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ABSTRACT

To explore the possibility of introducing Zea mays transposable element Ac(activator) which can be
used as a mutagen and gene tag in tobacco plants other than maize, we tried to introduce a cloned Ac
element into tobacco cells by an Agrobacterium tumefaciens binary vector system. Transformation of N. taba-
cum cv. Burley 21 tissues and regeneration to whole plant were carried out. The frequency of the transformed
callus induced in shoot induction media was higher than that of transformed callus induced in callus induction
media.

However. the calli were not grown in the second selection media, and became yellow senescent calli.
Regenerated tobacco plantlets with foreign gene were also obtained in shoot induction media containing
100 pg/mé kanamycin and 100 ug/mé carbenicillin. The leaf tissues of transformant was also resistant to
1000 pg/mé kanamycin. The chromosomal DNAs of transformant and normal plant of N. tebacum were diges-
ted by EcoRI and Hindlll but not by PstI.

A B2 9] Ti plasmidE ©] &3 B4 vectors] ©& ¥
8. ot} A Z9) 4 2E homologous recombina-
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vector system?2- o] &3l 2 (Matzke and Chil-
ton, 19807 AFELE X sty 2 Y29
#4248 A3 vectorol A3 DNAE Al )A
HEAEZ o]FA 7=l YT FAA s ac-
ting element) %! T—DNA border sequence ~1&] 1L
A, tumefaciensTF E, colittT 4F BTN
BHE = 3= replicon® 2 ZA 2P A
T 9l FA KA Qe F B2 1 plasmid
Fr Az Z71% A. tumefaciensTF2) Ti plasmid
B} 4] Zon 2 23 g tdsie, o
FrAzLe] o] Fe FAgE pir H A= Ti plasmidl
o8 wr HAHA (in trans2) FL32= E.
coliol A F+AA 2202 binary vectord) A4Y®
FrAAE olv Ti plasmid® 21 e A. tumefa-
ciensTT5 =2 o] 5 HM ol TF= binary vector$h
Ti plasmidg FAlel &/31A 2}, ulabd 4 &
Axe] AAEL binary vector® helper plas-
midE FAlO 23 AE A, tumefaciensTF 29
FAl wieF el ol o) FojxA )

A FAARE o281 = FFER F
&3] F71E 3 o 4o 2Ysna e e
REY FAAZ HEA, WEY, A2A WA 59
7R 7 A8 fFAAES QAo dn
g1} (Raineri ef al., 1990).

S759 HolQlR F  Activator-Dissociation
(Ac—Ds) elementi= McClintocko] 19480l 22
0.2 B Holdrle|tt. 4o AR
FA 8= wary(uwr) FAAANA Loz AcHH
2A7F FelE91em (Fedoroff et al., 1983), 1
frAAte] A7) 4.6kbpoliL, FFH Eol 11bpY
4t H¥E A d(terminal inverted repeated se-
quence) ©] 1.o.7 Holsle] 4YE muie} ghpo
A7} Lol 3t} (Pohlman et al., 1984). AcH-3
#pe] Heole AEY A Fejo) wat DAy
(Schwartz, 1984), dosage effect®] 2]3te] A|EW
o A copyF7t S71EHA A o)9127} repressor®
w5 HolE A8 (Schwartz and Echt, 19
82), AchAe] methylation® 2% Holg £
+% 9 Chomet et al., 1987).

332 AcHAAE ©] 83t gene taggingHd

(Hehl and Baker, 1990) 22 #-&3 F#4AE clo-
ning3t3Lz &5 0]9]9 HEE ojHT Mo
JAAE o], FAAFL A d77 Bl
F5T ow, AchAATT SFoldd A%
(Baker et al., 1987) @<, Arabidopsis thaliana
(Van, Sluys et al., 1987), E"IE(Yoder ef dal.,
1987), F(Zhou and Atherly, 1990)% A ZHo|
ol Huge vk £ dFe JR-HFIAAT
E9¥ Wolglg gu g 4 FAHALH, W
oj2]E @l (Burley21) Ao SR FAREE
A EAANM FHR cloningTHLE o8 7lFAel
2lE o] 1Al Activator(Ac) A AR £& A%
gy, FANFE Hujz2 A A EA AESE
Az &g Th

