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Development of pines resistant to pine gall midge by
use of biotechnology
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SUMMARY

I. The title of project

Development of pines resistant to pine gall midges by use of

biotechnology

I1I. Objectives and importance

Pine gall midges have destroyed our pine forests for last two
decades. The infestation has been so severe that dying forest can be
found even in remole areas of Kangwon province. Many attempts have
heen made to curb this pest with differtent means such as chemical
spray and use of naltural enemy without noticeable success. Considering
its impact on environment, chemical spray should be cautiously used
in limited area. To our knowledge, 1t 1s desirable to combine several
different means to protect our forest from the insects. In this study,
we have used two different approaches to the problem. One of them is
the micropropagation of pines resistant to the insect damage through
tissue culture techniques. For the past 20 years, several tolerent
individuals have been selected from the wild population and therefore
avai lable for the experiment. Another approach we are taking is the
use of recently developed genetlic engineering techniques. The gene
producing toxin protein specific to diptera has been cloned and
avai lable to use. Several plant transformation vectors have also been
developed using Ti plasmid of Agrobacterium tumefaciens. Therefore, if
the Bti toxin gene can be cloned into T-DNA vector, transformation of

pines should be possible. However, the most difficult obstacle for
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this approach has been thought to be lack of a reliable regeneration

system from callus 1n the pine species.

Therefore, 1in the present study, we have attempted to develop
suitable tissue culture techniques for micropropagation of pines, to
construct T-DNA vectors carrying Btl toxin protein gene for pine
transformation, and to find out the appropriate regeneration

condition from callus of pines.

I1I1I1. Contents and ranges of the research

In the present, three different kinds of experiments were done
simultaneously to save time. First, for the development of
micropropagation system with pines, embryos ( both immature and mature
) and seedlings at different developmental stages were tested. The
optimal conditions (both environmental and hormonal) were examined.
Second, Bti toxin gene from Bacillus thuringiensis var. Israelensis
was amplified through PCR technique and cloned i1nto binary T-DNA
vecter system for pine transformation.

Third, attempts were made to regenerate shoots from calli of

different tissue origins with various combination of hormones.

IV. Results and their applications

For the development of micropropagation from pines, several
different tissue sources were tested. Embryos from mature seeds

produced 12 to 30 shoots when the tissues were cultured on MS medium

containing 0.01 mg/1 NAA and 10. 0 mg/1 BA. Needle fascicles from



mature trees were also tested with GD medium with several different
combinations of BA and NAA. Although they produced 5 to 7 shoots per
explants, many of them were contaminated by fungi they carried. Young
seedlings of age up to 7 weeks were tested and found to produce up to
32 shoots per explants.

For the construction of pine transformation vector, Bti toxin
protein coding gene was cloned into pBG518 after amplification through
PCR. The new recombinant plasmid, pBti 27, were tested for cytotoxicity
and confirmed as the gene was expressed in transformed E. coli. pBti27
were _t‘hen cut with two restriction enzymes, Bamfll and Apnil, and
subcloned into pBinAR. The final plant transformation vector, pARENH,
was completed by inserting an enhancer sequence into upstream of
promoter in pARZ7.

For regeneration of shoots from callus, several different tissue
sources were tested. First, cell suspension cultures were tried to
find out conditions for optimal cell proliferation MS medium with 0.5
mg/l 2,4-D and 0.1 mg/l BA was the best in cell growth. Shoot
regeneration was achieved on callus derived from the cell suspension
culture, although the frequency of the regeneration was very low. The
results suggest that younger tissues be betler in organogenic response

tan older tissues.
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A1 & ME

A 13 SFANEY FH HY

AVGFEES AAF ez ofgdiody olduiZtAl AR BUY A Fof EEFaL
gy gqiRire B  Foig 1 BRI i FAHoloJ o F $Fo] A A
Aol 2 HAA A A7t AY ik vlFYd A AF kol el LY
% (Pinus monticola), W =¥|o} UK (Pinus lambertiana), /QUt&el H73 A
2, ofiF RBZo] FaXeky LYF (P banksiana) & YA A 2R (P
resinosa), 83 AEZR A2UR (P strobus), @B RE doE= A VE &
U5 (P echinata) 5 1 P& YR} AUF Fo] Ayl gle JFH A5
A= HR, dR AFHM AQS 7 AHY 7|¥F J[H 2= F2° A2 g F
29 AL AUE(P densiflora), S|4 (P. thunbergii) S°] 32} YR A
A B8 glen) RGR (P koraiensis) 7} LA qkFo] o] 27 7z #3
3 Atk &2 YiRFo] AAAA % FJYPHE TryLFoE AAHLR K
A 3 dugus ARIAG. LUREE sE80] Fol 1 2 gIdd 2 AS,
B, 719, A%, 77, 2, 1F, @280 T go] &Y. FuofA gyle] AH
¥, £ 4§ 9 FULEERE 2. 2dY LUFe AR Hupsn, Az
I 8lg o] AH Fo] Wel AAINY] wfie] AUFIt HNE BE& Fols= R
X B2k B oy, dAES A ¥e] F& M d F AdY. gy, A
go] F& FJMHd e FHEFe 3B 2UF7t °olE FFHo) HAS T AE, 2
7] dEold. AYURES FHo] 714 Hojd A5E AA+E XIAYIA glen], o
o BRI3E A% Ao AFAAI}L T igA HRAFAM T AGH Y
AHgol BIAE JWd AUFQMY EAHS oA o) &dFHeo I Aolg.

€9 FIFe EFYHoE RYH (Diptera), IH2|°tE (Nematocera), 3}
_:r} (Cecidom - yiidae)o]] #3)aleow, ¥WHL Thecodiplosis japonensis U. et 1. ©]

G. o] AL Ly oA TYHL Yt AYNS SN Y ALY AHE 2
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3LSle AT styoln, WA A E Y oJ¥E HFLEA, e} ¥
olvel, d&, =, ANEF @ U lHyt FX A At U X e 1d0
13] @A 53 JEHE S 1- 2o P GFFY RAE FAA QEFY HF S
Y SF LM 548 BeRE 74 sted ZAA 3 S=d, 3 Y V= 69 e
oltt. ¥ |FY WA= gE +F A+ ¥ol v, IF, A9¥A 299
T o, AudAze Ao, A, AF(FIEEX)FTE € = Y. £yFo A
Hel ¥ 6¥ AoFE Sted AAA RINAH Yes FFECIH, mIHyE e
FUS 797 RE A&l AAHL, 8¢ HMAL A7t FokA 2 FFo) iy
Sl AA RHZ [/ &dF FEEA, AR J¥d. Yoy &9
Fatge] % H|IH = ofr] 19299 M EFFH} FHRAANA AF GAF] dA7A 1 4y
ZASE d9H UAE ¥EY 4F ALY AE BEASA, FAAEFATE w45
19603 R A2 P22 B g, o] 3ol 4% LR W P oH{HA
¥E Ey, £Y93ay qdH{frr AS 8 24 3dFA 193234 = HAA FHo=
36, 585hac] o2+ H I} 1l e, 19423 o= 6% hao] @A Holi, 19483
= Agage] A wx, 1068 hao] o224 Hdo. 23, 198837434 o] 2 %
BAME RA B 3213 hac] o228 A 30 A% WA Y AR ES A A3
T ode AE g Y. Y 29 AR I, gE I g 9= -
BE FA Jhside] sle AR RuFHA sloy, EdJxgey = AL T
Aol Adde RiuojBg FoZ, o 9 AR} P& d% god Aol £
e WA o #HI2 F58 P 55 WE, tL 32 ALY g
TP AAHA PHoRe FIT FARAE d& £ UEBE, FAIHHA P
of 93, ayfe] FUE HVIAA, €d FHg 385 AUe AEE £359
A2UFE AR (g, olgd 2UuFe &% AFL FEEY 944 9n)d
AN, Wi$ AW AclE ¥ Y. 5I), Ad AHAY BZ: 3 AP B
F, (AT AEY A Ao g% AHAL B, TY A g gE FIH
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EAE AQ¥A g FulgHo] 1RF AR HS FAdtd £ uwfof, o)y
AFE W A7 HEE ¥ olyE, 4w dejg Al
AFez e 15 48 RE B AL AE ¢35y 9HE $e Az A
Aop g AAE AAFLEAN EdFH3Y YB3 E AAE SAFHL Axdoq $g.
wggtA g7l A g8 YWSE FR AANE AT SHAZD = A= PEE Mdse
A £dZoYe] i HAE ALk & sk WHe] E 4 -
HT FABERY YES A@Yols) e FAT FHAE o= MAGA ¥ 5o
= NMAZR &2 5 2o HAP DNAY RF e olyF A SHAY 4A-HF P
Rol ssel olv AP35, RuFy: YP. 53 =EF el  Bacillus
thuringiensis® o ¥ strainolA 54 259 &8& Folv 4348 dHA] BAH
o] B3 ¥l ol o] g EolE o|-&F BE Fqo] oln] A¥ @A & 9l Aol
t}. o] SA2AGYYEL] I & ZH targeto] He 239 P97 AF3) Ao
A3 & 239 life cycle T YHRFoyt dFE 7127 W&o JefA] & ¥ S
7122 et Holg. °oZL o] FAWYHEC] pH 8 °1FY BAHANN 98 27
o2 FE=e 12 XZ4To] AU 98 QAREE BHI] GELE ALEHeY 9
g3 4Zed BREF T2 B+ 73719 239 ML YErYr] wFof A3
2 Role Aoy & FEEdE A9 vt ez ¥R U] HEelg.
53] o] FAYRHAES I AE UEL A2 DNA g71vide] 998 straing E
gotefl A oju] BF o] gloAM o KAAE HEA AAATI= H¥e] olv] A3
2asgdd. 19833 HRE ol zutEglotE o]-&F g [KHUAE AE) AUA
A L dge] B3R o]F 2 o] ofamdtg#olE ol & AEYHANR HEI 97
Bi¥5l 9o, o]Z & otazvtg ol Ti plasmid@t= & DNA <ol HEE Eei7}
EE9 DNA (T-DNA)7} ©] T-DNA®] A A sequences} T-DNA £ 3o <)== vir
regulon e} g o225 75 Ade °]E%H TEAL =Y dipdd By

