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ABSTRACT

These studies were carried out to obtain the transformant from tobacco cells by Agrobacterium spp. from
crown gall and soil at the natural field in Korea, and identified their virulence., Kado's and Clark’s selective
media were used for isolation of Agrobacterium spp. In these media. total of 99 strains were characterized
based on the morphological characteristics of colonies. Among them 34 strains were able to induce on carrot
discs. And hypervirulent strains €231 and K29— 1 were identified as Agrobacterium tumefaciens biotype
1 and biotype 2. respectively. These strains formed fast growing, larger gall as compared to those induced
by other strains on the carrot discs. Transformed tobacco callus was initiated on the phytohormone free
MS medium with 250pg/ml carbenicillin after co-cultivation of tobacco stem explants and Agrobacteria. On
the phytohormone free media, shoot was rarely formed from transformed callus. However. these shoot were
teratoma shoots which were not grown as normal shoot, and teratoma shoot from transformant by C23—1
was smaller than that of K29—1.
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Aol ) EANER= Agrobacterium spp. AT
A. tumefaciens. A. rhizogenes, A. rubi, A. redioba-
cter’sol 9lom, Zohd biotypeE A EF 771
U7 Raso] glow, FAHHYA fFAHde] vi-5-
2l Al 317 H2e) 2 g FHo| At
ol#] &o] ek Agrobacterium spp. WA Z M=
o] g4 7} A7+ Schroth 4123, New and
Kerr'®7} 70dkgh w27} B x|o} glow, wd 3
AAE AHSEA RAE BAaAg o g =g
% ¥ Kado®} Clark¥f A7+ 7 ds o] Qluh¥,
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Agrobacterium spp. & AEE £ = Kado” ¢}
Clark"B} A5 o] &34 T sFHE F44 tu-
morFA 7 ZHEFOZ BE AAANTL] =&
Agrobacterium spp. & 22, 3% HE¢H Agro-
bacterium strainsE o] &3] A=xZH g FAHE
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AAat Agrobacterium spp. B 21871 HA3A 2
TH Petri-disholl AFH 22 FAHF gall2H &
HABRFL AF sty BdEFTNA 10% 9 RS E
TEUE 195< A7eAr. AFd L fiter pa-
perE. o 3sted ojztell 0, 1mlE Kado” 2 Clark”
Aejuf Ao =irate] vjokslHA B4 colony=9l
57 f) uie} 22| §H% YEB(Beef extract 5.0g/1, pe-
ptone 5. 0g/1, yesst extract 1. 0g/l, sucrose 5.0g/1,
MgS0; 0. 406g/1. pH 7. DA FAAA FHE
Art.

=2 disc= 0|23t crown galle| M
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130, 40, 50, 70, 100ug/mi A71E #]=1ol) Agrobacte-

rium spp. = HET WYEES

2AVsHATH,

>
i
R

o5 &

M B pixo| HAEME

Agrobacterium tumefaciens C23-1% K29-1
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Xted At Agrobacterium spp. 2 =) % =53

9 ekl AdA e FYD gallE3E =
AVt AT} 32 Populus spp. °1A4 Bol 2AHL
o, Malus spp.. Salix spp. —a-°1]*1£ #AEAY
(Fig. 1). -
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FEgBg galll‘ﬂ’“‘ﬂ Hg } 18+ 54817 A
YEBUHA|ol| 4 13t wjekdt e F2discHol o8
g =33t carbenicillin©] 250ug/ml 3 7H€ water
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discl A= T WA me} gall
A &) 2o]7F ARET Kadow) Z|ol A= &2 ¢k
51755 197 FNE gallo] A =RNLY Clark¥l )
A £ 7 48T T FAME 15857t gall S B A5t
AcH(Table . #H F discHAA gallo] ¥4
A|719} galle] =70 rc}a} virulence & T35}
galle] B/de] w1 A7)7h S wpe} hyper,
high. medium. slow2 75858t Kadol =4l
M hyperdF7} 1%, hightF7} 3% 3:"]‘55&2
™, Clark#}#| | X hyperst 7} 2%, high? 57}
= FAME R, YA 25¢F= medium 2 slow
el & Jerf 2t Table 1), 288 759 gall
A gl -JEHH At 219] Agrobacterium spp.
F3oA, Kadod]