SERUET

B Aol ALS-8 Escherichia coliTt T vector2]
FAAE, 52 € 1A AR .2 Agrobacte-
rium tumefaciensTFE= 929 FEAHS AP
hostZ AMS-8MSEvH, AHuIRQ] 79 E, colid
Hl Z) o= kanamycin(Km) 25 ug/mé¥} chloramphe-
nicol(Cm) 25 ug/mé, tetracyclin(Tc) 10 ug/méS&
Zrzy AR a2, A, tumefaciens2) WA o & Km
25ug/mé, Cm 25ug/mé, Tc 2.5ug/méS ZtZ+ AL
ettt B Ao AL E gk FFL AuF
AZ2A Nicotiana tabacum cv. Burley 218
FF 25~ 21CA 72N g8~ 12F F¢ A
M3t QEE A2 AMgsigc. B 40
AHH AT AL S T4 DNA ligase:= Boehringer
Mannheim GmbH, BiochemicaZlAtell A 3815
a agrel ¥ 2 A)okE-& Bethesda Research Labo-
ratories¥] AL9} SigmaF| Al A L8k ARG
o}

K=BIEl binary vector?] =

Ti plasmid vector system® Y&<! binary vector
pEND4K(Klee et al-, 1985)F vector plasmid=
AbgEtgen S5 FolA AcHAATT wary
FAA AdFo] mutant’t B ux—m7NA
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clonedt wx~m7(Ac) A2 (Behren et al., 19847}
Fedoroff ef al., 1983)8 ©2 AE9 {ARE
A28 9T, Wr—m7 clones Sall & Eco RVA
FAAR o]F A8l pBS(+) plasmid®) Sal I 7
Smal sited] 45+ BMPACTS #2389 o.m,
BMPAc7& A§ &L KpnI # SalI-g A& &
W& pEND4KY KpnI#} Sall siteo] AF§dshed
A 2% A Z2F pENDIK—Ac7 plasmid(Lim et al. .
1990)8 AH&3F

Binary vector®| Agrobacterium 22| gl

Plasmid DNAA 213 A, tumefaciens®) 32 E
€ An(1987)9] triparental mating®}'8-& AH&-3H54
ow, olaf donor?! E. coliTF= kanamycin 25
ug/mé, chloramphenicol 25ug/mé¢] ¥3d LBl
oA v &g om, helperl E. colifFE ka-
namycin 25 ug/méo] E3E LBejA A ul ket R
v}, #@A ¥ F5F= kanamycin 25ug/mé¥} chlo-
ramphenicol 25 ug/méo] EEE AB¥lA A ¥ F
sted Aatslg el Tetracycline® 4 A2 5= E.
coli®) WA NXE 10ug/ml, A. tumefaciens] ¥
Ao N 2.5ug/mb& A7) ALREAT

A. tumefaciensOll 2|8t AXZE|2| HEME!

dzo FAAR AYL Az G& 24 & 0%
ethanololl ] @#3§ ¥ bleach(1% sodium hypoch-
lorite) &<ol 10 ~ 1583 dodi FHFE 3

ol FAZRAY, FHF d& Fe HAo=Z
TrEo] ojv] Wik A, tumefaciensT%F NA| cal-
lusr7) BiRIAN A FA] v FE 3T ol 7F 9
FEE 10° ~ 10° cells/meo) .2.H FA B kL 1 ~
347 FY3At. FAMYF FTE 9
Fde HNz AAY ohE kanamycin 100 pg/
mé?} carbenicillin 100 pg/mé o] EFHE 2 & u)x]oj)
A4ete] FAAFANE AP, M=he)z) g
hormoned =+ callusf 718} Ao 2, 4—D 0.5
g/me7} F7HE MS ¥R & AMR-3 L Ba) R 7]
A= S28g FrekAl @oith

