Korean J. Ginseng Sci.
Vol. 11, No. 1, 56-65 (1987)

AZE Tumor Callus2| £E 5

EXAR-REE
el N\ S R B
(19871 6% 114 A4

Characteristics of the Growth of Ginseng Tumor Callus

Kwang-Tae Choi and Deok-Chun Yang
Korea Ginseng and Tobacco Research Institute, Science Town, Taejon 300-31, Korea
(Received June 11, 1987)

Abstract

Crown-gall tumor was induced from the infection of Panax ginseng C.A. Meyer by
Agrobacterium tumefaciens C58 and the tumor calli were formed on the phytohormone
free MS medium. The calli were friable and rough in appearance. Calli obtained from
crown gall tumor were similar to and indistinguishable from each other. The tumor
callus was quite different from normal callus. Tumor callus grew rapidly, whereas
mal callus appeared late. The growth of tumor callus was better in the dark than in the
light. In suspension culture, the fresh weight of tumor callus was twice as much in
comparison with normal callus.
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B Y 7 AT auxin® cytokining® Hl-Eel} 2)#l A tumorel FEirl el B shy
e,

Crown gall tumor?] el Agrobacterium2l strainst HE521=], elji HEFA]E o
2l zlol7p 9o, B3] A E2] Fio wul firorfbe] Axe} phytohormoneo] )&k uik-g-o]
of §- whepAl Al gl rens),

W ARSNGB HORE g dTe] Aste 2 M, A fumefaciens CH8S Aol B
2lo] 7FdAlA #A® crown gall tumor?l exogenous phytohormonee] w3k uk-$-3
tumor callus®] QAo iadr el &3}, zelx HAF callus?t tumor callus 2] A A
patterng AL v, Aozl AsE oo Mursharzk g},
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. A% crown gall tumor 558

24 Aol el A E Wi Agrobacterium tumefaciens C58& A A1A F714]7]
crown gall tumor £32-& phytohormone free Murashige and Skoog(MS) 7l &ful} %] %0}
HEste] B callusE A% FU7 vl Aol A AHuledsted F2]AlZ o, olF callusy: #
Aye] AE 2 AHgskeich,

2. A% crown gall tumor callus %0l ¥35t phytotiormone2! %R
FAPTHHRE A4 crown gall tumore] A Aol & phytohormone?] &3} #9317 915}
of MS/Rekul ®]ell TAA, 2,4 -D % NAAZ %% 0, 1, 3, 5mg//4, kinetin®} BAE 0,
0.1, 0.5, 1.0mg//4-& 77} sheg Ariste] 25C 2] JulkhEel A 307k whoFslod /f4til
& FARem, F71& cytokinin®E ] kinetin, 2iP, BA ¥ zeatin® 0.5mg//® ¥%
C A sled A7EEE & oeleFatelck, mE 2, 4- Do} BA9l E3bde] AxE 7FEty] fld 2,4
- D= 0, 0,001, 0,005, 0.01, 0,05, 0,1, 0,5mg//¥, 285 BAE 0, 0.5mg/l& #l
{rx el she] wfokaladcl,

3. AEE tumor callus®| A0 o= k2| Hgk
Tumor callus?] Aol vlx]= el 8-& F93l7] 2sle] phytohormone free v #]e]
tumor callus® A Zsed 1S 1621202 sl 25C 2] wheFdolA] wlekalglil, ol && W
Erigst gvlslel e, /EEEES SRSk, iR 60C el dry ovenell A 48412 Az
FAE &3 L}

