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VY SFTORE FYUTF H2 ZAFSTY FAX AHo|st sHesiAgt H2
of da] Rojil Q& Agrobacteriumo]l} particle bombardmentE o]-2%F -§-3
A GHAARHOZ = ojd 7Y AEY RAXE AEAo] =% 4 9}
F2 thad JAlzte] 23 AL LR 33 e o] /HOE uloj AL}
A 2 thE /72 A B2 FAAE sense T2 antisense® E¢I5to] H}
oA & HlRI i, U, UgAS(A2A Ud) FES
4 oltl. 8} Agrobacterium ©|L} particle bombardmentZ 0]»3-6'}2
2 Hla A ety S35t HAAORE ol Aldge FoiE
gEsted oS P Yok

Ellis(1993)& 110%2] 2l&Eol MEad FAAHRo| 7Hssicta At
o1} Paprl ALFUAH iR 2 Ao A == FAANZ 2RE3) H
2 ¢t27L} oncogeneo] ¥l =UH AEHNE QouH AT EZA
Foll A-&317] ol 2oz uivtEgdot, whetd dAFM A&FHQ HA
AR A2%L 6052 A Eo FHTIT BHE Zlo] §& Zojtl o|F 4]
Eo] thshAi= Table lo] & 2ls}gich

oA atedd PAARL oln] 2Fofy BIH HES tiaoeR
BF7t th5-golct. vt aAgL FUdt Folely FFol wal FAAH o
F F2 s & xolE R F AoBZ Fujola A5t g E2S
tdes ¥ AFZA7 dEYoRE= oy o & gnjE 74 4 gl
Table 26jl4 Ei= ule} o] Fjold= 20 & AE7 BixEe] At & &
do e doegd $4eE IUYFAAH A78HS Felstaxz} gl
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Table 1. Examples of stably transformed, morphologically normal plants

Crop Transformation Reference
method®
Cereals and grasses
Maize PB Gordon-Kamm et al., 1990
Rice FB Christou et al,, 1991
Sugarcane PB Franks and Birch, 1991
Wheat PB Vasil et al,, 1992
Agrostis alba PB Asano and Ugaki, 1994
Vegetables
Asparagus A Conner et al., 1988
Broccoli A Christey and Earle, 1989
Cabbage A Shahin and Yashar, 1986
Carrot A Scott and Draper, 1987
Cauliflower A De Block et al., 1988
Celery A Catlin et al., 1988
Cucumber A Trulson et al,, 1986
Eggplant A Guri and Sink, 1988
Lettuce A Michelmore et al., 1987
Pea A Puont-Kaerlas et al,, 1990
Potato A De Block, 1988
Tomato A McCormick et al,, 1986
Arable crops
Cotton A Firoozabady et al., 1987
PB Finer and McMullen, 1990
Flax/linseed A Basiran et al., 1987
Kale A Christey and Sinclair, 1990
Mustard A Mathews et al,, 1990
Oilseed rape A Fry et al., 1987
Soybean A Hinchee et al., 1988
PB Christou et al., 1989
Sugarbeet A Gasser and Fraley, 1989
Sunflower A Everett et al,, 1987
White mustard A Hadfi and Batschauer, 1994




(continued)

Ornamental and medicinal

Petunia A Horsch et al., 1985
Tobacco A Horsch et al., 1985
PB Klein et al., 1988
Kalanchoe A Jia et al., 1989
Chrysanthemum A Ledger et al., 1991
Geranium A Butcher et al., 1990
Lisianthus A Deroles et al., 1990

Fruit and trees

Apple A James et al,, 1989
Azadirachta A Naina et al,, 1989
Citrus A Hidaka et al., 1990
Muskmelon A Fang and Grumet, 1990
Pepino A Atkinson et al., 1990
Populus A Fillatti et al., 1987
Strawberry A Nehra et al., 1990
Tamarillo A Atkinson et al,, 1990
Walnut A McGranahan et al., 1988
Pasture crops
Alfalfa/lucerne A Shahin et al., 1986
Lotus A Jensen et al., 1986
Stylosanthes A Manners and Way, 1989
White clover A ¥hite and Greenwood, 1987

%A, Agrobacterium-mediated transformation: PB, particle bombardment
transformation.