Zut 9 o

A. tumefaciensOll 2|5t AZETE|Q| HEME

dxo gAASGRHE A, S5l uA §4A
WAde] e AZF binary vectort =€ Agroba-
ctevium tumefaciensT T8 Q2ZRHE FANEFSH
% kanamycin 100 pg/m, carbenicillin 100 pg/méE
A7}skn 2, 4—-D 0.5pg/mé, kinetin 2 pg/méE
A 748 callus-7) 90 A1} auxine H7F3HA) g3l BA
0.5 pg/met @713k shootf71M Aol AxFZE
explantE 247} ¥l &3t callus71&-& =AM
o g, 2 A3 Tables 1, 29 2t

2 H binary vector pENDAK—Ac72 EAA
B89 callus®] §718S ¥ Y, 2, 4~-D% kineting

Table 1. Formation rate of callus in transformed tobacco cultured on the callus induction midium

No. of explants

Variety inoculated

No. of explants

with callus %

Burley 21 227

2 0.9

Table 2. Formation rate of callus in transformed tobacco cultured on the shoot induction medium

No. of explants

. No. of explants
Variet : P

anety inoculated with callus %
Burley 21 168 33 19.6
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WA G callus 7R A E 0.9~ 3.7% 9]
@2 f718E B 94, BAT A7HgE shootft
71 A E 12.6 ~ 19.6% 9 =L #7182 BE0
(Tables 1, 2). ¥ %9 WX 53] FF3t Apol7}
Aew 538 BAY A7ME shootf7]8l Ao A
worgh Br2l EF0] 19.6% 24 /M £& callus
#7184 BU%. 2183 #7149 callusE ¥
A AR ol A Al wjdstA HE k3@ Yol
dolut AdE s AeS B4k Baker 5(1986)
& AcHAAE 929 protoplastd) FAAE3}
kanamycin 200 pg/mée] FEA FAASAE A
BEhe A ActAAL flo) 9 AEYE HEG
FAHJEH dehtes NxE o 25% 032 W
oA HustgE v, ¥ APNME FAAS
A 2EN=S AcHAA flo] FAAEY A%
B @A YeuEs Zes Hol 189 A
2 A¥e Bk, 22} Bakerd(1987) 9 4
o= FAASE ] 443 ARy AxE
Axe EFch

718 callus?7t FAPEA 2] At z]e A K
o] 4 AA3}A] E5FG A% Table 2914 Ea= wlel
2o] shootF7 Wl Z| o] A callusf+7]&¢] EFgonE
pEND4K —Ac72] §AHE-E shoot -#7] Bl A
A=dHe o] HAAEN FENES & A
o2 Y=o FAHE F selection marker?] ka-
namycin 100 ug/mé<} carbenicillin 100 pg/mé7} X
T shootf7|MA el dxo HIAZA {7
4 AEFHEF A =sHch

YETEE AE=3 0| M5t

249 oA} Ach-HAE Aie Y7
A3ke], AchHA7F 4YE binary vector pEND4
K—Ac7 plasmidE EEIL A= A. tumefaciens
A2817 59 AFZYE FAMSYA s ¥
AG-L Aedtgen, AdYguAE o]&std ¥4
APAE AEsda, o] FAHBAREE d2
A 2A ALHE AEsidu. AEA] AEss
AcH A7} T3 pENDAK—Ac? plasmid = 83
A AYPS FP& A2 =FqA {FUI1€ callus
Axe AEsel 4F& 2 Rt AchHA

A7} ¢l3= pEND4K plasmid &2 pGA643 plasmid
T8 FAAH H4dg YT A% ZHAM #
718 calluselAE A&7t =t
Baker5(1987)2 Ac#AAE NPTIHdAel
untranslated leader region®ll 49 ¥-& 2+ dz&ol
AcHAA7E 0] F8 A kanamyciniAE 2A 3=
vector® TE] g AFAAE o) &3} ¥
HAAPE cloned HET o|EdA DNAE 4%
A% dzo| M Ach A7} ol otk Bashg
T, Zhous(1990) & FoNM AcfHA7L A -
glucuronidase (GUS) +7#te] ZEFOE AcHA
A7 9 callus E ALSE ZH M BT o] F
i BuE A @k o]&9] Hald v
Z0] B pENDAK—Ac7 plasmid® 32 A E= 0]
718 callusdll A | o] 49 A&7 HA Y=
Re AcHAAT} ARAFNAN 222 o)F3Y
Ao Y FAR Y=ol o o] BEE
R AFo) U A2z ALgH 38 o]
N AT HET} Al&=lolor & Aoz AZA).
HolQlzte] =qle 2 HAMNFH Fo g &
TZ%(Zhou and Atherly, 1990)E Fig 3lo
Az AE Heldzrt == ARsd Aujg
A2E d1a FAHE 0|88 o F4L #7]
B2 A. tumefaciens A81TFFE  A. tumefaciens
LBAUMMATFE A T Al tumefaciensT T2t
Hz o] FAY A|THE 1~ 2994 2~3Y=2

