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Production of transgenic gerbera breeding lines by
genetic transtormation of morphology changing genes
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SUMMARY

Gerbera(Gerbera hybrida) is a valuable ornamental species grown as a
potted plant and cut flowers. However genetic variability within the gerbera
genus is very limited, so it is absolutely needed to introduce and widen
genetic resources into breeding program.

In this study, 18 Korean gerbera lines were chosen as materials and 12
Kcorean gerbera lines were tested to establish Agrobacterium -mediated
genetic transformation procedure.

In order to select of Korean gerbera lines which are amenable to
Agrobacterium—1noculation, 12 Korean gerbera lines have been screened and 7
lines showed positive Agrobacterium—inoculation. Thiol-compounds addition in
multiplication medium has been ineffective and washing reagent for removal
of Agrobacterium had been chosen with cefotaxime. More callus were
produced from BA Zppm, Zeatin Z2ppm, [AA 0Zppm in pre-culture and
regeneration medium but there were no difference in the number of GUS
expression. So, in order to achieve highly efficient Agro—inoculation, petiole
and leaf explants have been treated with four different pre—culture periods,
two different co-culture periods and two different Agrobacterium
tumerfaciens. As a result, high GUS expression have been showed from
petiole and leaf explants treated no pre-culture period, with LBA4404

Agrobacterium tumerfaciens, b day co—culture period and dipping treatment.



CONTENTS

Chapter 1. Summary of research oo s
Research of objective
Research rationale and area
Research rationale

Research area

Chapter 2 Curren‘t Stams Of research 2 1o DR S LR PR LR PR TATRL
Gerbera breeding status

Research status on morphology gene

Chapter 3. RESUILS  wrereeerresmremreresme s e raaaaares
Effect of hormone condition on plant generation
Effect of hormone concentration for callus induction in regeneration media
Effect of 3 different hormone concentrations for callus induction
Effect of dipping treatment on genetic transformation
Effect of 3 different periods of co-cultivation on genetic transformation
Effect of 3 different dipping conditions on genetic transformation
Effect of 2 different Agrobacteria strains on genetic transformation
Eifect of thiol-compound treatment on genetic transformation
Effect of thiol-compound treatment on plant growth and callus induction
Production of gerbera transgenic plant

Construction of plant expression vectors

Chapter 4_ AChjevementS al’ld Conmbutlons Of results ................................................

Chapter 5 Apphcation Of I‘ESUJtS ...................................................................................

Chapter 6. SCientifiC in_fomation frOm forei gn research ..............................................

Chapter 7. Ref erenc eS ............ e



418 A 5

A 2 T FULY Z]ETNEE BBE corerereerrerereesses et

A 1A A 2 7=

A2 A HeEpHo| A AFES
A 3 A ATAT 228) UL T AT et

A 1A S2o] ARF ) njx= gk

A2 A AAZ BA| A S2EE FE7) callusEY X+ FEk

A 3 A AES A A Al 7R HE $28 FE7) callus RO PR G

Al 43 AT 59 QoA dippingx 2l &3

A5 A A 7ER] o2 Il 717 glel mE GUSHE v

A6 A A 7FA T2 dippings=el w2 GUSHHE "l

A7 A F 7FA 2 Agrobacterium tumerfacience?t &A%

g PR J3k

A8 A Fuld WA EsigHE Azl7F FAA S v A= FF

A9 A Al 7HA tE 3 H7k 1mE 4E AE R callus¥A Wl

A 10 A S AR T FAH3A] QA

A 11 A Al 243 &9 A ZEEE A2
A4 A BETGAAE A FEHBEob 9] 7] T s
A5 A ATMIATIGY FLA B corrrerrerrrmmmrememienssmsermise st
| 6 A AFAL AN AT AT e
A T A ZGIEET] e



H 1 & A7Iierniae] 7hR

At 1) W71 E3 HERY 737

Kol
=

A

A o T
=

AL
ar

L
==

A7 9

e
ey
prg)
T
oo
o W
op J}
CUNN)
N &P
" AR
T
o) %
op B
1210
5
™ o
~
- of”
r— Q
= _
i
(YR
=
=z
A
_M.. |
o X
N OB
~ K
W_ B
o oo
T o

A
T

=]
RLN

Al

DEA=

=
| -

Aol 2004102 o igEo] o] w

SREE

<

o 7iHzhe FFTH

< 85,2633 &, 19

&

,::1_

o, A

O
A
I AN 162908 FAEH FANA =

]
A

o 2002 @A M= 214°57F 78haA vl = a2

]

O

P

Alol, <

==
T

O

olgho]l Al AujHAL 2001 d % 256haZ 57}

2 E57F =(sheh)

o Auete] = iAol o



71 A

oF
=1

_
3

b gle] SN A

o

2K

o = el At

AUl VR E

ol O
0w

o}

o
k=3

s oo 7R o

Q2
=



e

A

-t

(2004)

T

$3 9 FAADA A L S 24}

=71 g} ve] ARNNEA AR s

RIS THEE 58, LFY, FT

(Flowering locus T)#w & A &1
- AulAY NEAD AR FAx G A

AMIAG 72 BHEHE = Aoz dHZ oA
A2} SHI (short internodes), GAI (gibberellic

acid insensitive), &x

- YANFRINE 3 Frd $942 A

Arler A $% SENE A2 (pBII2]




- Az} AEAs A 2 FAY AS: AAA A
24 24 oA A ' #e
- A i AF S AS FAASAHE FRE
st At F, 7] WHEF F4

- FRARA 24 &3 2 A A FEASA

Q
84 A} 2 B 2A

e T =
FAATNA AE SA D EX A} ZE224L
_‘|

1

A
24 3 2 Y4

O

-
g 54 AP R £33V wAAE Ad

of 714 ] o} wo] AZFAZIZAE FAR L
AW|dd N AG A= AR 3R A&
&3 LFY, FT (Flowering locus T)54dx} &1
2 ANT(AINTEGUMENTA) % GAI (gibberellic
acid insensitive), @ ¥ A AZHANT
homologue) X

HAHAAHAME] A SHE FHAE 7HA AL
Adlgl FAASS Y3k D@ dy A 2H(pBI12]

& pCAMBIA2301)

Avizt FAARA JdE W3] dAn| G AL

871 7%, AZE uld 4 7|BEse A4S dn7

A 2d"HE F
Awet 3

N

2

el

_‘IO__..




.Nﬂ .. ﬁD i .
3 = groE X M_ L.
R N N iy o N\_ P e
LA % I =
@ T W e DR A <2
[ £y Jﬂ T o e m o Oﬂo _EE 0 S
A,__. pr % k- = A Jjo ,.Mo A 7y nmq _W..m
Wr Xe . ~ ] |
= 1_ Mﬁ =K \mu! “E.L M ) - m % o w HT ﬁﬁ
B N s a2 TRy T
= 5 T o R > 2o ow | T
R g2 Gowowmw| B F
cL O =0 = oy 3O T Xk
%0 o = K 3 e - ® W © X TS
ﬁ rou B m g o B b 5o T 4 G 5
L _I_I.._ - N EE 110 . - -
N omomow W x = = £ x M T|% -7
o W W o T X 0B L _ B ?
T BBy Bk PR L T|mae YR g
R g ® < - I 2T W wle oy Mo
- Hom oL w k| KT R R | mog ok -5
mowm BT Bk aoé.,%aoﬂmﬂﬂf@ %%ﬂ%ﬁm
L A R T e e ®
o ' o T -l = o or CE EERE ©
ao%ﬂyﬂwumMmﬂimévgﬂm%%ﬂaﬂ
; "~ 4 © X
_ _ _ < H gﬂ_n% oo oy | NN T ® o
_ |
R Mo T X " ]
oz o T B
T & oF w7 M o "
! — W e
K ﬂ; 0 ~d =
| % R T
. o~
K M S8

- 11






A7t ek ol

I

[=)
il

Bl S

27}

P
T

.

& Ao

i

O

T

°] 7}

3

1

548 Hste muldAM = 52 agSHE 3
A

o

=

o] &

T—
L=

MM HZT A5 A

A v} A

&=

"I..__l

=,

A4 Avhe] A%
!

1.
(L

A 2 & =Ujel 7|=718
A 1A Awg SF 7]

DNA

0|

i ol = A

5

A =l AuH SF7)s

20009l A4 2002 @ 71A] 197 vEd @ =g

0]

o

o] W& Z tH(Page et al., 1999).

1

[}
=

£

QA AA7EA] B2 A3 7 &
A

o
i

2 AT 2G40 FERAA} S

HArled SASFTATFLAAE hd AAdate £

74 2 7}
— 18 —

=

e

S Mk a=

)
=07 I o e S R )

A=,

1

(]
T

T

i

=

BAHA HAA &7 4

| -

1

Al



AHAE HEIAZFS st o8 FFE&A, GI (GIGANTEA), CO
(CONSTANS), FT (Flowering locus T) o] #o3le= FF7] 2&EZFQ B2
(photoperiod dependent pathway, =+ long day pathway)o]™ (Putterill et al.,
1995; Lin, 2000), FHA AEZE T2 23222 dA£2 GA (gibberellic acid)
b BEA e dE ddzddA QRS nAE 2ot (Meyerowitz et
al., 1991, Blazquez and Weigel, 1999; Blazquez and Weigel, 2000). 131
FCA, FVESF L2 FARAAESO FFE wix= AEE FHZ(autonomous
pathway)2} VRN1, VRN25 o] #oldlt:= £33 2] 7 = (vernalization pathway)
2 ol HdxHov ddxHd EF F¥E v Y (Macknight et al., 1997;
Aukerman et al., 1999; Page et al., 1999; Schomburg et al., 2001). o] 5+ 4=
of Az &= MEA 7] 2He FQ repressor® #F3E MADS #7212 FLC A
g olgA ded AIxe HFHLE meristem identity gene ¢} LFY$9}
APlel Agso] v2H gAAG7|Ze] Afo] o]FojXt}, olE AR Fo
3l A2 SRRSO AL BALFdT 9= b 23F 37 SOCHE=AGL20)L
Z FTe FLCY 3ol A AFste oz 48A o o 7| AdFAxF
AP1e} LFYE #rpdd AlZ o= A Aspen WF,2 @A V5, HolAl 7i3HA| 7] &
Al AT FT9 AGL20E 7| ZdlolAe a3 sl B, vl

3 R E BRY Ao HAL
Ag7hA] Add AsHY 712 BHEHSE Aoz gy 7)Y FR-A};
=+ SPY (SPINDLY), SHI (short internodes), RGA (repressor of gal-3), GAI
(gihberellic acid insensitive)s©] 4t SPY 4 }E AHE " M F G #T
gl 22 HE A A FAAE JHEH JAAE H7reE A A E Eolrt
¥i= EdWolA R EE o] HArt, SPY WAL FEAA AT AG H
o] Il ©llF T EoFo] WHAAFI]E  O-linked N-acetylglucosamine
(OGIcNAc) AolZAa9t =2 AsAS Holn, GAI ©@ido] dd &A=
Hl #od Aoz Azt SHIgAAE #AAAQ zincfinger FARQIAfOIH,
shi S| AAA o} Wd o] XA Jh3-813 ¥+ £ dAojztE
- = 0

e
s

\1.

