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Abstract

This study was conducted in order to transform Solanum nigrum L. with
Arabidopsis CYPT8A6 gene presumed as a cytochrome P450 gene and to
Investigate on the responses to environmental damages and diseases, the
resistance to herbicides, the production of useful substances, and the medical
value from transformed plants.

The regeneration conditions of the leaf and shoot segments of Solanum
nigrum L. are similar each other: calli developed well on the MS medium
with NAA 0.5 mg/ ¢, multiful shoots differentiated well on MS medium with
BAP 2.0 mg/ ¢, and roots differentiated well on the MS medium with IBA 0.1
mg/ ¢ from both of the leaf and shoot segments. Using these culture
conditions, therefore, regenerated plantlets were obtained from the shoot and
leaf segments, or calli, and subsequently the regenerated plantlets were
acclimated on vermiculite in pot.

For genetic transformation, leaf segments of Solanum nigrum L. were
co—cultured with Agrobacterium GV3101l including Arabidopsis CYPT78A6
genes and subsequently cultured on MS medium including BAP 2.0 mg/ ¢,
kanamycin 100 mg/#¢ and carbenicillin 100 mg/# to induce multiful shoots.
Shoots i1solated from multiful shoots were acclimated on vermiculite in pot.
From this transformation experiment, 2 types of transformants, "the dwarf
type” and "the tall type®, were observed. Differentiation and initial growth
rate of these transformants slowed down to 2 times as slow as those of the
control plants.

The PCR analysis was executed in order to confirm whether genes are
inserted into Solanum nigrum L. or not. As results, NPTII genes which is a

negative selective marker gene were transferred into all transformants while



Arabidopsis CYPT78A6 genes not into 1 transformant of "the tall type”.
However, morphological characteristics of all transformants of “the tall type”
are similar each other regardless that Arabidopsis CYP78A6 genes were
inserted or not. These results suggest that Arabidopsis CYP78A6 genes were
inserted into and normally expressed in "the dwarf type” and that it did not
normally expressed in 2 transformants of “the tall type” although
successfully inserted.

It needs to confirm whether Arabidopsis CYP78A6 genes are normally
expressed or not through RNA gel blotting and RT-PCR and to study on the

values of these transformants.

Key words: Solanum nigrum L., Arabidopsis CYP78A6 gene, Cytochrome

P450, Regeneration, Genetic transformation.
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Cytochrome P450 (P450)2 =& A5 AE, &, &%, &%, At EA13)
= trls &4Aeltt (Pyon, 2000). Cytochrome P4502 A XA, w]|EZ =g o},
dEAY FYSA)ES 233 A XY EF (microsome)ol A B = don oF 5

S

S 7zt 9t} (Diehl et al., 1995). Cytochrome P450<- cytochrom

o

e P450 monoxygenase ®AA (EC 1.14.14.1)E A8, 6071 o]4rel wk&
Zw)] gt} (Wislocki et al., 1980). Cytochrome P4500¢] ¢]3] &7 %= ¥F3-& 1
it Abskabgol ™ (Fig. 1) ¢wh4 whg-2e g3 2o

R-H + O, + NADPH + H" — ROH + H.O + NADP’

ag A=A Cytochrome P4502- ol S9l wlfy, &&8d F2E9 X4H
o, 3=, A 2 A A AE Pt (Ohkawa et al., 1996). Cytochrome
P450=2 A7 A oiye 957 d, = FAA, Fof VIE 7U|sdw e
HAFE S8k, vhgsk o FEde] G843 B dAsttAlelA T Re s
3t} (Porter et al, 1991). Cytochrome P450& Ay oA slal 8 2l &
oA A gEo] wg wom A EoA cytochrome P4509] BAELS LTS
e 7] wfjZell cytochrome P450-S +&l3te] 21 EAES A3k oy zol &
kt} (Donaldson and Luster, 1991). 281} cytochrome P450- o7 2219 <
gto] B4 & AAT FRHETE StEd, ool #AdE RS #F, A, W
FEAQ AxA, AxA sl5A, 5<%, ol&&, phenobarbital 5-& o=
Atk (Pyon and Balke, 1997). webx] 21 &9 P450e] #3gk A5+ 2=9

e, AzA ARY R FE=de Aalel #d yEhe siHska,

nj
=
©,
<
e
i
)
do
rN

.]
ofgty = AE= o] FoxaL Ut (Doo, 2007).

