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Abstract

Recent development of plant molecular biology has made it possible to transform
plants by the various genetic engineering methods. Among them Agrobacterium-
mediated transformation system has been used in wide range of plant species to
get stable transgenic plants. But it has the disadvantage of biological toxicity of
antibiotics which have to be used for killing Agrobacteria and can be applicable to
only dicots, although some monocots are lately reported to be transformed.
Electroporation and chemicals also have been used to insert foreign DNA into
protoplasts directly but these techniques essentially require the establishment of
protoplast isolation and cultivation which have been reported possible only for the
limited plants.

Since 1989 the microprojectile bombardment technique has been introduced, which
can be applied to both monocots and dicots, and in which protoplast isolation and
cultivation are not necessary, because DNA coated particles (tungsten or gold) can
be directly delivered into cells by the accelerating force - generated from high
voltage electrical discharge, firing of gunpowder or gas pressure. There are many
kinds of transgenic plants obtained from this method. A study was conducted to
optimize the transformation conditions of Cymbidium virescens and to insert a cold

resistance gene, fad3, into rhizome sections.

The target substance for bombarding was the rhizome sections sliced with a
vibratome. To get stable transformation the size of rhizome section should be as
thin as possible. It was found that 400 m was the smallest size for active growth,
200 mm sections being almost dead. Murashige-Skoog media with 1/4 strength and
Hyponex media enhanced with peptone were, when 1.0 mg/L NAA and 5 we/L

Fulmet were supplemented, most efficient for rhizome sections to develop into



sizable rhizome.

GUS expression was scored histochemically as an indicator of transient
transformation to optimize bombarding factors such as size of microprojectile, He
gas pressure, gap distance, target distance, vacuum degree of sample chamber,
construction of plasmid DNA, osmoticum of media, concentration and conformation
of coating DNA, distribution and penetrating depth of microprojectile in target, and
bombarding times.

The optimum size of tungsten particles was 1.11 um similar to other’s reports (1.0
um), The size of particles found to be one of prominent factors influencing
transformation. The proper pressure of He gas was 1100 psi (77.33 kg/af), too high
pressure blowing away plant samples and giving damage. Gap distance between
rupture disk and macrocarrier was optimized to 635 mm: shorter distance gave
stronger bombardment. One of the most important factors was the target distance
between stopping screen and target sample: 7.0 em giving highest GUS scores
while longer distance showed low scores and shorter one caused loss of sample due
to too strong shock. Penetrating force of tungsten particles depends on mainly gap
distance and target distance; the shorter distances, the stronger penetrating force.
But there were some negative effects if unnecessarily high penetrating forces were
applied : damage of cells occured. 27 inchesHg of vacuum degree in sample
chamber seemed to be good enough for removing air friction. pBI121 among three
plasmids used proved to be the most effective vector for transformation of
Cymbidium virescens. Concentration of 1 we/# plasmid DNA was optimum for
coating tungsten particles . highef concentration resulted in aggregation of particles
and inhibition of particle dispersion. Conformation of plasmid DNA, linear or
circular, did not appreciably influence the expression of GUS gene. This means
that the plasmids isolated from E. coli can be used without convertion to linear
form by digestion. Uniform central loading of DNA-coated particle suspension on

the macrocarrier seemed to be essential for stable bombardment : reliable loading
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technique can be obtained only from repeated practices. GUS scores increased with
bombarding times but too much bombarding was harmful to tissues. Two times of
bombarding was considered proper.

Under the optimized conditions, fatty acid desaturase 3 (fad3) gene with neomycin
phosphotransferase-11 (npt-II) gene was inserted to rhizome sections by the
microprojectile bombardment. After the rhizome sections were bombarded, they
were cultivated on 100 mg/L kanamycin medium for 3 months to screen
transformants. Introduction of plasmids was confirmed by PCR analysis of fad3
and npt-II genes. Southern blot analysis for npt-II and fad3 gene supports that
the bombarded rhizomes were transformed. By npt-II assay, expression of npt-II in
the bombarded rhizomes was demonstrated. In addition, gas chromatographic
analysis of rhizomes screened on kanamycin medium showed that portion of linoleic
acid (18:2) decreased while linolenic acid (18:3) increased in the transformed
rhizomes, but linoleic acid had higher peak than linolenic acid in the control which
was not bombarded. This result indicates that fad3 gene was successfully
introduced into the Cymbidium virescens rhizome by the microprojectile

bombardment and expressed.
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M#t(Orchidaceae)dl &3l A EL oF 750 Lo 25000 fo] ¢ deoy
(Arditti, 1982) o] FolM HHMMB(Cymbidium)& < 70 JFo|X 0|52 HAME
A Y DRE Ago] dFEed BF ALY SEvdEl, BF 2 PENE 2R
Fol A ATHHET, 1989). KFEW F 53 ¥We ByHELHEs 28mitE
2 OBEEE, EAES A8 Ade F2 SfEH oy e AAME UiAME
57 87 210 ZE L6 @ AgH o=l ATHANE, 1990). Sy
ol A ste GF AEF EWS X iRl tlDd] W ool EMe BRI
dojd 7hedol & Aoz #EAHMT, 199).

EHE 3F dx=2 9L 20~60 am & A2 £2 05~15 an A& 7R A2t
Az on 2 vy FI Ay Yrtele aAS A7 U Qo A Aufo
et APFAY soA2 £ Fele EHol Z#o=2 7o) 3 @ A= B A
e RYL HMoz 4w Fdode Hiho]l Ao o Hfde B A A
H7b AAY fldh £ 173 132 %771 ey AM3rle 2~39e|t}, 2@ &
stAl HA Yrte F71 B2 Ad, £ B G4, o Lol 9 Ae FH
€ €3 7HA9 ZNELR A2 Atk o] Rel st e dB 23 F
g (e WHolF)F WH(IFHF)Y 3 Mo & =¥E 33 3l
2 EFFMN2ex P23 AC(HE, 1995). 23 EFFMEL QAU LHEFMEHE
F2 gEH ged oA HKED BFT 28FHE Ao YFE A B oy}
o 5 METE HEHoz BAANIE Heol ErleEr] dEol HAME AlHol
A HREA ok FEFY ASE 2 Aol E2 Frhste FAloln A
e 715482 BE5Ee ¥4 dEo] 3453 FuPoix 7ty N2 EFF
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ool I FAAM Bol AR HIZ Ue AL Agrobacterium® #HF 9)d Zild
(Aragao et al, 1993: Chibbar et al, 1991: Hooykaas, 1989: Rainieri et al, 1990:
Kaneyoshi et al, 1994) ©]ZA & host ranged] A 3§ o Fo) HAgo] ofd 2] EoA
= 2 840 Ao o3 (Oard, 1991: Liang et al, 1994. Pena et al, 1995:
Schroeder et al, 1993; Sawahel and Cove, 1992; Wilmink et al, 1992: Chung et
al, 1992). B3 Agrobacteriaol A WA H<= #FEMUH Agrobacterium& A A37] 4
A AHEH € carbenicillin® 22 ik F28 wEo HEAN BAE HFE F2d
© 2ol Ao HEMHEES do] =22 UtHChee ¢ Jerry, 1992).

REEERA HH dd EETE Adste WUI BRFILE(Bekkaoui et al,
1990: Charest et al, 1991)ol\} {b8¥HE REEL(O'Neill et al, 1993 Suh et al,
1993)= 4¥ZFA L £l F wige] T SR HEMNZ FE HE "ol
7] H&o 2 EAHKe HE& 22 AzZrdAtH(Genga et al, 1991: Aragao et al,
1992: Finer 9} McMullen, 1990: Van Eck et al, 1995). E#F oA BdlA 43
AAE Estd ERFILECIY polyethylene glycol(PEG) WY og FAAGAE
HEATE BEXE AUy A= o A d¥AA =& 7o) g BT
otye} ff(embryo) 2 ¥ & A EHAIRE wjdx PEo RE FEF 44
2837 Scte @GHo| UTHLI et al, 1993; Klein et al, 1988).

el H Il Wol AN HY e MMRF BRHES AKX EETIE #HRE AR
of #EHy $HL Fol HHADCZA X EMET I/ MEES T3S AZUE
Eo7HA dte WO B, B BE 2832 AEF YA &HAAL UG
(Charest et al, 1992). °o] W& FR7HA FHFE L e v T B g
AE EFdA AHE&dE F UL B ol MEGE AAY dFEAE ¢E
a7 Q7] Aol BE KB wE FREoly dFFAA L] wiFe Ye=E A 4
vt & Zolth(Campbell et al, 1992 ; Casas et al, 1993: Hebert et al, 1993,

1A

Sanford et al., 1990: Daniell et al, 1993, Fromm et al, 1990). ©] #¥ & Sanford
2(1987)0] sl AL A7/ HUeul Table 194 B ulgl 7+o] Agrobacterium
S YPFAME o] &3 EEFILE Boh /A K2 FE 232 AT (Birch
and Tricia, 1991). f&#Bkr 7 # gkl o o Fa HA DU i Sy
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2 SN MSE MK G g Ay AL, T8I od 5F X3
ol BE F AEF HEY tIT e HEF & AH(Cao et al, 1990

Castillo et al, 1994: Cao et al, 1991). o] WY& FalM A& FAAE AATL
2A HEE ¥HAANAY, uvlolz2x EHME(Abel et al, 1986: Gerlach et al,
1987 Harrison et al, 1987: Cuozzo et al, 1988. Nelson et al, 1988), iWift#
(Fischhoff et al, 1987: Hilder et al, 1987: Vaeck et al, 1987)3} BRE#Ho] g €
Hit (Shah et al, 1986: della-Cioppa et al, 1987. Fillatti et al, 1987: Cheung et
al, 1988) & Z =& 3t HMEE =& FAES AHTLIHN FFAE I FFH
g 29 F UL BU ol mEM, LM AN & FBE 1A & 5 A7
g B HIe @ol AFHI Unk. 2y o] WYE FAARFE WAL non-

transformant =+ chimeric 2] 8o] Bo] wEo] ZAAtte BHL zZ3x UG,

Table 1. Features of Agrobacterium, electroporation and microprojectile
bombardment techniques.

Features Microprojectiles Agrobacterium Electroporation
Host range wide mainly dicot wide
Convenience high high low
Protoplast isolation no no yes

Tissue culture duration short short long
Efficiency medium high medium
Consistency low high medium
Integration patterns complex simple complex

AR T #HHES g W] FAIZ g2 AlZd gf {FAAE HAY + UAAT
BEERktel mifel AM ZE A& oAdAZ 23% BXHAES 7] AsiMe

e 2gd ARSe AR AAKHT 21X FTAE wEuvig SAzAe E



o) By H¥s FAsior stz wAYAte] EAHFH KH HAE FFI s
A {3 AANEL FESI FAAE LS FFot o

WML T 5 gt £33 A EA tato ofFd FiEE flol AH 1
YA MEH S BEBES 39 dH FAAE =dddte ez AP FAREA
BIRES 9% 9FE WygEe] MU AcH(Russell et al, 1992: Aragao et al,
1992: Birch and Tricia, 1991: Finer et al, 1992. Iida et al, 1991). Bidney %
(1992)-& <u] QoM Agrobacterium tumefaciens® o2 FHAAFNL AL
A & o AT B €2 B BES JdF F FEANIE &FY PY B
o I &S 1008 ol F7HAY F ATtz AT 2EY o] WL HEF, ER
E2 A2, MF A, BE B A F o 7HA Azl s E7E £ U
22 g dye vze ¥z 4z

AR T HHEL olgdtd HEAEXRZ RFAAE Hojdty] A% Hze Axe
19603 o]l wpol2i A9t K AEo AYEZ WA WAHUIAE HE BHA A
AE VETA air-brushE °| 40D wholg 2 xS (MacKenzie et al, 1966) ¢
A oo Red FFEFE AE&HA Xk o] AVE AU FAHA =Y B
o) F&aA A AL ANEQ Mg B FHAEsd FEF 7FEEH(eF 250
m/s) AXE etdte] "™ sAYAH(AR 1-4 m)E AERZ FAAIE ZAE
Me& Cornell et ze] A7aE(Klein et al, 1988)0] sl dct AAZ G
EI A o] WMyoz e AF 40% 7AA SYEE TR FAAGY. 2
o dolgle AT HZHUK(HHE £t BR)Y AKX EXTFS FMEZTE
Molsted o Wyel 7 Aotz Az

'Biolistic bombardment’'#&t= H A& Sanford(1987)9] 2olsiA A& W E e
particle bombardment, microprojectile bombardment, particle acceleration, gene gun
method, & particle gun 2 #ole 2F TYd on 24X ith

o] #Ax|e] WHAE AR HE HFERE 717l oo Fwe &M 7tEE
BEAA o goz uMYAE NHEAA AT Al FRA AYHAES W
©l A © Z(Klein et al, 1988, Sanford et al, 1987) Biolistic PDS-1000 olgt= 451
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22 A Jdgtoh o] X & Sanford Tl o#A Z¢=HAEE DuPont A7} o]
ddizte ByPoez FIUTL EF dAYA FFH FAHEe FAY, AR
Tol A 53 5202 & AXAEL Uk ¥HH FAE Z AFHAM A
Zrate] ALEEA HAD Y o] FXe FAR 9 F37E A YEZ
ZFAEQ Mol F7F 28 A FAARANE AR Ree @l AU H R
g FZ McCabe F(1988)2 ¢t WAL 2RYH LAHE 71458 L o431

=t o)A A9 FE&F(capacitor)o] YF A7iel2=z g ol&HzA RI{H

i ]

Morikawa §(1989)2 Z#xol= dHZ AoA e 4F5F7E ol &ddcd 4F
dEAEe B 7t 29 29 PDS-1000/He A+ BioRadAtol M o stz
2m oA gunpowder Bt} 7|5 FHE A2 /¥ AU Sanford F
(1991) o & ®E] FHt}h PDS-1000/Hexe F 7}2o) 23lo macrocarrier &
7FEBAI7IZ o] R o] A He] AHEW uAAAZE B Yol M EFAF
T EE e AXE gunpowder$d Blws]A PDS-1000/Hexe © 7jRstz <orA s}

FAHE FAT 7 Ao AR ¥ FTIF MERTFE XA HHEZ
Apol 7k Aol 4~300 ¥l ¥ & FAAGAE & F AT A H(Sanford et
al, 1991).

