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AOI=Z (H 2 el (Zantedeschia spp. )8 & & &8t Particle bombardment.
ABSTRACT

This study was performed to produce ZaMV coat protein gene harboring ZaMV resistant
calla lily by particle bombardment. From the kanamycin resistant study, it was suitable for
200 mg/L kanamycin to callus selection and 50 or 100mg/L to plant selection. Particle
bombardment was carried out 7 times and the occurrence rate and existence ratio of the
individual was highest from condition of 1 um, 9 cm, 1100 psi. The plasmid pGZaMVCP,
pCKGFPS65C and pMDGFP was introduced to callus and growing point of calla lily using
particle bombardment. After the bombardment, few plants selected by kanamycin selection
showed that the efficiency of bombardment method was low from the transformation of
calla lily. The introduced genes were identified by PCR analysis of genomic DNA with 35S
promoter detection primer and we could confirm from the band of 350 bp. Also we
confirmed the green fluorescence of the GFP protein from the pMDGFP introduced plants
and pCKGFPS65C introduced callus.

1. 97 &

2ct= Z0tE2o0F 2atXIel SFA22 ®d I (Araceae)tl &ole 22 A20ICHL &l
Ligtoll= & JtKl 82 2 Zanfedeschia spp.)lt FEHE, @QAEH 2|0t HEE SXK
A ST THHHE D UCH2EON S, 1996 s=&EH, 1999, HYE S, 2002). MUBHA
LSS0 A S0 HE M0l JtSotH 2Ae Hatel ol [0l FHU 232t BE S
ot =20 0l OI=JIXIOF =Lt Metd SWoIA= HEHEEWL ==01 s0U= FAI0IH
ZATUHAME M2 iS22 JCH D2iLt 2000E O|F2 2JAXIl 22t THEHH ZEUIA
HHOleiAE 2 M4 ASRYHO LM0| 4ot WEAESES |54 ZR4A0l MO UACH
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HARANANE RESEI|=2 Particle bombardmentEE 0I235
0l UAX kanamycin LHA2E, gold particle bombardment2l =& XA
MLHel GFP &3S X AOICH L8t "ioleiAY XMHetd 22t AZ2d =

BroledAY YHRAXC Zantedeschia mosaic virus (Kwon at al., 2002)
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sucrose 3%, 0.5 mg/L Thidiazuron(TDZ)

Zctel JHUOHolAl WEEEE  XZAtoIIRIoh  0.5mg/L TDZE  &Itet  MSHHXIOf
JtLtOroI& 2 50, 100, 150, 200, 300mg/LS &EIIoIH M&EE Seof &

r 2RAAE XIA6HA D,
4% 2 NS NEIE TAGI0 £5 FUTEH HLES 9IF HISTS MU

HEMEN AEE HEHE 322 pCKGFPSE5C & pMDGFP= 22 pUC & pBI 12101
GFP reporter SEXE Z&otH, Z2tZ2X0|3AHI0IHA  QUISHHASE™XH(ZaMV-CP) 2
&I pGreen HIE (pGZaMVCP)E R=5HSCH

i

2k, Particle bombardment

Bio Rad At2l PDS1000/He Particle Delivery System2 AtE3I0 #E DNA LIS XE
S AL CHKemper et al., 1996). Particle bombardmentE I & = particle2l 10t
Z0Iot=F HHAIE F& platel &0 && 3 cm ¢2Z2 XI&6HA A= EZHO0IE E
5-60H, MEE210HE XI&otALt. 382 HEME HIHE 0|&8 particle bombardment
N2 & 74 EoIJACHE 1). 11X particle bombardment OlA= GA ZUHA L}t BM
MEFN pGZaMVCP DNAE S AL ZE 2l bombardment £22HE &J| {6t gold
particle size(1, 1.6um), target distance(6, 9cm), BHLH 2=(1100, 1350psi)E2 Z&otN
8 XAHCZ AEGIULE. Bombardment & 42t &M A = HHAIONAM shootE S AIZ)

il

=
[ —
_—
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= JtH0tolal 100 mg/LOF  EEE  SZHIXIN XIASHH  AEEIACE 2XF particle
bombardmentfiiA= GA ZEHA2 MEE0UH pCKGFPSE5C DNAZE 1

8X2422Z bombardment oGtRUCH pCKGFPS65C HiEH= SAH NEEKRAEXLIL Sl=
HEOI22 EMH Sle platedlA 432t shootE ®&8 = BIUHHIXI(6% sucrose, MS,
activated charcoal)OilAl ¥ MES SEo6IQUCH. X ~7X AEUHAE 1w, 9cm,