]

Foh. RGA ke Al e = lo] Wo] BEYS
= TraAbe GAL Aot sl 3
o}, 98 EY GAI F34s} 2ol AuAY AEALL AAste 48L st

.._14_._



Aoz WaHrt AWBHA &S A g 08 AE EdRofAlEY 45
= o7l GAIFAAY RGAFARG FAFG FAHAAIE #FAd = gﬂgi
=

AdHA U dE U Z5FTFAA d8 locusd = =4 0] H 2} slender ri

1 (slrl) E9dolAy, 2o Rht-Blb and Rht-Dlb EdWo]7} H]S=3l 73%0]
L 19 semi-dwarf 5 & THEOW ol FAAE (Rht-B1b Rht-D1b)e] =
Hol= Ay AA 7| FAAEIT GAIFAAE Hell =dsli2 2
W71l A & 2001) ol = AWAH 2]
71Zo] Ao 2 A E"’"‘EJO% A= AE
Ha$s ZAyo)g. T o7
stoll TAAIA, d@AAZ A3 7171 2 9 3717} o] & wI3E T
A&t E et ( Petty et al.,, 2003).
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o] A¥E 37] A3ty Fr71 HF 052, 0419 BT JA & o] &3t FAA
E FA7bshA &2 ME UE A3 wA A3

3. ¥y
7hH A& A7 £

Adlgte] Y JAlS lem AEY ZZE AEY. ZFH GHET G433
ClI(callus induction:MS vitamin 4.4g/ ¢, sucrose 2%, TDZ 0.5mg/ ¢, NAA 0.1mg/ 2,
pH=5.8, Sigma Agar 1%)¥| %] 2} Re(regeneration'MS vitamin 4.4g/ /4, sucrose
29, 1AA 02mg/ £, Zeatin 2mg/ ¢ , BA(6-benzylaminopurine) 2mg/ ¢ , pH=5.8, Sigma
Agar 1%)wixloll Z+z} X]2}sld o)

L) Al 8 f
274 483 4412 24C Hujgsdd. 28l 25 vt 22 WA= A u)
G StEA HAIE BEEAG.

r
k.,

¢
3

hb.

. a3
AL 93 Ad®E F 71A djRE S99 dAadE 98] 2 shootE AA
1x] E3t9Q9 3, 3t 7Fx] v x]9k A Edte] shootS: S 53 A ¢
Eojo CIHH)‘(]O]] 2145 & RevlAZ2 SAHIE ZHdA B 28 shoot’}
EHE A ¢ 7 Uk

ol
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<052 HE & oA > <0414 THES A >

A 2 A AAD wAGAN FT2E FET} callusel

RE 9

-_E,-z

1ELS FAAD/ &AL 98 s Agxy FHL fste] FEAE
14 % A MANA F A e 2R ¥ A7) callus =l #A
dae olrz] 93 AP L FY3AT

.
25

[0

rlr

2. A&
Agrobacterium Zrdo] #&4e] &A4€ 011, 016, 0228 EFE 127k FF&

Axz A9 Fach

3. 33

7h) A& A5 FH

A28 7Awele dud FAL lemAEE ASd. A2 AW AL
PRE(pre-culture)u] A o] % 2+&ch, PRE(pre-culture)¥l A1 & F 7HA F7E AHE
gith, o] PRE(pre—culture)d] #|ol& MS salt(+ vitamin) 4.4g/ml. Sucrose 2%,
Sigma agar 1.0%, pH5.8¢ 7|®o 2 il F 714 t& ZTEE FE BA lppm,
Zeatin 1ppm, IAA 0.1ppm¥ BA 2ppm, Zeatin 2ppm, IAA 0.2ppmel #33t}.
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ol 7‘45‘1?4 71zke 622 A} Micropore® 2¢ % 25Co] 62 9t ol

W} Agrobacterium preparation
Ao FAAZLS Yo ol8FH  Agrobacterium= expression vector

PCAMBIA2301 (kan® X 3H ¥ drsl= LBA44042 A&3slgth 324 YEP medium

kanamycin 100mg/ 4, rifampicin 25mg/ ¢ , peptone 10g/ ¢ . NaCl bg/ ¢, yeast extract

bg/ ¢ , 1.5%(w/v)agar (pH 7.0)9] streaking 3+ § 25TCo|A] wjdstey AAHH
2o FgAAZ o] dE AA YEP medium 10mlo] 3L

single colony® %<

OD600 0.670.8°] = wuwj7tx] 25TelA 250rpmeZ shaking3t@ k. © A&
cultureo] 30% glycerol stock 10m-2 23 vortex$t F, 1.5mf tubed] 1mé2 T
ste] AAALZ 55 YWZsle -T0TCAA B At HF oFF o IFA8A
7} E0l9lE AA YEP medium 200méol] -70ColA B3#d T2 Agrobacterium

tumefaciens stock(competent cel)= 1md 23 0D600¢] 0.670.8° = w7k =] 2
5ColA 250rpmL.&E shaking o} .

Az Fdo] AF YEP medium 200ml-S 50me& A 207C, 7000mpmeol Al 15
B 2ot centrifugedt{ . 2+ tubedl U+ A. tumefaciens pelletel - 4 A

CCM(MS vitamin 4.4g/ /¢, sucrose 2%, IAA O0lmg/#¢, Zeatin 1mg//?,
BA(6-benzylaminopurine) 1mg//¢, Acetosyringone 100 uM, pH=58)& <A

CCM< 10me ¥of et

th) Agrobacterium infection and Co-cultivation

AANREMS vitamin 4.4g/ ¢, sucrose 2%, IAA 0lmg/ ¢, Zeatin 1mg/Z,
BA(6-benzylaminopurine) 1mg/ ¢ pH=5.8)8l X]10m3} A. tumefaciens pelletS N A
CCM10mE 591 5% FoA 50-70ul WA 100madEet2ae] D)
ezl HE &0 PREw[R ] 69zt wjd3r fF¥¥y gAle € 287,
S0rpmo| A 24 3F g Azl

2}) Wash-out and callus induction
co—cultivation S ATE YA A 1/2 RE(regeneration medium)ol A
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A (cefotaximedO0ppm) wash-out3t Kok, G HAES filter paper# o 1L &
71E AAS ¥ AddtAA 7 gleE Cllcallus induction'MS vitamin 4.4g/ 2,
sucrose 2%, TDZ O0bmg/#¢, NAA O0l1mg/¢, pH=58, Sigma Agar 1%,
sulbenicilin500ppm)ol ¥ ¥ FAS wE X dst G, '

b GUS expression assay

EdA3e] g&E FdAsH7] Hstd GUS #Auvkg-E £Psg . GUS Al
Jefferson(1987)2] ¥ S Aj&34ch Imfe] GUS AL AS wE7] 93}
o] 3mge] 5-bromo—4-chloro-indolyl glucuronie (X-Gluc)e 15040 dimethyl
formamided] =< 3, 850102 solution B(1% Triton X-100, 0.1M phosphate
buffer, pH 7.0, 5mM potassium ferrocyanide)E &7}ttt 397 suj<d A1zl
AWl FJAL wash-out 37] Ao} GUS T fAd9 Hrybsk & 37C incubtor
ol 4 overnight # &} 3+t A2 $ destaining solution (ethanol 2.5mf, 10%
formaldehyde 5mf, 5% glacial acetic acid 25ml)S A7}sted 4T RH A
GUS 2d oF¢ A& AU

Mo

Q..
S

ab) Al i ul <F

Cl(callus induction'MS vitamin 4.4g/ ¢, sucrose 2%, TDZ 0.5mg/ ¢, NAA 0.1mg/
¢ pH=5.8, Sigma Agar 1%, sulbenicilino00ppm)°l] X|4d I} G212 25 F
of 2234 Al (KanmycinSppm)©] 3 7Hd CIvjA] off Al ujtsol,

4. A ¥ |
calluse] AL L EF 7o 2d7ke] Aol= Qo A HA B% A M=
041, 042 ZF At callus Aol ZHI, F HA T AL 011, 022,

031%F <2 A U= 97 FFNA callus7} 2 AAEHUY AAHeE 55
S vl FHHA o2 BA 2ppm, Zeatin 2ppm, IAA 0.2ppme] F=olA T <F
sk A E Bk 293 GUS 2 AER A HA TES & ARET F
A5 5T A7t o ol AstA UEyiL, callus®] % ARE F HA 2=
< XY F=7F H F3}H.
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bt