Table 2. Examples of transgenic plants developed in Korea

Species Transgene Transformation Refference
method”
Cereal
Rice GUS, bar PB, PO° Jeon et al., 1994: Lee 1994,
Vegetable
Hot pepper CMV satellite RNA, A Lee et al,, 1993:
CMV movement protein Kim et al,, 1994
(sense, antisense)
Potato GUS ' A Sung et al,, 1994
Tomato GUS, CMV satellite RNA, A Lee et al,, 1993:
Btt toxin Cho et al,, 1992:
Rhim et al., 1993;
Choi and Kim, 1993
Lettuce GUS A Choi et al., 1994
Chinese cabbage GUS, TMV coat protein gene A Jun et al., 1994
Watermelon GUS A Choi et al., 1993
Arabidopsis and tobacco
Arabidopsis thaliana GUS FL Park et al,, 1993
Tobacco® GUS, human proinsulin, HBV A, PC® Voo et al., 1991: Song and
antibody genes, bar,”TMV coat Hong, 1991:Lee et al., 1994;
protein, CMV sattlite RNA, Paek and Hahn, 1991:
Bt toxin, CMV movement protein Rhim and Kim, 1992;
(sence, antisense), tomato proteinase Chung et al., 1993:
inhibitor I, soybean kunitz trypsin Lee et al, 1991: Koo et al,
inhibitor, rgp 1, potato proteinase 1992; Kang et af., 1993:
inhibitor I, II, HPH, IL-2, IL-6 Choi et al., 1992:
Yang and Lee, 1993: Kim
et al,, 1993: Kim and Hong,
1992: Kwon et al,, 1994:
HE 1992
Taproot
Carrot GUS A Chang et al., 1991
Ginseng GUS, bhean chitinase A Lee et af,, 1993:
Lee et., 1994
Codolopisis GUS A Choi et al., 1994
Legume
Soybean GUS A
Ornamental
Petunia CMV satellite RNA A Chung et al,, 1992:
Kim et al., 1994
Tree
Populus GUS, cab A Park et al., 1991
Nicotiana glauca GUS, Bt toxin A Kim et al., 1993:

Chae and Soh, 1993

"FB: by particle bombardment: A: Agrobacterium: PO: pollen; PL:in planta
e bar gene was also transferred to rice and tobacco by using a mixture of pollen and the DNA.
*Cloned foreign genes transferred to tobacco for their characterization per se are not listed.
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A2 N3t

PFAATe] whE 2ANG AFS 1Y 5 Jdes 2/ WYl s
stxgh(olel] Ez), AL RE 2Iu|Yol] ¥ AL3tpPo] Aot
33 Q59 ool d AR Y AS-5 Aot i WL
(organogenesis) & A M| ¥#dAd(somatic embryogenesis) AFE #H L
AAHRY HNEE AEAHE QEHAAT LA @, HFol & AE
71 opers] £ol5tA o] felA 4 ol A By o} E7]¢ FHOBR
Bl HAlo}(adventitious buds)E -FEsH= Zlo] Z|&H LR oYA] YoER
T2 F59 B A E AR o] ¥hge 23 gt Ty FaIE
Z o] WHogE AEHI oy A7t Y2 oue MAEwLY B2
g E5lo] AEHE x| & 4 vt HZ A2 dPMolAM= Het S
4 = spEa HES As ofF, wE, §F, shhbh 2R, ", A4,
a7nh, ge, U8, 59, Jdd2 5o HEE udes A
25t MEA|Esle] HEAstg o o|& olfdlY ol F T, F, UM,
Hy Sof tidle] FAARE AEAE 22 ¢ UsrHTable 3).

