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Isolation of Hypervirulent Agrobacterium spp from Korea and
Application for Transformation of Tobacco
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Total of 78 strains were characterized based on the morphological characteristics of colonies isolated on Schroth, and New
& Kerr's media for selection of hypervirulent wild-type Agrobacterium spp from galls, hairy root-like process and soil of
Populus, Malus, Salix and Diopyros in Korea. Among them, 48 strains were able to induce tumors in carrot disc.
Hypervirulent A. tumefaciens SP101 and SM042 were identified as biotype 1 and biotype 2, respectively. These strains
formed fast growing, larger tumors as compared to those induced by other strains. The binary vector pGA643 with
kanamycin resistant gene was mobilized from E. coli MC100 into A. tumefaciens strain SM042 isolated from soil, and/or
disarmed vector PC2760 using a triparental mating method with E. coli HB101/pRK2013, and transconjugants, A.
tumefaciens SM643 and PC643 were obtained in minimal media containing kanamycin and tetracycline. Tobacco tissues
were cocultivated with conjugant Agrobacterium and then transferred to selective medium with 24-D and kanamycin to
induce the transformants. Calli were formed more efficiently in cocultivation with A. tumefaciens SM643 than that with A.
tumefaciens PC643. Most of calli transformed with A. tumefaciens PC643 were friable and regenerated into normal
plantlets, while the calli transformed with A. tumefaciens SM643 were compact, hard, and mixed with friable calli. The
friable calli formed normal shoots, while compact calli did not form shoots but only grew to typical compact tumor calli.
When the shoots formed directly from tobacco stems without callus induction after transformation by A. tumefaciens
SM643 with wild-type Ti-plasmid, normal transformed plants can be induced without using disarmed Ti-plasmid.
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Agrobacterium sppt= FHAEANAM FES YA
Rhizobium sppst §7A TFATEFHe] &l EFA TR
%, crown gall tumorZ ¥ A) 3} Agrobacterium tumefaciens
Z F83}o] hairy rootE A8} Agrobacterium rhizogenes
%} cane gall tumorE & A8} Agrobacterium rubi, 7183
L Z9) Agrobacterium radiobacter ¥ FE 4F22 A7
T, A2A EAel wel 9A] A tumefacienst
biotype 1, 2, 3, A. radiobacter’= biotype 1, 2, A. rhizogenes=
biotype 2, 18] A. rubiz 2% 7 79| biotypel 2 FEH
o] glem, -2 biotypeol| A = plasmid®] 54l whe} w2

strainS-o] FE5 o] 9)oH Clark, 1969: Kado, 1970: New and
Kerr, 1971: Schroth et al, 1965). A. tumefrciens= 1907 ¢)]
Smith¢} Townsendol] 2}siA TF%¢EH (crown gall tumor)
< rebs WA FoE s o]l gram-positive bacilli,
coccl, 28] 37 fungi®] AJAbe]l A== glucose-crystal violet-
taurocholate agar WjA|e|A] Agrobacteriumg §-2ldl9l1
(Patel, 1926), @2 discE o] -83}e] Agrobacterium?: )3}
= wieo] B E o Ark and Schroth, 1958). %3} lactose
¢} MnSOw} &€ WA E o83l B EYu|AE2
A& GA B Agrobacterium®lo] AAE 4 Qe Al
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A2 Egsl= v (Clark, 1969), bromothymol blueS- uj#]
o] A7}ste] Agrobacteriumo] &2-%1¢) mannitolS ©]-£-3]A
AZHIE 7|F22 st FHE ¢ e Wil AAH
9lth(Kado and Heskeff, 1970). £3] Schroth et al,(1965) )
JsiA ce] FAAE b wiA A A tumefaciens2t
A. radiobacter group& #e]dl= o] sHE ¢y, News}
Kerr(1971) )] ¢]8)4] Agrobacterium spp2] biotype 28 AP
g 4 ol wlel AIXHY 25 7P 9y o4 gl
oh. Al EA 2] HAAZS Agrobacterium®] Ti-plasmid2)]
7]12to] wba{x]3(Chiton et al, 1982; Stachel and Zambryski,
1986), Ti-plasmid®] T-region?} virulence regiono] w2 Zxzj
Sl A gAABel Asatie Bae o4
(Hamil et al, 1986: Stachel and Zambryski, 1986) %<&
binary vector systemeo| 7HE %o, ofo] et fAH ALY
ZAte] vj$- 7}H &% 32 binary vectorS Agrobacteriumel] &
slste] Ao Em AEH Y] HAASE YA A H
9JcHAn G, 1987: Hoekema et al, 1983: Simpson, 1986). 1
2uh A Z A o] whebr Agrobacteriumel| ojs{A el
WA X ME G20, =3 Agrobacterium Fiiol whebM
AEAZE Ye e A EE gt dAAIE] B2 3
o]Z 2.9 H(De Cleene et al, 1983). ule}x 7]FH 7} ol
T+ WX YUAHEe] ¥ MEY Agrobacterium®] F2j7}
8759, o|u] pTiBOM2e} 22 )% hyper-virulent g Ti-
plasmidE &3 FFE ALt uh glcH(Hood et al, 1986:
Jin et al, 1987). & AP o] WAL 3 e
Schroth, New and Kerrwj 2| & o] &-3te] Fu] Eoko A 24}
8= Agrobacterium& ¥ ¥ FAsI, 53 1y
Agrobacterium$- A1Wslo], kanamycin 327} A 2 8= o
91 binary vectorZ .41 wild-type Ti-plasmidS o]-&
sto] AxzAg PAAIAA AAHA AXAHEAE