. 1. AR iR} AR TE TEE 3T oA callus Bl X

Ix growth hormone 2x growth hormone

Iine

___petiole(%) leaf(%) petiole(23) leaf(%s)
011 1/19¢5.3) 2/5(20.0) 26/26(100) 2/25(8.0)
016 7/10(70.0) 10/10(100) 49/50(98.0) 44/44(100)
022 12/33(36.4) 3/23(13.0) 42/43(97.7) 38/39(97.4)
023 4/13(30.8) 2/15(13.3) 11/11(100) 12/12(100)
024 2/7(28.6) 5/5(100) 33/33(100) 24/24(100)
031 3/26(11.5) 2/23(8.7) 17/19(89.5) 27/36(27.7)
041 5/5(100) 3/3(100) 31/31(100) 31/31(100)
042 4/4(100) 4/4(100) 50/50(100) 52/52(100)
043 2/27(7.4) 2/14(14.3) 21/27(100) 37/37(100)
051 1/12(8.3) 4/5(80.0) 30/30¢100) 26/26(100)
052 15/20(75.0) 5/8(62.5) 38/38(100) 44/44(100)
053 6/7(85.7) 9/9(100) 28/28(100) 28/23(100)
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A3 A AZE A Al 7HA] 8 SE2E R A

7} callus & %0 "W)X= o3k

1. 54

rage IFARIeATE AF uSE AZzd FHS fde AR
B F, AR A A ] 2 528 % HE I} callus §E9) 11X
T Y%= YotV HY d¥E e s

Ho} & callus #E5E 938k 011, 016, 0228 =& 1271/ E2& /A x
ol A& 3}t

3. Uy

7 AE AE FH]

HEd Adzre 47 FAE IemAEE A2 AE GHI GAE
PRE(pre—culture) v} Xl ol x]43tth. PRE(pre—culture) W] {1 & 5 717 EH5E A4
sk}, o] PRE(pre—culture)¥X|ol= MS salt(+ vitamin) 4.4g/ml. Sucrose 2%,
Sigma agar 1.0%, pH58& 7|29 2 st F+ 7[R & $=2F 5% BA lppm,
Zeatin 1ppm, IAA O.lppm¥ BA 2ppm, Zeatin Z2ppm, IAA 0.2ppmeol |43t}
ol AA e 717+ 692 AT, Micropore® ZE3F H 25T 64 =<¢F <Huj
Gt AT

w}) Agrobacterium preparation

Aujgle] HAAZE QSte] ol 8H  AgrobacteriumeS expression vector
PCAMBIA2301(kan" ¥3H¥ &= LBA44043 A&t A YEP medium
kariamycin 100mg/ ¢, rifampicin 25mg/ ¢ , peptone 10g/ ¢ Na(Cl bg/ 7, yeast extract
bg/ ¢ |, 1.5%(w/v)agar (pH 7.0)9 streaking 3+ 5 25TColA uwjdsie AAAH
single colonyE #2 ZAAZ €9 A= HAA YEP medium 10mlo] i
OD600 0.670.8°] = wi7tx] 25ToA 250rpm2=E  shakingstSith. © A
cultureo] 30% glycerol stock 10mé2 ¥ 3L vortex? FH, 1.5mf tubeo] 1md¥ E
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le] AdAAALE F& WAste -70ToAA E& vt HF sF Ao A
7} S99 AA YEP medium 200méel] -70Co A B&3s] = Agrobacterium
tumefaciens stock(competent cell)2 1mé 23 OD600¢] 0.670.8°] 2 wi7}lA] 2
5T A 250rpm 2.2 shaking 3} 5 T

HE Fdd AA YEP medium 200mS 50me¥ e A 20°C, 7000rpmoi A 15
B 29} centrifugestdth. ZFzrel tubed] YT A. tumefaciens pelletol] <A
CCM(MS vitamin 4.4g/#¢, sucrose 2%, IAA 0.lmg//4, Zeatin 1mg/ 2,
BA(6-benzylaminopurine) 1mg/#, Acetosyringone 100 uM, pH=58)2 A
CCM< 10m Eof T

t}) Agrobacterium infection and Co—cultivation

A AREMS vitamin 4.4g/¢, sucrose 2%, IAA Olmg/?¢, Zeatin 1mg//?,
BA(6-benzylaminopurine) 1mg/ ¢ pH=5.8)u %10mé3} A. tumefaciens pelletS H A
CCM10m ¢ T A FoA 50-70ule WA 100m4tZEFet2ad] Fe
e HE ‘Ao PREviX| 647 vt AWy Al ¥ 28T,
S0rpmoll A 24 %E i Azl

2}) Wash-out and callus induction

co-cultivation F° AT YA AA 1/2 RE(regeneration medium)®l] A
A (cefotaximeb00ppm) wash-outdtGth. G¥ 3 A& filter paperflo] =1 &
718 AAZ FH ALsdAAI g Cllcallus induction'tMS vitamin 4.4g/ 4,
sucrose 2%, TDZ Q0bmg/¢, NAA Olmg/¢, pH=58 Sigma Agar 1%,
sulbenicilin500ppm)ol {3 GAe W2 A3st gk

uh) GUS expression assay

ARG §&& BAS] A5ty GUS LANS-& FAs AT GUS LRl
2 Jefferson(1987)2] WHE AME3tArh 1ol GUS T EHS Jl57] Hs
o} 3mg® 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)E 1504f dimethyl
formamided] =< F, 850uL2] solution B(1% Triton X-100, 0.1M phosphate
buffer, pH 7.0, bmM potassium ferrocyanide)E A7}slS ot 397 TS A7l
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F 37} FA-S wash-out 7] & 01\ GUS &M SR8 2 HIg & 37C incubtor
o] /] overnight A8 3tk A8 F destaining solution (ethanol 2.5mf, 10%
formaldehyde 5mé, 5% glacial acetic acid 2.5m¢)& H7}sta] 4T BHAEH
GUS Zd oot A=E H2sir).

v}) Regeneration v RX|ef} XA}
127} % EF AA 7ke 692 Ay F A g8 52E FE

BA 1ppm, Zeatin 1lppm, IAA 0.lppm3 BA 2ppm, Zeatin 2ppm, IAA 0.2ppm=
Ay FFS 44 HE:S 3, Al THA = 3=+ F% BA lppm, Zeatin
Iprm, IAA O.lppm¥ BA 2ppm, Zeatin 2ppm, IAA 02ppm 1231 BA 1lppm,
Zeztin lppm, IAA 03ppm= AT &3t wfA M Gz NS 44 A%
3FsA ot

4. 43
Zof wl tAzre] Aol do} Hubd oz BA Zppm, Zeatin Zppm, TAA
02ppm= A3t AA < 717 FolA BA 2ppm, Zeatin 2ppm, IAA O. 2ppm~—'ﬁ-3- 7
8t A E5t wA A calluse] LA o] I3t 2y ol T A = G
e}cp!ressiion%i Bl st o} callus HRAEFHE E8 AAHoE ¢S

expression< YEH T

GUS
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% 2. &3 siA A A 7HA e ZEE F=9A callus HX

1x growth hormone 2x growth hormone
line in the pre-culture media in the pre—culture media
petiole(%) leaf(%) petiole(%) leaf (%)

Ix 2x 3x Ix 2x 3x Ix 2x 3x Ix 2x 3x

011 o6 1/6 07 1/2 1/2 0O/1 10/10 7/7 99 6/6 99 10/10
0y 16.7) (O (50.0) (50.0) (0) (100) (100) (100) (100) (100) (100)

o6 &5 1/2 23 2/2 44 44 17/17 18/18 14/15 12/12 16/16 16/16
(14.3) (50.0) (66.7) (100) (100) (100) (100) (100) (93.3) (100) (100) (100)

099 6/12 4/11 2/10 0o/7 1/7 2/9 12/13 16/16 15/15 11/12 13/13 14/14
(50.0) (36.4) (20.0) (0) (14.3) (22.2) (92.3) (100) (100) (91.7) (100) (100)

023 2/4 1/5 14 05 15 05 4/4 3/3 4/4 4/4 4/4 4/4
(50.0) (20.0) (25.0) (0) (20.0) (0) (100) (100) (100) (100) (100) (100)

024 /1 13 0/3 3/3 1/1 1/1 11/11 10/10 11/11 8&/8 9/9 12/12
(100) (33.3) (0) (100) (100) (100) (100) (100) (100) (100) (100) (100)

031 /7 2/10 09 V7 0O/7 1/9 6/6 6/6 57 10/13 811 9/12
(14.3) (20.0) (0) (14.3) (0) (11.1) (100) (100) (71.4) (77.9) (72.7) (75.0)

041 2/2 2/2 171 1/1 1/1 1/1 10/10 10/10 11/11 11/11 10/10 10/10
(100) (100) (100) (100) €100) (100) (100) (100) (100) (100) (100) (100)

042 /1 2/2 1/1 2/2 1/1 1/1 18/18 18/18 14/14 14/14 19/19 19/19
(100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)

043 1/8 0/8 11 0/5 04 2/ 11/11 88 8/8 14/14 14/14 9/9
(125) 0y (9.0) () (0) (40.0) (100) (100) (100) (100) (100) (100)

051 o4 1/4 o4 2/2 1/2  1/1 10/10 10/10 10/10 9/9 9/9 &/8
(0) (25.0) (0) (100) (50.0) (100) (100) (100) (100) (100) (100) (100)

052 47 57 6/6 0/2 3/4 2/2 13/13 12/12 13/13 14/14 16/16 14/14
(57.1) (71.4) (100} (0) (75.0) (100) (100) (100) (100) (100) (100) (100)

os3 V2 2/2 33 44 22 33 909 &8 11/11 9/9 10/10 9/9
(50.0) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
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o] A¥L Yste] 3I7FR] EF 041, 016, 0339 g AL o] &l HAA

82 SRtk

3.

7H A& As5 &9
A% A dipping3l”’] A, agro7l €A €< Z& ojddto A=EAME AETH. ©
w), HE3 7)o d2LA A petioleF leaftt A3ttt AFHES X E¢sto o A
g}of 3 petiole?d leaf2 AEF MS(multi-shoot:MS salt(+ vitamin) 4.4g/md.

