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(12, 13, 16)

(14

(10) primer  psbA33A:
5’ -GATGGTACCATGGCTGCAATTTTAGAGAGACGC-3* ATG
psbA33B: 5 -CGCGGATCCTTATCCATTWRTAGATGGARCTTC-3* TTA

, W=A/T, R=G/A 5 polymerase chain
reaction PCR Ncol BamH I psbA
pTrc99A 4,176 bp, GenBank accession number; M22744
Ty recombinant PCR 30UR: 5’-CTTCCAATATGC
TGGTTTCAACAACTCTCG-3 GGT 30UF: 5’-CGAGAGTT
GTTGAAACCAGCATATTGGAAG-3* ACC psbA33A
psbA33B psbA 264 AGT GGT
A-G psbA pN-1C110B
pN-1C110B-Qmit
pN-IC110B GenBank: DQ087234  pN-I1C101 9,731 bp, GenBank:
AY 442171 (10 PCR
aadA 3 TAA crylC  5-UTR
untranslated region Sal | Sal I-Nco | 55 bp
655 bp AY 442171, pN-IC101  2,669-3,323
CGCGTACTA 9
psbA 3-UTR aadA crylC
rbcL PLs aadA crylC
operon Prrn 16SrDNA
MRNA psbA
crylC pN-1C110B-Qmt PDS-1000He Bio-Rad,
Hercules, CA
Nt-Qmt-4 -7 -8 aadA
psbA rbcL  accD
Ty a
calli
vitrification

Nt-Qmt-4 -7 -8
aadA A aadA N-35 :5-CTCCCATGGCAG
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Identification of the transplastomic tobaccos transformed with a mutated psbA gene in
the chloroplast genome. (a) The target site in chloroplast genome before and after gene
insertion is shown with its flanking region. The EcoRI restriction maps of the wild type
(WT) and the mutated-psbA inserted genomes (Nt-Qmt) are indicated. The Pstl-Xhol
segment is used as the probe in Southern blotting assay. The A and B represent the
primers used in PCR. (b) Identification of transgenic aadA gene by PCR. M: 100 bp
ladder (Amersham Biosciences). (c) Identification of the transgenic gene location by
Southern blotting. The molecular sizes were identified according to the Bio-1KB DNA
ladder (Protech).
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AAGCGGTGATCGCCGAAGTATCG-3* ATG B aadA C-39 :
5’-CTCGGATCCTTATTTGCCGACTACCTTGGTGATCTCGCC-3° TTA
PCR aadA
(b) Qmt-4 A~G 7 -7 A~C 3 -8 A~-D 4
806 bp PCR
rbcL  accD EcoRl T
Nt-Qmt WT WT EcoRI
4.4kb Pstl-Xhol a Nt-Qmt
psbA E. coli Ta
EcoRl [ 40 27 kb (©)
aadA  psbA
rbcL  accD psbA
Spc’-Qmit (x2) ct genome
psbA @ psbA Prrn
psbA psbA™
(@) 3
transgenic
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D
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Fig. 2. Schematic diagram indicating the breeding strategy for marker-free and herbicide-resistant

transgenic crops. (a) Two copies of psbA genes in chloroplast genome resulted from plastid
transformation in this study are shown. The mutated psbA gene (psbA™) was inserted into
the region between rbcL and accD genes. The co-transformed aadA gene confers
spectinomycin resistant phenotype in this transplastomic tobacco. (b) The illustration
shows that the bipartite Cre-loxP system can help to knock out the antibiotic-selective
marker in chloroplast followed by crossing with the wild-type pollens, resulting in a
herbicide-resistant transgenic plant free from both markers in nuclear and plastid genomes.
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80% 120
100~150 ml
30 cm 20 cm
psbA
EPSPS 5-enal pyruvyl shikimate-3-phosphate synthase
glyphosate (%)
10 mg/ml
imbibition
psbA
2
68%
Nt-Qmt-4G 10°
WT 79%
Nt-Qmt-4G 86%
100% relative
viability Cotyledon “o” 100%
WT  Nt-Omt
92% 94%
WT 31%
psbA Nt-Qmt  68%
WT WT  Nt-Qmt
99% 97%
psbA

psbA
Table 1. Relative viability of seedlings from the wild type and psbA-mutated transplastomic
tobacco seeds pre-incubated with s-triazine herbicides

Relative viability (%) of seedlingsin stages of

Plants Cotyledon 1-2 True leaves
1) 1) 1) 1)
wTt? 92 100 31 99
Nt-Qmt-4G> 94 100 68 97

Y Seeds pre-incubated with () or without () 10 mg/ml s-triazine herbicides.
2'Wild type tobacco.
3 Transplastomic line with mutated psbA.
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ABSTRACT

Lin, C. H.%%3 Tzeng, C. C.2 and Chen, L. J.¥ 2005. A point-mutated psbA gene
transformed into tobacco chloroplast genome confers striazine herbicide
tolerance in developing seedlings. Plant Prot. Bull. 47: 187-194. (Yinstitute of
Chemistry, Academia Sinica, Taipei 115, Taiwan (ROC); “Taiwan Agricultural
Chemicals and Toxic Substances Research Institute, COA, Taichung 413, Taiwan
(ROC); 3Institute of Molecular Biology, National Chung Hsing University, Taichung
402, Taiwan (ROC))

Many s-triazine herbicide-resistant plants have been characterized by the point
mutation at the 264™ amino acid of chloroplast psbA gene where the glycine or
alanine, instead of the serine, has played as the dominant residue in the resistance. To
ascertain if the specific mutation corresponds to the effect resistant to s-triazine
herbicides, the psbA gene from tobacco chloroplast genome was cloned and
substituted for its 264™ codon from serine to glycine by using the recombinant
polymerase chain reaction to implement site-directed mutagenesis. The mutated gene,
as the second copy of psbA for chloroplast genome, was constructed in the operon
co-transcribed with the upstream aadA gene, and integrated into the tobacco plastome
via particle bombardment-mediated transformation. The plants regenerated from
spectinomycin-resistant calli were assayed for the existence of transgenes by
polymerase chain reaction and for the transgenes’ location in chloroplast genome by
Southern blotting. It appeared that the regenerated plant after maturation was still
sensitive to the ametryne herbicide; however, over half (68%) of the germinating
seeds preincubated with the s-triazine herbicides persisted a prolonged tolerance to
the herbicide during the seedling development. It can be inferred that the mutation at
the 264™ amino acid of chloroplast psbA gene as a second copy is, to a certain extent,
responsible for the herbicide resistance of plants. In this report, we also proposed a
rational approach for breeding marker-free and herbicide-tolerant transgenic crops
through the Cre-lox system and maternal genetic effect by two conventional crossings
with the Cre-containing transgenic first to knock out the plastid marker, then the wild
type paternal plant to remove nuclear marker.

(Key words: chloroplast, psbA, herbicide, s-triazine)
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