢ 0= 218 &4 5 olrh

Table 1. Effect of IAA and BAP on shoot induction from cotyledon of tomato(Lycopersicon
esculentum)

IAA(mg/L)
BAP(mg/L) 0 0.1 0.5 1.0
0 0 0 0 0
0.5 94 99 88 88
1.0 74 30 62 33

* Basal medium: MS + 30g/L Sucrose + 3g/L Phytagel
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Tomato
Chloropiast DNA

pyvul
~——tmVH rmn16 H trnl HlthH rm23 Hrma.51 5 —
—> orin 4
cp-5 cp-3
cp-5:5-AAA ACC CGT CCT CAG TTC GGA TTG CC-3’
cp-3:5-CAC GAG TTG GAG ATA AGC GG-3

8
—L rrn16/trn | HPrrnH aadA H gfp HTpsbA H trnA l—
4 4
. 1.4Kb 0.8Kb 0.9Kb pKRT22-AG(6.9Kb)

—C—-—‘ rrn16/trn | H Prrn l-L aadA H CrylHA

HTpsbAH trnA }——
D T DT R 0.9Kb

pKRT22A-CrylIA(8.3Kb)

Figure 1. Construction of tomato chloroplast expression vector. (A) Chloroplast
border region for homologous recombination and primers for chloroplast border
region of Lycopersicon esculentum. The targeting region is inserted into pvull site of
chloroplast border seqeunces. (B) The pKRT22-AG transformation vector. The
spectinomycin resistance (aadA) and gfp gene and chloroplast genes rm16, trnl and
trnA are shown. (C) Diagram of the insertion cassette of the transformation consturct,
pKRT22A-CryllIA.

GFPE o435 9454 3§28 4& transient assay

AEA F4A38 e pKRT22-AGE EvtE 2499 bombardment & & 1647
4071ZF, 64A12F WjeF 3 2z o A3 16417 40X &

Non-homology l Homology Mmology Figure 2. Likely steps of
homologous recombination (Fujitani

A et. al. 1999) (A) A region of
homology between two DNA

Recombinogenic event ! duplexes. (B) A recombinogenic
(eg. Strand break) event in one of them causes their
B X homologus  pairing. (C) The
> homologous regions are connected

Homologous pairing } at a point. A Holliday junction is
one example of the connecting

c <X Intermediate point, but the molecular details
Movement of connecting point al need not be : spedified. (D) The

Voo Mo 9 pom &ong connect(ljng point of thei reactlgn

: intermediate  moves  alon the

D X2 e form homology. During this mO\?qement,
it may be somehow destroyed, or

¥ " To non-homology (E) it may be resolved to a

recombinant. (F) When the

E  Recombinaton F " .
connectlng pomt encounters the

)

+

Destruction of intermediate form

non-homology, the intermediate is
somehow destroyed.
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‘Tomato
Tobacco
Tomato
Tobacco

Tomato
Tobacco
Tomato
Tobacco
Tomato
Tobacco
Tomato
Tobacco
Tomato
Tobacco
Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco
Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco
Tomato
Tobacco
Tomato
Tobacco
Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco
Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

AAAACCCGTCCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCCGGTCAGCCAT
AAAACCCGTCCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCCGGTCAGCCAT

ACGGCGGTGAATTCGTTCCCGGGCCTTGTACACACCGCCCGTCACACTATGGGAGCTGGCCATGCCCGAAGTCGTTACCT
ACGGCGGTGAATTCGTTCCCGGGCCTTGTACACACCGCCCGTCACACTATGGGAGCTGGCCATGCCCGAAGTCGTTACCT

TAACCGCAAGGAGGGGGATGCCGAAGGCAGGGCTAGTGACTGGAGTGAAGTCGTAACAAGGTAGCCGTACTGGAAGGTGC
TAACCGCAAGGAGGGGGATGCCGAAGGCAGGGCTAGTGACTGGAGTGAAGTCGTAACAAGGTAGCCGTACTGGAAGGTGC

GGCTGGATCACCTCCTTITICAGGGAGAGCTAATGCTTGTIGGGTATTITGGTTTGACACTGCTTCACACCCCCAAAAAAA
GGCTGGATCACCTCCTTTTCAGGGAGAGCTAATGCTTGTIGGGTATTTTGGTTTGACACTGCTTCACACCCCCAAAAAAA

AGAAGGGAGCTACGTICTGAGTTAAACTTGGAGATGGAAGTICTICTITCCTTTCTCGACGGTGAAGTAAGACCAAGCTCAT
AGAAGGGAGCTACGTCTGAGTTAAACTTGGAGATGGAAGTCTTCTTTCCTTTCTCGACGGTGAAGTAAGACCAAGCTCAT

GAGCTTATTATCCTAGGTCGGAACAAGTTGATAGGACCCCCTTTTTTACGTCCCTATGTTCCCCCCGTGTGGCGACATGG
GAGCTTATTATCCTAGGTCGGAACAAGTTGATAGGAGCCCCTTTTTTACGTCCCTATGTTCCCCCCGTGTGGCGACATGG

GGGCGAAAAAAGGAAAGAGAGGGATGGGGTTTCTCTCGCTTITTGGCATAGCGGGCCCCCAGTGGGAGGCTCGCACGACGG
GGGCGAAAAAAGGAAAGAGAGGGATGGGGTTTCTCTCGCTTTTGGCATAGCGGGCCCCCAGTGGGAGGCTCGCACGACGG

GCTATTAGCTCAGTGGTAGAGCGCGCCCCTGATAATIGCGTCGTTGTGCCTGGGCTGTGAGGGCTCTCAGCCACATGGGA
GCTATTAGCTCAGTGGTAGAGCGCGCCCCTGATAATTGCGTCGTTGTGCCTGGGCTGTGAGGGCTCTCAGCCACATGG-A

TAGTTCAATGTGCTCATCGGCGCCTGACCCTGAGATGTGGATCATCCAAGGCACATTAGCATGGCGTACTCCTCCTIGTTC
TAGTTCAATGTGCTCATCGGCGCCTGACCCTGAGATGTGGATCATCCAAGGCACATTAGCATGGCGTACTCCTCCTGTTC