o] T-DNA W 2] tumorg 'TA]7]lv hormone §/3 FAHAE AASIY HAAHd MNE

rir



A ABE 7hsA & ALY FI AgH FAAT HEAAAH LTREA ¥ 4 Sle
o @ 7}xe] 2 RE S Fhyulolal, stolaRupjolrlEe] FUMHH AT E HAIYR &
DA A Y3 FHAEC] A7k U 307 i) ol E HAESH A
8 F4 IS e FAAE olHT HEH A 719 Yogd ol E ol{T
AUREF 328D e 9 Mide] 7sstA € Zejd.

Y gRE] HES A7k g E] old¥ AYY MY E HEES AR
A9 AEHN Aol oFHE AHeld. X742 glsY "R HEAMT HSTHL
2 PYAARY a7t U A% AEH QB FA W Eo o]y P UE 4
Z8 Ago] ¥-&3}A] X3 ded I Ade] A9 ayFHe A o] FEES H
TR A oA A EH fBo] A9 BT AR AREHGget} HE AR,
FEE YRR g AFen 1 shsidol dREela gl 53] visulEe XA &
AAEFosAM MABFHo] & AN FHGT AXoAM e HEF AP A=dhd
AUyl YANPRE Jh53kedet ALA Y-

@A £ dte 43I g W38 &UF S8E fist AR o
Mdd 33 FRES A FY VYR gige A, 298 fHAE olE
3o AUF JAAB PHE BE F olF 01 &% £2YyFo FFE FAAE <14
AAA o] ¥ /AAY PYPEE T} €dIFAY U3E 2uF U & F3%
<d st






Summary

This study was conducted to find out the optimal conditions for
micropropagation of pines selected from wild population. The selected individual
were thought to have some tolerance or resistance to infestation by pine gall
midge. Embryos (both mature and immature), needle fascicles, and several week
old seedlings were tested on MS or LP media containing various different
combination of cytokinin and auxin.

The results obtained were as follows,

1. Embrvos from mature seeds produced 12 to 30 shoots when the tissues
were cultured on MS medium containing 0.01 mg/1 NAA and 10. 0 mg/1 BA.

2. Needle fascicles from mature trees were also tested with GD medium
with several different combinations of BA and NAA. Although they
produced 5 to 7 shoots per explants, many of them were contaminated
by fungi they carried.

3. Young seedlings of age up to 7 weeks were tested and found to produce

up to 32 shoots per explants.

ZA W Pho] AF AUE $9 YFRAL 1EY 9 £ YALE B
9l BERESY B FAelA W (embryo)E HEAW F o] F ABPPTEEo)
g8 WANA GARAE S5 F ABALIEEC) Q& NA) FIRIA §
=8 G942 ABAINDL o8 %o ZF VZ SEsE WYL 23 9

(Sommer ¥ 1975, Webb 3} Santiago 1985, von Arnold & Erickson 1980, Noh &



1988). °o)& % F ANHEol /1 W] o|8H YR #Yolel AYBEA o] LU
2o AL ¥z & FAE A slow AFHYE ¥Ex Holyy] W I
g A Fe B AAF o2 oqAHZA gl (Aitken § 1981). GE AYFEER o
9 H2% ¥kga Rolil QeRCE RING QY. 19753 Cheng Fo] Qg o2 R
7128 371 7t AW o)A 2RSS T $F 959 GFFAY AEE
AA 229 4 B2 AdEAAA BRA fd. ASAXNY FARXE H w°oF X3 )
(embryo)& °]-&% Y Lol H2 HFHA Rl sl dA-olg. o wigFy B9
832 23S cytokinin®d AF =9 auxin & WA o) F sk oA G3 B
Ao}l (multiple adventitious shoots)® FE3hy Wo] YRFELE T $£F oA
AEe B2yt ol #ujotelAUR (Pinus radiata: Aitken £ 1981), @S 2AETA

AR (P palustris: Sommer T 1975), JFte|vjetr £AUY¥ (P caribaea: Webb 3}

Santiago 1983), wE|&I AUER (P monticola: Mott & Amerson: 1981), L~EZ X
2 AGE (P strobus: Minocha 1980) Y2 AUX (P ponderosa: Ellis $}
Bilderback: 1984), &€} &AUF (P contorta: von Arnold $}Ericksson 1980), &
A AYE (P resinosa: Noh= 1988). 28y #dole} 2UYRE A3t 9
B AL of$ ARHA HAEFE Roled 2 olfe °olgA F=3 1AM E
= =7 42 &7 HQEeldd

FUdAE Hua2dRg rEg 24y b s gARYFE} B3
H3 3oy AR, H a3 YR AL Z]BERIL A5 48 op2] AF
H Ho] gl AAHelY. 2 olfe AHNAAERE FFHHXG RAHA olEo] AFAUYY u
S°] =AY ¥bEF ol Rolx Y5l AT s HOoR nFof ojp AR UE 4
JEFoAM HE&F wiIRPAoBE JFF7|7 oJF7] WgiEd Rz ARG

o) Wi Q2H LR PJoFY Jde AR Nty 818 AANE 4o U
e A7 25 BaNia 9ged 2 424 4 % 1984, Horgan 3} Aitken 1982,

Borman # Jansson (1980) To) A x&E JFAUVE (Pinus sylvestris)8 A F-& wjF



9t 1 FFH F2 9 AYA HEe ¥ A7 QoY 27 SEE
e j@E Ho2 Ueua A o e JAY NA 2RI FAXHH &7
g FESHE AEZAN RE ANYL Ao)EIdE pY BHe2 4P BEY ¥
)2 AAT] WIS ARG oks) AANA 2= ego)l & EAoIN BERYY
o] 88 7] W&o ykgol @AY F5y] W] AA FA = opA e H{ea X5
g d3el Ao

