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Petunia hybrida KIZWZ9| rolC
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Introduction of rolC gene into Petunia hybrida
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ABSTRACT These experiments were attempted to introduce rolC gene in the Petunia hybrida cv. Titan white by
Agrobacterium mediated. The maximum frequency of shoot regeneration was obtained by 60% on MS medium
containing 1.0 mg/L BA, 0.1 mg/L NAA, 200 mg/L kanamycin, 500 mg/L carbenicillin, 30 g/L sucrose, and 8 g/L.
agar. Kanamycin-resistant calli were selected from petunia leaf discs by cocultivation with Agrobacterium
suspension cultures on MS medium. The addition of AgNO3 and KMnQx4 in the medium increased the shoot
regeneration by 31.3% from leaf disc as compared with non-treated leaf disc. Among clones exhibiting kanamycin

resistance, only 3 clones were confirmed by southemn hybridization analysis.
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At @7 7189 S RE 47 o8 JEE
< BANESY 7le9 oz sieA guen 1 £ vt
2 27189 2R e 2Ed Ay AEA
29 A3 =9oly HxE AL FAAFAELS Agro-
bacterium tumefacienss 7|2 3 HulH} (Horsch et al.
1984). AR ol EHE VFHES SWHAZEE AAF
¢l A 7|2HE o438k Agrobacterium spp.2) Ti, Ri plasmid
(An et al. 1988), Cauliflower mosaic virus, 7Fgrst Mid =
game o] oW ol9) HHEYWel= polyethylene
glycol & ARE-3le] Y3AAZe DNA E9& EF38AY
(Potrykus et al. 1985), A7 1zx}=02 o] AAF¢l W3=
do#H DNAE Foj¥s electroporation, H2ol= €948
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AAZHE HEA AL oH &S FE3] Hsto 4]
B9l z2& 2 o]&sl= particle guno]L} particle bom-
bardmento] H#H3IE|Y It} (Prakash and Varadarajan
1992; Krol et al. 1990). o]g]gt SAF3H 7Moo =2 Q¢
AZAE AEANE =9t FAAdH doAREL
Brassica (Guerche et al. 1987), =3} (Jong et al. 1993), A}z
(Bondt et al. 1994), 71|©]4 (White and Nester 1980), ¥ &
(Martinelli and Mandolino 1994), £-£-3] (Wilmink et al.
1992), 9l (Ying et al. 1982) £o] Qth =3 AxA, & 1
g sl izt A RS ZE =Yse 7t
23] FAPHT ok & AR FAE rolC FAAE =9
g o atropa, @Hl, L FA Fo] JLH, rolC fAA
ofgt 2739 dsh= Ak Holrt FolX L Slo] FFFFH
AL HopgA7t G AL zk Utk (Oono et al.
1990). & A= petunia®] GZHOZHE AEA A
gol A= AEAFREA Y HAAFT FHA g IA
A7t A7be FAAS Ao FAAEA B3eS
o 2, HFARE IR rolC §AR}F (Kurioka et al. 1992)



22

£ petuniad] FZF ZFAN F FAHEA
HI3k= Hiolth

il
e
rlo
PO
o

Mz A WY
MgnE ¥ FFEY

Petunia hybrida cv. Titan white®] £25 473 H49E
o] & dA 16A17h F% 1,500 lux, &% 25+2C, &
T 70%2] A7HgAA 5~7F U ST 43 ANE 4F
3~4 cm? AAF 4E& FAAERE AL FAFTFE
Agrobacterium tumefaciens strain LBA 4404 & host strain
o2 33 pGA643¢] multicloning sitedl] rolC7} AYH
(pGA643-rolC) EAFAAZE neomycin phosphotrans-
ferase gene [(NPTII)& Ti-plasmid®] T-DNA border
sequence Alolol]l 7}R|& binary vectoro]t} (Kim et al.
1997). #5-9] v 9k2 kanamycin 50 mg/L ¢} tetracycline 25
mg/L7} 78 YEP (1% yeast extract, 1% Bacto peptone,
0.5% NaCl) 2.4 vjx]o]x A" single colonyE 3}

Table 1. Components of media for transformation of Petunia
hybrida.