GAACCGGGGTTTGAAACCAAACTCCTCCTCAGGAGGATAGATGGGGCGATTCGGGTGAGATCCAATGTAGATCCAACTTT
GAACCGGGGTTTGAAACCAAACTCCTCCTCAGGAGGATAGATGGGGCGATTCGGGTGAGATCCAATGTAGATCCAACTTT

CGATTCACTCGTGGGATCCGGGCGGTCCGGGGGGGACCACCACGGCTCCTCTCTTCTCGAGAATCCATACATCCCTTATC
CGATTCACTCGTGGGATCCGGGCGGTCCGGGGGGGACCACCACGGCTCCTCTCTTCTCGAGAATCCATACATCCCTTATC

AGTGTATGGACAGCTATCTCTCGAGCACAGGTTTAGGTTCGGCCTCAATGGGAAAATAAAATGGAGCACCTAACAACGCA

-AGTGTATGGACAGCTATCTCTCGAGCACAGGTTTAG-——~—~——~— CAATGGGAAAATAAAATGGAGCACCTAACAACGCA

TCTTCACAGACCAAGAACTACGAGATCACCCCTTTCATTCTGGGGTGACGGAGGGATCGTACCATTCGAGCCGTTITTITY
TCTTCACAGACCAAGAACTACGAGATCACCCCTTTCATTCTGGGGTGACGGAGGGATCGTACCATTCGAGCCGTTTTTTT

CTTGACTCGAAATCGAAATGGGAGCAGGTTTGAAAAAGGATCTTAGAGTGTCTAGGGTTGGGCCAGGAGGGTCTCTTAAC
CTTGACTCGAAAT-—-—-— GGGAGCAGGTTTGAAAAAGGATCTTAGAGTGTCTAGGGTTGGGCCAGGAGGGTCTCTTAAC

GCCTTCTTTTITTCTTCTCATCGGAGTTATTITCACAAAGACTTGCCAGGGTAAGGAAGAAGGGGGGGAACAAGCACACTIG
GCCTTCTITITTCTTCTCATCGGAGTTATTTCACAAAGACTTGCCAGGGTAAGGAAGAAGGGGGG-AACAAGCACACTTG

GAGAGCGCAGTACAACGGAGAGTTGTATGCTGCGTTCGGGAAGGATGAATCGCTCCCGAAAGGGAATCTATTGATTCTCT
GAGAGCGCAGTACAACGGAGAGTTGTATGCTGCGTTCGGGAAGGATGAATCGCTCCCGAAAGGGAATCTATTGATTCTCT

CCCAATTGGTTGGACCGTAGGTGCGATGATTTACTTCACGGGCGAGGTCTCTGGTTCAAGTCCAGGATGGCCCAGCTGCG
CCCAATTGGTTGGACCGTAGGTGCGATGATTTACTTCACGGGCGAGGTCTCTGGTTCAAGTCCAGGATGGCCCAGCTGCG

CCAGGGAAAAGAATAGAAGAAGCATCTGACTACTTICATGCATGCTCCACTIGGCTCGGGGGGATATAGCTCAGTTGGTAG
CCAGGGAAAAGAATAGAAGAAGCATCTGACTACTTCATGCATGCTCCACTTGGCTCGGGGGGATATAGCTCAGTTGGTAG

AGCTCCGCTCTTGCAATTGGGTCGTTIGCGATTACGGGTTGGATGTCTAATTGTCCAGGCGGTAATGATAGTATCTTIGTAC
AGCTCCGCTCTTGCAATTGGGTCGTTGCGATTACGGGTTGGATGTCTAATTGTCCAGGCGGTAATGATAGTATCTTGTAC

CTGAACCGGTGGCTCACTTTTTCTAAGTAATGGAGAAGAGGACCGAAACGTGCCACTGAAAGACTCTACTGAGACAAAGA
CTGAACCGGTGGCTCACTTTTTCTAAGTAATGGGGAAGAGGACCGAAACGTGCCACTGAAAGACTCTACTGAGACAAAGA

TGGGCTGTCAAGAACGTAGAGGAGGTAGGATGGGCAGTTGGTCAGATCTAGTATGGATCGTACATGGACGGTAGTTGGAG
TGGGCTGTCAAGAACGTAGAGGAGGTAGGATGGGCAGTTGGTCAGATCTAGTATGGATCGTACATGGACGGTAGTTGGAG

TCGGCGGCTCTCCCAGGGTTICCCTCATCTGAGATCTCTGGGGAAGAGGATCAAGTTGGCCCTTGCGAACAGCTTGATGCA
TCGGCGGCTCTCCCAGGGTTCCCTCATCTGAGATCTCTGGGGAAGAGGATCAAGTTGGCCCTTGCGAACAGCTTGATGCA

CTATCTCCCTTCAACCCTTITGAGCGAAATGCGOGCAAAAGAAAAGGAAGGAAAATCCATGGACCGACCCLCATCATCTCCAC
CTATCTCCCTTCAACCCTTTGAGCGAAATGCGGCAAAAGAAAAGGAAGGAAAATCCATGGACCGACCCCATCATCTCCAC

CCCGTAGGAACTACGAGATCACCCCAAGGACGCCTTCGGCATCCAGGGGTCACGGACCGACCATAGAACCCTGTTCAATA
CCCGTAGGAACTACGAGATCACCCCAAGGACGCCTTCGGCATCCAGGGGTCACGGACCGACCATAGAACCCTGTTCAATA

AGTGGAACGCATTAGCTGTCCGCTCTCAGGTTGGGCAGTCAGGGTCGGAGAAGGGCAATGACTCATTCTTAAAACCAGCG
AGTGGAACGCATTAGCTGTCCGCTCTCAGGTTGGGCAGTCAGGGTCGGAGAAGGGCAATGACTCATTICT T~ e~

TTCTTAAGACCAAAGAGTCGGGCGGAAGGGGGGGAAAGCCCTCCGTTCCTGGTTCTCCTGTAGTTGGATCCTCCGGAACC

ACAAGAATCCTTAGTTAGAATGGGATTCCAACTCAGCACCTTTTGAGTGAGATTTTGAGAAGAGTTIGCTCTTITGGAGAGC
———————————— AGTTAGAATGGGATTCCAACTCAGCACCTTTTGAGTGAGATTTTGAGAAGAGTTGCTCTTTGGAGAGC