Ao W MF g HEEY PP AT PP Jol= BY2E oS Py 3
F¢ FAY LS AU AT 2 olfe A WH L9 AAo] gdE i< g ulF
o vEH WE3 48 AN AHL {2t Jbedtr] YEeld. o] i ® 3§
o) B AE s vk g o) gshe] e fHA Arelo] Fhsabe weld) A
o] A fFA Jte3A A Held. Y o] PP @S ofF] FYH A
7€ wEIH AP HEHAE B RIS FEIF oS WA YA @7 W
o] AQAZME o9 Ao FuFA AAelt 2l Y JFSYoHE YR,
bR YREFAAH BAHLE 8% AEA A0 £ RuFil gleng AYRFo]
HE o]g Aol AW Rz 9o

AY L dAE T/ HAFTAS YL 5T 73t 97]M 7] &
=9 X7} Foboprt dE8H<A JtedE °lobl ¥ 5 A& Zeld. dAAX AL
FE R A AY AFTHA g AZS RaFd oy o] AHAZ REY AE
P2 o}A] 2 A GI} e A AR O 3 ¥iExE g3 O97] wfFe] o
of ¢ H¥AH XA= AY uy FFANF VLY ¢ Uv BE wAR £33 9
© Aoy,

g £ A¥Y EHE 452, nd4F3A, H, A58 I F& o8
sted df) WjF R AL vieF VPR ov] 1Y WEE FERES UF FATE
Z27& #EE7] 9389 A EFHATY




A2 d AR WYY

Open pollination¥l B¢ vwld% FAF AFHstS 2% HolgLil fJoz =
AR F @EFE 3F AW g5 FEAAA FIY Wif-E AAN HfE AY
2 ZAuj A}l 2,4-D 1.0 mg/1, BA 0.4 mg/l, kinetin 0.4 mg/1 7} ¥ MS uj 2] o
248 AL TS +EIA T

W -3 B2 FAS $I3HA 2, 4-D, NAA, BA S MS wiR| o)A A P E )
FE& AT vlF T/ F AL packed cell volumes F73 3t ANOVAE A A
sk9l o

w3 2,4-D(1, 3, 5 7, 9 mg/1)$} BA (0.5, 1.0, 3.0, 5.0 mg/1) 7} ¥&9 1/2
MS A A AA W) ) WPz FAL ZARAT AR 0.5 an HEY AP ALY
ol £ HEYUSH T 5MH E A4St

ZA AN A FAE FAHLE FEH HEF E3E A718 FH22 495 A
ol®2Fe] @5 W XFPoT IXPA MS vjA o] AHL Peo]F X7 0.5 cmd] AVE
AT 2FTF WF 6F Fo AH L e E BANAY. AFA) iR AFAE
A7 98 AHALF AFAIE Eolodes HELHYS G 504 it H o2 A4

A2UYRE nsFERE 48 1T B2 AR, W g Y3 284 Ao
E7del FoHE LP wjA] o) 2445t PHLE R EFH[YH.

A vKFTAE 48 1S FiL AT LP dix|o] s AALE F &
3} ot



Table 1. Inorganic and organic constituents of the media used for in

vitro culture of Pinus densiflora and FP. thunbergli

e e e . el ki

Constituents LP (mg/1) MS (mg/1)
[norganic
MgSGOs 7Hz0 360. 00 370. 00
CaCl; 440. 00
KNOs 1800. 00 1900. 00
NH¢NOa 400. 00 1650. 00
KHzPOq 270. 00 170. 00
Ca (NO3)24H0 1200. 00
FeS0s 7Hz0 30. 00 27. 80
MnS0s 4Hz0 100. 00 0.83
KI 0. 08
CoCl: B6Hz0 0. 025 0. 025
ZnS0s 7H20 8. 60 8. 60
CuS0O¢ 5H20 0. 025 0. 025
H3BO0s 6. 20 6. 20
Na:—-EDTA 40. 00 37. 30
Na:MoO¢ 2Z2H:0 0. 25 0. 25
Organic
myo—-inositol 100. 00 100. 00
Thiamine HCl 0. 40 0. 10
Pyridoxine HCI 0. 10 0. 50
Nicotinic acid 0. 10 0. 50
Glycine 2. 00
Sucrose 20, 000 30, 000
Agar 7, 000 7, 000
pH 5.5 - 5.6 5.5 - 5.7




[CULT I EARYY

i A ;v

A 3d 23 R IE

4% FAANA wiE A 2,4-D 1.0 mg/l, BA 0.4 mg/l, cytokinin 0. 4
mg/17F ZFF MS vl o] 243 v Y WHLFE AT FU18 FIHEE T
iz o] ANl Fstg HEA £33 A8 Yo AL
i) @l PWH2F 2,4-D 0.5 BA 0.1 mg/1 7} 2HH MS viz| A VGujFel-g
M e AEFAE Bgor, Table 22 VB FA ALY o8 AE AF

£

TEE wWE ANOVA & YEld ZHelg. A e syl ¥ek2w) lag phageZ} Z oA
HA O F<dol ARJF ZEIE Y (not showing data). M| 2] BHA o] = G459
A Rujekoll= 53] AR I wWdFsErl ARe FAo & AFS vR= ey

Boln] 4 A, 5% v/ve FEJ YW Rog BAG.

Table 2. Effect of NAA and BA treatment before inoculative on shogot

proliferation media having various levels of BA proliferation

Level of BA No. of shoot No. of Multiplied No. of Shoot showing

( mg/1 ) Surviveds Shoot Multiplied Shoot (%) sx

— il il ke . i el el el

¥/o Pre-treatment

0.5 120%x O & (50.0)
1.0 14 5 9 (64.3)
¢. 0 9 7 4 (44.4)
4.0 12 10 6 (50.0)

_11_



Level of BA No. of shoot No. of Multiplied No. of Shoot showing

( mg/1 ) Survivedx Shoot Multiplied Shoot (%)==

W/o Pre-treatment

6.0 13 7 8 (61.5)
8.0 11 3 3 (27. 3)
10. O 13 4 4 (30.7)

W/o Pre-treatment

0.5 33 ~ -
1.0 13 - -

2.0 22 1 1 (4.5)
4.0 26 1 1 (3.8)
6.0 14 3 3 (21.4)
8.0 22 3 4 (18.2)
10. 0 15 5 3 (13.3)

# Total number of 60 explants were inoculated.

% The percentage represents responding shoots per survived one.

xxx All the data was collected after 12 weeks from initial culture.

Seedling?] AHo W& FA4E&2 ol F 50U H explantgF AF-8310-2 uf 83. 3%
9] explanto] A T3 E717F wr 2= 312 explant G Fd 32709 g3 &7)7 2415
AT (Table 3). A|&29 o] YW explantd] STl G Zog RHol o]

RS ZPATA] oelsy Aokgd LAt 93 FAE Po) TS Aoy AAY.



dtol 50Yd ¥ seedling? S+ 100%2] BEEF 1 F 83.3 %9 explanto] A
multipleZ7} LAl FA&F AT E HollA Ev) explant] AH L Pol 50 H A
o] X3}t AAH .

Table 3. Effect of explant age on shoot proliferation media having BA and

NAA
Ages of No. of explant No.of Multiplied No.of Shoot showing
Explant (days) Survivedx Shoot Multiplied Shoot (%)==
20 Qi 2 X« 8 2 (22.2)
30 11 15 8 (72.7)
40 24 30 18 (75.0)
50 30 32 25 (83. 3)

®* Total number of 30 germinated seedlings were inoculated.
z% The percentage represents responding shoots per survived one.

x2x All the data was collected after 6 weeks from initial culture.

_13....



Table 4. Callus induction from embrvos of Pinus densiflora cultured on LP medium
cohtaining both BAP and 2, 4-D. Embryos at various developmental stages
were collected and inoculated under dark condition. All the embryos
were subcultured every two weeks since prolonging the period made both
the embryos and resulting callus turn brown. The data were collected

after 4 weeks in culture.

