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Abstract

These studies were carried out to obtain the basic information about transformation
of ginseng plant by potential vector system, utilization of opine compound by
Agrobacterium spp., and initiation of crown gall tumor callus. Crown gall tumors were
induced from stem of Panax ginseng C.A. Meyer by infection of Agrobacterium tumefa-
ciens. Therefore, 1t was clarified that transformation of ginseng by Ti plasmid was possi-
ble. The crown gall tumors induced by Agrobacterium tumefaciens isolated from the
soil were different in a shape, size, and growth rate. Especially, infection of ginseng
by Agrobacterium tumefaciens Y 104 led to the amorphic tumor. Tumor tissue derived
from stem crown gall could not be continuously cultured on the medium which did not
contain phytohormone, and did not form the callus even on the medium supplemented
with 2,4-D. On the other hand, the root crown gall tumors formed the calli but the for-
mation rate of callus was quite low.

As for the utilization of octopine and nopaline, it was found that 3 strains of
Agrobacterium spp., Y104, Y110 and C58, utilized nopaline only, Y109 utilized octopine,
and Y101 failed to utilize either compound.
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213 A ﬁ’ﬁ?ﬂ el 7R Al &1 vector systemo] BHEES A BEalxm gl Ho] A dle]
2l & 5 Ak, A KPR 142N potential vector 4= K4l 71 AL F
A st g # 9] plasmid of A% virus - &3] cauliflower mosaic virus(CaMV) — 1] 32
mitochondria DNA ¢} chloroplast DNA 29 cytoplasmic DNA 5] glem o] G [}
g e vreo)l s Ear glopd e ib e ks Al o] plasmid 243 crown  galleo]v}
cane gall 12 tumor-¥ inducing & 4 )+ Ti--plasmid ¢} hairy rootE inducing 3
9]i= Ri-—plasmid 7} Aws] ztg& uby 9l=d], crown gall tumor:  Agrobacterium
tumefaciens & fithel A2 3 7oA & ul ¥ Ale] xw, hairy root+= A. rhi-
cogeness 7rdA1gi-& o) @AY, Crown gall tumor 7} B E fdaledl sl & o]m
oo 1 gy} Atgsigded Ti-plasmide] o el T—DNA 7} 215 A 2 9] nuclear DNA
o] integrationslo] &2 Hilo] § % wlo] gene expressione] g g tumor7) ¥
AeE Aoer ez oo™ ojeid tumor: AA AE A= e AA 27HA
o $Ee 2A sl=d $-Al AW o) A phytohormone & 838 A s W24 2 o)
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frwAlal opineel gk {LAME AT F vk Yook oI FHES A A0 A
Asto] Holgg e 5 v FdAH AHE F47h Fme somatic hybrid& A Z 8
A o of$ 588 A marker 24 B4 £ 9} Opinefbk 42 ZA octopine,

nopaline 18| 31 agropine 502 FEx=d o8l EAE-L Agrobacterium spp. & strain
of wel B4 3 9l Wyt @ebx &, octopine & nopaline & duinhg &4
T Qi straine] glevt shwl E vh #8Febrivh, mah wvg G443 $ 9l strain
LN TRS S

A CEER-> RVEE TR vector system N dpe] dabe® 94l oA HEl A
#iol 4 Ti—plasmidol] K3 &4 A3 715 AHS 257 9ste] BdFo) s AAutsr A
tumefaciens2] o 2] strainVs} A. tumefaciens C58 & AN%:2] 7t F-9o A2 F crown
gall tumor®] 3453 e 2 o] & fH#ES phytohormone autonomy FES1S FHE 3l
oo, wik Agrobacterium spp. ol 23] FIHE opine {LAame] Fifish carbone]it nit-
rogen source 2 -4 & 4 gl BENS WEstAR wb delzl AE ole Mgt

M# H A&

Al BPEL B Ao RS RS 234 A (Panax ginseng C. A Meyer) 2. 2.4,
o] 5% Alws 1T ¢l vermiculite, perlite, peatmoss & 7tz 3:1: 12 wiahst A Eo|
A A el o], flower bed (30 X80m) @ 4884 A2 F <l F 7| Al A fistadch