ol A J 2 s Eol 93t Chlamydomonasdl Al FEA HA4A L A9
mitochondrial €44 47} FAAE A3 (Boynton et al, 1988), Daniell £(1990)& &
Wl M X 2] plastide] A transient expressiong #* & B3Pt} olutelx v A YA} #
ol 28 FAAY L FHol(Bhairi and Staples, 1992), #Ha(Chibbar et al,
1991: Daniell et al, 1991. Vasil et al, 1992), Al®+4(Chowdhury and Vasi,
1992. Franks and Birch, 1991), Bl (Svab et al, 1990; Tomes et al, 1990:
Yamashita et al, 1991), 23}(Finer and McMullen, 1990;: McCabe and Martinell,
1993), & 2 (Johnston et al, 1988), & 44 (Klein et al, 1988; Tagu et al, 1992), X
2] (Lee et al, 1991: Ritala et al, 1993), ¥(McCabe et al, 1988: Christouemd,
1989: Genda et al, 1991: Russell et al, 1992: Sato et al, 1993: Takeuchi et al,
1992), Dendrobium 42] ‘Y#(Kuehnle and Sugii, 1992), ¥ (Christou, 1991: Li et al,
1993: Hensgens et al, 1993)), Ztt](Zhong et al, 1993), Y&4] & (Charest et al,
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1992), = % (Seki et al, 1991), 3 v} (Prakash and Varadarajan, 1992) SolA t&
1A ol R oA o}

A Eo] £Fsed oM Fod REHW Q9 stve BECIT B #iFe &
g A EQ B 255 S ZE EvIE § 9FE BEI FEELS 20C o)
o HEFREEES Bt KiEd N A Eeo] Bt (sensitivity) & it (tolerance)
e Aol B @M g9 Fifel ozt S M FE AL £ 2¥A X 7
= Utk Ao i@ #eAe U Ee #FHeiMe Ldd FH mE HRol H
o} A uk opA7A 2 vFlYFe Kl i EFEE WA RIx Ae 4F0]
TH(Woda et al, 1990). 23y AL FEE J BRS MPpMIEA g 29 A=
®Q) Cyanobacteria®l X “ebd 21 XA MR fEE S #H#7 (phase transition) ]
tte RO HMPB 2t BIRES TAte MM RIS dF =
7] Bl A g AL EHMMS BIHES Ao "EEAC AES Bk T
WAES F38c2 28] &M BREAL 5 Atk AES Ao T KA
= MIMEEES) phosphatidylglycerol oA = ubato]l Yuh} Rfafl SAE7tel wet 2
A @i (Murata et al, 1992: 1983. Polashock et al, 1992: Tasaka et al, 1990:
Kunst et al, 1989a: Wolter et al, 1992). 54 =29 HEFA % £&E R A%
LS Wol AP AEA XA 18:3 3 16:3 fElike] AB S stearate(18:0) 9}
palmitate(16:0) 9} 7o) faf1® x'gate] Fgufnfrel &jstd dojdrk A WA ol F
ZA%e soluble chloroplast BE#Q) stearoyl-acyl carrier protein desaturase®l] <f3iA]
gAaF7E 180 Ao g FAHARNT F HASL A WA o|FHAFLS At
P2 T AXAY AE glycerolipidE 44 HolW Fol] o] FojAth(lba et al,
1993).

zb gfobch X Aol MR- ohFdEte tiR-E o fEliE AR plastid(Ohlrogge
et al, 1994; Harwood, 1988)°oA Uoldtt} fad3 EEF& «-3 A fEHEe] *
£ 3} Arabidopsis® RKMRE A Y & UE Brassica napusE FE 4r# (Arondel
et al, 1992)® Zd AAe] Tafl BAE MIKRCZ S0/t 22 Ho W
24 i f5is e il JEEos Bt Ao e2H 18:39 FUE Zte Tt
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Jeli5% Q) linolenate 7} T ®o] BHEo] Ao g A (Kifol B 2Ee] He A=

a4 Ut
2 B9 Rbi& A3 7V "}C’] BAYE AL s WA F A ZEEASE VL
AF YeE 16 == 18 MY R#EFSE S0 2 #iE ol (Ohlrogge, 1994: Kunst et al,

1989b) Rkl JRir&eol RLSF3S K@ M T AU oe
linolenate(18:3) ¢} 22 Ffafn fRifEEo) WO Zeo] HRopx7] fEd Aoz
29 tH(Graham# Patterson, 1982). 2] & A #Ats FMfl B#e AR RS 71F2A
glycerolipid & o] &38le B &HEAd T KE BX BETE A4As @ B
igol Afufn fRiMo = Mislolx 3 wEtd A E9 MR FolA MAMRLE
By TR ] @otA A %C} fufn PEEiERe] Wow MRS &t g
 giEe x2HAL 9 EHTS BKET FHol ol FA HAW THAM R
e M OHEe “EHACE s [FiiMY #HAol =THAERE FHd =&
OlE MM BalAM EHL RKET F7F A7l R EFY F7F AA He Aol
th ol o R 2 FEM 7512}"1 fad3 FAAE AYsE AL B JEL T
g 5 A He Rolth. wE 7411] EFo] 5o FOW BEMHOE YT K
e 24 "ded 2 F9 s Hlz o AL vidae29 BRE MR
285E GO MEERE GHET 5 ol BEHBA A 7148 F2 AL R0

2

*

2 dArdMe FH dAARLE dos)r] Asto mEHmEMU ZAF AN AA
glo] A& golstA 89 & Udon MEES AAN}Y REHEE Ve 87t
Qo] Bk A wE FEMOY REREME FE HEAE A4T 87t fle
WK fae] BRY KB EASS RISaT

Table 2(Appendix) & TH¥E A EFoNA FAHBE BT FHEAU Fol Yehd
npol o] HMS HKE AME S fle AR =AM B A7 BMERT RHES
ol gt o] MR WA ST Sk ERMEF FEM BEETE BANY I3
HAARAEZ ERe7] A8 YT AAES BELT2LEZN M2 HGfES Al
7] At W BEFE BAY & de 71ES opdEIA BITIHAT

-7-



II. A8 ¢ H

O
1152

oK

AlAE 3 =36t

2 Ay AES AEL FAE NUMIEd AL 2ALE ANRMIGH £
(Cymbidium virescens)©] ©]& % 1t}.

1) 23dg 2 wix =4

Vibratome (Scientific series 1000, USA) & ©] &3t A 3A Y{ste & 274
€ 2EZEXE A 200 m, 400 m, 600 m, 2 m, 5 m FAEZ FFHOZT HG
Bt FUujA G AEAA Z7HE AEEE AT A Egd 23U A4S
F HEA A A A =g 7 A MS 719X (Table 3) 9} 1/2
2 1/4vi2 A WA, 23 AHtFHo g o wigol 2] o|&EHI & peptone
o] E919l+= Hyponex(# E#E# RN &Ht, Japan) (Table 4) ¥{x & vz ¥}

2) A%zH £ A

MSs¢t Hyponex& 7I&Z st RE wjx]o] NAA 01, 1.0, 2.0, 5.0 me/L%
Fulmet(Kyowa Hakko Kogyo Co. Ltd, Tokyo, Japan) 1.0, 5.0, 100, 20.0 /L&
98 T Eg AYstd 272F I 1Y HYR AREE 239 FEE A
Estdch

2. HEXMSE T2 HES| 9510 A28t plasmid DNA =5, 22| ¥ A

02

1) Plasmid DNAY %%
ARG =4 HAAY3} 2 HFA FHA =Y HA3NA AHEE plasmid DNAS 3

Ade 19 134 2o,



Table 3. Composition of the Murashige-Skoog medium.

Concentration
Constitute
ng/L Mole

Major inorganic nutrients

NH4NO; 1,650 2.06x10°*

KNO;4 1,990 1.88x107*

CaCl, - 2H,0 440 3.00x10°

MgSOQO, - 7TH,0 370 1.50x107

KH,PO, 170 1.25x10°
Trace elements

KI 0.83 5.00x10°®

MnSO, - 4H,0 22.3 9.99x10*

ZnS0Oy4 - 7TH,0 8.6 2.99x10°

Na,MoQ, - 2H,0 0.25 1.00x10°

CuSO0, - 5H,0 0.025 1.00x10°*

CoCl, - 6H,0 0.025 1.00x107

H3BO;g 6.2 1.00x107
Iron source

FeSO4 - 7TH,0 278 1.00x10™

Na,EDTA - 2H,0 273 1.00x10™
Organic supplement

myo-inositol 100 4.90x10™

nicotinic acid 0.5 4.66x10°¢

pyridoxine-HCI 0.5 2.40x10°¢

thiamine-HC] 0.5 3.00x107

glycine 2 3.00x10°
Carbon source

sucrose 30 g/L 8.80x10°
Others

agar 7.5 g/L

charcoal 2 g/L

pH 58




Table 4. Composition of enriched Hyponex media for rhizome growth.

Component Concentrations
Hyponex soln. 3 m
peptone 3 g/L
sucrose 30 g/L
vitamine
myo-inositol 100 mg/L
thiamine-HCI 0.1 mg/L
nicotinic acid 0.5 mg/L
pyridoxine-HCl 0.5 mg/L
glycine 2 mg/L
agar 8 g/L
charcoal 2 g/L
pH 5.8

Plasmid pBI121(Clontech Lab., San Francisco, CA, USA)<2 NOS-pro, NPT-II,
NOS-ter, CaMV 35S promoter @ GUSZ FA S Hind III, Sph I, Sma I 28X
EcoRIS 9 cloning site7} &) gt}

pBI221(Clontech Lab., San Francisco, CA, USA)& NOS-ter, CaMV 35S
promoter ¥ GUSE A ¥ Hind III, Sph I, Sma I Z8]3 EcoRV %9 cloning
site7t EA) g

pBarGus(USA)+E CaMV35S promoter, Adh-1 intron, BAR coding region, NOS
terminator + Adh-1 promoter, Adh-1 intron, GUS ¥ NOS-ter 522 FAdEY
(Fromm et al, 1990).

pFAD3 W &4 22l fad3& 23 e AL E Ecoli HB101® plasmid &2



pBI121

3, o4
— 1 8 ]
ofWos—Pro NPT {1 (Keo R) H0S-ter —Cany 35S Prosotar{ £ <Slucurcnidase (GUS) —_ F®0s-terq
-2 >4L = 3 c
» = —-—— =_-7 3 A 9
= m; e 8s=2 £ 3
252 diead
= 3
pBI221
. Alm GA
[CAKV 358 Pfon[:\ur \ - 8 —6lucuronadase (GUS) : H, ¥OS- c.nr
2 A - = - =
3 -z 2 5 » j
2374 N =
* &
pBarGus
SRH R B | R H
]T{ ™ E13 1N J 1 | |
[ uBI-1 | GUS Il UBI- | [Bar] |
Bam HI Bam H1
pFAD3
Pst 1 Pst I Xba 1 Bgl Il Bgll p Sl ECOIR )
]
| S 35S-P fad3 NOS-T |

Fig. 1. Construction of the vectors used.
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Z35He YF 2 FAL neomycin phosphotransferase-II(NPT-1I), NOS-ter,
CaMV 35S promoter ¥ fad32 o] glew Mg Ed&A NPT-II fAXE &7
o] Pst I, Sac I, EcoRI, Xba I 28] % Bgl Il $9¢] cloning site?} £A) 3t}

2) Mega-prep kit (Promega Co., USA)°l 2% plasmide] ¥

oMYt FAZA ] AYEAL 4] A5t AR TR FAAE gus M
o] #MAE 2 Y& pBII2l, pBI221 & T pBarGusE ®¥l@atAed pBI22l 3
pBarGust A A ® DNAE 7olste] AL HAT pBlI21 Wty #AXE Tetz
9l& pFAD3E E.coli HBI01 WelM FEA2 Hol £ AA st Agsiach

pBI1213 pFAD3& E.coliz ¥ E#s7] 938 1000 me LB )X (Bacto-
tryptone 2 g, Bacto-Yeast extract lg, NaCl 1 g, pH7.0)ol -70°C¢] A& & 7I(l
Sin Engineering Co. Korea)olAl A A &Y plasmid& #F3t2 e Ecoli¥ H
2837 HE F57F 50 mg/L HEE suolo)Ae s 37°CoM W g
vl ok st QT E.coli ¥k} 1000 mlE 40 w9} YA ¥ #(Nalgene, USA)o| 7o
7% YA E2 7 (Supra 22K, Hanil Science Industrial, Korea) 2 14,000 x golA] 20
27 9ARsd MEZA S AUk o pelletd] M E HErd 30 mE shsled dg
A7l F oAl M E g3i8& £ 30 ml(Table 5)8 7tald R =A EFAAG °
Eqhol F318 30 wlE Yol FA TS 14,000xglA 1587 A4 &2 AlA
T} o] 2 FEEmS Hsld FEHES 06 ¥l sY3HE isopropanold 7hte R =
A EFFT F 14000xgol A 1587 F4¥2 AR EBES ¥ pellete] TE
gtz 5 mE 7}3le] DNA pelletd @A Z

3) Plasmid DNA 2] A A

o]Ato A} o1& DNA £92 Wizard Mega-prep®] DNA A& resin 20 miol| 7}
% resin/DNA Eg£d0] E0de &Y 2L AFAN FAA &4& FE8A
T} 7)o HY A 25 mE 718l resinod] Holde BEES AASL 80%
ethanol 10 m & 7}3td FPL A4 F Al AFA A3 F#AE 1027
AzAZY 2L AFAE $E AANT §7d & F 65~70CE A€ TE

-12-



239 3 mwE shehe] 1,300xgl N A4 EFste] £4% plasmid DNA §4¢ AR
o},

4) Plasmid DNAS =53 % A7I¥F

2-3)0lA Yol §9Fe DNA TEE ¢of B7] 935t EFF=A(Lambda 3,
Perkin-Elmer, Germany)olA 260 m¢] 37322 DNAS F& ZFAH3}AUT. °] &9
e Ay FJEgoeg AL37] YA DNA ¥58 1 w/H(1.67 wm/n
tungsten) 2 3 A A7 F A719F38l plasmid DNAS £33 ¥ HA ARE 33}
A3 260 nme}t 280 nme FF T B]E FAHMA DNA £ & A&FUL3At

Table 5. Composition of Wizard Mega-prep DNA purification system.

Type of soln. Concentration Amounts added
Cell resuspension solution 30 m
Tris-HCI, pH7.5 50 mM
EDTA 10 mM
RNase A 100 ug/m
Cell lysis solution 30 m
NaOH 02 M
SDS 1%

Wizard megapreps DNA purification resin

Neutralization solution

Potassium acetate 255 M 30 ml
Wizard column wash solution 25 ml

NaCl 02 M

Tris-HCl, pH7.5 20 mM

EDTA 5 mM
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3. §XX £ AX Y QX0 plasmid DNAQ| I|=

1) A =9 #FA

FA} GHE =Y Yl AFE® A& Particle Delivery System (PDS)
1000/He (Bio-Rad Lab. USA)e.2 2 F#A4& 19 29 Zth o] FAe AFAS
GZE AEEA 4F 2 d 454 2 vAYgA 1&g 3 REoE YrolA
Art.

