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B Introduction

xhaustion of food supplies, aggravation of the environment worldwide,
E and aging of the human population are predicted for the 21st century.
Nonetheless, a mature society in which humanity can achieve healthy aging
and longevity and can live in harmony with nature is desired. Plants can
utilize solar energy and synthesize carbohydrate food supplies from
atmospheric CO2.  Excess atmospheric COq, the primary cause of the
greenhouse gas effect on the earth, can be absorbed by plants. Most
medicinal pharmaceuticals and health promoting nutraceuticals are derived
from plants.  Therefore, improvement of plants can have important
implications for human societies. ~ Moreover, development of gene
manipulation methodologies to produce plants that are safe both for the
environment and being consumed, are of great value .
“Selectable marker” genes are required for production of genetically-
modified plants. Selectable markers are used to select plants in which genes
of interest have been successfully integrated into genomes of host plants.
There is particular interest in introducing genes that will give plants tolerance
to antibiotics or herbicides, the majority of which are derived from bacteria.
The safety of such genes, especially for that confer antibiotic resistance, is
suspicious because it is possible that the genes might be transferred into
pathogenic bacteria which may then convert to antibiotic-resistant strains.
There is also fear is “genetic pollution” of wild-type plants or other crops by
foreign genes from genetically-modified plants. The majority of genetic
information (genome) is located in nuclei in plant cells, and there is a
relatively small number (some 100 or so) genes that are present in plastids,
i.e. in the chloroplasts. Since genes in plastids in most plant species are
inherited maternally, those genes are not transferred to other plants via
pollen. Therefore, the development of genetic manipulation of plastid
genomes, instead of nuclear ones whose engineering has been established,
is necessary for ecological safety.

B Results

ethodology for effective and reliable manipulation of plastids with

plant-origin selectable markers is highly desired in order to satisfy
both the need for selectable markers and to avoid the chance of genetic
pollution. To this end, we have focused our research on an enzyme involved
in amino acid biosynthesis in plastids. A variety of amino acid substitutions
have been introduced into this enzyme and its tolerance to herbicides has
been evaluated. We have made constructs to express them in plastids in
brassica plants and tobacco (Fig. 1). We are developing this strategy so that
it may be applied for improvement of crops and production of
pharmaceuticals and nutraceuticals in plants.
We expect that this technology will be ready for application within the period
of “COE Program in the 21st Century”, and the employment of transgenic
cultured plant cells for production of pharmaceuticals and nutraceuticals
would be more promised than the establishment of new plant cultivars
genetically modified. Plant cells are usually cultured under heterotrophic
conditions in supplementation with sugar, resulting in nongreen cells
propagating. However, plant cells are vital for production of a variety of
substrates with the function of green chloroplasts. We have succeeded in
isolating a few genes for “greening” via stimulation of biogenesis of
chloroplasts (Fig. 2).

B Perspectives

utative selectable markers are being tested in transformed tea cells in
Pculture. We are cultivating catechin-producing tea cells in which a
selectable marker gene combined with a gene for flavonoid biosynthesis has
been introduced. Raspberry flavors and hops bitters as functional compounds,
and anti-allergic chromones as medicines are planned to be produced in other
plant systems (Fig. 3). Furthermare, lettuce plants that accumulate IgA against
infectious microbial antigens are being generated (Fig. 3).
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[Fig.1] Development of a novel selectable marker of mutagenized
Arabidopsis gene for an enzyme for amino acid biosynthesis which is
insensitive to herbicides. Tobacco lines in which the gene was integrated
into the plastid genome were exposed to different concentrations of a
herbicide.
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[Fig.2] "Greening genes" conferring chloroplast function to generate a
verity of substrates on plastids in heterotrophically-cultured cells.
Cultured cells derived from Arabidopsis roots exhibited green due to
expression of the genes.
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[Fig.3] Schematic representation of strategies for "molecular farming for
production of pharmaciutical and nutraceutical compounds". "Greening
genes" discovered with the model plant Arabidopsis and genes for
flavonoid biosynthesis are introduced into cultured tea cells by our
original selectable marker gene, resulting in production of functional and
medical compounds therein. The selectable marker gene is also
employed for generation of lettuce which protects humans against
s pathogen by being eaten.
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