A 2AAY 2AFoRA AE AR %S

1y



R— CH; === R — CH, — OH
(a)

=) 5 = O
(b)

RI—NH—Rz —) Rl—N—RZ
©
OH ﬁ’
R—NH — CH; st [R — pH — CHb S Offf et R — NH, + H—C —H
(D) o

R—O—CH; el — CH; — OH| iy REFOIF™: H— C —H
(E)

Figure 1. Oxidization of substrates by Cytochrome P450
(a) oxidation of saturated hydrocarbon (b) Hydroxylation of aromatic compounds

(¢) N-hydroxylation (d) N-dealkylation (e) O-dealkylation

7Hbg(Solanum nigrum L) 7FA| 3ol £33k 1A 2R o= 05 T 2
2Ed Aol @ gyutE dx AR 9] opitolu} Sell %35kl o, ofd ¢
S UEZ o)gHa dule Ao R s 9o wulo] glo] 8o
Ha vk XAAE-e BElE Ewd AS Sar(EESHHAL S, HE, i, £9,
2 &l da, &F
o] &ttt (Bae, 2000). dEolA= 7twize] mAds FAA AR U=
solasonine, solamargine, diosgenin, solasodine Z-& Z2H Zo|=A wigA = oA
7)1 % ATt (Saijo et al., 1982). X8t 7pwbgs ¥ &3 7l AEo] 4
G Ay} opn) 4t Ag-g x3beleE vdlg, 2 <l vEY A9 C, AW A

fa, AT E A EdE BEG dEod, ofrite] FHE Fou, dv:

p

oA AAa FAERE AP AMEHo =Y FadAE 2del 7]
o] Yolgltt (Henderson, 1974). o] 9|ol|% 7hwlg2 F& ‘spinach’
Z SY, AFgAPozA agla WUteaHoeg® FadHA ARG dA

A, EwpE g, a5 2 UE A AR5 d AAAer F dyA gl

X5}
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o
bk
N
Jt
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EdnAE Fo AAMElA AEAXE FAAZA & T Agrobacterium
o o= Qi AMEZR FEE 2t AEAE e & A HAd o]y I

ol g3k7] ko] AuE A1Ee) sRA, o

o
s
=
il
Mo
o,
L,
o
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e
ol
s
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)
o
=
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O
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Agrobacterium rhizogenesE ©|-&sto] RIS frecte FAAg WS 8
Ao (Ko et al, 1991), E% W F& A3
T2 JA EA #3 A7t vt (Kim et al, 2008). T3+ organomercurial
lvase FAAE =9d EASE FAAS ke s ddsids 57 T3
At (Choi et al, 2008). 2L 7FA#AEQ] EviEs 2 A7AMZE o B8k
o, AEA Ay AR EvtE 2 EA9 &Fo #e JdF9 (Rhim, 1993)
g ol FAA 27 Ade 918 violaE EviE @AHdSo] R HT| R )
Gl (Kim et al, 2003), J2d3td Ewvle A A9 superoxide dismutase<}
peroxidase €4-& AF371%E A Y (Yoo et al., 1998).

wetA], 2 dArs b Ak 27] Ame ASe AEE 218 o] 83k
cytochrome P450 A&t F=5 = Arabidopsis CYP78A6 A= 2
ghabal, ALk JAASA Y oA sk 2 A Ee] kgl B, AlxA

(ld
L
=
)
of)

1o
ol
i
e
righ
yE,

A B FgEde Aikel B3 A9 V| xAEE Awstaa A



e

Ao AFRR 7S (Solanum nigrum L)S AFE A oA 213 5
A3 AmzRE E2AE FYea d2Az7 F A2 wAst A3 ALg
stk FA4E SAAA 2~-39EES B FRTAA 1GR3 &
70% ethanol® 157F 28 ¥ 1% sodium hypochlorite &2 2 1587+ = &3}
of Atetdew, EuE 33 At Asd FAE 0.8% agarg g
MS{(Murashige and Skoog, 1962) ®|#|ol] }<Edle] F-+ WolAATE. o]o]A
16hr light / 8hr darke] 9% =7s8felr =% 28+1TC, #% 1,500 luxelo 45

B FaEeFa o 45 9k A ofd AAE Al ARgskt (Fig. 2).

