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Summary

The conditions of DNA introduction into callus cells by microprojectile
bombardment were optimised to establish a transformation system for citrus
species. Thw callus cells of Citrus sinensis Osbeck "Yoshida® were transformed
with FAD3 and FAD7 genes which are related with fatty acid desaturation, and
CT\cp which is a cDNA of coat protein gene of citrus triteza virus. The
transformants were selected on a kanamycin medium and each of the introdueed

gene was analized by PCR.

1. The highest efficiency of DNA introduction into callus cells was obtained
when the cells were bombarded with 1,11 gm of DNA-coated tungsten particle at
1100 psi of helium gas pressure, 6.4 mm of gap distance and 7.0 cm of target

distance,and 27 inch Hg of chamber vacuum,

2. The citrus callus cells were bombarded with pBI121 habouring FAD3, FAD7 or
CTVcp. The cells bombarded with each DNA’s were cultured on a medium containing
100 mgL of kanamycin and the clones growing on the medium vwere selected as

transformants.

3. The introduced FAD3 gene was identified by PCR in two clones from the callus

cells bombarded with pBI121 habouring FAD3.

4. The introduced FAD7 gene was identified by PCR in two clones from the callus
cells bombarded with pBI121 habouring FAD?.

5. The introduced CTicp gene was identified by PCR in two clones from the

callus cells bombarded with pBI121 habouring CT\cp.
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o= F4E MRl DME | H3le] F23 Yoz NEMIX #
%= oMY 2 E AP (microprojectile bombardment method)o] Al &3 A
ol o] gE| 2 Qlch mAYal FAbEE Fe]F #hHos DNAE MEuiel -'15-*}3}7]
o Zofl Agrobacterriumfolix ot 2 £FUelY Aol glo] T ZF EE 17
watdolnt chatyd Mg BFRA HE&H 4 o= FFo] drhCharest et al.,
1992). = AP AAE o] &3t Wte "ol MEYS AASIH dBAAE UE
dort glemg d4 Ao ulE Fage] ¢, LFEAY aigel = HA

Z go] gt A Aol gltH(Campbell et al., 1992 : Casas et al., 1993: Hebert et

R

al., 1993: Sanford et al., 1990: Daniell et al., 1993: Fromm et al., 1990:
Zhong et al., 1993).

2 d3E oMdat Fabdel o3 #AIF S FAABAESE HYst=d 14
Aol EXE T3, ZF callus AEol {FAAE =4 of DNEY

B S | HE-
oA A ZA S AESH] DM AZW EUE ¢ Y 2A& #Y3
d

i

= L e th
2|3 olojA A BRI A AR FAD3 2} FAD7 )¢} ZbEd Ez| AR} uvlo]y
Z(citrus tristeza virus, CTV) &Jujghie] cDNAE Ztz} ZAFAME o] E4)35}e
BAAHAZ 42 ofg FAATA o] =UY FHAES] DNAE polymerase chain

reaction(PCR)E ®elsleict,



1. A& 9 %

¥

1. 48 A=

W E L M=|(Citrus sinensis Osbeck 'Yoshida') u]d<4 Z2}2 HE ST pax
BlE3Hso] Qe callus§ HYAVo| ALEstATh Callus: BA 10og/LS H7}3t
MT(Murashige and Tucker, 1969)(Table 1)uj=]ollA 3£ Z+A O F Arjujorsidon.
20C+2, 5000Lux, 16hre] ZZofx wjatsiqict,

Table 1. Composition of Murashige-Tucker medium.

Concentration
Conponent
mg/L
Macronutrients
NH NG, 1,650
KNO3 1,990
CaCl; - 2H.0 440
MgSO0, - 7H0 370
KH.PO, 170
Micronutrients
K1 0.83
MnSO, - 4H,0 22.3
ZnSQ, - 7TH.0 8.6
NaMoM, - 2H;0 0.25
CuS0, - 5H;0 0.025
CoCl; - 6H0 0.025
H3;BO; 6.2
Iron 7 EDTA
FeSO, - TH0 27.8
Na EDTA - 2H,0 27.3
Vitamins
Myo-inositol 100
Nicotinic acid 5
Pyridoxine-HC] 10
Thiamine-HCI 10
Glycine 2
Carbon source
Sucrose 30 g/L
Others
Agar 7.5 - 8.0 g/L
pH 5.8




I

2. DNA 224 & 22K

pBI121, pFAD3, pFAD7, pBDCT\pol 4% F plasmid ZoA  pBIl121, pFAD3,
pBDCT\cpi= £ coli HBIO1oll, pFAD72 E. coli JMI09¢ HRAAZ x|7]3, FAAHS
E.colig LB uz[o| A 204]2F wfjo}s}aict. ojuf LB wjz]e] 2L Bacto-tryptone 10
g Bacto-Yeast extract 5g, NaCl 5 g, pH7.0, kanamycin 50 mg/L, Bjo} &5
37°C grh

BjFE E coli 1000 ml & 250 ml2] YAl el (Nalgene, USi)ol Uro] 1<
Y4 F2l7] (Supra 22K, Hanil Science Industrial, Korea)® 5,000 x g oA 20 &
b AT elsted pellet& @t} o] pellet off Mega-prep kit (Promega co., USA)
©] Cell resuspension solution (Table 2) 30 nl & 7}3}H HEelol g qte I )y
Cell lysis solution (Table 2) 30 ml & 73l = A EA|zct o] Eglale)
\eutralization solution (Table 2) 30 ml & g0 Z] £33 5000 x g oA 15
£ QaEATh HRAE Helel 239 0.5 uho) HYshe isopropanc] &
shslel FEUA EUL F 5.000 x g o4 2022 WAL AT HRAL WD

pelletol TE buffer 4 mlE 7}5}o] DNA pelletS HEMA|ZT}.