Fig. 1. Galls(+) induced from infection of
Populus spp. (A), Salix spp. (B) and Malus spp. (C)
by Agrobacteria in the natural field. '
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Aate) 2] 9] Z-golli=37%, Clarkdhxol A<= 31% 7}
Agrobacterium spp. 2 FEF Kado¥l 217} Clark™H
R\ B.t} Agrobacterium spp. 2ol thk FE&<] ¥
ezog Jelktth(Table 1),

Tumord) B4 552 A&z HelA 2719
gelg B AE Table 29 R}, Ao
mpepa] Azko] thefalA viehdEdl, KadoslA|dlA
£ white, yellow, 213 black blue”t £ ©F1L

2 A7 2Eou, Claksl Ao A &
white®l 2™, yellowZ= #28 + AUh T
F9] A7) hRE 0.2—4mmA =N FE< ci-

Fig. 2. Galls induced on carrot disc by infection
of Agrobacteria strain isolated in soil.
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reular, glisten A 81E Yeilglon] EHEE Kado
Bl Z]el| 4] transluscent®}t opaque’d¥l7} FHE olF
I AAH(Table 2). Kado” ] E1o) 9319, 5
B 24 A colony2] BEl7F 279 o] circular,
convex. glistening el & HIL&H oLy, A7L 3
£l light blueslA] dark green®2 Wehdthy B
nEte BAT st vl g2 A Bude] glou,
o] A& el 2ol hromothymol blue7} & 7F= o
2] dark blue 2 Keo)7| = B3, LI Agrobac-
terium spp. 7+ X Eoj3lE mannitol S o]
Bt 42 FHlStE 2N AZke] ekl o 2 W ely] )
AP F&x}ol whe} colonyd 2L thh th2A
T8 & 2Rz LAY, deufolA co-

lonyd] ¥AA171E BATME 390] AsHE B
< colony7} AU} Clark” 2 4—79Y Aloldll
colony’} ¥4 €ty Budgct. 38 £ oF
& FdiscHolA galle] FAARE BHEHTo
A% o)1= Bergey’s manual®ol 2138 Helian-
thus annuus, Nicotiana tabacum, Daucus cavota 52
2|2 Aol Agrobacterium ‘spp. & THAIA galle] &
Ao il malA 71 2 biotypeS 2HE 5 gl
e, 53] Bdisc ol XE A. rhizogenes biot-
ype 294 gall= B4 AT hairy root® B44H

Tk SFEI, A, tumefaciens B A. rubic gallTro]

Table 1. Gall formation on carrot disc infection of Agrobacterium spp. isolated by selective media from soil

and crown gall

Selective media

Kado Clark
Number of total isolate(I) 51 48
Number of strains formed gall(G) 19 15
Ratio( %) (G/D 37 31
Virulence : Hyper 2
(Number of strains) High 3 3
Medium 13 8
Slow 2 2




Table 2. Morphological characteristics of colonies isolated on the selective media

g2 AH

< o838 Agrobacterium spp. ¥, THA
Mo o3 dxel YAAGH

selective Strains Color Size Surface Clearness

Media (mm)

Kado Ki-1 White 0.5 Glisten Transluscent

medium K3-1 .yellow 4.0 Watery glisten Opaque
K3-2 White 4.0 Watery glisten Transluscent
K5-1 Black blue 0.2 Glisten Opaque
K10-2 White 0.5 Watery glisten Opaque
K10-4 QOrange 0.5 Watery glisten Transluscent
K11-1 " Orange 0.5 Glisten Transluscent
K11-3 Black blue 0.2 Glisten Opaque
K21-1 Black blue 0.5 Glisten Opaque
K21-2 White 2.0 Glisten Transluscent
K21-3  Redish brown 0.5 Glisten Opaque
K23-1 White 2.0 Glisten Transluscent
K24-2 Yellow 4.0 Glisten Transluscent
K24-4 Black blue 0.5 Glisten Transluscent
K24-5 White 0.2 Watery glisten Transluscent
K26-1 White 4.0 Glisten Transluscent
K27-1 White 2.0 Watery glisten Transluscent
K27-2 Black blue 0.5 Glisten Opaque
K29-1 White 2.0 Glisten Opaque

