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AZFUEL AR o] G

EE | Oymbidiums 32 FAANBAS B3] $931A, microprojectile bombardment W& o] &3t F

(Cymbidium virescence)® rhizome ZZ\A|Ed] 9 &

AxE =9t 248 AESAT:. 2 parameterd

APzAo 2 G2 gxte] F7]¥ 1L11pm, He 72 3L 77.33kg/em?, gap distance:® 635 mm, target
distancex= 7.0cm ©]%ith. DNADEAAE FAFS 400um 7719 rhizome FH-S 270¢7F wjd3t H GUS
A4S ZAE AT o] A e HEESC] FEHAY. Kanamycin (100 mg/L)yS A7 Wi x)ol 4
6714 Bt Aeiu)oks 23] 9L rhizomed] DNAZ PCRE EA3 A3 nptll FAA2] 44918 #1d &

AR TH(1996d 5Y 279 H, 19969 79 8Y Fa))

M

W3} (Orchid family)ol &8H= A28 o} 750 %, 25,
000 Fol @A 3L, o] FAA F&D (Cymbidium)
3000 e FFom EFHL v 4374 F7)
2 drgo] w st JHAE B zort itk
a4 P9 vio] dad £ 5 Cymbidiums:
ol i3 A FaFo] 438 Tkt s B
ol %53 5AL 7 WHolFel W Mimvt
o ZARE 2R FF L 1 52E H BaA
3 Qe Aotk AF7A el AEE N
AR A AFFFHA JEA =), o] PP AF
T o} Sl Al EE Aol YR AR opel o=
548dwns Aoz wYaTle Hol /s
el AEF FEol IA AFH gk

A ExAAESe] @A d ¢Eo] transgenic plant
ZIRol ofeiztA] AEe] FF MNP &L e,
Agrobacterium< ©1-&3 FHAARAI RAFoZ AL
=i v}k 12iY Agrobacterium-2 SALE 2o o]
FEgo] Yol PO FAXAZE AYeA @t 1
T3 e AFAAE WIEi) AEAE e Aol
8ol3tAl ¥71 wEA A71ASH (Electroporation)o] Lt
set22 A PEG) o3 A4¥4A 418 =
o] §Folle AetA ¢t ¥ microprojectile bom-
bardment W&, A AEoY ©9AE AE BT
AEd 5 g B opl Azure Ariste] 943
AAE e Fort g7l fEd asAee wE B
Agol glu AFEAY HEA AES AHE e
SHA] Sethe AE 2L M0 Fago),) g s
WD WD Y Fo) FENF S&E f.

PRI, I

W21 8o 9ol Dendrobiums:2] $%¢l| microprojec-
tile bombardment o] 348 o®7} glou o2 Cy-
mbidium<°l| H8¥ o= gk

2 A7e AFEadA g AN e e F
Cymbidium< %o} AEZ MAS 93] microprojectile
bombardmentdHell 2§ HAHMTAE Fylstux 4=

Pkt
Xz Wy

Ex=z

& (Cymbidium virescence) ZAE 7oA o}A
A @2 rhizomes FAABZ AHE3FT 2 EHY
FAE ARE ZALE 98 A+ vibratome (Scientific co.,
Series 1000)-2 ©]&-3}od styroform block®] 4] rhizomeS
200, 400, 600 um, 2~3mm, 5mm FAE FHZoE
AR RS A8t 2FAH] AT A2 A)
Aol A3t wiAl 21E 27] $8A MSE 71Euix 2
st 2ul9} 4ul2 F=E 2E wiR|e} dubtdow W
Hj kol da] o] 85 i 1= Hyponex wjA]ol AJg]&A
E-291 arginine, aspartic acid, ruting 77} 1, 5, 10, 20
mg/l T2 2, B 05 10, 20g/Le L& 7}
332 NAA 0.1, 1.0, 2.0, 50 mg/L. ¢} Fulmet (Kyowa Ha-
kko Kogyo Co., Japan)E 1.0, 5.0, 10.0, 20.0 pg/Le] Fx2
%g T 583 iR A3t 2HHA] HEA
HZE AT

e 1>

DNA-coated microprojectile2| M=
HAZZ ] AFRE vectori= AEA A 2 JtE
3} binary vector?] pBI121 (Clontech Co., USA) o]l

