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ABSTRACT

Inoculation of carrot discs with Agrobacterium rhizogenes harhoring Ri plasmid resul-
ted in transformation of cells, as revealed by the tumors and hairy roots arising from
them. Measurements of IAA content using HPLC indicate that it is higher in tumors
and inoculated tissues than in uninoculated tissue. A lot of meristemoids and vessel
elements formed in tumor tissue and the hairy roots differentiated from meristemoids.
IAA content in tumor tissues is decreased with hairy root and vessel elements formation
from them. Formation of wound callus in uninoculated tissues resulted om wound healing
but no formation of vessel elements and hairy roots. Tumor tissues show continuous

growing on hormone free medium.
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tumor = Thairy rootd RAL FEIE Ae] e ot (Chilton e al, 1982; White,
1982) o}2d = AAE 722 A, tumefaciensd] vl3 2 g A ok, A twmefacienso] 9|
§ £F4E X2 5ol T-DNAE $F4 5 A 9549 &4 (nze, e al., 1984;
Kemper et al., 1985; Thomashow ef al., 1986; Weiler and Spanier, 1981) 3 cytokining]
-4 (Akiyoshi et al., 1983)o] FA s FE4ZE encodesle] tumor cello] A2l @84 o
cytokiningke] ZrlulAl = o (Amasino and Miller, 1982) hormone freeu] %ol 4 ©] & tumor
zA 5o A% Axd 4= 9l auxin autotrophy (Atsumi and Hayashi, 1978; Pengelly and
Meins, 1982)7} o o} 3]-3-11:]~

B AH e = A rhizogenes3 iz A wle] oo Lz 27 o A4 tumor FA
3t olo] whE hairy roote] P4l HF A=A AFE A ADAR o] g2 tumor Y
hairy roote] & 42 <4 <F% endogeneous hormones] <kl Hale| sqatviz A
zste] JAAGRS AA A #Hste} ole] b2 exql WelF mgtid o shE FHAd
A HelHgel Bl nFde H Loz A5H Ao o] tumor £2 L hormone {ree Wl
Ao} d] oFs}of phytohormone autotrophys] #el= sholvh.
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Bacterial sirains. A. rhizogenes Stram A, (agropine type)-2 tpaold g9 C. Matsui =
TFREE Houts A£& Potato extractd] A (20g/! sucrose)dl] ul] ofshed  A}-25l o o (Petit et
al., 1983).

Inoculation. B Fezde o 4AFsty 2~3em T4 2 F2+ ¢F 0, 5mle bacterial
suspension (10° bacterial/ml) £ 7—}7—}'4 e ggo] H# st 27°C (dark) 2 wf oFsbgloh

Auxin assay. TA T 2T FIE2 LS FaAow AJBE A3 15mly
ethanolo] 4] #%& & o] ethanol 8¢ #YAZAA FHF= L8437 5 C-18-SEP-
PAKe 2 EFA7A AAstdcl. A4 = JAA -9—"1]15— 20 pl% HPLC (Waters Co. Ltd.,
Model 440)e] 4, 423+t Columng p-Bondapak Cy-Octadesylsian (¢ 3. 9mm X
30cm, Waters Co. )-3- ALtz o) B Ao 2E 85 % H.PO&9e 0,05M KH,PO, (pH
.17 AR SEHL 58y o 1,400p8, §% 1.0ml minTe® TRy F 0.06M
KH,PO,+K,HPO, (pH6.8) FEA 2 1587, 43 1,400 psi, F< 1.0ml min~lo 2 &=
2y F3H 272 285 nme] 4 7 A H 365nme] PAFL =48z o|W| retention time
L 178 3024t

Morphological observation. A& T8 d 7oA AAFR &3 ART FAAO]] herd
A5 Z Butanol series(30%—absolute) & r3}o] paraplasts] Zefsl ¥ gl @ Fo
9o d44q AME A3, Hematoxylin-Safranine]| Q4 3le] saslg ol

Tamor tissue2| Hj 2, 9,;] oA BA4%9 tumor X & &4 (Carbenicillin 400 pg/ml+Van-
comycin 100 pg/ml)o] A 2}ste] F-Fo] A& gk & hormone free MS w=]o] # ¢3}4] o

| )

IAA content and distribution. Fig. 1.2 FA =8t A& T o279 [AA &3F& A
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Figs. 4-10. Photographs showing tumors, meristemoids and hairy roots formed on carrot discs treated
with Agrobacterium. ‘

Fig. 4. Radial section showing tumor induction from explant after 3 days of culture. Fig. 5.
Active transverse divisions of cambial region after 5 days of culture. Fig. 6. Meristemoids differen-
tiatiated from cambial region and neighbouring parenchyma cells within ground tissue below tumors
after 7 days of culture. Fig. 7. Radial section of tumor formed on explant after 9 days of culture.
Fig. 8. Cross section of vascular bundle below tumor formed on explant. Arrow indicates tracheary
elements differentiated directly from intrafascicular vascular cambium. Fig. 9, Hairy root differen-
tiating from meristemoid formed within tumor after 11 days culture. Fig. 10. Longitudinal section
of tumor with hairy roots after 23 days of culture.(C: cambium, M: meristernoid, HR: hairy root,
TE: tracheary element) (Scale: Fig. 4,5,6=50gm, 7,9,10=100gm, 8=30xm)
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o3 wdzgtd o2l A Chrysanthemumd]| A HAZo] YA F49 &7 A
ol A9 A auxin kg 23 A (Weigel et al., 19849 T FolA E7E5 &
o, el 2HUA AFY A9 AAAL auxingsl F79 s Nakano et al., 1980)
S A HG