Figure 2. Four week-old seedlings of Solanum nigrum L. grown in vitro
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47 e fFAEAY] E7)9 48 HIAANRE AREste] 7)RE skl
" A= NAA9H BAPY @3S XAMSETE 7dvtse] £7]= 05~1.0 cm A =9
A7=2, 4& 05 x 05 ecm?] A7|Z Adse] NAA (0, 0.1, 0.5, 1.0, 5.0 mg/£)
e BAP (0, 0.1, 0.5, 1.0, 5.0 mg/ £)7} @& & Z3Fx 2] ¥ MS wjxe] 747} X
A3t Yt el 2= 16hr light / Shr dark®] €3 ZAdlol - &% 28+1C, %
% 1,500 luxellA] 453k vl kel ol om, 39k =g 3}ol T

i

NEFEE A8 2719 & 2HE 1.0~60 ng/ 22 BAPZF H7hd MS #iX]
of 244 393 16hr light / 8hr darke] 97 ZAF A 2% 28+1C, F%
1,500 luxellA] 453t wiste] HHRES fRstadth Pefng 9 344€

HEGFEE 3~4dem AR Y3 ZolE Add 5 NAA (0, 0.05 0.1, 0.5, 1.0,
2.0, 5.0 mg/ ¢) TE= IBA (0, 0.05, 0.1, 0.5, 1.0, 2.0, 5.0 mg/ ¢) 7} @5 d MS
2ol Atk g ar i ArEl 2 16hr light / 8hr dark®] 94 %7 kel A
2 28+1TC, FE 1500 luxolA 453 wjFats]on 3WkE F=aargivy g

47 Fol 2 AYTEE AT 4L, e & 2 Relo) o] ¢ F4sy

o
7hvkg e Z719 4 HAHE 05 ng/ 4 NAAZE H7kg MS x| ol xAFato] t}
ol HAE A= 20 me/¢ BAPZF H7kd
MS #jA] e 4] 857t w<ksle] vhro] AxE frEs] ddeod, ffEd Mxe v
A 01 mg/ ¢ IBAZF A7tE MS ®jx|ol|A] oF 4%7F wj<kale] s 8 wat9]o

o 3 wgstel fAHYS BASATH

_1
:10
=
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FrEZ e =2 WX E AXEA oWl - e FEVF Eolde XE

7hvkg ] @AA S oA FHAAJAE AEE7] 98 kanamycin® A F
55 Hsl7] f15ke] MS vA] 9 kanamycing 0, 50, 100, 200, 300 mg/ ¢ & &
=2 Agste] Ao el o RS 473 st 2 A SelA o

AR ANAEE BEST 3 IS Fo AL R d F FAQA D
¥

3.2. Vector ¢} Agrobacterium strain

F717d e CYPT8A6 FAAE A=AolA HEHE Fdh= CaMV
35S promoter9} kanamycin AR FHAAE 7FA AL QlomA A LA AN
S ¢33k vFA<Ql neomycin phosphotransferase (NPTID) 4 A2} st7 pCAMBI
A1300 ®Eetell subcloning 3} 3L, Agrobacterium tumefaciens GV3101e] =%
sto] 2 A gke] o] &3}t

Agrobacterium®] 1% 20 ug/ml gentamycin¥ 50 pg/ml spectinomycin®]
A 7F9 Luria-Broth (1% bacto yeast extract, 1% NaCl, 0.5% trypton) <4} %]
of &g $, 293k 28C FxAelA 200 rpmo 2w gt ATt wi%H A tumef
acienst© 10,000 rpme.2 1077 A EE & JA=EES A7 ¢l 44 LB
Al 2 A Hste] Axp AaRestar Jd=s A LBHARZ HEAA 2 EA

Eol ALgtact

3.3. Agrobacterium W7o 3+ & A d3k

Agrobacterium @ErHo] FolglE= FHo| 7hvls ¢ AAE F A sk 107F



Jake] 28C & 7oA 2¢ T FEvlF st Fe ket Sof Wi 2
o] 100 mg/ ¢ carbenicillin 20 WE #7
. tumefaciensS 73to] A A & Hird of3}XH

A
Soll it A 307 A Al A skt

34. FAAgA Y A B AR 3}

Agrobacteriums A ASL o4& E7|E AAS H 100 mg/ ¢ kanamycind}
100 mg/ ¢ carbenicillino] A 2]¥l BAP v =|o] X3ttt A4 & F7]4 2
2 AR & wAle] FAaL, 8~10F7F A dete] FEIF AlEy] Alzrskal 4
o7} ¢F 3em AX € ul By FE HAE &7 HEE AT Yo § AER