A Yy

Agrobacterium?}2] E%uie}: Agrobacterium®] HFHglol & Ue
e xS MY 2B FAAR spF HAHA AEE Q=
HUAR WYL Agrobacteriunzhe] FFuNPPoITh, Fhol N Wstol ch
2o ARG RE 9] o] WY WAABo| o FolhTh HIol: RE A
Z22}50| binary vector A]AEE REFT o]H2] homologous recombination
e o ojat AFER ofx glch b de] 20]3 3l binary vector
Z 3tel pBI121(Jefferson et al., 1987)(Fig. 1) CaMV35S promoter7} B
-glucuronidase(GUS) -7 A A}, nos promoter7} neomycin phosphotransferase
8AxS ztzt Ho|shHA reporterdt AWER] FAHAE ZAFIL e F=
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Table 3. Examples of plant regeneration via somatic embryogenesis
carried out at GERI/KIST

Crop Reference
Cereal
Rice Jeong et al., 1991; Min et al., 1991:
Kim et al., 1992
Maize Jeong et al., 1993
Vegetable
Chinese cabbage Choi et al., 1994
Radish Jeong et al,, 1994
Hot pepper Jeong et al., 1994
melon Choi et al., 1994

Tuberous root

Sweet potato Liu et al., 1989: 1992;
Min et al.,, 1994

Cassava Min et al,, 1994
Toproot

carrot Jeon et al., 1986

Codonopsis Min et al., 1992

Ginseng Lee et al., 1989: 1990
Legume

Soybean Choi et al., 1994

Ornamental and medicinal
Catharanthus roseus Kim et al,, 1994
Bulpleurum falcatum Chung et al., 1994
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Fig. 1. A binary vector harboring E. coli B-glucuronidase gene, LB,
T-DNA left border; RB, T-DNA right border; npt, neomycin
phosphotransferase gene: Tet, tetracycline resistance gene: Pnos,
nopaline synthase promoter: NPTII, neomycin phosphotransferase gene II:

Tnos, nopaline synthase terminator: GUS, B-glucuronidase gene.

disarmed strainQl A. tumefaciens LBA4404¢] £ UH F A5 x3z 2%
PSP L2H reporteret AURA| {AHZIE AEMNREE FAVNES )

ol FFulY APzt o] F2] FABAE 0|83t Agrobacterium HA LA o
A A EZ2E Y APeHo] Utts] £A4EOE SAH O AL AHE A=
d AmistAY F2 I3 2 R AEAME d&d axEs 497 gl
EF ASHAE A F FAFAH] HAE L= H|&E UL yolx|&= A¥Po] gl
T}, ol& =E3}7] % W F9o 37} preculturedo|t}t, Figure 2064

£ Hig} o] $ute AP AGFHOZEE HAol fxo A HEO
6-benzyladenine(BA) 1 mg/Lod] 4-59 preculturedt 3 ZTpjoltomy 2A
of WAUE T FYAY A=t BE Z7151UcHChol et al., 1994).

AMENZ 2,4-D71 FHA-H x|l Al Aciuierstd "budding”oll 235}
o] o|x}8fj(secondary embryo)E WS ZA¥o] Q) HMEwE Hu L2
2805 By B YALE wish BUAHNN ol Xulst Beas o
(e~ deAep vleidd WejArzt ExiE Hel2) A" O ¥l
RE 70% o]0 tfcls] &r} wleld HA sjuEsRE AAg 9
B AAENE 42 F 2 et} Agrobacteriung BTl GHOEN B
B ozl & €& 4= Yk

™ o rir
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Fig. 2. Effect of explant preculture on the kanamycin-resistant shoot
formation(@) and transformation efficiency(Q) of ’Sweet Gem’

cotyledonary explants following coculture with Agrobacterium The

explants were precultured on MS medium with 1 mg/L BA before coculture
with Agrobacterium harboring pBI121 binary vector. Data were collected
after 4 weeks of culture. The transformation efficiency is obtained from
the number of histochemical GUS-positive shoots divided by the number of

shoots subjected to X-gluc assay, * Significant at P = 0.05.



ot WA WHoER A MMM AMRshe Ao RE  gas
chromatograph-8 FA}7]8] 8ol Agrobacteriumg BH F AHEZE 104
Zd 7hEA AYFn wgch 125 F3F uhzo] AIRSlolA olxhu)7}
BAEEHY olEF AT FAAHHCL

vt Axpe] AEAdelA Ful, Firpl T ZEL] A A Eufel Uyt
Agrobacterium} FFHig¥ Az FYAAHRH MRS d=u Asjstdc
ol o|lE ZEo| A tumefaciens LBA44042] &3 9o Ex] ¢}7] wiEel A
o8 FZEr), spnte] #A$ A rhizogenes Ad strainol] ZEAIFST VA
A" BAFI(hairy root)S BAstcth ulelr] Vx| WA= A rhizogenes
A4¢]l pBI121 binary vectorE ¥t F o] F JFule] ANAEujel FHujet
Fozx HAEY olaF FAAHA & e WG F3a AUrkad
strain®] T-DNAZ} SltmtyRe] Eoi7t -t olxhlE »Ex] BY ZY).