=527 Saahodch

Hq
=

il

e o
KIAAE tumor =& 3l 2 EQko| x|

Ak tumor 2| W TAEFLZHE Agrobacterium
< 28 9 FA A6 A, AF QARG zdA
27 Bx=e] 9]= Salix, Diospyros, Populus, Malusol] 84
% crown gall tumor, cane gall tumor, hairy rootE &4 3}e]
tumor 247} FHESFE A7 4714 AHseH, &
5 SAEFL AE 10 am ol2l9) EFL At

Agrobacterium sppl| £

AR wmorAH TAEFE BFFHFIA 1029

WAL HE g 195U shakersld AT F
01 mL&9-& Schroth(1965), New and Kerr(1971)41 & vl %]
o el 20°ColH 2797 A wleshAA
colony HAAFZ FAst FAHE colonye HelH 5
Aol ote} Eelgt F A% 33 o YAl streaking}ed
el colonyE #e}slich #eld FF= YEB(beef extract
50 g/L, peptone 50 g/L, yeast extract 1.0 g/L, sucrose 50
g/L, MgSO1 0406 g/L, pH 7.1)wiRlofl A FAA1A A41Ee]
3to] ASAE AAT 50%2) glycerolE 1 mL H7}s}ed
TYsHA A=A F -20°Ce YEAe]l EAspdAM +F
Aol AHg-3}o]

o]

—

22| Bl 2t FE=He| wmor @S

Jiat

Aduzjel| A F2jgt T35 YEBujA|o| A 197} wjokst
F FUEsF ek 107/mL7] =S o (spectrophotometer2]
600 nmejA 0Dz} 0.8) FFsle] HFo] AHEEHT
Agrobacterium®| tumor HA5& EAFSL] Sl A EEE
2 FA7} water agar plate (1.5%) el carbenicillin 250 ug/mL
£ A7tete] "o FLAUE 05 o FolE Hddt F
Hakatdel 32 A% AR ER AT 0%
ethanolof| A} 35-7F A 2|8k F 29%¢] NaOClo|A 2087F 48
sted WEFFTE 33 A 4R G2 dises]ol 1
A7k YEBuA| A ks #9) dete 01 mLE =2at
o 25°Col PN HFEA tamors] Ao HE B
At

Agrobacterium spp2| X

FTEA A tumor®] HAJo| = whE SD021, SPO2L,
SP101, SM021, SM042, NP061, NP023 F-F& 94 £33}
YA AAex = NaCl WA FAE= Graham3}
Parker(1964)2] wiieo] ulel, 3-ketolactose A AFFA}:=
Bernaerts¢} Dealy(1963) 4}, Meso-erythritol#} melezitose®
R A B RE AP A ZA= bromothymol bluer) X313
Hayward(1964)¢] WA & o]&3fe] FAsct =3
Simmon’s citrate agar2 -8 47}ele] A FA= NaCl 50
g, MgS04, 7TH20 02 g, ammonium dihydrogen phosphate 1.0
g, KeHPQ4 10 g, Na-citrate 50 g bromothymol blue(1%
soln) 8 mL, agar 15 g& 54 1 litere] pHZ 7028 %A
sted wickst wiR|oA] HAle] AMow wisiH: AL B
Asled vty Aoz 2HF849) 2w (Simmons, 1926),
tartarate A7t )3 vl A EAR= (NH4)2802 2 g,
NaCl 2 g, K2HPOs 06 g, KH2PO4 04 g, bromothymol blue
0025 g, yeast extract 0.1 g& ZF 1 literol] 2347 F
45 mLE AH sk 1% tartaric acd 49 05 mLE H7}a}
o 747 Wy drhe AHIRE ZAsac



(Simmons, 1926). TA 9 HFE TZHL Bergey's manual

(1984) ol E3ko] s att

Agrobacterium spp2| S| L FAF 3
binary vector®| T¢I

A ¥ Agrobacterium®| A WAL 2AsE7] HEA
kanamycini} G418¢] ==& 2}z 0, 10, 30, 50, 100 ug/mL,
2] tetracycline 0, 5, 10, 30, 50 pg/mL-S H7% YEBW
A8 2x7 % S5CHE HAE W FrlR AHbske
SD021, SP021, SP101, SM021, SM(42, NPO6l, NPO23 #+&
Euket F A EE 2SS, =8 At Ao M Fe
3 &AL A tumefaciens SM0429} disarmed Ti-plasmidZ
43813 9l= A tumefaciens PC2760¢] kanamycin #]3}A]
FAHZHNPT II gene)L 73T 9= pGA643 binary
vector® =813}ed conjugantE 7] $s|A:= tri-parental
mating ¥ (Ditta, 1980)& <zt $Aste] sl on,
conjugant®] AlWh-e ABwujA]ef tetracycline 15 ug/mL3}
kanamycin 25 wg/mLo] 715l wjz|e A Akaboict. Wiz
EME AB, MGL ¥ LBWAE A3l o 2h% A4
wi A 2AQ) Agrobacterium spp$}t Zolxlel E. coli
MCI1000/ pGA643, &)1 helperel E. coli HB101/pRK2013
o] AEAR-E FA}89H AR et al, 1986).

g

AgrobacteriumOl| ©|3} 9ixo| &XIFatn} X5}

0

Kanamycin 84 SxHz7 =dse] gl A
tumefaciens SM6437} disarmed Ti- plasmid2 &-§-3}3 9+
A. tumefaciens PCO3Z o] &34 A2E 3AAINAT]|7]
MM Nicotiana glauca®) £7)8} FF52 Ak 3 F9
-4l carbenicillin 250 yg/mL#} kanamycin 100 ug/mL, 2]
I 24-D 05 mg/L 718 wiRAo] HFEsbe] Az A
o ¥o P EQ L zAbEgo w3 AAE FE3)7]
%2 AR shootd 34417171 $1s)4%= carbenicillin 250 ug
/mL3} kanamycin 100 pg/mL, Z22]32 NAA 05 mg/L, BA
25 mg/L 4718 AduiAe] HEsel FAABAE A
sgich