ACAGTACGATGAAAGTTGTAAGCTGTGTTCGGGGGGGAGTTATTIGTCTATCGTTGGCCTCTATGGTAGAATCAGTCGGGG
ACAGTACGATGAAAGTTIGTAAGCTGTGTTCGGGGGGGAGTTATTGTCTATCGTTGGCCTCTATGGTAGAATCAGTCGGGG

GACCTGAGAGGCGGTGGTITTACCCTGCGGCGGATGTCAGCGGTTCGAGTCCGCTTATCTCCAACTCGTG
GACCTGAGAGGCGGTGGTTTACCCTGCGGCGGATGTCAGCGGTTCGAGTCCGCTTATCTCCAACTCGTG
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Figure 3. Alignment of -nucleotide sequences of flanking region used for plastid
transformation vector from the plastid DNAs of L. esculentum and N. tabaccum. A bold
indicates that a nucleotide is only present in L. esculentum. A dash indicates a
nucleotide that is absent from a sequence. The N. tabaccum plastid DNA sequences
reported in this figure have been deposited in the EMBL nucleotide sequence databases
with the accession number Z00044.
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Table 2. The analysis of comparison tomato(L. esculentum) with tobacco (W,
tabaccum) plastid DNA. Portions of N. tabaccum nucleotide sequence are shown
from 103,993 to 106,182.

Gene Product/Comment Size(bp)
L.esculentum N.tabaccum

rrnlé 3'-16S rRNA 258 258
trni tRNA-He(GAU) 5’exon 77 77

Intron 723 707

3’exon 35 35
OriA Replication origin region 82 82
trnA tRNA-Ala(UG C)5exon 38 ' 38

intron 809 709

3’exon 35 35
NFAE AZAYIGEP S B2 5 A00), 6443 ¥F F GFP 2 w2
& ta oYt Figure 4). %ol GFP transient assays= o #ZAA3} &
16-18A1zk0] Aubl wt@zado] b golsta ol Feli= GFP #do] okAE 2&
T Qldon, Welrge] & dAASA GFP transient assays 48A17F foff #
zto] 7bsdtitta B.ag vF 9th(Schenk et. al. 1998). wabd 2 AFAAE F519
PKRT22-AG7} BtE d=Auels J4Hoz 53t & 5 o9, ¥ B

B 9% 2443 712 pkRT22-A9] 842 o + 9

SRR k!

L

ofimetHlE g wFel wE o FAA) wAE dFE A skl
pBINAR-btt S Agrobacterium LBA44048F EHA105% EvFHE 2H¢dol A A &
Adgke AABTE (Figure 5). A A4 750704 5 52709 44 AR HAE
Add = AT (Table 3).
R Figure 4. CLSM images of chloroplast
expressing GFP of pKRT22-AG on
epidermis cell in tomato. (A)
Three-demensional distribution shown
is composed of 91 images taken at
0.2um intervals along the optical
z-axis. Magnification is 40X, zoom
size is 25 and PMT voltage chi
(green channel) is 680. (B) Guard
cells of leaf (0.2u/62 images).
Merged images of green and DIC
channels. Magnification is 40X, zoom
size is 3 and PMT voltage chl is
675. (C) GFP fluorescence of
chloroplast of guard cell at green
channel. PMT voltage chl is 675. (D)
Red chlorophyll autofluorescence (red
channell was shown.
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Table 3. Summary of Agrobacterium tumefaciens-mediated transformation
experiments in Lycopersicon esculentum

Agrobacterium Number of Number of Number of Ratio of
Strain explants plants plants transformation
plated regenerated transformed (%)
EHA105 576 44 1 0.2
LBA4404 174 8 6 3.4
Total 750 52 7 0.9
535 FAYA AFA 52705 southern ¥A3 A3 g7Aute] A AZ Faly]
AH(Figure 6). o1 utdelg #5o] 2 JAAI g8l glo] LBA4404 o]

>

| FAAFTE] 3.4%9 3, EHAL05 o] €A 0.2%%, LBA4404 #57} EHA105%
THY AP gHo] =& ATE et

1

Btt(887bp) Tocs TnoA NPT Pnos

RB

Figure 5. Plant transformation vector pBINAR-btt containing the chimeric B.t.1. toxin gene. The
arrows indicate the direction of transcription. NPTIl, neomycin phosphotransferase II; P35S,
CaMV 35S promoter; LB, left border, RB, right border of T-DNA; Pnos, nopalin synthase gene
promoter; Tocs, terminator of octopine synthase gene.

Figure 6. Production of
transgenic tomato plants. (A)
Shoots  regenerating  from
cotyledonary segments on
| selection medium  following
treatment with Agrobacterium.
(B) Plantlets regenerating
roots. (C) Southern blot
analysis of the transgenic
plantlets. Lane M, marker; C,
negative control using
nont-transformed tomato DNA,;
P, positive control (pBINAR
Btt); 1-17, independent
transgenic  individuals. The
blot was probed with a
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2 Ao ArRd A (Solanum tuberosum 1.) = Dejima FE£O0F 7oA 2~33
ZF MS (Mjurashige and Skoog, 1962) 7|Eujx]ojx AFA|A €712 0.5cm T2
Zret JAd g AVt wF = Bacillus thuringiensis subsp. tenebrionisZ €l
el B.rt #89A4E plasmid pBinARe| #2948 F(figure 1) 2 EA2 F2A¥3
S 98l Agrobacterium tumetaciens 1L.BA4404¢] BRAABAA AL P T Brt &
AZ7F FHAASE A fumefaciens 1LBA44042) wjeke o FaRYE  FH
kanamycin 50 mg/L 37} LB¥iA| (bacto tryptone 10 g/L+bacto—yeast extract 5
g/L+NaCl 10 g/L) o H%E3}3, 28 T shaking incubatorol ] wjekste] 21 &4 &2
A g AFE-33IT

£coRl BarmH EcoRl EcoRl Hinatl Hindii
Kot | Pst Xbal I—Sp/yl
LB P35S I  Btt (3.0 kb) Focs—T NPT Ii |Pnos RB
-
(1.0 kb)*

Figure 1. The T—DNA region of the binary vector pBinAR—Btt containing the
chimeric B.t.f. toxin gene. NPTII, neomycin phoshotransferase II; P35S
promoter; LB, left border; RB, right border of T—DNA; Pnos, nopalin synthase
gene; ocs—T, terminator of octopine synthase gene. * The FEcoRI restriction
fragment was used as hybridization probe.

