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™ Introduction

The world's population has increased about 5-fold since the
late 18th century, resulting in problems of food scarcity and
environmental pollution. Meanwhile, the aged population in
Japan having doubled in the past two decades, it is now the
most aged country in the world, magnifying the problem of
lifestyle-related illnesses. We need to assess plants that are
major sources necessary for foods directly or indirectly
through food chains, nutraceuticals that can protect against
lifestyle-related illnesses, and biofuels. Plants derive these
capacities from photosynthetic activity in chloroplasts in their
intracellular compartments. On the other hand, salt
accumulated on soil surfaces is a serious problem; globally
salt-affected areas are presently collectively the size of the
entire United States and expanding. We focused on the
aspects of applications of regulation of biogenesis of
chloroplasts and adaptation to environmental stresses such as
salt.

M= Results

Genetic engineering is the most powerful methodology for
improving plants if it achieves acceptance by consumers. We
mutagenized the gene for acetolactate synthase (ALS), a key
enzyme in biosynthesis of branched chain amino acids that
animals cannot assimilate, and used it in combination with
herbicides as a selectable marker for nuclear transformation
or a sustainable marker for transformation of plastids including
chloroplasts (Fig. ). Imbalances in photosynthetic electron
transfer are corrected by light control of the rate of
expression of genes encoding apoproteins of photosystem
(PS) I'and Il. We found that the major sigma factor in plastid
RNA polymerase, SIGI, plays a crucial role in regulation of
expression of those genes'in response to the redox state of
plastoquinone (PQ), which is a connecting electron carrier
(Fig. 2). We screened photoautotrophic salt tolerance (pst)
mutants and others, and found greater expression of basic
helix-loop-helix 19 (bHLH19) by DNA microarray analysis in
the pst2 mutant. Over-expression of the alternatively-spliced
mRNA species of bHLH | 9 results in transgenic Arabidopsis
that is more tolerant to salt than the wild type (Fig. 3).

™ Perspectives

The US Department of Agriculture has recently announced
that it does not regulate a kind of transgenic grass made with
all plant-derived genes by particle bombardment. This
provides encouragement for all our trials involving such
elements, our trials being directed toward improving plants by
enhancing chloroplast function and salt tolerance, as well as
enrichment with nutraceuticals.
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[Figure 2]
Light control of chloroplast gene transcription via phosphorylation of SIGI (a').
The intensity and wavelength of light changes the redox status of PQ. Expression of

TEE LY RICHBERSNE . psaA, encoding the apoprotein of the PS | reaction center, is induced by PQH, and
. repressed when PQ is oxidized. Expression of psbA, encoding the D1 protein of the

[Figure 1] PS Il reaction center, is less affected by the redox status, h cti

Role of sustainable markers in genetically engineered plastid (transplastomic) lines of reaction center, Is less allected Dy the redox status, Thus no reactive oxygen

tobacco. species were generated under irradiant conditions.

We employed plant-derived mutated ALS (mALS) genes. This strategy is applicable
to vegetables such as lettuce.
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[Figure 3]

Salt-tolerance of Arabidopsis lines transgenic with bHLHI9 gene.

We generated “wild-type” , Col-0; “knockout” , bHLH 19 knocked-out; and
"bHLH 19 completely-spliced” and “bHLH 9 incompletely-spliced” , bHLHI19 cDNA
from alternatively spliced mRNA species. We grew these lines during the indicated
periods after sowing on Murashige-Skoog solid medium containing 75 mM NaCl.
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