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Message from the President

The objective of the National Institute of Agrobiological
Sciences aims is to develop advanced technologies for
agriculture and life science industries based on genome
research.  We aim to be recognized as a Center of
Excellence for plants, animal, insects and microorganism
sciences. In our endeavor we seek cooperation with
universities, private, and public research institutions.

This year’s accomplishments of our institute include
the clarification of the base sequence of the rice centromere,
determination of the base sequence of the silk worm
genome by the whole genome shotgun method, development
of a new tissue culturing  method using animal tissue
sections as functional culture matrices, and cultivation
of mutant rose varieties with novel flower shape and
color by chronic γ-ray irradiation.

In order to improve our performance it is necessary
to have our research activities and results reviewed by
the widest possible audience. We would greatly
appreciate comments from the international community
on the activities reported here.

Masaki Iwabuchi, Ph. D.
President
National Institute of Agrobiological Sciences
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Topics of Research in This Year

Genome and Biodiversity Research Division
¡A draft sequence of the silkworm –A genomic basis for the promotion of insect industries–  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 1
¡Fkbp6: a newly identified gene responsible for meiosis in spermatogenesis  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 2
¡A breakthrough for centromere biology –The first complete sequence of

a plant centromere coming out from the rice genome  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 3
¡First report of a gene expression analysis in specific plant cells 

using laser capture microdissection  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 5
¡A genomic island involved in flagellin glycosylation and pathogenicity 

in Pseudomonas syringae ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 6

Insect and Animal Sciences Division
¡A new physiological function of insect neuropeptide, corazonin, in the 

silkworm, Bombyx mori ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 8
¡Functions of Bombyx mori paralytic peptide in defense reaction and 

hematopoiesis  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 9
¡A novel insect antifungal peptide, which inhibits the growth 

of phytopathogenic fungi  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 10
¡A novel cell culture method utilizing animal tissue sections 

as functional culture substrata  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 11
¡Papain protects papaya trees from herbivorous insects: role of 

cysteine proteases in plant latex  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 13
¡The chemical factors affecting the host range of Ophraella communa LeSaga, 

an intruding leaf beetle  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 14
¡Translation initiation with elongator tRNAs  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 16
¡New marker gene for the detection of transgenic silkworms 

using white egg 1 mutant and kynurenine oxygenase gene  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 17
¡Efficient foreign gene expression method using GAL4/UAS system 

in transgenic silkworms  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 18
¡Denim fabric using ‘Net raw silk’  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 20

Plant Science Division
¡Molecular cloning of the quantitative trait locus, qUVR-10, 

conferring resistance to ultraviolet-B radiation in rice   ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 21
¡Collection, mapping and functional annotation of over 32,000 

full-length cDNA clones from japonica rice  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 23
¡Rice Proteome Database: A step toward functional analysis of the rice genome  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 24
¡Hydrogen and hydration structures in protein  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 26
¡Crystal structure of rice dwarf virus  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 27
¡Overexpression of ZPT2-3, a zinc-finger transcription factor of petunia, 

enhances drought tolerance in transgenic petunia  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 28
¡Isolation and identification of a natural substance that induces resistance 

to tobacco mosaic virus infection  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 29
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Research Activities

Genome and Biodiversity Research Division
¡Genome Research Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 38
¡Genetic Diversity Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 45
¡Genebank  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 51

Insect and Animal Sciences Division
¡Developmental Biology Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 55
¡Molecular Biology and Immunology Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 60
¡Physiology and Genetic Regulation Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 64
¡Insect Genetics and Evolution Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 69
¡Insect Biomaterial and Technology Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 73
¡Insect Biotechnology and Sericology Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 76

Plant Science Division
¡Molecular Genetics Department  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ 82
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In Japan, the silkworm has long been
used as a model system and provides a
number of mutants and genetically improved
strains.  We performed three-fold whole
genome shotgun (WGS) sequencing of the
silkworm to obtain a silkworm draft
sequence, which will provide new genome-
based approaches for insect industries such
as sericulture, insecticides and efficient
productions of useful materials using
silkworm.

The WGS method has been established as
the most powerful tool available for generating
a draft genome sequence efficiently and
quickly with much less cost.  In this study,
the genome DNA was extracted from
silkglands of silkworm of an inbred strain,
p50T, followed by random fragmentation.
About 500-base nucleotide sequences from
both ends of about 1.4 million DNA fragments
were sequenced, resulting in 2.8 million
nucleotide sequences that correspond to
three-fold of the genome size, which were

assembled with the “RAMEN assembler” newly
developed by  the University of Tokyo (Fig.).

Analysis of the silkworm WGS data using
the RAMEN assembler program resulted in
213 k sequence contigs.  The total length of
the sequence contigs was 390 Mb, suggesting
that 80% of the genome was sequenced
(Table).  Homology searches using 50
characteristic Bombyx genes and 11,202 non-
redundant ESTs indicate the validity of the
WGS sequence data for identifying Bombyx
genes.

The silkworm genome information
obtained by the WGS method will be made
public in the HP of NIAS (http://sgp.dna.affrc.
go.jp/), and every researcher can utilize the
information for functional studies.  Thus, a
strong impact on insect science and
industries will be expected.  We will facilitate
interchanges of information with researchers
of other countries, promote international
collaborations, and play a leading role in the
international silkworm genome works.

Topics of Research in This Year

A draft sequence of the silkworm ––A genomic 
basis for the promotion of insect
industries––

Kazuei Mita, Yuji Yasukochi, Kimiko 
Yamamoto, Keiko Kadono-Okuda
Genome Research Department

Silkworm genome size 490 M bp

Total number of reads 2,843 K reads
Total number of sequenced nucleotides 1,600 M bp
Number of sequence contigs 213,289
Total length of sequence contigs 387 M bp

Table Statistics of Bombyx mori sequence assembly.
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Fig.
Outline of whole genome shotgun (WGS) sequencing

1.4 M DNA fragments

About 500-base sequence
from both ends of each
fragment were sequenced.

RAMEN assembler

2.8 million sequences were
assembled

Assembled sequences (Sequence contigs)

Silkworm genome DNA (490 Mb)

Meiosis is an essential process to produce
gametes with different genetic information,
which conserves genetic diversity in species.
During meiosis, homologous chromosome
pairs are in alignment. A zipper-like structure,
the symaptonemal complex, formed between
the chromosomes, is a fundamental structure
to promote homologous recombination.

Male rats possessing as mutant gene
homologously showed arrested spermatogenesis
at meiotic prophase. Linkage analysis
clarified a responsible region of chromosome
where the causative gene localized. A gene
Fkbp6, coding FK506 binding protein
(FKBP6), located in the region. When
investigating Fkbp6 expression, the mutant
testis showed a shorter fragment of the 3’

region than normal by RT-PCR and lacked
protein expression by both Western blot and
immuno-histochemistry. Genomic DNA
analysis unveiled deletion of about 1,000 bps
including exon 8, therefore we concluded that
as is a mutant gene of Fkbp6.

FK506 binding protein (FKBP6) localized
to meiotic chromosome cores and regions of
homologous chromosome synapsis. Targeted
inactivation of Fkbp6 in mice as well as
homozygous bearing of as in rats resulted in
aspermic males accompanying abnormal
pachytene spermatocytes (Fig.A). Precise
analysis of the mutant mice revealed that the
loss of FKBP6 resulted in abnormal pairing
and misalignments between homologous
chromosomes, non-homologous partner

Fkbp6: a newly identified gene responsible 
for meiosis in spermatogenesis

Junko Noguchi
Genetic Diversity Department
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switches, and formation of autosynapsis of X
chromosome cores in meiotic spermatocytes
(Fig.B,C). Despite similar localization of the
protein in oocytes, chromosome pairing was
unaffected in Fkbp6-null females. Fertility
and meiosis in females were normal in both
Fkbp6 mutant animals. Thus, FKBP6 is a
novel component of the synaptonemal
complex, essential for sex-specific fertility
and the fidelity of homologous chromosome
pairing in meiosis.

Fig.
Spermatogenesis in as homozygous mutant rats (A) and abnormal chromosome pairing in Fkbp6-null male mice (B and
illustrated in C). Normal testis completed meiosis and contained resultant spermatids and sperms (arrows in left panel of
A), but mutant testis arrested spermatogenesis at the stage of pachytene spermatocytes, showing an abnormal
morphological feature (arrowheads in right panel of A). A pair of chromosomes (arrow in B and C) partly paired with non-
homologous chromosomes.

Understanding the organization of
eukaryotic centromeres has both fundamental
and applied importance because of their roles
in chromosome segregation, karyotypic
stability, and artificial chromosome-based
cloning and expression vectors. Because of
the highly heterochromatic structure of
centromeres (Fig. 1), however, completely
cloning, sequencing, and assembling their
genomic components has remained a
significant challenge. In the Rice Genome
Research Program, we have focused on the
centromeric region of rice chromosome 8 with
efforts to obtain the complete genomic
sequence of this important chromosome
component, using clone-by-clone sequencing

methodology. Rice PAC/BAC clones were
mapped to the centromeric region (54.3 cM)
of rice chromosome 8 by using sequences of
11 STS/EST markers to conduct the in silico
mapping of Monsanto BAC clones and PCR
screening of RGP PAC/BAC libraries. Gaps
on the physical map were closed by screening
and choosing the bridge clones from either
CUGI-assembled BAC contigs or RGP
PAC/BAC libraries based on the sequence-
tagged connector (STC) or chromosomal
walking methods. As a result, 18  clones were
finally selected that covered the entire
centromeric region. We sequenced these PAC
and BAC clones using a shotgun approach
(two shotgun libraries with different insert

A breakthrough for centromere biology 
—The first complete sequence of 
a plant centromere coming out from 
the rice genome

Jianzhong Wu, Yuichi Katayose
Hiroshi Mizuno, Takashi Matsumoto
Genome Research Department
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sizes, average 2-kb and 5-kb, for each clone).
Each PAC or BAC clone was assembled from
the shotgun sequences by PHRED/PHRAP
software. Assembled sequence contigs were
viewed and edited by CONSED. Sequence
gaps between the assembled contigs within
each PAC/BAC clone were generally filled by
sequencing the bridge sub-clones with
custom primers. Regions with low quality

scores were improved by resequencing with
custom primers or by alternative chemistries.

A transposon insertion/sequencing system
(Genome Priming System GPS-1) was used
for complete sequencing of the subclones in
the problematic regions that contained
repeats such as the rice centromere-specific
satellite DNA (CentO).

Through assembling the PAC/BAC clone
sequences, 1, 972, 546-bp of the contiguous
nucleotide sequence was obtained. Finished
assemblies of the sequences were confirmed
by comparing sizes of the fragments from
restriction enzyme digests of each PAC/BAC
clone with those of the virtual fragment sizes
of the finished sequence. Analysis of this
1.97-Mb of genomic sequence revealed three
large clusters of CentO satellite repeats (68.5
kb of 155-bp repeats) and >220 TE
(transposable element)-related sequences;
together these account for nearly 60% of the
whole genomic region (Fig. 2). The total

Fig. 1
FISH analysis of rice mitotic chromosomes using CentO repeats as probes.

Fig. 2
Annotation map of the 1.97-Mb centromeric region of rice chromosome 8. Orange: genetic markers. White boxes: predicted genes. Green
and gray boxes: transposable elements. Arrow lines: LTR sequences and orientations. Arched black lines with arrows: TE sequence
interrupted by DNA insertions. Red bars: rice centromere-specific element RCE1. Yellow boxes with red arrows: CentO clusters and
orientations.
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length of CentO repeat sequences coincides
very well with the CentO amount and
location pattern detected by fiber-FISH
analysis of this chromosome and were
demonstrated at this study to be tandemly
arrayed head-to-tail within the clusters,
which had different orientations and
interruption of TE-related sequences. The
individual 155-bp CentO satellite repeats
showed frequent transitions and transversions
at eight nucleotide positions. The 40 TE
elements with highly conserved sequences
were mostly gypsy-type retrotransposons.
Gene prediction for the 1.97-Mb sequence
revealed the presence of 201 opening reading
frames (excluding those of DNA transposons

and retrotransposons), within them 48 genes
showed high BLAST homology to known
proteins or to rice full-length cDNAs; some
were close to the CentO clusters. Our study
is the first to provide the complete sequence
of a centromeric region from either plants or
animals and will likely provide insight into
the evolutionary and functional analysis of
plant centromeres. The next challenge is to
extensively investigate in vivo the roles of
the centromere-specific sequences, especially
the CentO satellite repeats and some
retroelements like the RIRE7 and RIRE8
families, in both karyotypic stability and
chromosome segregation.

Investigation of gene expression profiles
in individual cells is an effective approach for
identifying and characterizing the genes
involved in cell-specific biological processes.
The laser capture microdissection (LCM)
system, which allows the isolation of
selectively targeted cells from a tissue section
without contamination from adjacent
nontarget cells, was developed as an effective
tool for analysis. The technique has been
successfully used for the isolation of specific
mammalian cells, mainly cancer cells.
However, the application of LCM to the gene
expression analysis of plant to the gene
expression analysis of plant cells has never
been reported.