dastyn, FAASA 2] Hebufz]2] hormoned]
27 2 FEE gdly A dPL AL

Fystgeh. 2 d3 AchAA7 4Y9E pEND4
K—Ac7 plasmiddl 2l8] FdA#E dx23HF
Hgo2 vBoE]FE Br2lolA shoot®} callus?t &
718029 (Fig. D, #7182 103 =2 Ugyt
o AESIT FEA] godd olde AL
ZHNA F71H calluse F2 G4 FAAF
A7t YAEF o) HA #7719 shootd] A
FAEE F9oA AFH shoot’t F71H 7= Y
a, =3 7tgarely AAd RYAME shoot7t
#7148 callus®2 £4o] #7157 % 34 Fig.
D. & 65 sUFTAE Fig, 29 Zo] callusell A
#7149 shootst 3 shootNA A&} shootE B
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Figure 1. Shoots and calli induced directly from

N. tabacum cv. Barley 21 leaf tissues
cocultured.

N. tabacum leaf tissues were cocullured
with A. tumefaciens A281 containing
pEND4K—Ac7 plasmid and incubated
in the selection medium(BN) containing
100 ug/mé of kanamycin and 150 ug/mé
of carbenicillin for 4 weeks after coculti-
vation.

Figure 2. Growth of shoots induced from N. taba-

cum calli.

N. tabacum cv. Burley 21 leaf tissues
were cocultured with A. tumefaciens A
281 containing pENDAK— Ac7 plasmid
and incubated in selection medium(BN)
containing 100 ug/mé of kanamycin and
150 ug/mé of carbenicillin for 6 weeks
after cocultivations.

piiit

Figure 3. Growth of multi shocts induced from
N. labacum shoots.
Shoots of N. tabacum cv. Br21 were in-
duced directly and incubated in selec-
tion medium(BN) for 9 weeks after co-
cultivation.

g F AT & 9F WjFFo)E Fig. 37 T
multi shoot®™= FHHU. T8 single shootZ
#7148  shoot® kanamycin®) 100 ug/m{F 7+
rootf-7] WiZo] %A rootE #718H3L Fig. 49+
2] root7t §718 AEE AXE 3ol 0] 45
2o A v ket A AR Ax(Fig. 52 B4
ZAVE Yty

Figure 4. Induction of roots from shoots.
Induced shoots of N. tabacum cv. Br2l
were incubated in root induction me-
dium containing 100 #g/m¢ of kanamy-
cin.
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border sequence AFo] o] £ 3= /A7 FA4
dzd =YHACE BEGE 471 A Aol
IR AcHAATT 2dE AEsEH dxe
548 WA 2Ab7] fste gAhEso AR
g gz BA K32 ] W3 kanamycin®]
A& ZASEY v, 2 A Table 39 At}
Ac A7} A49¥ pEND4K—Ac plasmid2 F 3
AN callusZHE ALSE AZE Burley 21
olem RESE FF =H W FAA
< A 23 kanamycin 1000 pg/mée) =
Az WS A ARE AT (Table 3). ©)=
AEsE Qdx0) dAH ez YAARAY L e
e FA%n B 5 o, 23y F2A384021
A& HNEA g & o] F43 A= AR
H&7F v AT Fo DNAE #2)3l9 southern
bloto] &3 AchHAE Fsid Wwad Aoz
A2 E T}, ol s} KleeF(1987)2 kanamycin
o] 300 pg/m¢ A 7+l w2 ol A Wl A& ERY A e
FAHEA N =Y R4 E2A%TL B