s

eloflAd €22 DNA 8dof VWizard megapreps DNA purification resin solution
(Table 2) 20 wl & 7}8h ¥ Vizard column €& AZAlo AZAAA A 223519
th o47]ell column MM} 25 ml & 715} column of Woldl: B&ES AHsin
80# ethanol 10 ml & 7}3to] columE FHA|Z F tir] AFA Y A column
1027 A2A 7t} columng HZAE BE HASIZ reservoir o =2 ¥ 65-70°C
£ oAPW TE buffer 3 0% 715t 1,300 x g o4 QA L2|s}A plasnid NAE &

Ach



Table 2. Composition of Wizard mega-prep DNA purification systen,

Solution name Concentration Amounts added

Cell resuspension solution 30 mL
Tris-Cl, pH 7.5 50 mM
EDTA 10 mM
RNase A 100 ug/mbL

Cell lysis solution 30 ol
NaOH 0.2 M
SDS 1 %

¥izard megapreps DNA purification resin

Neutralization solution

Potassium acetate, pH 4.8 1.32 M 30 mL
Wizard column wash solution 25 mL
Potassium acetatel 80 mM
Tris-Cl, pH 7.5 8.3 mM
EDTA 40 M

3. O/MEXIe] DNA D=

ojHldate] ¥ E2 Sanford § (1993) & do) uwizl $3ysigict PHAw o=}
(Bio-Rad, LSA) 60 mg& 'Treff’ ob|a} QAIE | (Tekmar Co., Cincinatti, Ohio,
USA) ofl gof 1 ol of’F&S 718 3 ALsHA E5 & th A2olM 1587 w3
3131 10,000xg o A 15837 YA Helstol ©ola pellet AF4EE 35 W5 A Hs)
31 50% glycerol 1 mL (Daniell, 1993) & 7}3} A gadoz 1L H
g WABHI] #1%te] 1-2 F Tt -20°C ol BUSPAAM AlEs}elr)

18] HAR Heled 50 plof DNA £ 5 pl (1 ug DNA/wh), 2.5 M CaCly 2



50 ul, 0.1 M spermidine (Sigma Co., St Louis, Mo, [SA) £ 20 pl S AL 2wt
stAA Zlsh & ¥ 5% kgt ¥ 8,000xg 527 QA Ee]5ldc). o pelleto] 70%
ofl&t-& 140 plE 71313 10.000xg 2 1 B3F QA1 22]3F ] Tl 100% of§hL 200 ul
€ 71 F A"stA Zysle] 10,000xg oA 1 2 YR e|stdct oyYalE #
AstAl €71 $18tod ultrasonic cleaner (RK102, Bandelin, USA) oA RE}s}=HA 6

%13} %] macrocarrieroll AL3IA & A HRAIZIFE 1-242F ol A}ty

(=)

N

U

ul

4. MEM=ZL DNA £¢]

o] M) xtof] T EH DNAE= Particle Delivery System (PDS) 1000/He (Bio-Rad Lab.
LSV 22 2t callus M Eo| Falsted £oldlait]. Callus M X Acjujor & 3 =
7t 2 2 ARl $AY3HE IAiA M 7] 8u)A)) 7t Seigls petri dish
(37 8.7 (n)2] 7IetlE FAHLR callus MZES FUSHA vld3 T} DNA T &

oA ALE FAFSEalct

5. GUS &

GlS BAE Jefferson 5 (1987) o] B o2 jn situ oA 435}t DNA I
EUAE FARE HAEE 2447 A it FE, AFE 1.5 pl microtubed] &7
Table 3 ©] GUS expression solution 500 pl & 7}3t ¥ cha] 37°ColA]  upel
stolth ol F Fdn|R stofA Gls FH2P7} YHE o] el Haebdg ats

olrh

-6 -



Table 3. GUS expression solution.

Reagents Added amounts
N,N-dimethyl formamide 1-2 drops
X-Gluc 1 og

{5-Bromo-4 chloro-3-indolyl glucuronide)

0.1 M Phosphate buffer (pH7.0) 980 w4
0.2 M KH.PO4 87 ml
0.2 M KyHPO4 122 ml
Distilled water 209 ml
5 mM Potassium ferricyanide 10 £
5 mM Potassium ferrocyanide 10 £
Triton \-100 1 L
total volume 1 oL

6. HAUMEA MY

MT Z12ui2] 248& 743 agar ufz|¢lef] uldstel DN T BQzIE Falst 723
callus MZEL2 JUE 24417t dZA 0T ujotd}t r}2 kanamycin 57} 100 mg/L
AN MT viz]of] A FRASE wisidc). o 453 F B i kanamycin vl =] o]

A AL AAAEL= clone & Awstaic.

7. PCRO| 2|8t DNA E4

FAHAY callus M X2 genomic DNAX= Chee S (1991) 2] WMo g Hajstyl
T} Callus cells 100-200 ng & UFulsr Tado] Egslo] SAXY F AZ W%
ZZ7) (FD 1, 0-110, Heto Lab. Equipment, Denmark) of| A Z1ZA]Zic} ubzjaputo]

AHULE Jof A B4 F o47]o 5 nl CTAB F

(i
e
oy
oo
2
z
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(]
w
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Tris-HC1(pH7.5) 100 ml, 5 M NaCl 140 ml, 0.5 M EDTA(pH8.0) 20 ml, CTAB 10 g, P
-mercaptoethanol 10 ml)] & 7}3}ed BE=2lA T ¥ 65°C 2B 90 B 5
Qb wigstEA 302 mith A EEo] Fodrh A2 45 £ FE MY F 4.5
4,000xgol| A 108
(HE sty =3stadnt. A
| x}7}2 6 ml isopropanol (2-propancl) & 7}sted E¥A]A 10-15 8 St A
X8k %] 0.2 M NaDAc2} 76% EtOH 7} 23t &< 3 nl & 713l 5,000xg oA QA
H2]3lo] DNA pellet 2 @ath. o)A & 76% EtOH 2} 10 oM \H0Ac & X ¥3l= £
A 1 ml B DNAE MHEST o47]o) 200 pl o] TE buffer (10 mM Tris-HCl, 1 mM
EDTA, pH 8.0) & 7}3lo] PCR 4% template DNAE A}-R&3}eit}.