We used the LCM system and isolated
only phloem cells of rice leaf tissues whose

morphology was apparently different from
the surrounding cells (Fig. 1). Total RNA was
extracted from the captured phloem cells, the
isolated RNA was amplified, and the
resultant RNAs subjected to synthesis of
double-stranded cDNA.

First report of a gene expression analysis 
in specific plant cells using laser 
capture microdissection

Takayuki Asano*, Koh-ichi Kadowaki
Genetic Diversity Department
*Present address: Molecular Genetics Department

Fig. 1
Laser capture microdissection from rice leaf sections
(A) Before microdissection
(B) After microdissection
Arrowheads indicate a captured location of rice phloem
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We constructed a phloem-specific cDNA
library using the obtained cDNAs and
subsequently determined the DNA sequences
of 413 clones at random from the library. A

sequence analysis revealed that
approximately 37% of the cDNA clones had
novel components. In situ hybridization
revealed that putative amino acid permease,
one of the cDNA clones, was specifically
expressed in the phloem (Fig. 2). The results
proved the effectiveness of constructing a
specialized cDNA library from specific plant
cells.

Further investigation of the clones
obtained from a phloem-specific cDNA
library might provide new insights into the
mechanisms underlying phloem functions.
Furthermore, the combination of our
technique and DNA microarray analyses will
be a useful tool for understanding gene-
expression profiles in target plant cells, such
as with/without environmental stress or
plant/microbe interactions.

Fig. 2
Localization of mRNA of putative amino acid permease in stems by in situ
hybridization
(A) Antisense riboprobe, stem cross section
(C) Sense riboprobe, stem cross section
(B) and (D) Magnification of Figures A and C, respectively

The isolates of the phytopathogenic
bacterium Pseudomonas syringae can be
classified into more than 50 pathovars by its
virulence toward respective host plant
species. Its flagellin, an essential component
of flagella filament of bacteria, has been
found to be an elicitor that causes hypersensitive
reactions (HR) in its nonhost plants. The
difference of the ability to induce HR has
been thought to depend on the post-
translational modification of the flagellins. 

To investigate the role of this post-
translational modification in the interactions
between plants and bacterial pathogens, we
isolated genes which are potentially involved

A genomic island involved in flagellin glycosylation
and pathogenicity in 
Pseudomonas syringae

Kasumi Takeuchi1), Fumiko Taguchi2),
Yuki Ichinose2)

1) Genebank
2) Faculty of Agriculture, Okayama University

Fig. 1
Schematic representation of the ORFs in the region
upstream of the flagellin gene (fliC) from the genome
sequence of P. s. pv. glycinea and its comparison with
the flagell in glycosylation island in Pseudomonas
aeruginosa strain PAK. Red pentagons and yellow
pentagons are genes homologous to putative
glycosyltransferases and 3-oxoacyl-[acyl-carrier-protein]-
synthase III, respectively.
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in the post-translational modification of
flagellin in P. syringae pv. glycinea (glycosylation
island). Their defective mutants were then
generated. There are three orfs, orf1, orf2
and orf3, in the glycosylation island. Orf1
and orf2 encode putative glycosyltransferases
(Fig. 1), and their defective mutants, ∆orf1
and ∆orf2 , secreted nonglycosylated or
slightly glycosylated flagellins, respectively
(Fig. 2). On the other hand, orf3 showed
significant homology to putative 3-oxoacyl-
[acyl-carrier-protein]-synthase III (Fig. 1).
There was no significant difference in the
glycosylation status of the flagellins from the

wild-type strain and the ∆orf3 mutant (Fig.
2). An inoculation test of these mutants on
original nonhost tobacco leaves revealed that
∆orf1 and ∆orf2 could grow on tobacco leaves
and caused symptom-like change (Fig. 3A).
In contrast, these mutants failed to cause
symptoms on original host soybean leaves
(Fig. 3B). These data indicate that putative
glycosyltransferases in flagellin glycosylation
island are strongly involved in the
recognition by the plant and could be the
specific determinant of compatibility between
phytopathogenic bacteria and plant species.

Fig. 2
Glycosylation of flagellins from the wild type (WT), ∆orf1,
∆orf2 and ∆orf3 mutants of P. syringae pv. glycinea. (A)
Western blot analysis of the flagellin protein in the total
proteins. (B) Staining of the glycosyl moiety in purified
flagellin.

Fig. 3
Inoculation test with nonhost tobacco leaves (A) and host
soybean leaves (B). Leaves were inoculated with each
bacterium by spraying. Tobacco and soybean leaves
were photographed 10 and 13 days after inoculation,
respectively.
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A single peptide sometimes displays
diverse physiological functions in different
species of animals. An insect neuropeptide,
corazonin, is a good example of such a
versatile function in insect species.
Corazonin was first isolated from the
American cockroach as a cardiostimulatory
peptide but recently, it was found that
corazonin induces the dark-color of the
migratory locust, Locusta migratoria by
using an albino strain of L. migratoria.
However, the physiological effect of this
peptide had been unknown in the other
insects although the same structure of
corazonin has been found in many insect
species and crustaceans. We identified
corazonin in the silkworm, Bombyx mori, by
amino acid sequencing and cloned the cDNA
encoding its precursor, but corazonin showed
no effect on the body-color in B. mori .
However, we found a new physiological effect
of this peptide in B. mori. When corazonin
was injected into the fourth instar larvae, we

could not observe any apparent effect on the
larval development until the initiation of
spinning, but pupal ecdysis was delayed and
some larvae died before pupation (Fig.).
Corazonin-injected larvae spun for a longer
period but made thinner cocoons as compared
with normal larvae. We also found a similar
effect of corazonin in the wild  silkmoth,
Samia cynthia ricini, but it did not have any
effect on the development of  a non-cocooning
insect, the army worm Pseudaletia separate.
This suggests that the effect of corazonin is
related to spinning in cocooning insects. The
structure-activity relations of corazonin
using different bioassay systems, the effect
on spinning rate in B. mori , and the
darkening in albino nymphs of the locust
exhibited similar structure-activity relationships.
This suggests that they might have similar
receptor systems despite the different
physiological affects.

Corazonin or factors similar to corazonin
are found to be present in the brain-

A new physiological function of insect 
neuropeptide, corazonin, in the
silkworm, Bombyx mori

Yoshiaki Tanaka
Developmental Biology Department

Fig.
Effect of corazonin injection on the development of Bombyx mori.
Fifty pmol of corazonin was injected into 1-day-old 4th instar larva.
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retrocerebral neuroendocrine system and
ventral nerve cord of at least 10 insect orders
by immunohistochemistry and bioassay of
albino strain of L. migratoria. As most of
these insects neither spin as much as the
silkworm nor show body-color polymorphism,

corazonin may have other functions in those
insects. It is important to identify these
functions and understand how the same
peptide or peptide with similar structure has
developed multiple functions in different
insect species.

The silkworm paralytic peptide (BmPP) is
a 23 amino acid peptide belonging to the
ENF peptide family.  We have already shown
that BmPP has paralytic activity and growth
blocking activity against the silkworm
larvae, and mitogenic activity in several
silkworm cell lines.  Now we studied the
functions of BmPP in the defense reaction
and hematopoiesis of  the silkworm larvae.

BmPP treatment stimulated spreading of
plasmatocytes that circulated in larval
hemolymph, but the percentage of spread
plasmatocytes was only 20%.  BmPP,
however, elicited prominent spreading in
70% of young plasmatocytes discharged from
cultured hematopoietic organs (Fig.1). Cells
in hematopoietic organs that were
enzymatically dispersed did not spread even

after adding BmPP, indicating that plasma-
tocytes acquired BmPP-sensitivity immediately
after discharge. When cultured in a medium
containing larval plasma, hematopoietic
organs grew markedly and discharged a large
number of hemocytes, over 95% of which
were morphologically plasmatocytes.  The
hemocyte discharge was blocked in the
medium containing BmPP dose-dependently,
although hematopoietic organ growth was
not suppressed (Fig.2).  These results suggest
that BmPP plays important roles both in
hematopoietic regulation and in the
hemocyte immune reaction of the silkworm.

Functions of Bombyx mori paralytic peptide
in defense reaction and hematopoiesis

Manabu Kamimura, Yuichi Nakahara,
Yasushi Kanamori, Makoto Kiuchi
Developmental Biology Department

Fig.1 
Spreading reaction of newly-born plasmatocytes induced
by BmPP.  (A) Control, (B) 100 nM of BmPP was added.
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Fig. 2  
Effect of BmPP on the hematopoietic process. Larval hematopoietic
organs were cultured in medium containing various concentrations of
BmPP and larval plasma for 48 hours and then numbers of discharged
hemocytes and cells remaining in organs were counted.
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Insect immune systems contain a battery
of potent antibacterial and antifungal
peptides/polypeptides. Although numerous
antibacterial peptides have been identified,
only a small number of antifungal peptides/
polypeptides have been reported from
insects. Insect immune peptides/polypeptides
that show antifungal activity are drosomycin,
metchinikowin, cecropin A and B, and
andropin from Drosophila melanogaster,
heliomicin from Heliothis virescens, cecropin
A from Hyalophora cecropia, thanatin from
Podisus maculiventris, antifungal protein

(AFP) from Sarcophaga peregrina, holotricin
3 from Holotrichia diomphalia, and termicin
and spinigerin from Pseudacanthotermes
spiniger . Of these antifungal peptides/
polypeptides, drosomycin, thanatin, heliomicin,
and termicin are known to contain cysteine
residues and form disulfide bridges.

In our study of insect antifungal peptides
as genetic resources to establish transgenic
plants, we isolated a novel cysteine-
containing antifungal peptide from the
coconut rhinoceros beetle, Oryctes rhinoceros.

cDNA of the antifungal peptide designated
scarabaecin was cloned by reverse
transcriptase-polymerase chain reactions
(RT-PCR) using a primer based on the N-
terminal amino acid sequence. The amino
acid sequence deduced from scarabaecin
cDNA showed no significant similarity to
those of reported proteins. Chemically

A novel insect antifungal peptide, which inhibits 
the growth of phytopathogenic fungi

Jun Ishibashi, Hiromitsu Tanaka, Minoru
Yamakawa
Molecular Biology and Immunology Department
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Fig.
Scarabaecin-chitin binding. 
Chitin was mixed with the indicated amount of
scarabaecin and incubated at room temperature for
15min. One hundred percent denotes scarabaecin bound
to chitin in 32 µM of scarabaecin. Data are means from
three experiments.

Scarabaecin

IC50 (mM)

Amphotericin B

Fungi
P. oryzae
R. solania

S. tritici 
R. solanib

P. aphanidermatum
P. infestance
B. cinerea

Bacteria
A. tumefaciens N1001
C.michiganese pv. michiganese
E. carotovora subsp. carotovora 
P. cichori NL7630
P. glumae N1169
P. syringae pv. mori S6804
P. syringae pv. japonica
X. compestris pv. compestris N1076
X. campestris pv. campestris N1086

16.0
32.0
16.0

128
>250
>250

4.0

>100
>100
>100
>100
>100

25
>100
>100
>100

20.6
18.2

1.4
6.7

>250
>250

2.7

Table Antimicrobial activity of synthetic scarabaecin against
phytopathogenic fungi and bacteria

Amphotericin B, a fungicide, was used as a positive control.
aRhizoctonia solani was isolated from rice.
bRhizoctonia solani was isolated from bentgrass.
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synthesized scarabaecin indicated antifungal
activity against phytopathogenic fungi such
as Pyricularia oryzae, Rhizoctonia solani,
and Botrytis cinerea , but not against
phytopathogenic bacterium (Table). Scarabaecin
showed a chitin binding property and its Kd

was 1.315µM (Fig.). A comparison of putative
chitin-binding domains among scarabaecin,
invertebrate, and plant chitin- binding
proteins suggests that scarabaecin is a new
member of the chitin-binding antimicrobial
proteins.

Thin tissue sections commonly prepared
on a glass slide for histopathology retain
many in vivo biochemical attributes related
not only to structure but also function.  We
hypothesized that such tissue sections might
serve as novel cell culture substrata that
would reflect tissue conditions in vivo and
developed a breakthrough technology of
culturing animal cells on a substratum made
of tissue/organ sections for histopathology
(TOSHI-substratum).  The advantages of the
TOSHI-substratum prepared from a bovine
placenta for cell differentiation, a serum-free
culture, and tissue reconstruction was
demonstrated by utilizing four different types
of cells: BeWo (human choriocarcinoma cell
line), CPAE (bovine pulmonary artery
endothelial cell line), PC-12 (rat
pheochromocytoma cell line), and NHDFs
(normal human dermal fibroblasts).  The
labyrinth region of the substratum induced
unique cell behaviors to form multicellular
spheroids of BeWo cells, a capillary network-
like structure for CPAE cells, and a neuronal
network-like structure for PC-12 cells.  The
substratum provided a microenvironment in
which the viability of PC-12 cells maintained
even in a serum-free condition.  Also, a

multicellular mass of NHDFs involving
acellularized section-derived components was
successfully prepared.  The multicellular

A novel cell culture method utilizing
animal tissue sections as functional
culture substrata

Toshiaki Takezawa
Physiology and Genetic Regulation Department

Fig. 1
Serum-free culture of PC-12 cells on placenta cryosection
substrata.  Cells were suspended in a serum-free medium
and seeded at a density of 4.6x104/cm2 and cultured on a
glass slide substratum as well as on 5 µm-section or 5
µm-acellularized section substrata.  Following HE
staining, the morphology of cells cultured on the glass
slide (A), acellularized basal lamina (B), labyrinth (C, D),
basal lamina (E), and glandular zone (F) for 2 days (A-C)
or 5 days (D-F) was observed by optical microscopy.
Scale bars, 100 µm.
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mass incorporating the section components
derived from the TOSHI-substratum may
have important clinical applications as an
implant because it is easily prepared using
both cryosections and cells derived from
patient biopsies.  Further, TOSHI-substrata
can be prepared not only from all animal
tissues/organs of any age regardless of
pathology, but also from the entire bodies of
small animals.  These substrata retain the
original microarchitecture and component of
the tissue and conserve many of the
biochemical factors that serve as signaling
cues for inducing cell behavior.