Particle bombardment'¥: ®A®lo|L} 2] nlMEgde] oJXFA=te
DNAE W 3sto] Hofs J[MAl7| AL HE7I2E Wojufo] AgtEo s BEE
S B3R AEZA0 nHELE obr DNATL MEY L A st U
Holrh(Sanford, 1990). Agrobacterium®] FFHelo] 52| o= HEIFE
1A% gty A E2] FAAH| F2 o] SHA| g BRI AE o] oisfME 4
@I Ax AR ded F2 2ol oJFt AEA xjE3 A|AR0] o}
2 ALER] AUAL AEI Tt dolA HA AR ARSI oy A%
of 2ojx|z Qlch felxe W 7]Ho A Bio-Rad AE-E F+Ydtd AME-5}
I GL E AFofME xpA AAR S 2VE ¥ ¥, ST T2
&3 252 79 particle bombardment®¥o] 7JWE 7] o] o= HEHA
HE felste] 2F-R-FA DNA &2} §A electroporationdtes HE& FE
wWol AREstal=d olF FHEolA AEHZ 22 7ett dEAANE doy
H 671dol g Arhul g BEhjGHREE of-8slojof 3t AP HAANZTEH ¢
AMAR EESEE AZo] Yol A2QHT T I ¥lERE W2 thio] g
t}, 231} particle hombardment®]-2 {¥VAME A G2 FIR] ¢lote FHE
2 ojo) &3t oj@o] Ul Thgk o] uhHo| oFte] =AW KA XA



ol Ado] Hx| & ¢ ovies A7 =] gdeng AFAES old o
3 HA AF ezt glolof # Zeojrl

In planta®: Agrobacteriumg 7|Uolx ZA AR ZAAI|= Zlo] o}
Lzt potel]l 47X A= AEY ZFo AY HIEANAA FHARH 05
= WHol Arabidopsisol tisjA ] A-rxle]l &le] HSo® RIE Y
CHChang et al., 1994). o] ¥Wyo] tlE ZAG U= S0 ALH7 A
< 7l&AQ Adel o o FolAol & Zoltl. Agrobacteriumg AHE-5HA] ¢k
3 AT B EF(TER) I5-7-HA DNAE HUelEos2Hd HAHEH
F2HE G WAl 198535 =] 9 AFFoA Wt F oL} 1
Teloll oh3t =gto] ALE At Ty HIo Fujold BulE tjyoR §
A o] Jheio] FHEAUOM (Lee et al., 1994) FUI YHo 2 e &
HAAHo| 7Isicta Ftoh(personal communication). o] ¥ zzlwjok 7}
BollA HolA WARIEs} 2 A5 ALY of 53] A3 o8 Hol
M Hrl FEAT 2Eo] H&317] A 7| 2ALT} FYE R of & Zlolr),

MEX N2 F= gAmAS 4H2AA

717 YA 23iA FAE = shoots TAHE FHE 2-3718] MXEolA el
He 222 oA mElq AEseEolrde] A F xjEaE A8
7t 2QE FA2 AN 3R] A2E AA AEAE Jueid 5 9
The HollA AMZupdd Z271 Aol o]2& AFEA = BRECL

oldfol = Hxte] dIFol B UHA | sHE Agrobacteriumd L2
FAATS st AMEZNEE Z2E FXE Aol 7L F2rr) o
T8 w2 ¥EAY MEE vehddch WY MAZNE 1 ng/l 2,4-D7L
" uixlollA sfetstE olAtuizt FAEEAL 1 mg/l BAZF EHH wixloNE
FAot7t WA eul AMMENE Agrobacteriunzt FEuiRT F o]zl R