Sucrose 3% , BA 05mg/mé , Sigma agar 1.0%)u| Ao} x| A stk 24°C wlj ¥4 9
A1 16A1F B2 8AIF AR 3F3F Il

W) Agrobacterium preparation

Adere] HARXZFE Aot o]l8&FH  Agrobacteriums expression vector
PCAMBIA2301(kan" ¥3})E3e}= LBA44045 AHEstgth. i2al YEP medium
karniamycin 100mg/ ¢ , rifampicin 25mg/ ¢ , peptone lOg/ ¢, NaCl bg/ 7, yeast extract
g/ ¢, 15%(w/v)agar (pH 7.0)°l] streaking 3F ¥ 25TColA ®j st AAHdH
single colonyE Z& ddAAZ 5o A& A4A YEP medium 10meo] ¥
OD600 067080 & u7t#] 25ToNA 250rpmo. & shakingstdtt. © A&
culture®)] 30% glycerol stock 10ml-& ¥ 3L vortex$t H, 1.5ml tubeo] 1mé4
e AAALZE F& W3t -T0CoHA HEstdh. HF o5 Aol AL
Ed9= AA YEP medium 200méol] -70CoA B =& Agrobacterium
tumefaciens stock(competent cel)2 1m¢é ¥ 3 OD600¢] 0.670.8°] 2 wj7}x] 2
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5Tl A 250rpmS.2 shaking 3} % U

4% 9o A3 YEP medium 200m< 50m¢¥ WFHA 20C, 7000rpmel A 15
B =0l centrifugedtGth. Z2+Zte] tubed] A= A. tumefaciens pelleto] A
CCMMMS vitamin 4.4g/ /¢, sucrose 2%, IAA 02mg/¢, Zeatin 2mg/ ¥,
BA (6-benzylaminopurine) 2mg/ ¢, Acetosyringone 100uM, pH=5.8)% 1T % &=
H2 HH CCM<E 3ms Eof H=Th

th) Agrobacterium infection and Co—cultivation
ABFEn GAGNA wlyg AT =& shootd filter-paper’} Zd A& #E
petri-dishel ¥t} shootE AE7] el 3ml $5 4+ scalpel( # 10 blade)E 9l

23t gala Al AlolE 22 T 3ml F=AE scalpel Bl E3] a4,
AAL Adslt) oln Julz JAlo] Iem AE HA AEch, AHAA 7 w2 X
A skl HE AR MSH| RO XAASY O¥ g ZFo]l YW 1A

CCMol & filter papers 3% & Z1 A& FHI} GAL& AAH3t}. Micropore®E
23k ¥ 25T 39 F<F v L

2}) Wash-out and callus induction

3Y 7t co-cultivation &9 ATE A HA 1/2 RE(Gregeneration medium) <l
&} A A (cefotaximedO0ppm) = A 71t wash-outdty ok, G JAL  filter
paperd ol T3 E712 AAS 9 ALqAdA7F Q= Cllcallus induction)ol ¢
By dAle WE A AT

ul) GUS expression assay

HAAZe §88 FAAS 7] Hstd GUS HA9S S Pt GUS Ak
&+ Jefferson(1987)e] W= AF&stt). 1méel GUS A& RS THE7] 93]
o} 3mg2] 5-bromo—-4-chloro-indolyl glucuronie (X-Gluc)S 150 dimethyl
formamideol] =<1 3 85019 solution B(1% Triton X-100, 0.1M phosphate
buffer, pH 7.0, 5mM potassium ferrocyanide)S Z7}8t¢th. 393 Fulek A7)
A3 F4lE& wash-out 8t7] Ao GUS 241 fM8 A7 & 37T incubtor
AN~ overnight A2 3t A2 ¥ destaining solition (ethanol 2.5mf, 10%
formaldehyde 5mé, 5% glacial acetic acid 2.5ml)& H71std 4T RIFAS
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023 &FF< AT YmMA 016, 041 FFNA = dippings Agt Aol z+z
9096, 95%<1 ]l Wal dipping& A EshA] ¥ RN E 66%, 53%= dipping *
2]3k Aol dipping A2 8A 2 ARG A9 F v & GUS &3 & e
Wt ol T sl 0]% EZ9 HE F 9 GUS expressione du|7d #zo
& 1 zolE ¥ FEol & = UAW. dipping A E T Aol AP A &
2 A vl3ted MY AL $Est e 9u A HE R Yl P st
A GUS GXDTGSSiOH‘ET-E AL B2 & 4 AT w2kA dipping A 2+ chppmg
)

2=
o =2 Agrobacterium inoculation®] 8 &%

3
—”r‘- Ao 2 033 5FY 2 Fol= dippings A
[=)

o] 2
=
o Ae ek e AMY AolE WA A RA: ole A FF D
P
-

%
RTRY

=2

041 016 033
dipping 059" 90% 40%

non—dipping 532 66%% 4094

i Percentage of GUS positive response in all explants
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041 016 033

dipping

N-dipping

<19 2. Dipping @] 42 YA T8 vla>

A5 A A ZHA g8 Fulg 71¢ Aol mE GUS

o Al

lo
o
o
)
%
N
i
=
(12
ljo
=)
o
i
o2
[
_}‘.1_:
o
BN
)
S
o
do
o
iR
off!
[
o
(e

Agrobacterium® #EE&E #ol7] f18td FF 016, 041FF S 7HA3L 282

T3,
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3. ¥y

7h AE A5 F4)

A5 997 9202 1mAER AB0. A2 Q¥ Qo] nt2x grs
371 A3 dAE MS(multi-shoot:MS salt(+ vitamin) 4.4g/mé. Sucrose 2%
BA 05mg/ml , pH5.8 Sigma agar 1.0%)u] Ao x]4}+3stc),

L) Agrobacterium preparation

Adere] HAAZS Y5l o]8¥H  Agrobacterium< expression vector
PCAMBIA2301(kan" X3)& X T LBA4404E AMgslgrt. 13 YEP
medium kanamycin 100mg/ ¢, rifampicin 25mg/ ¢, peptone 10g/ ¢, NaCl bg/ /¢,
yeast extract 5g/ ¢ , 1.5%(w/v)agar (pH 7.0)9l streaking 3+ & 25Co|A] uvjk
st A H single colonyE 22 FAAZF £0] = AA YEP medium 10m
of ¥3 OD600 0.670.8°] & w7}A] 25T A 250rpm e 2 shaking3dt Aot o
@ culturedl] 30% glycerol stock 10m& 23 vortexd H, 1.5m¢ tubeo] 1mi
F7%Y dAFDLE F& Wbt -70TCoA B s dF 35 A &
AAZE Eogle AA YEP medium 200mee] -70Cox H#s HL&

Agrobacterium tumefaciens stock(competent cell)& 1mf ¥ 3 OD600°] 0.670.8
o] & w7tz 25T A 250rpme. 2 shaking 3} 3 U}

HE Fdo] AF YEP medium 200ml-E& 50meA vy A 20°C, 7000rpmol A 15
2 F9t centrifugedt (k. 42te] tubedl AT A. tumefaciens pelleto] <A
CCM(MS  vitamin 44g/ ¢, sucrose 2%, IAA O0.dmg/¢, Zeatin 1mg//?,
BA(6-benzylaminopurine) 1mg/#¢, Acetosyringone 100 nM, pH=58)& <5
CCM<E 30m¢ Eo] H&EAr

t}) Agrobacterium infection and Co-cultivation
HEE 93 AE HFHAAE 0mIE =9 A. tumefaciens tubed EolA 30E7
st} old] FAAF G885 Fol7l 3 sonications 10&7 |EC. 12
CCMOl % filter paperg® 3+ & Z3 tubed Y& I FAiS A4
MicroporeZ 23+ F 25T 3¢, 44, 59 FoF Injakstgirt.
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2}) Wash-out and callus induction
3, 4, 54 F<t co-cultivation Fo A& H3MA Ha] 1/2 RE(regeneration

medium)oll A A (cefotaximeb00ppm) wash-outdst B, HHI HAES filter
paper$lo] =i E7|E AAg FH ALsAAIE = Cllcallus induction)d] &
Hak gAS 42 X AelH T

nt) GUS expression assay

JAAZ 28-S FAE7] Y89 GUS #ANSS 8319, GUS At
S Jefferson(1987)2] W& ALESHA T Imbe] GUS ¥HA&AS YHE7] 99}
o 3mg? 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)2 1504 dimethyl
formamided] =¢ &, 850109 solution B(1% Triton X-100, 0.1M phosphate
buffer, pH 7.0, 5mM potassium ferrocyanide)E F7}st¥gth 39 7F Zujd A7)
A7 4L wash-out 7] A Oﬂ GUS A ZHBE H7Msk 3 37C incubtor
NA overnight & sttt #8] ¥ destaining solution (ethanol 2.5m¢, 10%

formaldehyde 5mf, 5% glacial acetic acid 25ml)< FH7Fslef 4T B33
GUS 28 39 A=E Basdr)
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016 0414

<2y 3. A 7HA g& g 71 T GUSEE ®la>

E 4. A 7HA o2 g 7|33 e GUSZEE v

g 717H2)

3 4 B
016 45%* 84 93
041 A S5 99 100

# Percentage of GUS positive response in all explants
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Al 64 A 7FA] & dippings=d mE GUS ¥ dHla

o},

3. ¥y

H AE A FH

HZF Al dippingst”l &, agro7l £A @& A&

], HEst7)o 9@ A A petiole leaf?t Aorsic), AZ AL EL3ksto] o] A
gtol & petioled leafa AMEF MS(multi-shoot:MS salt(+ vitamin) 4.4g/md.
Sucrose 3% , BA 05mg/m¢ , Sigma agar 1.09%)88=}o] XA+ dkth. 24°C wjj ekAl o
A 16A1%E AT 8AIZE e 3573 71E T