Clark C3-1 White 4.0 Watery glisten Transluscent

medium C33 White 3.0 Glisten Opagque
C4-1 White 2.0 Glisten Transluscent
C6-1 White 4.0 Watery glisten Transluscent
Cl10-1 White 0.2 Glisten Transluscent
Cl11-1 White 2.0 Glisten Transluscent
C21-1 White 4.0 Glisten Transluscent
C21-4 White 4.0 Watery glisten Transluscent
Cc2z-2 White 0.5 Glisten Transluscent
C23-1 White 2.0 Glisten Transluscent
C25-1 Yellow 0.5 Glisten Opaque
C26-2 White 3.0 Glisten Transluscent
Cc27-1 White 3.0 Glisten Transluscent
C27-3 White 0.5 Glisten Transluscent
C29-1 Yellow 2.0 Glisten Opaque
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o} gle,
Ftdisc ol A gall D hairy

AT R A
&8}l non-virulent#d = Al
o- 833V Agrobacterium spp. T 7} L
574 stuzt syt

B8 FT discHolA gallel B4 71A7F vz
3717} 2 VAR hyper virulent TTE 253 K29-
1, C23-1. C29-1 3%, high virulentet +2 58

K23-1, K234, K27-1, C3-2, C11-1. C21-1 6% %
7V gol 223 Agrobacterium tumefaciens C58TF

F5 4o 2 814 Bergey's manual®l 2l&)d 53
ELA=

4 35C 0] LA PR T }%L 3 K23-
1. K244, K27-1, C11-1, C21-1, 3-17 Cs8°]

AFIPeH, 2% 9 1FES) Nau<>ﬂ A8} AEo
BHE zae Az e BE F30F AEsiao.
K29-13} C29-12 erythritol2 o] &3be] 4bg A A3 s}
Hdon, C3-2, Cl1-1, C23-12 588 &4 melezi-
o] &-5te] 4H& A AdstY o). e K23-1, K24-
4, K29-1, C3-2, C11-1, C29-1 citrateE ©]-&3}

tose S

g7tel s A38taen, K27-1, C21-1, C23-1 C58
7} 3Fol lactose® ©]8-814 3-ketolactoseS At
ek o1 seH 9 A S48 =AY d3E
&) 235} Bergey's manual? ol & A&l A 53§ vk,
K27-1, C21-1, C23-1& Agrobacterium tumefaciens
biotype 122 18]35 K29-1% C29-12 Agrobacte-
rium tumefaciens biotype 22 HTEH UAT thE
F5 A2 dg 540 ik =4 Jeht #8877}
oj#igict.

A galle] B30 FARE hyper virulentdF2!
K29-1, C23-1% C29-1& td2.= A4A<) kanam-
yein, G418, chloramphenicol® tetracycline® th gk
g zALEE B K20-19 €29-12 FAA
thgk whgo] uf$- Mzt e, dsety 434
el 2 Hdol gom %gt wRFaAl R Ay

Ak 2 A ARSI SR e ST B HH T
gall 23 & AHEle HEE9 7] ool Y dF
R Z AR H—El 2759 A WAEAHES

H 7§ A3, K29-12 kanamycin®l taiA #§-$
44 YER T 9o 100pg/mlol M= A7ge] 7Hs3H

Table 3. Identification of Agrobacterium spp. by physiological characteristics

Growth Formation of acid Formation of alkali Production of
Strains
at 35C in 2%NaCl  Erythritol ~ Melezitose Citrate Tartrate Ketolactose
K23-1 + 1 - - + d -
K24-4 + + - - + + -
K27-1 + + - - - + +
K29-1 - + + - + d -
C3-2 - + - + + d -
C1n-1 + + - + + d -
C211 + + - - - + +
K231 + + - + - d +
K29-1 - + + - + d -
K58 + + - + - d +
d . difficult to confirm. + © positive, — negative
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o188 Agrobacterium spp. =2,

k)