PCR ¥h-g 8N Table 4 &} Zr}l. PCRE 96°C/5min - 58°C/3min - 72°C/lmin 13
£ 33 t}L 96°C/lmin - 58°C/30sec - 72°C/lmin 303 43 3jdn, To=
72°C/10min 13 43 3tAch FZH DNA band & #3}7| $l5le] wrgAE 10
=

2|3} 1.2% agarose gel oA A7|H5E Al A sac).

Id

nl 2] chloroform/octanol (24:1) & 7}3le] @ H EZE5o] & e

o el YA st o AP TH v

_J%O
2

Table 4. Reaction mixture for PCR

Components Final conentration

[10X] reaction buffer

100 mM Tris-HC1( pH 8.3 at 25C)

[1X]

500 mM KCI

15 m\ MgCl
d\TP's mix , 2.5 mM each 200 uM each dNTP
S5-primer 1 , 10 pM 0.25 M
3-primer 2 , 10 pM 0.25 uM
template D\NA ~1 ug/50 pl
Tag DNA polymerase 2.5 u/50 ul
total volume 50 pl




v, 23t 4 3%

1. A SYS #E 2 PCR primer

2 A¥o A18H GUS, FAD3, FAD7 ¥ CTVcp®] Ul7}A] A 2}= pBI121o] LA
H oz o]l5Y FAA AT 72} Fig. 1 ¢ Pt}

Plasmid pBI121 & NOS-Promoter, NPTII, NOS-terminator, CaM\ 35S promoter,
GUS 2 /4o el kanamycin &34 F3X}Q NPTIIZ} @131, reporter genel
2 GUSE 7Ix|x Qlt}h. 28|31 Hindlll, Sphl, Smal, EcoRlI 52] cloning site?}
sitt,

pFAD32 pBI121&] GUS ¢]x|of fatty acid desaturase F3=} FAD3E Zt7 Y=
ZAog 1 FAL neomycin phosphotransferase (NPTII), NOS-terminator, CaMV
35S promoter W FAD3E ¥|o] ¢lon] kanamycin #3}A &A=} NPTIIE {3l Pst
I, Sacl, EcoRl, Xbal 18] Bglll 5] cloning site7} &zj3ic},

pFAD72 pBI1212] GUS ¢]*]o) fatty acid desaturase A2} FAD7E 7}X|32 Q=
ZROoZ, 3 FA4HLE neomycin phosphotransferase(NPTIT), NOS-terminator, CaMi 35S
promoter 4 FAD7S 2 o] ¢t} Kanamycin &4 S 32} NPTII S 3212 &85}
Pstl, Smal, Pwvull, EcoRl 2] cloning site7} ¢lt}.

pCTVcpS pBI1212] GUS ¢ X|of citrus triteza virus 2jm|ghaiale] DNAQI

CTVepE Z3 ox 2128 3 34 neomycin phosphotransferase(NPTI1),

NOS-terminator, CaM\' 35S promoter % CT\cp®E X o ¢lom, NPTII §Azxl: 2|3
Qltt. 18] Hindlll, BamMl, Sacl, EcoRl 5¢] cloning siteZ} gt}

_.1:]_



pBII1Z21

Pstl Sstl
NOS-P NPTI1 N\OS-T 35S-P GUS NOS-T
— : I R ‘
BamHl \bal Smal FcoR1
pFAD3
Pstl bal Sacl
_ L
|
\PT11 ‘ 355-P FAD3 NOS-T i
|
o I
pFAD7
Pstl Smal EcoRI Sacl EcoRl
= | t |
i |
|
\PTI1 35S-P FAD?7 NOS-T *
|
pCTVcp
Hindl11 BamH1 Sacl EcoRl
. | |
NPTII " 35S-P CTVcp NOST |
| !
Fig. 1. Genetic maps of pBI121, pFAD3, pFAD7 and pCT\cp
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L}) PCR Primer

NPTII &A=} DNAY] ZEof AFRH primer %2 Fig. 2 &] NTTII 83z} d7]44d
% UEH MEE 7|28 795 bp 27|98 DNA tHHo] FEETE MASIGoH o5

primer®] @7]M Y2 thE} Prh

5°'-ATG ATT GAA CAA GAT GGA TT-3'
5°-TCA GAA GAA CTC GTC AAG AA-3'