Most of these factors are easily detected
by ordinary techniques such as immuno-
histochemistry or in situ hybridization.
Considering  advantages, the analysis of
interactions between different cell types and
various TOSHI-substrata will play an
important role as a novel approach in the
study of cellomics.  In the near future,
arranging the proper cell-substratum
combination will promote effective cellomics
studies such as the exploration and
production of bioactive molecules, analysis of
cell characteristics, estimation of gene
function, and reconstruction of tissues/organs.

Fig. 2
Formation of a three-dimensional multicellular aggregate of normal human dermal fibroblasts containing the acellularized
placenta cryosection substratum-derived components.  Cells were seeded at a density of 3.3x104/cm2 and cultured on a
20 µm-acellularized section substratum.  Proliferating cells cultured on the acellularized section substratum for 7 days
began to detach from the glass slide (A) and a cell sheet containing the acellularized section substratum could be
completely detached by pipetting the culture medium (B).  A three-dimensional multicellular aggregate containing the
acellularized section substratum-derived components was formed after an additional 2 days of culture on a non-adhesive
substratum (C).  The morphology of cells in culture was observed by phase-contrast microscopy (A-C).  HE-stained cross
sections of the aggregate were observed by optical microscopy (D, E).  Scale bars, 200 µm.



Annual Report 2004 13

Many plants contain latex that exudes
when leaves are damaged, and a number of
proteins and enzymes have been found in it.
For example, large amounts of cysteine
protease are known to exist in the latex of
several plants such as papaya and fig trees.
The roles of those latex proteins and
enzymes, however, are as yet poorly
understood. We found that papain, a cysteine
protease in latex of the papaya tree (Carica
papaya, Caricaceae), is a crucial factor in the
defense of the papaya tree against
lepidopteran larvae such as oligophagous
Samia ricini (Saturniidae, Eri silkworm) and
two notorious polyphagous pests, Mamestra
brassicae (Noctuidae) and Spodoptera litura
(Noctuidae). Papaya leaves showed strong
toxicity and growth inhibition against these
insects. S. ricini larvae (Fig. 1A) and M.
brassicae larvae (Fig. 1B, Fig2) died by Day
4, and S. litura larvae (Fig. 1C) did not grow
at all when papaya leaves were fed to these
larvae. In contrast, papaya leaves lost
toxicity when the leaves were cut into narrow
leaf strips and washed to eliminate latex;
larvae fed washed leaves grew very well
without dying (Figs. 1, 2). Latex of papaya
contained a large titer of cysteine-protease
activity in a very condensed manner. E-64, a
cysteine protease-specific inhibitor,
completely deprived the leaves of toxicity
when painted on the surface of papaya and
fig leaves. Larvae of all  three lepidopteran
species fed papaya leaves painted with E-64
grew very rapidly without showing any
symptoms of toxicity (Figs. 1, 2). Cysteine

proteases, such as papain, ficin, and
bromelain, all showed toxicity when added to

A

Control papaya leaf +E-64 Washed papaya
leaf strips

Castor oil
 plant leaf

Samia ricini 2nd instar larvae Day4

2cm

Mamestra brassicae 2nd instar larvae Day4

Spodoptera litura 2nd instar larvae Day4

Control papaya leaf 

Control papaya leaf 

+E-64

+E-64

Washed papaya
leaf strips

Washed papaya
leaf strips

2cm

2cm

B

C

Fig. 1
Defensive effects of cysteine proteases in latex of papaya
leaves and effects of E-64 (cysteine protease-specific
inhibitor) painting and latex elimination. Newly hatched 1st

instar larvae of Samia ricini (Eri silkworm) (A), newly
molted 2nd instar larvae of Mamestra brassicae (B) and
Spodoptera litura (C) were fed control papaya leaf,
papaya leaf painted with E-64 (0.36 mg/ g fresh leaf), or
washed papaya leaf strips, and reared at 25 ˚C for 4 days.
S. ricini larvae were also fed their natural host plant,
castor oil plant leaves, as a control.

Papain protects papaya trees from herbivorous insects:
role of cysteine proteases in plant latex
Kotaro Konno1), Yasumori Tamura1), Makoto Hattori1),
Chikara Hirayama2), Masatoshi Nakamura2), Ken
Tateishi3), Katsuyuki Kohno4)

1) Insect Genetics and Evolution Department
2) Physiology and Genetic Regulation Department
3) Molecular Biology and Immunology Department
4) National Institute of Vegetable and Tea Sciences
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an artificial diet and fed to the larvae (Fig.
3). These results suggested that cysteine
proteases in plant latex provide plants
(papaya and probably other plants with
cysteine protease-containing latex) with a
general defense mechanism against

herbivorous insects. Our results further
imply that many other latex enzymes and
proteins in various plant species may also
have similar defensive activities that would
be applicable to future plant protection
methods.
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Days after molting
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leaf (+glycerol)

+E-64
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c 80%

M. brassicae 2nd instar larvae 

Fig. 2
Growth and mortality of Mamestra brassicae larvae fed
variously treated papaya leaves. Newly molted 2nd instar
larvae of M. brassicae were fed control papaya leaf,
papaya leaf painted with E-64 (0.36 mg/ g fresh leaf), or
washed papaya leaf strips, reared at 25 ˚C for 4 days, and
larval mass (mg) and mortality (%) were observed. Values
not followed by the same letters at the same time point
are significantly different (P < 0.01 Tukey’s test for
multiple comparison, average ± SD, n = 20).
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Fig. 3
Effects of papain, ficin, and bromelain on the growth and
mortality of Samia ricini (Eri silkworm). First instar larvae
(1.58 mg) were fed an artificial diet (L4M) containing
cysteine proteases (papain, ficin, bromelain) at 25 ˚C, and
larval mass (mg) and mortality (%) were observed on Day
2 (48hr). Error bars indicate SD. ** Values significantly
smaller than the value observed in the control (P< 0.01, t-
test, n=20).

Ophraella communa LeSage, originally
distributed in the Nearctic region, is an
oligophagous leaf beetle that feeds on
Asteraceae plant species including ragweed,
A. artemisiifolia. This beetle seems to have
been accidentally introduced into Japan and

was discovered for the first time in Chiba
Prefecture in 1996. O. communa has rapidly
spread and caused severe injury to ragweed,
A. artemisiifolia in many areas. The pollen of
A. artemisiifolia causes hay fever. Therefore,
O. communa may be useful as a biological

The chemical factors affecting the host range of
Ophraella communa LeSaga, 
an intruding leaf beetle

Yasumori Tamura, Makoto Hattori,
Kotaro Konno
Insect Genetics and Evolution Department
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control agent for A. artemisiifolia. However,
this beetle is regarded as a pest because it
also feeds on sunflowers in Japan. Although
O. communa prefers A. artemisiifolia exclusively
among Asteraceae plants in Japan, the
compounds inducing the feeding behavior of
O. communa have not been reported. Revealing
feeding stimulants in specific host plants is
significant for predicting crops and weeds as
potential host plants of this insect.

A filter paper bioassay showed that the
feeding of adult O. communa is strongly
stimulated by methanolic extracts of A.
artemisiifolia . Hence, the leaves of A.
artemisiifolia were considered to contain
feeding stimulants of this beetle. Four
feeding stimulants for O. communa have
been isolated from methanolic extracts of A.
artemisiifolia by using silica gel 60 CC, silica
gel 60 HPTLC and reversed phase HPLC.
From spectroscopic and chemical evidence,

the feeding stimulants for O. communa in A.
artemisiifolia have been identified as a-
amyrin acetate (α-AA), β-amyrin acetate (β-
AA), 5-caffeoylquinic acid (5-CQA) and 3, 5-
dicaffeoylquinic acid (3,5-DCQA) (Fig.1).
Triterpenoid derivatives (α-AA or β-AA) and
caffeic acid derivatives (5-CQA or 3, 5-DCQA)
showed strong feeding stimulant activity only
when mixed together.

The distribution of the four feeding
stimulants for O. communa was analyzed in
11 genera and 17 species of asteraceous
plants. These compounds were found in
many species including nonhost plants,
however, amounts and compositions differed.
Even when the methanolic extracts of A.
artemisiifolia were added to extracts of some
asteraceous species which did not elicit
feeding of O. communa, the feeding of O.
communa was not induced by the inactive
plants. Feeding deterrents as well as feeding
stimulants in the leaves of asteraceous
plants are likely to determine the feeding
preference of O. communa.

Japanese asteraceous crops, such as a
lettuce, Lactuca sativa , a crown daisy,
Chrysanthemum coronarium, and a burdock,
Arctium lappa, were found to also contain
the feeding stimulants of O. communa.
Hence, we inferred that O. communa could
infest these crops. Host suitability tests to O.
communa were carried out by giving those
asteraceous crop cultivars. Although adult
beetles could feed on all plants tested, they
never laid eggs. Almost all newly hatched
larvae died in a short time and never
pupated when they fed on these crops. These
results show that there is little possibility for
O. communa to utilize these crops as host,
even though adult beetles can tentatively
infest C. coronarium, A. lappa, and L. sativa.
We would like to thank Mrs. Hitomi Oguchi
(pictured right) for her invaluable help in
breeding plants.

Fig. 1
Feeding stimulants of Ophraella communa from Ambrosia
artemisiifolia
(1: β-amyrin acetate, 2: α -amyrin acetate, 3: 5-
caffeoylquinic acid (chlorogenic acid),
4: 3, 5-dicaffeoylquinic acid).
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Initiator methionyl tRNA (Met-tRNAi) is
used for  the initiation of protein synthesis in
eukaryotes. This tRNA is discriminated from
elongator tRNAs by eukaryotic initiation
factor 2 and/or ribosomal 40S subunit, thus
elongator tRNAs are never used for
initiation. This means that the N-terminal

amino acid of polypeptides which are
generated from ribosomes is always
methionine. This frequently cause trouble
when we intend to produce functional
polypeptides in laboratories by  a cell-free
translation system combined with recombinant
DNA techniques. Because many functional
proteins have been processed by peptidases
or proteases, such proteins do not have N-
terminal methionine. Additional N-terminal
methionine corresponding to AUG initiation
codon sometimes changes the functionality of
recombinant proteins from authentic ones.

Some groups of viruses have special RNA
elements which recruit ribosomes onto
mRNAs, termed internal ribosome entry site

Translation initiation with elongator tRNAs

Nobuhiko Nakashima
Insect Genetics and Evolution Department

Fig. 1
Translation initiation with various codons.

Fig. 2
(A) Structure of plasmids used for in vitro translation
analysis. Each number of plasmids corresponds to the
lane numbers in the panel (B).  (B) Translation products
from RNAs lacking AUG initiation codons.
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(IRES) elements. We found a unique IRES
located in the intergenic region (IGR) in the
RNA genome of Plautia stali intestine virus
(PSIV), which was  recently classified into a
new family, Dicistroviridae. The IGR-IRES of
PSIV consists of about 200 nucleotides and
initiate translation using glutamine in native
conditions. Our analysis showed that the
structure of the IRES (Fig. 1) is responsible
for translation activity and this IRES can
mediate translation initiation using various
triplets encoding 20 amino acids, namely
using elongator tRNAs (Fig. 1). To examine

the requirements of the viral capsid coding
sequence (CP in Fig. 1) for the translation,
we replaced the CP with the initiator AUG-
deleted coding sequences of firefly luciferase
(Fluc), Renilla luciferase (Rluc), and green
fluorescent protein (GFP). Although
translation efficiency of the three coding
sequences differed, their translation products
were observed (Fig. 2). This indicates that
direct synthesis of polypeptides lacking N-
terminal methionine is possible in vitro using
IGR-IRES elements. 

A germ-line transformation method in
silkworm has been developed using DNA
type transposon piggyBac and green
fluorescent (GFP) gene as a marker. The
developed method can construct the
transgenic silkworms very efficiently and is
used for the production of recombinant
proteins, new fiber and resistant strains
against nuclear poly hedrosis virus.

However, the fluorescent marker genes
used for the screening of transgenic silkworm
are under the control of patents. In addition,
expensive fluorescent binoculars have to be
used for the detection of the transgenic
silkworms. Thus, the development of new

marker gene which is not restricted by a
patient and can be applied without expensive
tools has been desired.

