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Abstract
regeneration response. Lycopersicon esculentum cv. 2001-
58 showed a very high frequency of regeneration (93%). We
evaluated the effect of two compounds with known antio-

Eighteen cultivars of tomato were tested for their

xidant activity (ascorbic acid and cystein). The use of
ascorbic acid (200 - 300 uM/L) has a positive effect on shoot
regeneration. To develope a system for plastid transfor-
mation in tomato via homologous recombination, we con-
structed the tomato plastid expression vector (pKRT22-AG)
harboring 2.2 kb flanking sequences cloned from intact
plastid genome and gfp gene. To investigate the factors
affecting the delivery system of the pKRT22-AG into
chloroplast using bombardment, We assessed the optimal
DNA concentration, gold particle volume and target
distance. Expression of the GFP protein was observed within
chloroplast on protoplast of cotyledon explant by confocal
laser scanning microscopy, which indicates that the protocol
developed in this study be useful for the production of plastid
transgenic plants in tomato.
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EX3H FH A E& TN K43 EvtE
18752 FAIst] Aistes AT A&3 Al
ATt 7ol Ao AEA £4S fIsl EvtE 18A1F
ZAE 70% o EH22 1587 A3 & 1.2% NaOCI=
3 W Fea 33 2Aerch BiE
EolE 2215 30 g/L sucrose £} 3 ¢/L phytagel (Sigma) 7}
7= MS (Murashige and Skoog, 1962) lj 2] of] ] Ak}
ot 9E 5799 & dolet fAEA o At st
o] & jéi% Zeba A2 A (T6; MS7] ) A]+ TAA
0.5 mg/L + BAP 1.0 mg/L + Sucrose 30 g/L + Phytagel 3
gL)el ] shoith 25 74 o2 Adufeks st e,
A & 8550 AiEste ZASHAT &7 &S
ZAA] 11*&‘_ 11 F 277 fed A 5 HEsR
AAbatdct. Bfofe 2% 23 +2°C, 16 h FF7]5k2] v
Ao A AASH T
AEH Mo & M sk
A&st &S wol7] flste] AtsAlIE A 7tstol A
1AE e 2astac 29 Aol s
A &4 A1 (AFHE 2001-58)5 FAIEECRE 8
Act A3} v &) o] gFAESFA|Ql ascorbic acid 100~400 w
M/L #} cystein 300~900 uM/LE T8 F= 280
7keto] ARE AAsHY. A A= Datol 52
T filtering& sho] AE-SFlon, Hatet wjx & 50CH
T7F A AR = Hrbekloh AEA FAASS 9%
Ak A A =5 dotEr] 918 Awst #fA| o
spectinomycin 5~25 mg/LS 7 Z+ A7}sE & wfjoF 45259
A&etsS ZARSHITH
E0tE HSEA et HE X%

EntE 454 FAHE HE pKRT2-A+= EvtE
A= 70 rml6~mmA (103,993 nucleotide [n.t.]~106,182
n.t., GenBank accession no. Z00044, EMBL Nucleotide Se-
quence Database) 9]5 PCR HF-$S E35lo] $& 3 &
pCR2.1-topo cloning kit (Invitrogen)& ©]-83}o] pCR2.1-
topo vector & E‘”E]‘”E} Daniell 5 (1998)9] WS o] &
5}o] pUCI8Y] Al &, 16S rRNA promoter®?} psbd 3'
terminator AF©] 9| aadA (aminoglycoside 3"- adenylyltransferase)
S AR 5019 = cassetteS Sma [0 2 AT & Eno}
E HEA flanking regiont] £A3}= Pvu 11 (105,331 n.t)
£ o] &3t HEE %3kt PCR primer+= forward

primer (5°-AAA ACC CGT CCT CAG TTC GGA TTG
CC-3")¢} reverse primer (5-CAC GAG TTG GAG ATA AGC
GG-3)E AH&-3t9Th PCR ¥H-g-2 94 CofA] SEZF vh-g
5 94°C 30%, 58.5C 30%, 72C 18 30%7F 303 wr&
A AT d o] PCR AHELS 0.5X TAE agarose gel2
o]-§stof 7] 953t th pKRT22-A 9] EvE SA| U]
W ol e 2 ASE7] 98 wild type pEGFP vector (clontech)
£ Xba 102 gfp FAAE £23 & BEntE 454 4
Z3F W e pKRT22-A0] cloning 3}¢] pKRT22- AGE ZHA4
sheiet.
E0IE HZF flanking region 7MY =M