PCRO|| 2|8} Rol C 2! NPT II RXX}e| &0l

A. tumefaciens SM643 % PC643¢] 9)3}e] $-%% uH73
o whehdt Ze|2o} friablest MejAe]A Rol C #xAke}
NPT II $AAE &qlelr] $|8ted PCR(Thermal cycler,
Perkin Elmer Cetus)Z& Al43leic). ¢4 2AgAz4H
DNAZ F&3}¢] onf(Edwards et al, 191), Taq polymerase,
dNTP, MgClz, buffer, dye5 o] ZEEFHo U=
Premix(Bioneer, Korea)el] &3 DNA 50 ng, primer 20
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pmol-S A7lste] FHE 20 L2 ¢k PCR uk&zA
LA B°Col| A 287t pre-denaturationdt 3, 3%6°CellA 30
7t denaturation, 55°Cel|A] 30 %7} annealing, 72°CollA] 2%
7t extension 8}e], FE& 36 3| wlEA|7l F 72°CollA] 15
H-7} post-extension A]7]= ZAo2 d9jrh PCR #H&A]
A}4-3t primer:= Rol C 4219 £Z-& $)8}¢(Oono et al,
1993), 5-ATGGCTGAAGACGACCTGTGTT-3, 5-
TTAGCCGATTGCAAACTTGCAC-3E A}£3)¢13, NPT
0 §AA £FL Y3l 5-GAGGCTATTCGGCT
ATGACTG-3, 5-ATCGGGAGCGGCGATACCGT-3'& A4
e 74z} 500 bp ¢ 700bpe] DNA AHE A3t
A%l DNAYI =X 1.2% agarose gele] 4] 1 Kb ladders} &7
A7) Fst] 27|15 Felsidh

B rlo

Zdn o 1@
sttt umor =E 3 2HEA MF U EY

qA, il AFA Y F4A3 okt A tumorz A&
el gt A3} Salix, Diospyros, Populus & Malusell A 47|
HAY 4 9o tumord] LA Y-9l 9} FEo] B Aol
7} lsieH(Figure 1). Tumor®] -2 Populus(Figure 1- P1
- Pl0)el| M 7bA wo] A= tumorrl FAE AE
Ao AR AR FE wizkd Al EA e vls) Ao &
ZFeA vehtA e dskth =3 Malus(Figure 1-M1, M2,
M3), Salix(Figure 1-S1, S3), Diospyros(Figure 1-D1)} oA =
tumor7} WFAJElom thF-E AR wpE RY-FolA EA
3 crown gall tumorZb Bt} v A2 £7]4 A
& tumor7} HAEG oW B3] Maluso] A= hairy root2}
2 £717 YA tumor® #3294 eH Figure 1-M1, M2).
=g Salix FoME S12] el E7]9f galle] P
o} B RRoe 829} o] AF galle] FAHR AAuh
(Figure 2-S1, $2). 121} S3¢] A fol= Z7]o| X gallo] §
AEslen Helo = crown galle] #FAF] 3llcH(Figure
2-S3). PopulusZo| X Pli} 7o) crown galld 3AIE L
L} stem gall-> A3 FAHA o2 ubd P2, P59 7ol =
stem gall#} crown galle] 2% A} 22 P4g} PT7
< stem gallZ PAHFH Lt crown gallE FAEA| it
Malus Tl A= M1} M2x18 hairy roote} & E717}F §
AEg e 53] Ml o8jd 77 A E wbdE M2ej
Ay grdeARte] 717 $AAE A0S £ M3 gallh
2 E717F A= Ao (Figure 1). 2R Abefol A WA
sl crown galle A. tumefaciensl] 2}#jA], L8] 3 cane gall
2 A rubid) YA F2 FAAHAGT B o] ¢)o](Braun
and Wood, 1976: Keane et al, 1970), 2 Al#o|A 2335k
gall®] YA =T ol FFo sl PAE Aoz A7EA
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7ol oY galld} EFOEHE Agrobacterium A1l )
Schroth, New and Kerrvl 2ol 9)3)M #& Helgd 4 9]
A 2ARE #ok & Aok & ATl FlelA A
313 Sl Agrobacteriums Alale] Al E¥HAM HE 2t
Az AHEsaa Sl dHA A Agrobacteriumel] 3}
of PAE tumor2A& ©AE17] WEe] FAHE tumorE
A SAEGE 2ol Aspdon, 53] TAESE 82
D2, P10, Z18]2 M1, M2¢] Boke 4z sked Agrobacterium
A Aol ols M g 2] FA kA sk

e 2

Agrobacterium spp2| 22|

Agrobacterium A w) A 4] Schroth @ New and Kerrnl]
Al ZAAq g 7)FAEL] FHHEE AT tumorH]
3 ZAEGE 0% Heste] 01 mLe] gt & HF3 4
o v 3 YFole - colony3A S #HFE £ Q2
U Bl AR = dut g A7 29 AY
HALw £ vels F%olx A9 vehta] ol o
WA 52 Agrobacterum Y-e|sted wf$ AFAAYE &
T Ak HAE colony?] HefH EAL A ZIH
SchrothAl &)} | el A= colony®] ef7} hH% FTEEFL
3t 902H, colony] Ew-& A2} glistening Abe] o] S
, 7+Z watery glisteningArel]l & Ho| 7| % 3}93cHTable 1).
g FHxE A9 translucentAle] o] A9 opaqueitE] =
F #AAHS S ColonyE2] 7hg A3 Aol A2

AR

Figure 1. Tumors and root-like process induced from the infection B
of Salix(S), Diospyros(S), Populus(S) and Malus(S) by wild-type aZiged AL F2 sk kgl fyielgle

Agrobacterium in Korea. ] A7|= 02-4 mM7FA] w4 ojekslsdti(Table 1). New
and Kerrdf ] o] A = Schroth Aelulj 2|9} A9 v]s&ste] ot
Aol NSOGBt NPUSZE AlSalaE ©E SMIoE v}

Table 1. Morphological characteristics of colonies isolated on the Schroth’s selective medium.