4. AF: tumor callus®t E4t calluse| WEEE HiR

Tumor callus®} B4 callus®l 7% patterng Hla 24bsl7] $1ste] 2,4-D 0, 3mg//
2} BAO,05mg//E& & 71sle] padeloiA 307 vioksled 1 4BES FA skt 19
I IgAEl o)A E tumor callus¥® phytohormone free s =joll4], #4bcallust 2,4-D 3
mg/ !9t BA 0.5mg/ A7 e =)ol & 25C 2] meFAloll A 4047t Al ofate] /pBE 2} byl
g =A3gl.em, debuoko g ARl agar?t AHAlsled callus inoculum -5 1g¥
A %3te] 100 rpmel gyratory shakerell < 30 2F wloksh F /phhs) sidi& 4 skl ch,
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1. A% crown gall tumor callus®| ZBiE L %48

A, tumefaciens C58°ll 2lslo]l & Axl A4 crown gall tumor A phytohormone
free W= A JiEorfbase] vhE AlEel wla] w9 AHxslgi-wl?, Qo ErlellA] #Adw
crown gall tumorZ 2> e 2 2 & Wipspfb7F 4 2 zlow gzhgig] et 269 callus?t H

3 A=A ¥okar, yrelel A FAE tumorF A ute] uf-f- v HIE 2 callusE 3 Akt
(Fig.1). A#¢ tumor callusiz T—DNA¢] phytohormone autonomy gene?] & o2 )

Tpfee] ddolvt phytohormone free wixlell A 2bads] A abaled = wlk, o]iz o} & A1 B9 #$

o} o AEs walch, A3 tumor callus®l el E ¥d GFadz= callusehis v)-$ v}
oF & Bol izl NNkl 3 M= 1= friabledt dellopmiA S wlojelis vl $- skxlabgdct
(Fig. 2), ubdel Ak callus 242 phytohormone free 8] 2ol 4= 3] A Ao] x =] ¢rok

Fig. 1. Tumor callus induced from crown gall tumor formed in the root of Panax ginseng C.A.

Meyer.

Fig. 2. Tumor(A) and normal(B) calli cultured on the phytohormone free media.
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om 7)7ke] A H senescencert slefvh S %1 F naoabakglAk, ofi callusi 2,4

~D 3mg/l2F BA 0,5mg/! H71g vf 2ol 4] afekshd o] oiuts] spadsbA v, S #
= wl - Hrne] Abel R skl Sl (Fig, 3).

Fig. 3. Tumor callus(A) cultured on the medium without phytohormone and normal callus(B)
cultured on the medium with 3mg/ /2,4-D and 5mg// BA.

. A% crown gall tumor callus %0} 0|X|:= phytohormone2| &gt

A olatE=e 2,4 - Dell vi-¢ mlZbabed callus St abke]l #b ==]ub, 71 Aol
#41%) crown gall tumor® 3-8 phytohormone free vl Aol A= B2, 2,4-D A 7}u)]e)
Ar o] Mb-gg Helz] gdam Bor{brb R edsk7) dl el ” Mol A iAHE tumor callus
& e 7HE auxinel gl olE el wkhg ARE -ysbr] flsl4 TAA, NAA, 2,4— D%
zhat g el XMelste] 3092t deledl A eleksted L BEBES S A9, auxin®]
Bl BAIfle]l BY FpEe] Frbel el AAbske] hadl= AEkE Roow, 93
phytohormoneg- Hrbabx] 222 iRl A o] Fa st vt (Fig, 4), 21213 tumor callus

2] Kol v]=jiz cytokinin®l °d&-& £AFE7] flalAM BAPSE kineting FXHE A e]slod
S 4% A, auxin® vb7FA R phytohormone free si=lell 4 calluse] M -§-o)

7H3 dAsted 2w cytokinin A7 sl X|oll M= A Fo] A}, zreivt 0, 5mg/ ! 7ol
4J+= phytohormone free vl 2] Bohi= /Rtehio] wokovt, o & Xl wisi iz cha @&
¥em, kinetindel#7t BARTE A& daldnst A3k Adake widch(Fig,5). 2
A FxE 0.5mg/l2 AT cytokinin® 2 A zeatin, 2iP, BA 2 kinetin® 7z} wix]
off A7Fste] wb& A =g AW vl kinetind} BAX2]93= 2] shx] -2 kRl callus
ki hbe]l "X =& wbHol zeatin® 2+ phytohormone free Wi R.c} /fjihto] &}
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Fig. 4. The effect of auxins on the growth of ginseng tumor callus. Investigated 1 month after
culture in the light.