°] 71719 ¥3e #ZAHE ¥F 7t2FY dYel AdsAH ngez Ve FH
dEAE 232 de BIA YB(rupture disk)o] 2 UH ITH FHe ol2HL
o I AN 2 #7802 macrocarrier holderd] FAFE 7}8HA 5 0] macrocarrier
holder macrocarrierg 2ubsle] A&7 AW L X F(stopping screen) ol
olzd ztzb7] WA o 23 Y macrocarrierd]l TEHo] W DNAE A9
Y wWEol macrocarrier2 FE "ol uetA HA P Alolg§ F A3l A& AN
A S AE7E 89 de FAHE AFAAM 7tEE RS0l FIIAH G 23
HEHA A ez A FAA HEH YA ZREAIF Eoj7HA HI o]F
A gt g KA AEAEE =YA He Aotk

ol Yoz HIEIE FAIAEY ANFde AT Axtel gsA HAHEZo
571 g Ee AdYE FAAGA AAE 7] JAMe Al HEgE Y =
S Fofopdt @t wtA wAdAe] A7) 4 AA, F 7t 4, gap A, ¥
DNA9 Az 74, 58 A& Az, A8da W AFE, A8 WA H5¢
T, IE DNAS ujAgatete] EHF I 8AES HESAL

4

n
AL o

u

2) Y4 Aol plasmid DNA 9] 3=

(1) J2¢ dzte] AAz

APz E H2dE Agstded vAYAe HEL Sanford $(1993)¢ WY
of e} FestHct H2d YAH(Bio-Rad, USA) 60 mgg 'Treff nl3F 4R
(Tekmar Co., Cincinatti, Ohio, USA)°l] ¥o] 1 wl & &L 713 5 AHsA &5
o] & g ALolM 15 B7F W& 15000xgolA 1587 A4 2 sAqch Pellet
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GAS
ACCELERATION
TUBE

RUPTURE DISK

ASSEMBLY RUPTURE DISK

RUPTURE DISK
RETAINING CAP

MACROCARRIER

COVER LID
MACROCARRIER
MACROCARRIER Z IR 7 HOLDER
e

HOLDER MACROCARRIER

STOPPING SCREEN

L —X - STOPPING SCREEN
MACROCARRIER = SUPPORT
LAUNCH A

SPACER
ASSEMBLY /i RINGS

ADJUSTABLE

/ NEST

’\ THREADLOCKIN.
i
i PLUG
L
\ ' b
S VAN

\ N
]

Fig. 2. Diagram of the particle delivery system (PDS) 1000/He.
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S AFs5E 33 wE AHE T 50% glycerol 1 al (Daniell, 1993) & 7tsiA 29
o2 WET Y2 43S WA A5t 1~2F F -200CHNA BBIEA A}
£3tHch

oY AZEA v F AEHAFLE H2d 9T F S0 EA de AFE T
EojA A& AHgdte o] AFLAE £Y F U7 WEA Treff v FAAEHR

2 AHgstgeh

(2) Y4Atol DNA H¥

9ol g2d dee] 25 Wo] DNA €94 25 4 (1 g DNA/H), 25 M CaCl, &9
25 M, 0.1 M spermidine & 10 #& A&LHo2 EgstaM 718 & ©h2 8,000x
goll M pellete] AT HoaA) JA=HA F=F 7hPA A EHAT. o] pelletol
70% A& 70 ME 73FI 10,000 xg2 187 YAET FH A 100% AEE&E
74 & AFsA &S 10,000x gl 187 AR At mAIARE 2
A 7] 938t xS A H7| (RK102, Bandelin, USA)lA EsAM 6 4 &
#% ¥ macrocarrierd] A&3A &A HEAIFHT. spermidined -20°Col| RATT
gAZFE YT o3 AAsd gAML ¥ uAn el & WY NEA
Z A 8] AE-3tA T

4. DNA &gl=24

HAAY 582 FA &7 A8Me $4 vAYAY FAE FHedte EIFH =
g HAgstdol Hed orlde dAY 27 # AL v Rst stAgE, Al
o) YA F B AR BAFe v o]E L FAl 23 dYPse AL FHH
oz E7hgdt Agdelr] gRe Z+ 8AE9 /¥ AL Y A8E FHUNS I
Aty dAEe BE FH2E I o HEY ¥ A} B2 AT Frsld 4
Bt

T2 EFANEC 4% AETRA UL HAAHJIANA 3 &2 HABAT)
A 22 A&S AL F e 2UL Fohlel ded o7 FdHE
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9L Ag9 ASAH, AXUE, FA WX HFEG 27, vectard] FFH R FA
F Ao ANy Fo] THEH.

Az Fule FAE @sld FFHoE AYE 27 HBL FHALY}E A3
o Alz@ AR (Hyponex iA) 7t Qe A4 3 a2 petri A 7teHE F
Ao g 5070 wEsA.

1) 42 37

714 Bol AHgHE TAdAdE 3% 2dog BEF FIHAIZF Aed 2
£9 271 2 e Ui nAgAY FRH e AR A7 2 2832 I
o o gEg 4AE AZlEE A9y A9 EEYE BHEo] ARG

B AYME oMgAe =718 0.73 m (Tungsten M10), 111 m (Tungsten
M17), 132 m (Tungsten M20), 1.63 m (Tungsten M25)9] 4 7}x] F£F22 g
A AL A0 & YALFELY zolE v AEIAT

2) ¥F 7t 949

39 27 A2 U FF/NA(LE 99999%)9 AA AHE Lol B7] A3
o gde Avs AE7b thE rupture disk (BioRad Lab, USA)E 37FA AM&811
=d ztzhe] Wt 6327 ke/at (900 psi), 77.33 ke/ad (1100 psi), 91.39 kg/ad
(1300 psi) °IATh ¢ =271 2BAH HEXH &L FeAY qF, A8
7t 94 UrteA B 482 Po| B HRe Fo] HoleAY AT AAFH =
AFE A A Mo wet GUS @& oju @ J¥E FeA BEIAATY.

3) Gap Ag
gap A&E rupture disk®} macrocarrier Ale]e] AZZ 3175 mm (1/8"), 6.350 mm
(1/747), 9.525 (3/87)9) 3 F£Fo 2 galste HYsiPUch

4) 28 A8 A=z (target distance)
Aoz BE AE7Ae AYE Eay oA gap A ¥F vt GHEHF

-17-



o] 2%3 tEo] FAMAFZ Z JF L vAe ARt} g EFAE AHYE
3.8 am (lst step), 7.0 em (2nd step), 102 em (3rd step), 134 em (4th step)] 4TA
2 Yo} A

5) AlEAA W AFE

ANEA2 WY AZEE BF ABAXANA 713 o] AlE3l= 26~30 inchHg ¥
98 s1Foz 2 o]&te} o] ARl 23, 25, 27, 29 inchHgZ® A A3 ZASIHTY. o 7]
M AR HE AT9YE 1 7142 0 inchHgZ 822 AFo] Hol #2371 W 7te

AglE inch T m 2 Jelhe 2 o2 FASHAC.

6) Plasmid DNA ¥ &

oA YA FAYE ARG o RFAFS 2AHNA JFHE 5&E |7
A e ALgHe A8 AFH promoterd e FHBAEZ FAE plasmidE A
glof st B AHgME MR AHE P& plasmidQ pBI121, pBarGus 233
pBI221& AtgRed °lEL BEF gus fAAE Z3x o9 pBIIZ2lF pBI2212
npt-II A28 $E9 23 pBarGuse promoter7t YA F gt Adojd Aol

Aot

7) Plasmid DNA?] ¥ %

plasmid DNAS BH2de) A4dd w7t FAAEL vAe %2 FEFH 4
st H2Adl mg 9 DNA 42 083, 1.67, 25, 332, 415 w 22 Mgstd vz HE
At

8) AEL =AM F=

DNAE A7l AFe 7AW 45U 2HAE F71e o F2A 8o
old PP FeA Yot B Hdd HEY ZHAE AstA ¥ A 2N
025, 05, 075, 1 M2} sorbitolg wAdat A st Al MAsr A4 F X

o gA sty b AEe ARG 20e A



9) Spermidined] ¥%

oMY zte] DNAE HE2A2 of spermidined] H7F A#E ZFAe7] $18ldg 1 M
9] spermidined A X3 025 me AHAE AHE3td HFAY FH spermidined
Wz e A 50, 100, 150, 200 mMe] ¥ =2 A& A vsA

10) DNAY 3=

DNAS Hed e FAAFL] FA S e 71E FESI dstoq 8
A% DNAE ©®)wZ3lgict pBI121 DNA9] AFEALY EcoRl (10 unit/4), 10X
buffer, @@ +& Aeldted 37°CAA 1A I F 68CE &4 A2 FAA
719 3% DNA7} 43 DNAZ HdIsHed °l& 07% agarose gelolx 7453t
o FAEAT o] E FFH A vy

11) 54} date) 22 4

WE 72 4, gap A, BE AR Al faAM DAY oW FHE AR
off RESEsLE Fotuy) dsto AR §7)9 EPe Arl2 dHAE Foad
NE £700] $ot) 7o) WF 7= 4, gap A, TeT ZE AR AYE B
daEA BAAD ¥ 34 gade A 8GR Aol oA REHE
g BANAY.

12) A 9429 I&H

DNA =i &9 4%E Fv Aoz AzHe H2d 49 £33 L dotr7)
A8l H2d 4y A7 WEF A e LY gap A2 BR AR A
g dy3ldg 2423 JE=Z Y4zt A F3te HolE #vl73(Diaphot-TMD, Nikon,
Japan) 22 &A At

13) FAF ®
el Alge] st FAF AFE AL o GUS 2L FHE ZAH]
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dated & Aol AEel B W, T o9, 2L A W d&Ho2 FAs GUS BH
g2 ¥z,

5. GUs &%

8 HFAHAQA B-glucuronidase (GUS) HFAAE 2] E oA transient expression2
#3t7l A A og o] f HoAZ e & AdPAME FA 21 S HA
33t7] 93kl GUS £4& AAstdo.

ghofol] &3] 27¢] EAFEH WA GUS 84L& ZX AvdE FA =24
3 of R AJE AUA ofR EARH ZI: YD A A7E 7EE
femz 4 GUS 849 & 4% & ZA Y

39 270 WA GUS 848 Z3 JAe7ts dotr7] g FARIA 32
272 AWe| X-Gluc (5-bromo-4-chloro-3-indolyl 8-D-glucuronide, Sigma Co.) &
g 7h3ted GUS #4& HAsAS.

gus S8 & BH FAHA(CAT, octopine % nopaline A AL, $-
galactosidase, luciferase F)ot+= 28] ¥FEAYoZ 47 9743 BN + Ux
CAT BAAY Estz A|7teo] Bol 28HA ¥e Aol UL BT ol vy
¥ o 10~1000¥] ©f ZE=rb Foh T3 2 3FH EAo| stEdld 2F Ee
Z1#el A GUSS 713 X-glucE H7Hghel osjAa H2849 o ¥4 YA 4
Agozd HAAY RE SUo2E ZHHUFA BGEE F U7 HE e o9
SR FA2 2ox Bol AHgHI 3tk (Kosugi et al, 1990).

GUS #A & Jefferson 5(1987)8 WYL 2 in situ oA FH3AD. A {2
7 =8 AEA dHo WA B-glucurenidased) BA S AAF7 A3t AFEE
7} 20% = =& methanole #H7Fg GUS AA £ 500 M(Table 6)& 7}3te 37°C
oA 48217 B G AN WA Z T Are] Azl met BP0 G stollM F
Moz gad zz wHg FAYed B MY olxde MEI FTHM FA
g FAurye Aex 3z 7HF A tH(Klein et al, 1988).

tllo

ek
7}
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Table 6. GUS assay solution.

Reagents Amounts added
N,N-dimethyl formamide 1-2 drops
5-Bromo-4-chloro-3-indolyl 8-D-glucuronide 1 me

(X-Gluc, a chromogenic substrate of GUS)
Phosphate buffer 0.1 M (pH7.0) 980
KH,PO,4 0.2 M 87 =l
K,HPO, 02 M 122 =
Distilled water 209 =l
Potassium ferricyanide 5 mM 10 M
Potassium ferrocyanide 5 mM 10 4
Triton X-100 1 A

6. 7tLotold MY 55 MF

FAARAE HA2sls) st H% FAZ NPT-IE AL 7] f2o @9 2
7 AW st shyololdl sxd mE AL AT

P FARE Ol oEA S fRAE AYEA de 27 UL 1597 W)
¥ t}E kanamycin sulfate®] ¥ =& 0, 25, 50, 75, 100, 150, 200 mg/L2 A a3
Zhtetel Al wiAlol N A{AIA 2H AW A HE FEE FolN o]|E shuiujol
Ao #AF=E2 YA

7. PCR 40| 2|8t npt- I 2} fad3 FEXIe| #ol

1) 27% 2 DNA &3

BAH¥E 279 d§ PCR (Polymerase chain reaction)2 48)3}7] 93t
Chee$(1991)¢] W o= DNAZ ¥2]5%ch
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239 27 200 mgg stotAl] TAstA FAAY F AF BFAZI(FD 1, 0-
110, Heto Lab. Equipment, Denmark)olA ZZAAcTh wtaiabde] A ALE Hof
FA EAE F o7d] 5 m CTAB 5% ¢35 89 [(H20 703 m, 1 M Tris-HCl
(pH75) 100 =, 5 M NaCl 140 m, 05 M EDTA (pH80) 20 ml, CTAB 10 g, 8-
mercaptoethanol 10 =/)]2 7H8le] RE=YA EFF F 65°C TB716A 0% F¢
wjoFsta A 308 vtk @ WY EEo FAG H2edX 4~5% A= 43I F 45 m
] chloroform/octanol (24:1)& 7bstel 2 W ES0] & thd 4,000xgolA 10% <t
A st FAAL Haged o FFE T wFso FPHAUY. FF Yl
27+ 6 ml isopropanol (2-propanol) & 7tste] EFAIA 10~15 ¥ F<F FRF H
0.2 M sodium acetate®} 76% ethanole] E¥¥ & 3m & 713k 5000 xgellA
A8 2 5l DNA pellet2 2dt}t olA & 76% ethanolz 10 mM ammonium acetate
2 ¥gsle 89 1 w2 DNAS AHET 7)o 1 e TE &34 (10 mM
Tris-HCI, 1 mM EDTA, pH 80)& 7}8led PCR 42 93 A82 A3t