Strains Color Size Surface Clearness Strains Color Size Surface Clearness
{(mm) (mm)

SS011 White 2 Glistening Translucent SP061 White 02 Glistening Translucent
SS021 ” 05 ” ” SPO62 ” 3 ” ”
SS022 Yellow 05 " " SPO71 " 05 ” ”
SS031 White 02 ” " SPO72 ” 02 " ”
SDO1L ” 05 ” " SPO8L " 3 ” "
SDO12 " 02 " " SPO82 " 05 ” "
SD021 ” 4 Watery-glistening " SP09L " 0.5 " "
SD(22 ” 05 ” ” SPO92 " 02 " ”
SD0Z3 " 02 Glistening " SP101 Yellow 05 " ”
SPO11 " 02 " " SMOL1L White 0.2 " ”
SP012 Yellow 02 ” Opaque SM021 ” 3 Watery-glistening ”
SP(21 White 05 " Translucent SM022 " 05 Glistening ”
SPO22 ” 05 ” ” SM(23 " 02 ” ”
SPO31 ” 02 Watery-glistening " SMO3L Yellow 0.5 ” ”
SS9l " 2 Glistening " SM032 White 0.2 " ”
SP42 " 0.2 ” " SM033 Yellow 02 ” "
SP61 " 02 " ” SMM41 White 3 ” ”
SP(h2 " 2 ” " SMM42 02 ” ”

SPO61 " 02 " " SMb1 2 " ”
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Table 2. Morphological characteristics of colonies isolated on New and Kerr's selective medium

Strains Color Size Surface Clearness Strains Color Size Surface Clearness
(mm) (mm)

NSO11 White 2 Glistening Translucent NP1 White 02 Water-glisten Translucent
NSO12 ” 05 ” " NPO52 Yellow 0.5 " ”
NS013 " 0.2 ” # NP6l White 05 " ”
NSO21 ” 2 " ” NP(O71 ” 2 ” ”
NSO22 ” 05 ” ” NPO81 ” 2 ” ”
NS023 " 05 " Opaque NP09L " 02 " "
NS024 ” 0.2 Watery-glistening " NP101 " 3 ” Opaque
NS0O31 " 3 " Translucent NP1(2 " 05 ” Translucent
NSG33 ” 05 " Opaque NP103 ” 0.2 4 ”
NS034 Yellow 0.2 " Translucent NMO11 " 02 Glistening "
NDO11 White 2 ” " NMO21 " 3 ” "
NDO012 " 02 ” " NM022 " 05 ” ”
NDO13 ” 05 " " NMO23 " 02 " "
ND(21 ” 3 " " NMO31 " 05 ” "
NDO22 ” 05 ” ” NMM1 ” 2 ” ”
ND023 ~ 0.2 ” " NM42 ” 05 " ”
NPO11 " 0.5 # " NM43 ” 02 " "
NP(21 ” 2 " ” NMO51 ” 2 ” ”
NPO31 " 05 ” " NMO52 " 05 ” ”
NP0O41 " 0.2 " " NMO53 " 02 " "

ebtem, colony® Z7)% 02-3 mMe HXE ¥qlo

02mme] =719 A% Schroth®] WA A= 45%2 New
and Kerr] 2] 33% Xt} v @o] gt (Table 2).
Schroth(1965) &= & Ag# FAFHA wlof 4dFele 24
mm37] ¢ colony7} FAHALRTIGZ stgor FJH=
glistening, circular, translucentA}e} & Velytom Mz w3}
Aol Al dgt P E epdetn Rysigoh w3
New 2} Kerr(1971) % Adehuj Ao A 5-6 3o colony S
B2 4 9oz 32 ged EAE Schroth A=u]=] o)
A ovehts Aldle vseskA Basid v Al F2
Azt Yoz Jehdoia Hisle B A= Fa
SRFA 9] colony7} Yebd Azt B2A Rysigivh B A
o & oA colony?] B4 o] 4-3}e] SchrothAl &) wl =] of A
£ B A5 Fe]8l9. 2w (Table 1), New and Kerrs} 7| o]
M= 40 F32 2e)stod(Table 2) FER | AF&3}eint

=2 discE 0|8ct MUTFZRE tumore| K7

ARl A Fejgt
ale] wjoFst A 7 o 73-‘%51
9] ﬁik]u}_@o] \,}E]_ﬁ-ou;] 1
T oE A=Y 7712 A
ZAS HFde] A ETEE —‘?—' 7Pﬂﬂxl°ﬂ ﬁﬂnﬂz} T U
Axe 2717} H e Figure 2). vt FFol whet 34
% tumore] 7)o o]z} YtEe disc A=l tumorsh
HAEE 7(Figure 2-A), JAEF-H M9t tumorr} ¥
A== 7 $-(Figure 2-B), EAFYolA tumorr} 345 o]
Azl #gAlE = A9 (Figwe 2-C), EA A2t tumor7}

Figure 6. Various types of carrot tumors induced by wild-type
Agrobacterium spp isolated in Korea. A-D: typical tumor types, A:
spread tumors on disk surface, B: tumors formed on cambium, C:
spread tumors from specific site on disk: D: tumor formed in
specific site, E-F: tumers induced by hyper-vilent Agrobacterium, E:
SM042, F: SP101, G: NP10L

3] /\51 5] o] A zls].%

(<] [ ]

732(Figure 2-D)7} 91¢1 =} SchrothAl =
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Table 3. Tumor formation on carrot discs infected by strains isolated on selective media after 30-days culture.