A vector plasmid inserted silkworm
kynurenine oxygenase gene under the control
of silkworm cytoplasmic actin promoter was
constructed (Fig.1). The vector and helper
plasmids  were injected into the eggs of white
egg 1 mutant strain and three transgenic
lines were successfully obtained. The
analysis of the transgenic silkworms into
which was  inserted the wild type kynuenine
gene showed that the ocelli of embryos and
larvae, skin of young larvae, and compound
eyes of late pupa and adults were turned to

New marker gene for the detection of 
transgenic silkworms using white egg 1
mutant and kynurenine oxygenase gene

Isao Kobayashi, Guoxing Quan,
Katsura Kojima, Toshio Kanda,
Toshiki Tamura
Insect Biotechnology and Sericology Department

Fig. 1 Physical map of vector plasmid.
KMO, wild type kynureine oxigenase gene;A3p, actin promoter; R and L arms, right and left inverted terminal repeat
sequences of transposon piggyBac.
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brown. (Fig 2). The strength of the brown
color directly related to the expression level
of the inserted kynurenine gene. The result
indicates that the kynurenine oxygenase
gene can be used as a marker gene for the
transgnesis in the silkworm when the white
egg 1 mutant is used as a host strain.

The marker gene obtained in the
experiment can be used without a patent
regulation and applied to obtain an
independent patent as a new marker gene for
the transgenesis in the silkworm. Using the
marker gene, it becomes possible to screen
the transgenic silkworms without using
fluorescent binoculars.

Fig. 2
Eyes and eggs in the transgenic silkworms 
w-1, white egg 1 mutant used as a host strain. 50, 66 and
129, transgenic strains.
Eye, eye color of newly immerged moth; egg, eggs 3 days
after oviposition.

The method for making a transgenic
silkworm have been developed and many
silkworms with various foreign genes have
been constructed. However, the expression of
introduced gene was unstable. It was difficult
to control the expression level in desired
tissues and stages. Therefore, a new method
that gives more stable and controlled
expression of introduced genes was desired.
In this study, we applied a binary expression
system of yeast GAL4/UAS for the transgenic
silkworms and confirmed that the system is
useful for the control of the expression of
introduced genes.

We first constructed a vector with

UASGFP gene, GFP gene, under the control
of the target sequence (UAS) of transcriptional
regulation factor GAL4 (Fig.1). Then, two
vector plasmids that possessed GAL4 genes
under the control of the promoters of A3
(with the activity to express the gene in
whole tissues) and 3XP3 (with the character
of eye specific expression) were constructed.
Using the two vectors, the silkworms with
the two genes, UASGFP and GAL4, were
created. The silkworms with the two genes,
GAL4 and UASGFP , showed the tissue
specificity of their promoters, A3 or 3XP3, in
the expression of GFP, suggesting that the
GAL4/UAS system works in the transgenic

Efficient foreign gene expression method
using GAL4/UAS system
in transgenic silkworms

Morikazu Imamura, Junichi Nakai,
Satoshi Inoue, Guoxing Quan,
Toshio Kanda and Toshiki Tamura
Insect Biotechnology and Sericology Department
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silkworm.
Then, the new GAL4 vector plasmid,

pBacLchain (FibL)GAL4/3XP3CFP, was
constructed. The vector possessed GAL4 gene
under the control of fibroin L chain gene
promoter. The transgenic silkworm to which
the GAL4 was introduced was mated with
UASGFP strain and an expression of GFP
was investigated. The silkworm with the
GAL4 gene was identified by 3XP3CFP
marker gene (Fig. 2 A and B). The young

larva with the two genes had a silk gland
expressing GFP and it can be detected
without dissecting the larva (Fig. 2 C and E).
The expression of GFP was much stronger in
the last instar larvae (Fig. 2 E) and was
identified under visible light (Fig.2 F)

The result indicates that the GAL4/UAS
system from the yeast works well in the
transgenic silkworms and is useful for
developing the production system of the
recombinant proteins in the silk gland.

Fig. 1
Structure of vector plasmids for the expression of GFP in the posterior division of the silk gland.
pBacUAS-GFP, physical map of vector plasmid possessed GFP gene under the control of target sequence (UAS) of
GAL4; IVR, inverted terminal repeat sequence of a transposon piggyBac; pBacLchain(FibL)GAL4/3XP3CFP, physical
map of vector plasmid possessed GAL4 gene under the control of fibroin L chain promoter; 3XP3CFP, marker gene that
expresses CFP in ocellus and compound eye.

Fig. 2
Expression of GFP in the transgenic silkworm possessed GAL4 and UASGFP genes.
A, embryo inserted 3XP3CFP gene, showing the ocelli with the expression of CFP gene; B, embryo of non-transgenic
silkworm as a control, showing no fluorescence; C, expression of GFP in young larva of the transgenic silkworm (top,
silkworm that possessed GAL4 and UASGFP genes ; middle, larvae that possessed only GAL4 gene; bottom, non-
transgenic silkworm as a control); D, the same larva of C under visible light; E, fluorescence of the silk gland of the
transgenic silkworm that possessed LchainGAL4 and UASGFP genes; F, the same silk gland under visible light; G,
fluorescence of the silk gland of non-transgenic silkworm; H, The same silk gland of G under visible light.
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We have used silk for casual clothing
(especially ‘jeans’), for which silk has hardly
been used, to make use of indigenous and
high-quality Japanese materials. We used
silk from various silkworm species in Japan.

We produced silk denim using ‘Net raw
silk’, a bulky silk yarn, as weft and twill
weaving (Fig. 1). Consequently, silk was
expressed in the reverse (the side contacting
skin) of the denim. We found that silk retains
body heat well.

When we reeled ‘Net raw silk’, the nap
was restrained by covering the raw silk to
create ‘Net raw silk’. Its tenacity, elongation
and Young’s modulus showed high values
when compared with physical properties of
cotton yarn that is typically used for denim.

Comparison of fabric performance of the
silk denim regarding strength in the weft
direction of the silk denim showed that it was
1.5 times stronger than cotton denim and its
elongation was three times greater.
Moreover, bending resistance showed that
the silk denim was soft in comparison with
cotton denim (Fig. 2). Jeans were produced
using denim woven by this method and a
fitting examination was done. The jeans were
light in comparison with the cotton jeans.
They felt smooth and were evaluated as
warm.

Denim fabric using ‘Net raw silk’

Kenichi Nakajima, Chiyuki Takabayashi,
Hidetoshi Teramoto
Insect Biomaterial and Technology Department

Fig. 1
Silk denim jeans. A: reverse, B: obverse.

Fig. 2
Performance comparison of silk and cotton denims
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The depletion of the stratospheric ozone
layer by chlorofluoromethanes and other
gasses has resulted in increases in solar
ultraviolet-B (UVB) radiation. Future, the
increases of harmful UVB radiation might
affect the growth and yield of crops in the
field. Wide variation in UVB resistance is
observed among rice varieties. Three
quantitative trait loci (QTLs) controlling
UVB resistance were detected by QTL
analysis using backcross inbred lines (BILs)
derived from a cross between an japonica
variety, Nipponbare (UVB-resistant), and an
indica variety, Kasalath (UVB-sensitive)
(Fig. 1A). Among them, qUVR-10, a QTL for
UVB resistance on chromosome 10 showed
the largest effect.

To verify the genetic effect of the Kasalath
allele of qUVR-10, we produced a nearly
isogenic line [NIL(qUVR-10)] in which a
chromosomal segment including Kasalath
allele at the qUVR-10 was substituted into
the Nipponbare genetic background (Fig. 1A).
Kasalath and NIL(qUVR-10) showed a large
number of necrotic lesions on the leaves after
three weeks of 1.0 Wm-2 UVB radiation. In
contrast, Nipponnbare showed no or a small
number of necrotic lesions (Fig. 1B).

In order to understand the molecular
mechanism of the UVB-resistance, In this
study, we performed a map-based cloning of
qUVR-10. High-resolution mapping using
1,850 segregants enabled us to delimit a
candidate genomic region of qUVR-10 to less
than <27-kb genomic region. Based on the
gene annotation of the region, we identified a

candidate gene encoding cyclobutyl
pyrimidine dimer (CPD) specific photolyase,
which is an enzyme that efficiently removes
UV-induced CPDs from DNA in a light-
dependent manner. Analysis of the CPDs
photorepair activity in Nipponbare and
NIL(qUVR-10) showed that NIL(qUVR-10)
contained defective photolyase. For genetic
complementation, we transformed introduced
Nipponbare genomic fragment containing
CPD photolyase gene into NIL(qUVR-10) and
selected the plants, which carried
homozygous of one copy transgene from T2

populations. UV-resistance of these T2 plants
homozygous of the transgene exhibited a
high-level of UVB-resistance as same as that
of Nipponbare (Fig. 1B). Thus we concluded
that qUVR-10 encodes CPD photolyase.

A sequence comparison between Nipponbare
and Kasalath allele revealed many sequence
variations in the no non-coding region and a
single-base substitution caused an amino
acid change in exon 4: 296th glutamine (CAG)
in Nipponbare and 296th histidine (CAC) in
Kasalath (Fig. 2A). In the process of
delimitation of the qUVR-10 locus, we found
an informative plant with a recombination
breakpoint in CPD photolyase gene itself
(line RS24-23). The region covering promoter
and exon 1 was homozygous for Kasalath
allele and the downstream region was
homozygous for the Nipponbare allele in line
RS24-23 and it showed the same phenotype
as Nipponbare in the degree of necrotic lesion
(Fig 2B) and the capacity of CPDs
photorepair. These results suggested that the

Molecular cloning of the quantitative trait locus, 
qUVR-10, conferring resistance to 
ultraviolet-B radiation in rice

Tadamasa Ueda, Takeshi Izawa,
Shin’ichi Yamamoto, Masahiro Yano
Molecular Genetics Department
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allelic difference of qUVR-10 between
Nipponbare and Kasalath is caused by a

single-base substitution occurred in exon 4.
Interestingly, one transgenic plants (T2-

22-9) carrying multi-copy of Nipponbare CPD
photolyase gene in the NIL(qUVR-10) genetic
background, showed a higher level of UVB-
resistance compared with not only that of
NIL(qUVR-10) with empty vector, but also
that of Nipponbare. In this plant, a higher
level of CPD photolyase transcripts was also
observed. These results clearly demonstrate
that a higher-level of UVB-resistance can be
achieved by increasing the expression level of
CPD photolyase. We could produce UV-
hyperresistance by enhancement of CPD
photolyase expression.

Fig. 1
A. Chromosomal location of QTLs for UVB-resistance
and graphical genotype of NIL(qUVR-10) 
Black and white regions represent the segment of
thechromosome derived from Kasalath and Nipponbare
respectively. TheCircles indicate QTLs detected using
BILs.
B. Necrotic lesion on leaf after 3 weeks 1W/m2 UVB
radiation. 
Non transgenic control: (A)Nipponbare, (B)Kasalath
and(C) NIL(qUVR-10). Transgenic plant: (D)NIL(qUVR-
10) with single copy of Nipponbaregenomic fragment of
CPD photolyase and(E) NIL(qUVR-10) with the empty
vector

Nipponbare
CAG (Gln)

RS24-23

number of
necrotic
legion

Nipponbare

NIL(qUVR-10)
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CAC (His)

S

S
L
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Fig. 2
A. Comparison of genomic sequence of Nipponbare
and Kasalath CPD photolyase gene
Boxes indicate the ORF region. Vertical lines represent
single-base substitutions between Nipponbare and
Kasalath. Arrowheads indicate the insertions. 
B. Graphical genotype of CPD photolyase region in
each line. 
Black and white regions represent the segment of the
chromosome derived from Kasalath and Nipponbare,
respectively. Number of necrotic legion is indicated by S
(small number) and L (large number).
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Three Japanese institutes, the National
Institute of Agrobiological Sciences (NIAS),
the Foundation for the Advancement of
International Science (FAIS), and the
Institute of Physical and Chemical Research
(RIKEN) collaborated with the Bio-oriented
Technology Research Advancement Institute
(BRAIN) to compile a complete set of full-
length cDNAs from japonica rice. In the first
phase of collection, 32,127 clones were
completely sequenced and they corresponded
to about 20.6K Transcription Units (TU) on
the rice genome (Ref. 1, Fig. 1 and KOME
WEB site Fig. 2 http://cdna01/dna.affrc.go.jp/
cDNA/). In the second phase of collection,
180K clones were picked up from the new
cDNA libraries and sequenced from both
ends. Alignment analyses of the full-length
cDNA clones to the rice genome sequence
revealed the following interesting transcript
structures. Of around 700 pairs of sense-
antisense transcript pairs (Ref. 2), more than
1500TUs have the alternatively spliced
transcripts and some trans-splicing clones.

Using the sequence information of phase I
clones, the 22K rice oligo microarray system
has been commercialized since November
2003.