W} Agrobacterium preparation

Avlete] FAAEE 8t o] §H  Agrobacterium< expression vector
PCAMBIA2301(kan" Z3)E 33t LBA4404E A123t9th 24 YEP medium
kanamycin “100mg/ ¢ , rifampicin 25mg/ ¢ , peptone 10g/ ¢, NaCl bg/ 7 , yeast extract
g/ ¢ , 1.5%(w/v)agar (pH 7.0)¢l streaking 3+ & 25TColA wltste  AAFH
single colonyE #Z2 A7 59 Uv AA YEP medium 10mgo] © 11
OD600 0.670.80] = wj7tx] 25T 250rpm2.Z shakingstsith. t©} At
culture®ll 30% glycerol stock 10m{& ¥ 31 vortex? %, 1.5ml tubed] 1m® BF
| SAFEE F& W45t -70ToAA BERstAT HE a5 Ao A7}
U AA YEP medium 200méol] -70CoA BB =L Agrobacterium
tumefaciens stock(competent cel)E 1md ¥ 31 OD600¢] 0.670.80] € uwl7}#] 2

Ol
-t
g
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5CoA 250rpm2e.Z shaking 3} 3 o

E Fdd AA YEP medium 200mé2 50me¥ WA 20°C, 7000rpmo} A 15
& B9 centrifugedtdtt. Z7ZFo] tubed] U+ A. tumefaciens pelleto] |
CCM(MS vitamin 44g/¥¢, sucrose 2%, IAA 02mg/ ¢, Zeatin 2mg/ 2,
BA(6-benzylaminopurine) 2mg/ ¢, Acetosyringone 100uM, pH=58)% I¥ % ¥

=W Xy FEAE EY, 135 =294 AF CCMES 5, 8, 10m-Z ¥

v} Agrobacterium infection and Co-cultivation
Aazn A wE ZE L shootd filter-paper’t Za de S
petri-dishol] E+ . dipping %9 Wk AEdez2 AH S ASHA Y. shoot
24271 Aol 5, 8 10ml =92 scalpel( #10 blade)Z-o] E3lt)t ¥ ¢
Alo]l & R}ET} Sk o 5 8 10ml 55 A2 scalpel €9 £33, 42 &
o} ol HE A FAol lem A= HA AE. ERAV) wp=23] A S}
s GAE MSuj Ao} gt 2 o HEo] EUH ATE 5 30w
3087 9@t aga vUA, 325 CCMIAE filter papers 3F

Wy G418 XA3oE Micropore® &3k 3 25Co) 3¢ F<¢F obnjkst

f 2 do 0o

#}) Wash-out and callus induction

3U7F co-cultivation $-of] A7L H3MA AA 1/2 RE(regeneration medium)ol]
g} A A (cefotaximebS00ppm) & A7}k wash-outdlR k. FHI FAE  filter
paper?lol T3 E71E AAT H ALIAAA7E gl Cllcallus induction)ol] 3
Ha 4As oz XAs A

ul) GUS expression assay

JAAZ] 285 A% Yl GUS 2SS F3sHtt GUS 25
&2 Jefferson(1987)8 ¥ & AL&5tch 1mle GUS HAgAS wE7] 93
o 3mg2] 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)E 15048 dimethyl
formamideo] =¢1 3 850ul9 solution B(1% Triton X-100, 0.1M phosphate
butfer, pH 7.0, 5mM potassium ferrocyanide)E A 7}slsith 397 Fuid Azl

AWz GAE wash-out 87] A GUS &4 LAS H7s & 37T incubtor

_._34_._..



o A overnight *# 3ttt *8] ¥ destaining solution (ethanol 2.5mé, 10%
formaldehyde 5mfé, 5% glacial acetic acid 25m)S #H7}sle] 4TCo B3t
GUS 28 oy AEE #HEsH .

4. A3}
A 71X OE dippingsE AAE & Ad, FEo weh bzt Holzt 9o
g Aoz smiyEoA 7Hd GUSEECl 24 ehgtth

% 5. A 7FA ©E dipping sX°] ©E GUSHI

Dipping & %.(ml)

5 8 10
011 457 38 50
0414 100 100 70

# Percentage of GUS positive response in all explants
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A 7 A F 7FA ©rE Agrobacterium tumerfaciens”}
=

"

A g&d vjAl= I

FAZ3A o] Agrobacterium inoculation®l] &3t Agrobacterium tumerfaciens

= 27] AT d¥e AU

4 7}YX EF3 016, 033, 041, 052 ¥ & 7HA 3 23S FHsHh

3. "y

71 AE AR TH

A5 Aol g8 FA1S IemABEE A2, AE Y g4lo] vtEXA
dr- 2 F7] 93 dA]EZE MS(multi-shoot:MS salt(+ vitamin) 4.4g/mé. Sucrose
3%, BA 0.5mg/ml, Sigma agar 1.0%)v} Aol X]7gkc)

v} Agrobacterium preparation
Avlere] HAAT S st ol8H  Agrobacteriume expression vector
PCAMBIA2301(kan" X 3)Z 33t LBA44049 EHAI0GE AM&3tsith 1A
YEP medium kanamycin 100mg/ ¢ , rifampicin 25mg/ ¢ , peptone 10g/ ¢ NaCl bg/ ¢,
yeast extract bg/ ¢ , 1.5%(w/v)agar (pH 7.0)9l streaking 3+ & 25Col A vk
3ty XA E single colonyE 22 FAAZ 5o A= WA YEP medium 10me
of Y3 OD600 0.670.8°] & u7}Xxl 25T A 250rpm L2 shakingst vl ok A}
2 cultured] 30% glycerol stock 10m{S P il vortex3dh ;-A, 1.5m¢ tubeol] ImfA
ot AAALE F& WFZbstod -70TAA BA ¥t HE 35 Aol 3
7} Eolgde dHA YEP medium  200mgol} -70CoAA RI|AI =&
Agrobacterium tumefaciens stock(competent cell)= 1mé ¥ 32 OD600°] 0.670.8
o] & u7}lx] 25T A 250rpm .2 shaking 3} ¥ th.

HE G AA YEP medium 200més 50me¥ YA 207C, 7000rpmol A 155
&<t centrifugedtitt. 242 tubedl U+ A. tumefaciens pelletd] A

N

o
2
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CCMMS vitamin 4.4g/ ¢, sucrose 2%, IAA 0.1mg/¢, Zeatin 1mg/ 2,
BA(6-benzylaminopurine) 1mg/ ¢, Acetosyringone 100 uM, pH=5.8) 94 A CCM
2 30mt 2o vrESt

t}) Agrobacterium infection and Co—cultivation

AF5E 3 AE AHAE 0ml=E =2 A. tumefaciens tube] E oA 30 7F
HET o, AP 2&8& Fo]7] #3 sonications 10x7F 3Foh. 1A
CCMol = filter paperE 3o A Z3 tubeo] U= Y FGAg A3
Micropore= %3k F 25Co] 3¥, 5 &<F st

I_,

—l-l

i-l

2}) Wash-out and callus induction
3, 54 &< co-cultivation o] AT HIMA AA 1/2 RE(regeneration
medium)ol] 32 Al (cefotaxime500ppm) wash-outstd . ¥ FA & filter
T 78 AAZ H A

paper °f -3 AI A 7 9l Cl(eallus induction)d] 8

)
gt 4ae w2 23,

ul) GUS expression assay

PAASY 253 dA%7] Hele] GUS TARSE sttt GUS Al
3+ Jefferson(1987)2] W -2 AL&3l9t}t. Imfe] GUS @Al gds wrEr] 93
o} 3mge] 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)2S 15014 dimethyl
formamide®] =< % 8509 solution B(1% Triton X-100, 0.1M phosphate
buffer, pH 7.0, 5mM potassium ferrocyanide)E A7}sl¥E ). 347 Fufg A7)
A} FAL wash-out 3F7] A Oﬂ GUS &4 8H5 H7Egk & 37T incubtor
o4 overnight *& 3dF¥rth ] ¥ destaining solution (ethanol 2.5mf, 10%
formaldehyde 5mé, 5% ‘glacial acetic acid 2.5ml)S FH7}sle 4T HAsHH
GUS ¥d oAFe AxE Azt

4. A%}
LBA40AE AHEd FAAFA ] GUS wHa&o] 25%0141 100968 LFERA

o], EHA105E A& ddxgA 9 GUS 2 &L 0%olA 36%= e o]

of dAfste HAAYE x| ¥ FZEHIAE F 7FRA ©E Agrobacterium
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tumerfaciens$l LBA4404, EHA1059 5+ 71X o & FujE¢ 713 3, 5d< 4%
A3 & GUS expressionS BRI, I A3 LBA44ME L& Aol
EHA105E AFE3 ARy Fo #HA =& GUS expression®] YUEMSTE whElA
= Avjzt FFo FAAZN AYS Agrobacterium tumerfaciens< EHA105
Eth LBA44047F 83 o H3g Ao FAE + Ao

¥ 6. 7 7tA ©& Agrobacteriumd W& GUS 23 vl

LBA4404 EHA105

line 3—days 5—days 3-days - b—-days
non ! 2 3 nonl 2 3 non 1 2 3 non 1 2 3

016 66" 100 66 50 80 100 50 60 12 25 12 12 16 0 O O
033 40 0 25 0 37 2010026 0 0 O O O O O O

062 3 70 57 10 83 25 62 26 O 12 O O 0 8 0 O

041 53 & 77 26 78 42 70 57 20 0 0 0 36 13 16 0O

Percentage of GUS positive response in all explants
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016

033

041

052

LBA4404

EHAILDS

S-day

V3 1 Q
. i o &
%’ " i) h;*‘ 1 R f&"_‘.\_.i ! ~ }
y L | .‘; i?
B o rf; e RN \I‘.E"
¢ » d ",“’/ N "y 'I T ¥
7 Q" b : u g §
j oy p BT o
, | = “
o B | ' 3
o 5. F 7MA] ©E  Agrobacterium tumerfaciens, LBA4404, EHA1059] &

3 §8 vl

= g =



O
n| 2] = o3&k
1. 534
S wixlo 33lE-ol FH7MUF Adete] FAAFA Y HAT L Lol
R7] el AEHslAT
2. A=

041, 052, GM023 &=& 7IRlaL o] AH-E FP3HT

3. 9

7H A E A5 4

A Ay d¥F 448 IemAER A2 AE G H gl uEA
A= 7] Y YAIE MS(multi-shoot:MS salt(+ vitamin) 4.4g/mé. Sucrose
3% , BA 05mg/mé , Sigma agar 1.0%)¥} =]l =]A4Fsho}.