Fresh weight(g/flask)

O----O BAP

D———{3 Kinetin

0.1 0.5 1.0

Concentration(mg/ /)

Fig. 5. The effect of cytokinins on the growth of ginseng tumor callus. Investigated 1 month after
culture in the light.
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¥ig. 6. The effect of cytokinins on the growth of ginseng tumor callus. Investigated 1 month after
culture in the light.

(Fig. 6). ©le} zre] Habcallus®l AH{el 94 2,4—D 54 tumor callust= 23518 2
£o] AAl=le], phytohormonee] A3 Hr}= =] L w71 tumor callus®] F&o) HAz
el A}, B2 v e Frrt HAzAd o2 YrhEe] 24 2,4-De FEE e
BA 0,5mg/l¢} w5 2 Egelste] wiokdt F MRS FY A9, 2,4—D 1% Her)
BAst &3 xelgl Bt JFstgen, FxHE ¥ 2,4-D ¥% 0, 1mg//1H tumor
callus®} FAo] 743k of & s}t (Table 1),

Crown gall tumor®] #ef7t 2t in vitro ¥HekA] phytohormoned H7}alx|ete
iAo Agabe 4= 9l & T—DNA €] phytohormone autonomy genee| ®Hal =g}
7] wj-e]ch*19  Phytohormone autonomy geneell= tumor®l =7)ol] elsh= tm], e
o] Ao #Foydt tmr, L shoote] Ao Fedsts tms locizb 9lom o)Ee 5742
transcript® = ojglch®, Akiyoshi $Y2 tmr locus(transcript 4)ol Tn5E AbgiA)#A
inactivation?]%! ¥ phytohormone®-% Al ¥ A3 cytokininieol wj$ zi= <,
tms(transcript 13 2) locusell 4F1A17-8 dl& 2318 ofskel cytokinine] FAE = o)
auxing "% 2=, i vitro kA auxin Hrlel ola@lA AP el LS Wl
t}, Tumor callus®] Felx old common DNA2L W&o 2lsia =M= crown gall
tumor calluse 2 cytokinine] oA 4rslo] whetsli xUE &ele) tumor callus?t &
Aot 1efvl crown gall tumor £%2 HelE ol geneol Wae] sl AAw
phytohormoner.2 24 =E Aol ol m kAl Z Aol 2 W AF endogenous phytohor-
mone¥ combination¥le] AR B R AB-9) FH HE B uwel B xbe)riglul,

Kim 5%& A. tumefaciens C58& Hiviol A B#41Z] crown gall tumor callus:
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Table 1. Effects of 2,4-D and BA on the growth of ginseng tumor callus

Concentration{mg/]) Fresh weight* of
2,4-D BA callus(g/flask)
0 0 0.910+0.083
0.001 0 0.899 + 0.069
0.005 0 0.967 +0.080
0.01 0 1.023+0.104
0.05 0 0.965 + 0.093
0.1 0 1.319+0.106
0.5 0 1.279+0.122
0 0.5 0.852 +0.055
0.001 0.5 0.822 +0.083
0.005 0.5 0.871+0.069
0.01 0.5 0.818+0.076
0.05 0.5 0.902 +0.083
0.1 0.5 0.995 + 0.094
0.5 0.5 1.131+0.086

Investigated 1 month after culture in the light.