AAA LB o 4ate] 3 AA T
1. 3AARA) 3

545427 A=A genome WE AAEHA=AS F55 &2lst7] 95t
NPT A9 AtCYP78A6 4 A= PCR (Polymerase chain reaction)2 ©]

§3te] FEsHevh

4.1. DNA ##¥

Genomic DNA®Q] ##]+= Wizard Genomic DNA Purification Kit (Promega)Z
ol-gstautt JAAgE 7wtz A & AFHSE] =HARARPEO A AA A A
& 7hete] EEE fFA viAskdh visE 228 Eppendorf tubeol © 3l nucle
ic lysis solutiong 600 wWE A7Fsle] 1~3%7F voltex3F vl 65Ce A 1587
A A 8Fa RNase solution 3 plE H7psk & 37CoA] 1553 AXA3Fa A oA

58-7F 213 F21 v} Protein precipitation solution 200 wZ H7}sk & 20%7F v

e
=

exE AlA 13,000 rpmo. 2 3%7F YA F AL AT Aol isopropanol 600
& A7FsEe] invertingdt &, thA] 13,000 rpmeE 1E-7F A4EEE Fv

AR B 70% oNetg 600 pb& A7Hete] Mojdl ¥ 13000 rpmo2 187 944



ydration solution 100 & FH7Fste] HAEES =2 = 65TAA 1A A A3

F4C WA 85 nuste] 1§y

kd

42. PCRE ©|&3% DNA 5%

PCR #42 05 uf Eppendorf tubeo] dNTP 1.6 u, Taq polymerase 0.2 ul,
10x buffer 2 ¢, primer 10pM, DNA 10 ngS 23l H#FE o] £3}o] FHF vol
umes 20 W2 WHF F 42 5 spin down AT PCR AL 95T A
5%-7F pre-denaturationdt ¥, 94Col A 30%3%t denaturationd}al 55T A 30%
7} annealing3 &, 72T A] 287t extensiong 3} 3L, o] #A-S 353 WHis}
3l 72T A 787 post extensiondte] PCRo|] #4 tubei= 4TCol A H A3}
NPT-II forwad primeri= 5'-GAGGCTATTCGGCTATGACTG-3'-S, reverse pr
imeri= 5'-ATCGGGAGCGGCGATACCGTA-3"& AF&3% o™, AtCYP78A6 fo
rwad primere 5 -ATGAATCTGACTTGGCTTCCTTCC-3'-2, reverse primer

= 5/-CACTCTCCTCTCAGACTCACAAGTT-3"& AF&3}

4.3. Agarose gel 47]19%

0.5x TBE bufferE A Z3te] d7]9s v 3o Yal 1%9] agarose gels % %]
t}. PCR #}A<4 A% DNA 10409 10x loading dyeZ ©313}e] agarose gel®
welldll loading 3Fth A= Q1S 918 1kbe] molecular markerE 3$H%
welldl loading 3ttt 719958 50V AFdtel A 05~1417F ot F33t
o, Ar|9gdEe] FUW geld ethidium bromide (EtBrje] o] €9 10

¥ 99 DNAE dAsial TR 2 1083 Ao UV lamp2 H=g 32189

nt
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1.1. 7] #E-3}o] v A= NAASF BAPS] &3t

WA 2SAGE AE FAE MS AN 450 ol de fAEE

FH £71% 056~1lcm A2 A2 & 217520 NAAS AJE7|dF2] BAP7L
w5 gl B3t Aed MS HjA| oA H) &St T
L AR, Ay BAPYE B AEE 2o E AR &%, NAA H

7hel meh I Ao Hol NAAC o3 9FS e Zo= Hojxrt (Fig.
3). 53] 05 mg/ £ NAAZE H7b8 MS wjz|ol A 24 A7) 41 E e
e a7F AT vE 2 E i Aage] RV HIAeH, »

o AAHozE FUAL HAW BAP/H EF9 Aol

BioA
4z >\'
>

T,

==
FEHoZ =4

iy

el 3 BAP @A g ol s S8 YA 83l NAA @532 792 BAP &
3 A Tl A e = EX| R B3V dojy= Ao ® Hol NAAo| AES
2 BoAu 0~50 mg/¢ NAAZF A7FE MS HlX| oA FEAo =z

A RS AFY F7F ATk
Z2¥o] HUIE A o trTolAE wAstH] ki NAAS
iAol A BTt BAP @& A TolA o @A dojwe
W, BAP 0.1 mg// 9] 92 F=AAFH 50 mg/ ¢ AsZAA7A fFREE
e FHA 271e 37| f8te] BAPE A
23t oA Frl2 AES =33 A3 20 meg/ ¢ BAPZF HEld ZA 9
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NAA (mg/f)

0 0.1 0.5 1.0 5.0

0.1

AP | |
(mg/f) | 0.5 frﬁ

g%
Figure 3. The culture of stem segments of Solan grum L. for 4 weeks on the

MS media with combination of NAA (0, 0
1.0, 5.0 mg/ L ).