1 ACAGCAAGOG AACCGGAATT GOCAGCTGGG GOGCOCTCTG GTAAGGTTGG GAAGCCCTGC

61 AAAGTAAACT GGATGGCTTT CTTGCCGOCA AGGATCTGAT GGOGCAGGGG ATCAAGATCT
121 GATCAAGAGA CAGGATGAGG ATCGTTTOGC ATGATTGAAC AAGATGGATT GCACGCAGGT
181 TCTCCGGCCG CTTGGGTGGA GAGGCTATTC GGCTATGACT GGGCACAACA GACAATCGGC
241  TGCTCTGATG OCGOCGTGTT CCGGCTGTCA GOGCAGGGGC GCCOGGTTCT TTTTGTCAAG
301  ACCGACCTGT CCGGTGOCCT GAATGAACTG CAGGACGAGG CAGOGCGGCT ATCGTGGCTG
361  GCCACGACGG GCGTTCCTTG OGCAGCTGTG CTCGACGTTG TCACTGAAGC GGGAAGGGAC
421 TGGCTGCTAT TGGGCGAAGT GCCGGGGCAG GATCTCCTGT CATCTCACCT TGCTCCTGCC
481  GAGAAAGTAT OCATCATGGC TGATGCAATG CGGCGGCTGC ATAOGCTTGA TCOGGCTACE
541  TGCCCATTCG ACCACCAAGC GAAACATCGC ATCGAGCGAG CACGTACTCG GATGGAAGCC
601  GGTCTTGTCG ATCAGGATGA TCTGGACGAA GAGCATCAGG GGCTCGOGCT AGOCGAACTG
661 TTCGCCAGGC TCAAGGCOGCG CATGCCCGAC GGCGAGGATC TCGTCGTGAC CCATGGCGAT
721 GCCTGCTIGC OGAATATCAT GGTGGAAAAT GGCCGCTTTT CTGGATTCAT CGACTGTGGC
781  OGGCTGGGTG TGGEOGGACCG CTATCAGGAC ATAGOGTTGG CTACCCGTGA TATTGCTGAA
841  GAGCTTGGCG GCGAATGGGC TGACCGCTTC CTCGTGCTTT ACGGTATCGC CGCTCOCGAT
901  TCGCAGOGCA TCGCCTTCTA TCGCCTTCTT GACGAGTTCT TCTGAGCGGG ACTCTGGGGT
961  TCGAAATGAC 0GACCAAGCG ACGOCCAACC TGCCATCACG AGATTTCGAT TCCACOGCOG
1021 OCTTCTATGA AAGGTTGGGC TTCGGAATCG TTTTCCGGGA CGCAGGCTGG ATGATOCTCC
1081  AGCGCGGGGA TCTCATGCTG GAGTTCTTCG CCCACCCOG6 GCTOGATCCC CTOGCGAGTT

Fig. 2. Nucleotide sequence of NPTii gene

_11_



FAD3 32} DNAS] FZof AlRH primer %2 Fig.3 & FAD3 §A= A7 EZ
I MYEE 71ZF 700 bp F7]¢] DNA o] ZFEHCE MAsIEon olF

primer?] @71MEL v

421
481
541
601

661
721

781
841
901
961

1021

ACCACATTTC
GAAAGGTTTG
CCTAAGCATT
TTOGCCGTCG
CTTTATTGGG
GGACATGGGA
TCCTTCATTC
CATGGCCATG
TTGTCCCACA
CTCTATCTGT

TTATTTGCCC
TTGGCCACTC

GGTGTTCCTT
GGTCACGATG
TTAACAACTA
CACGTGATCC

TCAGCTAAAC

5'-ATG GTIT GTC GCT ATG GAC CA-3'
5'-GAA CTG TGA CTG GAC CAA CG-3'

ACTCAGAGCC
CTCOGGCGAT
ATCOGAGCGC
GTTGGGTAAA
TGGCTCTTGE
OCGCCCAAGG
GCTTCTCAGA
TCGTTOCATA
TTGAAAACGA
GTACACGGAT
GGTACAGAAG

CAAGCGAGAG
TTGTTTATCT

ACATTATCTT
ATAAGTTGCC
TTGATAGAGA
ATCATCTTTT

ATGTGTTGGG

CACACAGTTT
GGTTGTCGCT
ACAACCACCG
GAGTCCTTTG
CGTCGCCGOC
AACCCTGTTC
CATTCCCCTT
CCATGGTTGG
CGAGTCTTGG
GCTCAGATAC
TCCTGGTAAA

AAAGCTTATT
ATCATTCCTC

TGTAATGTGG
TTGGTACAGA
TTACGGGATC
CCCACAAATC

AAGATACTAC

TAGAGAGAGA
ATGGACCAGC
TTCAAGATCG
AGATCCATGA
GTGTATTTTG
TGGGCTATCT
CTGAATACTG
AGAATAAGCC
GTTCCGTTGC
ACTGTCCCTC
GAAGGGTCAC

GCAACTTCAA
GTTGGTCCAG

TTGGACGCTG
GGCAAGGAAT
TTCAACAACA
CCTCACTATC

AGAGAACCAA

GAGAAACATC
GTAGCAATGC
GAGATATAAG
GCTATGTCGC
ATAGCTGGTT
TCGTACTCGG
OGGTTGGTCA
ATCGGACACA
CAGAAAAATT
TCCCCATGCT
ATTATAACCC

CTACTTGCTG
TCACAGTTCT

TCAOGTACTT
GGAGTTATTT
TTCATCACGA
ACTTGGTTGA

AGACGTCAGG

Fig. 3. Nucleotide sequence of FAD3 gene

_12_

CCTCAAAGCT
GAACGGAGAC
GGCGGCCATT
CAGAGACATT
CTTTTGGCCT
CCACGACTGT
TATTCTTCAT
CCACCAGAAC
ATACAAGAAT
CGCTTACCCT
ATACAGTAGT

GTCGATCATG
AAAAGTCTAT

GCATCATCAT
ACGTGGAGGA
TATTGGAACT
TGCCACGAAA

AGCAATACCG



FAD7 #32} DNAS] FFof AME-H primer

WE2x HEE& 7]122 1.0 kb 3718 D\A

primer®] B7|MEL tiZ3} Zr}

61
121
181
241
301
361
421

541
601
661
721
781
841
901
961
1021
1081
1141

CAAGTTCTAA
TACACAACAC

TCTTCTTCTT
TTCACGAGGA
TCTCCATTGG
TTAGCTGATA
TTGAGTTATG
CTCAACAATT
CTCTTTGTTC
AGTGTGGTCG
AGTCACAGAA
ATGTCTGAGA
CCTCTCOGTGA
TCTCATTACC
TCTACTGCTT
CCAATTCAAA
TTTGTGACTT
GAGTGGAGTT
AACATCCATC

TATCATCTAG

&o}

!