EntE HEA flanking regiono] 4% pCR2.1-topo vec-
torS A At &, dideoxynucleotide chain termination =%
(ABI prism dye terminator) ©.& PCR ®HF-3-& AA|5}4 ).
PCR primer+= M13 forward primer2} M13 reverse primerE
AFESEAE 97) A -2 automatic DNA sequencer (ABI9700)
£ ol &5tk 2A4H H714 28-S DNAStar 42 E 9] o]
Z2 WL 0] 8-5}o] T (Nicotlana tabacum) FEZ2A| A
3} R Ak

SETEE T RS =

GFP7} E018l= BEntE S| 24 #E <l pKRT22-
AGE o]&3}o] DNA &% (0.5, 1, 1.5 ug/bombardment),
0.6 ¢m gold particle (0.5, 1, 1.5, 2 mg/bombardment) & target
distance (6, 9, 12 om) S )il A2 FAATLE 93t
474 §84% 248 FHLA 519c). Bombardment
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583} 2001-1599] At oA A E3HEO] ZF 2 93%2F 69%
2 FESYT (Table 1). oA 412 x41i4 A 25} 3}
Ao A Hoj 2= ZAHMAAT phenolic compoundo] 2]t
Al 220 IALEALE ut7] flsto] F4EERA 4l ascorbic
acid®} cysteinS o E% 2 H71sk 3 AEA A
Tﬁ}oﬂ &l lb FF (Fig. ). 7] ¥4+
Al %71 BAE0] FoMA= A
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Table 1 Shoot regeneration from cotyledon on shoot inducing medium of 18 tomato cultivars

) Cotyledon Hypocotyl
Cultivars - -
Shoot formation (%) No. of shoots per explant  Shoot formation (%)  No. of shoots per explant
99-7 25 1.5 13 1.4
99-10 18 1.1 12 1.1
99-13 2 2.0 2 2.0
99-15 24 1.5 13 1.1
99-16 15 1.0 6 1.3
99-20 10 1.2 11 1.3
99-25 15 1.0 21 1.2
2001-58 93 2.4 14 1.0
2001-73 0 - -
2001-82 0 - -
2001-111 0 - -
2001-113 58 1.8 15 1.2
2001-159 69 2.0 12 1.0
2001-412 23 1.3 39 1.5
2001-457 16 1.5 22 1.2
2001-478 0 - 28 1.5
CH152 32 1.4 6 1.3
CH154 22 1.5 15 1.1
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Fig. 1 Shoot formation of ascorbic acid and cystein treatments on shoot regeneration medium. Cotyledon explants from L. esculentum
cv. 2001-58 were cultured on regeneration medium (T6) containing ascorbic acid 100~400 uM/L and cystein 300 ~900 uM/L.
Vertical bar represents the standard error of the mean. A: ascorbic acid; C: cystein.

2 BES 4~ 1o, AA| A 2]t = ascorbic acid TH-&
A 2] F-of A EJ—U} Z9ro |, 3] ascorbic acid 200~300
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L.