Conc. of growth Date of No. of embryo No. of calli

regulator (mg/1) collection cultured i nduced

BAP 0.1 + 2, 4-D 0.2 Aug. 9 18 2
0.1 2.0 10
1.0 0.2 2
1.0 2.0 3
BAP 0.1 + 2,4-D 0.2 Aug. 13 18 4
0.1 2.0 7
1.0 0.2 0
1.0 2.0 2
BAP 0.1 + 2,4-D 0. 2 Aug. 17 18 4
0.1 2.0 14
1.0 0.2 2
1.0 2.0 10
BAP 0.1 + 2,4-D 0.2 Aug. 21 18 4
0.1 2.0 15
1.0 0.2 9
1.0 2.0 9
BAP 0.1 + 2,4-D 0.2 Aug. 31 18 2
0.1 2.0 13
1.0 0.2 12
1.0 2.0 4




Table 5. Callus induction from embryos of Pinus thunbergii cultured on LP medium
containing both BAP and 2, 4-D. Embryos at various developmental stages
were collected and incubated in the dark. All the embryos were subcul-

tured every two weeks since prolonging the period made both the embryos

and resulting callus turn brown. The data were collected after 4 weeks

in culture.
Conc. of growth Date of No. of embryo No. of calli
regulator (mg/1) collection cultured i nduced
BAP 0.1 + 2,4-D 0.2 Aug8. 25 18 18
0.1 2.0 18
1.0 0.2 | 17
1.0 2.0 18
BAP 0.1 + 2,4-D 0.2 Sep. 4 18 3
0.1 2.0 7
1.0 0.2 3
1.0 2.0 8
BAP 0.1 + 2,4-D 0.2 Sep. 17 18 9
0.1 2.0 18
1.0 0.2 7
1.0 2.0 18

— 15 —
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2 dFe AAAAM ALE £2UFY gIFSHE A% HAXAE A7) #
¥ Sl AU AAAEe £dFFEd g8 o] AJEE AR 4P
. W] (A& W nB%), G 2L oty A 20, 50 4P FEE ARIEINIIH 2
ZA1e) ¥ 2Ro2 XMIALADY MS W LP il AR AR E d5F g9

1. < 229 vl NAA 0.01 mg/1 & BA 10.0 mg/1 & ZFH MS vz o)A vk

go)au] 12 A 3070 72 ABAEY .

2. NEE g BA 9 NAAY OISR Rgor ¥ GD ujRlo)] AP} A 4
3 5 -7 E715 BAYA N gREL A5 FFolo oM 2L9¥HA
t}.

3. 73 ¥ S HE MG 3279 2718 AAslgoengo] oL ¥ S o] &
Rod JFSA L JteHde] & AedE AZHAY.
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Summary

For the construction of transformation vector, three main components are
necessary. These include the gene of interest, promoter(s) for the expression of
cloned gene and plasmid vector.

In the present study, a T-DNA vector carrying Bti toXin gene was

constructed as follows. As a gene for pine transformation, a 1.2 Kb fragment of

Bti toxin protein coding gene was cloned into pBG518 after amplification through

PCR. The new recombinant plasmid, pBti 27, were tested for cytotoxicity using
transformed E. coli (i.e. by the plasmid pBti27) and confirmed as the gene was

expressed in human blood cell environment. The plasmid, pBti27 was then cut with
two different restriction enzymes, BamHl and Kpnl, and subcloned into pBinAR.

The final plant transformation vector, pARENH, was completed by inserting an

enhancer sequence into upstream of promoter in pAR27. The plasmid pARENH was
then transferred to Agrobactferium tumefaciens by electroporation. This vector

will be used for pine transformation.

A1 d AME

AFoZHe 10 34 Murai 5 (1983)°] F9 /AAE @l MAIA 2 %
V& JAF22AM HERFAITH AU AAEHAYD. oA 98 FAAE g A
of AJAA AZE BAE AUA dte RS BHABFH 9. AEY YAAHS
ANA 2FL 72 PHEC] AHEEHARA oM E QPRE AR FelA g gl
. o] HES MUstc AlEEY F JUAS AEAZYE 329 DNA 4Hg]el

A" 4 gy AF7R T-DNA HEHE o] &Y AHY electroporatione] 71 & 2 A



J (Langgridge = 1985, Shillotto %, 1985), direct injection, ¥-& liposmeg ©
23 491, particle gung °]-8% W F°] RRHA Y. 2dY P fAHAAS
o] 8T &Y FABH AIJC)H W5 HHT FH o2 W] DNAE AR 4Fd
AAA EHe Aol otYil A& MEYAM 3T ¢ = F e FHAY REFFH
< AA°F ¥4

7473 o] o] gx 3 HME EA ol1EutE|elo} (Agrobacterium tumefaciens)e]
Ti plasmids °]-&% T-DNA Mg Al2¥lg & <« A, °lv XA &3] JFH
crown galle]l&e 2F 9 FFRHo] ofazvtEEele] FHH YeElys ol ol
Zurg glole] Ti plasmid 49 ¥ FAA7T HER4 ) A= AdH= L&
o] &% Foltt. T[&EdA &gy rEHoR 4 74 FH A FS AR

o] o] ola=E¥le|2]o}2] crown gall 45 AAVUY. AA = T-DNA o] 9+ DNA W

FAAEZAN tumor RAE FEAIIH AFATdeE ZEE BFPAE FAAEEA
cytokinin 3 auxing coding®hy S8 A 24 Eukaryotic promoterd XY-S Wwonz
ofazutgl ot N EARA HAEAS FA[TG. EA AEARZZ o)F
¥ DNA (T-DNA: transferred DNA)E A= FF AR 7R o] RS
Mg g4HFez AglEes REAE ARl gl Ze: ¥R . g2
vir (virulence) regulone]@ 3 £ $: 3AAF S T-DNA 3o A& glo.

o] wAATESY AHEC] T-DNAE A EBAHRE o] FAF= 7l+g ARG wggA 4
EARY PAAAE VEH LR F7A] 247 Qojoktl. A= T-DNACIB EA
vir Ao . #F FAAE o] T-DNA Qo) AAAZIA T-DNASE 37 4]
AREZE o)Al E Aelg. 28y ojF ¥ Ti plasnidd vlE PAAXY Hg s o]

el

&
A
Y

2 tumor AR, 200 Kb 7} Y+ Ti plasmide] =7), T-DNA A}H9 =V Fo
P 229 o3 Fel AdY. wgaA FI12] FEo HE T NEEe] ol EH
g € Y vir §AHR}E9 trans acting 3334 T-DNAY AA R J71vildg S o
7L

it
N

O
4

r]r

o

-da 2 3t} Zambryski 5 (1983)°] ML £ 9 cointegrated vector system



© 2 o]y DNA®] homologous recombination 2% -& ©)-83o] pBR322% 2] sequences
HA T-DNAR] G o] AUAIZ F A 2 PP 5§ FHAsE AdA & ol
tb. ©] 35 HE S DNA sequence® A HEE AFHE= A Y olge Y
HoT HSHY AR ZEES 9% replicond = L7 9d=d o]Z o] binary
vector systeme|t}. ol M plasmidE WS F A 7|0 ofagntg g|eldls EA7
¥ 4 3gl+ replication origing Yi P gAAHE XFo] 715 EF A7 L+
ori® ¥ AAAZHET 35 Kby He vir SHAEL 2 Ti plasnido) Y=
Fo2H 19 trans acting AU °|&F Aoy,

Yo HEs PHAR AR Y HAEAH FAA 7Hveiellled AFE S
JetUA s+ NPTII H-3AE AU i AEAZE 48 327 $3dE = 9%
£ cukaryotic promoter ¢ terminator& T-DNA <ol EHA]F) 3 <)},

Bacillus thuringiensis + &%/ @©YH AAZAE U=+ SHolR ddHA <)
t} (Barton % 1987). °ol& @A <39 A YoM proteolysiso] &3y o8 =
719 @A Z A EE =Y o] T F5E Ao 4¥A Yo FA 20
o9d F< o] v otz E FAEC ARXRPLEA AFEAS Q2 ey 2 HE
< JA o713 QY. Fa MFEC] A5 g AFEE vEile B0 FH &
}x)7] WE o)PF A5H wAo] BA) AL AVEY FARY =5 J2 9
. Q@A dtE el F4AE UES RAAE ol HE FLYAH HEE WS
F AES 9AAT AHA o] FAAY WS FEVUE HF) ARE ETE e
T e Aot oY FL GPUHE VEE YRR F3HAE olu] grvide] ¥
3% AEE o] E F3io] HE ZEYWUd HEILANYB Yy JA HE A
Aoz ARG WA B ATE PRES o) & SAXHAY §3o AFHe
BTi ¢ {4 WU E NEE FAAE TFHFY F ol F °o1&3 A& PAABS 9
T HEE MY I A=HUG.
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A 2 A AQxE 2 Yy