Selection on Schroth’ media

Selection on New and Kerr's media

Strains Tumor formation Virulence Strains Tumor formation Virulence
SS011 + Low NS013 ++ Medium
Ssz2 ++ Medium NS021 + Low
SS031 ++ Medium NS023 ++ Medium
SDO11 ++ Medium NDO11 ++ Medium
SDO21 +++ High NPOI1 ++ Medium
SD022 ++ Medium NP(31 + Low
SD0Z3 ++ Medum NP6l +++ High
SPO11 ++ Medum NP(81 ++ Medium
SP021 +++ High NP101 ++++ Hyper
SP031 ++ Medum NP102 ++ Medium
SP041 + Low NM021 ++ Medium
SP062 + Low NM022 ++ Medium
SP101 ++++ Hyper NM023 +++ High
SM021 +++ High NM41 ++ Medium
SM042 ++t+ Hyper NMM2 ++ Medium

WAl A g BFFFA tumorE FAAY FTFE F
16 Felgle, o] FoJA tumor®] Z7)7} wj-¢ =M (HH
4 mM o[4}) ¥}AA7|x= el hypervirulent T2 A 7HH
= 7% Populusoli A crown gallg A3 THESFS 2 HEH

Fe3t #5<¢ SP101(Figure 2-F) 2}, hairy root$} zo] £7]
2 A3 Malus®| THAESFA gt SMM2(Figure 2-

E) 2708 FF%cHTable 3). =3t 3% FFJM=E v+
Ak tumor7} 3§35 %127 (3-4 mM), 7F2] dFNA F

717271(1-2 mM), 281 3FL Hg2(2-3 mM), 152

Wit (1 mMeols}) Aeje] tumorE ¥ A ch(Table
3). New and KerrujR|el|A] Awrsl 40 #F-FoAE tumor
5 P4 FF7) RFoINLH, 2 FolA AddE M
crown gall¥ 3 At Populuse| ZHESA Elst
NP101(Figure 2-G)$37} hypervirulent@52 vhehyton,
high@F2 vebd 7.2 NP06L, NMO023 2% o] ¢l oH(Table 3).
29 APy morz Az 2AEFTAA HduAF o
2oo] 22T FRFIIN o2 JAHA A3k B
AAA A AH g Malus}3% stem gall(P3)oll A 22
g FFe, AAR oA AFH 3 Maluse] hairy root(M,
M2)e} 22 E7|oA Bl #F, 223 Malus® galls}
ZE 2A (M)A He)g T A3 tumortt hairy
root7} HAE A okoke}. o2 Y<lo] hairy root2 AFZsiA
AAYA ML, M2zAe] &7} galld} 2E M3Z2A o
Agrobacteriumz} ol o)s|A A71EA o] ohd B©E E71Y
7} o] =t} Bergey’'s manuale] 2)3lw @2 discE
tumord Al A ZAEE 0] 4T AS$ A tumefaciens biotype
1, 2 ¢ A rubidA: tumors} FAIE I, A. rhizogenes
biotype 2¢|A: o X-E hairy root7} FAFH AT, A
tumefaciens biotype 3o Al tumor®] 3 Ado]| wl|$ o},
A. radiobactere| A} A3} tumor7} A A & FHIFQIA
o2 BysHe] gk welr] B Muhwr|oA A FF

o) A]x= Schrothell A] 42%, New and Kerrs =]l A] 80%1}o]
tumor’} A HYE ul, WA FF= A. tumefaciens
biotype 3 o] A Tl A radichacterd 7}5AE A
ot Agrobacteriume] obd A& ©E FF4Y e E WA
& 4 vk 22y dAZ Agrobacterium®] AR 2A
Schroth, New and Kerr# 2|7} Fu3t 7102 AJztgich

Agrobacterium spp2| & % Myt

ARl o A Rl =3 g discdlel A tumord 343}
£ FEFlA tumor] H4ol WE3 ARY] B 8 7
72 Ao FAHAT $H BT dicslel ) 2E 27
7} tumor®t #4811 A hairy rooty: HAIIA| oterE
A. rhizogenes¥ 7}5A 2 okslm, =3 FrlFol
radiobacterd 7}5A-& A3 g} weld A7) 8 TF=
BB A tumefacienso] At A, rubitd 7154 o] ol Bergey's
manuald] &)#A FA Soj7t A2H(Table 4), SP101z}
NP1012 Ae]del EAJe] A. tumefaciens biotype 13} 79t
o, SM(42¢9} NM0232 A. tumefaciens biotype 29} 7ttt
2o e FRE Az S40l WA biotye
AAREg 5 gEE FEERE gt (Table 4). =3
biotype 122 EA % SP1013} NPI01-2 A x|qt o}5 ¥
549 tumorZA oA FEE7} o] - dFY AL
2 As¥u geir B A= SPI01S A. tumefaciens
SP101 biotype 122 FA %}, SMM2:= A. tumefaciens
SMO42 biotype 22, 78)3 NMO23S A. tumefaciens NM023
biotype 2 2 4 ¢ W5kt

N

£?>

Myt Agrobacterium spp2| SHARK| LHAL

Agrobacteriumel] binary vectord) pGA643E £313}7] $3)
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Table 4. Physiological characteristics of high and super-virulent Agrobacterium strains isolated on selective media.

Characteristics SD021 SP(21 SP101 SM021 SM042 NP6l NM023 NP101
Growth at 35°C + + + + N +
BC + + + + + + + +
2% NaCl + + + +d +d - +d +
Production of 3-ketolactose + . +
Acid from meso-erythritol + + +
Acid from melezitose + + + - +
Alkali from tartarate + d d d d d + d
Simmon'’s citrate(0.0005%) + + +

d: difficult to confirm, +:positive, -:negative.