AEAE BHAL, 27|AF S g2 B8 o
wepdE & 4 AU (Table 2). Cystein H7FA] Hof ]
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Table 2 Influences of ascorbic acid and cystein treatments on regeneration from cotyledon explant of L. esculentum cv. 2001-58 after

4 weeks of culture

Number of Shoot

Fresh weight

Medium (ca/explant) Length of Shoot (mm) (g/explant)

T6 2.0a* Tc 0.8ab
T6As100 D 1.8a 9bc 1.0ab
T6As200 2.3a 15abc 1.5ab
T6As300 2.2a 13abc 2.4a

T6As400 1.7a 12abc 1.9ab
T6Cys300 1.7a 20a 0.9ab
T6Cys500 1.7a 11abc 0.9ab
T6Cys700 2.0a 19a 0.9ab
T6Cys900 1.4a 14abc 0.6b

T6As100Cys300 1.9a 17ab 1.1ab
T6As100Cys500 1.6a 16ab 1.7ab
T6As100Cys700 1.8a 17ab 1.6ab
T6As100Cys900 1.7a 17ab 1.0ab
T6As200Cys300 2.4a 19a 1.4ab
T6As200Cys500 1.7a 18a 1.9ab
T6As200Cys700 2.0a 20a 2.1ab
T6As200Cys900 2.3a 19a 2.1ab

JMS basal medium + IAA 0.5 mg/L + BAP 1.0 mg/L + Sucrose 30 g/L + Phytagel 3 g/L

DThe concentration of antioxidant is WM/L

* Mean separation in colums by Duncan's multiple range test at 5% level.

** As: Ascorbic acid, Cys: Cystein

Table 3 The analysis of comparison tomato (L. esculentum) with tobacco (N. fabaccum) plastid DNA. Portions of N. tabaccum

nucleotide sequence are shown form 103,993 to 106,182

Gene Product/Comment Size (bp)
L. esculentum N. tabaccum
rnl6 3'-16S rRNA 258 258
trnl tRNA-1le(GAU)5'exon 77 77
Intron 723 707
3'exon 35 35
Orid Replication origin region 82 82
trnA tRNA-Ala(UGC)5'exon 38 38
Intron 809 709
3'exon 35 35

Fig. 2 Effect of spectinomycin on regeneration medium for
chloroplast transformation in tomato. A: control; B: 5 mg/L; C:
10 mg/L; D: 15 mg/L; E: 20 mg/L; F: 25 mg/L

QdH ez Bk 30T A FasA Holug A
ot s o BB ELe] FobHThE Kt e
(Cortina and Culianez-Macia 2004), &-AFSHA]| Q1 tri-potassium

citrateZ C. pendulum®] A Fol *2|3tFS ul AL
necrosis @AFo| ZAE| 1 A A Zu| FAo| Zr1E Gt
(Anthony et al. 2004) A A7} H ¥ uv} Qch

HH| HI

rlol

= ?let T FdH =

— =

0

A=A FEHEA AL G0l wrhal dHA Qe
aadA (aminoglycoside 3"-adenylyltransferase)+= spectinomycin}
streptomycin®f] U}Ad (Svab and Maliga 1993)2 Hol= EAS
7HA AL Qlom o] fAAE EvtE JEA FEA A
ohA 2 ASIIA 44 A AR BE ARE 4%s
At (Fig. 2). & A A= spectinomycing: A2l A] o]
W 5 EvkE QgoHe] Auskse 2R 23,
spectinomycin 20~25 mg/L H 7Moo A A ES7} 7 9] o]
FOAA Y= AL R Uehg7]o Ente d5A] A
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A Ak 3R =& spectinomycin 25 mg/Lo] 2 g}Fslal
AR E QT Ruf 5 (2001)2 EvtE G54 FAALAE
spectinomycin 500 mg/Lof|A] ARl Tt R gk vf %\r/}

ol Ait= FFoll e A ol A Zlelg A
S 2 AAEe A, 35 FUHAY dde @ @ﬂﬁolﬂ}.