E3] Qdom#} Carpenter(1965): WA auxine] # 838 rooting factors] shizlz 3l
auxin activitysh £ @ BTEE FMIGT H9T o FEHE Felst A4l weh
A WA 098 oko] Fagtz vk (Wheller, 1971), tumor 24 o]4] hairy rootz
9 3, w%oﬂ ool $49 TAAS} o &5 B oo ALs Aok,

HERE man AE F 3474 RE FA4E FHE FHLE F2F AXE] T
3 tumor _%Z]:::OT 257 AR Fig 4) 5984 E v T4 Fbe] ¥[zAd Z=
dzitsd 45 2~3%2 tumor A £3| ‘%’“5] 53] §4F5 FHAAE Az gl
FutatA delvtz YA B4 £ . o #F WAdHeE 2y vlzA an

o £3}5] 2~42£9 tumord] E ol o = 3“4‘14' B4 E FEASY A5 L g g3
o 27} Az AEd] 29q ATEe] wzd TA4 2 434z A Fig. 5.
Wk 79 e 343 2N ol AL AL FRAAZEAA A92 277 32
A xAe] Z73E meristemoidEo] FAH A AAstd Fig. 6) 94 E Sdoz AEdd =
tumorz} & A e}k, o] tumor T zZm AE3E AEZITZ FHo YAt AF B2 F
Pole Az Axho] 298 AEEE F4= meristemoidEe] wo] B4 =] P (Fig. 7)
o meristemoids} 713 27 Aolol = ¥AFY A& FEas Fo| $HI 5E 47
AA Fa ghek(Fig. 8).

Wl ok 11~13 YA = tumord] A <H ¢l 42 2 meristemoid® 2¥ hairy rootr} £}
g7 A&t (Fig. DAFHQ 43¢ shAz ¥ 21~2390 el = A9 AAH S A&
2] Fu o tumorfdli HE FE 8&£Fo] FiEe] s|BEF =i A hairy root
3 445 JERAS FAY F 99 FFig 10). W 2Tl v 344 34
z= 299 24 AXE2RE cllusyt ¥ A2 9UF A 8~9%F9 A
callus Al 230 BAA L (Fig. 11). ¥k 10801 F 28 4% ¥ ol tumor Zoke callus
7} FAHA " o]AL wound callus2 (Kahl, 1982) meristemoid+} hairy roots 3 A==
gech W ok 239 A = o) Re BB 2 ¥AYY Frexfe) =EA AAL ¥
o)1} (Fig. 12). FH &8 2049 meristemoids] 84 2 %= 24359 23l oz
To vlE) RE3 el o) FAAE AL FAHT WA IAAY ok Holo H5td Dot
= Ao g A7z el =d o] Phaseolus (Roberts and Baba, 1970), Coleus (Fosket, 1970),
Pea (Sachs, 19759 /24 2 FAZE 289 5= 8459 £33 [AAY} FHd
S wzs d8g

Tumor =X 2| HY 2. Fig. 135 ## 8] ¢3le 5% tumorz4 g hormone free )=
o] <k 30 wleka Zo]r Fig. 14% ool A% =, A4 hairy root® o] & tumor
7% So| phytohormones] autotroph®l 71-¢ 2o F 3 ¢lch. o)A -2 Ti plasmide] T-DNAo]
£ AEAZAA JAAS MA4AcE Bo FEIE A5E BE gene (aap)g 72
9lo] alzt TAA production geneo] ZF=w A&AHcoz TAAE 44822 (Nakajima e
al., 1981) tobacco crown gall cellEo] hormone free WA A A= AAE ¢+ ot Az
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Fig. 11. Callus formed on explant after 9 days of culture on non treated with Agrobacterium
(Scale: 50pm). (C: cambium)
Fig. 12. Tangential section of wound callus formed on explant after 23 days of culture on non-

treated with bacterin. No differentiation of meristemoid within tumor (Scale: 100gm).
(TE: tracheary element)

Fig. 13. Growth of tumor tissues in duced by Agrobacterium on hormome free medinm (X6).
Fig. 14. Continous hairy root formation from tumor tissues on hormone free medium (x6).

(Matsumoto et al., 1975)¢} hairy rooti- W] oksl B2 (Speno et al., 1981)%% F4% 4
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T F AU

H
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A. rhizogeness]| #%he] A EFzAo]A tumor D hairy rootr} F= FE 22 Ti plesmid
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Ao A phytohormone FAA L JHL e Ash] J¥Acs AAAdA £ 49
9515

A. tumefaciensdl] 4= wounded sites] 9% target cello] #Z-2-3le] HA
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o ope] JAAS A AstE gened FHAm ol 4w o] HALAT AFH W AL AL
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A 4bshe positive feedbackr] & A @ cka Flgl s (Meins, 1975), 2 Ado]Ax
transformeds] 4o 2] $2 okg] JIAAES #Q3le] A. rhizogeneso] 9 sled A= o] gk 7t
Ao 2 IAAZL A adE Aor 4ok 2o ofd e TAAY ZAdE
AA 2 PR 22, 9d 5F 22 g9o] mEHolo sslat A=Yk &
tumor ZA oA WA TAAke F7ts) hairy tootd] 45 2 AR, Ex 84259 Zist
< 245 e A%HE 2o hairy rootd] 315 ¥4 [AAF Agdtm 4A4ES
At =3 2T A% wound healinge] A=tz IAAY @4 2 wound callusz} 54
= A5 g F gAq FAHTAA o] vl tumor, hairy root ¥ EZ g4
29 F3e BF ook @ o]9} o] Al rhizogenese] 9%le] S == transformed
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