Table 5. The effects of kanamycin, G418 and tetracycline on the growth of Agrobacterfium strains isolated on selective media

Selective Agrobacterium strains

Antibiotics Conc. SD021 Spo2l SP101 SMo21 SMO42 NP0 NMO023
0 4+ o+t o+ e+t bt e+ o+t
Kanamycin 10 4+ o+t 4 o+ e+ +4+ -
(g/mL) 0 ++ ++ +++ +++ - -
50 - - ++ +++
100 + +++
0 ++++ +++ +H++ 4+ ot Ftt 4+
G418 10 4 Ft et et ++ 4+ -+
(g/mL) 30 e+ ++ +++ o+ - - -
50 + - - e+
100 - - - 4+ - - -
0 +H+1 T e+ e 5T e 1+
Tetracycline 5 +H+t e+t - 4+ - Ft+ e+t
(g/mL) 10 +++ e+ ++ - 4+ +
0 - - - +
50 .

++++: Excellent growth, +4+: Well growth, ++:Good growth,
+: Slight growth, -: Negative growth.

~] helper2 4] virulence region-g |8 A Agrobacterium
o) Al WAE EATE9I T pOAGEIlE AEA Eu oA
W 4 9l NPT I f-4x18} v EelA Ldg 4 gl
X tetracycline -§-22}7} Al =] ¢l..2 2 (An, 1986), At
marker2 o] 8-3}7] 9 sl Al AgrobacteriumZol| A
kanamycin#} tetracyclinesl] 81733} strang Alwbsla}l &4¢d
ot EokFEo| A Aksl A, tumefaciens SM042, NP061,
NM0232 kanamycin 20 pg/mLeJA 25 A Abo] =z] okt
01} SD021, SP(21, SP101, SM021-& 2.5 40 ug/mL o] ALe]
kanamycin TS| A = A A9} (Table 5). T3
kanamycin®} wli7}R| 2 Al EA EA] NPT II A A7}
W E S o AP el G4189] 7ol E SMO42
¥ 0 w/mLAld EF Aol FHx| gokert, NP6l
NMO0232 20 wug/mLel| A AAYe] 7}sst=k(Table 5). o
o] w]AEoA A maker® o] 43 4 3l tetracycline®]
AL SMUM2E 5 wg/mLe]AN Aol A kgront

NPO6137 NMO23& 10 wg/mL o] Aol H = J&o] 7153k
}(Table 5). Binary vector pGA643S Agrobacteriumel £
slo] AMutalsizl & wf ARg-3F A8 FEE kanamycin
9] A% 25 ug/mL, tetracycline®] A-$-o= 7 wg/mLe A4
3l uH(An, 1986), & AFPoA AYst FFE virulence
region Al ZFFE AH4317] $8iA4+ kanamycin 20 ug/mL
o =T ME go] HA ke SM, NPl 183
NP023o] A}42 4 9] o™ tetracycline 5 ug/mLe]| A= A2}
o] §z} ¢k-& SPI01=} SMO427} AHE-E 5= Qlek ol 2dt A
-2 7}e}sl o) tri-parental matingS ¢]-£3] A binary vectorE
Agrobacteriumel] ©313}7] YA = A. tumefaciens SM0427}

74 Ao
A. tumefaciensO|| binary vector] T£&!

A. tumefaciens SM042¢] pGAG43 binary vectorE =¥t
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Table 6. Survivality of different strains cultured on the various media for tri-parental mating,

Media
Strains MGL LB LB(A) AB AB(A)
Acceptor Agrobacterium tumefaciens SMO42 0 0 X 0 X
(containing wild-type Ti-plasmid)
Agrobacterium tumefaciens PC2760) 0 0 X 0} X
(containing disarmed Ti-plasmid)
Donor E. coil MC100/pGABY3 (8] 0] 0 X X
Helper E. coil HB101/pRK2013 [¢] 0 0 X XX
Conjugant A. tumefaciens SM643 (0] 0 (¢] 0
A tumefaciens PC643 0 0 [¢] 0] 0

LB(A): LB + tetracycline 5 ¢/mL and kanamycin 20 g/mL, AB(A):

conjugantE 7] A A 3}Y A ZH tetracycline}
AHg-slgl oo wiA 24 AB, MGL 3 LBwj
A5 AHEstolel 4% Al w4 Agrobacterium spp
s} E coli MC1000/pGA643, 12]31 E. coli HB101/pRK2013

kanamycin-g-

of AEAFE A A}E Table 634 2.
Agrobacterium spp= LB @ AB wjA|o|Me AEslgd o}
tetracycline?} kanamycine] &-5% LB 2 AB wjAd|M =
=3tz Eg o (Table 6). ®#de] E. coli
MCI000/pGAB43-& AB sl x|o| M= A E5kA] Z3A % 4
A7b AR LBuj oA =
HBI101/pRK2013->- LB 334 w28} AB wj#| oA &3}
7l Z& el Table 6). A}7] 27 & tri-parental matingS A] %
2 gl z7e] uEH¢go v (Ditta 1980) 3 *F3
mating A|A FYA7F 4715 AB sjRAo]M AEE TF
£ 92 £ gdudvHTable 6). 4417 A7 AB | 2| ol
= *“4—01 V58 FFLE tetracycline -§-Axte} NPT 1 &
AAE 7123 9lE pGAB43 vector7} Agrobacterium sppo

AT

=FOAE

Wzl om, E coli

AB + tetracycline 7 g/mL and kanamycin 25 g/mL. O Swrvived, X: Dead.

Figure 3. Transformation (AB,D,E), culture
(C,F) and regeneration {(G,H,I} of tobacco with
A. tumefaciens PC43 (AB,C,G) and SM(42
(D,EF.H) on the media with 24-D 0.5 mg/L
and kanamycin for callus formation. G and H
are transgenic selected on medium with BA
2.5 mg/L, NAA 05 mg/L and kanamycin
using stem explants for direct shoot formation.