AEHZ B FMA DNAS 2€ g9 582 A89 AYYF dF v F23)
7l vrz Mol A Aele] @ Aozt dE2 ofd AEdA F&de Aol FoH
DNA E2|A 9z 9 g olop slet isopropanol® DNAE FAAIL F A
7vol YR Zztstw weladx o] AAste wMPe] 0fd shsAel AANE=R I
A Fol vlEZ K ES o] &3AM DNAE AAMNE Zlo] F3uoh

2) Primer A
29 A npt-I%t fad3 FAA7E AYHAAEAE #J87] HAsd PCR 4
o Fysided F7HA 42 25 primerE 20 mer 2712 YA U H T
NPT-II DNA ZZo] A4 ¥ primer < O&3 e @71MLE S ZES A
At
5- ATG ATT GAA CAA GAT GGA TT - %
5'- TCA GAA GAA CTC GTC AAG AA -3
T3 fad3 DNAS ZZ2 sl AE primerd ot} o] AR e ©l primer
o] o]shA Z=EZE 7% 700 bpe] Z71S e DNA ©¥o] AYAHA Ao
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5 - ATG GTT GTC GCT ATG GAC CA - 3’
5 - GAA CTG TGA CTG GAC CAA CG - ¥

3) PCR %

£ 272z F¥ E8 ¥ DNA FoA 7hurololdlst fad3 f#AATLE So| 3
©2 FEZ37) 89 10xPCR buffer (10 mM Tris-HCl (pH8.3), 50 mM KCI, 15
mM MgCly, 100 w/m gelatin] 5 4, dNTPE 2ztz} 200 sM, primere zHzb 025 M
2 83, Tag DNA $HHELE 9Ed 50 Mo e 25 unitE ALgstgth $)
¥ ANEE #AFE7)(TCX 20-110/6, Ericomp, Inc. USA)e|A PCR A& 483
At AWHA wg& denaturation FAH S Z DNAE YY7ixto 2 ©E ¥ annealing
< primer7t ©@d7tge] e A2 ARBHA F7d £AHI old 2EE 72°C
2 ¥ FHEAV) primero] o] DNA 71go] §A4 €. 2z thermal cycle2 1
3ol 96°C/S min - 58°C/3 min - 72°C/1 min 2.2 & ¥ AP 3o 23 =
96°C/1 min - 58°C/30 sec - 72°C/1 min &2 309 wE3 T o= 72°C/10 min &
2 % 9 AHstid. FEZE DNA EUE #8037 $iste wgaF 10 4 3
8to] 1.5% agarose geldlX A7|9FE A8

8. Southern blot

A AL FEAI S Al8-3le] 97} DNA 7} 27243 He 8 DNAZ AUR=2
ol 7] 98 Southern ML AA P},

1) 27422 75 444 DNA £9
@] 2oz RFE 43 DNAS Fe W¥E CTAB DNA 2L A%
3tAct (Gawel 3 Jarret, 1991).

¥E Axd 27 200 g A AL S0 Ye GAAMEOlA vl Ete] 20 w2
e F& FFA [1% (w/v) CTAB, 100 mM Tris-Cl pH8.0, 1.4 M NaCl, 20

A

mM EDTA, 0.1% (v/v)B-mercaptoethanol] € 22 65°ColA 308 T 718 ESo
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ZH A Al AT o 7)o chloroform : iscamyl alcohol (24:1, v/v) 15 m & 7}3lH
158 T 9 o2 ESo FHEAM EFAZG A20AM 5000xg2 FHE8L
AAALe slolx 2 AT £F 27FE isopropanolg Wi 10~20% ¥ DNA7}
A HEE 9 o2 E5o FAUd. IHE DNAE #5273 Pasteur A2
A2yl & 70% ethanolZ2 M H At o] DNAE Kimwipes (S-150, Yuhan
Kimberly, Korea)& A}&38led AZRA|7]1Z 100 #2} TE &% (10 mM Tris, 1.0
mM EDTA, pH8.0)ol %t} o7]dl RNAE AAS st HF Fx7F 10 w/
ml =7 RNaseE ¥ A2oAM 308 F¢ wFAAT 1/1089 3 M sodium
acetate (pH 6.8)¢} 2uje] 95% ethanol& ¥o] Pasteur {322 DNAE ZHHH2
70% ethanolZ M 3§ thg& AZXAI7|Z 100 42 TE ¢F o XA

2) d4A DNA9 Hd % H7|FF

CTAB Wol osiA ztz #e¥ 2749 I3 DNAE HED37) fiste AR
A9l pstl (10 unit/#)3} EcoRI (10 units/#)& 7t3t3 ti232 ol4E DNA &
NPT-1I9l #H$¥E Pstl, fad3e] 799« Pstlz+ EcoRI2l A& A9 10 xbufferd
wol 37°ColM 1417+ wigsle APg AN F ZANEE FAAIZ A
65°Col A 1087y 7}d3tEt}t. 1.0% agarose gel AolM TAE €3 4(40 mM Tris-
acetate, 1 mM Na,-EDTA, pH 80)2 Ar&3le] 50 Ve AFE A2A 5417 A
719 & ch

Southern blot2 Southern(1975)¢ W& <7+ ¥ e £ttt W71FFol
2y A ethidium bromide (5 mg/ml) 2 FMated AABG ] T3 AR AR
AANE BAIsl F7] 93] gele] #F 3l AFeolE A FE £ +ET F

A AT

3) Gel blot

DNA ©HE agarose gel2 HE Ao Fitsles WHo =2 AR Heol 71HE
o] &3ttt

Ethidium bromide2 M ® gelg FTHFFE 29 AH32 §7]9 DNA WAL



(15 M NaCl, 05 M NaOH, H,0) 500 W& $ 3 o]57t"% DNAE ©Y7t4 DNA
2 =7 9sld A7) (PR 70/75-115 V, Hoefer Scientific Instruments, San
francisco, USA) oA 458 AT HA LA HH3] A=A

ZRTE 238 Hx gel® M ¥, 300 we F344(20xSSC, 1 N HCl, Tris-
HCl, pH8.0) ol Ho] A2 308 F= AH3 Ags] F tt £7] QoA blotting
< A% =232 U

HA £7] Aol gele &3 ¥& AANRE ¥ ¥ Whatman 3 MM paper
(Whatman International Ltd, Maidstone, England)& 24 Adstd Sl YA
471 2utgztA] g2 HFFADG. ojf &7] Wele 20xSSC(3 M NaCl, 03 M
Nagcitrate - 2H,0) & ¥ol #2 %3} Whatmann 3 MM paper Atelel F7]7F Q71
BEE HAo] FATH F3HE gel& FHAFo] o] Ao &3 FIL gel FHAINA FX
Me gdo] o]F3A] RIS BHYLZ gel FAE HATH

gel ARG =F 3A o]l &Y (positively charged nylon membranes, Boehringer
Mannheim GmbH, Germany)& A @3l A (& 3F ATl & #AE 5§ 2xSSC
£ 2 5% Ax F7} HAJo] ¥ nitrocellulose filterE 71X 7} Eo0j71A] Y2
gel 9ol W&AAIZl ¥ Whatmann 3 MM paper 3vj & ¥31 2 o] F&FA 20m A
EE 9Y fFYHAE 22 ¥2 U5 1 k AEY HER EY FUGD 16 A1 &
oA wx|sle mAF @Al s DNA7ZL gel2 ¥ E nitrocellulose filter2 &4 7}
& sh

AR & gel2 FH Fe)dle 2xSSCAA 1587 M F FFA oA E7IE A
Az BHHEIA HA HA2AX 308 F¢ ARAFTG. AXE AAGA EA e
DNAE 123387l #3te ultraviolet crosslinker (CL-~1000, USA)&lA 120 J¢ o X]
& FEAM 2E F¢ MUtk

4) DNA probe A%

fad3 € A=A o] ¥ probeE A =x3l7] 93l pFAD3 DNAE NPT-1I9 #H$
pstl (10 unit/®W)2 2 fad3 FAA A$+= Bglll (10 unit/4d)e] Agagrz A
3 F 12% A§H agarose (FMC BioProducts, Rockland, USA) gelollA X719

orr

&
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3l GMF ¥ probeE A ZH fad3 DNA Wi= HEF

re

& @2 e 2 HdsHch
7)ol =l gelo] 5u§(1~1.2 m)o] 81 20 mM Tris-Cl (pH 8.0)3 1 mM
EDTA(pH 80)8 78t 65C oM 527 geld = AgoA A & FF9
phenole $o] 20 %7} wmulbstel 4000xg, 20°C oA 108 T B4 &2 (VS-15000
CF, Vision Scientific Co, LTD) 3tk old FZ3e A& 3teadL He¢H
Jele] agarose ©)E2 AFAEL HE W Po] wet YA AEF FHUnh T4
phenol:chloroform (1:1) E§AL Yol AF2sx Ao Folde phenold A
Ast7) 95 $F<] chloroform:isoamyl alcohol (24:1)2 $o] ¥AE=3A 43
g Hageo A3 phenold AABZ AshA o] AL 3W W FE3A
t}. DNAE A AA7)7] 93ted AA Al 02ufe] AHg3l= 10 M ammonium acetate
9} 2 wie) ethanolg 7}8td EEo & o 4C oA 10¥ WA 3t DNAZ &
HE =2 8 thg 4°C, 5000xgol A 20¥ T YU ¥ st DNA FHE dof oA
70% ethanolZ & W AHF F AZAY § TE &F &4 =%

5) HAls YA BX
probec] WAlE: 9942 E HA 87 98] PromegaAl®] random priming kit

Prime-a-Gene Labelling System& F¢3td Algsded 2 A& Table 73 %

S422d DNAS WAA7)7] g8t 95CoIA 587 798 § Ae&olA a9
557 wrx|alg et ol 7]o) 5xlabeling buffer 10 4, BSA(10 mg/m) 2 4, [
2P1dCTP 7 4 (specific activity: 1x10° cpm/ug DNA, Amersham), Klenow

a-

w

fragment (5 unit/Md) 2 @, dNTP 2t 1 4, 975 15 A& 7t8tq FHIE 50 4
2 3l B EFPS F ALdA 3AZ T AT wgo] BYE As¥AHS
Aol 7] YslH HEEFE7F 30 mMeo] HEE ZAE buffer A [50 mM Tris (pH
7.5). 50 mM NaCl, 30 mM EDTA (pH 80), 0.5% SDS] & 200 4 73 * 95°Cell
A 5870 71gsl FYAIA DNAE HAAZ F hybridizationg ¥ probeZ AM§
&

£
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Table 7. Composition of Prime-a-Gene labelling kit.

Klenow Enzyme
DNA polymerase 1, Large (Klenow) Fragment (5~10 units/m)
in 50 mM Tris-HC], pH75, 0.1 mM EDTA, 1 mM DTT and
50% (v/v) glycerol

dATP

15 mM
dcTP

1.5 mM
dGTP

1.5 mM
dTTP

1.5 mM

5 x Labelling Buffer
250 mM Tris-HC], pH8.0, 25 mM MgCl,, 10 mM DTT, 1 M
HEPES, pH6.6 and 26 A260 units/s! random hexadeoxyribonucleotide

BSA, nuclease-free
10 mg/ml

Lambda Control DNA
5 ug/ml

Sterile H:O
125 m

6) Hybridization

A%ZE AQAE 50 m 719 conical tubed] S3FA Lo} HWol 6 m
prehybridization 8¢} (Table 8)& 7}3ld E7lHA HA £ 71T 8 A AT 65C
2] hybridization incubator (Robbins Scientific Co., Model 1000, USA)dl A 2417} %
gt WAzl H prehybridization &R & A ALY A7 5 w HE

hybridization €83 A ZE probeE A W1 7]1XE A AIJ F hybridizer tube &
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o] YUY S5HE W7 65CHA 16A7F v A AT}
Hybridization®] &Y A& 2xSSC-0.1% SDSS] f£odo] Yo Ao 1587
H3] EEo] FAAM MA3L, FEE HEFo] 71HA 05xSSC-0.1% SDSOIA 15

2

B, 0.3xSSC-0.1% SDSoA 15%, 0.1xSSC-0.1% SDS &AM 1584 MU=
A3 EEo FHA HAL ALsdesd MHA7ZHE GM counter (Series 900,

B

Morgan Electronics Division, England) 2 WAl5& 243 A 50~100 cpmo] HE

=

2 zAs9d Aol By Hole Whatman 3MM paper 8o &3 ¥31 37 F

=

AN AzAAG

Table 8. Composition of prehybridization/hybridization solution.

Solution Prehybridization/hybridization Concentration
10 = stock soln.

6 xSSC 3.0 20 x

5 x Denharts soln 0.5 100 x

Buffer soln 1.0 05 M

0.1% SDS 0.2 20%

100 wg/ml salmon DNA 0.1 10 mg/ml

Distilled water 52

AZE ARE F29 vjdyP Alolo] ¥ o]AE Storage Phosphor Screen
(Molecular Dynamics, USA)o] W& A7l ¥ Phosphoimager Casetted] Wi 30% =
%A)71 % Phosphorimager System(Molecular Dynamics, USA)& A}83ld 734
bandE ImageQuant SoftwareE o] &3le HFH ZUHG HEUESE 3 of3d =

deoll A & 3te] HAsAUT.
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9. Neomycin phosphotransferase-il 244

1) ANEXA

mAYA FARR Ol oM e 2o =W npt-119] BE AHE Lol
At} 7hnte]dl WA Ecolig dUIAIEZ siA 7hiolelal wjxjdA Ao
Zhebold fA2E 22 e AeR A= @9 240 @ NPT-II 4
Draper%(1988)¢] w3 Herrera-Strella®} Simpsont (1988) 2 WY A AN F8 3¢
tt.

N8 ZAE Ecoifl %€ € 20 mE 1000xgo A 208 T QA2 3}
o @ F BAAE AANTL F2¢39(100 mM Tris-Cl, pH7.5, 50 mM
MgCly, 400 mM NH,Cl, 1 mM DTT) 500 4 & ul3g fAHE Tl ¥o] 1024 39
&AM 252 HeFd F 8000xg2 FUE2NE] NANE AAs 4F
Hg AR, 2739 A$e 100 € FH3Y F249[(1% B-mercaptoethanol
0.1 =, 50 mM Tris-HC! (pH638) 0.5 I, leupeptin 1.3 mg/10 al)] 50 W& M=
822 vhdd A 2 opfAN F AR FARE AL

2) @A HN9F

10% polyacrylamide gel (Table 9) & A Z3lH gelHo] 23 2% F Fuld A8
30 A%} loading buffer (50% glycerol, 0.5% SDS, 10% B-mercaptoethanol, 0.005%
bromophenol blue) 5 4E& EFAIZ H FYHUL A8 H719%5 FA € Protein II
xi Cell (LKB 2951, Bio-Rad, USA) °]212™ running buffer (192 mM Glycine,
495 mM Tris) & @34z Y32 o719 4°C7/} FAHEE thermostatic circulator
(LKB 2219 Multitemp II, England) & @Z2% o2 20 mAdA] 6 A7 S gz
7195 Y3

3) npt-II W&
A71G &) B ¥ gelE Ao} stacking & AASL £C FFHFZ 58 F9

F A Al F 4£C oA g ¢F A (100 mM Tris-Cl, pH7.5, 50 mM MgCl,, 400
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mM NH,Cl, 0.6 mM B-mercaptoethanol) & 83 Yo 5o FHA 308 T+

Table 9. Composition of polyacrylamide gel.