FA) G o oA ) A A kg LI Agrobacterinm tumefaciens Y101~Y 110107 5+
o} Agrobacterium tumefaciens C58-% A& WhRel A oH, ol& WithE 2 YEB(Nutr-
ient broth 13.3 ¢, Yeast extract 1.0g, Sucrose 5.0g, MgSO, 0.24g, ddH.O 1 2) v}

Aol A 29°C 2 1007pm gyratory shakerell A & e wf oFstg] ok
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H& w c YEBu ®of| &4} &t wjopsl Agrobacterium spp. 7} spectrophotometer 2|
g00nm 2] el 4 O. D.7} (. 8(cell density &=l & 10°/m/ o] =& of A4S & ¥
sl(wal, %7, ool M Fu AR FEE FdAh

Opine L& BIE - Agrobacterium spp. 9] opine {b-{v#h FIFRES & WA #l 8 A
3] % % crown gall tumorzb &A% Y101, Y104, Y109, C584} tumor kel st
5l Y1108 thabow sbol fiE sk vt SMEE L (KLHPO, 10. 25, KHLPO, 7. 25, (NH.)S0;
3.0g, MgSO, - TH,O 0.5g, NaCl 0. 15g, CaCl, 0.1 ¢, FeS0, - THO 0.0025g, Glucose
4.0g.ddH, 01 ¢)ell 4 nitrogen source & i, Al opine{b&#al octopine & nopal-
ined 50pg /miA Vg F 58 A-Eshel 48uEH Hr#stdvh. o] @ octopine 3} nopa-
line& 0.22um pore size membrane filter (milipore) & @& F SM—N wfcfoio} 3
sbesbdom, SMul ' =4 4] glucose 9f CaCly+= 7z} WX 2 autoclavedt ¥ Eg 5}
Bl Th. ASEER F wlok ¥ 5mio] @etey-g A stod  pectrophotometerel A cell
growth rate & HIiE st A, @eed & centrifugeol 4] 10, 000X g2 154r% <k A 2
3 % s 3mlE Hshe] opine LA Wastdwh BE HEE 1mle] A5l 1ml
] 0.9N NaOH = #7}§ % vortex mixer 2 &3 ¥ 1ml2 ¢—naphtol—diacetyl re-
agent(3% ae—naphtol, 0.015% diacetyl, 60% n—propanol) & o} &g F Ul A
3047 59F Walgh %o spectrophotometer 530nm Aol A O. D. & Mg ste], 7 #RE
thz7eh wlaste] MiHEE % 2 }Aasvh

Callus-¢7] : AZ2) Mmejs} Z7)o) ke crown gall tumor F32-& o3 Hegda
Jpghgr Ao FEl "olH gl AL WA st Aol MM F R ATS
18 A 70%EtOH S ofl 343 AT F 2% 9 NaClO 4ol 4] 154rH] A 7 ste] 24t
g gl Hedoh, 4 W8 24 A Woe] phytohormone free MSul 2ol F7}2
10p g /mi2] kanamycino] #7p#l il wix e HEshe] 25+1°C o wiokdol 4 kel

iz wjeksled tumor callus& f7) &4l
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1. Crown gall tumorg| 7|

Aol A Agrobacterium spp.oll & &4 Agh o -8 JAsty] fsiA A% 7 ¥
91(ed, 271, ®u))o] AxH FirAl A. tumefaciens C58-% 3r<i A7 crown gall tumor
CHREEIEIEN) © ik ol %% habelddwl wy,  KiRE Figs 1~33% o

Crown gall tumori= A#e] m ¥ ffrel 4 # FpisEl e (Figs. 1~3), 2 F 270
Y Fofi= tumorel FHuivh Adub A wiokAl g calluse] Bt wled e 24
[Figs. 1 and 2) friable g} callus2| <k4-& Rgdvh et A% Heje 2 8§ A% tumor
2 Whg(Fig. 3)4= o) 2l9lal7 tightd e o] tumor 2558 Folm glelu} F7]ef A
F% % tumor tissue opEfiitalsicl. olel gk glel & T- DNAo) A tumor 3 4ol 3ef 8}
1= tumor inducing gene(onc- gene)-& phytohormone ¢l auxin 3} cytokinin X 54 =}
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el v A ol ¥k, crown gall tumor 9 JHEE whE o] S| hormones] H] &l
o] K3l i = Ao 2 AlE ¥}, Amasino VS ) A K E crown gall tumor
o] Rl v+ phytohormone 2] <33F-g A7) 3t iz 3= 2 tumor x4 o 4
cytokininf#} IAA <2 W% ¥ v}, friable unorganzed tumor 2= o} 4= cytokininof

Fig. 1. Crown gall tumors induced by A. tumefaciens C58 in ginseng leaves,

Fig. 2. Crown gall tumors induced by A. tumefaciens C58 in ginseng stems.
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Fig. 3. Crown gall tumors induced by A. tumefaciens C58 in ginseng roots.