2) AgAe YAAE D A

FHAHATE Yst] 0.5 cmE AHE 712 ODgeo=1.02% w)IA ) A.tumefaciens
LBA4404 59 1083 A5 F Had oFx oA AxAZh 71x8 49
2,4=D7F A7tg wixl (MS+2,4D 2mg/L+acetocyringone 100 uM) o)A 24T, <+ E)
2 3U3F FF wieFst ¥ kanamycin¥ carbenicillin®] @650} U= ARz A wA
(MS+kanamycin 100 mg/L+carbenicillin 500 mg/L+NAA 0.01 mg/L+GA3 0.1
mg/L+zeatin 2 mg/L+sucrose 30 g/l.+agar 0.7 g/L) oA 4~8F%F v¢katd shoot
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= IAANAY. A shootE kanamycin 50 mg/LE 353k MS 7] Eulj Al oA 42
B2 WA FAo) ofAEgnt o)F x AN A ow AT AT AL A
H3te] FAHEA AFS A B AlEZ o] &3}

3) Genomic DNAZ® % 9 Southern blot analysis

i

722+e] genomic DNAE AAS o 1g2 A3 CTAB (cethyltrimethyl
ammounium bromide) buffer® ©]€3 DNA #2]3 (Dellaporta &, 1983)2% =
Z33lth. 5% genomic DNA 5 #g& A¢as BamHIC R AWt 1% agarose
gelo] A7I9% 3 2 denaturation FAEL AX & nylon membrane
(Hybond—N+, Amersham) 22 Hols}gitt. dold DNA HHES A 7171 S8k
UV=crosslink (1200% £J/cm®)% A% & membraned hybridization buffer
(0.5M NasPOs pH 7.2, 1% BAA, 7% SDS, 1 mM EDTA, 10 mg/mL salmon
sperm testicle DNA)E Ahg-8}e] 14]2 59+ pre—hybridizationd}$it}. ©]$ random
primer DNA labeling kit (Takara Bio Inc)Z o]&8lo] P& 1.0-kb Bt
fragment DNA¢°l labelingd}ti 65ColA4 16—18A1%F %<F hybridization A%t
membrane< washing solution (1st solution, 2X SSC, 0.1% SDS; 2ed solution,
1X SSC, 0.1% SDS; 3rd solution, 0.2% SSC, 0.1% SDS)° = AHulgt & X-ray 2
& (Super RX, Fujd) el 733t}

4) RNA % 9 Northern blot analysis

JSAAZA A 9 03 g AEE AFHT b3 Triazol (BioRad) & ©]83}9 total
RNAE FZ35th ZJAlE RNA 20 #gg formaldehydeZ} E£388 1% agarose gel®l
4719539t RNAZF AAD gel& nylon membrane (Hybond—N+, Amersham) ol
blottingdt § B.t.t. fragment DNAZE probe® 3}9 southern blot¥} Z2 ®WH o=
hybridizationd} 3 t.

5) protein % % Western blot analysis

Akl @A 2371 s 1 g dg AAHALE o] g3t FHsta, g S
% buffer (50 mM Tris—HCl pH 7.5, 1% 2-—mercaptoethanol, 10% glycerol, 1
mM PMSF, 2% polyvinylpolypyrrolidone) & #H7}stE ). o]F 4T, 12,000 rpmolA
1083 ARt d¥As FE389 2, Bradford solution (Biorad) & °©]-&3h4
DA T E A4t %o dwade 8% SDS—polyacrylamide geleld A7
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Fotr  WHIbE w@¥AL  pylon membrane  (Hybond—N+, Amersham) ol
electroblottingdte]  Western blot analysis® AA]stgtt.  Western  blot<
chemiluminescent western blot immunodetection kit (WesternBreeze, Invitrogen)
£ ARE-3te] kit manual®] Axfe] whel A O, 12 &A= monospecific B.t.t.
toxin antibody (Rhim &, 1995) 5 Ap&83i o)

=E!

pi)

aF

1) Bet A o Azl Jydg 9 A

A 7 v AEAZRE A Addo] x3HA L £V FAE A5
Btt. FAARAE FAAR AF Agrobacterium tumefaciens LBA4404 9} ¥ & v oks}lo]
FAASsGT 1 A3 100 mg/Le kanamycin®] F7HE wjA| oA duw o gz HE
AT FAE T oF 45F AX o] shoot7} WA A2 oH(figure 2A). Shoot:=
AAA71(1 cm) 9 FHEANZ 2D 9S 9 kanamycin 50 mg/LE &3 WA 2 &

A A AEAR A AT (figure 2B). Y3F shoot §7] A 324G Ao 3% é%
A shootE: Bt A &Aoo sl by, ulgdddEd A 45425 YA
Fekal W] shootE: FAaHiod, A&HA AFE YehiA @ mepd A
TAES 7 A el Bals AT AR A EAE AFAA JTES
A2 EEC o]Aste] A& A FHo}(figure 2C). o} AEAES

FE syl el AR EHAT AEAEe] FAAG Aol Sloj & AV H
© A2 FAASA ALE A AP e FAA, HEL TR FL, AN
o) W Agrobacteriumm spp.?] £ So] 8AAIE W ALISS FAANDYT I
3 (Choi 5, 1996). o138 #HJM Oome 5(1987)8) A-$ 7ate] AAAS Al 8—-19
F T FAAY MAE dcty Eushal gl 1314 H AFAA ARRRE A FF
ol A% oF 3—4F AH/AZ A E7)5 AL Ay 47 A= BH F EA shoot
7y @A ES e, ofo wet AR3 AAE FHE 5 I
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Figure 2. formation of resistant shoots on selection medium containing 100
mg/LL of kanamycin from potato cv. Dejima (A), plants on growth medium
containing 50 mg/L of kanamycin (B) and transgenic plants in greenhouse after
two weeks (C).