1. 4 ™

7}. Plasmid preparation

(1). Mini-preparation: Birnboim & Doly(1979)%} Ish-Horowicz &
Burke (1981) o)l ¥ U & °] &
2 ml LB-mediumo] £ coli & 37C o)A overnight culture® <& cen-
trifugationdj A A 3] pelleto) Tris-Cl (pH 7. 4), EDTA, NaOH, SDS %
o] X3HAE buffersS AHE 22|t A7l plasmid DNAE ethanol

precipitationr]1t+¥, ethanold A F I+

(2). Large scale preparation: Godson & Vapnek (1973) "} (modified)
500 ml1 LB-mediumo]] E coli2 37C oA overnight culture A|71 ¥ <o
2 E coli pelleto] sucrosefN o AHelstil, Z#HZE lysozyme, NaOH,
SDS % RNase 52 He|jA <42 suspensiong EtBr& @3 CsCle F
A 1:1 HA €& Ti50 rotoro]H 40000 rpm, 40 A]ZF centrifuge
¥ U UV-lamp °}iA o] gl bandE FAMbwE 2Aleld ¥
isopropanol® )3} EtBrS A AAINF TE(10/1) buffer oA dialysis
A7l o2, 4C A R A} Concentration W purification®<S <&
ol 7] A M IFY restriction enzyme 2.8 A EF marker DNA <}

A agarose gelldollA ¥|<AFH 4.

....23_



\}. Transformation of E. coli (Dagert & Ehrlich, 1979)

(1). Competent cell preparation :
3 ml 9 log phaseo|A A8}l QU+ E colig centrifugation A]HA,
pelletS A9l S8, 1.5 ml & 50 mM CaCl: 89 o & susp-
ensionA] 1 & 1097 AS Aol F32 AU
oAl 1037} eppendorf centrifugeo] A =3 A pelletg& FPJ A G2,
200 y19] WL CaCl: &Yo@ suspensionf]AA, A9 30%7F ubx

Al &7} transformationA] T o).

(2). Transformation :
0.2 ml CaCl.—cells 1041 DNA®} Heoi&35, 30¥7 daol A9 F9. 2
S 2#7F 37C o)A incubationA]F1F, 1 ml LB-medium & o] Ho&
S, 30%7F 37°C o] A incubationA]ZIt}. ©]F 0.2 ml ¥ selection
agar plateo] plating 34 37C o} A overnight culture A]Z) S tran-

sformante < selction%$t}.

tl. Chromosomal DNA isolation from Bacteria

Grow 100 ml of cells overnite

Transfer into 2 x 50 ml tube and spin at 7000 rpm for 5 min. at 4 C

Resuspend the pellet with 2 ml lysozyme soln. (Smg lysozyme/ml GTE)

each and combine into one tube



Incubation at 37 C for 45 min.

Add 1 ml soln. Il and mix by inversion

Incubation at 60°C for 10 - 30 min.

= If soln. 1s clear, step 6 can be skipped.

Add 5 ul RNase A(10 mg/ml) and keep 30 min. at 37 C

TE saturated-Phenol extraction

Chloroform/isoamyl alcohol(24:1) extraction

Transfer the upper phase into the new tube and add 100 ul soln. 111

100 % EtOH(2. 5 vol.) ppt. and 70 % EtOH washing

Spocl out the DNA and dry it at 70 T

Resuspend the dried DNA in 500 - 800 ul TE{(10/1)

0.3 - 0.8 % Agarose gel electrophoresis for identification



g}, PCR (polymerase chain reaction)

Bti SR-12 #3332 R¥ ¥ chromosomal DNAS) 1 ulZ template® &< 10
X reaction buffer 1 ul, dNTP's(2 mM) Z+Z+ 1 ul, primer 1(5 uM) 1 ul, primer
2 (5 uM) 1 ul, 223, Tag-pol 1 0.4 unitE Y32 & BuZ 10 ul& s =
AF BAE EE Yo, FIC-20009] JF7E L2 we 15 #7F 30
cycle %39 T4. FFHo| TYH DNAE 23] #Uo] agarose gel 7] 3
& oA Feldt oY DNA WY T DA FARY. oY FHE &
A 3stE obdl 3914 d.

10 X reaction buffer:
500 mM Tris-C1(pH 8. 3)
200 mM KCi
30 mM MgCl,
5 % DMSO

2.5 mg/ml BSA



=] 8

¥4 oligonucleotide®] A A (Sambrook et al, 1989)

Sep-Pak C18 reversed-phase columng -4 o} & To] &8)5}o] activation

Al

(1) HPLC-Z acetonitrile 10 m1S FAAZ FA7] S columnof #]$-3 A A3
HHA deojdg.

(2) columno. B RE FA7]E W gy, gA] FAE d48 8€ F4
A1 73, YAl FAZ]E columno]] E<29F W UYo] columnd # o d4.

(3) 2 m1¢] 10 mM ammonium acetates A}7)o] F<% S, column o] 3}
3tof columne %l ¥4

9 go] 8] columno) F¥AHH oligonucleotided FAA|7]3, 10 ml & I
2 MM FAIIE ol&3tq Hojyi, wix|ee® methanol AEF47%
60:402.2 <l §HoE FET savant speedvace ©]-§3l] FFAYLF G

2o WF4E Yo 4AM oligonucleotided =t}

Electroporation (Bio-Rad manual, 1993)

Agrobacterium tumefaciens LBA44045 Minimal medium(MM)o]] 4 F33280C o]
A 26 AT F<d AAAR I, centrifugeo]l G cellEL H4IF 10%
glycerine] EHEo] Qv+ Hd+E 3 Ho| Y31, 500 ul 10% glycerin B
42 suspension¥tc}. o]¥Y A WEA FFEE 400 BHATH o A-E &
= Q=JFPT. o]FoA 50 ulg #3e plasmidg T2} 10 ul¥] Y32 HAH
t}, Bio Rad Electroporator®] cubette(2 mm)ef] d 31 Capacitance Extender&




25 uF W Pulse ControllerE® 2.5 kV& R3Yg, M7 23L 748k 3, o
0 oF 5 ¥ VAT Y&, 1 ml Mmediung Wo] Fi1 280CoA 1 A7+ F<}
At @vk. 32|35, kanamycin®| ¥--H M3-agar Wi Xjoj A selection ¥t}

A, 2293 B.t.i.- 27 kD toxing] TR dHY XA AR R in vitro

cytolysin test

Bti W 2SI U7 dFE WY dB8IFS 84 FEI spores)
crystals soluble solution(50 mM sodium carbonate, 25 mM Dithiothreitol, pH
10.5)o] EFAATUS, BAEFDA toxing A7) 93 370C0AH 1 AR 43
AA 9. 28, A0 T 58 glase] WESA Y+ 1 mn o) wello]
color-ado potato beetle AREE Whlthe] Bojx AaA VoS, o ARES
2]z} ¥ Dulbeco’'s PBS ®go& Mol P31, 20 ug/mle toxineo] -5 PRS
&N A incubation 3} EoE, MRES &3 FEHE WnB o= oF 4004
#U5t BH Y-

ol. AT 2P Bti-27 kDa toxing Arge HPFR A B
o] ¥ cytolytic test

A3 Ade® Ry I 0.2 019 Y AN, 32D HE 7o)
50 mM NaOH, 1 mM EDTAZ XA f£YoT 0.9 a7} YAE EFAFN 2, T3
Al Zl 27xkDa &Y 100 ulg gdo] F3, 370CNA 1 A7} Eok WA 28
A, HEF AR {3 ARE BA .



