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Summary

The conditions required for plant transformation through the Agrobacteriom tumefactens system and the

electroporation method were investigated for Raphanus satives L. and Brassica rapa L.

1.
2.

The highest viability of protoplasts was obtained when 7 days and 10 day-old seedlings were used.
The optimum conditions for electroporation was 1.77 kV/em for 40psec under which 70% of the
protoplasts were viable and 58% of the viable protoplasts were stained with methylene blue.

The pBin19 plasmid used as a carrier vector was isolated from E. ofi DHSa, purified and identified

on the electrophoresis agarose gel.

. The triparental mating was performed for pBin19/DH5a(kana+), pRK2013/HBI101(kana+), and

LBA4404 (strep+) of Agrobacterium tumefaciens, and confirmed using the mixture medium of kanamycin
and streptomycin. The band of pBinl9 isolated from the transconjugated Agrobacterium tumefaciens was

also observed on the agarose gel electrophoresis.

. Cell differentiation was observed from the leaf disks infected with the transconjugated Agrobacterium

tumefaciens after 15 days cocultivation on the medium containing cefotaxime 200ppm and kanamycin

100ppm.
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Age] YA AYUE Z2oz e YEFHY 7
HElA A 713 gol A=z Ux WdFY 3
Ut EoMFYU  Agobaderiumo] Ztm YE  Ti-
plasmid i} Ri-plasmid & o] &3} o8 o] 4z}
g AEY #AAE =Qlshed] AnAQ Aoz o
21 Qlck(Bang et a, 1990: James et al 1989:
Manners 1987: Park et al 1991: Srivasiava et al,
1988). =2y} DNAE 23 WyUAo] Y& Sol
widttond A AY HEME Jd& YHPE Qo
Al=5ix 1tk (Suh et al 1990; Wolf et al 1989;
Zhang et dl, 1988). & &=l FA=E W AN A
Aol ¥x Ald reporter $HAEF HAYPozH
& FHAE A YA AYANE d& Aoz o
Z-& protoplast& AW £ e 4 €9 A S
2 sbssige A 24E 22 gl

weta & AYL marker geneql fjz FAAE
i Qe A EE vioksld fAANE FF7 §
plasmid DNAE €4 283l o/ A7l 44
(electroporation) £ & protoplastel A o]
(Michael et af 1988) A)# 4] marker gene§ T %
3+ cell lineg @83l subculture 4|71 § 2
callus& o] -§3le] AYUME ¥23ln o] & A7 §
¥A1A Addelizlold AT A4 woksio
hybrida& #&sle 7Y€ #3dsinAd 4 eglod
T8, 4EANZ Lo Aol A slA] gL HE
2] 7Rol] o|8¥ 4 Ut Agrobacterium tumefaciens
systemell 2] gene transfer 7] Ho] Tsledx 37y
Aesdo

A8 L gy

AY I. #7137 (electroporation) o] 2|% «
HAAZY AR ARl A =3 A
E

1. A A8

FL+AFLTFTHI B (HLgoizte] wiR) 2
2}-& 2% NaOCl=} 0.05% Tween-20 Z & &8of 20

EEFG A ATY ¥ HFFE A A 0.7%
agar& E¥s}= MS wlAlo} =tFsia 1500lux, 25
F2Col A 7~159 &A1 A 2§t

2. Protoplast £2|

FEHoz ARY vl 99 J&xAg 5
X5z 2712 A2} 4% Cellulase R-10, 0.3%
Hemicellulase, 10mM CaCl,, 10mM MES, 0.6M
sorbitol (pH 5.8) &def o] 25+2CeiA] 5~64]7}
< Pk Sol 88um sievez A& & 100xgel
A "2l sled pellet & o} 0.6M sorbitol+
CPW (Table 1) &ofell fol 100xgol 4 W4 &2 3}
of AN E Az

Table 1. Composition of the cell and protoplast
washing solution (CPW) for protoplasts

isolation from mesophyll cell of radish

and cabbage
Salts used Concentration (mM)
KH,PO, 200
KNO, 1000
CaCl,. 2H,0 11000
MgSO.. 7H,0 1000
Kl 1
CuSO0,. 5H,0 0.2
MES 10

0.6M sorbitol CPW : (.6M sorbitol+CPW solution
0.6M sucrose CPW : {.6M sucrose+CPW solution

T+% protoplast® #5371 #sled 0.6M
sucrose+CPW £} 3} (. 6M sorbitol €99 0.8 Ws
AHE F oE ob4] 100xgol A A RelEd E e
sucrose &N¥2 ArEol sorbitol §¥A}lojo &3}
<+ protoplast® & slgdch