Separating gel Stacking gel

Stock  Volume (ml) Stock Volume (ml)
Acr/Bis 30% 10 30% 1.67
Tris-HCl (pHB8.8) 1M 11.2 1M 1.25 (pH6.8)
H,0 8.56 6.97
APS 10% 0.2 10% 0.1
TEMED 0.04 0.01
Total volume 30 10

Abbreviation: Acr/Bis: acrylamide/bisacrylamide, APS: ammonium persulphate,
TEMED: N, N, N’, N'-tetramethylethylenediamine

HP e Folx= & 3t HP TEE H &AL AASL geld) A7 v
g §71 geld ¥ v FHIE agarose gel & 9 (reaction buffer 15 ml, dH,O 15
ml, LGT agarose 03 g)ol “P-y-ATP (NEN Research Products, DuPont, Boston,
Massachusetts, USA) 30 #M (working activity . 70 #Ci1)$ 25,000 m/L %9
kanamycin monosulfate (Sigma Co, USA) 30 @& 4L 3 gel Yo 22 Z HZ
T2 Bt} agarose7t 283 ZEE 208 #wAF & geldt 7 A7)9 P8l
Whatman paper (lon Exchange Chromatography Paper, Whatman International
Ltd, Maidstone, England) & gel 9ol Yo} 37°C oA 308 F< wA#HY 2 %
3 MM paper 3% FFAE 5 am FAZ Fol 222 FeALR €S td 1 ke
ol Wixz E3ZFHA 3 A7+ 59 blotting AlZTth blottinge] ¥ F P81 papers
#3ld 80°C2} A& (10 mM Na,POy, pH7.6)2 2 1084 58 A3 F P8l paper

2 2 23 Molecular Imager System$& o] &8 W= E A FE )
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10. XYLk B4

el FAAZ AYE desaturase FHA7F BHHNEXNE Yopwy) st At
T4E dAEA

1 go] 4EAE 20 w9 hexane/isopropanol (3:2) & AoA vls F A
o AHA] Al #F 2FS 25 sodium sulfateE Fo] AEFANM YL 2L A
sttt e 1 me AEE AYHo] ¥ golE FAst22 g By gL
g el 6%7F EF %A £ 2 wE 7MElT FHUY TIE AAES 9
st fejde] A2HAE $83 3 FUh Teflon cape @ T4 L e ¥ 80°C
¢ heating/stirring block (Thermopet NTT-1100, Tokyo, Japan)e]A 1A]7+ <t
MEEst Azt fA8E BolM 47 H 9719 1 we isooctaned 7HElT EFHE
< 3477 918t 6% potassium carbonate 5 W & 7bEted 15 E F<F 1500
xgol A A E2] AT 2WA methyl ester® TPsE F2 AL njge) QAR
2ol £712 of7]o 2 sodium sulfateE 7}std £7) Weo] $EL AAF o
BL&7hE2 AYEABE AL S F4L ¥ A8 AHgsuT.

AL ¥4 2de A8 FYF LEE 250C, FE7) £5& 280°C, Y head
pressure £ 112 kPa, &% Z2I3& 80°ColA 18, 2 ¥ 1 & it} 20°C A &
sty 220C 742 & g 5B, ©aA] 1 Zojtk 5°C B 423k 240C 7tx] &@ o}
108 = ¥2o. H%71& FID (flame ionization detector)® Abg38g o, split
20 1 1, Y2 capillary (FFAP 25 mx02 mmx03)2 Alg 3l o 7124 9

o

r

=]
B
< chart speed= 0.3 m, attenuation2 2, thresthold& 1, peak Z& 0042 ZA&

M

d38te] Gas chromatography (GC HP5890 Series 2, Hewlett Packard, USA)E X
o] 24E FHst] B X3} Aate FFo Wyl AUEAE Lolr o)

[
X

ok

-31-



=

1. =X HY=H
1) wxzA
¢ 279 45¢ HdME MS 718w Eoe 123 1742 S4E MS ¥

7} Fton A FUW AL peptoneo] H7E Hyponex #jX Gt} (Table 10).

Table 10. Growth of the sliced rhizome sections under the different medium

conditions,
Medium
‘ 1/2x MS 1/4x MS 1 xMS Hyponex
concentrations
Growth of
+++ ++++ ++ +++++
rhizome

2) 3Rzd 249 A

1)1 4] peptonec] &7t ¥ Hyponex WA 7} 2728HW A {o AL Fhed o7
HA7be AAZHAZ NAAS Fumetd P =& dof ¥ 234 &M Hoe
z2exgM £& A#HE Vel 20 (Table 11) 53] NAA 10 me/L ¢ Fulmet 5
w/Le 2N AU 2 HH 27 A&l /M FEIIAUH

3) AUz £
23 279 AW EA7 200 m dde EF FR20 400 wm, 600 m, 2 m, 5
2 27 A9 A52 o & AFLL gt Table 12). mAdA FAYS S
g $ANE =4 dE e HPAMZ FEH fFAE AEAXY HEA A
e Z S22 400 wm oAl M B FL& AAEE BAAT st o oA sHA
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Table 11. Effects of NAA and Fulmet treatment on growth of the 400 m
microsectioned rhizomes.

grgo:gtk:) s Concentrations(mg/L)

Fulmet yas 0 0.1 1 2 >
0 - - + +++ +
1 - +++ + + +
5 - - +++++ +++ -
10 - +++ ++++ - -
20 - - - + +

Remarks: -: None +: Poor +++: Good +++++: Very good

Table 12. Rhizome regrowth varied with thickness of rhizome section.

Thickness of rhizome section

Rhizome 200 um 400 600 um 2 5 mm

Growth(%) 0% 55% 64% 78% 89%

Z2 ol AHHolof I EN XY 5 e HL: FAA 400 m2 2L AW
o & A4yl AHgEA (Fig. 3).

2. Plasmid DNA T8 %! %9l
pBI1213 pFAD3E ztz} &#3t2 e Ecolig 1000 ml o] LB wjx|o]A] A8 A7
% Mega-prep kitE A3 plasmid DNAES 2L o pBII21L 2,125 g,
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Fig. 3. Rhizome formation from the sliced rhizome section.
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pFAD3E 1,876 € ¥& + U/UTH

¥219 DNAE A719% AALd pBlI21Y 271 ¢F 15 kbel| s Zate W=7}
vetsted ol& AMPALA EcoRICE AAFed &Fo] d¥e FHE vid A2
A 4 AAT o] plasmide vl YA FAES 224& HAAE | AEHAR
th. pFAD3e W@ fAHaAE 23 & plasmid2 YaF 2] € FH ol
A 400 mE HYE @9 A9 fad3 FHAE AU At ©] plasmidE ¥
213t Xbal M@ &22 Mste 2 3718 A A 145 kbl sFste HF
o] WEZF FAHAG (Fig. 4).

3. GUSS| s

GUS X $AAE transient expressiong Q& =d |37 o Fo FAAE
z27% HAsted de ol &5Ho $th(Lida et al, 1990: Lonsdale et al, 1990:
Qard et al, 1989; Wang et al., 1988).

o] 27 dF WA GUS 842 48 A7t viFollz EF3t HAHA o}
T 27 e WA GUS 4ol gle Aoz Byt

mA YAt BALE 27 W GUS BN fdg Qe og A Ao ot A
Aubd AL Bad A3 48 Al Fol GUS H#E(Fig. 5) & #Astdo. o vy
S ASo w2t FH e A= Aed olAx e ¥ (Russel et al, 1992) 22
Attt B3 2 GUS 248 99e 50 e AUF Jdetd vty F48 23
T Aog oAg 7FELE 7 Ay FAAE L E BAGAG

4. DNA £tQJofl Boiste =2

MAYR EAbgoz e A dd HAAE =8 AsA YW HA
278 AES A 0P 2o

1) vlAld A 27

o

DNA WA 2 21gd ®2d date A71¢ w2t DNA =9 &8 3T Aol
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Fig. 4. Agarose gel electrophoresis of pBI121 and pFAD3
gene digested with restriction enzymes,
1. Molecular marker(ADNA/Hind ')
2. Intact pBI121 isolated from HBI101

. pBI121 digested with EcoRI

- W

. Intact pFAD3 isolated from HBI101
pFAD3 digested with Sac |

&
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Fig. 5. Transient GUS expression in the bombarded rhizomes.
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= wuged 073, 111, 132, 163 m ZoA 111 m7t 78 Ftck vlAdabe 271
A UE mowm BAJ MY 323 AEHA R AX £02 F S7HA
23z 377 UR 3w mAQAR AxA DNAY B3E 2ASAHY H x| HF
ge 242 715tA HolM GUS wadgol 2 %%d ez 47dH(Fig. 6)

2) 2§ 712 49
zge 27 AW UE LF 7t& G A& 7733 ke/al(1100 psi)o] ¥k
=g 7tA el olnt $AY ES dolE GUS W&o FA ¥%tH(Fig. 7).

3) Gap A

gap A 635 molN 7H¥ Ekedl(Fig. 8) gap Ast #ow 9§ 727t
we 8ol AsA uAYArt gEoez Byl A9 FA gow T YA o4
Gojxw stast we ol okaAA ARel mAJAs W =7 i@ GUS F
Hagol FA AYY HoT AZRAY ok AgHolNE A& ¥ F HHAE,
Aaxs T z2e) R wel Aold Rog 47drh

4) 28 A& A2 (Target distance)

o 7tA AAE 4% 8% 8AF e sube A W(stopping screen) oA F
H Al 7A9 A EEAE AU

23 9o vrebd wis} 7ol 70 aollAl JHF Be GUS ¥@ wFe] FIFHAG
o] 2EARE A7t RolAW A B HAT YA FHAPol FojXA He
GUS W& gol A ¥ud ez 47dn

5) A& AN AFE

A gAarA We] AZEE 23, 25, 27, 29 inchHg Z oA 27 inchHgolA GUS 438&
o] E5tcHFig. 10). ABAA Oig AFe) A& oA APA FAHL 3
osmz Alg e AR AR VTS st FE Ao Fasdcy 4A€H
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Fig. 6. Effect of microparticle size on GUS expression
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GUS expression units/Plate
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He gas pressure (kg/cmz)

Fig. 7. Effect of He gas pressure on GUS expression.
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GUS expression units/Plate
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Fig. 8. Effect of gap distance on GUS expression.
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Fig. 9. Effect of target distance on GUS expression.
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GUS expression units/Plate

120

23 25 27 29

Vacuum (inHg)

Fig. 10. Effect of chamber vacuum on GUS expression,
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6) Plasmid DNA2] #4

FAZA ez EF {AAR(GUS)E #K32 A+ plasmide] FFol "y =
GUS #3&c] t& Aoz vgyged & A¥dA A4$ pBIl2]l, pBarGUS 2
pBI221 FelA pBI121¢] plasmid7} & 2791 713 &L GUS 2¥L L 8yY
(Fig. 11). ©] plasmid DNAY Fx& AHEdte HERAZO wz} GRE vector A A
& AHg3te Aol GUS 2d&E =Y 4 Ae Wyolsgdx Azdr

7) Plasmid DNAS ¥ %

DNAE "lAIgdAtel BB o EFEY 47 glol 92d Y2 Z HJEEHox
© plasmid DNAS F=& Y28 m T 167 S DNAZL Xgso gL Ao
(Fig. 12). ulAy=A}te] DNAE FEAIY of 7lsjA= DNAQ ZF& H2Ad Yo
DNAZL & H&57 st 2% AAFe shtolth AL4sE DNAS S8 vlA
dztstel 7 29E iAo FAL 2R FAY of JE TIFE HAA ¥
¥ Xo2g 4L FA Huz HEXH HE /A 24 Hol AHRP L
25 B2 DNAS #3032 Algste He A 4o 4290

8) ¥FxAAY F=

Sorbitol®] =& @3t FALE AAEY 3F AP Fo] A2 E wWjIF WX o
HELAE AAE W 05 M sorbitol 277 7Hg 2 AAE RAYt(Fig. 13).
ole HFUAY Az At ANE7 YA EYE YoA FEHHPLEZAM A
A7t A3 AEehE it FREHUM NF o2 FEojXe A EFHY 2L
T8 MEW protoplasmo] ¥ 2 W2He AL ol Fr] g2 HES HE
PR A Ho] A3 FAAFLEE WO Az 22y 1 Mo] R TF ko
o X & E 233 FAT Hox ARG GUS YHLL By

9) Spermidined F%
uMl Y2 ZYA] spermidine?] FE7F GUS L@ ol nxe J3d L xAS A
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Fig. 11. Effect of plasmid DNA construction on GUS expression.
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Fig. 12. Effect of coating DNA concentration on GUS expression,
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Fig. 13. Effect of osmotic conditions on GUS expression.




100 mM9| F=& AHWEL o 73 F2 AAE BLAHIZY 14). vAYA EH
Z DNAE # HEA7le 42 AEA W2 DNA =42 d43oz £33 ¥
A Atgeltt.