Qg T ofg dze FAUY

t}. Kanamycin® 22 2F2] aminoglycoside?! G-
4wwmﬂM@mEth+imMmMHEﬁ
#o] 7badkdaL, C23-1 50pg/mloldelAe
7= 2] ¢kttt Chloramphenicol @) %ol K29-
1& 40yg/ml, C23-1& 30ug/mlolAF-E A=A
@9kt Tetracycline®l A= K29-12] 2% 10ug/ml,
C23-19] A$olE Syg/ml7tAle o] 7Hsdhale
U Z0)49) FEolAe A7) = ekstch. 1A

Agrobacterium strain K29-13}F C23-1& =29 ¥4
Agol) A&t dgen, 257 #7g 47
Agrobacterium tumefaceins K29-1 biotype 22 18] 1
Agrobacterium tumefaciens C23-1 biotype 122 ¥
getarh
Mg 3Eof| 2|8t pie| WApE

545 ALY Agrobacterium tumefaciens K29-1
# C23-1 & ol &std A2z FAAEAT)

Table 4. Growth of Agrobactersum spp. on the media with various antiotics

Strains Conc. of kanamycin(yg/ml)

0 5 10 20 30 40 50 70 100
K291 ++++ ++++ +4+4++ ++++ +++ ++ ++ + +
K231 ++++ - - - - - - - =
K29-1 +4+++ ++++ ++++ ++++ ++++ 4+ ++ + +
Strains Conc. of G418(pg/ml)

0 5 10 20 30 40 50 70 100
K291 ++++ +++  ++ ++ - - - -
K231 ++++ + ~ - ~ - —~ - -
K291 +4++ +4++  ++ 4+ - - - + +
Strains Conc. of chloramphenicol(yg/ml)

0 5 10 20 30 40 50 70 100
K291 ++++ +++ +++ +++  + ~ — — —
K231 +4++ ++++ ++++ +++ - - - - -
K291 ++++ +++ +++ 44— - - - -
Strains Conc. of tetracycline(yg/ml)

0 1 2 5 7 10 20 30 100
K29-1 ++++ ++++ ++++ F+++ FH++ 4 - - -
K231 +4++ +4++T+ t+++ A+ 4 - - - -
K20-1 ++++ ++++ +F+++ +++  +++ - —~ - -

— ! Negative growth, +.++,+++,++++

respectively.

. slight, good. well and excellent growth,
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7) F8AM E71EH S T A FA e &
A g & 52 AAT7] 9 carbenicil-
lino} 250yg/ml A7HE SR Hhd] 4@ F2Eo] A
3 H7E A of2 MSulR|o 453 4 FdF 33
A= 15¢0) A Fol callus7t FAHRL 2
Lt Alzbo) AHGFE AS-F Agrobacteria®l 2%t
Q480 EenE FF 20974 FEHE 2957
31 callus7} F3tel2t= A4E £7)2HE carbe-
nicillin®] FHE A2 wiA e Achujdgzle] §
FAFES goled AEHoz Y743t

Fig. 4. Callus growth and shoot formation(+)

of tobccco transformant on the phytoh—~

ormone free medium.

FAEg M FHEALS A2 5 At 2
#/4¥ shootZ AF3t thA) AES22 237}
v ol Al of ket A4 AZA 2 BFeRA) Beln
R teratome shoot® A3},

YA€ teratoma shoot?] FENE Agrobacterium
tumefaciens stain® W} Tk ®ol7)} QA=Y C23-

Fig. 3. Callus induction from Nicotiana glauca
stems on the phytohormone free MS
medium by infection of Agrobacterium
tumefaciens isolated in soil. Arrow
indicate survival of Agrobacterium
tumefaciens on the medium with 250pg/ml

of carbenicillin.