2) A8 AEAREH Bt 479 HY

kanamycin A elA] Addtd A EA <} v ARG A= ZHE genomic DNAE F
E73t9) Southern blot 48 4339t} genomic DNAZ A|Sa A BamHIOE 244
2 AEd F pg EAWP 1kb-B.rt probe 0|43l BAF AT (figure 3A),
B.t.t. probeol Sojdow wiZatE dHES AT & STk Ty d2TE AR
o HRAAE AEAAAE A gl WMt BaHA ggith FHARAE B
ZAAA Mt 2R e ow, Frh dHe FFS Btk Southern #4190
°J3k DNA Wi=2] &9l Aae iy 722 dAaadel e F3A Ber AL
dTH o AQdEe 388 H995g JYehlln ok Southern #4423 AEA <] 7
wol Al AR B HFAA7F AFRoR BHAHEA FAE7] fete] ME F
Aol g thE A BN ZRE total RNAZ HElstm ¥Ps TA Y probe® Northern
blot #4-& & A (figure 3B), Brt. AR transcript7l FAHISES AU &
ARXT. BEHGEE QAT 2olE BQow, 72 RNA @d WEE vlws BH,
southern #4128 5 72 WE obite] we} Pl E Ao ® yehdoh @ddeke] zol=
Yz IR FARE =Y FAAS JEANE= RNATSZE A9 ERPshd,
double—stranded RNA7} gene silencing®l ¥ojiv} 7 Ao wehrd ZolE YEME
Zo=x dHA rh(Marjori ¥, 2001). Southern, Northern ¥4-% AAg Ax 7zt
AEA ] A JR{AAEL] 2 wrdo] FolFHry T3 R [{AA B &
doll e FEAGA Y vlFAHEA ] B o] QoM 9P H Aol g EL
2] ekgtrt,
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MPCNC1 2 34 S5 6 7 89

(A) ~(B)
Figure 3. southern (A) and northern blot (B) from transgenic potato leaves
hybridized with the B.t.t. DNA fragment. Total 5 #g of DNA was digested with
BamHI. Total RNA was f{ractionated on an 1% agarose gel containing
formaldehyde. M, marker; NC, negative control; Pc, positive control; lane 1-9,
transgenic potato plants.

3) Western blot #4]

2 <
1 gollA dmdS F2319 8% SDS—polyacrylamide gel® 73k
S AAISFR Y monoclonal B.t.t toxin antibodyE ©]-83Fe] #A13H
@yjr 74 kDao|A @A o @l dryw = E el (figure 4). ol A

bk JEAoA] PR T AEA toxin BMAL AATTR= RS UEhin 2 A

22 FA4AE o] &3 Rhim $(1995)2 EvtEo|A, Arpaia 5(1997)2 7FA12 &
DA ZHE] 74 kDadl YA o)A v ddWeE g v gl AEFo=
AEANE Bre 822 Fddge o8] 4FA toxin AL S Q)
AATH

e Wy o n
(2
e

4
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kDa
190
127

80

53

41

27 &

Figure 4. western blot analysis of transgenic potato plants. Total protein was
extracted from the leaf of the transgenic potato plants. The extract was
separated on a 8% SDS—polyacrylamide gel and blotted onto nitrocellulose
paper for the hybridization with antiserum against the B.£f toxin. M, protein
marker; lane 1, normal potato plant; lane 2—6, transgenic potato plnats. Arrow
indicates the bands of B.£.t. toxin.

4 &

3 AgolM B whe} o) Bacillus thuringiensis subsp. tenebrionis=5-¥ 8%t
A2 Bttt FRAAE AR YA FF) dAAI A § e, Southerndt
Northern blot 52 ¥AFESH R4S X&) A genomic DNACA Brt F4=
£9 oF¢g RNAS S A 5 qlodrh 3 1 F-Ae AEAZ i 434
ARddmde wde Feslry] 98] monoclonal antibodyE ©] €3+ immunoblotting
3 A3 74 kDao)lA] toxin T WEE vehfo] Azd oz gwzES A 9
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BEnT] AUAR T e A

1. ;:rl‘—,_x:}_
O 9248 A2 ) 2229S A% PIAS 839 A gBAg A%
ALe Bd AF FIAA 5

2. s 9 g
(1) WEnyne] BESE SYA
@O AgET o HEar (2543
@ AR
O Faera7] gt « ofgleld Qe 4545 S ES7rEel s AH &+F
FAH FE (7B 7} EoldlE ARl 1vbkey HEste] HaArizbs AL
A sAle)l FHo] Batd AoF AH
O AF&d712E (5ol oty 4538 o= Yot TYSH AFSA o
AR X 3 Ab-o] o) R o)A 7)Ao Abg A7)
O dY A&y 0 AR A T AJFo] Apgguzta] 3
(2% D
@ Agxx
O 30T, 707805 RH, 16L : 8D

(2) MR e AgAE 27 59
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(1) A% AR : WENTOY A5FS AR Ash
FaRL ot FWo] o] wo] 9

o Bete AHeE
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BEuhrl 43 APA) S ALY 9 ALFEE E 16l vehgid

s, 9%

(2) FHAEAZIZ - wEnkye] 4 FUEaIS ARAIPER B 9 25T
1%, 18 AFZFTo] 3.29, 3% AdFol 2747 34, 24, 1¥ €27 FA

-82_,



YERGY 2EFAY) uetdE 39S 71F 08 25T 2.7Y, 30Tl
1.242 257 Hold 4= w27 FAo] gy o YeEbdohH(E 2),

(DAATAZIZ - WEuu] E58%F 9 AdAr) e AAVIERE 25T E Vel ®
S 19 ARZ0) 20.8Y, 3¥€ AAZF0] 19.69E APHAVEREE 2 Zolr}
vElbR] okghe), ShAINl, Sz meldE 19%5S V1o ® 25T oA 20.8¢,
30T A 14.09% &57F =olaASE ma A Argdo] o]Fo] = RAOR
e T (R 3).

(OYY Ak 1€ AREH 2€ ARTS 30C UM 19y JfAARSeHE A
A Ak E AN A3 dUHF Ak 2470900 B ARE & 15U ollA
3049 Atolol 71 Wolabgtsts Ao dYH 3 AdTE 152 v
AFAbS 2] 7hsAd s A Y (19 3).