Spermidined ©vlA| Y22 DNAE Z®HA|Z o ulAYAe DNA 7+e] AFgL
MA Fe Aoz ¥ FRANE o Afel Z HA %o} GUS BH o] ¥ A
o2 Holg E & Afde A¥el UF F3HY A 7 A& 24
sto] FA PUd Aoz Azrdc

als

e
)

10) FAFE A R EFY

a9 15 8§71~ 48, gap Ad 2 EBAE AYE @a889Ld macrocarrier
Brcz HH Holx ys BIANEZ ¥ste vAdA] BE Fdo] %A g
Ae 7t & Z2AEN BE7t2 4ol 2 gap At 5F A8AH} &L o
€ tAdA ZHAe FH0 ZHA uAdAI EEe Aol AJZ EIH
o] 91.39 kg/cf(1300 psi) oA 6327 kg/af(900 psi) & RFolA 3, gap A7}
AojdsE a2 AEAY FASLE uAYgAst £33 F HAY FFHo| 7
°b4 GUS wd &l W% Aoz AzZdr mtA E HdYdqMe &2 4
77.33 ke/al(1100 psi), gap 2] 635 m 287 ZEAE Az 7 a Y7} DAY
250l Algo] TF HAZ AX HE FHo FL Aog Ueigth

11) AR A5

2AYA B YAe) FRYL AG AR AR uhsh Po] ANEAYT} Yol
A4 %, gap A7t ALEE YA YFHo YAAE Rg ¥ & AAH(2Y
16). Yol 2 AFANDE T HE gap A2 AEAYI} BoIE FAY
AA2 UF BA 4B 2 $A02 27 U6 270 YT AN AEst 4sA
U petri Al WO Z Hol o) WEe A Pt

12) $4F 8%
@ ARl tatel TAb R5E o2 el YW AR £A 5ol gy £7
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Fig. 14. Effect of spermidine concentration on GUS expression.
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Fig. 15. Effect of He gas pressure, gap distance, and target distance

microprojectile distribution.
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Penertrating force (arbitrary)

~-9.525 mm T 6.350 mm X 3.175 mm

100 e e

20
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Fig. 16. Effect of target distance and gap distance on bombarding force.
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A4 g¥Eol ¥ FEE ¢ F ANHIF 17). Wang F(1988)2 FAF RFo] wa
GUS #& o] HAHo g F718e B3t 23U FANS7 271842 o]
FHbste] A Eo] g &4 AR BEel FF Az P FHE FAE F U

€ £224& Addste R0 Fasir

13) DNA9 %

¥4 DNAo| AFVALE Hst] ¥ FY2 Hso] #¥¥3 GUS ¢EL L v
2L o DNAS Fxo] wety HoE xlo)7} At (Table 13). wat oA Y=}
FAPEE ol 83t FAAEE Agde Fo] BAE o83ty MYYH=2 Fa Y
gart gz Azdo.

Table 13. Effects of DNA conformation on transient GUS expression.

No. of GUS-expression units
DNA conformation

1 2 3
Closed circular 103.67 +6.66 93.33+11.68 90.67 £13.32
Linear 97.00+4.58 93.00+15.40 93.67 +6.66

5. JhiDtolAlof ©)8F HEFEH My

2 d3o] o]8 ¥ pBl1213#% pFAD3 ¥ neomycin phosphotransferase-11{npt-II)
AZE 7FAZ e B2 ol E plasmid7t AU LHEHE shyolo]ale] AAts}E o
EgAsEEZ o] §H27F Y| HEMEZE 7hdvle]de] dis) AFAH L eI
o o400 mZ HEE 27 ¥ g shyuiold e XA FEE 100 me/L oAU
2222 100 mg/Le] 7hurtejdl w2 AAse AL npt-ll $AA A€
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Fig. 17. Effect of bombarding times on GUS expression,
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HAABAZ A £ ded 400 m F7]9) AHo] shtupol Al vl oA < 3~4
m FES ZH22 AKAFed F 8 MYl 2aHAUt (Fig. 18).

6. R ZM

Zhetel Al s M FA @32 2HLRZ AKE AMA F FIAYHoZ 200 S
At =08 AR FARE 7 E Fotr7] 3t FHa A4e A
Alg Ade e 2o

£ Aoz By R 943 DNAY FHF 488 100 ng/mg(DNA yield
/ fresh rhizome) ]2t}

1) PCR £4

Zhitutol Al wil oA Mt 27 AA o] e npt-Il FHAE PCRE 243t
29 19914 BE uis} o] DNA HE QI2AE FAMAIA ¥ 2HoE RE 33
3 DNAZ REE npt-II #347 sigse Wert BaE2] Foy DNA H&
A2E FAMSt 7huolo]ld wiAlolM dwd 27 DNAE PCR&Y H719%F g
ol & 0.795 kbe] W=t Bae gt

o] 0.795 kbe] DNA WMEZ¥E npt-II §AA7 S0)9)E pBII21E primer BO 2
Z3 & o dveld DNA d¥ 377t 2ol FAHMF{AZ Add 279 npt-1I &
a7t =9 E AE ¢ AN

fad3 {2 F$E 29 20004 EE vl 2ol 0700 kbell A} DNAZE Z &5
fad3 FAA7F 89 2730 =YL L FAF = AN

olN

2) Southern blot

EASE £ oA Et w3t WA transgenic celld]A Qe AR 24" S
A7l HE KA FHAGAA M Fag AL F82E9 FAA DNAY =YL
e FAA7E A EA AYEH HHE = A AFolth(Tor et al, 1993).

pFAD3 DNAo| o8 712 AMFaLE Aestd 7195 43} (Fig. 21) probeZ
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Fig. 18. Selective growth of the transformed rhizomes on kanamycin medium.
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Fig. 19. Electrophoresis of npt-II gene amplified by PCR.
1. Molecular marker (ADNA/Hind K )
2. PCR of DNA from nonbombarded rhizome
3-7. PCR of DNA from bombarded rhizome
8. Molecular marker (pBR328/BglI-Hinf [ )
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Fig. 20. Electrophoresis of fad3 gene amplified by PCR.
1. Molecular marker (ADNA/Hind K )
2. PCR of DNA from nonbombarded rhizome
3-7. PCR of DNA from bombarded rhizome
8. Molecular marker (pBR328/BglI-Hinf ] )
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ALE¢" 4 e DNA ©@Ho] EX&T UL JAT & ANt

apt-II §AAE probeE st 7hvloldl wix|oM A-&@ ZFHo| g Southern
blotg T A 29 22 vebd v} Fo] FAANFY wzHL o e 43
o MFHe W=g FAY F UYL E fad3 FAXE probe2 51 32 A 35 o]
& Southern blot & T3 AFHx 29 2364 He uie} 7o) =g FAY
AR

3) NPT-II £4

Zhdatel Ao WA e Ao AZ4EHE 27 i@ NPT-II ¥4 Azde 29
249} Zt}h 7hvdool ] wiAlelA AwE 2AHAE7F NPT-1I £46M FA4L Yeid
R 670 FoA st 2 ojdth PCR#A Southern EA{olA Br} whla B oA
FAHE fgol Y AL shvdvteld wiAM M3t g shdujolile]l Eof
AR @S WA A MY FF KA e T npt-II FRARY HE FHo| 49
g Reg FHd

4) AW =24

Desaturase 327t 908 &9 27302 FH AWag F23o EMF A3
HxFoll M x|dtake] H]-80] linolenic acid(18:3) H®.t} linoleic acid(18:2) 7} @to
U AP E A 8oME linolenic acid(18:3) 7} linoleic acid(18:2) Rt} © Ro] ¥
o] lFol &= AHFig. 24).
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Fig. 21. Electrophoresis of fad3 gene fragments produced
by digestion of restriction enzymes.

Molecular marker (ADNA/Hind )

Intact pFAD3 isolated from HB101

pFAD3 digested with Sac |

. pFAD3 digested with Xbal

pFAD3 digested with EcoRI

. pFAD3 digested with Bgl 1

. pFAD3 digested with Sac] and Xbal

N e o s W
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Fig. 22. Southern blot analysis of npt-II gene from transformed
Cymbidium virescens after digestion with restriction enzymes.
1. plasmid FAD3 DNA used as a positive control
2. Non-transformed rhizome

3-7. Transformed rhizome
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Fig. 23. Southern blot analysis of fad3 gene from transformed Cymbidium
virescens after digestion with restriction enzymes.
1. plasmid FAD3 DNA used as a positive control
2 and 5. Non-transformed rhizome

3, 4, 6 and 7. Transformed rhizome
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Fig. 24. Analysis of npt-II activity in extracts of transforme
rhizome of Cymbidium virescens.

1. Plasmid FAD3 used as a positive control

2-7. Transformed rhizome
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Fig. 25. Gas chromatogram of fatty acids.
1. Non-transformed rhizome

2. Transformed rhizome
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V. 2 &

A2 NE EAYES 2AF dEo] 4BS VAP AJYe A g
HoZ A7 SHoX2 At YARY 71¢ FolM Agrobacterium o] &=
He A HEAND stesty B olE AASS) s ALHE g
AW Eo] FAHE A gol Fadte AYol Aoy A2 AAHY oy AR
AA ol HHozZ B PAARAI} WE) How HIoe YR WY 4 EAX
= 7bed ALeE BY HYY E A¥AA Y KAAE 4QYsE Wy A7)
A3 ¥ (electroporation) ©Jvt 3882 AWE YYAA B R wjFo] ¥yy
ATt bsste] o}F 2 3842 A APV U

A 2ol gol o] §He FAAY WgozE vM YA M (microprojectile
bombardment) o] v o]RL g FAANE Wadoly FYd HEAA A
o hHo oA oW BEAE o FAANE AYATE Ho2 BE FEA
ol Yo 2 AP HAAJME s

2 AreME mAdA FALY S o) g3le] I (Cymbidium virescens) el 270
gl fAAE HYste AP2D L AE}T WP §AE AYAD § 2o @
B A 4d 4% g $A87) st 21K BH S Sy

1) && 2739 A4sx4

=8 2743H¥) 482 MM E peptoned vitamine, 233 NAA(1 mg/L)$}
Fulmet(5 w/L)7} #7He Hyponex #jA7} $$tEw 53] peptone o] 480
F2 AAE Fe A2 AAHUAY. BF CymbidiumFol e ZHuFA] AJL5
€ A% 2MEHL F2 NAA 01~5 me/L$} kinetin 0.1~1 mg/L 89 % 2 (George
et al,1987), A Q¥ A9t 19 me/L NAASY 02 me/L kinetin®] 2§ T
2 mg/L IAA®} 02 mg/L kinetin®] Z%o] oz &t (Fonnesbech, 1972a & 1972b)
NAA® ¢ g 93 AHLHT YSe & 5 Ao

2739 UL ANEE WY A 200 molM A Ax Raie He »yY of
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Qo AAH7E AX 2 ol AR FAE Fob e 2AY Fol 2AL AN E
d ¥8% 84 dFo] 54 XD 2oz A4dn

2) wjAM YAt =27

oA Al & B2l Fo2 w0l Tk 77 ded, ¥2d e 2
ol B AU7t 2UEA e @A UAT o] AHsr A7 OGP
(0.36~1.63 m)3td o] Zo] Y& B ojye} Ya BEHOZ DNA7 A o2
g 7 A 22y 52d dRe AR #HE FUIE Sz BW M33E dode
%= 3ol DNASH EFPL o Ak ZAzet dEo] 44 Efdue @Gl
o] 4 JEdE RS W Agdte R Fuh ol utsd FUAE 2Y¥H A7)
7t Fds M Ee &7t flow DNASY] E@Eo] <A A RasHA dert
e A3l Ao 23U FAAE 7HFH0) BT F8&A FeldA GHEA o}l A
Zbol Apgel wetX HZtHH oz JAEAY] dojUrg ALEE7] vlE Ho) Ax
stedop goke @ ol AT

Table 14€ M2 ©& AN AAHE A8 71A Fe 9 YaRrSe] F M X
ol& 5ol o & veld Ao =Z(Sanford et al, 1993) vlAYAte] A/ E AL e
A Az At wet 2719 71Fo]l 234 gty AH vlwer)zr 43X ¥

2 Ay Ao e vlAYgAe 2717 11 m d W GUS wd g 71y e
b, ole gadFasd gA ZAME A8 HENMNE 10 m W 277 E4
© 239t A dx &2 o} Russell 5$(1992)& ool AT AFNA 10 um
d=tel DNAE HE3FAT, Cao 5(1992)2 W &HEHM XA, Duchesnest
Pierre(1991) € Picea nariana®] w4 A 2odA 111 me] 2717t 748 HEsio
2 #Ach Klein 5(1988b) & &9t Gulo] FGAH E(1988)o1M 12 m9] YAZ
FAEIH 2 o transient expression E&°] 71 FU 2 3492 Johnston F(1988)
& yeast mitochondria®lA} 1.0 mm, Heiser(1990)& %wid el HBHA 07 m Rt}
111 w7t Aot shgch Staub$t Maliga(1992)& el plastid FMAZ pJS75
DNAE AYE o 1.0 wmo] H2d <AAE ALt L, Wang 5(1988)& Triticum

monococcum® @EAM XA 12 um, Robertson 5(1992)& Norway 7}&B] }F9]
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AAMEZ fRA 11 mm, Rasmussen $(1993)-& Gujo] G ENA 1.11 m7}t & F3}
X & W Li 5(1993)2 7Y YR 9 pollendlA 16 mo FYAE AMS
S o 400 psi(28.12 kg/af) 9} 900 psi(63.27 ke/ad) 2] e GHAAME GUS o3
go] FXAIL FA= vt HE Folu 2P @A AR vlAYAY A7 =
e AL 4 4 Ut Momtaz®t Madkour(1993) & Z3}¢] $Hd 9 SAAE 4
A o Ao 2719 DNA £ Z&de ZHE A3 AT A

Table 14. Different projectiles and their uses (Sanford et al, 1993).