Fig.4 ¢] FAD7 #3z} |d7144€3

5‘-ATG GCG AAC TTG GTC TTA TCA-3'
5°-TAC CAA GGA AGC TTA TCT TCA-3'

TGGCGAACTT GGTCTTATCA
CCAGATCCAA TTTCCTCTCC
ACAAAACATC ATCATCTCCT
ATTGGGCGTT GAATGTGAGC
AGGAAGATAA TAAACAGAGA
TTAGAGCAGC TATACCTAAG
TCGTCAGAGA CGTCGCTATC
GGATTGTTTG GCCTCTCTAT
TTGGTCATGA CTGTGGACAT
GTCATCTTCT TCATTCCTCA
CTCACCACCA GAACCATGGA
AAATCTACAA TACTTTGGAC
TGCTTGCATA CCCTTTCTAC
ATCCAGACAG TGACTTGTTC
GTTGGACTGC AATGGCTGCT
TGCTCAAACT TTATGGAATT
ACCTGCATCA CCATGGTCAT
ACCTGAGAGG AGGACTTACA
ATGATATTGG AACTCATGTG
TAGAAGCAAC AGAAGCAGCT
Fig. 4.

\ucleotide sequence of FAD7 gene

_13_

GAATGTGGTA TACGACCTCT
AACAACAACA AATTCAGACC
CTGTCTTTTG GTCTGAATTC
ACACCATTAA CGACACCAAT
TTCGATCCAG GTGCGCCTCC
CATTGTTGGG TTAAGAATCC
GTCTTTGCAT TGGCTGCTGG
TGGCTCGCTC AAGGAACCAT
GGTAGTTTCT CAAATGATCC
ATTCTGGTCC CATACCATGG
CATGTTGAGA ATGACGAATC
AAGCCGACTA GATTCTTTAG
TTGTGGGCTC GAAGTCCGGG
CTCCCTAAAG AGAGAAAGGA
CTGCTTGTTT GTCTCAACTT
CCTTACTGGA TAAATGTAAT
GAAGATAAGC TTCCTTGGTA
ACATTGGATC GTGACTACGG
ATACATCATC TTTTCCCGCA
AAACCAGTAT TAGGGAAGTA

WHol FEHES dANGen oF

CCCCAGAATC
ATCACTTTCT
ACGAGATGGG
ATTTGAGGAG
TCCGTTCAAT
ATGGAAGTCT
AGCTGCTTAC
GTTTTGGGCT
GAAGTTGAAC
CTGGAGAATT
TTGGCATCCT
ATTTACACTG
GAAAAAGGGT
TGTCCTCACT
CACAATCGGT
TAAATGTAAT
CCGTGGCAAG
ATTGATCAAT
GATCCCACAT

TTACAGGGAG



CTcp 32t DNA2} FFo] AMEH primer %2 Fig.5 & ClVep §3x 471Md
T EEY HEE 7122 692 bp 3719 INA o] FEEEF HAGCH ol

primer®] ®714¥E & Ll

5 *-CGGGATCCATGGACGACGAAAC-3’
5 *-CGCGAGCTCTCAACGTGTGTTG-3’

1 ATGGACGACG AAACAAAGAA ATTGAAGAAC AAAAACAAGG AAACGAAAGA AGGOGACGAC

61 GTTGTTGCCG CTGAGTCTTC TTTCAGTTCC ATAAACTTAC ACATOGATCC AACTTTGATA
121 GCGATGAATG ATGTGCGTCA GTTGGGTACC CAACAGAACG CTGCTTTAAA CAGAGACTTA
181 TTTCTTACTT TGAAAGGGAA GCATCCTGAC TTACTTGATA AAGATAAAGA CTTTCACATA
241 GCTATGATGT TGTATCGTTT AGCAGTTAAG AGTTCATCAT TACAAAGCGA AGACGACACT
301 ACGGGTATAA CGTACACTCG GGAGGGTGTT GAAGTGGATT TGCCTGACAA ACTTTGGACT
361 GACGTCGTGT TTAACTCCAA GGGTATTGGC AACCGTACAA ACGCOCTTCG AGTTTGGGGT
421 AGAACTAACG ATGCCCTTTA CTTAGCTTTT TGTAGACAGA ATCGCAATTT GAGTTATGGC
481 GGACGTCCGC TAGATGCAGG GATTCCGGCC GGGTATCATT ACTTGTGTGC AGATTTCTTG
541 ACCGGAGCTG GCTTGACTGA TTTAGAATGT GCTGTGTACA TACAAGCTAA AGAACAATTG
601 TTGAAGAAGC GAGGGGCTGA TGATGTCGTA GTTACTAATG TCAGGCAGCT TGGGAAATTC
661 AACACACGTT GA

Fig. 5. MNucleotide sequence of coat protein gene of citrus tristeza virus

2. DNAS| M=ZU ==

1) o2t 27]

DNAY] M EU EYUEES DMIUAZ 2185 nAgate] A7)o atet detz]7]
ofZoll, 4zt F717F DNAEYEZo ojxls IS RABHACEL Table. 504 =
v}t o] 7tE callus MEZe] Z-$oll tungsten 0.73, 1.11, 1.32, 1.63 um ¢} Gold



1.1 pm 3014 1.11 un®] tungsten Y=ol GUS DNAE T &3l FAISIHE uf M2
GUS W& go] 713 o}l DNA Q&0 7% £ 2oZ eltth Duchesne o}
Pierre(1991)5 ¥ Al® ZA2}9} S A}SIA| Picea nariana callus®] Z$o] 1.11 pne)
A717} 7h Ay Aoz Bt