3. Plasmid DNA 22| U &ol

1} A9 Ecli 3 9 wlof
Kanamycin ##2& #4% E ol (pBin19/DH5
a) ¥ o] §8l+dl pBinl9+ EwRI, Hind M Se} 2}
£% 4 9l+ multiple cloning site§ Zt.2nj Tn 50l
4} & aminoglycoside phosphotransferase I
gene, 223 4] 2o|4 transcription =17 #8 Y
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2% nos gened Ztn glong o]zle] &M 4
ojslelg wj 1 4] ZAZ+ kanamycin A4 2
Al et

442l colonyd #idol2 Faled AMsfFA|z
23 0.5m) A -20Co] APsld Fx Y8 Y o
ojc} 100xf& #35ted 50mfe) 2XLB(+kana 50pg/
mi)ol §3 37Ce A} vigrlo] s wftAR
o}

2) Alkalijo} ¢ & plasmid 22 A

flol A wiokEl E cofi viokd & 1.5m¢4) microfuge
tubeoll 2islej 4C, 8 000xgel A 3&3+ YAE& s}
o AANZ g AF Fert 2m/md IS =HH
lysozyme (K783 #EM 1990: AT AR 1990) &
25l 100p09 Sol 1(50mM glucose, 25mM
Tris-Cl(pH 8.0), 10mM EDTA(pH 8.0)) $4& 4
of vortex mixer2 A#M3iA EPF ¥ 547 LS
of wpaalgch of 7ol A4sA =¥ 200129 Sol
I (0. 2N-NaOH, 1% SDS) & 7}&ted wizA] 4~53]
e EYY ¥ 587 A5l YAARch

o] g0l 150px¢ Sol T (5M potassium acetale,
glacial acetic acid, H,0) & g 7p4gA EEwA
Hol£E & o4& d&E Fol 583 WA 4C
8,000xgol A 5¥7 ¥4 ¥alsidch APAE R
2 tubeol &2 ¥ ¥ 2| phenol : chloroform(l :
1) € ~}#l vortex mixer2 A#3l 24k3 ob§ 4C,
8,000xgell 4 3E3F WAl Felsle] BN L =22
tubeoll &zlch. DNAE A AA|717] #1851 Al
2ofof 323l ethanol® 7bsled A E¥% ¥ 24
7F A2o] ubAl gt o}& 4T, 8, 000xgol 4l 587 W4l
225t DNAM A o] wa Yriz] g g =42
A AAolg wgl 70% ethanol 1m& 7bslx 4
'C. 8,000xgol A 247 WAlEelsted AAYE A
stz AF AzveA A=zAA A 2eE
plasmid DNA& i)

3) Arid Foll 9% plasmid DNA™SI
Az¥ DNA A& RNase(20ps/ml) & T3}
TE (10mM Tris-Cl, 5mM EDTA, pH 8.0) buffer 20
piol $8171z A7 dF3dcet

4. Electroporation

w29}l 7904 ¥2¥ protoplast pelletel] HBM

(1 mM HEPES (pH 7.0), 10% Mannitol) buffer 2mf¢
£ of 23 AAY £ 4y A=t IX10Y/d
7} 5l =& HBM bufferf§9 o2 3447}

94 electroporation ZZAE HEINZ sy
DNAd] Ao blue A8 10p¢
(0. 5mM) o} 1m£9] protoplast ¥ =ty & &3]zl H
0.5m € electroporation chamberel] o] A&
dafsiwix] HHAA Y viability, |FHAM L] A
o{t odalolel AE Ae & A}l

Electroporator+ Electro Cell Manipulator 401A
(BTX Inc. San Diego, California, USA)
(Zimmerman and Scheurich, 1981) & A&t}

methylene

A4 1. Agobactenum tumefaciens & ©]-§3t gene
transfer
1. 3A&l=E

FAIAEL AY DolA vk visE AHERle
o] A}& FFE  Agrobacterium tumefaciens LBA44042}
vector24] pBinl9/DH5a Y helper2 4 pRK2013/
HB101 E coio] i}

2. 2A #Fol v U triparental
mating
1w

E li®] 5 #3 & %5 kanamycin ¥4 FA =
& 23 gl7| ol Fofl 50pg/m =9 kanamycine]
So] gl LB-Broth sjz|ef 4} 37CE #2359 3%
b 2le) e oryct

%3, Agrobacterium tumefaciens+- streptomycin A&

1

Table 2. Composition of M9 salts medium

Constituent Concentration

M9 salis (10X)

Na,HPO, 0. 5M
KH,PO, 0.17M
NaCl 0. 125M
NH,C! 0. 1M
MgSO, M

CaCl, 0. 1M
Sucrose 20% (for Agro
Glucose 20% (E. col)
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S Uc KR 2 L

4 #AxE 22 U7 o Fol streptomycin (100u9/
wd) o] A7 M9 = 2| (Table 2) ol DY} colony§
Wi Folz Hslod AFslx 0CoN A s}A ets)
A 297 vigslglch (3l WEkjo g ).