(5) 227} WEng ] H8of vixE= G - AT Ay F

(6) HE¥FR] ARSef Aghet 20K 24 14 : 3¥ ARTE gteR & FREE
AR 2AE AAS A9 SRS, AS, AR E €22 ARV =
vebskon (19 3), A% st kel @ 8, 31
etttk $7EE 3ehe g
3 Fojr], A source BE AtdofA ZolZ Ho] FoAbsol A 20&

AN 4 9e Row AzAY,

8 1. 22 e XAF RS

E 1 owEuby €539 AA], w2 AR
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& AL Mgy HEE A
200249 138 16¢ ESMFH MNA/ZFY/NE (=5 % HIFR)
2002¢ 28 21¢ ESMA MNME/2Y (=5 2 &II5
2002¢ 38 15¢ EZWFA MB/EY (=5)

200249 43 13¢ AREY AZ (801 5)

M2 KHE AV S MALHDI2F AL

Days from Collecting to the First Feeding 2

Temperature
Jan. Feb. Mar.
25°C 3.2 % 0.5 2.9+ 03 2.7x 0.4
28°C 21 +04 1.95 0.4 1.7+ 0.7
30°C 1.9 204 1.5* 03 1.2 202

2 Mean * Standard deviation of 10 replications.
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3. AHE A 2 Z8 AMSEE D 2 ZRAL

Preoviposition period (days) =

Temperature
Jan. Feb. Mar.
25°C 20.8 % 1.9 20319 19.6 + 1.9
287C 14.2 > 1.4 13.6 + 1.3 133+ 1.8
30°C 14.0 » 1.8 132 = 0.9 12:9+1.0

Eggslaid/10 dayyadult

2 Mean 1+ Standard deviation of 10 replications.
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thuringiensis ¥\ 9} 2ol LA} A7 o A=, ov& B. popilliae
Zhgo] QoA Faol Ao sy A dEA A g g 2
popilliae 42 % TZAHA cockchafer #%59 #Hy d4S B, 7359 Fo=
YA Tstol A dobslo] AR o] ofg] Wol Zgex Adaglo] told AtH
9 7]& larmina £3< 53948 hemolymphel] £E€3le] o]& 3= Ao
T o1& B popilliae 9 Wl 71&ALE & §FEAMAE vt
]2 2t} (Splittstoesser et al, 1978; Splittstoesser and Tashiro, 1981).
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d Lo

2 olF4d Hav} vty ARk ofgd oI AEAdqA 2d & F
ANEA FA A8 AEHe] Mdx g4 olFo AHop & Harl vk wEkd &
oM vrelglol 54 AFAZ F 4HZ B thuringiensis subsp. tenebrionis
(B.t.t.)—toxin gene¥} B, popilliae2} cryBP geneg #u % EAS {H3y W &
AeA w3 F YRS FAASAHE Ndsted HRE Fol, Btr—toxin %
g o] &3t AEA dAAG e A B popillize #F2HEH 29 ¥ cryBP 4
Zko] HIV—1 Tat basic domaing codingdh= &¢l2™E fusiondte] s|Fol HAFH 3]
& W, slF AlXd 54 9wl JE G A4S AU 7 UES oS e 24
A% WY E Aot et 54 o] HA 22 B 77 Y 54& FHE, 42
2, BAPESA S oA A A]sSl Tt

e b

)
B
%=
-

2 30 o

".UJ

2 w9y

7}. Strains and plasmids

FAHEIH plasmid FAE A8t E coif DH5 @ straing AFE3F 0w, Bacillus
thuringiensis SR660, SR803 1813 Bacillus popilliae 5% Heidelberg
University =255  Alzg@dor. A& JAAIELE FF25 Agrobacterium
tumefaciens EHA105& AFE3+49 T} Subclonings a4+ pBluescript KS+& ARE
st

v, Hj A

B. thuringiensis, B. popilliae, A. tumefaciens 1.BA4404 dF9 E coli®] B3H Y
A5 vlA 2 LB (1% tryptone, 0.5% yeast extract, 1% NaCl) ®1# 2 1.5% agar
plate® AHE-3F1oH, Z+7F 30°C, 30°C, 28T, 37ColA sttt AxF plasmidE
Ad E coli @ Agrobacterium & #A2FE 837 A8 Km (50 pg/mh-E 7t
[ A=

k. DNA =%

E. coli 3438, plasmid DNA ¥, Astas AL, cloning ' 52 Sambrook
et al® ¥R (1989) o] wet At HEx FEHA%E FF<0 Agrobacterium®
FAASLS electroporation WS o]L3890 1, plasmid #¥= An er a9 WY
(1988) o whe} Hastqict.
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g}, 2} #dFZ5E chromosomal DNAS] #¢

B. thuringiensis SR660, SR803 I1#31 B popilliae2] chromosomal DNA:
Dubnau & Abenson W (1971)& WHste] Eelsiqirt. A 1%E LB #A 9l
HEstol 30ToA di5717bA wiekst & ddielsty dAE 35(5000 xg, 102,
4C)3FAck. B8 #AE SET buffer (100 mM NaCl, 1 mM EDTA, 10 mM
Tris—Cl{pH 8.01) & A3t 8 mie SETE de3sta 30 mi corex tube® %7 2 ml
9] lysozyme €% (10 mg/ml in SET buffer)& H7let & A-ZNA 3083+ FA|3HS
t}. 0.5 ml9 pronase €9 (10 mg/ml in STE buffer)S AH7}sko] 30TCo)A 1A%
e WESAIZ F 1.2 ml9) 10% SDSE H7Est § 65TCeA 2417 Btk e
32 phenol£% (phenolichloroform:isoamylalcohol=25:24:1)& A& ¥ 3,000
xgol A 1083 A8t A5 AS sty 22 235 13 ¢ RERso] 4F59RE
30 ml corex tubec] &Zth o] FF A RNase € (10 mg/ml in SET buffer)&
HE FE7F 20 pe/mlo] HEF 718t 37TolA 1A1ZF WESAIHY, HEF 5 =71 0.1
o] %% 5 M NaCl& 7Fslal 2v]9] absolute EtOH-E #H7}ste] A3l E5odF
frel8S o]83}9] chromosomal DNAE #¥slt) 70% EtOHZE DNAE A&
AxA17130 TE(10/1) bufferel] 50 AR A7kA] 4Teoll BASHA