2= 1 Cymbidium vivescence, microprojectile bombardment, npt II gene, PCR

*AetA 2}
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o] plasmid®] T-DNA o= neomycin phosphotransfe-
rase I (npt 1<} ‘ B-glucuronidase (GUS) - A7F A
Y=o At} pBlI21e] FA o= Ecoli (HB10D)S Al§-
3tgem plasmid DNA $%& Wizard megaprep kit
(Promega Co., USA)S o] &3} t).

DNA-coating®l] A[-8-¥ tungsten microcarrier (Bio-Rad)
60mgs WA &g A% 50% glycerol 1mLE
7heiA AAEA o2 THET) o] microcarrier FEH
25 ploll DNA 894 25w (1 pg/u), 25 M CaCl, €9 25/,
0.1M spermidine (Sigma Co.,, USA) € 10uE &3
A ZlelE & dAFE st A3 pellets 70%9
100% ole-&= 22 A% A4Eestar o7 100%
NS 4 WE 71t FENE AT o] DNA-
coated microcarrierS ultrasonicatorol| Al HESIHA 6
WE 3 5 macrocarrierol] A&EHA A HWRA7 L

1~2A13F offjol]l AFg-SHSATh

Microprojectile bombardment =74

A 6cm?l petridisholl 0.8% agarE X 3F3F= Hypo-
nex WA & Yol 23 th¥ 400 um 774 9] rhizome EH
078 3P o = ulgsdta, Biolistic Particle Delivery
System (Biorad, PDS-1000/He)2- A}&-3le] DNA¥E-
AAE FAHbombardment)dt vl Tungsten particle 2]
271(0.73, 1.11, 1.32 um), helium pressure (63.27, 77.33,
91.39 kg/cm?), gap distance (3.175, 6.350, 9.525 mm)%} ta-
rget distance (3.8, 7.0, 102 cm) 5 Z} parameter® = 3
FE4 Azlsha GUSEAS 289D, o) o 28
% parameter ©]9]9] & 3t FEE 7E0E %

GUS assay

DNAZ =4S At 249 % 48417 4%
A A GUS assay &4 (1.9 mM X-Gluc, 20% metha-
nol, 0.5 mM potassium ferricyanide, 0.5 mM potassium
ferrocyanide, 0.3% Triton X-100 in 0.1 M sodium phos-
phate buffer, pH 7.0) 500 WS 7}3le 37Co A A A3
W23 3 A gel 1% chlorophyllS #1487 $14)
50% ethanol, 10% formaldehyde, 5% glacial acetic acid©l|
2417 T HAAG T A AT w2t FEn 3
ol A AMow JAE ZAAHEL FEsle] GUSY
4y JHE AAIIY

SATEH M % T2 DNA Eel

DNA® 228 FAHS rhizome Z2FAH LS WA ka-
namycin®| $1= Hyponexsl X|ol A 27§47t wvjst 3
kanamycin sulfate 100 mg/LE 373 viAlol & A 2
MY F7A AEF=E rhizome A2ste] kanamycin
iz o A AL vttt

A XYoo =UH FH212e] DNAE 31317 YA,
rhizomeS 7bolAlo] TAste] A AiolA ERAA
freeze-dryerol A d=2A171 & B3l oF 500 mgs
Z3l] CTAB Yo 2 DNAE £33 nptll DNAZ

Table 1. Rhizome growth and the thickness of rhizome sec-
tion

Thickness of

rhizome section 200 um 400 ym 600 ym 2~3mm 5mm

Rhizome growth (%) all dead 55 64 78 39

UCalculated based on 200 rhizome sections

polymerase chain reaction(PCR)2.2 A3ttt nptll
DNA ZZd] AI2E primer A2 & T 20 mero|H
oo 2e @dae 2 dck