Supplements’ Media’

GM PM SM RIM
Salt Vitamin MS MS MS 172MS
Sucrose g/L 30 30 30 30
BA mg/L - 1.0 1.0 -
NAA mg/L - 0.1 0.1 -
Agar % 0.80 0.85 0.85 0.8
pH 58 5.8 58 5.8 58
Kanamycin  mg/L - - 200 50
Carbenicillin - mg/L - - 500 -

*BA : 6-Benzylaminopurine ; NAA : e-Naphtaleneacetic acid.

°GM : germination media ; PM : pretreatment media ; SM : selection
media ; RIM : root induction media ; MS : Murashige and Skoog
media.

kanamycin 25 mg/L$} tetracycline 10 mg/L7} T3 54
oz wix|oA 28C, HAEIE 16~20A)7F 150 rpm o2 &
gfjokat & Y 2A0F 13 A wiYdsled cocultiva-
tionol] ARE-3FSITh

Petuniacll AHS-¥ Lohg vz 2 FAAES A3 HAe
A, Az {718 A A, e {718 WS A2lEd
table 13} 7t} Leaf discoiA] BAE callusZ2HE AEH
Al wAE YFREEAY FFg Lol I MSHjA]
(Murashige and Skoog, 1962)]] 0.1 mg/L NAA S} 0.5~4.0
mg/L 2ip @ 0.5~2.0 mg/L BAZ FEHE H713 wjxd]
sl WA Om oF 20Y T AR ARE 2AS
Qo

ogr

2 M3

Aol A3} binary vector$l pGA643-rolCE 2] EH] 9
HAHIA A markerE kanamycin AIAS ZEE 3]
D2 YARE AEA ALS AT petunia GLEA 2]
kanamycin WA< 7AA7] A 0~400 mg/L kanamy-
cineg H7Hgh iAol wi ettt FAAEEHL petunia)
de ulr] A2A (0.1% Tween 2002 42 0.5% NaOCl&
Aol 1587 JAAAA BRAFS 3 E7E FHTE A
H AHE 3 2gE AR 5 A F gHE AL
2 @ Wol 10om 57 RAZEeR Fep 4BARZA
At FRAAZE A7HEA] G GMHEjAA 1~29 HE 24
STk 9o AdEHo] wiRl BEE dtof wjgd JHAE
pGA643-rolCE 712 40 uL Agrobacterium & 5 mL2] MS
A wiA 4ol PMMAIE EFF A (855 mm)ol A
24~48 A7} cocultivationdtgt} (Kim 1991). Cocultivation
F de A4 HEFE Al H FAEe A F5A12)
&, 1~5 mg/L AgNO:$} 1~5 mg/LL KMnO:& #H7}st SM
iAol R WA 14dvitt A2 & A2 2@l T

Table 2. Effect of growth regulators on callus and shoot formation of P. hybrida.

Plant g‘("n‘fgﬂ/‘Lr)eg“m’rS N:l;lct’lfrzzp(lf;s Callus Shoot (B)* Root B/A (%)
NAA 01 2P 05 35 14 14 - 40
1.0 35 20 15 2 83

20 35 18 18 - 51

40 35 19 2 2 63

NAA 01 BA 05 35 23 12 i 34
1.0 35 18 21 2 60

20 35 17 23 1 66

°A : Total number of leaf disc.

°B : The number of leaf disc forming shoots were scored after 8 weeks of culture.



oW 30~454 ¥ FAH AL ZRY callus} EE Y
o] AFE-s}=e AL ZAMEIGET 1 om o4 A shootE
RIM #jAIZ o]43 g 20~40Y & W2 JAE
vermiculite$} 28 2 BHES}L 1:1: 12 EFF WU
ojA3te] AT F rolC FAAY] FHAG JRE A}
3

