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Table 1  Chloroplast transgenic technology applications in crop improvement
i PR £ 1152 52 0991 AL | eesw
Species Horr%ologous' Transgene Irans'folrmanon
recombination site efficiency
M Nicotiana tabacum 10 trn'V-rps7/12 aadA-+uidAa 1/1(100.0%)
R IT Arabidopsis thaliana ™ accD-rbel aadA 2/201€0.9%)
LA Solanum tuberosum 1) accD-rbel- rrnl6-rps7/3 aadA+ gfp 3/104(2.8%)
448 Solanum tuberosum 12 accD-rbelL aadA+gfp 14/435(3.2%)
Tl S. Lycopersicum 13 trnfM-rps14 aadA 1~3/20(5. 0% ~15.0%)
Lesquerella fendleri ') trnV-rps12/7 aadA+gfp 2/51(3.9%)
MBAEN Petunia hybrida ") accD-rbelL aadA+ gusA 3/31(9.6%)
K& Glycine max L. 16 trnV-rps12/7 aadA 11/80(13.7%)
% N Daucus carota L. 17 trnl-trnA aadA-+badh 1/7(14.0%)
WAL Gossypium hirsutum '8 trnl-trnA aphA-6 + nptIl 1/2.4(41.6%)
B Lactuca sativa L. 9] accD-rbell aadA+gfp 5/85(5.8%)
¥t Populus alba 2] rbel~aceD aadA+gfp 44/120(36.6%)
JKFE Oryza sativa 2V trnl-trn A aadA+gfp 2/100(2.0%)
HEHE3E Brassica oleracea ) accD-rbelL aadA 1/5(PEG)
#0003 Brassica oleracea 1.. %) trnl-trnA aadA~+uidA 3~5/150(2.0%~3.0%)
%03 Brassica oleracea 1., 12" trnl-trnA aadA+CrylAb 8/100(8.0%)
H3E Beta vulgarist?] rrnl6-rpsl2 aadA+gfp 3/40(7.5%)
W2 Brassica napust?’ rps7-ndhB aadA+ CrylAal0 4/1000€0. 4 %)
W= Brassica napus?’ trnl-trnA aadA-+has 19/82(23.1%)
R2 MECHBEERAREEYRERFFTENE A

Table 2 Chloroplast transgenic technology in the application of bioreactor

o B R (] 5 T A S I P ﬁ«U\FJZﬁﬁ%‘zﬁﬂ(Jﬁil:l

Species Hon?ologous . Transgene Traits or proteins
recombination site expressed

A B C28] D rbel-orf512 aadA+EPSPS PLIREF] Herbicide resistance
i B (29 rbel-accD aadA+Cry2Aa?2 HiH Insect resistance
i i L30) rbel-accD aadA+bar P55 Herbicide resistance
AR trnV-rps7/3 aadA+hST ANZKA K ZE Human therapeutic protein
AR trnV-rps7/3 aadA+EPSPS Y5 7] Herbicide resistance
i 2 33) trnV-orfl31 aadA-+MSI-99 9% Bacteria and fungi resistance
i B L34 trnl-trnA aadA+Cry2Aa?2 HLHL Insect resistance
i B L35 trnl-trnA aadA+CTB ZEL# ZE Cholera toxin B subunit
i #E 36 trnl-trnA aadA+ TPS1 Hi Drought tollerance
i #E37] trnl-trnA aadA-+merB+ merA 55158 Phytoremediation
i s8] trnl-trnA aadA-+hsa A iE A Human serum albumin
AR trnl+trnA aadA+Guy's13 PATEFEBTIR Monoclonal antibody
i #ELa0] trnl-trnA aadA+ pag BAHL IR PR Bacillus anthracis protective
i # a1 trnl-trnA aadA+IGF- 1 85 5% Z 24 K A F Insulin-like growth factor
i #C42) trnl-trnA aadA+ phaA A R EE AR E Cytoplasmic male sterility
I AREN trnl-trn A cry9Aa2+aadA HiH Insect resistance
i B L trnl-trnA aadA-+mon ZL N AR Monellin
i B L45 ) trnl-trnA aadA+1FN-a2b oa-2b T E Interferon-a2b
i B Le6) trnl-trnA aadA+CTB-2L21 Y REH Vaccine
S 017 trnl-trnA aadA~+LecA I MUK RETH Amoebiasis vaccine
i # 48] accD-rpsl12 aadA-+ASA2 HE KW R A W Anthranilate synthase [«]-subunit
i B La9] trnV-rpsl2/7 aadA+A27L 495 9 B A7 25 Vaccinia virus envelope ptotein A27L
Jf] 5[50 trnV-rpsl2/7 gfp+ TetC W FEZE C WA Tetanus toxin fragment C
i 51 trnl-trnA aadA+PDF1B ikt 28 Wk e Z 5k Actinonin resistance
] B 52 rrnl6-trnl aadA-+VP-Bgus 11 1% 958 08 B P U i K Foot and mouth disease virus epitope
S 2 53] trnl-trnA aadA~+gfp+RC101/PG1 HUH K Antimicrobial peptides

1) Nicotiana tabacum
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Abstract Chloroplast transformation in plants has many advantages over nuclear transformation.
Proteins in chloroplasts can be expressed at high levels with proper folding and disulfide bonds as the
cells of higher plants contain a large number of chloroplast genomes. Multiple genes can be co-expressed
in chloroplast genomes. Furthermore, chloroplast genes are inherited in a strictly maternal fashion in
most angiosperm plant species,and this minimizes the possibility of out-crossing transgenes to related
weeds or species. In addition, gene silencing, position effects and random integration have not been repor-
ted in chloroplast transformation. Although chloroplast transformation is very attractive, this technology
is not as widely used as nuclear transformation. It has been mostly focused on 16 plants species, especial-
ly tobacco in which many proteins has been expressed including vaccines and antibodies. In this review
we briefly summarize the rationales, methodologies,applications, bottlenecks and prospects of this prom-
ising genetic engineering technology for chloroplasts.

Key words plastid transformation; chloroplast; selective marker gene; plant bioreactor
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