1,05, 1.0, 50 mg/L ) and BAP (0, 0.1, 0.5,
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Fig 3.014 78 o] &8 7ARs 2718 AsgAw 2e ZFolg} duet
=7)9F o HAH B3 Are xol7) e F Joerw v &4 AL
5

e s sistel ek fAEAL 4 HAS 0.

H

o As, AAA] B3 RS Fig. 39 Aol fA e Auaer Helo &
T NAAC d3& e Zles vewtew A xfk= BAPO od d3F&
W= Ao ® Uehytl (Fig. 4). Ae A% 05 mg/¢ NAAZE H7bd vlAol A
Wyol AR Y] $3- HEHE FAHAG. v Aol A A fFEH
T 9 dHEy 77 580 ¥ oy, e 4] AdHE AYaAE
Te xdA E71E ol &3t FAE Agxntt @ity S4E F o Bol

A4S BT BYs vEVIAE NAA 0~10 me/ 29 FXolA FE3
AEgS W= AoRE woow 53] 01 mg/¢ NAAZE H7FE viA oA 2317}
gdubshA Vet Axe E719 wi7kA 2 01 meg/4 BAPZE H7bE A

LS BAPE A glg s oA FrtE HFS F3d
720 mg/ ¢ BAP7} H7bE Az o)A Alx E3h&0] 7HE A dERETH

olg]dt Az Mol =7]9} o AAL o] &3S Wl &

2ol 7k Y[R N, dAdo 2 Ay xe ANEFEE A2 05 my/f NAASH 20
mg/ ¢ BAP7} H7be wjA oA 7F HAQ Aoz el o]& e 7pA| e &
3 EviECAE e R SRy Al E7|WFe] wEAeda s A
2 5717 7bssttbeE Baer fAERE e (Lim, 1994), ®=3F cytokinin Al & <]
TDZY %7} %3 auxin A%< NAAS F%7} wroldo] we) shooto] ¥-3)
v FEgE Afdn
(Yu, 1993). eJ]Ao 2 Mol K AFgrE SalfFolrEs NAA, AETIFNA =
BAPE 3o} 25719 o2 7|EAQ RAEE #AAANL, A+
A OE S28E o8ty E&AQ VR 218 FYseE AT R FUt

Hom Fao] Hojof & Aow wal,
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NAA (mg/?)

0 0.1 0.5 1.0 50

BAP
(mg/t)
Figure 4. The culture of leaf Segmjfsl_;)f J;C'ar',zm L. for 4 weeks on the
MS media with combination of NAA (0, 0.1, 0.5, 1.0, & /1) and BAP (0, 0.1, 0.5,
15
1.0, 5.0 mg/ ). :
_ 12 _
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of wlelgolAy Aol il FE7F bR or vEeuy daEn 7
A} o] ohowitol kel A Alxfrmel Hddd o dHEE o] &3ko] 2.0 me/

o] T3k dolo} eje] JMARE
ol &3l FUIAE S FAFAT FALE AdE e AIEL IBA (0~50 mg/#)9}
NAA (0~50 mg/2)E @502 Xg MS "X 4&5-& 3o g 23 AR

= uo}s Ayt (Fig. 5, Table 1).

I A3 A 0.05~0.1 mg/ ¢ NAAZF H7tE wjxe e v g 9
o] A} FrFo] BHEle] 4= Table 1014 H o] IBAS Ze ¥
Aelgh 2ol vs) EA dEbbth 28y =2 dEr obd ge FEE VHA
AL A7) wiitel AlEe] AAe] AgtstA Fe Ao® Hvh 1elil 05 me/
ol 4-e] NAAZF H7Fg A FolAE Fig. 33 4014 #Za Axg gz 4y
A @ fuAe] Ay FHE o]Fo] ok HdFdAlet L AAE HFT
F7F A

T IBAZF #H7EE WA elA = 005 meg/ ¢ IBAZF #7be X2 FelA5H 2.0
mg/ ¢ IBAZF Hejd aske] oA % Hert dadgiv 0.05~0.1 mg/ ¢ IBA
7 AP 2P A = NAAS H7EeE v Ao A5 thape] e dashA] =
B AIRE Table 104 Hzo] 2~370¢ F&o] Lestar ZAfeglef wdo| it
A EstEo] oA Hee B P E JERSITE 123 Table 104 K