2) 2 (mating)

ol Zz w2 wlokg E wlis} Agobaterium
tumefaciens & 7t} 100p4 4 3 8ted M9 vzl 2 33] 4|
3 ¥ EYsld LB-agar mawixel] 100ul&
plating3lx 30Col4 29zt whaFslod triparental
mating-& A7,

¥4¥ colonys YHE WFolz  #Hs}od
kanamycin (50u9/mf) 2} streptomycin (100p9/m4) ©)
A7k M9l xlofl A 2917} 30C= A3l s}A Aedofop
3t triparental matinge] 2 o] 20}al Agrobactersum
tumefociens Tt A %},

3. Triparental mating A|2! Agrobacterium
tumefaciens©| HF Xz % H=Z|uje

FEA oz viokd wiie] g4 E 10X 10
2712 A4y odf Jg&=x3 FHEL triparental
mating¥l Agrobactenium tumefaciens F3=o A A 4} 7o},

TF AFel ¥ d8=z=A AWML 4842
cocultivation¥t ¥ HFFHF+2 33 AA3a Jo}
Ut 8718 FF49 filter paper2 2 AY I NAA
3ppm>} BA 0.5ppm, kanamycin 100ppm 282
TF9 A AE %8l cefotaxime 200ppmE A )}
of = uefokAofA wioksiglc

4. H7|A Yol 28t triparental
mating &2l

plasmid DNA (helper ¥ pBinl19 vector) & E coli
2 Ne ¥elsln £ Agrobacteriun tumefacens = vl
217171 A3} 212 el AL 25 E ooli plasmid 42
Holl F# A plasmid& £ A7z H7ld 274}
olaf E olio]4] £3% pBinl9 plasmid, pRK2013
plasmid, mating 2] Agrobacterium plasmid, mating
1% 52| Agrobacterium plasmid& EoRI 9 Hind I
= digestion A]A 4] 2EcwRI markere} vw]mgic)

A3 9 33

AY I, A7 FAH A 4y Az §A2
Aeld sig =23 AHe

1. HYEA 22

CHAA widg #lsled AEE 559 vl A
Toll VYA wiok AAR XS £+ HER
7Y, 39 A Lol AFF 10944 714 F& 9
¥AM €3 viability§F B2 2 o|felE AX
7b 45l FYAMN Pejof Adsla] Ty,

2. Plasmid DNAS2| XA

alkaline} 2 2 E wliol| 4] plasmid& 2] A3}
o H719% A7 A2+ Fig. 134 Z2o marker (2
EoRD) o} vlmg) o) 2 ¥at5e] 2717} 10kb2 A
pBinl9% o] A<=l & 2 olvi2} plasmid DNA %
&5 s electroporationo] 283 A14% 4
Uetz Atadco)

123

Fig. 1. Electrophoretic patterns of pBin19 plasmid
vector and the molecular marker (A EoRI).
Lane 1 : pBin19
Lane 2 : pBin19/EwRI
Lane 3 : Marker (REcoRI)

~70~



Marker Gene2] =& Ato)of 2]&t Transgenic Plante] A= 9 A7 §%

3. Electroporation =71 ZE

00 methylene blue-stainned protoplast(%)

60r"°
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Fig.2. Percentages of methylene blue-stained
protoplasts, affected by the applied

voltages of the electroporators.
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Fig.3. Changes of protoplast burst degree and
viability influenced by the applied
voltages.

electroporationell 2% nE4] &M=z oef §A
zte] =9l HAA AFsjoll4 4EMLr} A
Aoz AEHL #AEY £ U+e =4 elec-
troporationg #§31%-& wiolgt WY AM wfti] =
L EEE ZE FAAM AME A £ Uk T
Al 2 AlYoAE olg] xZslelA electroporation
£ #3lz FDA A2z 43N AL & =43
St

da g} AELL voltage?t 3718 48 F4
slglen] burst® =F Frbslg o (Fig. 29 3).
Hwang % (1989) 2] R 3ejAs} o] oj& AH7|EA
A He e gAor AYAM HEFo) F4F
the Ao} gAEgc

electroporation € %% methylene blue dye 4}9)
L 1.77kV/cm, 40psecdul] HEE 70%, dye AYE
58%2 7+3 F9too (Fig. 4) voltagest o F713A
s 9YAANIL A=z dye 4§ £ FAE
Aot

Fig. 4. Protoplasts stained with methylene blue by
electroporation.