,1100psiel £AHCZ SHNMES AAIGHU

0y

EFEEES I == Co RAX
1 GA, BM MZE pGZaMVCP
2 GA, GA MZH PCKGFPS6E5C
3 GA,OF 242~ pGZaMVCP
4 GA, OF, BM 244~ pGZaMVCP
5 GA, OF, BM 24~ pGZaMVCP
6 GA, BM 242~ pGZaMVCP
7 BM 242{A PMDGFP
oh & 3
MESHE HYBHA HHO & N0l XS MHGID ABAE(ZANE : NESA : B
2HOIE = 6.5 1.5 : 2,008 22 EE(F10cm)0l A2 = 50% IBUS L0f 25 AT
SCE SNl MMS MBS 00l FOA Fsts W2 22 4 YS WL IR
MEHE MIZAIZIC

Hi. AZ2XZ2H DNAS =&
Trimethyl Ammonium Bromide(CTAB)E AI23dt= CTABE S 0I5t AZSH22H
o 3

DNAE F=0oII0H S40lA =35tst Zetel & 28 0.3 g2 micro centrifuge tubell €10
X

I_

HHYEAZ SHEHSS F pellet pestlez 0OHS & CTAB EMHS 600 4 20of &=
HAUHECE 0= 65T water bathOll 3022t FACHIH A =20AM 522t ¢HE3 A2l =
chloroforf @ isoamyl alchohol = 49 : 1 M¥& 20 302l inverting ot Hanil, Micro17R
M 22IIIE Aol A2, 13,000 romOlA 2022 A2 & T ASH 500 ©E
FStC., ASMHW SHCZ chloroform : phenol = 1 @ 1 EHE 21 308 inverting & =

St HY SHO

AR20AM 10228 A& =el St &43M 400 4E M FE20 3/=56t10 -20C ,800 w2

absolute ethanoldt 40 #£2] 3M NaOACE 40H&E = -70TCOH 30=228 S0 DNAE

EMAIZICEH 4TCHM 15228 2MZ2l ot Z2HE pelletl -20CT2 70%0E=

20 4COA 10228 4=
=

2l sttt &2 pellet® vacuum drier2 322 AXoHAHLE
238 ol & =0 8o AFEdiU -20TCH 226 AL

A2 U 2L £ RS &6 ot ASHOUA =8 genomic DNAZE PCRZ
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AL 35S promotertil SO0IEO0I0 < 340 bpll =HHO| S=EES upstream primer
(5'-GGTGGAGCACGACACACTTGT-3'") 2fdownstream primer(5'-CCCTTACGTC AGTGGA
GATATC-3)E HMIXGIUCE 50 # BrSHO| buffer, 25 mM MgCly, 2.5 mM dNTP, 10 pM
primer, 1 unit2l Tag DNA polymerase2 genomic DNAE £ BISAIRCH PCR BIE2
95COIAN 3E2tpre—denature ot BZEBFS(95C 30=, 52T 30x, 72C 40x)2 303
NAMGITOH =S Al BIE=2 72 CTOHA 102 &AIGHRCH PCR &=2 0.8% agarose

gel &f0IlA 50VE & 408 2t MJ|E St = EtBrE SMot0 UV of0lAM =elotRUCH
Ol. GFP EZLs S St SETEN dY

GFPZEHES oIl ©318 ASH0IN BEHE RS HOIoIRIH LaUA S
=2 l

& 0| A (Zeiss Universal Microscope, Germany)E 0|26+0{ 2 &6+ L.

3. 21 & NFE

Jb. SHLIOHOIA K& 2

03

JHLIOIOIAI HEtE S 0|28 SAXNMEH HUS ASHH ZHAS MEtd HES 235 AlAIS
210 JHL00IAl 200 mg/L M2IR0A 4350 80%0l4a ZWHAIL ZHEIHLE DA
S8 2 WRHAS M= 200 mg/lQ IHLIO0IAl SEIF HUYGUCHE 2).