28 5o wrdg o AEs= conjugant® TtE o] A
tumefaciens SM042¢ pGAB43 vector?} =¥ 55 A
tumefaciens SM6432.2 #8193 o, disarmed Ti-plasmid3}
8- A. tumefaciens PC27600] pGAB43 vector7} ®=41%l A5
A. tumefaciens PC6432 2 == 5193 cH(Table 6).

e

fol

ofst Ax9| 2

bt A2 3t

ogt

Agrobacteriumoi|

I

Kanamycin A4 F8x7F =dse] de A
tumefaciens SM6433} A. tumefaciens PCO43S- Ap&-8to] %
2 AR 7)7] 38l Nicotiana glauca?l 7] 54
W) oFgt 3o| carbenicilin 250 ug/mL3} kanamycin 100 g
/mL, 7832 24-D 05 mg/L A7bg iAol HFeidd vk
Agrobacterium strainso] ©]3F 2992 A& glglen £7]9)
AR B9 230 Aart 47152 e Figure 3-AD). L2
v} Agrobacterium®) strainel] e} A5 A A oFiel
g4 oh2A Jebdsd A tumefaciens PCO3(Figure 3-A)
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Figure 4. PCR products of NPT 1II (700 bp) and Rol C (500 bp)
genes from A. tumefaciens SMEG43 (lane 1), A. tumefaciens PC643
(lane 2), and normal callus (lane 3), transgenic tight round callus
by SM643 (lane 4), transgenic friable callus by SM643 (lane 5),
transgenic friable callus by PC643 (lane 6), transgenic plant by
SM643 (lane 7), and transgenic plant by PC643 (lane 8) in tobacco.

of ol&x & d
71E 9= fﬂ £ il
SM643( Figure J-D)O‘” ol &lM 2 gE el A friabled)
Aeol wiae) waksly Fo geo] Aejart FAel
oxg)eel o]y AL kanamycing] §EF 100 ug/mLel
Al 10 ug/mLE P58 of w|de] wHepsln § o 33,5}1
o] Aeart o Ash vehde A3
o) $7) 2 gAEs ekl 538 Ay u31*°\ ‘?r
T &o] A tumefaciens PC643¢] ul8|A A. tumefaciens
SM6430] © okt A3FE BgrHFigure 3-BE). o g4
F7hel ARl Aeal] Hefo] Aelrh v A A
tumefaciens PC6432] 7 %ol = disarmed¥l Ti- plasmide] =
2 ©43) binary vectorol] AtiEe] ¢l NPT II fAApet
o] ABAENZ Egi=e] 2ol HrlE HEzE e
ojgko 2 YAt friabledt Azt HAAAR A
tumefaciens SM6438] 7-9-o)| = Ti-plasmidvie] T-DNAZ} 2
g2 FAs7] A YAAA NPT I $47 Pae}
Uzt T-DNAE o) A4S 7Me4E Aok %ol
S99 olael due Aat T-DNAS) od ehs
tumor 742l EA 3} v]5e =2 (Chol and Yang, 1956),
13550 kanamycino] A7b¥ A E 322 FA7H o]
ots} 75'1} 0_:]/<] H}:rlzsi 0] Z—]sé?ﬂ ‘l tumor 71431/\3 Auzlfs}
9}& , AR A A AAEx] Esln 2Abeke] oH Figure
-F). vl friabledt M8 A% 100 ug/mL kanamycine| #7}h
B AEIEE T} wiAM AgstA] FaFdARE 100
ug/mL kanamycinZ} 24-D 05 mg/L 715 wjz]el| M= vl
9 915 sl eHFigure 3-C). o]2l Moz Ho} why
o7 WA tumor 7 AE wild-type T-DNAS NPT
I fA27E SA)o] e Aoz 2= friabledt 742
2% NPT I fAzaiwte] =5 Aoz 4 Heksd.
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Table 7. Effect of BA on the shoot formation from friable callus
transformed by NPT 1T gene on the MS medium with 10 ug/mL
kanamycin.

Shoot formation{%s)

Conc. of BA(mg/L) PCHS SM(42
0 () 0
05 033 482
10 667 W94
20 753 0.2
25 8L3 (6.8

opebd A EE 3 Fo| AelsdA =iek fAAE A

slel e 1-3 gelsr] glslM DNAE FZ3ted PCR
of 28] Rol C f4ael NPT II faiate] EaAjel-E =

Abstald ul, °4*] ubrgle) whebal e el Ay Hobpe]
Rol C A #ds =} 700bp2] NPT II F42p4 5 o] 2l 5
olt}(Figure 4, lane 4). 28y} 2 Z2o] FFo ¢jafM Hx
¥l A AF|A friabledtA] AAFE Aefo M= 43 Rol
C §A47) 31514 93 NPT 11§44 515ko] 515
9l vH Figure 4, lanes 5,6). =& 272 A normal <
2 BAGIAE A5 band7h BIA egkom(Figwe 4
lane 3), Eokoll Al Alubal A tumefaciens SMO420] 4] F%3)
DNAE 0]—9-6}04 PCRE & 7] $oli= &3] NPT II 4=}
2} Rol C fazddo] ghelwgl ovh(Figure 4, lane 1),
PCB43FFoll A= NPT 11 A Ak A ghe] #hel = oet
(Figure 4, lane 2).