M
=
oA
5
3

ok PCR 71§ ©] €% cryBP §3x+9 29 2 G149 &4

EMBLEHRE 92 cryBP #2A2 47144dE& 302 primer®s A 100
ng® chromosomal DNA, Z+Z} 100 pmol2] primer (BP-F, 5—-GCGAATTCA
TGAACAATAATTTT=3"; BP-R, 5'-GGGAATTCCTAATAAAGAGGAGT-3") 1
22 1 unit® Pwo DNA polymeraseE 50 ul®] wrggoz 35ttt
Amplification=  94TCelA4  30%%t  denaturation, annealing 50T  45%,
polymerization 72C 2+%°2% 3to] 303 ubESIIYE 44 ¥ DNAE  Ethidium
bromide (EtBr)7} H7+e 0.8% agarose gelo] A71AE& F UV.2AHE 53] DNA
AHE st PCRE 3% DNAE BamHI¥ EcoRISZE Aws}lod pBluescript
KS+9 & Adas Aol sl AdE cryBP §349 47142 ABI
prism 377 AEH7IHY BA7]E dye terminator sequencing W& o]&3}o 4

stk

v}, Tat—cryBP, cryBP—Tat, Tat—cryBP—Tat @ B =43 Wg Az

HA cryBPHAAY &, H T UdZFof Tat basic domain®] $X3F%% pBlue—Tat
vector® AZ3sF7] Yl HIV-1 Tat basic domaing codingdtx 1= DNA oligomer
(TAT1, 5 —CTTATGAGGAAGAAGCGGAGACAGCGACGAA GAGAT-3'; TAT2,
5'-ATCTCTTCGTCGCTGTCTCCGCTTCTTCCTCATAAG-3"),(TATS3,
5'-ATCAGGAAGAAGCGGAGACAGCGACGAAGATAGG-3";TAT4,
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5'-AATTCCTATCTTCGTCGCTGTCTCCGCTTCTTCCTGAT-3Y 55  FAsHA
Z+Zy DNA oligomerES 70ColM 30%7F gA st} double—strand® annealingd}
t}. pBluescript KS+2 EcoRV, Hindll1$} EcoRl, EcoRVY AgdasA~EZR AL
open reading frame®] @7 Tat basic domaing %13t pBlue—Tat vector® A
3k Tatd A4S ABI prism 377 94714 GEA7IR st felA Az
vectore] cryBP1##AAE AHq1&toitt. AlZE Tat—fused cryBPRHAAEES B 24
& WY E A&stsd o] g3kt

kv

Do 32

Ay Bacillus thuringiensis SR660, SR8032] 3w 7 #=

(1) 9744 dnjd 22

100 mi9] LB brothel B. thuringiensis SR660, SR803 #F5 HE3ty Aikat
ul7d (x400, x1000)& o] &sto] A7t ube} z+2y #2310} phase bright sporef]
49 A% 54 dids A

i

(2) Azar dnA o2

FAF A} du)ld (TEM) #22 &AM B thuringiensis SR606, SR803 #+%
LB brothel]l A&t of3 30CoA FE3] 83t ¥ 0.1 M cacodylate buffer (pH
7.4)E AFE3F 1% glutaraldehyde—1% paraformaldehyde o] 2—-3A17F 114 3%H
£ 2% osmium tetraoxide &M T34} Ethanol®} acetonel® &3k &
Epon812-araldite mixtureo] Zuldted 60ToHA FeAIZATE  Reichert—Jung
Ultracut EZ 100nm #7418 AL wE9] uranyl acetate?) lead citrate® ©]F @
st} Zeiss EM109 A2 dArji ez fzsiglch FA4F Ax dAvld (SEM) #2-& 9
;A= HWE Al critical point dryer® 9AI71F (HITACHI HCP-2)¢ % 107
COATERE #%E#¢ ¥ HITACHI S—-2500 d#r dv|d oz A&l

of, iz R gl Western blot

(1) =94 F2 9 SDS-PAGE

B. thurmgiensis SR660, SR803 <+, Bacillus thuringiensis subsp. kurstaki, B,
thuringiensis subsp. tenebrionis ¥55& 100 mi2] LB brothelA HEg v 30Tl
A FE3] MR F 5000 xgoll A Aidwelstinh Pellet& 1 M NaCLE 23] AojFal o
Al ojxp TR 23] Mo Ttk e cell pelletS sonication (2 x 58) & § o]& €
e (12000 xg, 208, 4C)skqich. 2% @& Bradford ¥4 (1976) o we} &
WA o] & H2e The eppendrof tubes] B F the AW 98] —20T o) 2B



ot Zh2E 22l g off 5x loading buffer® ¥ ol F 100ToA 1083 #of &
u T 10% SDS—polyacrylamide gelol 7719% (Laemmli, 1970)3%F %
Commassie brilliant blue R25020 % A3} t},

(2) Western blot

B. thuringiensis SR803 #E 100 ml®] LB brothe]l HZE3$ & 30T
of AIZPHE AR F 1 mlg A O3 HolA 7t dE duds Fe 2 "WAgr]
% 10% SDS—polyacrylamide gelel] #7]9%3%th. Semi—dry WS o] 83t
Nitrocellulose transfer membrane (Schleicher & Schuel APl %71 ¥, B
thuringiensis subsp. tenebrionis T2 4 wW™MAo] gt 3A (Rhim et al,
1995) & ol &3t A4 wwdS e 223519}

2} B. thuringiensis 7552 PCR analysis

21 7l 2 Eed A48 chromosomal DNAE Fd°® B
thuringiensis subsp. tenebrionis 4 22} Eo]A<Ql primerE ©|-£359 PCRE
s, Z+zE 100 ng® chromosomal DNA, Z+zZ}  primer  (SR6,
5'-GGATCCATGAATCCGAACAA—-3"; SR6-1, 5-AAGCTTTTAATTCACTGGA
A=3"), 283 2.5 unit® Pwo DNA polymeraseZ 50 ul® whgoko =z 333t}
Amplification 94 Coll4] 30%%} denaturation, annealing 45C 45%, 72TColA 1%
30%%} polymerization®] YojusFH st n 3jwlr} 2x7H) extension timed F
o] 303 W3Sty SZ® DNAYE Ethidium bromide (EtBr)7F #H7bed 0.8%
agarose gelell 47145 F UV.ZAME F3) DNA A& Il