References
1. Collection, Mapping, and Annotation of
Over 28,000 cDNA Clones from japonica Rice
Science (2003) 301, 376-379 Kikuchi et al. 2.
KOME: Knowledge-based Oryza Molecular
biological Encyclopedia http://cdna01.dna.
affrc.go.jp/cDNA/
2. Antisense transcripts with rice full-length

cDNAs Genome Biology 5:R5 (2003) N Osato,
H Yamada, K Satoh, H Ooka, M Yamamoto,
K Suzuki, J Kawai, P Carninci, Y Ohtomo, K
Murakami, K Matsubara, S Kikuchi, Y
Hayashizaki

Collection, mapping and functional annotation
of over 32,000 full-length cDNA clones
from japonica rice

Shoshi Kikuchi
Molecular Genetics Department

Fig. 1
Mapping results of 32,127 full-length cDNA clones to japonica rice genome
sequence

Fig. 2
The front page of the KOME site
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The technique of proteome analysis using
two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE) has the power to
monitor global changes that occur in the
protein complement of tissues and subcellular
compartments.  In this study, a Rice
Proteome Database was constructed, proteins
of rice were catalogued and a functional
characterization of some of the identified
proteins was undertaken.  Proteins extracted

from tissues and subcellular compartments
in rice were separated by 2D-PAGE and an
image analyzer was used to construct a
display of the proteins.  The Rice Proteome
Database contains 23 reference maps based
on 2D-PAGE of proteins from rice tissues and
subcellular compartments.  These reference
maps comprise 13,129 identified proteins
from various tissue and subcellular locations,
and the amino acid sequences of 5,676

Rice Proteome Database: A step toward
functional analysis of the rice genome

Setsuko Komatsu, Keiichi Kojima,
Koji Suzuki, Kenichi Higo
Molecular Genetics Department

Fig. 1
Example of the Rice Proteome Database compartment browser.
A)  Example of a 2D-PAGE reference map on the Rice Proteome Database.  This figure shows the 2D-PAGE reference
map of cultured suspension cells.  B)  Example of a protein entry from the Rice Proteome Database.  This figure shows
the spot information for PMT00132, which is spot number 132 for mitochondria in rice.  C)  Example of a result from
mass spectrometry on the Rice Proteome Database.  This figure shows the Mascot Search Results for PVM00012.
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proteins are entered in the database.
The Rice Proteome Database contains the

calculated properties of each protein such as
molecular weight, isoelectric point, and
expression, experimentally determined
properties such as amino acid sequences
obtained using protein sequencers and mass
spectrometry, and the results of database
searches such as sequence homologies.  The
database is searchable by keyword, accession
number, protein name, isoelectric point and
molecular weight, amino acid sequence, or by
selection of a spot on one of the 2D-PAGE
reference maps (Fig. 1).  Cross-references are
provided to tools for proteomics and to other
2D-PAGE databases, which in turn provide
many links to other molecular databases
(Fig. 2).  The information on the Rice
Proteome Database is updated frequently,
and is available on the World Wide Web at
http://gene64.dna.affrc.go.jp/RPD/.

One major advantage of the Rice

Proteome Database, in which known proteins
are recorded along with where and when
they are expressed, is the wealth of newly
identified proteins on which further
experiments can be conducted at the
biochemical and molecular levels.  Major
proteins involved in growth or stress
responses were identified using the proteome
approach and some of these proteins have
unique functions.  In addition to facilitating
the identification of known proteins,
sequences in the database can be used to
prepare oligodeoxyribonucleotides, which are
essential for cloning the corresponding
cDNAs.  Finally, an attempt is also made to
study the physiological significance of some
proteins thus identified from rice.   The
information obtained from the Rice Proteome
Database will aid in their molecular cloning
and will be helpful in predicting the function
of unknown proteins.

Fig. 2
Overview of the Rice Proteome Database
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Hydrogen contains half of the atoms in a
protein molecule and is of great importance
structurally and functionally. Neutron
crystallography is capable of directly
revealing the positions of hydrogen atoms.
However, this method requires very large
size of protein crystals, and it is generally
difficult to prepare such crystals. On the
other hand, X-ray crystallography allows us
to detect a part of hydrogen atom positions, if

the protein structure is solved at atomic
resolution. We have determined the crystal
structure of BGTI at 0.93 Å resolution, and
found some hydrogen atom positions
particularly attached to Cα atoms and in the
place involving hydrogen bonds. Information
about  accurate hydrogen atom positions
becomes more important for understanding
biological function and three-dimensional
architecture of protein molecules.

On the other hand, recent studies showed
that hydration in protein contributes not only
to protein stabilization but also to biological
function. We found that water molecules
lying in the protein-protein interface play an
important role in stabilization and molecular
recognition. A total of 181 water molecules
were observed in an asymmetric unit of the
crystal structure of the complex between
anticoagulant protein (hetero dimmer of
subunits A and B) and Gla domain of factor
X. Fig. shows the hydrated structure.
Twenty-two water molecules were located in
the interface between two protein molecules.
These water molecules form a hydrogen
bonding network involving water-mediated
interaction between proteins, contributing to
stabilization of the complex structure and
water-mediated molecular recognition.

Hydrogen and hydration structures
in protein

Hiroshi Mizuno
Biochemistry Department

Fig.
Stereo view of ribbon model of the complex between anticoagulant protein
(subunit A, pink, and subunit B, green) and the Gla domain of factor X
(yellow). Water molecules and Ca2+ ions are shown in blue spheres and
orange spheres. 
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Rice dwarf virus (RDV), the causal agent
of rice dwarf disease, is a member of the
genus Phytoreovirus in the family
Reoviridae. RDV is an icosahedral double-
shelled particle with a total molecular mass
of approximately 70 million Dalton, and
contains 12 segments of double-stranded
RNA as the genome.

Recently we succeeded in the crystal
structure analysis of RDV at 3.5 Å resolution.
The double-shelled structure consists of two
different proteins, the core protein P3 (114
kDa) and the outer shell protein P8 (46kDa).
The outer shell of RDV has a T=13 symmetry
formed by 780 copies of P8. P8 protein forms

a trimer structure, so that the outer shell is
filled by 260 trimers of P8 as shown in Fig. 1.
The core protein forms a dimer structure,
having a T=1 symmetry formed by 120 copies
of P3 (or 60 copies of P3 dimer, see Fig. 2). P8
has positively charged patches on the inner
surface that contact the concentration of
negative charge on the outer shell of P3,
located at the icosahedral threefold axes of
the core particles. Such configurations of the
heterologous core P3 and outer P8 proteins
are considered to guide the assembly of the
outer shell, be aided by lateral interactions
by the P8 trimer, and finally to complete the
particle construction.

Crystal structure of rice dwarf virus

Hiroshi Mizuno
Biochemistry Department

Fig. 1.
Cα trace of the outer shell protein P8 of RDV. Triangular
shapes drawn in different colors are P8 trimer, so that the
outer shell is formed by 260 copies of the P8 trimer.

Fig. 2
Cα trace of the core P3 of RDV. The core shell is filled up
by 60 copies of dimer unit (red and green).
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Environmental stresses can cause
profound damage to the growth and
development of plants. Recent studies have
shown that transcription factors play
important roles in stress responses. ZPT2-3
is a Cys2/His2-type zinc finger protein of
petunia (renamed from EPF2-7) that is
specifically expressed in petals and sepals
under unstressed conditions1). Here we show
some evidences indicating that ZPT2-3 is
responsive to various stresses and plays a
role in plant tolerance to dehydration2).

Drought treatment induced the
accumulation of ZPT2-3 transcripts in

petunia (Fig. A). Real-time monitoring of
ZPT2-3::luciferase activity in transgenic
petunia seedlings with a 2D luminometer
showed that the upregulation was conferred
by the 1,668-bp ZPT2-3 upstream sequence
(Fig. B). ZPT2-3 expression was also induced
by wounding, cold, and heavy metal
treatments, demonstrating responsiveness of
this gene to multiple stresses. The same
ZPT2-3 promoter sequence showed a similar
responsiveness to wounding, cold, drought
treatments in Arabidopsis when investigated
using a β-glucuronidase reporter gene,
indicating conservation of similar signaling
pathways between the two plant species.
ZPT2-3 was constitutively overexpressed in
transgenic petunia plants under the control
of the CaMV 35S promoter and the plants
were tested for stress tolerance. As shown in
Table, the tolerance of the plants to dehydration
was dramatically increased. In our hands,
however, no difference was found in the
tolerance to other stresses. In a transient
assay using Arabidopsis leaves, ZPT2-3
functioned as an active repressor and a
transcriptional repression domain was
located near the C-terminus of the protein.
These results demonstrate the involvement
of ZPT2-3 in plant response to various
stresses, and suggest its potential utility to
improve drought tolerance.
1) Takatsuji, H. et al. (1994) Plant Cell, 6:

947-958.
2) Sugano, S. et al. (2003) Plant J., 36: 830-

841.

Overexpression of ZPT2-3, a zinc-finger
transcription factor of petunia, enhances
drought tolerance in transgenic petunia

Shoji Sugano and Hiroshi Takatsuji
Plant Physiology Department

Line Survived Total %

Experiment 1 Control 5 20 25.0
#34 19 20 95.0
#35 17 20 85.0

Experiment 2 Control 0 18 0
#34 17 18 94.4
#35 18 18 100

Table Drought tolerance of wild-type and 35S::ZPT2-3 plants

Fig.
Drought response of ZPT2-3.
A. Northern blot analysis. B. ZPT2-3::luciferase (LUC) activity in transgenic
petunia seedlings. Two-week-old petunia seedlings transformed with ZPT2-
3::LUC were subjected to drought treatment for the indicated periods.

Four-week-old soil-grown plants were not watered for 30 days, watered
again for a week, and scored for survival. Results of two independent
experiments are shown.
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Mitogen-activated protein kinases
(MAPKs) are Ser/Thr protein kinases that
have been conserved evolutionarily in
eukaryotes. They are activated by diverse
extracellular stimuli, thereby regulating
multiple intracellular responses. In tobacco,
activation of a wound-induced protein kinase
(WIPK), a MAPK, has been implicated in the
defense response to pathogen infection.
Despite the important role of WIPK in the
pathogen signal transduction pathway, no
endogenous signal responsible for its
activation has been identified. To identify the
endogenous signal(s) responsible for
activating WIPK and understand the
molecular mechanism of the WIPK-mediated
signal transduction, we isolated a WIPK-
activating substance from TMV-infected
tobacco leaves and identified it as (11E,13E)-
labda-11,13-diene-8a,15-diol, designated
WAF-1 (WIPK-activating factor1) (Fig. 1). At
nanomolar levels, either natural WAF-1 or
chemically synthesized WAF-1 activated
WIPK as well as SIPK, a defense-related
tobacco MAPK (Fig. 2), and enhanced the
accumulation of transcripts of defense-
related genes (Fig. 3). Quantitative analysis
of endogenous WAF-1 revealed that levels
increased rapidly in leaves during a
hypersensitive response to TMV. Furthermore,
treatment of leaves with WAF-1 resulted in
enhanced resistance to TMV infection (Fig.
4). These results suggest that WAF-1, a novel
diterpene, functions as an endogenous signal
mediating the defense response of tobacco
plants to TMV infection.

Isolation and identification of a natural substance
that induces resistance to
tobacco mosaic virus infection

Shigemi Seo
Plant Physiology Department

Fig.1
Chemical structure of WAF-1.

Fig. 2
Activation of MAPKs by exogenous WAF-1.
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Rice, one of the most important crops in
the world, has low salt tolerance, and its
production and planting area are greatly
affected by soil salinity. Therefore, it is of
agricultural importance to analyze and
improve the salt tolerance of rice.

Na+/H+ antiporters, which catalyze the
exchange of Na+ for H+ across membranes,
contribute to the regulation of internal pH,
cell volume, and the sodium level in the
cytoplasm. The antiporters are wide-spread
membrane proteins found in animals, yeasts,
bacteria, and plants. In particular, vacuolar
Na+/H+ antiporters, which compartmentalize
Na+ into the vacuoles for detoxification, have
been investigated as the key to salt tolerance

Overexpression of a rice vacuolar Na+/H+

antiporter confers
salt tolerance to rice

Atsunori Fukuda and Yoshiyuki Tanaka
Plant Physiology Department

Fig. 1
Localization of OsNHX1-sGFP fusion protein expressed in
rice cells. Green fluorescence of sGFP in the cells was
imaged under a laser-scanning confocal microscope (a).
Tonoplasts are stained red with FM4-64 (b). The two
images of a and b are overlaid in c. Differential
interference images of the cells are shown in d.

Fig. 4
Effect of exogenous WAF-1 on necrotic lesion development.

Fig. 3
Effect of exogenous WAF-1 on the expression of defense-
related genes.
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in plants.
We have cloned a vacuolar Na+/H+

antiporter gene (OsNHX1) from rice (Oryza
sativa). We examined the function and
intracellular localization of the product of
OsNHX1 gene. OsNHX1 has the ability to
suppress Na+, Li+, K+, and hygromycin
sensitivity of yeast scnhx1 mutants. Analysis
using rice cells expressing a fusion protein of
OsNHX1 and green fluorescent protein (Fig.
1) and western blot analysis using antibodies
specific for OsNHX1 confirmed the
localization of OsNHX1 on the tonoplasts.
These results indicate that the OsNHX1 gene
encodes a vacuolar (Na+, K+)/H+ antiporter. In
addition, treatment with high concentrations
of NaCl and KCl increased the transcript
levels of OsNHX1 in rice roots and shoots.