Figure 5. N. tabacum cv. Br21 whole plants rege-

nerated.
N. tabacum cv. Br2l tissues were cocu-
ltured with A. tumefaciens A281 contai-
ning pEND4K— Ac7 plasmid and selec-
ted by kanamycin resistance.
# u ek,
Ac A7 E950) AR dx2ys P4
AzxZFNA 242t A3 DNAE £28) EcoR
[ 2 Hindlll, Pst1 59 APALE Agsle A
719 %% a9 A5 Br219) A¥3+E 92229
AdAzz2 e 944 DNAE EcoR I3 Hindlll
A A4l vy HAde] AHow, Pstl
Hga ol e Aol 252 = 5L el

YEHE MEHo| 54
(Fig. 6. <18% B4e goz AWz Az

FAAG o]gd A=TE vector plasmid?!

2

(+]
pEND4K — Ac7 plasmide Ti—plasmid®] T—DNA
border sequencesZ #-3t U3 2 ¥ZF9] hor-

der sequences Atolol = E AcHHA 9} A #

A NPTIIFo] FAle] &A1t i}y, pEND4
K—Ac7 plasmid® HAHFE 92 dx8deg
kanamycin®l W42 Ztx AeA] Rz g44
A 2] o] o] Fo] Am g, A kanamycinl
WAde] glo pEND4K —Ac7 plasmid2) T—DNA
Table 3. Response of regenerated N. fabacum tissues to kanamycin
Con. of kanamycin (ug/mé)
Varieties
50 100 300 " 500 800 1000
Untransformed + ' _ _ _ _ _
Burley 21
Transformed
- +
Burley 21 * * * +
survival, — ' nonsurvival.

+
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Figure 6. Restrition patterns of chromosomal
' DNA of transformed and untransformed

N. tabacum cv. Br2l.
The chromosomal DNA was isolated
from leaf tissues, digested with restric-
tion endonuclease and loaded 10 ug/mé
of DNA in each well. Lane 1,5, 9 :
Lambda + Hindlll + PstI, Lane2,
3, 4 : untransformed N. tabacum Br
21, Lane6, 7, 8 : trasformed N. faba-
cum Br21, Lane 2, 8 ' PstI, Lane 3,
7 . EcoRI, Lane4, 6 : Hindll,

AMA DNA B4 @70 =80 4 = I Aoz
Ars Eh, '

A AEsE AxeA 1 FHA Welo AN
AL 1 o, A& HEAZEH DNAS
Ba)ate) Ac9 transposition”) & empty donor
site?] W3 & FHFOEN A2 transposi-
tion7|2+g THE dAo=z AUvk, £ AEE
AzxoNA Ac copyF7t A& WHolF:E Agsal 4
g WolFE o|&dke FE&FHAY cloning®
7ted FoE Atadd,

2 B

A ZANA FA2 cliningPd o2 o] & 74
o] 3l §44229] Ae) Az} activator(Ac) FA =7t
Azd =Y 1A AR FHE7] 9ot Ag-
robacterium tumefaciensT5 2} binary vector sys-
temE o83l AZxZAo] FAAHL AIn
o FAABA ZHNN A AEHAT

Cuh, 2 ZATE aopEhd o 2,

1. 579 HolAl Acfrixz FAAFE
Az z4 9 S-S callusf7)ul A Bk
shoot-f-7¥Wl 2] 7} &3kt

2. EFAAL 2YE Wl F Az QL=
kanamycin 100 pg/mé=} carbenicillin 100 ug/mé
o] ¥%% shoot#7]8 A4 7158t Th.

3. 42X dzxAEAAA Hee =3 F
Ay W88 B kanamycin 1,000 pg/mée) &
EoMx WAA-E Vel

4, BEAY AzzA4 A4 QxF2F] g
DNAS] A|gE4A EcoRI T Hindill, PstlI ¢l
gt WEe BH 523 F3 EcRIFA
Hindl o= dxte] & Hglonvt pstIoe &
95 A estet

2o EH
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