FHAS A8 HAS st SMulx|of| A Aty 254
9 AAAEA S U 1gg o] &3] Murray 9} Thompson?)
W (1980) F3te] AEA 9] genomic DNAE F&319)
t}. Genomic DNAE A|§& 4 EcoR 13} Hpa 122 double
digestiond}&] Southern (1975)¢] capillary transfer BP0 &
nylon membraned] £71 T3 FH|H probe 2} hybridization
3] Xe-ray filmoll xZA|Z T} Probed] Az 100 plLo
competent E. coli cell (JM109, Acwo=0.8~1.0)7} 15 ng¢]
pGA643-rolCE FAAZSE 1 7L AAuA] 10 mLo)
HESt 37CoA 12417 200 rpm 22 7)-8 & Alkaline
lysis® (Sambrook et al. 1989)© 2 DNAE 2|3ty EcoR
I3 Sma T 2.2 double digestiond}e] o] &3tA )

da o o

Petunia hybrida®] |ZA O 2HE 2 EX AEsl 1)z
T AZARRAIE EAE ZAY 2 table 2904 B
o] 9tk 0.1 mg/L NAAS} 4.0 mg/L 2ipe] 2§} 0.1
mg/L NAAS} 2.0 mg/L BA XA 2154 AMEHSS 7t
7} 63% <} 66% & Fo ATEel thd A7} WAy sA
v HAAAAQ] do] EdtE e d48 FFET B3 1%
=9 2ip7t F7HE WA M= FEavt S Th

0.1 mg/L NAASH 0.5 mg/L BA 2 AE 2184 nltjz}
FA W FEEHR AR F71&2 vlg- kTt (Figure
1). 0.1 mg/L NAA % 1.0 mg/L BAS] ZFoA] A1 &4 &
&2 60%2 A UEIRon XEAT ul$ FF3ch
2 A4 9} 7ol 2.0 mg/L BAA B]E shoot 3Al&-0)
7P 0T SHAIRE Yadk AEA AlEsk= 0.1 mg/L NAA
9} 1.0 mg/L BA9] Zglo]t} o]#s ZAzb= Aeom E0]
(1996) Petunia hybrida cv. Burpeeo|A] E.33F 0.1 mg/L
NAAS} 1.0 mg/L BAS] Z3olA AEA 37t 7 &
STy 3 ARt AX ks H oIk

FAAY HEA AEE #3 kanamycinA Ao HA
E¥EE A7) YA kanamycing TrEz 2L ujxE
THEo] petunia Y-S XA A3 100 mg/L kanamycins &
oA A& W7] A2t 200 mg/L kanamycin B = 2]
}t QEo] R3] st TASIE T (Table 3). Acom
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Figure 1. The effect of different combination of phytohormone on
shoot regeneration from petunia leaf discs. Total treatment (1: 0.1
mg/L NAA, 0.5 mg/L 2ip ; 2: 0.1 mg/L. NAA, 1.0 mg/L 2ip ; 3: 0.1
mg/L NAA, 2.0 mg/L 2ip ; 4: 0.1 mg/L. NAA, 4.0 mg/L 2ip ; 5: 0.1
mg/L. NAA, 0.5 mg/L BA ; 6: 0.1 mg/L. NAA, 1.0 mg/LL BA ; 7: 0.1
mg/L NAA, 2.0 mg/L BA). Arrow marks are shoot regeneration.

Table 3. Effect of kanamycin concentration on the survival of
petunia leaf disc.

Km conc. (uL/mL) Control 15 30 60 100 200 300 400

Survival of leaf disc  +++ +++ +++ ++ + - - -

+++: very good, ++ : good, + : bad, - : dead.

S (1996)2 petunia®] ¥FA3 M4 marker2 o] &H
kanamycin®] L& 100 mg/LoA Al Y, Martinelli
9} Mandolino (1994)s= E£% (Vitis rupestris S.)¢] &A%
A& 100 mg/L kanamycinzEollx a7, Oono &
(1990)2- <] FAAE 9FE 300 mg/L kanamycinFx
AN MES g Ao & o A Foe tdE
3 Mz 5ol ot gEiRol & Zlog Algdnh wEA £
ARoX e FAAEE AEA AEAY kanamycin 33
HA7FEEE 200 mg/LE Addek