B 8 AEAE 50%o] o] FAMHEAUT FPokie AEME 105l
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HaAAHE 9t o] A7l Agrobacteriumol th¥t 2,4-De} BAS] HA A Eo
2|3t Zlo] ol A3 2NEE F2o wlE Xo]alx] offof risi= Vx|
A&Fo] ot

EHE REXY MM 7 U 24¥Y

Agrobacteriund 0. % A ENo] =Y #Rdats P22 Frjol &
A oA B FAARAEAL M) AFozAz tfFY GUSTL
A chelA] 3:12] wre$Ad O E(Cho et al., 1991) Nicotiana glauca(Kim et
al., 1993)2} En0}¥(Choi and Kim, 1993) #2}2] kanamycin & 7}ujj=]ef A £]
dtopgo] i) 3:12 RAFE HF(pollen)E ©|-&% Z-¢E bialaphose}
kanamycino] 2z}zte] #§MEo] gol 2l wiRlolN FaE dotrZlE uf 3:1
LU B2 Mo FAHe] wEH ATHLee et al., 1994). EZ! pBl121C&
PAXMFH £uf(Choi et al., 1994)8] 2%, AMY AEAHE PRE 25T
Az} GUSeE NPTII 25 3:1 $40% {AHUCHHUILE).

T} 2] ohE R wiEd e 8 AAcholA 6-36xnto]
ok 4.2 U}ERJ Sl L(Heberle-Bors et al., 1988; Topping et al., 1991),
Arabidopsis®] A= 10-50%2] FFo|Yr}(Schmidt and Willimitzer, 1988:
Scheid et al,, 1991). o|&¢] ¥ so| WA ut2x] ¢ o] {2L ¢
A FAx7 PEEE SAEHAAL vt SddHolo] 3] &4 U2
e 2 il

71 Acheief F FAHEE MRS LfRAAE HI=EA] A= o
tlh eefel =UH 6US FAxte] 9 MlEso] utetA ddolid Arhuyfst
g o ¢FHo| AT FHE vhE AEFAME LA L BES G
st eul(Gao et al., 1991), o1 A HFAA HAHA Y LR F
o] &8 Y7 dELE AtmHch Uxte] APAAME Agrobacteriun® 2
BAARY di AAZalolA FeiE LBAAE 8 AEAHE QEHY

11



T A F&EolA 6Us FEREe] EX K7} 6Us UENES ZASIE w)
9257} 7HAE=Zol A cUS SARE SA|stg.oen] O2 8547 GUS BEE By
th weltd SHRERE A AALEE ZIVelA Azxle AEA e
A7t M2 e FELE AFPE FAS ZoR uUrtHTKLee et al.,
1993).

dE23 Y

FufollA FAARe] et AEL] & 20 Jd o2 ol MAFL
Z 7bsqt 60 7ol "A Enjx= sxfolrt. 20 Jf B hREE FolA of
o] At ZEeln 4£2h, Qi oY, ZF Fo| oA S 4FE o7t
$r}., Particle bombardment{2 ¥FAAH vixry} A¥o mie}l & Zo] xlo]
S vehia =UH fAxte g5 EAHE YEMER & ¥
of ZEoll thBhM= Agrobacteriumfe]l 2jE3sh= Zlo] ulgAAw& Zlojch
0|5 Y3 AL disarmed strain®l Agrobacterium LBA44040]2]2] WHL|gt <
FWelE ZH= super virulence straing ¥R 3lojo} 3 Zlojn oy 2%
ol tisiA R} 52 =S AMxaddo] o]Fold ¢ AEF 3= Zlof
222 o} glck,

a2 HAAR 28t ZEe] LN REo] H1 9| 712 FA
AR JES ARAHCE ALY 5 o= A8 Ul A EA Q23 AL
Hyl®o] olx] ¢rthe Zeolc}t. mehd BAl AuHEriEe] = ZAWYTE
S HAAYH A28 L A% QAR T2IWE Adss 5o FHFAA
B2 -glo] QyHr}

A} A}

Feldted =2 € B4F, 943

=) A7=a19t Halo] ths)
A AT =g siE NFE, F4F rlelA Zatgict
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