Table 5. Effects of size of particles used as DNA carrier on GUS expression of

the citrus callus cells bombarded with pBI121 habouring GUS gene,

: Helium Gap Target Chamber GUS
. DNA carrier Pressure | distance | distance | Plasmid | vacuum |expression
particle (psi) (mm) (Cm) , (inchHg) i score
!
0.73 um tungsten ‘ i | ++
1.11 pm tungsten‘ ‘ { PN
1.32 um tungsten | 77.33 6. 350 7.0 pBI121 i 27 ‘ +
1.63 um tungsten -
1.1 um Gold i ++
GUS score ! -! no expression, +: poor expression, ++: moderate expression, +++:

good expression, ++++: very good expression

2) He 7}A &

DNA 1|5 nAld2tE FARE of 33 YENAUFS MEe] FRL Adelof wiel
gzixle Aoz dyAHUr] diFol] ZF callus AEZoj lojA DMEUFEE| x|
L YENAYYY g3e zAsldth. I Z3} He 7hA o] 1100 psid w} GUS
scoreZ} 7}AF 4&QlclH(Table. 6). Russell5(1992)0] 2j3lH ctiH 24 ATFY #HS
1000 psi o] Hysiri oA BA¥ ] Axet fFAstAch 900 psio] Z¢
of H]% 110 psioflA] ErTh= Tha WA QE GUS score7}t &2 Ho|Arh ©e o]4t
B2 UY¥o® FARBH DMEYESS 5oU £ dolM ME &afo] Atk
HollA, vl& 1100 psi7} GUS 8L Fotx|qt FAA# AP S ZLstA 900 psi
o] %ol ¢ 2 o Z wmitkx ),
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Table 6. Effects of helium pressures on GUS expression of the citrus callus

cells bombarded with pBI121 habouring GUS gene.

|
|
|

DNA carrier Helium Gap Target Chamber | GUS
particle Pressure distance | distance |Plasmid | vacuum |expressio
(psi) (mm) (Cm) (inchHg) | score
63.27 7.0 +e4
I.11 hm tungsten = 77.33 6.350 7.0  IpBI121 27 sres
| 91.39 7.0 -

i
L

GLS score . -:

good expression,

no expression,

4440

+! poor expression,

very good expression

]
}
++: moderate expression, +++:

) A e
Z4Ael= 6.350 mo oA 71A FotH(Table. 7). 231} RasmussenS(1994)2 ¢
o] HEMZoME 10 mm o oy} AR FUrlz s3I, Pereirad}

Erickson(1995) 4¥vte] @z} £718Held 7 mn U w7t Fotin st 2w
Aziets Aol7t Qarh 2mE AREF utet B AAE abold Mol @

&8 U+ ok BAE Bow  alMYAs BBoE Bele Auo] o 2 ¥
HE FARY 2S solt 2] o, WAL} 9.5%5 m olHE AEAIRI i
Aol AL MEol HE FE HoR Bel Talz} Hrh

Table 7. Effects of gap distances on GUS expression of the citrus callus cells

bombarded with pBI121 habouring GUS gene.

Helium Gap Target Chamber | GUS
DNA carrier | Pressure | distance | distance [Plasmid | vacuum expressio
particle (psi) (mm) (Cm) (inchHg)! score
—
| 3.175 | ++
1.11um tungsten 77.33 6.35 7.0 | pBIl121| 27 .
| 9.525 .

GUS score . -:

good expression,

no expression,

+Ht+D

+! poor expression,

very good expression

— 16 -

++

moderate expression,

+++:




4) EH Az

HEH Azl Table, 8 oA} Bnle} o] 7.0 co o4 7HA &2 GUS U
He4 gledch 0ard$(1990)0 2J3hH Rice callus MEE AME-E uwl 7.0 cndd of
Aol o EH A2} 4.3 co® FolA|H petri dish7} TFEE AL HESo] Bl
Z¥ol olom, EAAZI} 10.5 co2 ZojAH A2 & HA|T Uz FZAYo)
oz A Eo] GUS wdo] AEEA ¢ohs BBl AUria Tl Zhong$(1993)2
turfgrass®] WM 2] 79 23 FH A7} 12 coglz R3O}, vasilS(1992)
< o updd Aejae FPo Y FAA2|E 13 cn  AOT B AsHAC)

Table 8. Effects of target distances on GUS expression of the citrus callus

cells bombarded with pBI121 habouring GUS gene,

Helium [ Gap Target Chamber GUS
DNA carrier Pressure ‘distance distance ; Plasmid vacuum (expressio
particle (psi) (mm) (Cm) (inchHg) | score :

38 ‘ +++

1.11 pm tungsten| 77.33 6.35 7.0 pBI121 = 27 reis
10.2 | +
| !

GUS score : -: no expression, +:! poor expression, ++: moderate expression, +++:

good expression, ++++: very good expression

5) AR 42 AF=
A& o] AZEE 10, 20, 25, 27 inHg €)M 27 inHg oA GlS wag
o] 71 Foth (Table. 9). Klein$(1988)2 Alg4tzhje] T L 28 inHgd uw)
7PRF Ut 314, 20 ©]3lE HolA4F FASA cUSUdo] 2ATS BAAMN
2AHE2} Falstdceh B2 d3 =5 (Robertson et al : 1992, Zhong et al:
1993, Birch and Franks: 1991)2 26~28 inHg 228 SAlzxZog 2ottt A8
Frtel it AFe F=& vAdatY A FAYE e A7 FHY

‘Jefoll wet AF=E Folhs Aol vighx sictn Aztdc)



Table 9. Effects of vaccum on GUS expression of the citrus callus cells

bombarded with pBI121 habouring GUS gene,

‘DNA carrier Helium Gap | Target | Chamber l GUs
particle Pressure distance ‘ distance ‘Plasmid| vacuum !expressio
(psi) ' (mm) (Cm) 4 (inchHg)  score
| .10 -
1.11 pm tungsten 77.33 6.35 7.0 pBI121 | 20 +
25 ++
} 5 i ! 27 FRreren
] | | L
GLS score : -: no expression, +: poor expression, ++: moderate expression, +++:

good expression, ++++: very good expression

Russell 5(1992)2 FApdo] HEME ARE dF AFdRZAoE 2FYUS o
FEABES U vl sl 2B AR ARY 2EAE A}

3
Table. 10 o4 X+ Bvle} o] AFEQIAE =
zlofotet, T22g & Aol AR RFAEL Afo= AFUAES

bsbal ebe 2ol 9slel & ASE ek

Table 9. Effects of osmol concentration of cell culture medium on GUS

expression of the citrus callus cells bombarded with pBI121 habouring GUS gene.