W} Agrobacterium preparation

Avere] HAAILS Yol ol 8H  Agrobacterium< expression vector
PCAMBIA2301(kan" ¥ 3HZ 838t LBA44045 A3t th A YEP medium
kanamycin 100mg/ ¢ , rifampicin 25mg/ ¢ , peptone 10g/ ¢, NaCl bg/ Z , yeast extract
S5g/ ¢ . 15%(w/v)agar (pH 7.0)9] streaking 3+ F 25T A widsied AAH
single colony® Z#< dAAZ & Jdv= AA YEP medlum 10meol} =
OD600 0.670.80] & w7zt 25CelA 250rpme = shakingstd k. © A}
culture®l] 30% glycerol stock 10m¢S H 3 vortex?dr H, 1.5mf tubeo] 1m¢A B
lo] ANAALZ FF5 YA4ste -70ToA B3 3. HF 31F Ao A
7F 299U+ AA YEP medium 200meol] -70ColA B33l = Agrobacterium
tumefaciens stock(competent cel)2 1mf 23 OD600°] 0.670.80] 2 uj7t#l 2
5CANA 250rpm2. = shaking 3} 1 t}.

AE T A4A YEP medium 200m¢-& 50md¥ “HA 207C, 7000rpmoil A 15
59t centrifugedtFth. Zzbe] tubedl] = A. tumefaciens pelleto] 3]

K

e
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CCM(MS vitamin 4.4g/¢, sucrose 2%, IAA 0lmg/?¢, Zeatin 1lmg/~4,
BA.(6-benzylaminopurine) 1lmg//#, Acetosyringone 100 uM, pH=5.8 3}3}3E
L-Cystein 3.3mM, Sodium thiolsulfate 1.0mM, DTT(dithiothreitol) 1.0mM) <3
CCM<E 30mé go] =t old, HA CCMuiAol A 7}A] 33352 # 7t
A g A, Fol HES st E ke 122 HUMS R, 579 SIS E(FIF
T L-Cystein 3.3mM, Sodium thiolsulfate 1.0mM, DT T(dithiothreitol) 1.0mM)=
BrHeE A Al 7ER] Fue g viRE AL Adds Fdsksh

o) Agrobacterium infection and Co—cultivation

HE2 Hal A& %ﬁﬂﬂﬁ 30mlz =% A, tumefaciens tubeol 21X 30E
7t AZ3sd), o)y, A AI §8L =o]7] 93 sonication® 10%3F dAF} 1
A CCM(Y A CCM7} %“0] Al 7R F3tekE e HUMsHA] &2 A, T Hbgh
GatAESY 12 F7te A, 7Y 3 =H7NAE filter paperg ¢ F
Z1 tubed)] v G A4S XAAETE Micropore®E &3 H 25T 3¢ &
Qt sl ¥t Ao |

2}) Wash—out and callus induction

co—cultivation $¢°| ATL #3304 HA 1/2 RE(regeneration medium)®l| <A

A (cefotaximeb00ppm) wash—outstdth. G FAE filter paperfol €31 &
= AAS 5 AMAEIA A7 Qe Cllcallus induction)oll €GH# g4l W=

=} 28l ATt

= L
7=
T

oh) GUS expression assay

HFAAZ g&s AAS7] Hsted GUS AR S Fqsgth. GUS TAqt
&< Jefferson(1987)¢] W< AREstnh Imle] GUS T EHE THE7] Fls)
o 3mgel 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)E 15048 dimethyl
formamide®] =¢ & 850109 solution B(1% Triton X-100, 0.1M phosphate
buffer, pH 7.0, 5mM potassium ferrocyanide)E 7}ttt 397 Fujd A7l
g3zt HA1-& wash-out 3}7) ?qc‘*ﬂ GUS &A1 g8 A7ist & 37C incubtor
A overnight A& 3FGr}. A8 & destaining solution (ethanol 2.5mf, 109
formaldehyde 5mf¢, 5% glacial acetic acid 2.5m8)& A7}l 4T B FA S
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2
I FAE 3 Y FulY 71 Fol EF cell deathE do7)dA g 52 vl
ol #Z3tgES HArletA & T wiAle X4d ¥ A4S cell death
S dogA e e #F I g AU ol TN AdE uddE £ A
U AWEre] Ao 7Idid 7 T ey o FIFELE T 2F
AA 2AAHE Foja olEe BHE I & u HoE F o MFHoZ UF
of 4= 3T Fart Jvga Ao

A9 A A 7HA] & F3gE FHIbo| s AE A
2 ocallus @A v

1. 53

Zujok wjx|o)] ztzlte] shelE o 7&7}7} Aujete] FAAZA A nA= T
= dotry] $ste] A8t

ZRHE

H<F A dippingsl”] A, agro7t EA &2 Z& o] &3l HEAHE A2t} o
o, HZE3F7]0d A 2 petiole?} leafwtr Aokttt AL ¥ste] o A
etob ¢ petiole®} leafa A Z & MS(multi-shoot:MS salt(+ vitamin) 4.4g/md.
Sucrose 3% , BA 05mg/ml , Sigma agar 1.0%)8]A| o} XA st} 24°C wj ek2l o
A 1612 FE 3 8AIZF xR e E 3F7 J)eth
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v}) Agrobacterium preparation

AAHjgtel HAAZE Y3ty ol &3 Agrobacterium< expression vector
PCAMBIA2301(kan" ¥ 3)¥3tetE LBA440AE AHgatdoh. 34 YEP medium
kanamycin 100mg/ ¢ , rifampicin 25mg/ ¢ , peptone IOg/ ¢, NaCl bg/ /¢, yeast extract
bg/ ¢ , 1.5%(w/v)agar (pH 7.0)9] streaking 3 5 25 CoA] v Yste] AAH
single colonyE 722 A7} Eo] g 9AF YEP medium 10mlel] H 32
OD600 0670.8°] #H w7kx] 25ToA 250rpmSo 2  shakingstRA . o Akt
cultureol] 30% g ycerol stock 10mé-& 11 vortex3$t ¥, 1.5mf tubed] 1mé¥ FHF
stq AAHAAE F Zksto] -70ColA Boatgtt HE &% Ao FAA L
Ev 943 YEP medium 200méol] -70CoA BH#AS =L Agrobacterium
turnefaciens stock(competent cel)€ 1m¢ 231 OD600°] 0.670.8°] = uwj7= 2
5ClA 250rpm 22 shakingd} # Tt

< Fdd HA YEP medium 200ml-8 50mé¥ YA 20T, 7000rpmol A 15%
FoF centrifugedtF ol Z+zFe]l tubed]l U= A. tumefaciens pelletel] A
CCMMS  vitamin  44g/#4, sucrose2%, IAAQ02mg/?,  ZeatinZmg/ /2,
BA (6-benzylaminopurine)2mg/ ¢ , Acetosyringone 100uM, pH=5.8)S 7]|&£ o 2 3}
o ZHIAFE A7k wet bl 7HA AR ' FR d9A CCME TEH. /10,
2/10, 3/10, 1x-3.3 mM/ ¢ L-cystein, 1/10. 2/10, 3/10, 1x-1.0 mM/ZDTT, 1/10,
2/10, 3/10, 1x-1.0 mM/ ¢ Sodium thiosulfateS A. tumefaciens pellet2 4 3)

CCME 3T 30mee] s ¥ d3 Aer 22HL2 uts9it)

t}) Agrobacterium infection and Co-cultivation
AMEFEY GANA "y #AHg =L shootS filter-paper’t ZE U FE
petri—disho] =t} shootE AE7] Ao 3ml F=HL scalpel( # 10 blade)E
Eolv)t, gula g4 Aol E A&, kY ] 3ml B5 Y-S sca]pel Eo &3,
Fo1S At} oly HH¥a FAlo] Iem AE HA AEC. AAAIE vtEXH]
A a7l A3 AR MSHIR ] A AgT " o T w590 e
tubed] ¥ 10%&7F sonications Stk a3 308G @A Fou HFo] €4
™ 1A CCM(1/10, 2/10, 3/10, 1x-3.3 mM/ £ L-cystein, 1/10. 2/10, 3/10, 1x-1.0
mM/2DTT, 1/10, 2/10, 3/10, 1x-1.0 mM/ ¢ Sodium thiosulfate)l| = filter paper

1:1[0
2
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E 3 A Z23a AE ¥ A4S A4S Micropore® B3 F 25T 4¢

Z}) Wash-out and callus induction

497 co—cultivation ol AT-S A A 1/2 RE(regeneration medium) <l
A A (cefotaximeb00ppm) S 718k wash-outst ok, 3 A1 Ailter
paperfldl 3 E7]& AAS FH ALFAAAZE gl Cllcallus induction)ol] 9
i GAe mE AU

n}) GUS expression assay

FAHse] F&5 ARSI At GUS #Agkss 3T GU
&< Jefferson(1987)e] ®WH S A&slHt. Imbe] GUS A g H8 tiE7] $13)
oy  3mg2] 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)< 150uf dimethyl
formamide®l] =<1 5 850102 solution B(1% Triton X-100, 0.IM phosphate
buffer, pH 7.0, 5mM potassium ferrocyanide)= H7}3tG vl 34zt T Azl
A A2 wash-out 37| Ao GUS A &M H78k & 37C incubtor
| A overnight *]2] 3} th. A8 % destaining solution (ethanol 2.5mf, 10%
formaldehyde 5mé, 5% glacial acetic acid 2.5mf)2 #H7}sted 4Co] B B35

GUS 2@ 939 A=g Basig.