5-ATG ATT GAA CAA GAT GGA TT-3’
5-TCA GAA GAA CTC GTC AAG AA-Z

PCR ¥tg-o8e] MgCl, 3% 15mM, dNTP= 2H7}
200 pM, primer+= Z+Z+ 025 uM = 3}iL, Tag DNA poly-
merase ¥H3-9) 50 woll tidte] 25uE ARESIAAL 4
thermal cycle2 96C, 13 (denature)-58¢C, 303 (annea-
ling)-72C, 13 (elongation)2 1 cycleZ. 34 F 30 cyclez=
2Z Atk PCR 7€ kanamycin FA 27} o 9+
T /0] plasmid(pFAD3%} pBI121)5 72} template®=
A3t A A3kt

Rhizome H{2¥ =74

z2AAH] Ao TS F o Holx w9
7, 244AY A, A8 B4 v 2489
H7h AAZRAEAY Fxo dEl AFzAE HAES
Gth wiA 2= MSuj A9} Hyponexil A F7HA1E AHE
g, MSe] 749 1dl, 2ul, 4ul] ] AujA] Foll A 4u)
M5 Aol %3 3l%Th HyponexH] A1 peptones 3
7vek A HrrekR) 2& A s AEJA=T pep-
toned H7I3 Zo] Bk Fdrh

zZAAH FA wet v Fe AFEgo] Ao|7t
AJEH, 2HAH| FALFE HEFo] 22 S
Bgoy 9 FHAE =TT St zygoteE
BE g MEAMe AEA Aol uigAEnRE
rhizomee] ST 4 A= A2 FA4Y 400 um (Table
D2 x=4& dHsiarh

Aelg4 22 A rutin, arginine, aspartic acidE vj
2o H7hek o) 229 AEGo] FUIEleH, 4 EH9
F%7F 10mg/LY o /b4 J3 et SRS 8 A
Zo FHPe v FAo AEEo] F7H=, A
S AHEPE wr BY HBo Ssdou 4w
57t 10g/L oAM= Q3]d LAMSHE Aol Bk
)} AAZAEA NAAS Fulmet® A= ©wHgxg
Ho} E8xgo A 2o, 53] NAA 1.0 mg/Le} Ful-
met 5ug/Le] ZFol A rhizome &Ko) 7 S5t

o},
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Fig. 1.
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Fig. 2. Change of tungsten particle’s penetration into the rhizome
tissue depending the gap distance and the target distance. Gap
distance, O—07; 3.175, +—+; 6.350, *—3*; 9.525.

Penetration depth {um) Terget distance (cm)

Rhizome2| GUSRZEAl Us

gl AMgE pBlI21S A EA XA WHE &
A% nptlle} GUS |AAE 7HAI lisd L FolA
GUSHAx= Zd=EdE o 713 X-glue. (5-bromo-4-
chloro-3-indoyl-B-D-glucuronic acid)®2] &)t A 344
ES AR E &3] =AY gag 93
reporter geneC. 2 AR HLT B A3 E GUSEA S
oj&3le] DNAEY 8 &S H78la WA rhizome A
FUlo =98 GUSH-AAS ddzAns 2AE A

GUSHAA} S0 pBlI21E 9E3 HAugz)
£ FARgt rhizome Aol GUS assay 842 23 ‘A8
2 AT o] ‘GUS assay’ oA 71 AL AH A
rEE Ao al JBE fAsIgc B Ao GUS
assayZ 1ol Al oF 50A1ZE Fof Fig. 1o B wis}

Table 2. Effect of the bombardment parameters on GUS expres|
sion in the rhizome of Cymbidium virescence.

Micro Helium Gap Stopping Target Plasmid GUS
particles pressure distance screen distance eXpression
(um) (kg/cm® (mm) (cm) percentage*
0.73* 7733 6350 Middle 70 pBI121 55
1.32 7733 6350 Middle 7.0 pBI121 3038
111 63.27 6350 Middle 70 pBI121 132
111 91.39 6350 Middle 70 pBI121 60.0
111 7733 3.175 Middle 70 pBI121 44
111 7733 9.525 Middle 7.0 pBI121 33
111 7733 6350 Top 7.0 pBI121 34.1
111 7733 6350 Bottom 70 pBI121 88
111 7733 6350 Middle 3.8 pBIl21 30.3
111 7733 6350 Middle 10.2 pBI121 66
111 7733 6350 Middle 7.0 pBl221 55
111 7733 6350 Middle 70 pBarGus 330

111 77.33 6.350 Middle 7.0 pBI121 722

*average % of GUS expression for the bombarded 30 rhizome sec-
tions(3 replications).
**The bold indicates variables of each column.