We assessed whether the overexpression
of OsNHX1 allowed rice cells and plants to
grow in the presence of high NaCl. The
growth of the transgenic rice cells

overexpressing OsNHX1 in the presence of
0.1 and 0.2 M NaCl was improved relative to
that of the control cells (vector control) in
correlation with the increase in the level of
OsNHX1. In addition, the Na+ content of the
transgenic cells grown in the presence of a
high NaCl concentration was higher than
that of the control cells, and correlated with
the increase in the level of OsNHX1. The
growth of the control rice plants was severely
inhibited in the presence of high NaCl
concentrations, whereas that of the
transgenic plants overexpressing OsNHX1
was improved relative to that of the control
plants (Fig. 2). These results suggest that
OsNHX1 on the tonoplasts plays important
roles in the compartmentation of Na+ highly
accumulated in the cytoplasm into the
vacuoles, and the amount of the antiporter is
one of the most important factors
determining salt tolerance in rice.

Fig. 2
Salt tolerance of transgenic rice plants grown at various salt concentrations. Control plants transformed with empty vector
and transgenic plants overexpressing OsNHX1 were grown under normal conditions for 18 days, and then treated with 0
(a), 0.05 (b), or 0.1 (c) M NaCl for 7 weeks.
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The sizes of mitochondrial genomes vary
widely even among higher plants. With 208
kb, Brassica hirta has the smallest
mitochondrial genome in higher plants, while
the muskmelon mitochondrial genome is
estimated to be over 2,400 kb. This size
variation can occur relatively rapidly in
evolution, and also the plant mitochondrial
genome organization is known to be very
dynamic. It is of great interest to understand
such rapid evolutionary changes in size and
structure, and their consequences with
respect to gene content. To date, the complete
mitochondrial genome sequences in higher
plants have been determined in three
species, Arabidopsis thaliana, sugar beet and
rice. Although significant structural
differences are observed among these plants,
most of the genes are conserved aside from
the occasional transfer of a mitochondrial
gene to the nuclear genome in one
angiosperm clade or the other. However,
these plants are only distantly related to
each other, and are not suitable for
investigating rapid evolutionary changes
over the entire mitochondrial genome.

In this study, rapeseed was chosen for the
analysis of the tempo and mode of
evolutionary changes for several reasons.
First, rapeseed belongs to Cruciferae, the
same family as Arabidopsis. It occupies a
good phylogenetic position for making
comparisons with the already sequenced
Arabidopsis mitochondrial genome. Second,
physical mapping revealed that the rapeseed
mitochondrial genome is about 220 kb in size,

which is only two-thirds of that in
Arabidopsis (367 kb). This implies that these
two plants can be used to study the evolution
of genome size. Third, it is well known that
Brassica species, including rapeseed, have
the smallest mitochondrial genomes among
higher plants. Investigation of the rapeseed
mitochondrial genome can thus reveal the
minimum sequence requirement for the
higher plant mitochondrial genome.

The entire mitochondrial genome of
rapeseed was sequenced and compared with
that of Arabidopsis. The 221,853-bp genome
contains 34 protein-coding genes, 3 rRNA
genes, and 17 tRNA genes (Fig.). This gene
content is almost identical to that of
Arabidopsis . RNA editing events were
systematically investigated on the basis of
the sequence of the rapeseed mitochondrial
genome. A total of 427 C to U conversions
were identified in ORFs, which is nearly
identical to the number in Arabidopsis (441
sites). The gene sequences and intron
structures are mostly conserved (more than
99% similarity for protein-coding regions);
however, only 358 editing sites (83% of total)
are shared by rapeseed and Arabidopsis.
Non-coding regions are mostly divergent
between the two plants. One-third (about
78.7 kb) and two-thirds (about 223.8 kb) of
the rapeseed and Arabidopsis mitochondrial
genomes, respectively, cannot be aligned
with each other, and most of these regions do
not show any homology to sequences in
public DNA databases. The results of the
comparative analysis between the rapeseed

The complete nucleotide sequence of the mitochondrial
genome of rapeseed (Brassica napus L.) 
and comparative analysis of the
mitochondrial genomes of rapeseed
and Arabidopsis thaliana
Hirokazu Handa
Plant Biotechnology Department
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and Arabidopsis mitochondrial genomes
suggest that higher plant mitochondria are
extremely conservative with respect to coding
sequences, but that non-coding parts of plant

mitochondrial DNA are extraordinarily
dynamic with respect to structural changes,
sequence acquisition and/or sequence loss.

Fig.
Gene organization of the rapeseed mitochondrial genome. Genes homologous to known protein-coding genes are
indicated by red boxes. The blue boxes represent rRNA genes. Pink boxes represent unidentified ORFs longer than 150
amino acids. tRNA genes are represented by yellow boxes. Pseudo genes including plastid gene segments are shown in
pale green. orf222, a cms-related gene, is shown by a green box. Arrowheads indicate the direction of reading frames.
Dark green boxes located inside the circle represent 2 kb repeat regions.
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Throughout the world, the rose (Roseaceae
ssp.) is one of the most popular flowers
produced by the floral industry and the
production of fresh cut stem roses is a
profitable economic industry throughout
Japan. Typically, during the summer
months, high temperatures result in a
reduction of stem length. A reduction in the
stem length of cut roses is reflected by a
lower quality and grade of the final product.
However, the cultivar “Samantha” does not
exhibit this tendency and long stem roses can
be produced throughout the growing season.

In collaboration with the Okinawa
Prefectural Agricultural Experiment Station
(OAES), the Institute of Radiation Breeding
(IRB) has induced mutations in the cultivar
Samantha via chronic irradiation to generate
new varieties possessing various color and
flower shapes.

Vegetatively propagated small plants of
“Samantha” were planted in a gamma field

in IRB at a position where the irradiation
dose rate ranged 0.25 ~ 1.5 Gy/day in terms
of 20 hours per day, that is, these plants
were irradiated at a total exposure of 98.4 ~
590.6 Gy for 16 months. During chronic
irradiation, shoots were cut back repeatedly
to enlarge the potential mutant sectors and
evaluate the color of the flower petals. In this
manner, mutants in flower color were
isolated. Those were propogated by cuttings
and the mature plants were checked for
chimera.  Individuals exhibiting non-
chimeral mutations were retained.  Following
the evaluation of these characteristics in the
nursery at OAES, five mutant lines were
selected and were applied for registration as
new varieties. The characteristics of each
variety differ from the original in the
following points:
IRB90-1:  Strong red flower color and lower
tree height than the original variety. Useful
as a garden rose.

Five mutant varieties induced by chronic γ-ray
irradiation in rose

Hiroyasu Yamaguchi, Shigeki Nagatomi,
Masao Kawakatsu, Konosuke Degi
Institute of Radiation Breeding

IRB90–7 IRB90–8 IRB90–9

IRB90–1 IRB90–4LSamantha

Fig.
Five mutant varieties induced from rose variety “Samantha” by chronic gamma ray irradiation
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IRB90-4L:  Bright purplish red flower color
and unique flower shape due to double or
triple whirls of flower center. Useful for cut
flower production and as a garden rose.
IRB90-7:  Bright purplish red flower color.
Useful for cut flower production and as a

garden rose.
IRB90-8:  Strong pink flower color. Useful for
cut flower production and a garden rose.
IRB90-9:  Strong red flower color, round
petal and folding flower type. Useful for cut
flower production and a garden rose.

Variety Dose Rate Stem Length Flower Type Flower Color Petal Type
(Gy/day) (cm)

IRB90-1 1.50 50 - 60 High- centered Strong red Slightly tipped
IRB90-4L 1.25 70 - 80 High- centered Bright purplish red Slightly tipped
IRB90-7 1.00 70 - 80 High- centered Bright purplish red Slightly tipped
IRB90-8 1.00 70 - 80 High- centered Strong red Slightly tipped
IRB90-9 0.75 70 - 80 Folding Strong red Round
Samantha 70 - 80 High- centered Deep red Slightly tipped

Table Characteristics of five mutant varieties induced from the rose variety “Samantha” by chronic γ-ray
irradiation

A pineapple wild species, “Ananas
ananasoides” has a small fruit on a slender
peduncle, and has been cultivated as an
ornamental plant such as a cut flower.
Mutation breeding on pineapple had been
carried out to improve the admiration value
of “Ananas ananasoides” in the Institute of
Radiation Breeding (IRB) and the Nago
Branch, the Okinawa Prefectural Agri-
cultural Experiment Station (OPAES). A
mutant variety “Pineapple Okinawa No. 16”
has been raised and characterized as tri-color
variegation on the whole leaves and a
smaller fruit than the original plant.

In the gamma greenhouse at IRB, the
potted plants of “A. ananasoides” were
irradiated at dose rate 0.75Gy/day, total

exposure 169 Gy in 225 days. The stems of
irradiated plants were vertically divided into
6 to 8 portions so that  axillary buds arose.
Some of the plants grown from the axillary
buds, showing chimerical variegated color
leaves, were selected in OPAES. From them,
the plant with tri-color variegation on the
leaf was isolated, and a new variety,
“Pineapple Okinawa No.16” was raised.

The new variety  has variegation of the
vertical stripe with yellow on green leaf.
When the anthocyan is produced on surface
of leaves of whole-plant,  the crowns and
slips turn to beautiful vertical stripes with
yellow, pink and green in color. Though the
color of the pericarp is a vivid pink when
flowering, it changes with the growth of the

A mutant variety, “Pineapple Okinawa No. 16” induced
by chronic γ-ray irradiation
in the gamma greenhouse

Konosuke Degi, Shigeki Nagatomi,
Moriyuki Shoda, Hidekazu Ikemiya
Institute of Radiation Breeding
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fruit, and becomes yellow white in
maturation. And, the variety produces a lot
of  fruits on slender peduncles from the one
plant as well as the original variety through
out the several years after planting.  The
variety keeps good quality for a long time
after the flowering therefore it can be
recommended as a cut flower, potted plant or
interior plant.

Since a fruit of the new variety is smaller
in size and low in sugar content, it is not
suitable to eat .  It is adaptable to acidic soil
in subtropical zones, and it may be produced
for cut flowers and potted plant, etc., at any
time by the flower induction treatment.  It is
necessary that the plant are kept in warm
condition for maintaining leaf color.

Plate 1
The variegated crown and slips attached on the fruit of
Pineapple Okinawa No.16.

Plate 2
The Pineapple Okinawa No.16
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The National Institute of Agrobiological
Sciences (NIAS) is composed of three
divisions: (1) the Genome and Biodiversity
Research Division, (2) the Insect and Animal
Sciences Division, and (3) the Plant Science
Division. The research field of the Genome
and Biodiversity Division networks with the
Insect and Animal Science Division and
Plant Science Division. Therefore, research
data is shared to maximize research
efficiency. 

In the Genome and Biodiversity Division,
there are 3 departments: (1) the Genome
Research Department, (2) the Genetic
Diversity Department and (3) the Genebank.
The overall research output of these three
departments is transmitted to the basic and
applied scientific community. As a result, the
Genome and Biodiversity Research Division
contributes to science, agriculture and social
life by distributing useful bio-resources and
scientific results internationally. 

In the Genome Research Department,
genome analyses of rice, pig and silkworm is
ongoing. Our institute played a leading role
in the International Rice Genome Sequencing
Project (IRGSP) to attain the complete rice
genome sequence and also published the
complete rice mitochondrial genome
sequence. Thus, all three genomes of rice, the
nuclear, chloroplast and mitochondrial
genomes, have been sequenced. These
research outputs are tightly linked to several
important projects on rice functional
genomics. In order to provide other
researchers with access to our useful
resources, NIAS established the Rice Genome
Resource Center (RGRC) in 2003. Detailed

information can be obtained via the web at
(http://rgp.dna.affrc.go.jp/ and http://rgrc.dna.
affrc.go.jp/).

Genetic erosion caused by various
environmental, socio-economical and
ecological changes necessitates research on
genetic resources to maintain the genetic
diversity of the biological world. In the
Genetic Diversity Department, basic
research on plant, microbe and animal
diversity is conducted. The results of the
research have contributed to rational and
efficient methods for the classification,
characterization, preservation and discovery
of new biological resources.

To accelerate research on genetic
resources, NIAS also is the center of the
MAFF Genebank system for agricultural
genetic resources in Japan. The genebank
has the responsibility of conserving and
utilizing plant, microorganism and animal
genetic resources and their DNA. The
Genebank system involved the close linkage
between NIAS and other sub-genebanks
across Japan. Distributed genetic resources
are used for research and breeding purposes
under the regulations of the Convention on
Biological Diversity and International
Treaty. Information related to genebank
materials can be found at (http://www.gene.
affrc.go.jp/ and http://www.dna.affrc.go.jp).