BI=SAIE  JtLIOHOIA Xlatet H245t 2t DA MES
5| A = (mg/l) Moy A 2 (OH) ZefA =) ZedA =00 (%)
50 50 30 20 60.0

1 100 50 30 20 60.0
200 40 5 35 12.5

50 25 25 0 100.0

5 100 25 20 5 80.0
150 25 20 5 80.0

200 25 5 20 20.0

0%

&el

P ASHE €dM HAEN HE
HAWM 50 mg/L 2Hez MHEgds &
sElME 2= JHAMISS2l shootet &2lt

Il

ol %

ot
=1 PN
2o

O JHLIOIOIAI=S= 50 - 300 mg/l
b (E 3). O Z1 150 mg/L 0late]
MGHAl  20F 2

o

MEGHA  2RotATH Lt
100mg/L OIM= 200HSl JHAl = 4902 JHMIOF Ktetlh 20% JF MESHR LD 50 mg/L HIME
Ct. Olgl B2 Z2&Z0l= 100 mg/L s5Jt, A& 0l= 50mg/L

8 JHMIZ 40%It ME=SHH

= MZEIAUCH KanamycinOll CHst W&2Sl &= A2HI0tCH
20| 20 &Nt HAs U822 50mg/Lolstel MsZ0AM WAS 220(Sohn et al
1991, Kim et al 1998), HIFLIOIS &R 22 AYXTAHES AEdH2UE WEHEI O



& UCH (Ko ef al. 2001), tLIOLOIAL 100mg/LOIM MY E ASHE=

tulol&(Yu et

JtLIOH0I Al s & Xl &t st 2AXG| Kbt Atet Xl =st MEZ
ma/L shoot £=(JH)  shoot2 Z=(JH) shoot2 2=(JH) (%)
50 20 8 12 40.0
100 20 4 16 20.0
150 20 0 20 0
200 20 0 20 0
250 20 0 20 0
300 20 0 20 0

L. 2EEE Wy 25

SAFSN AIRE HE F pCKGFPSE5C X pMDGFPE MSOIXIHEI D (RIS m4)0
A

N HEez 2220
=

f
pGZaMVCP= HIOIIAXMEHE 2t SH4S ot A=otACH (A 1).

M; Lkb ladder, &; pGII0O2S-ZaMV CF
=R B; BamHI-EcoRI digested p GIDOO2O-ZaMV CF

FEs 3 E:
L =
== Ca ol
— is EnCaMy p3ss | [TL || GEP Tl o
/ 410 b ~124 lys A bp 20 s
1
\ )
\\.\_\__ on plic - B - -_-/ .L. - -
'_ M marlaer
1 10 Hindlll' Bam HI digasiion
d 2 pCFEFPSESC

K)Il

[O8 1] €28 YEo 2=
At 0 ZaMV CP geneOl &E2/& pGZaMVCP % E
ot : pPCKGFPS65C ®E]
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Ct. Particle bombardmentE 0| &8t

g
>
P

|

1) 1XF bombardment

ZaMV CP R&EX T 1=« = ItL0t0lA 100 mg/L It Z&E UiXIol XI&tshod
selectiondtA 2Lt shootingE0! 0# ROt CHAl ItLIOIOIAI Sle= BHXION XIAGHH Ci==2
shootS ZMAIZCH OIZH M 1,00004 JHMSS ItLIOIOIAI 100 mg/LIF S0 U=
BIXIOI &2l XI&GH Aot 82E il 6% sucrose, MS BICHEHXIOI A BH 2 SH A CE.
HICHEHXIOIA 3JHE Ol& BHGHASLE A0l & MHCX ApLD H2SHH MESHA

I

ROolRULH. MHE M= PCR 2401 AFSoHALH

[O& 2] 1X Particle Bombardment & A& &
g

A, B : AL e BHIXIHAM ASH 2
C, D @ 2tLtOtOI AN 100 mg/L BHXIOIAI Sl &'
E, F : JtLiOIOIA A& = HICHEHXIOIA Sl &

J

—_

LIDFOIAl A2 HIXIOAE shootingE0l IR U= 0l SEXIF =g
HLF bombardment & ZE{ A} °toHI1 U= AEHO
HEMSE0| maskingdHUs = ChD M2 ACH

{—

0
Mo so

b

AT &

(=
Pl

HXIH A shootE S &0t OIE IHLIOHOIA selectionOl =& 6= delayed selection2

otUCH SdH gl= HIXZ =2 2dst MHIHS OHMISS JtU0rolal &

B
02
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AE L == UULH

o 2 OHMErol dZEERUCH. 0lX2 bombardmentdS S8 Zictel RSSO0

=3I} 0lot==E NAHS LAl ol 6% sucrosel MS HITH

. BICHERXIOIA 3OHE Ol& BifotALLt 2t&st HEfel WB0l g4
SXE #UALD & s =0t shoots 2ZotXl RotACH OIXME ZctE HIHBHXIO Al
MEAZ B2 DB MAM =30 21 A0l Zelld NEo Jeo2 H25HH MESH
ZoltEl2 HEMEMIL HILHBHXIOA AZ2EHOUHE == AN S&Hel LH=2 Otlicet
M4 ACH B0l 25| dd=E M= =stet = PCR 40 AtSot=d FJl2t
HICHEHXIOIA AEHASE &2 HE2Z =3 AT Aot MESHA 2otALH