A 05~1.0 mg/ ¢ IBAZ} Mzl z7A0A7F el = 7bd A% 0.05~0.1
mg/ ¢ IBA7Z} Ag xdelAeo] #ele vla] Aozt g FHE vEtdth &

5] 0.1 mg/¢ IBAZ} 7kl vl A7} 7bd k23 o) few 7 gt
| JElE 2AE #EE S A

12]3 NAASH IBA SN Fe] TR NAAS w3 IBAZF A7hd
wj Al el Al o] whEE oL o wpE A debgon, fRE e AEAVE A
o o A ez Ydits Ao ey 7ivtge] HEfEE IBA SEEd
S o] &3k o] o & &8-S YEHTh 3 Table 1614 2&EA 9] ZAol=
NAAE Agd 21w IBAE A3 oA o =4 vewten 53 o
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Figure 5. Root formation from adventitious shoot cultured for 4 weeks

on MS medium with IBA (0 mg/{ ~5.0 mg/2) or NAA (0 mg/ £ ~5.0 mg/ L ).
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Table 1. Growth of roots from adventitioous shoot on MS medium with IBA (0~5.0
mg /£ ) and NAA (0~5.0mg /£ ) after 4 weeks of culture.

Hormonedmg/mi) Rooting rated?) Mo, of root/plantlet Root lenght{mm) Plant length {mm)
Control 0 83 11 40+18 Bd+10
0,05 100 322 3:8 324
0.1 100 412 1813 47
0.5 0 0 0 36210
M,
1 0 0 0 29+3
i 0 0 0 275
5 0 0 0 264
0,05 &7 121 20416 G5+h
0.1 100 Ja2 29+6 1011
0.5 100 3 12«2 5616
[BA
1 100 63 4+ 4518
2 33 J=4 11 2118
g 1] 0 0 1817
- 16 -
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At} (Lee et al, 2003). o]l wa} 7wtz F2AEA S £7]¢ o AHE 05 mg/
¢ NAAZF AH7bFE wi x| oA wjeFsto] fulxe] Ay A28 Aot (Fig. 6B, Fig
7B). 183 FEY AHAE 20 mg/¢ BAPZF H7bE wiA o)A wjeksle] A%
= A3tk (Fig. 6D, Fig. 7D). o] w A#~9 Fx= Fig. 33 494 B upet
Zol A3 =7] B%E 05 mg/l NAA7F @71 wlx|o|A] Aexa §E7F doji}
A fE £EF F7)7F ¥op g3 oldn. 1ela Q3 F7] oA

2.0 mg/ ¢ BAP7} H7be wjxelA wjekste] AxE FT de F949
Aoyl GA3 ZAwse] Zdow WS ui= A @ Aoz v (Fig.
6C, Fig. 7C). o]+ =719 ¢ AHE o] &3t 2.0 mg/¢ BAP7l H7ld AT

(a1

ofs] Al A&7t wol Q¥ FV]E o] &3] AFY AxE FEI A uls
of 28]9] AJzke] ©] A7t o

A AE] AR

6D, Fig. 7D). =L 23 AY2E AAH @il A3 AxE F523 459
THAR R A% A 2o Ay a7t PAEHHEA

F EFROEAH Azt vt @ A vustAs o Ao ARE
T3E AL 2 A0 E B fRd AxE 2ddY 01 mg/¢ IBA 7F H7b
g MSHj Ao A g 3al 4F AR g ste] HEe] wdo] EhhE] ol
U (Fig. 6E, Fig. 7E) 7IWelA Aol AP ETF Eol9lE LEA w37
A AA AEsE NAE AL F7F AAT (ol HuAA).



Figure 6. Plant regeneration from callus induced from stem segments of Solanum
nigrum L. A, Callus induced on MS medium with 0.5 mg/{ NAA; B-D, Multiful
shoots formed on MS medium with 2.0 mg/2 BAP; E, Root formed on MS medium
with 0.1 mg/2 IBA.
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Figure 7. Plant regeneration from callus induced from leaf segments of Solanum

nigrum L. A, Callus induced on MS medium with 0.5 mg/{ NAA; B-D, Multiful
shoots formed on MS medium with 2.0 mg/£ BAP; E, Root formed on MS medium
with 0.1 mg/ £ IBA.
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o~