An international workshop on genetic
resources was held in Tsukuba in 2003. The
theme of this year’s workshop was “the genus
Oryza” or the genus of rice. Rice is the main
staple food for half the world’s population.
Due to population increases, environmental
degradation and stagnating yield levels in

Research Activities

Genome and Biodiversity Research Division



Introduction
Significant  progress in the analysis of the

genomes of three major agricultural
organisms, namely, rice, pig and silkworm,
which is the main thrust of the Genome
Research Department, has been made. The
Rice Genome Research Program (RGP) is
now at the final stage of sequencing and the
high-quality sequence of the entire genome is
expected to be completed by the end of 2004.
The Animal Genome Research Program
(AGP) has continued to develop various tools
for porcine genome analysis and a database
of porcine ESTs. The Silkworm Genome
Research Program (SGP) has released the
sequence of almost 80% of the silkworm
genome, which has been generated using the
whole genome shotgun (WGS) sequencing
strategy. The tasks ahead consist of
synthesizing as much biological information
from the sequence data as possible and
contributing to the development of agricultural
productivity. In an effort to provide access to
biological materials for functional genomics
research, the Rice Genome Resource Center
(RGRC) was established in April 2003 and
began the distribution of rice full-length
cDNA clones, Tos17 mutant lines and genetic
populations to researchers all over the world.
The following reports summarize the major
research topics and achievements of the six
laboratories of this department. 

The Finishing Phase of Rice
Genome Sequencing

The high-quality draft sequence of the rice
genome was completed in December 2002 by

the International Rice Genome Sequencing
Project (IRGSP). The Rice Genome Research
Program (RGP), a joint collaboration of NIAS
and STAFF Institute, is responsible for the
sequencing of chromosomes 1, 2, 6, 7, 8 and
9, which correspond to almost half of the
genome. To facilitate a more efficient and
comprehensive analysis of the genome, all
PAC/BAC sequence data were combined and
virtual sequences or pseudomolecules of the
12 rice chromosomes were constructed. These
sequences with a total length of about 400
Mb were analyzed by the IRGSP members
and other specialists in various areas of rice
research. A detailed structural and functional
characterization of the entire genome based
on the high-quality draft sequence will be
published soon. The sequencing effort has
then shifted to the “finishing” phase with the
aim of closing the remaining gaps and raising
the sequence quality to phase 3 finished-
quality level. The IRGSP has set the
completion of sequencing at the end of year
2004. We have already saturated the
physical map with PAC/BAC clones from the
IRGSP genomic libraries, BAC clones from
Monsanto, and sequences from the whole-
genome shotgun assembly of Syngenta. To
facilitate gap-filling, two additional libraries,
namely, a 10-kb plasmid library and a fosmid
library with 40-kb average insert constructed
by the Arizona Genomics Institute (AGI),
have been used for physical mapping. The
fosmid library has been found to be effective
in extending the PAC/BAC contigs in the gap
regions. Among 37 overgo probes designed
based on the unique sequences in contig
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rice new approaches and innovations to
sustain and increase rice production are
needed. The wider genepool of rice, the genus
Oryza, includes genetic resources that may
be useful in overcoming constraints to

increasing rice production.
The research activities of the Genome

Research Department, the Genetic Diversity
Department and Genebank are described
below.

G enome Research Department
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ends, 24 could screen positive fosmid clones
by colony hybridization. As a result, the most
recent physical map of the 6 chromosomes
assigned to RGP has about 95% genome
coverage (Fig.1). Sequencing of these positive
fosmid clones is currently underway. We
have also accelerated the completion of the
genome sequence by systematizing the whole
experimental step for sequence gap-filling,
sequence quality improvement by re-
sequencing, and the strategies for resolving
misassembled repeats. Our “finishing” rate is
about 80-90 clones per month, which is
almost the same as the speed of high-
throughput sequencing that led to the early
completion of the draft sequence. As of March
2004, we have completed the sequence of
1,567 PAC/BAC clones out of a total of 1,865
minimum tiling clones. This corresponds to
148.6 Mb sequence or 72.6% of the six
chromosomes (Table 1). At present, the entire
sequences of chromosomes 1, 7 and 8, more
than half of chromosomes 2 and 9, and a
significant portion of chromosome 6 have
been completed already. With the rest of the
6 rice chromosomes, it is expected that the

Chr 1 Chr 2 Chr 6 Chr 7 Chr 8 Chr 9

Fig. 1
Construction of PAC/BAC clone contigs in the 6 chromosomes assigned to RGP.
Overall sizes of these physical maps are estimated to be 194Mb, which corresponds to 95% of the total chromosomes.

For IRGSP

base pair chr.length(Mb) completeness(%)

For RGP

base pair

chr1
chr2
chr3
chr4
chr5
chr6
chr7
chr8
chr9
chr10
chr11
chr12
total

94.7
79.7
86.1
91.6
38.8
13.2
94.0
90.0
54.5
94.2
30.0
80.5
71.4

72.6

45.2
38.7
39.3
36.0
31.8
34.3
31.2
30.7
24.6
23.8
32.2
30.5

398.3

204.7

42824365
30832763
33832816
32985741
12350000
4538138

29319604
27642202
13400828
22430449
9673973

24546789
284377668

chr1
chr2
chr6
chr7
chr8
chr9
total

42824365
30832763
4538138

29319604
27642202
13400828

148557900

Table 1 Non-overlapping, completed nucleotide length of the rice
genome sequence(March, 2004)



whole genome will be completely sequenced
as scheduled. 

A New Database of Three
Dimensional Structures of Natural
Metabolites

It is well known that many proteins
function by interacting with small molecules
such as substrates or ligands. We have
utilized a method called docking simulation
to predict the mode of interaction based on
three dimensional protein structures. For the
last several years, this method has been
widely applied to design new medicine and
agro-chemicals with specific compounds
fitted to a pocket which appears in a
predicted or experimentally identified three
dimensional protein structure. Prediction of
the three dimensional structure of a protein
is also now possible using the homology
modelling method. These techniques have
been applied mainly in designing new drugs

but have not yet been tried in searching
ligands of completely new proteins. In order
to apply the docking simulation method to
the prediction of protein function, we
constructed a database of natural metabolites
with their three-dimensional structures. This
database not only collects the three-dimensional
structures of natural metabolites but also
calculates their molecular properties. At
present, the database has more than 5,000
entries with energy minimized 3D structures
stored as two kinds of formats of molecular
files. A total of 17 properties characterizing
the entries (entry code, name, formula,
volume, weight etc.) are incorporated to serve
as indeces of the ligand molecules in the
database. A searching system of appropriate
entries has been developed as well. The web
interface of this database is shown in Fig. 2.
Using this system, we can easily obtain a
dataset of 3D structures of metabolites for
particular requirements. 
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Fig. 2
The web interface of 3DMET provides a search function based on several properties of natural metabolites.
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The complete nucleotide sequence
of Numida meleagris (Helmeted
Guineafowl) mitochondrial genome
and its utilization in phylogenetic
analysis 

Guineafowl has been classified into the
order Galliformes. However, little genetic
information is available to establish the
phylogenetic position of the Guineafowl. In
the present study, we subjected the
mitochondrial DNA (mtDNA) of Numida
meleagris , a representative member of
Guineafowl, to complete sequencing. It was
revealed that the mtDNA is a circular DNA
of 16,726 bp with similar genomic structure
as the mtDNA of Gallus gallus var.
domesticus and Coturnix japonica mtDNAs,
although it is 62 bp smaller than G.g.
domesticus mtDNA and 29 bp larger than C.
japonica mtDNA. Similarities of the 13 genes
and two ribosomal RNAs except D-loop and
transfer RNAs between N. meleagris and G.g.
domesticus and between N. meleagris and C.
japonica ranged from 77.0% to 88.8% and
from 76.2% to 88.4%, respectively.  As the
sequences of NADH dehydrogenase subunit 2
and cytochrome b genes have been reported
for nine species (Bambusicola thoracis,
Coturnix chinensis, C .japonica, G.g. domesticus,
Gallus varius, Pavo cristatus, Perdix perdix,
Phasianus colchicus, Tympanchus phasianellus)
in the order Galliformes, the concatenated
nucleotide sequences and amino-acid
sequences of these two genes were subjected
to phylogenetic analysis of N. meleagris
against these nine species with Ayathya
americana (Anseriformes) as an outgroup
using a maximum likelihood (ML) method.
The ML analyses of the first/second bases of
codons, the third base of codons, and the
amino-acid sequence consistently demonstrated
that N. meleagris did not form clades with
other species in the order but stayed in a
remote position in the tree.

Construction of a database for ESTs
derived from porcine full-length
cDNA libraries

Expressed sequence tag (EST) analysis is

considered to be an effective method for
collecting expressed genes, which can be
useful for livestock breeding and studies on
regenerative medicine. However, expressed
mRNA sequences that encode full-length
coding sequences (CDS) can rarely be
obtained by usual cDNA synthesis methods
in ordinary EST analysis, and assembled
EST sequences have revealed relatively few
full-length protein sequences expressed in
pigs. In contrast, cDNA clones containing
full-length CDS are very beneficial for
analyses using protein products translated
from clones, such as the preparation of
antibodies against porcine antigens. To
catalogue the full-length mRNA sequences
expressed in pigs, full-length cDNA libraries
were constructed from various porcine
tissues such as thymus, spleen, ovary, liver,
peripheral blood mononuclear cells, uterus,
lung, mesenteric lymph nodes and trachea
derived from western crossbred pigs and
Meishan pigs. A large-scale EST analysis
from 5’-end was performed and the resulting
107,068 reads were clustered and assembled
into 6,655 contigs and 41,487 singlets. These

Fig. 3
The Pig EST Data Explorer (PEDE) provides a search function using
keywords or gene symbols and a BLAST search tool against the assembled
sequences.
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sequences were subjected to a BLAST search
against the sequences of mammalian genes
(UniGene and RefSeq in NCBI) and the
human genome. The assembled sequences
and BLAST results were incorporated into a
database, PEDE (Pig EST Data Explorer,
http://pede.dna.affrc.go.jp/), equipped with
web interfaces for various kinds of searches.
The PEDE database provides porcine cDNA
clones, the inserts of which are estimated to
include the full-length sequence of at least
6,000 different genes. Furthermore, PEDE
also contains more than 1,200 SNPs
extracted in the contigs, which are classified
by their origin and effect on the coding amino
acids. The SNPs can be utilized for linkage
analysis in experimental resource families.
The PEDE database will help users to
explore genes that may be responsible for
traits like disease susceptibility.

Construction of an EST database for
Bombyx mori and its application

To build a foundation for the complete
genome analysis of Bombyx mori, we have

constructed an EST database. Because the
gene expression patterns highly depend on
tissues as well as developmental stages, we
analyzed many cDNA libraries prepared from
various tissues and different developmental
stages to cover the entire set of Bombyx
genes. So far, the Bombyx EST database
contains 35,000 ESTs from 36 cDNA
libraries, which are grouped into about
11,000 nonredundant ESTs with the average
length of 1.25 kb. All sequenced ESTs are
compiled into the Bombyx EST database,
named KAIKObase, which can be accessed at
http://sgp.dna.affrc.go.jp. The comparison
with FlyBase suggests that the present EST
database covers >55% of all genes of Bombyx
(Table 2). We have constructed EST
microarrays containing 6,000 nonredundant
ESTs for many functional studies as well as
for genome analysis as a major application of
the EST database. We designed and
synthesized 6,000 specific primers located
approximately 500 base pairs downstream
from the 5’ end of each cDNA to remove
repetitive sequences from DNAs to be used

No. of categorized
genes in KAIKObase

Gene Ontology term
No. of categorized
genes in FlyBase

Ratio of KAIKObase 
vs FlyBase (%)

Ribosomal protein
Translation initiation factor
Elongation factor
Actin binding
Tubulin binding
RNA binding1)

Chaperone/heat shock
Proteasome
Transcription factor
Developmental protein
Cell cycle
Cell adhesion
Axon/neurotransmitter
Signal transduction
Channel
Protein kinase/phosphatase
Enzyme2)

Motor
Transport
Total

97
20
9

109
28

274
160
57

280
71

110
37
98

104
40

222
1,270

63
391

3,440

104
21

9
127
39

359
148
143
485
150
193
47

163
246
136
370

2,595
98

803
6,236

93
95
100
86
72
76
95
40
58
47
57
79
60
42
29
60
49
64
49

55.2

Table 2 Silkworm ESTs categorized by gene ontology terms.

1) Includes “RNA processing” and “snRNP”; 2) Does not include “protein kinase/phosphatase”
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for the microarray. A total of 6,000 DNAs
were amplified by PCR using specific
primers, followed by spotting on glass slides.
EST microarray technology was successfully
used to identify and isolate ecdysone-
responsive genes, and to detect the changes
of gene expression in wing discs during
metamorphosis as a model to describe the
gene cascade triggered by ecdysteroid
hormone (Fig. 4).