FEAAR HEAS g597] A8ty AgNO:¢t KMnOs&
8581 SMuj Xl Agrobacterium= FAH-E 24A)7} cocul-
tivation8F & 2 EA| AE3ES FAMSH} (Table 4), SMH
Aol H7Fgk o g AAA QA AgNOs&F KMnO.¢] #7k&3}
T ATER ZAFE HEA ATsEe] A mokxonH,
AgNOs9) Hl&] 5 mg/l. KMnO«Xg] 7oA 224 AE3he
o] 31.3% =% 71 =4 Jelgth 28y AgNOs¢t KMnO4
o IFE A7 thad] st dadel Ao 3
mg/L KMnOs 714 21E4 AE3 §8&0] =Yk Kurioka
S (1992)0] Atropa belladonna G312l CaMV 35S-rolC
HZAAEA] B3 6.25% (100 mg/L kanamycing7hHe] 2]
A ARGES AT BT YT, Aeom 5 (1996)
petunia®] FHAFAFHAA M ZHE A& A&
M-S 33.3%% HAE SlojA B A3 Gk 2RE

flo Mo of
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Table 4. Effect of ethylene inhibitors on shoot regeneration from leaf disc of P. hybrida.

Emyl(e;'leg;L“l)“b""rs N;Eﬁgg’&ts Callus (B)* Shoot C®  B/A(%) CIA(%)
AgNO; 1 50 27 1 540 2.0
3 57 49 2 86.0 3.5

5 41 33 7 80.5 17.1

KMnO« 1 45 36 9 80.0 200
3 ) 40 12 9522 28.6

5 48 37 15 771 313

Control 80 55 1 6838 13

*B : The number of leaf disk forming callus were scored after 4 weeks of culture.
°C : The number of leaf disk forming shoots were scored after 4 weeks of culture.

e Qo AEZAu G A WA A" JAAE
Arkeha vld Aol AEA AR FrEE AL &
4 =t Roustan 5 (1989)2 T2 A EEEH) LA
CoCL¢ NiCLE #H7Fstd wigde] Zdd 3ok
Chraibi 5 (1991)2 &jule}7]9] AF-E 20 uMe] AgNOs7}
2718 A MRS o AEA ALl FAe v
& 3A ZMEnz 9o, Chi (1990)& Brassica
campestris®] AY sl Eafckoll AgNOs (20~30 pM)
7t AEA &S FNAGE RE BIFAT A
(Kim et al. 1997)¢] AFE <83 FZAHAEA] wjqel 3
mg/L AgNOs & FH7Fhd AEA AEsHEo] 17.5%E A
I Aol USE BT vt glof o]F m|Fo] FF
A#A AL JAA L] WA Hrles AEAY FF7
ztol= ot v A AEA ARl FAAHA a7t Q)
T Al® eyttt

AESHE shoots A®SHA AR FHA =7t
32 50 mg/L kanamycino] ¥g¥ RIMUMIRZ &7]7 25
3, wmay M A 22 A E vermiculiteo] 1/2 MS
(sucrose free) QANAE H713 HIAZ A AR F

ojft

Figure 2. Morphological features of transformated and
nontransformated Petunia hybrida. A: Trnasgenic plants, which
shows reduced apical dominace. B: Nontransformed plant.

potZ ©]2]3}At} (Figure 2).

Petunia hybrida cv. Titan white9] G| CaMV 35S-
rolC gene®] EAAET & Adojz 2]EA] = kanamycinA]
g/do| Hoju iAol g /NS Aot A&
A genomeW 29} e A} 4 ARE ZARB] A3y
kanamycin AL HolE 6749 A EA A genomic
DNAE B3k A& A EcoRl 3} Hpal® = double
digestionx|2)3}2 FAEYo| AHE3E binary vector CaMV
35S-rolCE probe2 Al£3la] Southern hybridization
analysisE 3 A3} 1, 3, 5 lanedlA] 1.0 kilobase 2] band7}
ST (Figure 3). UolA] 370A1= CaMV 35S-rolC
gene©] FFHA B2 ACF AZtEth Kanamycino] F7}
H A Adste] et gadE ARt A EA 2T
7t BRAABFHA] G2 AL A EA A&l olgd 29
AZHE HAZAE £3HE T kanamycin WS Ad
Az At AEIERS Joz A e B