3. 3AHAE F
7o) dAHAASEE cytochrome P450 A AEF3 2% 3= Arabidopsis CY
P78A6 A7) A 4A Agrobacterium-s & AR HE3d] P}, Fig.
A B 4 ko] BYA e 277 9 HAHEY ¢ a&4oey &7

& Agrobacterium®.Z HEE 39S W A= Q& Aol Brbedar ()

O

ol wAA]), T3 AHAE AXHA AZRE FEY o= A|7Fo] Zo] ARV}
AT vl o A AY MExE FEEE WS 45
871 Ha Az AR VP BEH0ISlY] witel dAASS A3 W=
o HHE o] &3k
31 FAA A4 & 8

A. tumefaciens GV3101el] S5 o 9li= vectoreli= kanamycin A 34 4
A7 AdEol 7] wEol A tumefaciens GV3101S HES 3 T FAA])
A7EA Aol A wigetds W AZAEES dEble] Adste] Ada
A vectorel = A ols FAHSe] @A AR UFE FUF Uk
(Son et al., 2005). =L Agrobacterium 7 F] %A kanamycing 2t7z} 0, 50,
100, 200, 300 mg/ ¢ o2 FH7Fsk MSH Ao 1 A& wj&stArt (Fig. 8).

FAAE A7l @& dxTFolA= @ Aol HAtstA| @i o AW
el F-Eoz ofte] AYase] JAHE AE #AF T U AT (Fig.
8A). ¥} kanamycing A 23S W= 50 mg/ v & FEolAFH o EH
o] Mol AR 7] AlFta FEAo R ds] ¢ Wgen (Fig. 8B), 100
mg/ ¢ 9 FEolA= 50 mg/ 4 At v]=EkAl o] A SHEA aLAbelH g
= A7 2A 7Y (Fig. 8C). Egk 100 mg/ 2 9] o349l smdAe A9
© o AfolA AATE dojubal, wETF Fold s A AlEHA YEwut
(Fig. 8C-E). wetA FAd2A 43S 93 kanamycin®] A4 F%+ 100 mg/
¢ ow dHETE ole 22 AEQl EwtEe FA AR 100 me/ s
kanamycing 24 HE& o] &350l (Cho, 2003), iLF% 100 mg/ ¢ S o]&3F

Aoz YelY (Yang, 1997), 7[R 3} 2] &0 3l 2 &EE5L kanamycin 100

=
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Figure 8. Response of leaf segments of Solanum nigrum L. after 4 weeks exposed to

kanamycin supplemented in MS medium. A, 0 mg/f kanamycin, B, 50 mg//
kanamycin;, C, 100 mg/f kanamycin; D, 200 mg/{ kanamycin; E, 300 mg/?

kanamycin.
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3.2. Az AE3F
A. tumefaciens®t 3 FYF & AFEAE AF 4 AHE 2.0 mg// BAP, 100
mg/ ¢ kanamycin®t 100 mg/ ¢ carbenicillin®] H7Fg MS Aubajx] o] A wj ksl 9]

v} (Fig. 9).

Agrobacteriums @ 3tx @& R AE vk 1 Y AR TRE 9
A 7pgAtele] 22 =4 Ae vt BAEEA A x7F ] Fig. 9BSE 2
o] 4F Ak Foe EE & HHANA ANx7}F FrRHATH

v ol Arabidopsis CYPT8A6 f2d A7F AF st Agrobacterium A& o] &

(Fig. 9B"). 1831 A xFxef of 8F A7l Ay o, thx+2 10
B3-S HAXY Agrobacteriums FE315S wolE THo o] A7)

A sl Aol elefxHA A A =H], o= FABA A AL NPT

)

geneo] Aol A ol 100 mg/ ¢ kanamycino] H7pg Ao A A 744
S UERA 3 #ALg Ao WYl 3t ojd A ZAld AW nuPAAS
Az ER7F FQdv Z2gal A ew Azt R8s 4= NPTID genedl
MNHom <lE FAAE HrE AguiAel A FAA WAEES Hole AR H
ARTE 12y o] BFol® oo "HH M2 ASfAEA o] sgAE e A
2 Y2 dojert dAHSI 2eal dAdd dojgs dxael vl 8 &
weta =) 2 AYAs 237 9t Agrobacterium tumefaciens?t &
33l )+ tumor inducing plasmid (Ti Plasmid) w9 2] & A%+ crown
gallel = Ti plasmid”7} <#j8l¢] o] Ti plasmid 57} A EA X2 3 genome?l
AEol ARSI dojuy=d (Joo, 1987), ¥ HF AR Ay AT}
= HHe dojglE #F3U A AoE AlRd
| 3ol A