7HUE o s Ente G54 FAHe dE 249 Al
a3t BEntE QEA| Az flanking regiong #2]5ko] ¢7]
A @ (Fig. 3)y& ZAAstal slF91e & d=54 DNA
sequence?} H| 3 F-A 3} T} (Staub and Maliga 1992; Maliga
1993; Maliga et al. 1994; Wakasugi 1998; Kavanagh et al.
1999). 722 30] 4] 168 rRNA 2} RNA (trnl and trnd) 974

E0E o
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Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

Tomato
Tobacco

E4 A= flanking sequence =41

AR Yol EA5H
A=A FAAS o

AAAACCCGTCCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCCGGTCAGCCAT
AAAACCCGTCCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCCGGTCAGCCAT

ACGGCGGTGAATTCGTTCCCGGGCCTTGTACACACCGCCCGTCACACTATGGGAGCTGGCCATGCCCGAAGTCGTTACCT
ACGGCGGTGAATTCGTTCCCGGGCCTTGTACACACCGCCCGTCACACTATGGGAGCTGGCCATGCCCGAAGTCGTTACCT

TAACCGCAAGGAGGGGGATGCCGAAGGCAGGGCTAGTGACTGGAGTGAAGTCGTAACAAGGTAGCCGTACTGGAAGGTGC
TAACCGCAAGGAGGGGGATGCCGAAGGCAGGGCTAGTGACTGGAGTGAAGTCGTAACAAGGTAGCCGTACTGGAAGGTGC

GGCTGGATCACCTCCTTTTCAGGGAGAGCTAATGCTTGTTGGGTATTTTGGTTTGACACTGCTTCACACCCCCAAAAAAA
GGCTGGATCACCTCCTTTTCAGGGAGAGCTAATGCTTGTTGGGTATTTTGGTTTGACACTGCTTCACACCCCCAAAAAAA

AGAAGGGAGCTACGTCTGAGTTAAACTTGGAGATGGAAGTCTTCTTTCCTTTCTCGACGGTGAAGTAAGACCAAGCTCAT
AGAAGGGAGCTACGTCTGAGTTAAACTTGGAGATGGAAGTCTTCTTTCCTTTCTCGACGGTGAAGTAAGACCAAGCTCAT

GAGCTTATTATCCTAGGTCGGAACAAGTTGATAGGACCCCCTTTTTTACGTCCCTATGTTCCCCCCGTGTGGCGACATGG
GAGCTTATTATCCTAGGTCGGAACAAGTTGATAGGACCCCCTTTTTTACGTCCCTATGTTCCCCCCGTGTGGCGACATGG

GGGCGAAAAAAGGAAAGAGAGGGATGGGGTTTCTCTCGCTTTTGGCATAGCGGGCCCCCAGTGGGAGGCTCGCACGACGG
GGGCGAAAAAAGGAAAGAGAGGGATGGGGTTTCTCTCGCTTTTGGCATAGCGGGCCCCCAGTGGGAGGCTCGCACGACGG

GCTATTAGCTCAGTGGTAGAGCGCGCCCCTGATAATTGCGTCGTTGTGCCTGGGCTGTGAGGGCTCTCAGCCACATGGGA
GCTATTAGCTCAGTGGTAGAGCGCGCCCCTGATAATTGCGTCGTTGTGCCTGGGCTGTGAGGGCTCTCAGCCACATGG-A

TAGTTCAATGTGCTCATCGGCGCCTGACCCTGAGATGTGGATCATCCAAGGCACATTAGCATGGCGTACTCCTCCTGTTC
TAGTTCAATGTGCTCATCGGCGCCTGACCCTGAGATGTGGATCATCCAAGGCACATTAGCATGGCGTACTCCTCCTGTTC

GAACCGGGGTTTGAAACCAAACTCCTCCTCAGGAGGATAGATGGGGCGATTCGGGTGAGATCCAATGTAGATCCAACTTT
GAACCGGGGTTTGAAACCAAACTCCTCCTCAGGAGGATAGATGGGGCGATTCGGGTGAGATCCAATGTAGATCCAACTTT

CGATTCACTCGTGGGATCCGGGCGGTCCGGGGGGGACCACCACGGCTCCTCTCTTCTCGAGAATCCATACATCCCTTATC
CGATTCACTCGTGGGATCCGGGCGGTCCGGGGGGGACCACCACGGCTCCTCTCTTCTCGAGAATCCATACATCCCTTATC

AGTGTATGGACAGCTATCTCTCGAGCACAGGTTTAGGTTCGGCCTCAATGGGAAAATAAAATGGAGCACCTAACAACGCA
AGTGTATGGACAGCTATCTCTCGAGCACAGGTTTA CAATGGGAAAATAAAATGGAGCACCTAACAACGCA