Bl TAA ko] ) o] &Alslgl 2w], compact unorganized tumor ol A& cytokinin 2]
oo ula] IAA o] W& Hglee ¥ rslych

E Agol 4 vhept Agbell A& tumor 2] FREY} A7 F 7]l A] & friable & unorganiz-
ed tumor 2] ®eje)vi, Mejox A tumor ¥ compact§ tumorEHeleli 7+FE
o 8-9o] we} tumore] e} ek A A E z2o) ub} phytohormone 84 %
Hol debl & Av|d 4 glew, = shie A AEANAA IAAE F2 coleoptile
ojvt stem o] A Aol ghoj sl g o] W-9joll A AAe] wa, B BToE  cytokinino)
F2 A= 97 ol%g #AAE crown gall tumor 32 A} & Wl A 24 & phytohor-
monex} A} AE-A e = 4°1| 4 wkEo] Wi endogenous hormone o] 4 & combination %)

of Hg3ozy olef HRE AL Ao Auxich

2. Agrobacterium tumefaciens 2| strain3lj crown gall tumor FEifE HL#k

EokFol 4] AWaEr A. tumefaciens 10°F5F 9] tumor Rk o & Fdslr] & AZ
o] Fo)of) AHE F3 HFE A, Y101, Y104, Y109 49t crown gall tumor
7} AEgn B F5FE BS avirulenceol vl elx, FKE crown gall tumor 9]
40 Fo) RS R pbkel whel tumor o] FARET FHE Hel Ag xleolrl Y&
#AT 5 ek (Fig. 4). A. fumefaciens C58 4}‘{1*101]—‘: g ATl Awre 75 F
B} tumore] EREHE watAgt 2 F 2~/ 9724 cell divisione] v} $- -4 &}
A delv} AR &7t whelx o 2 fresh welghtE 4 e A S vk 2,
3N FFEle ofE tumorEoll vl F7 3| senescencer}t wolvt M ztolbrown2 g W
st A 40 Fell= Fig 4ol B vbe} o] 7h9A W% F A2 FHojris A
TAY 5 ok, wbdel o E F 5+ tumor F A A7) 9} 4 ’é}' HEr AR 470
Folx FE3] SAEZ USE o 7 AUk, A olgl FFEo Kl &4 % tumor
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Fig. 4. Crown gall tumors induced by A. fumefaciens strains in ginseng stems. Infected strains (left to right):
€58, Y104, Y101, Y109, Y110.

of kR WS FEI AR, G582 AF 1Y Foll= 2.88g 224 ikEo] 71
=otont 4709 Fol = 0.45g © & senescence 7t Ao}t A9 $E st (Table 1), =
b Y1018 270 Y Fole 0.64g 22 vi$ 2P 470 Folliz 1.13g o2 Ak}
3 FAEd e A% AAE st ddrh 0w Y110 tumorst He gAEHA e
avirulent bacteria o] 9}, &t tumor o] el & w9 cheFgl vl C58,Y101,Y109 % callus
& el ] unorganized tumoro] o™, Y 104 = ¥4 3 2] amorphic tumor o] JZEEE }e}u)
ok (Fig. 5).

Table 1. Fresh weight of ginseng crown gall tumor induced by A. honefaciens strains

F.W. (g) of tumors after

Strains Morphology
2 months 4 months of tumors
Chd 2.8840.45* 0.45+0.15 Undifferentiated
Y101 0.64+0.15 1.13+0.21 Undifferentiated
Y109 V** 0.07 +0.00 Undifferentiated
Y104 1.08+0.38 1.89+0.51 Amorphic
Y110 0 0 Avirulent