Zo] 3 g T uiA MAAY ARy Eo
ol DNAFE QRS FAMSHA] &8 23
whdo]l AE UeElA ge FASE Hol o
HAEL GUSEHEA 93t Zexm IHFHAG
zAadA GUSEE Ao ¥ AZES oF 5043t
AFSE Z 710 A w99 A9 24~48 A|{to] £QH AT
B3 i zpol7 e, ol AEAES dAIEA
9] zpold] 7191E Ao Z HQILh & Wt AFo] ¥
AE2A AR RE ol FrAte] o] AsEE
AlZtel ¥ 21 Aoz AAHITH
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DNA =9 =H

DNA =9agd 94¢S F+= 7b parameters9 7
Eoll 44 gl A8-E 400 um FA 9] rhizome FZ
AEol g gAtel FAEE Potry] ), gad
Aol =719 He 71 43S 1A 3AL gab distance 9}
target distanceE |- o 2HUF =2 47t AF
st zlolE =43 4 Fig 29 2¢rh o3 ukek
Zro] gab distance®} target distance’} 2242 Jx}el
HAEAZ7E Aoy FAFE gab distance$} target dista-
nce] EHUlelA  YdAke] HFZele °F 30~9%0
umz ZZ o] T4 400pm B} Fol, Yzpe] Z AU
HEAY g 188 = gab distance$} target dista-
nceZt FE FE YAk FHgo] A DNA EHEEE
Z718 Aoz ATt 1eju} gab distance$} target
distance”} V7 -2 5o A2I} A3AY Aadat
wog 2AFAH] Fo| v} 23] FA| &sith AA
GUS 238& =z §7138-& v gab distance?} target dista-
ncex= Table 20)4] B ule} o] ztzh 3+ 59
6.350 mm=} 7.0 cmo] 7Hg gtk
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Fig. 3. Selective growth of transformed rhizome on kanamycin
medium.

Gab distance9} target distance ©]9] 9] parameter
Table 1914 E<= u}9} Zo] DNA EQ a8 & 4L
FE Aoz Jehygrh DNA $ubxlz Aled gxwl
A= 7] el DNA EHE &M 493 zjole
Haed, AR 073, 111, 132um FollA4 111 pm7}t
V¢ 9 He 7h2s 9be)e 6327, 77.33, 91.39 kg/cm?
FAM 7733kg/em?o]l 7HF %38} Stopping sc-
reen®] 92 QA ZAE¥ top, middle, bottomZ | A mi-
ddlee] 7Hg %& GUS 284S vwqrt 39, Bx2A
oz EHEFHA2 (GUS)E constructiondt plasmid <)
SR AN T GUSEEEC] & Aoz Vet
AH8-¥ pBI121, pBarGus, pBI221% A pBI121o] 713
F2 GUS 23888 B2y

Seki'? Tl 2181 A thaliana | He 7}~ ¢tgle
115kg/cm? ¥ajd 9= 200kg/cm?AA 71 £
ANE At B3t 3, Nishihara? %2 Lilium lo-
ngiflorum, Nicotiana tabacum, Nicotiana rustica®} Paeo-
nia lactiflora®] a0 th3t He 7} ¢bede 200 kg/em?
b ATt Basiel ¥ A Anste ga 3
o]7} A= o] A EERAY Eeldo] tEd 9]
A Fog A7rdET