TCTTCACAGACCAAGAACTACGAGATCACCCCTTTCATTCTGGGGTGACGGAGGGATCGTACCATTCGAGCCGTTTTTTT
TCTTCACAGACCAAGAACTACGAGATCACCCCTTTCATTCTGGGGTGACGGAGGGATCGTACCATTCGAGCCGTTTTTTT

CTTGACTCGAAATCGAAATGGGAGCAGGTTTGAAAAAGGATCTTAGAGTGTCTAGGGTTGGGCCAGGAGGGTCTCTTAAC
CTTGACTCGAAAT------ GGGAGCAGGTTTGAAAAAGGATCTTAGAGTGTCTAGGGTTGGGCCAGGAGGGTCTCTTAAC

GCCTTCTTTTTTCTTCTCATCGGAGTTATTTCACAAAGACTTGCCAGGGTAAGGAAGAAGGGGGGGAACAAGCACACTTG
GCCTTCTTTTTTCTTCTCATCGGAGTTATTTCACAAAGACTTGCCAGGGTAAGGAAGAAGGGGGG-AACAAGCACACTTG

GAGAGCGCAGTACAACGGAGAGTTGTATGCTGCGTTCGGGAAGGATGAATCGCTCCCGAAAGGGAATCTATTGATTCTCT
GAGAGCGCAGTACAACGGAGAGTTGTATGCTGCGTTCGGGAAGGATGAATCGCTCCCGAAAGGGAATCTATTGATTCTCT

CCCAATTGGTTGGACCGTAGGTGCGATGATTTACTTCACGGGCGAGGTCTCTGGTTCAAGTCCAGGATGGCCCAGCTGCG
CCCAATTGGTTGGACCGTAGGTGCGATGATTTACTTCACGGGCGAGGTCTCTGGTTCAAGTCCAGGATGGCCCAGCTGCG

CCAGGGAAAAGAATAGAAGAAGCATCTGACTACTTCATGCATGCTCCACTTGGCTCGGGGGGATATAGCTCAGTTGGTAG
CCAGGGAAAAGAATAGAAGAAGCATCTGACTACTTCATGCATGCTCCACTTGGCTCGGGGGGATATAGCTCAGTTGGTAG

AGCTCCGCTCTTGCAATTGGGTCGTTGCGATTACGGGTTGGATGTCTAATTGTCCAGGCGGTAATGATAGTATCTTGTAC
AGCTCCGCTCTTGCAATTGGGTCGTTGCGATTACGGGTTGGATGTCTAATTGTCCAGGCGGTAATGATAGTATCTTGTAC

CTGAACCGGTGGCTCACTTTTTCTAAGTAATGGGGAAGAGGACCGAAACGTGCCACTGAAAGACTCTACTGAGACAAAGA
CTGAACCGGTGGCTCACTTTTTCTAAGTAATGGGGAAGAGGACCGAAACGTGCCACTGAAAGACTCTACTGAGACAAAGA

TGGGCTGTCAAGAACGTAGAGGAGGTAGGATGGGCAGTTGGTCAGATCTAGTATGGATCGTACATGGACGGTAGTTGGAG
TGGGCTGTCAAGAACGTAGAGGAGGTAGGATGGGCAGTTGGTCAGATCTAGTATGGATCGTACATGGACGGTAGTTGGAG

TCGGCGGCTCTCCCAGGGTTCCCTCATCTGAGATCTCTGGGGAAGAGGATCAAGTTGGCCCTTGCGAACAGCTTGATGCA
TCGGCGGCTCTCCCAGGGTTCCCTCATCTGAGATCTCTGGGGAAGAGGATCAAGTTGGCCCTTGCGAACAGCTTGATGCA

CTATCTCCCTTCAACCCTTTGAGCGAAATGCGGCAAAAGAAAAGGAAGGAAAATCCATGGACCGACCCCATCATCTCCAC
CTATCTCCCTTCAACCCTTTGAGCGAAATGCGGCAAAAGAAAAGGAAGGAAAATCCATGGACCGACCCCATCATCTCCAC