* Values are means of 20 ginseng plants.
** Visible.
Tumor fi¥i+= =4 37hA2 #F3stx gl=dl? callus 2¢F2] unorganized tumor, 7]
2] shoote] #]ul teratoma 7=+ 4 = 411 unorganized tumor el & dolxd 233
2] green colorql amorphic tumor & Vol A gl ¢]2)d tumore) FRE: fimE

FFe] FRNel weh, celw AEe] MM el wab Ajolst Wrlud B 4y A A%
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Z7]o) C58& HE3-& w+ A3 teratomart A5 A 99ks, Y104o) A= amorphic
tumor 7} YA ol wdll 58] Y104 o) sl = 4% Al & BEEMEE S oo & Aojch, gk
&} C58 ¢ nopaline type bacteria @4 %< A EH L o teratoma s FHY 5 9]
Red'™® 0 A e A FA =% 4L ez Hol (58 v & Y1047} cytokinin 2]
Aol o wel A Wyt A=Y, w3 HF FH7F opd b F 9o mE
tumor ¢! secondary tumor 7} C58 A %ol K& ozl ol A==, AZdME
As FAEHA Gdgse HAE F Ak

Fig. 5. Amorphic tumors induced by A. lwmefaciens Y104 in ginseng stem.

3, Crown gall tumor ol 2|5t callus
N9 o), 7], Mme] oA ¥E crown gall tumor =32} callus FERRE-S 2

3t7] $sted oje] FbA Hegeskel A wEgstld b 2 iRE Table 29 2ch

Table 2. The formation of callug from crown gall tumor and normal tissue of ginseng cultured on the phytohor-

mone free media

No. of explant

Explant Percent
Cultured Differentiation®
RT 92 2 2.2
RN 21 8] 0.0
ST 136 4] 0.0
SN 23 0 0.0

* Investigated 1 month after inoculation.
RT: Root crown gall tumor tissue, RN: Normal root tissue,

ST: Stem crown gall tumor tissue, SN: Normal stem tissue.
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A#2 7+ 29 tumor tissue & hormone free mediaol] 4] ¥5#%3 EHES v, 35% 4
@ H el A= stem tumoro] &= calluszl A3 FRE A etem, root tumor el A&
calius EuiHo] 2.2% 24 MRS w3 MM 2ot HRSA callus BR )

w2 M-S ek (Table 2). —fkiye s AL ESo|dA futithste 22 2,4-DS
wol &73s AEAA AR F712 2,4-DE 1, 3, Smg/ e A 7Jﬂ‘6}°4 w g A3,
IE¥ /Il root tissue v callus”} %= <l A9 tumor tissue= %35 HF2-8 Wolzl ¢k
callus7} &A1 5] o] ¢bgtc}(Table 3). ze]u} tumor root Z 2o A= 23] o Bo]x ) ca-
Nus7h 71570 stglovt A& fsks] Wgtom, BRE tumor callus 9 FiEx A
i 2N A callus7t 718 R 433 2e)s) sk &, FA 2HqAE 279
AA oA callus?t A" EHolgl ot tumor 23 o A& o) B4 callus di-
visione] et FA1H mgpolgdeh. ®E 2, 4-DA MR AT Img/ L ol AT 4170
explant ¥ 2717} callus & BASHS %, 3mg/ L, 5mg/ L e A callusst FA 5
A ¢Fo} tumor callus®] 7)o 2.4-Dr} F&FL v]xz Eale AL #IFF 5 gy
(Table 3). wtde] M4 A= 2, 4-DAH el oo i RIZY AFL Rled
hormone 7} # Aol A= 86% o149 callus7} F71=9 2 e UAAT 2.4-D
Img/ € H7A7F 3mg/ &, Smg/ L H7/FNL o) 2o} calluse] A7 oha & AL B
Ak vk A% tumor ZA | A callus7t A A A & Aol e 55 ozt
Al "ol HEZ} o) Foxof & Heoln], 53] o2 F{2 o}& phytohormone 7} i
ol ¥rgk Bt AdEolo & oz A asc

Table 3. The formation of callus from crown gall tumor and normal tissue of ginseng cultured on the media

with 2,4-D
Conc. of No. of explant F.W. of
Explant Percent
2,4-D(mg/l) Cultured Differentiation* callus
1 RT 41 2 4.9
RN 44 38 0.202+0.131 86.4
ST 22 0 0.0
SN 23 0 0.0
3 RT 43 0 0.0
RN 46 41 0.160 +0.142 89.1
ST 23 0 0.0
SN 23 3 13.0
5 RT 46 0 0.0
RN 43 40 0.122+0.101 93.0
ST 21 0 0.0
SN 23 0 0.0