A5(1990) 2] A% o ¥4Y¥ANZ FE electro-
porationg€ E% ¥AAY A M Aade Ayl
300V, 200nFeix A +5¢ 24ctz sidevdt =
A B H9)49 Aol Foll A vlayg ++ Y
o} Hwang®} Hwang (1989) 2] electroporation =
A A A 750V/emol A A EF 60%2 A ete
$+bshglc}. Nishiguchi § (1987) o) <ol QYA
of i@t TMVS f=AgolA 200V(0.67kV/cm),
10msce dwi |33 2] 80~90%7F TMVe} 23 3
dslgictE wuetE ®ol @3ten Planckaerteh
Walbot (1989) & maize2] ¥4 of 4] 450V/mof 4
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7h3 el eldictn sl ol& AEAEY Al
29 dy, 27|, zale 424 Fo gz} 3}o)z}
U ez oA

v £ AYolMe F99} vhde of §4 Ko
A ¥ ¥ protoplaste] A 27y WKz Sof
v]<ste] & =04 electroporationg ¢ 4
A7l @i £of cell fusiong +8¥ W Wy Hoz
Azt

A¥Y 1. Agrobacterium  tumefaciens &  ©) 8¢
transfer
1. Agrobacterium tumefaciens ) triparental mating 3
plasmid ¥4
pBin19/DH5a (kanamycin *13}4)) &} helper 2.4
PRK2013/HB101 (kanamycin A 3-4) € Agrobacterium
tumefaciens (streptomycin A 8 4) 9}

ZA 3 kanamycin (50p9/=8) 2}

gene

triparental

mating 4]

1234356789

Fig.5. Agarose gel electrophoretic patterns of
plasmids (ExRI digested) and the marker
(2 EcoR)).

Lane 1 : pBinl9

Lane 2 : pBin19/EwRI

Lane 3 : pRK2013

Lane 4 : pRK2013/EwRI

Lane 5 : Agrobacterium tumefaciens

Lane 6 : Agrobacterium tumefaciens/ EcoRI

Lane 7 : Transconjugated A. tumefaciens

Lane 8: Transconjugated A tumefaciens
/EcoRI

Lane 9 : Marker (AEoRI)

123456789

Fig. 6. Agarose gel electrophoretic patterns of
plasmids (Hind Il digested) and the marker
A ExRI).

Lane 1: pBinl9

Lane 2 : pBinl19/Hind @

Lane 3: pRK2013

Lane 4 : pRK2013/Hind I

Lane 5 : Agrobacterium tumefaciens

Lane 6 : Agrobacterium tumefadens’Hind I

Lane 7 : Transconjugated A tumefacens

Lane 8 : Transconjugated A tumefaciensy’Hind
m

Lane 9 : Marker (A EoRI)

streptomycin (100¢9/mf) ] Egelzloll 4 2 z}e} 7}
A o2 triparental matingo} 2 HUY&E YUY
4 A3

Kanamycin®} streptomycin®} & ¥wl =)o} ufj o} %t
Agrobacterium ©. 2 %-¥] plasmid DNA§ &3z
agarose gel electrophoresis2 H-4 ¢ 3+ Fig.§
2} 61 ebd ule} i,

pBini9€ EoRIo|y Hind M2 Mzlglgul 7o
719 linear form DNAZF ¥ $&]o} vehvbz 9]
2o} @ejA|7]7] He| Agrobacterium 2] plasmidt Eco
Rle] oj#) @& =702 degraduation® o uhs)A
Hind Mell 2j8f4 digestion®l &&o] glglc} =7
v aeR A1) F9) Agrobacterium plasmidoll 4 & 10kb 2]
band”} ¥4s]z EoRI# Hind MAM2lo] ofsfA
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pBin193% £U§ ¢l ol 4 linear form DNA~} 23
® AL # #+ o+ ol & pBinl9 plasmidz} @il
o) s} 4 Agrobacterium tumefociensoll S0l Zhclhe AL F
g3l Zolch. §#, helper plasmid (pPRK2013) +
Agrobacterium plasmid 2. ¢} size7} ¢}7b & Aoz o
gloo] o] Agrobacterium Holl A replication == %
3t 4£gslol4 2l ¥ Agobacterivm plasmidel 4] &
A=A g

2. IHBYE  Agrobacterium 32| HZE %
callus #7I

FEHez wigd el ggzAe
triparental mating® 73 & HFslz 297 PA§
=loll cefotaxime 200ppm, kanamycin 100ppme| &

Qe wizlo] A vl Ao 15YU0] Ad ¥ M E7}
Ldgg & F AUk (Fig. 7). -

a0
T

Fig.7. Callus initiation 15 days after inoculation
of radish mesophyll cell with the
transconjugated Agrobacterium tumefaciens.
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