Xbel Sstl Hp Hpn.Clal

Figure 3. Southern hybridization analysis of DNA from transgenic
and nontransgenic plants. A: Total DNA digested with EcoR I-Hpa 1
(Lane 1 ~6: kanamycin-resistant plants transformed with pGA 643-
rolC ; Lane 7: probe rolC., Lane 8: nontransformational plant). B:
Total DNA digested with EcoR 1 and Hpa I was hybridized with
[*2P] labelled probe (Lane 1, 2, 4: transformed with pGA 643-rolC;
Lane7: probe rolC; Lane 8: nontransformational plant). C: Structure
of the expression vector. CaMV 35s promotor; rolC, coding region
of the ORF 12 gene of Agrobacterium rhizogenes; Tnos, nopaline
synthase terminator; BR, T-DNA right border; BL, T-DNA left
border; NPT, chimeric nos-npt (nopaline synthase-neomycine
phosphotransferase) that serves as a selectable marker in plants; Tet,
tetracycline resistance gene.



E 5 JHAYHA &2 AXF ALY 5 Utk By
(Scoristan and Melcher 1987; Chung et al. 1992; Aeom et
al. 1996)¢} AR @ie] £ AgeMT veld RAog #
SHT o)dollA £ uf Southern hybridization analysis®H-&
&3l CaMV 35S-r0lC geneo] AEAY) A€ Ao = 3
AHANLH, rolC gened] 2|EAUM Y AP, FHF <]
A4S BEA A Q8 FAPL B ARFHA
A7t 2aF 202 A7k AR FAAEY 93]
O HEA Y] FAREYo] AAE v glou B A
AT Petunia hybridal rolC geneS 3t FAAsA =
4L T Uk

¥ 2

AEANEAH FAHS] ge] ol= Agrobacterium®)
binary vectorg o]-&3lo] 913H4S Yehll= pGA643-rolC
geneS FEH transformation'§ 2 2 petuniad] TJ59
. Petunia hybrida®] AjF3}o) 9o} gz o 2 RE AEA
Awspel wlAE AAZAERY A= 0.1 mg/L NAA 9
1.0 mg/L BA9| ZJolA 4T AR3E 2 EAL 33}
Atk HEA A Mduizlo] 2 AAA Q) AgNO;
9} KMnOs©] 71l FAA8A AEsgo] A vhelgo
™, AgNOs9|| H]3] KMnO: A 2|7l Hr} B2 A& )
S eI oY AgNOs9 KMnO:2] 7% H7HA
029 s @] WSS D R 3 mg/L KMnOs H7}
7t AEA AR A Reg AzEth FAA 200
mg/L kanamycin, 500 mg/L. carbenicylin #} 1.0 mg/L BA,
0.1 mg/L NAA7Z} H7He AR Ao JdHoz
e A8 B A0 FHHE JEANES I Aet
L 7192 ©]43F & genomic DNAE £a]3}¢] Southern
blot analysis 02 BAJ8 Az 9a) AR 42 9
genomic DNAWE 4918 Z& &893 4 YUtk

ABEH

Aeom SI, Park SK, Lim YP, Lee CH, Kim HJ, Kim HR, Lee HY
(1996) Development of bialaphos-resistant Petunia hybrida by
introduction of the bar gene using Agrobacterium tumefaciens.
Kor J Plant Tiss Cult 23:177-181

An G, Ebert PR, Mitra A, Ha SB (1988) Binary vectors, In : Plant
Molecular Biology mannual, Gelvin SB, Schilperoort RA, Verma
DS (eds). Kluwer Academic Publishers Dordrecht Vol.  A3:1-19

Bondt AD, Eggermont K, Druart P, Vil MD, Goderis I, Vanderleyden
dJ, Broekaert WF (1994) Agrobacterium-mediated transformation
of apple (Malusx domestica Borkh): An assessment of factors
affecting gene transfer efficiency during early transformation

25

steps. Plant Cell Rep 13:587-593

Chi GL, Barfield DG, Sim GE, Pua EC (1990) Effect of AgNOs and
aminoethoxyvinylglycine on in vitro shoot and root organo-
genesis from seedling explants of recalcitrant Brassica genotypes.
Plant Cell Rep 9:195-198

Chraibi BK, Latch A, Roustan JP, Fallot J (1991) Stimulation of
shoot regeneration from cotyledon of Helianthus annuus by the
ethylene inhibitor, silver and cobalt. Plant Cell Rep 10:204-207