FAADE Az A AEIE A717] S84 PO
olsjA S=E winkslr 28 tumor typed] callusel A&
28 shoot7} A H A ekokel. zevh SM0O429} PCH43el A

83 friable 8 72 AX NAA 05 mg/L, BA 25 mg/L7}
%47}%) kanamycin WA el H 2 Zell+= shoot7} HA=HA &
oror} thAl BAZY w2 AbE iAol A
ool = shoot7} {AFR2m BA 25 mg/L H7hul| A ol 4]
AR kzah A4S R PCM3elA] fxl Azt
SMMZl A =% AgAdct z&3hgo] o B2 ¢S
BalcH(Table 7). ¥ Al&lo] A tumor type callusel} 4 %13
shoot®] #Adel 5% ekskidl o|3 callust NPT II 4
28k Rol C A7} FAloll Absi=Eel 2lel(Figure 4), Rol
C A aA e HAE AEF2E M HE
57} HA ge Aoz AR, o] FAMHA wid-
type Ti-plasmidZ A48 A T-DNAW AR E el =
AB52 R 2743 fA A 98lA) BHEei A= teratoma
8 AR Eel FAHe ¥elE AR Qe shootE:
85351717} ojelsivty X Ee] ¢IoHBraun and Wood,
1976: Yang and Choi, 1991). ohe}A] wild-type T-DNAs] 2]
sled HAMEY FA A AF3E A7) A B A =7}
sl vk EofoA Fejel YF-TFellA(Choi and Yang,
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1986), wka] Al 23| (Song et al, 1987), 1812 A. rhizogenes
2 0)8F A%AE A4AY AT 95T & 9
S} (White, 1982), target §-%#te} &7 T-DNAZF =3 F
o MBI BT gt A 2o olo] AFIE A
A 8- =p7) A% disarmed Ti-plasmid(Fraley et al, 1985:
Hamil et al, 1987)3 Ap&3ro 2 22|y oA] A 2322
o) shelaatel glolq A3eln F7 Al AgEe
S Eo M AEHE b seH

A2 A4 Fobol v S ol AL ok e
o ¥ gl s o] diamed Ti-plasmidg AHshA) ok
% kenamycn AGA SRR £UH) dalA wid-
type Agrobacterums 1t 2 AHE-3lel® 7}EdlR|gt ol
o= wlEo] friabled} callusE Aughe 2] T-DNA2 =94
of st} dojube Fsb T Hed callusE AlA
she 7ol Basion A7,
) K S FEY o AAE HAA

712 43 A A shootE s AIs)}7] $sA] Agrobacterium I
Fo Az £715 SAMsE F carbenicilin 20 wg/mL
#} kanamycin 100 wg/mL 28]1 NAA 05 mg/L, BA
25mg/LE A7kt MSuixle] A EsAd vl callus®] Fx=
WA ol gl T35 #F 33| 0% o] shoot7t HAE
e el Aol bsshih et shoote] S
PC643(Figure 3-G)ell H)3] SM643(Figure 3-H)ojA] v @&
g B9l o} SMb43el ME 78 9] shoot7} BHa A
£ A% B3 + UsdchFigwe 3H). 22} £39 7
Foll A A% shootE ©hA] NAAZF 01 mg/L 3719 A&
F2E 2R7h Ao oAl A4 A4H PE AR
1242 QA3 Figure 3-1). =8 o]ZA AAg A4

P
BN
»
2
o
i
r)J
it

>

Q|
AEAZ3E Rol C 9 NPT II $Az2) £4J3Z PCR
& ol4dte 2Alg Az E NPT II HAAke) AHe

3k Aot Rol C fAxbe] A veptal ot
tH(Figure 4, lanes 7.8). ¢|& Z 3= wild-type Ti-plasmidZS
ARt Ets AR AHEelq v HAH AL
BAAe WaE sbA AlEAeld target FAAY =dd
T AEE Yuigd getd 2 A AEd A
tumefaciens SMUM2%= 7] 5o HsiA] B ZALE &
of 37l A2t ¢4 A=A hypervirulent FFE et e
o A YAAMAEANE 5T 5 Slo] HAEA
£ 908 Bl Feg Aoz A2

gl

H 2

oA 2B e xRl Al tumor 223 THREFO 2 HE
HAAFEo] & hypervirulent Agrobacterium sppE ¥
8}7) $)s|A] Salix, Diospyros, Populus & Malusol| Al 3A €
tumor A3} TAESFL A &te] Schroth Al=lwjz| 2}

New and Kerr ¥j#| 2 o] 43} 78 752 colonyE EAl9]
weh 2elaalsh ol FoIA 48 2F7h 92 discel A tumor
£ FAsen wumors A FFF A7) w2
w A717} A hypervirulent FF 2 M ZE = A, tumefaciens
SP101-& biotype 1, 28] 3l A. tumefaciens SMO42E biotype 2
2 FAsYgH EofEe A Awsl A, tumefaciens SM042¢}
disarmed A. tumefaciens PC2760¢]] kanamycin #3}4 §-H A}
Z FH33 9 = binary vector pGA643E 593l
conjugantq] A. tumefaciens SM6433} A. tumefaciens PC643S-
kanamycin#} tetracyclineo] #f% ZAwiReA B Eslyl
o X2 FAANE ¢l A conjugant Agrobacterium®} 4
222& EAMF F 24-D3} kanamycino] ¥ A
Aol 2Apete] PAHE F=d A A tumefaciens
SM6430] A. tumefaciens PCAM3E Y o w2 AgArt A
Fooh 28 A tumefaciens PCOA3S AF4-3F 3235 74
o 52 friabledt Aeaz fEEGor A4HLR
Al S 2 ARFsl ot A tumefaciens SMB43-E AF4-3 A
Hae v Sestn T3 e Ay as) friablest 7
2ozt EAg AR AAsis]en, ofFoAl friablest 7
2l AAPAQ shoot7} A H ot gt Aejrz &
HFAARAE AEAZ PAHA g E nA
el tumor A2 AAsdot. gH FAHIA] A
£ Fx8A g3 AA shootE FAFAIZ A
disarmed Ti-plasmidS AM-3}A] k3 wild-type Ti-plasmid
£ AHsle AR gAARAE 25 5 Uk
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