Ay

rO"

Ti-plasmid®] 93-S Wol oot
of aela Ay g

B sA4om Pgs] daglon of 8
oo Azzh fE7F H A0 (Fig. 9C).

i
o
2
FH
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Figure 9. Genetic transformation of Solanum nigrum L. with Arabidopsis CYP78A6

gene. A-C, Shoot development from leaf segments on MS medium including 2.0 mg//
BAP without kanamycin and carbenicillin;, A’-C’, Shoot development from co-cultured
leaf segments on MS medium including 2.0 mg/¢ BAP with 100 mg/{ kanamycin and
100 mg/ 2 carbenicillin,
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33 ¢ ¥ 3
Fig. 9C'ol A H= nle}l Zo] §5H A2E

it
gt

o] 0.1 mg/ ¢ IBA, 100 mg/
¢ kanamycin¥® 100 mg/ ¢ carbenicillin®] F7}e 2t FEujx|o] o]2]& 3
th 2ev ZEd A Zzol A A E R RS Agrobacteriumel] 98 @.gdo] Al
of thA] AujA|el wigS SEAAIR A=A &
Kl

2% JARe] 2 7F vER Eu ks

S 23S S HFANE A Age dazel v Hus b
ehath B w8t F oF 190] AAshaA A9F AAES Bgol P vt
997 b £43e dEIe (Fig 10 o 3 @gele A g7
olb “lckel " FAARAAN Wa) Ao} @okow AEEE
R vastae d g = debAw A8 598 9
3 27 4HE uelth awel Yl dTe “dgelRrel v 4L e W

o2,
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Figure 10. Morphological characteristics of Solanum nigrum L. transformed with
Arabidopsis CYP78A6 gene. A, Plants regenerated from leaf segment without

transformation procedures; B-E, Plants transformed with Arabidopsis CYP78A6 gene.

Figure 11. Leaf forms of Solanum migrum L. transformed with Arabidopsis CYP78A6

gene. (A~E: Adaxial surface , A’~E’:Abaxial surface of the leaf). A-A’, Leaf of
control plants; B-B’, Leaf of transformed plants with dwarf-type; C-E~C'-E’, Leaf

of transformed plants with tall-type.
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3} 0]

=

4. FAAZA 9

o

Fig. 994 Hi= npe} o] A7 H7bd &3 Adefzx] (MS, surose
3%, 100 mg/ ¢ kanamycin, 100 mg/ ¢ carbenicillin, 2.0 mg/ ¢ BAP )oll 4 A3
o® Az fFEHE NMAle 7 =Yd @A R s & 5 9
v 2y A AEACA HS Jhestar bR AL o HRAdAe] TR e
A Foll A Fod olfrolA Rt TdE £ B JAHS HHE o] &t n
b FdAAGAE Aol =Y farAAke] &E FEe] Aolvl ZA vErY

2

2ol (Jung et al., 2007) +r
R

ri

0%
>

00bpe] aAA AdA A NPTHFAAE “dAe]&d” 17449 “7)vhe]d”
AANA BT A M= e, AdAoZ Add AS
g. 12A). 8y 5453491 627hpe] R71 4 h F#e] CYP78A6 A= "t
Aol@” 17MAIeE Tk ®d” 270 A ARt gleo] ATk (Fig. 12B). o]l we}
Fig. 10BS! “dAo]g7e] w3 S Kol FAdS A= 271X 9 FdA71 A
dHer Abdlol Hlew - dojwt7] wji-ol Arabidopsis
CYP78A6 gene®| S/l wel 43t H= 4% ekl Aoz welv 19
Lt} Fig. 10C-D9] “71v3g]€7e] 2 7§Al= NPTH gened} CYP78A6 gene©| A<
2 S QAW CYPT8A6 geneol 4}z =% 92 Fig. 10E9] “7vhe]d” 74|

o

By B

T
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Figure 12. PCR analysis of NPTII gene (A) and Arabidopsis CYP78A6 gene (B) from
transformed plants. M, molecular marker, 1kb ladder; A, Non-trasnformant (control);

B, "the dwarf type” of trasnformants; C-E, "the tall type” of transformants.
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7bA 2 g Aol Wl tidk wks AlxA AT 2L F8EZHY A Sl #
3 A9 VEARE AF3RA Y3
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2.0 mg/ ¢ BAP, &2 0.1 mg/ ¢ IBA7Z} H7FE MS #]A| e A7} & o]
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