A 3d Z3 R 3

1. Bti SR-12¢] cytolytic toxin gene cloning

Bti SR-12 #3E X¥E CsCl gradientE o] 83le] HAAHA chromos-omal DNAE
RIAP 3L, ©] RS template® 3t 27 kDa toxin HFHAS PCR W) <3
cloningg 3Fadvh. & o] toxin protein® DNA 97 M9 (22¥§ 2: Earp and
Ellar, 1987)2 X.¥] N-terminal end region¢l LSR1: CCACTATTCTAATTAACTTA (20
base) ¢} C-terminal end region LSR2: TGTGGATGTGTGAAGAACAA (20 base) 5712
oligonucleoti-deg ¥4 Y, PCRE o]-&35to] 24 cycle {0 2FH
HW S agarose gel H7] FE5FolAM s & A4 AR d v E <oF
1.2 kboll 223 DNA fragment=S H<A ¥ <4 92203, o] HHAS high copy
number plasmide]™ lacZ’-promoters X|3d expression vector pBGS18 (Spratt
et al., 1986)2] Smal-siteo] ligation A|H TG (Y 3). oA A" AXRY
plasmide] FHE HHo]l AYE ligation H3 A dolR7] Y3 A/
plasmidg A2 BamHI/KpnlZE Hdet3t agarose gel A 7| <dFA oA & 5t
Hoked, O AF AR Zy1Y 1.2 kb HEo] YE U AE HUFAY
(1Y 4). 223z, o] ARY plasmidS pBti27o)d 2 BFP s}

2. Cytolytic toxin activitye 34
Bti SR-12 T¥329 chromosomal DNA® ¥ PCRe] 93} 223 1.2 kb DNA9)
A#e] YPE cytolytic toxin FHAJAE FARF F4lo) toxin activitys

22387] Y13 A], recombinant plasmid pBti27€ E. coli TG19)| transformation
A 7¢S, cloning® DNAS] Mg WRAZCT. o HVA toxinE AW E coli



extractE AIlE 2 blood cellE o]l &3ty cytolytic activityg F& st (O
H 5). pBti279] <J%}o transformation® E. coli cells%} Bti SR~-12 cell
extract® R E+ 7% cytolytic activityS ¥4 & 5 v (2g 5. 2, 3).
aHY, E. coli TGl extractol M A3 cytolytic activitys @3 & 4+
g (2Y 5: 1). o] AFZ E89 PCRol Y39 cloning® 1.2 kbe] DNA 4 3 -&
Bti SR-12 ¥3¢] cytolytic toxin A AY S Hel 3 .

3. Cloning® 27 kD toxin® TA LY R2A A Rof] ¥ in vitro
cytolytic test

27 kDa toxing A3t 229YHE E coligy extractE& Z2Jul<F= colorado
potato beetle 39 AU Ao 30 7+ A skq Ho} cytolytic activity
AR FH I (O 6). ©] 48 FH pBti27o 2£]3to] transformation ¥
E. coli cell®] extract® HF ¥ Z$ cytolytic activity= UA & 5 <glat}
(1Y 6: 2). ¥ Y, E. coli TGl extracto] A= A3 cytolytic activitys %
A ™ 5 G (a2 6: 1). o] AFA+= clonings 27 kDa geneol] &3t A
ABE E coli oA AP A9 E# YA colorado potato beetle -85 9
By AZE B3 AF)= F8S A 8] A¥9H toxino] BAEI 9SS YUE
J F3 glen], ol 27 kDa toxine] ¥l A¥YH F4 AEF XY gvi
v o g Wrgd AF A gl 2H B R, PCRY 939§ cloning® 1.2 kb
9] DNA ¥ & Bti SR-12 @59 cytolytic toxin Al AHA o

4, U5 ¥R AR plasmids] HX

Yol A cloning® toxin A AE A EH o] transformation A]FH V¥ A]F] 7]



APH= HE BH MM vectore] AZ A|AH HEAA 4 soqok . o] F
A 7] $18A pBti27¢] BamHI/Kpnl-fragmentE& *Z3§ AEYAY binary
vectore]l pBinAR(Hoefgen, 1990; 13 7)¢] BamHI/Kpnl-siteo] @A A=
o] AZXHWH plasmidE pAR-27 °|&3L HHEIIZ (2E 7), A2Y{A plasmid7}
SHlE A 2Yo] HYeA dorRr] HMA BanHl/KpnlE HH @319 agarose % 7]
o £} A FE st JASAY 1.2 kb fragmentS ¥H<elslo BT

5. ElectroporationE ©]-23% Agrobacterium ¥ ¢| transformation

A2 QRIS plasmid pAR-27E A EAE A7l 9130 A Agrobacte-
rium tumefaciens LBA4404 (Bevan, 1984)& °|-&3% WHE ALE3IE 39
t}. o]l2 YPA+ 4 Agrobacterium tumefaciens LBA4404-5 transform-
ation 3t of 3=t transformation WHEF 3 Lol @Ol 3}%54012131 4
+ electroporation ¥ & o] 83t g. -4 Agrobacterium tumefaciens
LBA4404E Minimal medium(MM)ol] #F I 28001]*1 26 A7 E< AFAF
v}, centrifugeo] &% cellgd ¥4 ¥ F 10% glycerine] ERE o] Q)
s g 33 o] Ak, 500 ul 10% glycerin ¢4 & suspensiontt
. o]FA WENR FFES 40C RBJE YFo] ALY 5 UEFE
t}. o]F oA 50 ulg F sk plasmid pAR-27F & 10 ul¥ i Ho &
=8
nFS, A7) 4L I3k F3, oFel o 5 ¥ AYAY Yw, 1 ml
MM-mediumol A 1 A7+ F<t AEA Ao
712] 31, kanamycine] -7 M9-MM agar w x| o] A uljeF3lod, ¥ plated &

10 7] Az A AN Agrobacterium FFES IS 4 A9

. Bio-Rad Electroporator 2] cubette (2 mm)of} ¥ 3L 25 uF W 2.5 kVE



6. AEF Al E H AT vectors] A

AlEA9 4 ABS A 83U AP vectory Jde] FodBYy= F48
. A AEHAAT 2= vectord ol 8W AL L ANY 22 A
AW oMY /FAA P& de 5 e d77F AR AR AR B
vectors RBY Z¥ BH Y vectorg NAIMRIA BlFor. £, plasmid
pSR-ENH (13 8)2 Pstl/Kpnl-fragment (2 kb)<! enhancer 3¢S ¥ 3}H,
gene clean (Bio/101 Co.)& A}-83l9 DNAE ¥4t QA S, 132,
Klenow fragment®} dANTP 'sg ¥do] 53 370ColA 1 A|7+&-<2t incubation 3T},
phenol/chloroform/isoamylalchohol& 3 2] 3}3L ethanol precipitationg 3} 3
t. °o]F¥H JlogFH, Pstl/Kpnl-fragment?] coding strand®] 3 '-protruding
sequencew degredation¥] 3!, complementary strand®] 3'-recessive sequncets
polymerization®¥}©] blunt end FeJ= v}HH A Hvr}l o]+ klenow fragment2 5
'‘~==> 3’ polymerization 3} 3'----> 5’ exonuclease?] 2R gE &FAlof °]&F A
o]t}

o]g A A 32 blunt end e enhancer sequencesw CaMV35S-promoter ¢kef
71930 A, pBinARE EcoRICL.E H3}3l, ANTP 's= d 3l klenow fragment® 3
) ¥}, phosphatases A&l 3}3, phenol/ chloroform/ isoamylalchohol-& 3
g] ¥, ethanol precifitationg 34 E£d. °|FA 341, EcoRle] 23}
qE¥ojAl vector plasmid’} phosphate?] S 2 UA] 2+ blunt endPE|E ¥ o
A vector self ligationgs AAAZL ¢ gl adgog oA R3AE vector
plasmid®} ©)u] ©wHEo]A blunt end BEYE S enhancer sequenced T4 ligase®
ligation A]#, plant transformation vector pAR-ENHE A &3t d. o] FAHE
=A% 3t Bd OF 8 9 #Y. ¥ AXTR pAR-ENHE o8 A L=
23] 438d Y2 HHF3| AYXo] o] FH HeA Fel 3o B (¥ 9)
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Vector pAR-ENHe o2 MNE HEH HBL oz Po] ARE At oAAn,
o] F NWPA+ 4 BAHY HF dAS ARAF 95 Ao 24,