CCCGTAGGAACTACGAGATCACCCCAAGGACGCCTTCGGCATCCAGGGGTCACGGACCGACCATAGAACCCTGTTCAATA
CCCGTAGGAACTACGAGATCACCCCAAGGACGCCTTCGGCATCCAGGGGTCACGGACCGACCATAGAACCCTGTTCAATA

AGTGGAACGCATTAGCTGTCCGCTCTCAGGTTGGGCAGTCAGGGTCGGAGAAGGGCAATGACTCATTCTTAAAACCAGCG
AGTGGAACGCATTAGCTGTCCGCTCTCAGGTTGGGCAGTCAGGGTCGGAGAAGGGCAATGACTCATTCTT-—-———=-————

TTCTTAAGACCAAAGAGTCGGGCGGAAGGGGGGGAAAGCCCTCCGTTCCTGGTTCTCCTGTAGTTGGATCCTCCGGAACC

ACAAGAATCCTTAGTTAGAATGGGATTCCAACTC
AGTTAGAATGGGATTCCAACTC

GTTGTAAGCTGTGTTCGG
AAGCTGTGTTCGG

GTTTACCCTGCG
GTTTACCCTGCG

CACCTTTTGAGTGAGATTTTGAGAAGAGTTGCTCTT
CACCTTTTGAGTGAGATTTTGAGAAGAGTTGCTCTT

T
T
GAGTTATTGTCTATCGTTGGCCTCTATGGTAGAATCA
GAGTTATTGTCTATCGTTGGCCTCTATGGTAGAATCA
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GATGTCAGCGGTTCGAGTC
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A} sequence= ENE S} Ghif] RE H¢519 o
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Fig. 3 Alignment of nucleotide sequences of flanking region used for plastid transformation vector from the plastid DNAs of L.
esculentum and N. tabaccum. A bold indicates that a nucleotide is only present in L. esculentum. A dash indicates a nucleotide that
is absent from a sequence. The N. tabaccum plastid DNA sequences reported in this figure have been deposited in the EMBL

nucleotide sequence databases with the accession number Z00044
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Fig. 4 Construction of tomato chloroplast expression vector.
Chloroplast border region for homologous recombination. The
spectinomycin resistance (aadA) and gfp gene and chloroplast
genes rrnl6, trnl and trnd are shown

Fig. 5 Confocal laser scanning microscopy images of chloropalst
expressing GFP of pKRT22-AG on protoplast cell in tomato. A:
DNA 0.5 pg/shot; B: DNA 1 pg/shot; C: DNA 2 ug/shot; D:
DNA 1 rg/shot. One milligram of 0.6 ¢m gold particle used for
one shot. Targe distance was 9 cm

intron®] Z7|= EulE7} 809 bp, Bl A= 709 bpE &
e JEA] DNAS| intron®] 7|7} HujH ot Ath= A
= & 4= Stk o3t A ¥t Palmer 5 (1987, 1988)°]
oF ule} Zo] =4 DNA sequence 7+H2] homology 7}

E735] structural gene®] homology7} "¢~ Hth+=

EniE HSA gZdee flet REAES A

A=A F A HE pKRT22-AG (Fig. )5 EHE A
o] bombardment T o] 2AE FH5LAF DNAEE,
particle gold9F, target distanceS & 2]5}o] 2|3t &, 484
Zhol At & Ao wRE UFHAE UEsto] GFP
ol BE ZASE A3 DNA =%7} 0.5 pg/shoto] Al =
GFP utel Q&% 7|27} 12712 A Z38F ¥ld, DNA 5%
7} 2 pglshoto A= golde} 7] HZE EAAA =
A st Ae BED 5 USIH (Fig. 5). L2l GFP7E 4
ot GEA ol Awh A= AS Bkl o
=74 FAAEE W7 & el A
. E3L gold oS =7}13191S uwj DNA

| U 3t} (data not shown).
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