2b A HAE
100 m19} LB brothol] <=4 sl ¥ B, thuringiensis 552 3A538k3 30CoA 44 o
=3 st

o] A W7k F T S 2elahalc. oF 100 ugs] £A-2YR
A 10em?s) 7} 9] ERA) vhE F ohele] HPAAS f30] B9 petri dishel
93 29 ol Fol AAHES HAER

3 A% 4 u&

7}V. Bacillus popilliae 45 2% ¥ cryBP 422 24

B. popilliae 45 2% € chromosomal DNAE &g AA3te] &8 &4del ) Al&d
primer (BP-F, 5'-GCGAATTCATGAACAATAATTTT-35 BP—R,
5'-GGGAATTCCTAATAAAGAGGAGT-3)& ol&3ste] PCRE AASHAH. 0.8%
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agarose geldellX A7|FFE FHS A7 e A A toxin DNA RS Fels}
gom  (Fig. 1), =9 DNA A®& FEd] BamHls EcoRICR HAdelo]
pBluescript KS+ #82] BamHI# EcoRI Slteoﬂ subcloning 3%l t}.

L 2239 cryBP #3249 91449 24

BamHI#}  EcoRl  siteo] subcloning® cryBP #4842 DNA ZHHAZ Ad
pBluescript KS+ WEE spin mini—column®® HAg ¥ T7/T3 primers}
BigDye—dideoxy nucleotide® labelling® nucleotideE o] 83} 17—;‘ FTHT. 1
2] Applied BiosystemAF2] ABI prism 377 @7|AgB2 X225 ol galo] @A
= Eet (Fig. 2). 43¢ A7 2249 ® DNA dA#e A7) 2121 bpolH,
NCBI®] #3732 971449 8w A3} B popilliae2} cryBP 5222 971493 100%
FEol Stk Zlo] o, B Ao Ao F@AIE cryBP #AAY S
=elsteioh

o} Tat—cryBP, cryBP—Tat, Tat—cryBP—Tat2] A&

299 cryBP 58] = Ao AT g3 A5S 98 HIV—1 Tat basic domain

< codingﬁ}% oligomerE cryBPFAAe] &, F T A& Tat basic domain°o] $
A 8t=% pBlue—Tat vectorg AFa+th Tatd AAL ABI prism 377 AHER7|HE

712 &3k A3} open reading framec] @A Tat basic domaing AYd RE g

Al AzE Tat—fused cryBPHAAES ¥ FAA3 AelS A= o] g3

At

J

Figure 1. Amplification of cryBP gene from choromosomal DNA of Bacillus popilliae
by PCR. After PCR amplification, the products were separate on 0.8% agarose gel.
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Lanes 1, A DNA/Hindlll marker; 2, 3, PCR fragments.The arrows indicates the 2.1
kb of cryBP gene.

ATGAACAATAATTTTAATGGTGGAAATAATACAGGAAATAACTTTACTGGAAATACTC

TA 60

M NNNFNGGNNTGNNZFTGNTL

AGCAACGGAATTTGTACGAAAAAAAATATGAAAGGAACCCTAAGCAGAACTGCTATAT

TT 120

S NGICTZKKNMEKGTILSRTATITF

TCAGATGGGATTAGTGATGATTTAATTTGTTGTCTAGATCCTATATATAACAATAACG

AT 180

S DGISDDILICCLDTPTIYNNND

AACAATAACGATGCTATTTGTGATGAGTTAGGTTTAACTCCAATAGATAACAATACGA

TA 240

NNNDAICDETLGTLTUPIDNNTI

TGCAGTACTGATTTTACTCCCATAAATGTAATGAGAACAGATCCTTTTCGCAAGAAAT

CA 300

CSTDFTPINVMRTDZPFZRIEKK S

ACACAAGAACTCACAAGGGAATGGACAGAATGGAAAGAAAATAGTCCTTCTTTGTTTA

CA 360

T Q ELTREWTEWIE KT ENSPSILFT

CCGGCAATTGTAGGTGTCGTTACCAGTTTTCTTCTTCAATCATTAAAAAAACAAGCAAC

T 420

PA1V GVV TSFILLQSLZ KIZ KQAT

AGCTTTCTTTTAAAAACTTTGACAGACCTATTATTTCCTAATAACAGTTCGTTAACGA

TG 480

S FLLKTLTDILILFPNNZSSILTM

GAAGAGATTTTACGAGCCACGGAACAATATGTTCAGGAACGGCTTGATACTGATACCGC

G 540

EEITITLRATE®QYVQETRTLDTDT A

AATCGTGTGTCACAGGAACTAGTAGGTTTGAAGAATAACCTAACAACCTTTAACGATC

AA 600

NRVSQELVGLI KNNLTTTFNDAQ

GTCGAAGATTTTTTACAAAATAGAGTTGGGATTTCACCACTTGCAATTATAGATTCGA

TT 660

VEDT FLQNRVGISPILATITIDSI

AATACCATGCAACAACTTTTTGTTAATAGATTGCCACAGTTCCAAGTAAGTGGCTATC

AA 720

NTMQQLFVNIRLPQFQVSGYQ

GTATTATTATTACCTTTATTTGCTCAAGCAGCCACGCTTCATTTAACTTTTTTACGAG

AT 780

VLLLPLFAQAATTLHILTZ FLRD

GTT?TCATTAATGCCGATGAATGGAATATACCGACAGCTCAATTGAACACGTATACGCG

A 40

VIINADEWNIPTAQLNTYTR

TATTTTAAAGAATATATAGCGGAATATTCCAATTATGCTTTATCCACCTATGATGATG

GA 900

YFKEYITAEYSNYALSTYDDG

TTTAGAACAAGATTTTATCCAAGAAATACTTTAGAAGACATGTTACAATTCAAAACAT

TT 960

FRTRFYPRNTILEDMLI QTFIKTF

ATGACATTAAATGCACTAGATCTTGTTTCAATTTGGTCGTTGCTAAAATATGTAAACC

TA 1020

M TLNALDILVSIWSLLI KYVNL

gATGTAAGCACTAGT