2) 2Xt bombardment

Hon
00
0z
=
S

pCKGFPS65C plasmidE bombardmentst
3% sucrose, MS HHXIO XIA3HH 4=F=2F shootE REZoHYA
A O

SOHUX &£ 0.5 mg/L TDZ,
=0 1 X2 OFEIIXIZ2 R

=1

25t shooting SO0 &2 £2 JHE 22 & URUCH Ol H LAst NS 22 O
O{LHOI activated charcoal, 6% sucrose, MS HICHHHXIZ SH MZAAIZCH (O 3).
[O& 3] 2X bombardment & A& &
A, B : Bombardment & ZEHANA EES shooting
C, D : HUHXZ 82 =9 M
2XH0IM= HICHHRXIOf SHE2 20 9= XSetn &J12F HigE 3 2Mdls &0

S22 SXole S MEN £E2 ZHS US0 FACL HHEHS X LAS MA CIEA
Q1o EgtsA0 gl Hel: EEoHH IIE B At s ME0l EU2L HAl EO0|
2NE RAoF JH HA=0ctA= LUCH kA HICHEHXIN S4HE2 @oH MA2 Z0HAILE
Zo ¥4l 2 982 FX Rote A2 L 2 JJUACH HICHHHXKINA MEE JHHMES 11t
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£ post selectionS &&otI|2 ot SMIIDF Qe
BIXIHA MEAIZI £ =36t PCR 24 oL 0 & JIL0IA ZLM6t= OEQ GASl 28

BombardmentE &g M= ES ZAA D02IE s III2 Zct BhXIo XIag =
H2 s G222 ASHIL &XME 3= AZ2t0l =UHXX 220H bombardment &
Est HHAN A2 FI| W20, 0id X A8 £2H4 & 212 Z2AUAN MHE=801 IHE
£2 222 B0t ZAAN JtE HEE AHHE MIBotes A2 HUHIJUCH BAHA UHelE
Xast & AXO Rt oHEFFE ol HESCH BHYst & bombardmentOl XH&6H|E
StR=0 Zetel ZedAz= 330 SHHA AHCHHHZS oGioF & 22 M=s0| e &456t1
shoot= Al XtetLbA bombardment A& 0 AFSSHI0 HE SRl L UCH

ch. AEHe =3

Tl
[OE 4] Zete =3tud

A ZHAUH M2l shooting

B. A5t M E HLHEOZ ZHA MEAIZ

C. BHXIE MRl HotH = HIAREE 20 &2
D. €9 HZXE 9| Lol & &K HSs E8
E. ZEQ A2 & XH

F. 2A20otH MEst A=K
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HlAE shootel 201Dt 5 cm 0IA4SZ JAM, LA B20 22 2Dt EXes
HUSHH MASH et =3I6tH 90% O0lA0l MEGHRUCH dLE 22|t
2o JId JILHHIMS MEO| L2 AMESHe =& Al MES0] 20%
Ct. 2eld 1X2 2XF bombardment = HIHBHXIONA 22 HIU AI2) ES=
UCH Olgd Z2W=2 20+ =3stotdl & HILBHXKIONA 22
2 t= shoot2t #2IE HAGHH
IRACH EY =3 418 F0ll=

O
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OF. §ZNEX d

[ 6] . PCR &2l Z3}

Lane 1 : 24l =322t GA pCKGFPSB5C 1~7(2" Bomb.)
2 24 &322t GA pCKGFPSB5C 8~14(2™ Bomb.)
3: 24 #3522t GA pCKGFPSB5C15~21(2™ Bomb.)
4 24 £3512t2} GA pCKGFPS65C22~28 (2" Bomb.)
5: 24 =3} N benthamiana ZGMMVCP
6 : 24 =322} GA pGZaMVCP gene #51,52 (1°' Bomb)
7 JlLHZ2t OE pGZaMVCP gene (3™ Bomb.)