exogenous phytohormone #7FA] callus S2lo] 288 & =¢9&8 Bwslgdx, Choi 5%

= EoFFelAd MWt A, twmefaciens®l AFel ojslAd FAXE P crown gall tumor
callus® Z¥F2] phytohormone #7lel] 2]sll A callusZ2]e] &3t 2oz ®astydc), 18
v B Ade A= il w2 auxine]l A, cytokinine] 7 exogenous phytohormone &7}
o 2lsf 4] callusgA el A3 ZHaw gz vl oleldk dAke] A#¢ tumor callusite] 7Fx)+=
FAq#], &L o 8al diElA oo dafjrir FF AL AFHE wHojo & Aom

AR,

3. AZE tumor calluse| &£&oll olx|= o s
NZakH callus®] A A2 Wi eko] SpwfelB o}l okw gt 7Aakolx|ul, tumor callus®] 735l

Table 2. Effects of light and dark on the growth of ginseng tumor callus

Days after culture

Condition Weight

ght(g) 15 30 45 60 Total

Light* Fresh(F) 0.314 0.831 1.907 3.792 6.844
Dry(D) 0.019 0.056 0.109 0.197 0.381

D/F 0.061 0.067 0.057 0.052 0.056

Dark** Fresh(F) 0.523 2.67 5.153 7.596 16.179
Dry(D) 0.047 0.133 0.232 0.319 0.731

D/F 0.057 0.051 0.045 0.042 0.045

*Light: Day-length(16 hrs.).
**Dark: Continuous dark.
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= oWl zpo]7} Qli7bE W] 918bel tumor callusE 601 wieksied 154 bH 2.2 /EHR
B} Tes ZAe Ak mw, el okell wlEl iiwickel AR 2 4u e 1,990 o
Zobabedar, AAF e T bt Az 0,056, HEAEIZE 0. 04524 el 7kl
g & Asolgirt (Table 2). gl A]71M 2wl whek 309 Follaz Jtadelel wish iy
B 7F ERae] degtond wlefAlzbe]l AbetE® f1owlgL utolrl A#3 Hslch Tumor
calluse] HeNE wm | wiokat callust %25 ddole) el vha 598 o alslevt,
Bl oFat callusts & wolu)Sel T Fefolaiarm wlag u aldeh(Fig. 7).

Fig. 7. Tumor calli cultured on the phytohormone free media in the light(A) and dark(B).

4. AZE tumor callus@l normal callus®| A% Bl

Tumor callust* phytohormone free vl <ol 4 g Ko ghad shrist of< callusel # 3%
Aol 2] whokxl 44 callusel A& dEle]  zeldr rdebr) glskel tumor  callus®
phytohormonee] %1s] #7152 o8 wf #fefl 4], Zru)aL 44 callus®: 2,4-D 3mg//el BA
0.5mg/ /8 whE, Feo Egk Aelgr vl alel A mipdelel 4 arabekslel 4091 Fell /Tt
W Tie AHskelwd vl phytchormonee]l 43 #7b 2] o3& vl =l #kgF tumor callus
o} A zAel ulAlell A kb A callus®] LRS- wisgl Aeks woloant i

tumor calluszb 2381 o] ¥ ARG Edd(Table 3), -2} tumor callus®

Table 3. Fresh and dry weights of ginseng tumor and normal calli cultured on solid medium for 40 days in
the dark

Weight per flask(g)

Callus Medium

Fresh(F) Dry(D) D/F
Tumor Phytohormone free 6.063 0.255 0.042
callus MS medium +0.257
Normal MS medium with 3mg/!{ 5.903 0.201 0.034

callus 2,4-D and 0.5mg/! BA +0.313
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secondary metabolite®] o] &) 2}£3 e SHel A inoculum2 2 A4 7e4dE &
213571 98 tumor calluset A4 callusE 77 1g¥ FdalA A= vkt 300 F ol
Hidéhre ZAFgE A3, tumor callus”} phytohormone free ®f 2ol 4] A& Sl = BF
5 HAz:AdA Ay A4 calluskoh ke ht-S 20l ol A @orew, WHEL 3. 59
24 diwrs] el AHE 2ok (Table 4),