~ DNA carrier ‘ Helium Gap | Target ! Chamber [ Osmol GUS
particle “ Pressure distance|distance|Plasmid | vacuum 'concentration expressio
L,,,__, o ' (psi) (mm) : {Cm) (inchHg) : (M) score
‘ ‘ ; 0 4+
0.2 -
1.11 um tungsten 77.33 6.35 7.0 pBI121 27 0.4 ' -
| 0.6 -
o N i 0.8 ‘ -
GUS score : -: no expression, +: poor expression, ++: moderate expression, +++:

good expression, ++++! very good expression
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3. MZU =8l cUsRZIXte] YUH

EQE S FAx7F ATl YHTE A58 BaAsAA oS 4HAS
AY) pBII21 DNAG FAlstel 24 A7 chujoteh The Gusud 8Ag Hrlsln GlsH
Azte) wrdel o3 FAbdo] vehts 2718 ZalstArh. 1 A3} M Eel cUsiw
W g WY ¥ 3Y AEI} AU FA0Eo] B Al

Jeons(1994)0fl 23t v o] MXEL 24~484]3, 1ida'®(1990) guje] HEetq=E
of A 14|12}, Gordon-kamm's(1990)2 maizeBE}AM|Eoll A 48 A|ZtoZ GUS HA=}e]
Ho| walth 2 MY F} 2F callus MY Z$ CUSUHS 3 Fo VAo
GUSWRlol Zels Alzto] Wla® At HE 24217 ol GUSURE Ko T B
Y4 Qlglon} whEze] ol gladch HBFHEL ClsHHo] %& olf: r)E
R ABHEo) vl ZBAZE Mg % A3 BHo| & Ho
th Fig. 6& GUSLH 84 WY ¥ 447 7@ callus MIE) GUS

H 2golrh

Jdo
(2 I
)
N
mnx
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Fig. 6. Expression of the introduced GUS gene in the callus

cells bombaded with pBI121 carrying GUS gene.



4. HETEUN Mg

2

Kanamycinz3}/d #32}) NPTIIE 7[X 2 Q= FAARANE Audsl=d g3l
six]e] G2 =& FHH] A NPTIIE FASIA 942 ZF callus A X9
kanamycinoll th¥t Zt443 & ZAlStAch Fig, 7oA R v} o] ofR2e callus
MEZSE kanamycins T 50 mg/L FFA o] AAEgdor}t R cloned AL
43& B4rh. I 21} kanamycin 100 mg/L vixjo A A& M2 s}= clone YTt
T4 E2E 50 mg/12] kanamycing F7IY wizlolN = BAARE A 4L MET HA
AT M2 8 BBY 7Hedol Aol FAABA L HAibsr2 = n]FY Hog
UIE LD, NPTIHL R =0 H FAAB/AE 100 ng/12) kanamycin vi=joll 4 A

sl Zlo]l Agd o sitchs o). o] F] A¥olM NPTIIE BEFAxS} 7
EQ3 FUABA 9 Aol kanamycin 100 mg/1& A}-&3AT),

FAD3 #3x& NPTII HAxIE 7}2 pBl121o) 2745t THE plasmid pFAD3S
Mol FARE chf kanamycin wiX|ofl &A wie}3E uf Fig. 8o H: uig}
gol B MEEo] FALU AAS BFAUAY pFADI7I EYUH o2 FARE gy
MEES AL B3t

FAD7 #3215 NPTI1 #2=E 713 pBli2lo] 2j2Alsle] THE plasmid pFAD7E
HEMEol FARE thF kanamycin wRAO] %A elRRS W Fig. 9ollH R wie}
Lol W2 MEEC] FAHAY AAS AT pFAD77} E4H 2o 2AHE 9

HMESS A% EAstdct

o)

I

CTlcp FAAE NPTII /F32E 712 pBl121of| 2|74l 3ted THE plasmid pCTicp3
£ A Eo| TR thg kanamycin  wiR]of] A iYL w) Fig. 1004 B

slef Zol e AEBel FAU AFE WFANY pClcprt £UW o 23
LAy AEES A4 AR



Fig. 7 Growth of nontransformed citrus callus cells on the

medium containing kanamycin. Kanamycin concentration: Upper: 100

mg/L, Middle : 50 mg/L, Lower : 0 mg/L
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Fig. 8. Selective growth of citrus callus cells on MT medium
containing kanamycin 100 mg/L after bombardment with pBI121
containing both of NPTII and FAD3 gene.



Fig. 9 Selective growth of citrus callus cells on MT medium
containing kanamycin 100 mg/L after bombardment with pBI121
containing both of NPTII and FAD?7 gene.
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Fig. 10. Selective growth of citrus callus cells on MT medium
containing kanamycin 100 mg/L after bombardment with pBI121

containing both of NPTII and CTVcp gene.



5. YAXEA S FAD3 FHX} &eol

Kanamycindfx]ol]A} A t3t 328 HA ML genonmic DNAE £2]35l2 PCRE &=
AFrAte] DNAE Hel3tsdch Fig. 112 NPTII®} FAD3R-H2LE FAlol A pBI121
DNAE S A5l 92 cloneS9 genomic DNAE NPTII&} FADIE 7| A ol o)t 212}
°] primer& Ap&3le] PCRE FEH3t ZAzjo|rt. DNA I|EYRE FAXI|AR] o2
callus® HE $&3% DNATR K E+= NPTII £} taget gene FAD3 band7} ¢lo] A%
o Alg¥ primer§2 NPTII$} HEFHR} FAD3 ©]#j2] u]&o|2Q DNAE FH3}A|
2=t Zlo] ¥Ux ALt