* Investigated 1 month after inoculation.
RT: Root crown gall tumor tissue, RN: Normal root tissue,
ST: Stem crown gall tumor tissue, SN: Normal stem tissue.
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4. Agrobacterium tumefaciens 2| strain 3] opineft-&4n2| #|/H

EFFelA AwE A tumefaciens®] o}e] strain % crown gall tumors i X 8
Y101, Y104, Y1092} avirulentel Y110 2 (588 ) Abo o opinefb. &4y 88 5o
AR KR, amorphic tumorg H2HH v Yl()49} C58 3 avirulentql Y110-e nopaline

typeelsiAlgt crown gall tumore] F2ikfigo] w5 s b4l Y1094 octopine typeo] g ..

™, Y110+ nopalines} octopine % o] 75 sh8-5} 7 %3 cH(Table 4),

Table 4. The growth and opine utilization rate of various strains of Agrobacterinm tumetacions after 48 hours
of incubation

Straing Growth* on SM-N with Util. **rate(%) of Growth* on Type
Nopaline Octopine Nopaline Octopine SM-N SM
101 0.649 0.643 0 1 0.636 1,207 -
104 0.978 0.763 82 2 (L783 0.841 Nopaline
109 0.233 0.457 5 80 0.287  0.689 Octopine
110 0.270 0.074 81 0 U39 0.823 Nopaline
Co8 0.793 0.668 93 8 0.534  2.62 Nopaline

* Absorption (0.D. of spectrophotometer at 660 nm).
** Utilization by A. fumetuciens strains.

Arginine®] $-%4 9 opineftA#el v =LA octopine(agrinine + pyruvate)=} nopaline
(arginine + ¢ —ketoglutate) 28] null typedl agropine 2.2 1}y o x]i=d] olal B
2 Agrobactevinm spp.oll fslel A% s 9 gyx oz wo] oelie
carbon sourcev} nitrogen source 2% g% 45 lui ' -1}, crown gall tumor ol
A3z opinefb(Y-E AAFE 4 A A el A B A B8 FE gloh old Y
el Ti-plasmid -4 =} ”H%?M] o opinefbGiE ¥ 7 Sy FAA EAetleg
Ti-plasmid& 742 7 9l Agrobacterium 2 opine {tafne Salsle] 88 7%z gl

Al B

4% AEdel w8 T DNAfA} ool opine & B4T 5 d& FA4E 747
- g).er} opinefbAMS Ea g 4+ oy FAAE EAdeA] e g crown gall tumor
22 opine LS oul A source & &8 4 grh
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Aol B = sl vector system ] BHEEHIL O] —BR O 2 %k Agrobacterium spp.
A% o, &7 2 o fEfEste] crown gall tumor o % W Msrk 12 2 Ag-
robacterium spp. 2] opine{bA¥el FIHFIL S-S Fnsldwl vl o $EEE wystd o
3% 7

1. Agrobacterium tumefaciens C58-2- N4o] RE i{re] 4 crown gall tumor & Wk
89 2} secondary tumori} teratomat & A sz L@l

il
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2. Wild type Agrobacterium tumefaciens Y101, Y104, Y109+ crown gall tumors &
shol ooy, tumore] F4HE, 7] rela A A strainBl2 zkelvh lsieh

3. Agrobacterium tumefaciens Y104+ $§38) amorphic tumor & Fist sl vl

4. #7104 & A E tumor £He| A callusi §7]8kilt phytohormone free wj=] 9
4-D BA7F vl Aol HE7 #E5% A8 callusrt A== dokrh

5. "ol 2] A€l tumor &% -2 phytohormone free wi=j e} 2,4-D Img/ 0 A7} f

Aol 4] callus7h |42 st} Bl M EsE 28] wkakon], A4 2RI W 2,4

Dl &7} fpetalvh.

6. Agrobacierium spp.o| &k opineft.{rihel BURE )& WM& R,  Agrobacterium

tumefacciens Y104, Y1103} C58 & nopaline typeol gl iz Y10u+ octopine typeo] i 2w,

Y1012 nopaline®} octopine ol = ZA % F}jst=] it
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