Chung JD, Kim CK, Kwon MY, Jee SO (1992) Putative GUS(8-
glucuronidase) gene transfer into Petunia hybrida using
Agrobacterium tumefaciens. Kor J Plant Tiss Cult 19:7-11

Guerche P, Jouanin L, Tepfer D, Pelletier G (1987) Genetic
transformation of cilseed rape (Brassica napus) by the Ri T-DNA
of Agrobacterium rhizogenes and analysis of inheritance of the
transformed phenotype. Mol Gen Genet 206:382-386

Horsch RB, Fry JE, Hoffmann NL, Eichholtz D, Rodgers SG, Fraley
RT (1984) A simple and general method for transferring genes
into plants. Sci 223:496

Jong JD, Rademaker W, Van Wordragen MF (1993) Restoring
adventitious shoot formation on chrysanthmum leaf explants
following cocultivation with Agrobacterium tumefaciens. Plant
Cell Tiss Org Cult 32:263-270

Kim HS (1991) Drawf gene transfer into Petunia hybrida using
vector system. Graduate School of Kyungpook Nat'l Univ pp:1-
34

Kim KM, Sohn JK, Chung JD (1997) Transformation of Brassica
napus via Agrobacterium vector: Plant regeneration and progeny
analysis. Kor J Plant Tiss Cult 24:269-272

Krol A, van Mur DLA, Beld M, Mol JNM, Stuitje AR (1990)
Flavonoid genes in Petunia: Addition of a limited number of gene
copies may lead to a suppression of gene expression. The Plant
Cell 2:291-299

Kurioka Y, Suzuki Y, Kamada H, Harada H (1992) Promotion of
flowering and morphological alterations in Atropa belladonna
transformed with a CaMV 35S-r0lC chimeric gene of the Ri
plasmid. Plant Cell Rep 12:1-6

Martinelli L, Mandolino G (1994) Genetic transformation and
regeneration of transgenic plants in grapevine (Vitis rupestris S.).
Theor Appl Genet 88:621-628

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue culture. Plant Physiol 15:473-
477

Murray MG, Thompson WF (1980) Rapid isolation of high molecular
weight plant DNA. Nucleic Acids Res 8:4321-4325

Oono Y, Kanaya K, Vchimiya H (1990) Early flowering in transgenic
tobacco plants possessing the rolC gene of Agrobacterium
rhizogenes Ri plasmid. Jap J Genet 65:7-16

Potrykus 1, Soul MW, Petruska J, Pazkowski J, Shillito RD (1985)
Direct gene transfer to cells of a graminaceous monocot. Mol Gen
Genet 199:183-188



26

Prakash CS, Varadarajan V (1992) Genetic transformation of sweet
potato by particle bombardment. Plant Cell Rep 11:53-57

Roustan JP, Latche A, Fallot J (1989) Stimulation of Daucus carota
somatic embryogenesis by inhibitors of ethylene synthesis :
cobalt and nickel. Plant Cell Rep 8:182-185

Sambrook JE, Fritsch EF, Maniatis T (1989) Molecular Cloning, A
Laboratory Manual. Cold Spring Harbor Laboratory Press USA.
10.19-10.26

Socristan MD, Melchers G (1987) Regeneration of plants from
habituated and Agrobacterium transformed single-cell clones of
tabacco. Mol Gen Genet 152:111-117

Southern EM (1975) Detection of specific sequences among DNA
fragments separated by gel electrophoresis. J Mol Biol 98:505-
517

White FF, Nester EW (1980) Hairy root : plasmid encodes virulence
traits in Agrobacterium rhizogenes. J Bateriol 141:1134-1141

Wilmink A, Van De Ven BCE, Dons JJM (1992) Expression of the
GUS-gene in the monocot tulip after introduction by particle
bombardment and Agrobacterium. Plant Cell Rep 11:76-80

Ying M, Dyer WE, Bergman JW (1992) Agrobacterium tumefaciens-
mediated transformation of safflower (Carthamus tinctorius L.)
cv. ‘Centennial’. Plant Cell Rep 11:581-585

(AFYA 1998 99 11¢)