HAE callus S 225220 AE J7IEA ¥1
carbenicillin®] 250pg/ml A7HE MSHiA|e] 3 7)
&7 Agrobacterium straino} A3 Jeh}IA L
g A) R 7} vh R o) AlthulFet A cH(Fig, 4). Fig.
4o A B uke}l 2ol callus®) 7o) w9 ¢S
Re calluse) 42L& v8E HAL AF dEH _
789 & JeEbd AR U9 A ek vl & BrE FH ] Fig. 5. Teratoma shoots derived from callj tran-
Fei S Uehieh E3 calluse) WEEe] HA & sformed by Agrobacterium tumefaciens
Mg w2 A4 callus® AR ZHE- shoot 7} C23-1(A) and K29-1(B)




G2 HWE o) L3 Agobacterium spp. ¥2, H3
Ao o3 Ak AW

19 el ol 2 7189 shoot7} Be) ¥4
HQ2(Fig. 5-A), K29-1% #4222 Aaez]
EH AT C23-19) H)&} kit o A shootSe]
HAA= A Fig. 5-B). Agrobacterium tumefaciens
C23-17 K29-1°1 ojste] FAAEE =242 485
2] M8 FHri= A & A= F4938) 4%
shedl, ol Ti-plasmd & Y%2 T-DNA® coding
Holjgle AEI=E AV FRAL EE s o
11w grigyt dojuRez gddch 28y A%
Q1 Al P59 shoot7t B AT A2
shoot®. 4733H4] R} teratoma sootTho] F4E
A ALe FFY4 AEA F3 Aol dFA
dojue Yoz A,

°o]m] Chois¥& SchrothA@wl A A Agrobacte-
vium spp. & AL A& Nicotiana tabacum BY4
23S YHAAPAAAT FAAHRE 2L F44
A 9} v/t 2 A E 2R NS A&
BhE o] F4H Q) 2B g} Zo] AT Bt
EAYe A Age #59 wf¢ =)} 9lEE ek
W 2#vk nopaline type$l Agrobacterium tu-
mefaciens C58% Fxo) 4G A FHAHEE =52
EAFe A el ule} o] teratoma shootTHe)
g =]o)® ALg-8 2B e} AlE-TF3e shoot <]
Fel7h vl S-S GeAATh mebd BAge
A A9 Agrobacterium tumefaciens C23-13} K29-
18 BB A&Hoz HFdto] FLF Fele
shootTo] BAF =X JRE RAlSIe BaFo) o)
% shoot¥ 4] 54& Haof &Aooz Algdrh

2 %

TENEY ¥AAEE A4 SAAEA 17
wo] AFB-E T Qe Ti-plasmidE ¢)9&A A=A
ZE FAHPAA 7] A3 A7 Qe 2, FUE
}FoNA Agrobacterium spp. & £, A8 Ni-
cotiana glauca®) 715 o &)X 9]l o]
F WAL F 259 h Agrobacterium spp. = £,
A7) d8lA AAdeel A BHE tumorE 3T

TUEYE Aot LR S o] &3t] F 997
FE FEstdod, I1FdA UTFIt T2 discH
A tumorE FAsAT. BT FEANA C23-1%
K29-1& tumord] #-4471719F 5] Wi Hol

o, Z+z} A, tumefaciens biotype 13+ A. tumefa-
ciens biotype 22 SRSt FAE A. tumefaciens
237 AXEVIENE FAMG Y 2 g2

I FEF E AEIERC] A H7A g

MS71& s Aol A o] HAHEAE NdsldTh
PAAEH 42 Callus= A EZEE F37} w7

oA FAgEtg e w2 shoot= FAEHH T 2L}
%4 ¥ shoot= =5 teratoma shoot 2 AJ A1 0.5
shoot 9] Fej= C23-17Fo] ¥ IAHE 27 o] K29
18t} shoot®] 2717h o] fFol) wet Aoz} 4l
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