Projectile

Diameter (m)

Attributes

Proven applications

M5 tungsten 0.1~1.0 Size heterogeneity Bacteria, yeast,
(Sylvania) irregular shapes possiblymeristems,
with high velocities
MI10 tungstenn 02~15 Size heterogeneity Chlamydomonas,
(Sylvania) irregular shapes yeast,, plant cells,
possiblymeristems,
animal cell cultures
1 m gold ~1 Uniform in size, round Plant cells, animal
(Bio-Rad) cell cultures, yeast,
approxmately the
same as M10
1.7 um gold ~ 171 Uniform in size, round Larger plant
(Bio-Rad)) cells, mouse skin
1- to 3 m gold 1~3 Fairly uniform in size, Larger plant
(Aesar) round cells, mouse skin
2- to 5 m gold 2~5 Fairly uniform in size, Mouse liver, muscle,
(Aesar) round spleen, intestine
Dried Escherichia coli, ~ 1 Very uniform in size, Large plant cells
bearing plant vectors symmetrical
phage with markers, ~ 0.1 Very uniform in size, Yeast, plant cells
bearing plant vectors polyhedrall
Glass fragments ~1 x 3~30 Heterogeneous, glass Large plant cells

bearing plant vectors

crystals vary in length
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3) ¥F 712 ¥¥

dF 7t 4HS 7733 kg/addlM 7HF FheEH Seki H(1991)e olEW A
thaliana §2 ¥F 712 982 115 ke/al, B2Y A$E 200 ke/cdol M 71E F&
A34E ddttx B3 33, Nishihara $(1993)2 Lilium longiflorum, Nicotiana
tabacum, Nicotiana rustica®} Paeonia lactiflora®] 3}2o] s &F 712 gFL 200
ke/cd7} APtk 3ot lida §(1990) & Hulel @A ZoA 712 ¢4o] 115
ke/cd Yo, Russell 5(1992)# Rasmussen $(1993)& Huje] He A xe AL
70.3 kg/ad(1000 psi) oA, Pereira®t Erickson(1995)% ¢ @ute] gy &7 AW
Al 703 kg/af(1000 psi)¥ w, Hebert 5(1993)& T 9o wjMEolA 703 kg/cf
(1000 psi) ¥} 84.36 ke/af(1200 psi)ollA GUS @& go] FUoy dte AxE B3
U™ v} ARgdtE 7hR QEHE A B FHo wEtd A HolFde & £ AL @
¥ Li §(1993)& 7HEH] U7 sEolA 16 me FUYAE ALHL o 2812 ke/
cad (400 psi) 3} 63.27 ke/cd(900 psi)o] %2 AFHoA GUS L@ Eo] F4Y vid ¢
o] 2E&F4E Hhoy, LT B wMzH AEZE AL e o9 H=E
< Y8 108.97 ke/al(1550 psi)F 126.54 kg/al (1900 psi)olA] W&HFo] o} F
YT 489 Aoz Algste A FAS} 7ldel @t ALS hee] Hdo geo
atolzh At 3T oMY e AFAS Ang B Ay AHAge v
F golgol AN=H ole AlgxFo EAoly wAHUA FHAAA ExH A
ol 7lldle o2 AzZtEth Russell §(1992)0] 9]8}ad wiiE A5 AS$
703 kg/al(1000 psi) ¥ Aty AT o £ gHPog FASAE vzt
7t AZZ FF3e Aol Bolstd FAMBLEL Fou st £32 Aste A
ol © B2 S Fe 03 ¢¥el detx AHFoz FAMPZo FrEAE
Sty P o2 (Russell et al, 1992) A Eole 37 Q12 FAAALL F& =
e e Aol ntdFHsgr Azse A

4) Gap A=z
Gap Hele GUS w8 & & 9&&S FAEd Russell 5(1992)2 59 e
M XA 9 mm, Perera$} Erickson(1995)& ¢#ate] ez Z7]HHANA 7 m,
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Rasmussen & (1993) ©ule] FHAENAM 10 m Yuj7t 7 FUTT 3t &
248 23 35 mmoe Folsy ol AR FH olo sAse Ros W
MEE AZe it HE2Y Boe 370 o uRsls] g2 gap A7 o 2
A& Aoz At AR FAYL 28 BHL SAY T B 3
B3te YA FA7e EE gapAdd wEAM Be JgL wgted Russell £
(1992) = gap A7} FAAEE Be 9%L AT Brsdd F2L gap
A 7t2tg g 2 e i 2gol Agrt shtmteld YA 224st o
HRAed gap A& 23 ZAs M@ AFRe ILAME ol Wy =
Y7L At sk g Aolst QT ole B A7 Uxse AR gap
A7t AR 7kgde A X E213 Aslg 2 2o olue Ya BAe] Ao
FOINEZ o= & WEoR mMAYAs A$A sheAe] Yol VAABELL A
dete 8022 AE3te AT BAY Gap AYe FAAPLH 2 JgL u)x
B2 AL8® Ao dte HFAE dE AAYdE F 2@sd AAYH Ade A
o] #4833 Yzt oA}

5) ZEAIE Ag

EBAES AZle 70 adllM $& A#AE 2Aed Duchesne$} Pierre(1991) &
Pieca mariana®] w'#4 B 2e|X 125 em d o, Pereira®} Erickson(1995)& &%
o] g} Z71HHA 10 em, Robertson $(1992) = Norway 7}EB|LFE o] A
X wjoll A 10 cm, Rasmussen 5(1993) Hulo) AGHMENAN 123 cn 4 o 7} F
AT 3t} Alge weby z2ly AgzAe zold mEtM 2EAR HHYA
7 AAEEE ¢ & AT BE AEAY AN vNE 9¥L FE Re 4F
270l steiAe £2 Y& FH9sle A2 Sx7) ZEAENAN Ao ma}
g2bA 7] B2 RoeZ BoAH(Gambley et al, 1993: Iida et al, 1990). o] & &t
A shtel lAigtel] oA AA =] e Re] opdez Yol &Y DA
He o8 7K QAE & ¥F 7tE 49, gap A, AEAA e AFE & =
et zeEjsfor & ez AT
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6) NEdANe AFE A

T 2AEY vlAYAE FAY o A4S AF=E 27 inchHg(685.8
mmHg)olA F£& AFAE BHth Klein 5(1988) & FAlslsE £ A|g54x e
A3=x 28 inchHg & o 7 FUX, 20 o322 Hojx=d ZA$ FH3A GUS 2
dEo] 2SS HI3FZ, Robertson 5(1992) = Norway 7FEH] UEe] MM X
Hjoll A 28 inchHg(3.7 kPa) 7} A &&tck 3t k. 231 Duchesne$t Pierre(1991) &
Picea nariana®] w24 A 2o|A AFE7}t 315 inchHg(800 mmHg) o o 713
FATL A

7) Plasmid DNA2] &

DA YR FAPYe 2 AEY FAMHLE AEY o T vectord] FA O wEtA &
AR Eo] 2HAEZ Hed A8 D vector& Alg3te ZHo] Fasith A
2 Cao 5(1992)° o3l W] HEYGM XA Act 5-regione ZE vectorE AL §)
€ de YAABLELE =9 + AU £§ CaMV 35S promoter S|A X bar §A
Atel Aol FUhZ Bt £ DAY 4E9 promoter A LA
wheat EM protein?] ABA-inducible promoter& Picea nariana®] embryogenic callus
oA 358 promoter Bt} 45 ¥} = GUS #HHFo] ¥4 RT3 Duchesne
9} Pierre, 1991). Chibbar §(1993)o o3l® Rale] HEGMFEo fFAAR Fx7}
(promoter-intron £%) ©& o2 7122 DNAE AYs A3 GUS L3 Eo) 5 uj
7HA zpel7b We2 R IFE T, Franche 5(1991) ® CaMV 35S promotere] &% |
¢l Pe35S-GUS-E97} P40e35S-GUS-E92 P35S Bt} 3v] o Ao o3 394,
Jeon F(1994)% Z=}olA GUS HAzeHe 2k pBII21 Bt} CaMV 35S promoter
St GUS A& Alele] Adhle] 4y ¥ M2 TAL 2t pLS201E $A AL o
GUS #4ol 30~40 ¥ ¥}5E& V&HAYG (Lee and Sung, 1992). wabA
promoter FAJol sl FAADEFEo YA F Ydoermz ZFAFY A
promoter& ZtE= DNAE A"sdle Zol F83tty Az o]}t (Jeon et al, 1994
Lonsdale et al, 1990. van der Leede-Plegt et al, 1992: Cao et al, 1991). & A%
o4& pBlI21& A& S @7} pBI221 ©|y pBarGUSE AHg 8L o 2ol GUS %
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#eol ¥ Frh

8) Plasmid DNA9 F %

oAl YAt DNAE HEAL of 7}138jX]= DNAY FS g€l Qi DNA7) 2
HEHA e F8F JAF9 syt Morikawa 5(1989)& A8 & DNAY ¥
E7h 22 &5 Bl M Eo)A luciferased] AL ForAY FYA] m 7
DNA7ZI 10 w ©1349 Zte "Al 48] T3E 28t AE & & & A
3 Ftt. DNA =9 vAl gagte] vz 39 49 53 23t FALE
W AEe ZxF HAX ¥ F XOoTY EYA Hol AF A& 2 HE 7}
A X FAAF L] FAHEZ DNAE HFo2 Agse A FA ¥ 4
o} 2 t}H(Genga et al, 1991. Aragao et al, 1993: Oard, 1991; Wang et al, 1988).

9) 4% 2AAY =

BEEAEY HY FEo] FFUAE MY YAARELEL gole a4/ & A
22 diMed oA AFEGAY M sy A8V 9¥R EE oA &
SHo2ZA AUAZE MEYHA MERE 53l FRHUAM Ao grEHR
© AT 7L oo ATYe AEZo] gie A2He R FolFs) gy
o ME7L B8 YN @A Hol FF FAAPES Eolk RoT RAG olpe
AEAA L] Hele $A A Hol Age] met AN FHNT HagozA
EHE 9 + Uk (Russell et al, 1992: Vain et al, 1993). 25 A5 ¢A 9 A
FEE 025 M #H 175 M 742 A EF by g H9E 22 Jde v 22
279 7 %< sorbitol 0.5 M dui7} AU Fdoh Russell $(1992) 0125 M
mannitol#} 0.125 M sorbitol& AP W7t & FEoAM Hot FAARPE o] 7w
b o FAdotZ RIEAT Jeon F(1994)2 Bl WM EZA 025 M sorbitol
025 M mannitol & 4 X3S o 714 FUDGT 27Qch Perl $(1992) &
I o] fRA4%(scutella) B 24 025 M mannitol & 2] H-& oW GUS Ao Fteo
4 FE7F 05 M2 FobAd iz HsjM GUS 2 &0 WHopy L s g
Ye 5(1990)= @wie] M Zol e 4FAA A2 FEE 055 M sorbitol
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0.55 M mannitole] ¥02 AT F=7t £EFF GUS wdLe] Zasigst 125
M oldo]l Hu #2743 Ay RIHAY. ole AHEHE ME g gHed
FELS =7 YA B 2o A ¥ 454 £3E Fo] 2B AFL
sfat7l QEQD Aoz ALRET UREY 24 YoM HELAE mannitol#
sorbitol & &8 E& x#dtd Helsted AlFe BuiHI A+ mannitole abscisic
acidg€ &7 FH3Z U7 B2 Sanford §(1993)2 WA EAZA raffinosed A}
&) oy opFzz BEFANT UYL FAA RIAo: AT =3
raffinosee 7HZ o] BT FFE Lol FHFE7 7 olatA ¥ @R o
HEZEMe vt stA) oty AgHoAt 28y Vein §(1993) L4429 )
A oA 04 M mannitols} sorbitold ELFALH Yt 2}2} 04 M mannitol3 sorbitol
E 9522 HYAL A Aozt YUAGT AT HalM GE e Ego2 HFY
B AFEGAE Mdte e FAR oprlHe AEY 42 HAsslod ¥
Aol 7l FAAHFLE Foled 288 FE Aoz YA

b

10) Spermidine ¢ g%

PlAId Akl 3 DNAS A% 2= FAAYE 9L F& F2F AARF
atito|ch,

DNAE vlAIdAte HE AZdde A7 Jo] glol 34 FYsty @A) 3l
=5 3o ¥ DNAE AW YA E¥AZ 9 spermidined] 7t &35 v
Perl 5(1992) 3 Vasil 5(1993)2 spermidine T ] tolA &7} 71" FUgorx s
AL FE7F FoMEFE GUS wd ol oty Bustd 8 dxge Avd 2
€ 2olx At 28y Lonsdale 5(1990) T A Eo]rx 100 mMe)
spermidine2 A}-8 3] DNA-tungsten EFEL AZ3HQN, Cao £(1990) oA Y
2 A ZA 05 M CaCl,® 5 mM spermidine?] E4&, 8% PEG ©4&, 233 8%
PEG2t 5 mM spermidine2 &E&3led ALERE o ztz}t 15, 32, 46% 2 GUS 9d &
2 29 W} &5 FoM e PEGH spermidined E&3ta] Al g3l Ro] Foix &
Tk Jeon F(1994)2 W o] witA) VA ¥l ZFH spermidined &8-S}
THTE AHEHE HE v dded FA9 A$EF DAPI (4,6-diamidino-2-
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phenylindole) 2 ¥4 3l 365 m o4 DNA-tungsten EYEL FFPL o As &
A FAES BI3AT Klein 5(1988)& Z4S H/I8IA] ¢ DNAE HEH
S o 2 AA URSES BFA ZF o]2E pA YA DNAS AN o 3
8% 9L e Aoz BAY. W Walter 5(1994) 2 Pinus radiatad) vjN| L&
FEARAT)7] A% nMYAE ZAY @ CaCl, HAld] Ca(NO3),& AHg3tT
spermidine& AHE38tA] ¥3ke oW FAAEFE] PAHJUL L B v Qrp =3
DNAE vlAdate] &A1 of DNAZF 2% 9ESX) %3 DNAQ A%Fo] &4
¥t 3ot welA DNA 982 calcium-spermidineg 7| 202 3o A& z)
8o 2A xHIA Axde Ao AL L ¥Y F Ue HHolAT WLHY
Ao,

Pl A Y2kl DNAE HAAIE 713 ©Eo] macrocarriers] DNA7H sj2g g2
d2REd SAd3e AL FAABL B YA o] UEE nj$ 2 A%
€ 713t DNAS oAzt EFEL 220 A7 M UE 895 s
=9 DNA7ZH %357 g2 71588 289 M2 A2+& £ F macrocarrierol]
=X F& o] Fob (Sautter, 1993). B @ v]H YAE macrocarrier AolA &
2 F ¥R ¥ 2 HHEIE FASY 2o S /1A LB 2(Genga et al,
1991) Feojsfof st = UF L AL macrocarriero A A "ol A ] of
ol o] Hx IEsiof & Zos BT waiA B Age) ALEE® Wy o] T
7 CaSO47t BAA gle 471 el - F FA A183te Ro] wigsgzy Al
zZte o

11) DNAS] A ¥ 7z

2 Ad¥dMe Y FA2E AYANZ o DNAQ 78183 729 o] = MY
Ee ¥ o2 GUS 2dEY d¥E FA ge Reg Jeged Klein §
(1989, 1990) = L54o)r MY} %Y DNAE AL PSS AS FFARZ 2o}
WA et sH X, lida F(1990) % HujolM B]&d AAE BT sgor}
Walter §(1994)2 Pinus radiata®] w4 Zo)A = 38 DNA Robe A3 DNA7Z o

¥2 transient expressiong HE G T st Ao =S st
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12) DNA D& g2d 4t ¥ ¥4

nAYRE 2o 2doz EAE wEHs) gEd AEY FE FE &F
Hoz 71 B YAE WA du Klein 5(1988)2 3}eFg AR 3§ FXE AL I
S A% A He 999 A"He 7 FF40 27 g AEA B HE E &
e YFlolBE “Z=&9 AY” ozt EH T (Russell et al, 1992), Sautter F
(191) = ZFA 89 7teuZ fA JA7F 3PS 2239t Sanford 5(1993)
A EFAIE FANA 1 em B9 “epicenter” AP L HA] “FHZ9 X" ol
Bk olAY o AFaEol o} EEE LY AQUerR FE MF o=
3 LogT 274L Fe AL uiPRIA R B oz FH3I FAA¥LEL ¥
o] maleg & 89202 AL e Aotk EE 4H L ol &de 77le ¥
oo] Euwto] ojaiA FAFHE 77l oI FHAM S5 vAHYA HE
FY93A HA7] QR o B2 AXdM FAHBAE 71HE F A

o gdate] BEYPYE FA P uALA ZAA dR7EY dHel YRS
slof 83 £ macrocarrierd] FY&A FBA Ak ot wAYA FAYE AHEE
AL 71 8% 84F9 st DNA YL macrocarrier 4 F 2o dvohy
FY&A TE A7|=to] g3 Ut AzErh DNAZE S Ed vAdAt E5ol
2298 AL #2022 A$x AW "o 7] dEo] 2L FHAAFAES
dg # U3 wetM AMEAT BFsiA @rh 222 E DNA ¥Eo] 124 HI
DNA #¥elio] macrocarrier A0l Y84 =Xse A <¢HE DNA =& S
A A8 Astd FH ol AT