A 4438

AEEHE AR P E Adsiede 4 #3832, 22RYE, i £
gtar= He e 3 7kx8 a7t Hasy. £ AFofHE BT F4& /3
g st T-DNA HEE US4 Zol wHEdd. £2UF AR /A
A2 Bl H4& 993 A F-AAE PCRO &3t SF/3dq 1.2 Kb =YY
DNAE 224 ¥l pBG5ise] AAAZT oA AXFF Fe2n
E pBti27& Wl A4S F cytotoxicityZh WA H =R A =
g A1Fe ¥ A RJA WEHE AE FAPLEH Bti toxin =7}
ZE2Y HIS5S FHIAY. o] &}Lv|E pBTi27S BamHl ¥ Kpnld
AVELE HE & F FL£ [FAAS E° U DNA £ZE pBinARe]
subcloning A]ZA . o 7]o] enhancer sequenceg YA AUAXF o2 AE
FAAY HE pARENHE S48 AIZHG. o] HE & electroporationZ| Y o &

Agrobacterium tumefacienso] <A F .
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1§ 1: PCRE o83 DNA 3% 213

DNA-polymerase I
5 ‘ ( Klenow ,

Denaturation
2mmin/95°C

20-24 cycies

Primer annealing
2min/37° C

DNA synthesis
2min/37°C

Product analysis
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3% 2 Bti-27 kDa cytolytic §38x}e] |71 4

(& Q%2 BAM S/D-sequence o|m, TpAEAlL
Translation start sited UERJZ, Uz F Ho]
PCRo|| ©]3t ZZ 2] AlEH primere))

¢

CCACTATTCTAATTAACTTAAGGAGTTGTTTATTTATGGAAAATTTAAATCATTGTCCATTAGAAGATATAAAGG

TAAATCCATGGAAAACCCCTCAATCAACAGCAAGGOTTATTACATTACGTGTTGAGGATCCAAATGAAATCAATA
ATCTTCTTTCTATTAACGAAATTGATAATCCGAATTATATATTGCAAGCAATTATGTTAGCAAATGCATTTCAAA
ATGCATTAGTTCCCACTTCTACAGATTTTGGTGATGCCCTACGCTTTAGTATGGCAAAAGGTTTAGAAATCGCAA
ACACAATTACACCGATGGGTGCTGTAGTGAGTTATGTTGATCAAAATGTAACTCAAACGAATAACCAAGTAAGTG
TTATGATTAATAAAGTCTTAGAAGTGTTAAAAACTGTATTAGGAGTTGCATTAAGTGGATCTGTAATAGATCAAT
TAACTGCAGCAGTTACAAATACGTTTACAAATTTAAATACTCAAAAAAATGAAGCATGGATTTTCTGGGGCAAGG
AAACTGCTAATCAAACAAATTACACATACAATGTCCTGTTTGCAATCCAAAATGCCCAAACTGGTGGCGTTATGT
ATTGTGTACCAGTTGGTTTTGAAATTAAAGTATCAGCAGTAAAGGAACAAGTTTTATTITTCACAATTCAAGATT
CTGCGAGCTACAATGTTAACATCCAATCTTTGAAATTTGCACAACCATTAGTTAGCTCAAGTCAGTATCCAATTG
CAGATCTTACTAGCGCTATTAATGGAACCCTCTAATCTTAGTAGCTATATTTATTAAATATGGTAATATCACAAG

TATAAATACTTGTGGTATTACCTACCATTCTTAAATTATATCCAAAATCATGCGTTAATCTACATTCCCCTTTCT

CTAAAATTTGTTCTTCACACATCCACATTTTTCGA




a2l 3 zZR X3} plasmid pBti272] M =Zx 24A

CCACTATTCTAATTAACTTA------ >
- ]

I Smal restriction

Agarose Gel
Electrophoresis

Fragment
Isolation

T4 Ligase

1.2 kb fragment
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12l 4 Restriction pattern of pBti27

Lane 1: pBti27 restricted with BamHl/Kpnl
Lane 2: pBGS18 restricted with BamHl/Kpnl
Lane 31 )N-DNA with Hindl1]




31 5 Cytolytic activity test in human blood cells
using extracts of £. coli transformed with
pBti27

No.l: E. coli extracts, No.2: Bti SR-12 extracts
No.3: E. coli cell transformed with pBti27




%) 6 Cytolytic activity test in cultured colorado potato
beetle intestinal cells using extracts of E. coli
transformed with pBti27

No.1! E. coli extracts
No.2: E. coli cell transformed with pBti27

._42_



a2 7 %3} plasmid pAR-272] A X 23

| &

Km
BamHI/Kpnl BamHI/Kpnl
Restriction Restriction
1.2 kb fragment
T4 Ligase

cytolytic toxin gene




Y 8 Flow Diagram for Plant Transformation Vector
Plasmid pAR-ENH
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(Enhancer sequence )
E
]
g y S E——
E

Kienow fragment
dNTP's
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dNIP s pl - Ip
P —_— _*____i]
Ij‘ — P Phosphatase

KSm X B § Sp

HE

04020 I /4%

ENH P 355

LB

pAR-ENH




18] 9 Restriction Pattern of pAR-ENH

Lane 1: pBinAR restricted with BamHI
Lane 2: pAR-ENH restricted with BamHl
Lane 3: pAR-ENH restricted with Hindl1I
Lane 4: )\ -DNA restricted with HindlII







Summary

For reliable plant transformation, relatively high frequency shoot
regeneration from callus is an absolute requirement. However, in many
economically important species, the system 1s yet to be established.
Pines are one of the recalcitrant species in terms of regeneration
from callus. From the previously reported works with other conifer

species, it has been suggested that tissue source is the Key factor to

successful regeneration of shoots from callus.

Therefore, in the present study, several different tissue sources
were tested for regeneration of shoots from callus. First, cell
suspension cultures were tried to find out conditions for optimal cell
proliferation. MS medium with 0.5 mg/1 2,4-D and 0.1 mg/1 BA was the
best in cell growth. Shoot regeneration was achieved on callus derived
from the cell suspension culture, although the frequency of the
regeneration was very low. The results agreed with the previous
findings that younger tissues are better in organogenic response than

older tissues.

A 1A M

58 WAARD ¥ AN $A4 78 DE RoT BRE YA2A AL
des] BAABoldE S FEIDT AT AE YAARIR B4 HEe $H
4 74 % DME upRolA odW AN SR Foo] ARE JeANESH GE
B4E UEhE e Suvg. old® YAARES At Be %ASo) APt



HAE ©]-&3 QY DNAE HNEAEERE I AEE HFY. T YiEZY Ao
DNAS] AA 9], HHFE o]RY electroporation, liposome WY & £ 2 9.
a8y 72 @el 20]a sl W2 ol =g ol T-DNAE °) &% H¥yga &
AT °) MEE o83 B2 AEAA BEFHA AE IAARY 7t go] L
2E I Y. A5 A7 Picea FoAM o8 #e) JAHAFHY R0 sy gix
¥ transient expressiong BE.IAIAY tumor FE S-A A ¥l 53 K% A ro)
. 28y o] % DNAS FHARE J)ge] FHH U= EFTa @

ol = PAAHKIHF o]F7] oJHE KAE deot k. I o= FAUA
FAAZN F AEARY AR AR oFF B2 HEAA FHHA AR F7] W]
th. 53] Y& A5 LEHE AN YL @AM AEA AHLE 3 gov
g4 A 95 oggia 2oxg. Hdse FolM FLIMEYYFE (Picea
abies)ol A tumor’} ¥ o] opinec] FAE = A& HA ¥ A%7F e (Hood &
1990) particle gun & ©]&3tq HAEZufE o]Ested FPYAFRH Rz gld
(Robertson £ 1992, Ellis % 1993). @YU ©] 8 particle gund o] &&= AL
Aul o] Jpge] vlAA At P S A& B ok T particle gund] H4F3G 2%
o] RE AR2AA JARAAT F7] 8 A4 ARAE AXNA He EAHC <
ot webd d SAA ol WS WMy AR o] HEHe AL O FHo
transient expressiong HA s+ Zo] F FHojHdi ¥ 4 glU-