NPTI19} FAD3 FAAIE =3l €& 570 cloneE 9] genomic DNAE templateE
A1&3} lane 8-12 oA lane 82} 9o]A] 700 bp&] DNA fragment?} ZEX| o] FAD3-§
A2tz Eolalgo] ¥AE AT Yz] 3 clondlA&= 3% DNA fragment7} Rojx] ¢}
olth. FAD3 R3xz} ZMo A1g¥ ZU3t clone?] genomic DNAES NPTII specific
primer® %3} lane 13-17 £ojA| lane 83} lane 9¢f 3|3l lane 133} 14044
53ax]gt NPTII DNA fragment8l 795bp band7} WS} o] = clone FAD3S} NPTII
FARE BF 72 o ALeg eldch

lane 159} 160fl4] NPTII DNA fragment7} LFEIL} o]5-& NPTII S8 x}7} Sof ol
= o g UEld oL} o] clone?] genomic DNAE FAD3 primer® ZZ3%} lane 103} 11

o] &= LIEILR] ¢Fo} o] cloneE2 FADIRAxI7} ¢le e g Azix|or},



1 2345 67 89 10 111213141516 17

Fig. 11. PCR-amplified DNA fragments of NPTII and FAD3 genes from the

clones bombarded with pBI121 containing both of NPTII and FAD3.

lane 1: marker, 2: positive control (FAD3 DNA), 3: positive control (+NPTII DNA), 4:
negative control (-FAD3 DNA), 5:negative control (-NPTII DNA), 6-7: non-bombarded cells,
8-17: clones bosbarded with NPTII-FAD3.



6. HAXEAN S FAD7 SR Eol

DNA B 5U2E FAMIFIA] 92 callus® HE 23 DNAZ FE& \PTI 2}
taget gene FAD7 band (lane 6-7)7} & =E|=] ¢}otoL}, NPTII®} FAD3 §32}E x4
3l @2 57 cloneE2] genomic DNAE template® A}23} lane 8-12 ZofA] lane 8
2} 9o 1.0 kb®] DNA fragment7} EZ5]o] FAD7TS A7} Sojglgo] VAP L}
Mz 3 clonofA & 3§ DNA fragment7} Ho]x] Qloit} FAD7 §-&z} ZAMoj A}L%
SYY clone?] genomic DNAS NPTII specific primer® ZZ3} lane 13-17 ZofA]
lane 83} lane 9of 3§%}3}= lane 132} 14041 NPTII DNA fragmentql 795bp band7}
24so] o] £ cloned FAD3®} NPTIIRAAE 2E 7123 gl& Ao g Uepyr}
(Fig. 12).

1 2345 6789 10 111213141516 17

FAD7
1.0 Kb-»
NPTO ™
79 bp

Fig. 12. PCR-amplified DNA fragments of NPTIl and FAD7 genes from the
clones bombarded with pBI121 containing both of NPTII and FAD7.

lane 1: marker, 2: positive control (FAD7 DNA), 3: positive control (+NPTII DNA), 4:
negative control (-FAD7 DNA), 5:negative control (-NPTII DNA), 6-7: non-bombarded cells,

8-17: clones bombarded with NPTII-FAD7.
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7. YEMBAN cV FTA ol

DNA I EQALE FAMIFIA] U2 callus® HE &3 DNAZR FEE NPTII &}
taget gene CTVcp bandZ} W&EZ] ¢}grovL} NPTII®} CTVcp DNAS =¢l3le] 4L 5
78 cloneE 2] genomic DNAE template® A}23} lane 8-12 oA lane 83} 9oj4
692 bp2] DNA fragment7} FEZE|o] CTVcp DNAZ} Eoglgo] Eelsgdy unz] 3
clonof A= 31 DNA fragment7} B o)=x] ¢tokry.

CTVcp DNA ZMoj A8 FU3 clone?] genomic DNAS NPTII specific primer®
ZZ3% lane 13-17 oA lane 82} lane 9o 3|ws}l= lane 132} 1404 NPTII DNA
fragmentQl 795bp band7} Aol o] F clone2 CTVcp DNAS} NPTIISAXE BF

7E23 Qe Z1e R UElyltHFig 13).

1 2 3 456 7 8 9 101112131415 16 17

NPT I
795 bp
CTVep &
692 bp

Fig. 13. PCR-amplified DNA fragments of NPTII and CTVcp genes from the
clones bombarded with pBI121 containing both of NPTII and CTVcp.

lane 1: marker, 2: positive control (CTVcp DNA), 3: positive control (+NPTII DNA), 4:
negative control (-CTVcp DNA), 5:negative control (-NPTII DNA), 6-7: non-bombarded cells,
8-17: clones bombarded with NPTII-CTVcp.
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IV, @ o

oAl G AHE ARl 23t ZHE R AEe FAABAS Ysy Ysid, I
(Citrus sinensis Osbeck 'Yoshida')9] callus Al ¥ ™3 DNA =42 AL A3
fatty acid desaturase 32}l FAD3 ¢} FAD7, 83 citrus tristeza virus®] £J
I A cDNA(CTVep) & ZHZt M o] =ste] PAABNE wED £ FARE
PCRZ #qlsjaic),

1. oJHIYAMFAPY © 2 DNAE callus MEuje] U8 uf FAZAL24 1.11 und)
HADUAE AH83ta, YEZIAYE S 1100 psi, A2E 6.4 oo, EHAL]E 7.0
cm, AlEARINE] IZEE 27 inch HgE Mg u] DNAY) MIZU) T&8o] 713 &

2. ¥ pBI121o] zJLAd%} FAD3, FAD7, CTVcp cDNAS 73z} 7+ callus A 2o =}
3131, DNAE FA13t MIZES kanamycin 100mg/LE E3sHs A wwir]oll A ujorste]

Rl ALss 2SS At

3. FAD3 DNAE Fx}sle] Awldt 2252 genomic DNAS PCRE A3 A3} 27098 2
SollM FAD3 2 =171 el ol

4. FAD7 DNAE FA}sie] A3}

SEE59] genomic DNAS PCRE EA43F A3} o4 270
o] 2204 FAD7 §AR7 BAE

ch.

5. CTVcp cDNAE FAlste] w3t SEE52] genomic DNASZ PCRE 2% ZA 3} 2749

&0 CTicp cDMZ} ZRIE g},
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