13) FAF 8
3 Al gl el FAL 855 W 259 Frid debd fFAze] LE &
He 27198 2 5+ AdAded Wang F(1988) = FAF 5o g GUS 4@ &
o] 2718S BIsAT 2Y FASFIE FAEFE oo FitEte] M Eo tiF &
g AR BEd FZ A I 2L /FAY F e 2HUE AHste Ao
2

FasTh B AT E 28 wEe] AYW Aoz FEAU.
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14) GUS g EA

23N AFYPLE AYE GUS f3AY ¥ 28 A% & AE 4 JE
A7 2 Y HA GUS 84 AT E Nt=A] go Holel ded & AYd A}
ERY @9 242 WA GUS Aol yehpx] &gttt Nishihara (1993) ¢
A FASIA e Uy E 3P AS X-glu £ SAT JARE W Yol
vehd WA GUSTE &g U v ded, WA GUSSY EA AR ¥ o
AE 289 Fo ot B Aolt emzZ Atgdte HE U WA GUS §
ZAStS Wl A EoAM FH fFAF AUYA FAE GUS DNAC @ AJAAE &
A F FA 21 E& HH3 dtojof d

FAL & GUS 2dd Eo s vlYg A7+ Jeon 5(1994)0] 9)3tA v A E oA
24~48 A7} lida 5(1990)2 Hule] FEM XA 1A]7H, Chibbar §(1993)2 R
ol A} 24A]7}, Robertson £(1992)& Norway 7FEH] UF2 AAXE wjolA 16417,
Rasmussen 5(1993)& Huje] e A oA 24417}, Stoger T(1995)2 Guje] it
4 RN 1N E Bt ¢ Aee Aol =" HE7] fE Y
AlZbo] 48 A|zte. 2 EMAE HY 2 Aoz AZEd

15) 7hdelolal wiAe] o FAMEA A

FAAPAINA ¥ 2T 274 100 mg/L 7HtutelAle] FfE wix oA Ao}
g2 2adoy 2 olde FRoME AS¥ £ AW HEd FAMEPE &2
27& Agsr M e 100 mg/L Zhuwiolale] g HE wjNE A& AT
Russell £(1992)& guje] @EtA ZollA 350 mg/L 2] kanamycin monosulfate(Sigma
co, USA)E AH2l8%d Van Eck 5(1995)2 EvlEe #EM XA 300 me/L,
Hagio $(1991)& 49 A=A XA 500 mg/L, Serres F(1992)2 CranberrylA
300 mg/L, Klein 5(1988)2 2ule] HeAXe] FA ¥ 79 wjgdgd b 100 me/L
o] FxolA shulelAl YA HMEE MEENT Knittel & (1994) 3 vlet7] o A
100 mg/LE Atz stged o8 @ Aole AEolv ME Fejo maby 7t
ololal Aol e Agge]l AZE th27] g2 Aoz Bl

gAMzRE Y HEAE dddte A2 FFHPE] ¥& d @2 chimaeric
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HEES AMNAM Yol 322 dD2 FHE FHAZ dstg 2 F PJA2
F FAA wfA A v gFste Awste o] FAHBEE =Y 5 Je PHolHz
Azt A L Zhvetoldg A wMiAM WE RFL wigstE AEA
Aol JAHEZ o= A YA FHZ HH FYWMAZ &A A{AIE Ao
FOUL AzEo o

A YA} FAPY o2 EF&F 27 npt-II FAAE AYAIZ A shdeleldl FE}
100 mg/L ©] HES A9 wAolA SHY wfFAAAN FAAYRANE MARsHd n}
33% ¢ HEE&E YEHATL 400 mZ FGFH 2HAAL vAYAR £
2 3tx] %A W F7¥ Hyponex ¥jAoA 55%9 A= el 2 A (Table
12)8 22ad dAHA shtuteld AP FAHMBAES 60%(33/55 x 100
60%)° o2& ALoZ AHAIY ol ZHHUL WY T2 st FAASY
3 ANE Aoz g A7AES MG AE Aeee gAML A Y
d Apelzt o] AH wndrle Tdsctr AztEd

At o= A

16) PCR #4

g FAA7t BHRE NEY GA4A o2 Ho| HAEIE FAss] A3
of @A olE Southern blotg Bel Waeth Teivh o] Wye NBAZ Ty A
A DNA R5E ¥ostz, @ /o AviLz Avsy 47195 0e £992
2 EAAAK s § AZH =do| Bol £8FE 2o TH(Chee et al, 1991).

22y PCR 7]1€2 DNAQ EAHF HEDL in vitro A §Asn 2Ese Wy
o2 DNAE &34 28 a7t gl ofF 2e (100 ng~1 wig) C2% 723

7} 571 @& PCR 71&¢2 4@ 9 DNAS £ o2& &% t}e Southern
blotg 3t ©l L A @t o 71 FEAX YL Adsy, AR

A NAM EQdH)E 79, A DNAE AA sequencing detd] o] &5
mRNAE FFAIA cloning® sequence ¥7] #&d Bo| Al Hox o} 3]
PCR2 o}F 22 DNA Z7tg ZAIZH o] Hojx 10° v) 7A 2 FZo| 71537
Wl FZE DNAE 7HA3 o8 714 tf& £58 $88 F£5 At (Saiki et al,
1985: Lassner et al, 1989). @2t PCR 71&2 HAAE A2 dz {FHA7}

o
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EYHAeAE 283 ¢ F Ue F&F Yol

PCR2 Southern 4 ¥lsiA H71A] FHE& 22 e ¥, BAZZ W ddte
DNA ©¥rE ¢ 5 gMsle §dog AT + AL BT otyz} Southern
B AIZbE Bel &5 F glon AN EAS AMREA 7] fEd A &
ol dE Y JheAdE X =T xzpo] 7HHEE] fEe FAHAFAE ®HE A
el o] A4 5 Ut

©etM PCR Moz &89 FAAE o7& U7 AMAM npt-I% fad3 FAAE
FEAAQ vl A7GFAeAM e BEFH FAAY] AU FAAT

17) Southern blot analysis

7htotol o] AH7EE wiAleA HAYd F¥e=2 FE DNAE F2%3l9 Southern
BN £ A3 npt-II% fad3 A7 A4YEH] ASE & & F AAQ H
ol npt-II% fad3 FA A7t A SAste pFAD3 DNA7ZE &8 279 =dHS &

B3 F= Aol

18) NPT-1I £4

E AgoM ManAz ALERY shdsle]dl fAx7 HHEHT JAeAE A
71 913t NPT-II 42 £4%d v 6719 AEF st s W=rt AAHAE
gl ole 7hute]al wizlelA A F shdule]ile] Fo UA R wiAdA 4
FA7l€ ¢ NPT-II &40 24HAAY 4] UF AJ7] A& Rz 47
o

Vasil §(1991)0] ol3t® Zo] Wa2oA NPT-II9] B4 EUT v 5709 AR
% 270 NPT-1I1¢] &4¢] Ho] A F blotting AlZ] Fojof slmstA W=g &
28 & AATRT B3 & v ded ole B A¥H vsd AHE AN

19) Agak 24
Kodama $(1994)) 218 Arabidopsis thaliana® % ¥ ®z|¥ -3 A4 2 ¢
3l B4 FA AU gEo R FHAEA HuloA o] F AR 0] 37 EAdtE
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A ¥ 4FQl  hexadecatrienoic acid(16:3) ¢} linolenic acid(18:3)& Z7}stQ 2 ¥z
hexadecadienoic (16:2) 9} linoleic acid(18:2)& Z4HJYdR RI3YPY, =
Polashock &(1992) 23l ufol yeast 4-9 A4 EX3 F4 FARE o
7b& 220tE 289 g 93 HEE B ZAR 18:127F oF 17%E XA § wd 18:3L
5% 2 7SS BIsA

2 A9 Ay FAAE AMANA 4 T 273 AU EXE HY linoleic
acid(18:2) 7} linolenic acid(18:3) 2ot ©] B A|7F vl M YA FAFHO R fad3 FH A}
S AU 273 Alge B3 Aite] &% Hl&o] W3ls o linolenic acid(18:3)
7} linoleic acid(18:2) B¢} Bobmed o|RE& AWite] BX3}E A e fad3
FA27F AERE AYEH 2EHT US S dvdte o2 olfdd Ade vA
U2t FAPHol A o] FAAFA HEH S UEIAT

A FAPE S HE FAAEBEL AT MEE 72 2l B dF7t o
Fol AX T o]FAT JAT o} FAAFLE ¥ol7] AL R Ho ok
g HAx g Azdd. MEe Ay Feist 7 Alged i MEHe] FA, A
¢] A7), DNAS %3, DNAS #E Wy, DNAS &, vHYgae £%, 233 &5
T 98 7R JAEe] EFYAH S ¢AHA @ AFAE PR E BT ofyE oy
B eES FAAFES o= Q7] HEY BB HES FHAG A7V 4
AEE Mol 283 HESIY HAHxAE Fysford k. B AF
 nAdA FAYeR &9 FF A#E 37 A dexd S HAAI R o
279 HAAHE L3N] A Y A 3 fad3st W8 o 2 Fo
Al g5 e npt-II FAA7F &4 Eo] A+ pFAD3 plasmid DNAE 4% A1 &
A2 MG 33t & 270 FAJY HAS S A3 wAYgAR FAPEE o
4% 22 ARG A4S ANFeEM Foz o9 ol A ZdE
g & dAdo

2
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Appendix

Table 2. List of transformants obtained from microprojectile bombardment.

Name of plant Cell type Type of partilce Microcarrier Authors
used gun type
Tobacco & Suspension cell Particle gun system Gold Morikawa
Egg-plant 1-5 um 1989
Tobacco Suspension cell Pneumatic particle Gold Iida et al.
acceleration device 1990
Rice maize Embryo PDS-1000 Tungsten Cao et al,
12 um 1990
Cowpea & Suspension cell  Biolistics delivery Tungsten Finer and
Cotton system 11 um McMullen, 1990
Maize Embryogenic Biolistics particle Tungsten Fromm et al.
calli acceleration device 1.0 m 1990
Tobacco Suspension cell - Pneumatic -particle Gold lida et al.
gun 1-3 m 1990
Wheat Embryo - Tungsten Lonsdale et al
1.1 mm 1990
Bean Bean tissue Home-made gene gun Tungsten Genga et al.
- 1991
Oryza sativa L. Suspension cell PDS-1000 Tungsten Cao et al.
0.7 im 1991
Picea mariana Embryogenic cell PDS-1000 Tungsten Duchesne
111 um 1991
Cassav Leaf Air-pressure device Tungsten Franche et al.
0.7 um 1991
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Table 2. to be continued.

Name of plant Cell type Type of partilce Microcarrier  Authors
used gun type
Sorghum Suspension cell PDS-1000 Tungsten Hagio
1.1 im 1991
Arabidopsis Root tissue Pneumatic particle Gold Seki et al.
thaliana gun 1-3 ¢m 1991
Arabidopsis Root tissue Pneumatic particle Gold Seki et al.
thaliana gun 1-3 m 1991
Soybean Shoot tip PDS-1000 Tungsten Sato et al.
- 1991
Tobacco Suspension cell Pneumatic particle Gold Yamashida
gun et al, 1991
Dendrobium Protocorm - Tungsten Kuehnle and

0.7 um Sugii, 1992

Pinus radiata Suspension cell Gun power discharge Tungsten Carnpbell et
apparatus 1.7 um 1992
Tobacco Suspension cell PDS-1000 Tungsten Russell et al.
0.7 im 1992
Nicotiana Pollen PDS-1000 Tungsten van der Leede-
glutinosa 16 um Plegt et al,,
1992
Tulip Explant PDS-1000 Tungsten Wilmink
11 1992
Cucumber Embryogenic callus BPG Tungsten Chee and
1.0 um Jarry, 1992
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Table 2. to be continued.

Name of plant Cell type Type of partilce Microcarrier  Authors
used gun type
Picea glauca Embryogenic cell PDS-1000/He Tungsten Charest et al.
111 ¢m 1992
Gold
16 um
Larix spp. Embryogenic cell PDS-1000 Tungsten Duchesne
111 m 1992
Soybean & Suspension cell Particle inflow Tungsten Finer et al.
Corn gun 0.7 um 1992
Sugarcane Meristems - Gold Gambley
1.5-3 m 1992
Wheat Calli - Tungsten Perl et al.
1.1 um 1992
American Stem section Electric discharge Gold Serres
cranberry particle acceleration - 1992
Tobacco Leaf PDS-1000 gun Tungsten Stawband
powder charge 1.0 um Maliga, 1992
Soybean Shoot tips PDS-1000 Tungsten Sato et al.
Suspension cell 1.1 m 1993
Barley Suspension cell PDS-1000 - Ritala
1993
Yam Suspension cell Biolistic particle Tungsten Tor et al.
gun device 0.7 um 1993
Maize Embryogenic cell Particle inflow gun Tungsten Vain et al.
0.7 um 1993
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Table 2. to be continued.

Name of plant Cell type Type of partilce Microcarrier ~ Authors
used gun type
Sorghum Embryo PDS-1000/He Tungsten Casas
1.7 um 1993
Gold
15-3 um
Barley Suspension cell PDS-1000 Tungsten Chibbar et al.
0.7 um 1993
Sugar beet & - PDS-1000 Tungsten Daniell
Tobacco 0.7 um 1993
Grape Embryogenic cell PDS-1000 Tungsten Hebert
10 um 1993
Lily, Pollen Pneumatic particle Gol Nishihara et al.
Tobacco & gun device 1.1 m 1993
Peony
White spruce Pollen and PDS-1000/He Gold Li et al
embryogenic tissue 16 m 1993
Rice Suspension cell Particle inflow gun Tungsten Jeon et al.
0.7 m 1994
Tomato Suspension cell PDS-1000/He Tungsten Van Eck et al
0.7 tm 1995
Alfalfa Petiole and stem PDS-1000 - Pereira
section 1995
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