4, s FHLAMY AEH AP oL ff o9y E Row GHA
Advd I vde FAE o)&Y dlH (female gametophyte) Y m]Kufo]A Hx3
Ay Lot 718 EAAFHe] w2 Ze® 43FY. Krogstrup (1990) & Picea
sichensis®] QWEWF A RJH AL owje F=F Risal )er Kartha 5
(1988)%x. white spruced] ARdjFH oA AA R FEg RIAFFPYH ] B¢ 5
ol HL2 1@ o] A AUso] HAY ZAEE AARLE T3 A ENZ 23S

A0+ Helt}. oo = Attree(1987, 1990) 5°] black spruce & white spruceo] A



AAE e FEE BRIAFGoEHN JHEE UFEFAHe oAl MNEA HAe] oz

v

k-2 BoJF3 9Jth. Kaarina $ Santanen (1990)& AP AZRE S AL v AP
2 AW WAZAL FARYET B, Zn, Cu, Co% N Y FEE FT wo Tk
Aol EHH ol N4 WHLNHE 7B FHt Yojuyx P RIH 23
il o) mAHYL WYl A,

el 2 A7e A 2 39 2UEHY BF 34 AY RE PHLE B
24 P Aol 2R B2 FY) FE 2AL PPR AEYY AP ¥
A% FANYE AW J2 AP AN,

A2 A AE U ey

Open pollinationd 3M&2| v|ds FTAE A 2% XolgLit §Foz
HADZT F R 33 AR F Fd394 S99 (& AAS ) § AY
2 FA x|l 2,4-D 1.0 mg/]l, BA 0.4 mg/1, Kinetin 0.4 mg/1 7} 7} MS x| oj
2] 438t callus S F=3FH AT

W w3 PHLY FAHE FIHAM 2,4-D, NAA, BA ZXH MS Wi XA A RZYPGuF
= Stloew. vl ¥’ F A4S packed cell volumed FHsto] ANOVAE 4l A3
. E3F 2,4-D(1, 3, 5 7, 9 mg/1)% BA (0.5, 1.0, 3.0, 5.0 mg/1) 7} ¥SF MS
AHYAANAM v FH AP TS AT AT 0.5 cen B PHA Yol
T HEAYS Y 54 k5 24sg o

FAMR A FAE AHLE REY HEAN EIHE A8 EHoE A9EIA
cytokinine] @5 W XH o= AHIH MS Wizl AYHL Bole 27 0.5 cne] IAVE
A st GRF g 65 Fof PHLY HHE VARG olvf HEJYSH I 5

N srbRo 2 2173330



A 38 d3 33

nj A d oA Wi H3skd 2,4-D 1.0 mg/l, BA 0.4 mg/l, kinetin 0.4 mg/1
7} 52 MS uiR] o] 23t o] e BEHLF AT /78 FIHLE FLHA
off ANufjrFsted A EH E3IE A% APl A&

o) 5@ BY2F 2,4-D 0.5 mg/1, BA 0.1 mg/1 7} R2¥A MS Wjx|oj A Gt}
A& 714 FIP ARFTAS R9on, Table 12 JAGuFA] AR} g8 A EA
3 EE] WE ANOVA & YERY Zleojg. M2y F=7F WFoka&w lag phageZl 7 o
AWM 2 Eoo] Ay ZHA ) (not showing data). Axe AAo] . g4
o ARFo) 28 AL 27) WFEES ARY A0 2 VL WAL R
Z oy |54 A5, 5% (v/v)Y FE=EIJF HQI AR RHAg.

+718 A2 FAR PHLAA NEA ERE AN 2,4-D & BA ZRujA| o}
0.5 cn® AP PolF HENYHNG 544 F oz 43T 2,4-D 1.0 mg/],
U 3.0 mg/17F 2FH dix]|ofA P L HAo] YAHor FIE3Fgoer 2,4-D 3.0
mg/1, BA 1.0 mg/17} E¥H wWix|ojA T4 compactdtil A4S uwl= organogenicF
AY A7 BANAG (Table 2). & AF A2 2 AA 10 cn o) 42T A
AL 8 Yed Aojhg
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Table 1. Analysis of variance (ANOVA) on packed cell volume increment

from suspension cultured cells which derived from immature

embryos
SV DF SS MS F
Rep. 2 1. 37488 0. 68744
NAA 3 414. 73312 138. 24416 9. 1358xx
BA 3 60. 71692 20. 23901 1. 33740
2, 4-D 3 282. 00601 94. 00203 6. 2120922
NAA X 2,4-D 9 312. 36700 34. 70741 1. 73170
2,4-D X BA g 66. 82892 7. 42540 0. 49070
NAA X BA g 269. 41813 29. 9353 1. 97826=
NAA X BA X 2,4-D 27 320. 42517 11. 8675 0. 78426
Error 126 1906. 64462 15. 1321
Total 191 3634. 28021




Table 2. Callus proliferation on MS medium containing BA and 2, 4-D

combinations
Growth No. of survived No. of well-grown No. of organogenic
Regulators(mg/1) callus mass callus mass callus mass
2, 4-D 1. 0
BA 0.5 10 5 -
1.0 15 8 -
3.0 15 7 -
5.0 11 8 -
2,4-D 3.0
BA 0.5 10 7 -
1. 0 15 5 5
3.0 15 5 -
5.0 10 5 -
2, 4-D 5.0
BA 0.b 10 b 2
1.0 8 5 2
3.0 12 b -
5.0 2 -~ ~
2,4-D 7.0
BA 0.5 3 4 -
1.0 5 -~ -
3.0 5 - -
5.0 11 9 -
2, 4-D 9.0
BA 0.5 11 10 -
1.0 12 8 -
3.0 10 1 1
5.0 10 - -




Table 3. Effect of cytokinin alone medium for regeneration of shoot

from embryo-derived callus

Cytokinin No. of survived Degree of
( mg/1 ) callus mass organogenic callus
BA
0. 2 - -
0. 4 24 +
0.8 2 t
1.0 40 +++
2.0 24 ++
4.0 37 +
6. 0 12 -
8.0 10 -
10. 0 i -
21P
0.2 14 +
0.4 10 | ++
0.8 13 +
1.0 7 +
2.0 7 +
4.0 27 +
6.0 18 ++1+
8.0 b +
10. 0 3 -
zeatin
0.2 20 ++
0. 4 5 +
0.8 5 -
1.0 15 +



eyl i - A— ‘——

Cytokinin No. of survived Degree of

( mg/1 ) callus mass organogenic callus

i

2.0 1 -
4.0 2 =
6.0 - -
8.0 15 +
10. 0 - -
kinetin
0.2 - -
0. 4 - -
0.8 - -
1.0 - -
2.0 - -
4.0 - -
6.0 - -
8.0 - -
10. O - -

Organogenic® P LA HEA ALJE F=37] A3 A7t AolE7d H
718 efzlefl diFsidth.  kinetind A 33l BA, zea, 2iP H I FoJA CiRE A&
£ A FEstdern BA 1.0 mg/l AHE 100 39 BEFLE UelPon o
organogenic ¥ AL FEle FA TG (Table 3) . zeatin HF A HAQY
shoot7} #HH A H2F FFA} etz G AE5H o2 shoot NEHRE
58 & Ao B3A B LMY NEN AEH] HY AP GE PYPoE
As dAEC o @ Aoz A adY.



A4 E He

NE YUAABEL $15t P22 R AEH HAdo] HgHen a7¥
. 2834 AAHOZ F8% B ABA JEA AR off AYE BYS
A . 2UEHE AY24 2NHE5} okF JdE AER FHA
. 2UX 019 G& JFg4o)H A7H Pto] ostd wjF YuI} o] A
o] M a7o® FEHI Q.

2YEE B dPpAE AYAZRY Z78 A 95 Sg5kx R
9 zXg AP WA AE3) HPY AL 7 999 Az WY
v oF-S AA|F A BA 0.1 mg/1 9 2,4-D 0.5 mg/17} H7FE MS W X] 7} AYH
Az FAo) A HFFL AARAY. AGAZRE Y S FEE o] P
I Az FEHAS A BR/IHAY £7) D4 NEE S Py &
AFE FEMEY oJd 2L A2 AEHDS A 2o F7 Yehged
ol THE FA4 A9 B AL Yy Aol
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