P
a7
-r-ul'
b

Ak

4. A3}

3.3 mM/ 4 L-cystein® AdolA 1/10 x == H7F3F RS A3k YR+ 4
A7Ee] FujdF 717 & AWbd o2 cell deathE Y071 Aol 2AEJYG. 21
v} 3tslstE DDTH Sodium thiosulfate H7F& 3.3 mM/ 4 L-cystein®] 23 1}
Hlalste] & o, 44 7ke] FufeF 7|Zbo] At Hollk AAA 9 et 38

c},
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<723 8. 1.0 mM/#¢ Sodium thiosulfate 37} ¥ &>

A 10 4 9FF FHA =9 EREA A

1. 23

OA 8% nE LY FAAIIENESE T I MHxd FYse I
A %, 20 Azl thdd A4S =Yste] FAAYA Yae S0 3
=3 -

2. A=

712 Q9 AFE vigoz 01IFFS 7z AP An.

3 oy

7hH A& A7 &4

q% A dippingdlt7]l A, agro7t A ¥& ZE o83l AEAE AEr} o
o), BFE87)d d2A AT petioled} leafst F@3ch AFHL ET3s o #
Z}ok & petioled} leafS A2 MS(multi-shoot:MS salt(+ vitamin) 4.4g/méf.
Sucrose 3% , BA 05mg/mé , Sigma agar 1.0%)vl®|e] x4 3kc}, 24T wjgFA ol
A 16A1Z Fx=A3 8AIZE 2R 3573 &0

v} Agrobacterium preparation
Avete] HAAFL slo] o] 8H  AgrobacteriumS expression vector
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PCAMBIA2301 (kan" Z3)ZL &3l LBALM4E A8t 23 YEP medium
kanamycin 100mg/ ¢, rifampicin 2bmg/ 2, peptone 10g/ ¢, NaCl bg/ ¢ , yeast extract
5g/ 0 |, 15%(w/v)agar (pH 7.0)°] streaking 3+ = 25CoA] vjoksie A
single colonyE %< AV o Ao HA YEP medium 10mlo] T
OD600 0.670.8°] € w7+ 25To|A 250rpme =  shakingstlth. o A&
cultureoll 30% glycerol stock 10m¢-E 23 vortexd H, 1.5m¢ tubed] 1mg¥
st AFALZ FE WF4st] -0CAA BASASG HF a5 ol FAAL
E99v AA YEP medium 200méo] -70ColA RHA3 =& Agrobacterium
tumefaciens stock(competent cell)2 1mé{ ¥ 312 0OD600¢] 06708°] E wi7}x| 2
5T A 250rpm e = shaking 3} T

A5 T A YEP medium 200ml2 50mé® v A} 20C, 7000rpmoll A 1534
E<¢r  centrifugedtth. ZFZFe]  tubedl UE A, tumefaciens pelleto] A
CCM(MS vitamin 44g//¢, sucrose 2%, IAA 02mg/¢, Zeatin 2mg/ 2,
BA(6-benzylaminopurine) 2mg/ ¢, Acetosyringone 100uM, 1/10DTT, pH=5.8)%

A% FF5AL AF CCME 15m-e ¥ol HEH.

t}) Agrobacterium infection and Co-cultivation

Mz Er] GAAA uvlE] Ze =& shoot? filter-paper’t 23 A= +H
petri-dish®] ==t} shootE AZ27] ZHo| 15ml 55 9-E scalpel( # 10 blade)&
=38t 4 g4 AlolE A&k ¢ ¢ 15ml F5 K-S scalpel €l &
33, Qae AT ojd AuH Gl lem AE HA AT ARAT} v}
22] A 7] Y3 AE MSujRle) AA4gtt 29 da HFo] v 3LA
CCMd & filter paper® 3+ & Z3 A& Gy 418 xA8td. Micropore=
Bt 5 25T 3Y FoF st

=2,

&}) Wash-out and callus induction
397t co-cultivation & AFS A 2AA 1/2 RE(regeneration medium) ol

&} A A (cefotaximed00ppm) S A 7FstY  wash-outstRth. ¥ F41S  filter
papergoll =3 E71E AAG H AAESAA7E §= Cllcallus induction)ol] g
Byl dAle w2 X A}s T
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) GUS expression assay

HAAZe] T8-S AASY] 95t GUS &S F33ltt. GUS Al
o< Jefferson(1987)9} Wi AR&stith. 1me GUS M FHS HE7] ¢
o 3mge 5-bromo-4-chloro—indolyl glucuronie (X-Gluc)E 150x¢ dimethyl
formamide®] =<9 & 850402 solution B{1% Triton X-100, 0.1M phosphate
buffer, pH 7.0, 5mM potassium ferrocyanide)E& F7}stgdch 397 Fujk A7l
A FA1L wash-out 3t7] Aol GUS A LA 8 Hrisk & 37C incubtor
o] A overnight A2 3ttt A8 ¥ destaining solution (ethanol 2.5m¢, 10%
formaldehyde 5ml, 5% glacial acetic acid 2.5m¢)2 A 7}sto] 4T HAsH
GUS @& AR} AxE #Fst.

v}) Callus Induction s Aol X4

wash-out®] 4 393 GRS AL 257 &< Cllcallus induction:MS vitamin
440/ ¢  sucrose 2%, TDZ 05mg/ ¢, NAA 0.1mg/ ¢ pH=5.8, Sulbenicilin 500ppm,
Sigma Agar 0.8%)v Aol xAsle] 24C gujddty. 28l -8 255 A
A A (kanamycin 5ppm)S A 7F3E CIv x| o) X A3t 24T ¢hul F sk,

AR Regeneration B A] el X}A¢

AF FOF 24T oA AujSsted FEI] callus’7F A EH RE(regeneration:MS
vitamin 4.4g/ ¥ SUCTrose 2%, IAA O1mg/ ¢, Zeatin 1mg/ 2,
BA(6-benzylaminopurine) 1mg/#, Vancomycin 0.05g/#¢, Timentin 0.1g/ /2,
Cefotaxim 0.2g/ 4, kanamycine 5ppm, pH=5.8 Sigma Agar 0.8% )8} ] ol A o3}
25C Hujgste] 2 E3H9F shootE A S #z3Ho)

o}) Gennomic DNA F&

AFAQ AP AEY S 1g AHFT 5 AADAE de]i gz R
ADAEE Fof APEE A0 A UE 3, €9 9& 232 54 Zol A, DNA
extract Buffer [7M urea(210g/500m¢), 0.3M Nacl(30m¢/5M stock 500mf)] & 6md
78l = 4o © phenol/chloroform 6mé-& Z7}sta1 HAH3] FHAOHA
$#H3 4ol FAT 12000pme2 1087 AAEHTE & AFTAL wA A
tubed] &AFUTE. FY volumed chloroform@ 7} ¥, A3 HFow

12000rpme.2 1023 YA4E83 ¥ 45d<s WA Al tubedl SAFAT 1nt

o

o
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o} 44M ammonium acetate(pH5.2)E Y31, 28] HF3 2] de2s HIE & &
uukakel, WEatolA 208 o) B#AS4Arh 12000mmoE 1587 94 £23)
o pelletS Fo3 ASAE vld = pelletS 1087 T35 TE buffer 0.5me
o] o}3, RNase 145 H7Mste 37Co 1A= ¢ Agsigeh, 2y =
phenol/chloroform 05m2 23 HA3] 4o FYt. £4XL 12000rpme 2 105
FHAEY s S wA A tubed &3 ¥, FY  volumed)
chloroform® 7}l Alx18] wwk-g P3G, thA] 12000pmoZE 1027 44
=g T, A4S 1/10 volume®] sodium acetate$} tnge] 100% ethanole ¥
o] Wi 20% o] B#AFHAT 12000pmeE 155837 9AEgsle] DNA
pellete @ 9wE ©3 TE huffer 509l DNAES =49tl JAEFow F3%
43t DNAS 4& AT

w Gy o

Z}) PCREA

Qtoff Al L2 DNAE Template® PCR £4& st9th §AAe weois o
ol 7] 98t GUS FH A2l sequenceE ©]&€3led PCR primergE A stgrt.
2233 primer(GUS forward 5 CTC GAC GGC CTG TGG GCA TTC AGT,
GUS reverse 3’ CGT CGT CTT TTC GGC GGC TGA AGCOE o] &3]
PCRE 835 PCR 2718 94T 45%, annealingS $sle 55Tl A 45

%, extension® ¢YoFe] 72C 18 30x A3 HAS 353 wLEEG )
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AAZA>

=3

<18 9. ser2 FAA =Y o]
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<@ 10. ser2 FAA =4l & APAA>
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GUS Primer

<29 11. ser2 £ 427 = A A PCR 18>

control

<Z¥ 12. ser2 427 =98 24849 Shoot Hl 2>
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X Xh EB  B.S K

RB Thos LB

(d)

NPT

RB o Ocs~ter | B

T 130 A 3ZARE At ARE g dE WY
(a) pCAMBIAZ2301-FT vector (b) pCAMBIA2301~-GAI vector
(c) pCAMB IA2301-ANT vector (d) pCAMBIAZ301-SER2 vector.
BR, right border; BL, left border: NPT II, neomycin .
phosphotransferamse: GUS, B-glucuronidase: 35S, CaMV 35S promoter

Tnos, Ocs—ter terminator of nopaline synthase; B, BamH I; E, EcoR [

K, Kpn I S, Sac I, Sp, Sph I, X, Xba I. Xh, Xho I : H, HindIl
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1. Plasmids$} wj =4

8,
-{

=3
T
LoN
=

o] AH2H insertf A AE FT, GAIL ANT, SER2E AM&&x, 243
SFdFE E coli DH5aE AFE3192om, cloningS ¢33 vector DNA
2% pCAMBIA2301S A3 3L, Agrobacterium. 2+ LBA44045 A-8-31%
=