Z} parameter®] 32 ZZo|Ax DNA HEQA}E o]
macrocarrierol|] wUSA F R ¢S A xH 9
574 299 ATAR 4FHRoE AR5 FAeol
GUS & go] "olxch aelu2 DNA d€9S mac-
rocarrierdl] ¥ YA HESE AT & DNA EU8S
FAB=E ¢ T3 Aoz yERYTE ZF parame-
terg9] HAzA GUS LdxHo n&z Hrig
 DNA =9a82 o 72%%th

il

=y
a

SETEA My

DNAFE- SJx+& FA}SE rhizome HHoZHE 3
ABAEE Adetr] fslire, dA FAbx2e NAA
1mg/L% Fulmet 5ug/LE %713, kanamycino] ¢l
Hyponex B} Aol A} 270 € 7F vkl ek o] wf 7)ol
ZAHANZE] Ao g Wty AR =& A AY H

123456

1.033kb» §

0.653kb” {8 =0.795Kb

Fig. 4. PCR products of NPT 1l gene in pBI121.
. Marker(pBR328/Bgll-HinfT)

. PCR of pBI121 with NPTII

. PCR of pFAD3 with NPTII

. Total DNA from rhizome without PCR

. PCR of DNA from nonbombarded rhizome

. PCR of DNA from bombarded rhizome

O D W N

Aot 109 WA 15U F U A E7) BE3te] 3¢
Zoff Z271ut$ rhizomeS A3 T) o] YoM A2
rhizomeE-g kanamycin 100 mg/L7} Sojgl& wA o)
A IR o Y= Aol ARAGYAY AT
oJH rhizomeE-< Fig 37 #o) ALEAAS 1A} Ka-
namycino] ek okl & 2 rhizome ZAAH o] 7+
A 22 A3, v) A5 9] kanamycin 5 %7} 100 mg/L o}
M Eo] AAo) AR H o] 2=9]7] W o] T ol kana-
mycing ek HiAeA gl HAFAY &
727] rhizomeE-& AR A e Aoz Wz
oh 3 2 d¥el AME S pBII21S A B M XM
e F 3le FAY FRAE AL el 2 FdlA

FAzte) AHES kanamycing EZAIA|F|n 2

of fdx7} =dE AEMEE kanamycinol] tha A

=

Ao A A& FAS Hole rhizomeE L nptll §H A7}

yein wjRje A} kg JRAS) ofE] nptll $HAE
PCRZ E43}9ch Fig 494 B uviel o] DNATE
UALE FA}FSEA| 42 rhizomeo & FE 3=Z%3 DNAS
nptll-specific primer pair2 PCRel 28] ZZ3-S nj+=
o band® #FHHA odty. 18EE ofAE rhi-
zomeo|= 2 AFol] ALE-3} primer paire] o3 =Z
5= DNAZE gl&ol $el=ict ¢ DNA HE QA2
FAFSte] kanamycin B X 4] A3t rhizome DNAS]
PCRo| A= 0.795 kb2 band7} Z=Z =t} o] 0.795 kbe]
DNA band+, nptll #4217t S0l pFAD3¢} pBI121
£ &Y3 primer pair2 $EFE W el DNA frag-
mente} H717} #Zgth 1@jpz FAASA T ML
rhizomeo| nptll-F A2 =9€ AL 4 § Ak

ZAtel 2
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Optimization of Cymbidium transformation system by the particle gun techniques
Kyung-Ae Hong, In-Sup So, Ok Young Lee-Stadelmann, Choong-Duk Cheong, Key-Zung Riu and Zang-Kual U.* (Cheju
Applied Radioisotope Research Institute, Cheju National University, Cheju 690-756, Korea)

Abstract : Process of particle bombardment for efficient transformation of Cymbidium virescence rhizome microcross
sections was investigated using Biolistic particle delivery system with pBI121 harboring the B-glucuronidase(GUS)
and the neomycin phosphotransferasell(nptll). The best result was obtained from the combination of 1.11 ym tungsten
particles coated with pBI121, 77.33 kg/cm? helium pressure, 6,35 mm gap distance, and 7.0 cm target distance. Transient
expression of the reporter gene, GUS, bombarded into the rhizome microsections was observed by the histochemical
assay. The marker gene, nptil, delivered by bombarding the tungsten particles coated with the plasmid DNA was
identified in the transformed rhizome by polymerase chain reaction.
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