8 : JILHZ2t GA pGZaMVCP gene (3 Bomb.)
9 : positive control (pMDGFPS65C)
10 : negative control (N. benthamiana)
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Z 1 2X2 pCKGFPS65
DI

35S promoter detection primerE C
£ pGZaMVCPE &=¢

=4 &3 GA, 12 pGZaMVCPE Eglst =2
6

w
>

o= T2

GAOlA 350 bpll BHEES EQIoHA F(:l?e!
3 4

[O& 7] 4, 5% bombardment & BM Al2XH = =38t A2 PCR Z1t
Lane 1 : Positive control, 2~6 : 2& =3 BM pGZaMVCP gene

7 : Negative control, 8 : Positive control, M : Marker
4, 5XF bombardmenttilAl ZaMV CP geneOl &E pGZaMVCPE T8t GA 50004 JHAI,
o]

c
BM 60004 JHAI, OE 40004 JHM2t GFPgeneS Jt& pMDGFPE g8t 2f 300 HME

240 M =38 = 35S promoter detection primers o=yl
o

Ol=2otH PCRZ =&t
IotACH O 21 ZaMVCP genes &2 & BM 2, 4, 58 JaneOllAd 2f 350

A U.v normal

- 2ol Aol HEE

&l

[

ol
—

|19 Jor rﬂ

A B, C D: DCKGFP865CJP =
GASl &€& ¢d

>
c
=
g

0#

E, F : pMDGFPJ = BM

P
dHAS FFYE

e e
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2Xt2 bombardmentst Zict & LR E HIUBHXION XIAGHA &
A2l & GFP & 23S XAst 2 75 WMl = 4 JHMIOIA &2 &S

N

tm

02

2

mo
ol

ol

2

z

N

PCRZ THEQl = M, Odcl EZEB0| =
F

2R0l= BHEDF LEILIA 2ULCH Ol 2= SEXIE AIS2HIS genomelll EXMOZ
AHAC| X 20} degradation= ZUE F=FECH U2tA Zetoll o=z ellgd el &€&l
MEts foldeE bombardment® OIA0 Agrobacterivmd S KSEXES A6 transform&
4= Qe HANMSHE Dedoll 2010F & ANSZ2 A=

4. 8 Q

2Zietel MEA Rl A= multi-shoot EEHZ MS BHXI, sucrose 3%, 0.5 mg/L TDZ
BIXIA SXotH 2= d2Es A AI=ZoIACH SHEAMEH S0 AIEgE MNF
JHLOHOIAI =52 7Y AEZn, ZHAS HAY0l= 200 mo/l, ASENZRH 2 Aldl=
50~100mg/L =%2Jt HYGIACE. 11X bombardmenttii M= pGZaMVCP plasmidE GA
AL BM2l MEFHO bombardment ot &&RAIIH 8l= BHXIOA shootE |& AlZ!
£ Jtuotolal dY Gt= delayed selectiong oRRUCH ZASt JHME=S  IHLI0LO0l Al
100mg/L OIA Sgst Z20 S0 £ JHASH0l 82 & bombardmentglE2 S& 2Z2te
SHNMEE0 e b= AS &€ = UULL &2 & IHMSZ= 6% sucrosel MS
HICHEHXIONA 3JHE Ol& HiatdULt WHF0| Xt Sz MATXE 2LULD shoote
HUGHA RGHRULH

2Xt bombardment OlA= pCKGFPS65C plasmidE GASl ZUH AR JILH 2 MEH
bombardmentdttd SMHIDIL = BHXINA shootE =&8 %= activated charcoal, 6%

sucrose, MS HICHBHXIOIA MEAIZACEH Activated charcoal2 ASHS MEZ2 Z0HAILE
B 40l AN £2 IS FNe= AULL = I Hest KAZSHME HICHEH X Ol A
NUBE REE 22 JIUHAMAMS MESE ZX 20 WUBE N3 LA 2UAS 20HA
T MEES 50% =0 SURXICH 22| shootBt HASHH MEAIHA =37 otH
90% Ol&o MZEES B, EX =3t 4 S ACH

HE =0l 28s 1E0l &4
1

HHe HUEYN HESUA

o
A
v
o T
HU
rr

Particle bombardment2| Z|
psi =0l JtE EQUL.

SEMAMME 35S promoter detection primer2 PCR & Z1t, 11X bombardment2
pGZaMVCPE T8t 24 =3 GAY 2XZ pCKGFPSE5CE T gst 24 =3t GA & 3
=2 pGZaMVCPE T2t JIW GA el 4, 5X bombardment2 pGZaMVCPE T2 &t
BM2 Z JHAMIOIA 350 bpll PCR BHEE =015t LD, pCKGFPSE5CE &AM EAIZI Ze

AZEX = 2% HAHUAM S2EHHA(GFP)S &8 ol & 4 UL

J

-

~
S

9

Jon
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