Table 4. Fresh and dry weight of ginseng tumor and normal calli grown by suspension culture for 30 days

Fresh weight (F) of Dry weight(D) of D/F

callus(g/flask) callus(g/flask)
Tumor callus(T)* 4.887 0.337 0.069
Normal callus(N)** 2.185 0.096 0.044
T/N 2.237 3.510 1.568

*Tumor callus was cultured on phytohormone free MS medium,
**Normal callus was cultured on MS medium with 3mg//.

o]AFe] AFEL tumor callus® A% secondary metaboliteS wisF A Absled] o) &4
F Qluhes 7heAd S 88 WEsia glod, oS o] 9] Fyslr] $ste] ol Eo B3 F
W3 A7t P3| o] Foyol & Aoz AlmElr),

2 o

A# crown gall tumor callus®] A& FHsl7] 3l Agrobacterium tumefaciens
C58% 71421 A4 92o1% crown gall tumorE phytohormone I vl Xl A v ofsle] A
ol 243 tumor callusE f718ksdth, ©1E tumor callust AAFZANA {713 callus
o] Hls) ejAFCE: friabledt Huie] Wejzl A E =% whokgl oS Bolon,
callusZ4]o 243 phytochoromone FXelA+ tumor callus?] A-8o] 238 A== &
A& Bgrh, Tumor callusel W& sAul kAl iel oFo] Jew kR o} AfgFE ] A Pl 2,4
o, o2 1,99 vheFe] o] weom 2,4—-D7F % FHAREZAA eleFd gk callused
AR P d A3 BEoy, ZEFTS tumor callus?h ol EUoh, 22| dehejof

2loll = tumor callus?} A A callusi ol A A4 57) 20 o] AF w2 A gko| ]},

Al

o s
oIgERE

[ =

1. Akiyoshi, D.E., Morris, R.O., Hinz, R., Mischke, B.S., Kosuge, T., Garfinkel, D.J., Gordon, M.P. and
Nester, E-W.: Proc. N.A.S. 80, 407 (1983).

. Akiyoshi, D.E., Klee, H., Amasino, R.M., Nester, E.W. and Gordon, M.P.: Proc. N.A.S. 81,5994 (1984).

. Amasino, R.M. and Miller, C.O.: Plant Physiol. 69, 389 (1982).

. Binns, A.N.: Planta 158, 272 (1983).

. Braun, A.C. and Naf, U.: Proc. Soc. Exp. Biol. Med. 86, 212 (1954).

. Choi, K.T., Yang, D.C., Baik, H.S., Park, S.W. and Lee, C.H.: Kor. J. Breed. 17(4), 348 (1985).

e W N



Vol. 11, No. 1 (1987) 914t Tumor Callus &l 4% EA4 65

7. Choi. K.T. and Yang, D.C.: Kor. J. of Gin. Sci. 1(1), 45 (1986).
8. Inze, D., Follin, A., Lijsebettens, M.V., Simoens, C., Genetello, C., Montagu, M.V. and Schell, J.: Mol.
Gen. Genet. 194, 265 (1984).
9. Kim, S.K. and Woo, J.C.: Kor. J. Genet. 6, 45 (1984).
10. Liu, S.T., Perry, K.L., Schardl, C.L. and Kado, C.I.: Proc. N.A.S. 79, 2812 (1982).
11. Schroder, G., Waffenschmidt, S., Weiler, E.-W. and Schroder, J.: Eur. J. Bio. Chem. 138, 387 (1984).
12. Weiler, E.W. and Spanier, K.: Planta 153, 326 (1981).
13. Willmitzer, D.]., Simpson, R.B., Ream, L.W., White, F.F., Gordon, M.P. and Nester, EW.: Cell 27,
143 (1981).
14. Willmitzer, D.]., Simons, G. and Schell; J.: EMBO J. 1, 139 (1982).