E.coli v %o+ LB v} X|(Yeast Extract bg/ ¢, NaCl bg/ ¢, Peptic peptone 10g/ 2,
Plant Agar 1.0%, pH=7.0)% Ah&stth. FT ¢ GAI #3xE Xstal =
pBluescript SK(°}3} pBS)T= LB #}A]d ampicillin 75ppm= 73 HjA| 4,
ANTSAZE 28353 9+ pCGN1547E= LB vlR| 9| gentamycin 2bppmE &
7} ¥ X9, SER2FAAE £33l = pTEXE LBulA o) ampicillin 75ppm
2 A7Fsk wiAjo, pCAMBIA23013 pCAMBIA33012 LB ¥R <] kanamycin
100ppm< A7F3E wfj Aol 37Tl A 250rpm .2 16A]7F wjdt % Accuprep@
plasmid Extraction Kit(Bioneer)& ©]&3tco] DNAE F&3¥ . DHoaE o]-&
) dARAZ H Ecoli XX 100ppm kanamycin®] 71 LB LA v & o} A

2
<

il 6‘}%5}. Agrobacterium A3E+ 100ppm kanamycin® 25ppm rifampicin®] 3
74 YEP 1A ®i X (Yeast Extract 10g/ ¢, NaCl 5g/ ¢, Peptic peptone 10g/ 2,
Plant Agar 1.0%, pH=7.0)9 A A3}t

2. pPCAMBIA2301-FT vector® A%

BloFol S YA RSl S NS AT T Wizard plus SV Minipreps DNA
Purification System(Promega)E ©|£3lo] DNAE F=3F3 T

%23 DNAE 77} Kpn 19 Xba I(Roche)22 A2 % Nucleo trap Nucleic
Acid Purification kit(Clontech)& A}-&3t%] Gel Elutions} %t Elution ¥ vector
9} insert®] ¥W|&& 1:1Z 3l DNA Ligation Kit Ver. 2.1(Takara)E 3]s}
16 CoA| A 302 o] vb-&AlA ligation* FH T

Ligation® pCAMBIA2301-FT vector= DHbaE o}l# transformation?] % .14,
100ppm kanamycine] H7F€ LB 2A} vjXlojA] 37 CRALE 16A17F &< vl %
slod HESHS T
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AEE FEceoli Al PCR 4% 39t PCR 4 Al forward primer®:
355 promoter(5'-ATGGACCCCCACCCACGAGGA-3Y)2] sequencesS ©o}-£3} 1,
reverse primer=+ nos terminator(5'-CCCGATCTAGTAAACATAGAGACACC-3Y)
o] sequenceE ©°]&3tAt. PCR ZZ& denatureE 3t 94TolA 45%
annealing= 3t 55T A 45%, extensions #sted 72T 18 30% A3 7
Az 303 HESHTY. FZF3H PCR AHES 1% agarose gel 7|95 o2 A
8 Tt

&A% pCAMBIA2301-FT vector= Agrobacterium tumefaciens LBA44049
1ASA T Agrobacterium F 232 Gene Pulser (Bio-Rad)g& ©}& &
electro-transformationg ©] £33},

Flectro—transformation® #7722+ 254F, Controller 200, 1.5kvE 3t o,
0.1lcm CuvettesE AHE3I T, Agrobacterium A X+ 100ppm  kanamycin3t
25ppm rifampicin®] 72 YEP 3 A vjAjo A 28CFZ7A o= 3UZF v eks)d
MAEstF o, MEE Agrobacterium AX+ 35S  promoter primer®t nos
terminator primerg ©]83te PCR3F 3 1% agarose gel 7|95 o2 B A3}
ATt

I'U*“'

3. pCAMBIA2301-GAI vector® A2}

kol & PA Rt AE AL A7 T Wizard plus SV Minipreps DNA
Purification System(Promega)E ©]-&3lo] DNAE F=3}53 0.
2248 DNAE 7z} EcoR I3 Xba I(Roche)©.2 R2 & Nucleo trap. Nucleic
Acid Purification kit(Clontech)E AF-83dto Gel Elutionst{tt. Elution §- vector
o} inserte] vl|E&2 1:12 st DNA Ligation Kit Ver. 2.1(Takara)& *|2]sto]
16T A 30% o} vHgAlA ligationA] Z th.

Ligation® pCAMBIA2301-GAI vector+ DHbaE ©]& transforma -tion A F
© 1 100ppm kanamycin®] I7FE LB A A A 37CEZHALE 16417 &9

aj eFste] A sk T
MEE Ecoli A1 2F PCR 4% 39Y. PCR ¥4 Al forward primer®+=

35S promoter(5'-ATGGACCCCCACCCACGAGGA-3")9 sequenceZ ©]-&3}il,
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reverse primer=Z+ nos terminator (5'-CCCGATCTAGTAAACATAGAGACACC-3')
o] sequenceE ol&3l¥rt. PCR Z72 denatureE $sta 94ToA 45%,
annealingS 93l 55 CAA A 45%, extensions #3td 72T 1% 30x% AHzg 3}

4= 3538 HESAY. $FE PCR A& 1% agarose gel W79 22 4

243 pCAMBIA2301-GAl vector= Agrobacterium tumefaciens L.BA44049%
HAAGA A, Agrobacterium B AAELS Gene Pulser (Bio-Rad)E& o]& 3l
electro-transformation- & ©}-8-3t A% o,

Electro-transformation®] &2 2+ 25uF, Controller 200, 15kvZ 3} oH,
O0.lcm CuvettesE AR Agrobacterium A 3EE 100ppm kanamycin®}
Zoppm rifampicine] H7FE YEP 3iA] #iX] oA 28CEALZ 347 wj g3ty

AME3ET. A" Agrobacterium M EE 35S promoter primer?d nos

terminator primers ©]-834 PCR3% 3 0.1% agarose gel A7|g 5oz BHA

SHIA T

4. pCAMBIA2301-ANT vector? A 2}

WFde daReste] 45N AAG F, Wizard plus SV Minipreps DNA
S o] &3le DNAE F&319 .

%3 DNA¥ Z+7Z} Kpn I3 Sph I{Roche) 2.2 A& Z Nucleo trap® Nucleic
Acid Punfication kit(Clontech)E A+&3te Gel Elutiond} it} Elution ¥ vector
o} insert®] ¥]&-& 1'1E 389 DNA Ligation Kit Ver. 2.1(Takara)2 A 73}«
16 oAl 30% o] ¥b-g-AlA ligationA] .

Ligation® pCAMBIA2301-ANT vector= DH5aE o] transform ationg Al
Ao™ 100ppm kanamycin®] #H7}E LB IZA viX oA 37CERAOE 16A]7HE
SIS T IS = 0 e =

MEE Ecoli AX+ PCR 48 34t PCR 4 A] forward primer®+
355 promoter(5'-ATGGACCCCCACCCACGAGGA-3Y)2] sequenceE o]-&3}1,
reverse primer=+- nos terminator(5'-CCCGATCTAG TAAACATAGAGACACC-3Y)
o] sequenceE ©|&3th. PCR &7 denatureE 9 3ste] 94TColA 45%,

Purification System(Promega)Z
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annealing< 93t 55Tl A 45%, extensionS st 72T 1% 30x% &3k 3
3¢ 353 wEagh %9 PCR 222 1% agarose gel 27]dF 0w B4
AT

A3t pCAMBIA2301-ANT vectors= Agrobacterium tumefaciens LBA4404
of FAXAIAHAT. Agrobacterium B A AL Gene Pulser (Bio-Rad)& o] &3}
electro-transformationg- ©}-8 3} 53t}

Electro-transformation® =762+ 254F, Controller 200, 1.5kvE 3@ oH,
0.1cm CuvettesE A3+, Agrobacterium A EE 100ppm  kanamycin
25ppm rifampicin®] H7Fe YEP 2A] sfAjojA] 28CZA SR 347 wjokslo
sk, AEBE Agrobacterium M EE 35S promoter primer$t  nos
terminator primerE ©]-&3td PCR%F 3 1% agarose gel A7]|FEo =z BA3

A},

5. pCAMBIAZ2301-SER2 vector?] A3}

vkl S YA RSt S AL AAF T Wizardoplus SV Minipreps DNA
Purification System(Promega)& ©|-&39 DNAE F&33dh
T DNAT® 717} EcoR I3 Hindll(Roche)2® A2 & Nucleo trapE]
Nucleic Acid Purification kit(Clontech)E& AF83to] Gel Elution3d}$it}. Elution
2 vector?} insert®l H|&2 1:12 3o DNA Ligation Kit Ver. 2.1(Takara)=
A 3te] 16TCAA 308 o]4 w-3-A1A ligationA! A o}

Ligation® pCAMBIA2301-SER2 vectore= DH502 ©]& transformation A
o 100ppm kanamycin®] A7}E LB 23] vixjdiA 37C2ALZE 16A7F Fot
i kst A8 853t

AEE Ecoli AAZE PCR 48 39t PCR 4 Al forward primerZg+
395 promoter(5'-ATGGACCCCCACCCACGAGGA-3Y)9] sequenceE ©]-83}1,
reverse primer=+ nos terminator(5'-CCCGATCTAG TAAACATAGAGACACC-3')
o] sequence® 9|83t PCR FAL denatures 98te] 94ToA 45x%
annealing< sk 55 C A 45%, extensionS Y3t 72T 1% 30x% A7 st 3
A< 353 WPt FFEH PCR 4AHE2 1% agarose gel A7]|dEo0 2 REA
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s} ot

2FAJ F pCAMBIA2301“SER2 vector— Agrobacterium tumefaciens 1.BA4404
of HAXAIAZY. Agrobacterium FAAZL Gene Pulser (Bio-Rad)E o] &3}
electro-transformationg ©]-8 3} t}.

Electro-transformation® &£ o2+ 25uF, Controller 200, 1.5kvZ 33 on
O0.lcm Cuvettes& AF23tA{ . Agrobacterium HM¥+= 100ppm kanamycin®
25ppm rifampicin®] HA7FE YEP 34 wR|oA 28CxA0E 3A7F wjakslo]
Adstsict. A¥EE  Agrobacterium A¥EE 35S promoter primer$t nos
terminator primerZE ©}-83Fc] PCR3% ¥, 0.1% agarose gel A7|gFo g BA

st
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