A continuing commitment to provide
access to genomics resources and
information

The DNA bank was established in 1994
and is now on its 10th year of providing
access to DNA materials, protein and genome
information to researchers within and
outside Japan. Its major activities are: 1)
distribution of DNA materials such as cDNA
clones, RFLP markers, YAC/PAC/BAC clones
from various genome projects of MAFF; 2)
opening of databases derived from these
projects to the public domain; and 3)
collecting nucleotide sequence and protein
information from publicly available databases
as well as developing tools for homology
search and large-scale genome analysis. In
the last 10 years, the DNA Bank received
about 1,840 requests for DNA materials from
33 countries, which resulted in the
distribution of almost 23,788 clones. The

DNA Bank homepage at http://www.dna.
affrc.go.jp/ registered a total of 385,685,084
access hits for various similarity search tools
including 6,727,542 hits for BLAST, 103,210
for FASTA, and 96,878 for Smith-Waterman.
For the year 2003, a total of 86 requests for
DNA materials from 12 countries have been
processed, corresponding to 603 rice clones
and 213 pig clones. As to the mirrored data
from the public databases, 32,697,630 entries
corresponding to 38,021,600,000 nucleotide
bases and 1,411,310 entries corresponding to
460,216,453 protein sequences have been
accumulated so far. The access hits in the
period from April 2003 to March 2004 for
homology search systems using these
sequence data has increased by 1,468,016
access hits for BLAST, 8,725 for FASTA and
1,712 for Smith-Waterman. The automated
annotation tool RiceGAAS has recorded a
total of 23,697 access hits as a result of the
acceleration of the rice genome sequencing
efforts this year (Fig. 5). The RiceBLAST, a
homology search tool against rice specific
sequences, has recorded a total of 88,156
access hits since it was opened last year. As
part of the current progress of the Silkworm
Genome Research Program (SGP), a three-
fold shotgun sequence of the silkworm
genome has been released, and analysis tools
such as KAIKO-BLAST, a homology search
system against silkworm nucleotide and

Fig.4
Developmental profiles of gene expression in wing discs during metamorphosis by EST microarray experiment.  Stages:
V4, fifth-instar day 4; S0, beginning of spinning; S1, 1 day after spinning; S2, 2 days after spinning; S3, 3 days after
spinning; S4, 4 days after spinning; P0, beginning of pupation.  In this experiment, the cDNAs from reference RNAs
extracted from wing discs of stage V4 were labeled with Cy5, while cDNAs from the RNAs of wing discs at each time
point were labeled with Cy3.
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protein sequences, and KAIKOGAAS, an
automated annotation system for silkworm
specific sequences, have been constructed.
The genome sequence data and other details
of the silkworm genome can be accessed at
http://sgp.dna.affrc.go.jp/. To foster more
efficient access to all genome information,
the DNA Bank homepage has been renewed
and upgraded (Fig. 6). The NIAS also
established the Rice Genome Resource
Center (RGRC) in April 2003 as a new
support section of the agrobiological resources

initiative with the aim of providing access to
additional research materials from the rice
genome project and promoting advance
researches in functional and applied
genomics (Fig. 7). The biological materials
currently distributed through RGRC include:
1) 32,172 full-length cDNA clones, 2) genetic
analysis materials such as backcross inbred
lines, chromosome segment substitution lines
and doubled-haploid lines, and 3) Tos17
insertion mutant lines. Details are available
at http://rgrc.dna. affrc.go.jp/.

Fig. 5
Utilization of RiceGAAS

Fig. 6
New NIAS DNA Bank Homepage

Fig. 7
Website access to biological materials from the Rice Genome Resource
Center. 
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The objectives of the Genetic Diversity
Department are to conduct basic research
into plant, animal and microorganism
diversity from the molecular to the
population level. Such research contributes
to the development of new and improved
methods for classification, characterization
and preservation of germplasm and discovery
of new biological resources for use in
agriculture and other industries.

Current plant research includes molecular
and biological characterization and
evaluation of the genera Hordeum, Oryza,
Saccharum, Triticum, and Vigna. Mechanisms
in plants that confer cold hardiness are also
being investigated. Microbiological research
includes genome analysis of plant pathogens,
biosystematics and functional proteomics of
such organisms as fungi, yeasts and bacteria.
Animal research includes the development of
the methods to utilize various types of
germplasm from domestic animals. In
addition, to support the MAFF Genebank
project, database management systems are a
focus of research and development. Major
research outputs of the department except
for ‘Topics of Research’ during fiscal 2003 are
described below.

Distinction in chromosome structure
between two subspecies of
cultivated rice, japonica and indica
by two-colored FISH

Intra-species cytological diversity of
cultivated rice Oryza sativa was shown by
different numbers of loci of two tandem
repetitive sequences, 45S ribosomal RNA
genes (rDNA) and Os48. Two-colored FISH of
Os48 and rDNA was carried out to determine
the correlation between their loci and the
difference in chromosome structure between
japonica and indica varieties (Fig.1). In all
indica varieties, rDNA loci were mapped to

the distal regions of the chromosomes
opposite to the Os48 location. But such
localization was not detected in any japonica
varieties examined, even in the temperate
upland and tropical varieties having two
rDNA loci as indica varieties. These results
revealed that chromosomal structure differed
distinctly between two subspecies, japonica
and indica. 

Development of simple sequence
repeat (SSR) markers by a new
method in plants and their
application to azuki bean

Azuki bean, after soybean, is the most
important grain legume in Japan. In
addition, azuki bean forms a crop complex
with its wild and weedy relatives across
much of Japan. To better understand the
evolutionary interactions between this
indigenous crop and its wild relatives we
have developed SSR markers from an SSR
enriched library based on a new method for
plant material. We found in the azuki bean
genome (AG)n motifs are a rich source of
markers and thus constructed an (AG)n-SSR
enriched library. The SSR library construction
involved an oligo-primed second-strand
synthesis enrichment procedure of the single
strand genomic library. The enriched library
enabled primer pairs to be designed and

G enetic Diversity Department 

Fig. 1
Two-colored FISH of Os48 (red) and rDNA (green) on
cultivated rice, Oryza sativa, temperate upland japonica
variety (A) and indica variety (B). Bar indicates 5µm.
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these primers had a high percentage (98%) of
successful single-locus amplification.

The SSR markers have been used for the
first time in developing a genome map of an
Asian Vigna species and resolved the 11
linkage groups equivalent to the haploid
chromosome number of diploid species in this
subgenus. The mapping population was
developed from a cross between an azuki
bean landrace from Japan and a wild relative
of azuki bean from Nepal called Vigna
nepalensis. In a BC1F1 population of 187
individuals from this cross a genome map
has been constructed using 205 SSR
markers, 93 RFLP markers and 187 AFLP
markers (Fig. 2). The populations developed
from this cross are enabling domestication
related traits and other useful traits to be
located on the azuki genome map.

Many traits associated with
domestication in azuki bean found
on linkage group 1.

The traits associated with domestication
are the most important in determining crop
yield. These traits include seed size and pod
size. We have analysed a wide range of
characteristics related to domestication in
azuki bean and found their association with
different locations on the genome map of
azuki bean. This revealed that one part of the

azuki bean genome appears to be particularly
important in relation to domestication
related traits and this is the distal end of
linkage group one (Fig. 3). In this region
QTL’s associated with seed size, pod size, loss
of dormancy, stem width and length, and
primary leaf size have been found. These
results agree with results from other crops
that human selection favours the
maintenance of co-adapted character sets
within specific genome regions. By a fuller
understanding of the domestication
syndrome we expect to be able to identify
approaches to enhancing yield in grain
legumes.

In situ localization of transcripts for
rice catalase gene, CatB

Catalase is one of the enzymes needed to
decompose harmful hydrogen peroxide into
oxygen and water. We investigated the
spatial patterns of the mRNA for catalase
gene, CatB in the shoot and root apices of
rice seedlings by in situ hybridization.
Although the antisense RNA probes for CatB
showed weak hybridization in shoot apical

Fig.2
The linkage map of azuki bean constructed by SSR (red), RFLP (blue) and
AFLP (black) markers using BC1F1 population derived from Vigna nepalensis
X V. angularis.

Fig. 3
QTL associated with domestication in azuki bean found
on linkage group 1. 
↑ : positive effect of allele from cultivated parent; ↓ :
negative effect of allele from cultivated parent. Bar: LOD1
support interval.
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meristems strong signals were detected in
the branch root primordial (Fig. 4A). In the
root tips, CatB mRNA was detected
abundantly in the root apices, including the
root apical meristems and root caps (Fig. 4C).
Fusion of the GUS gene to the promoter
region (–329 to +298, counting the cDNA
start site as +1) of CatB conferred strong
expression in the same areas (Figs. 4B and
4D), indicating that the presence of this
region was sufficient to express CatB
specifically in the roots. The –329 to +298
region of CatB could be useful for expressing
transgenes preferentially in the roots of rice.

Characterization of deep
supercooling in cold hardy bamboo
shoots

Most cold hardy species in Graminae,
such as wheat, rye and orchard grass tolerate
freezing temperatures by undergoing
extracellular freezing. Our research on woody

Graminae plants revealed that cold hardy
bamboo employs deep supercooling as the
mechanism to survive freezing temperatures
in most of their tissues. Cold hardiness of 30
bamboo species was determined to range
from –3 to –25 ˚C, which corresponded well to
their ability to deep-supercool. Deep
supercooling in leaf blades of Sasa senanensis
was further characterized. Deep supercooling
ability increased from August to December
by cold-acclimatization and it varied
depending on the leaf order within a shoot.
Structural studies revealed that small
compartments surrounded by the vertical
and transverse veins were important as the
units of supercooling (Fig. 5). In the
meantime, boiled or frozen (–40 ˚C) leaves
showed decreased supercooling ability, which
implies the involvement of some biochemical
mechanisms as well. These results indicate
diversity in the evolution of cold hardiness
mechanisms in Graminae plants.

Genetic and physical mapping of
avirulence gene AvrPit in
Magnaporthe grisea with AFLP
markers selected by bulked
segregant analysis

The interaction of blast fungus Magnaporthe

Fig. 4
Localization of CatB (A and C) and chimeric GUS (B and
D) mRNAs by in situ hybridization. 
A and B: Longitudinal sections from the shoot apex. RP:
branch root primordia. SAM: shoot apical meristem. C and
D: Longitudinal sections from the root tip region. RC: root
cap. RAM: root apical meristem.

Fig. 5
Small compartments surrounded by cross and vertical
veins in the leaf blades of Sasa senanensis. These units
froze one after another when the temperature decreased
from –15 ˚C (a) to –20 ˚C (b) and –22 ˚C (c), which could
been recognized by darkening in their color. 
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grisea with rice cultivars is dependent on
gene-for-gene specific manner. Unraveling
the molecular basis of such interactions
requires cloning of both avirulence genes in
the fungus and corresponding resistance
genes in rice. In this study, we have identified,
genetically mapped and constructed a partial
physical map of a new avirulence gene AvrPit
in the fungus M. grisea corresponding to the
resistance gene Pit in the rice cultivar K59.
We constructed a high-resolution mapping of
AvrPit locus using 730 progeny derived from
three different crosses paired with three
different parent pair strains with AFLP
markers identified through bulked segregant
analysis and identified 16 AFLP markers
closely linked to the AvrPit locus (0 to 31.25
cM) segregating in three different crosses
(Fig. 6). As a part of positional cloning, we
physically mapped the AvrPit locus using
AFLP markers by screening an M. grisea
BAC library.

Search of HrpX regulons from
genome database of Xanthomonas
oryzae pv. oryzae (Xoo)

Of the genes related to the pathogenicity
of plant-pathogenic bacteria, a cluster of hrp
genes encoding a type III secretion system
(TTSS) is essential. The TTSS is conserved
among both plant and animal pathogens and
injects effector proteins into host cells. In
xanthomonads, expression of genes of the

TTSS and some effector genes are regulated
by hrpG and hrpX gene products. Some genes
including hrp genes regulated by HrpX
possess the consensus nucleotide sequences
TTCGC⋅⋅⋅N15⋅⋅⋅TTCGC designated as the
plant-inducible-promoter (PIP) box. We
searched for genes with the PIP box-like
sequence in our Xoo geneome database in
order to identify candidate genes in HrpX
regulons and found 37 genes containing a
putative PIP box in their promoter regions.
Six of these genes, including a novel hrpH1,
are located in the hrp genes cluster and
others are scattered on the genome. Of the 37
genes containing PIP box, one was an outer
membrane receptor protein, mostly Fe
transport (TonB dependent receptor), and
two were regulatory proteins containing DNA
binding motifs. Functional analysis of each
gene is in progress.

Five species of Fusarium have been
identified among pathogens of
soybean SDS and related dry-bean
root rot. 

Soybean sudden death syndrome (SDS)
pathogens isolated from USA, Argentina and
Brazil and related dry-bean root rot
pathogens from USA and Japan were
taxonomically and phylogenetically examined
in NIAS, Japan and NCAUR, USDA in a

Fig. 6
Comparative HEGS/AFLP maps around AvrPit locus of M. grisea, derived
from three different crosses. 
Cr. 4120/4986: 590 progeny isolates, Cr. 4000: 80 progeny isolates, Cr.
5058: 60 progeny isolates.

Fig. 7
Morphology of newly described species of Fusarium, F.
virguliforme O’Donnell et T. Aoki.
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joint study of both institutes. Comparative
phenotypic examination of macro- and
microscopic features and phylogenetic
analyses of multilocus DNA sequence data
indicated that they are consisted of five
distinct species. Soybean SDS in North and
South America was caused by four distinct
species: Fusarium virguliforme, F. tucumaniae
and two undescribed species of Fusarium.
Further, dry bean root-rot in North America
and Japan was caused by F. phaseoli and one
of the undescribed species of Fusarium
mentioned above. Among them, F. virguliforme
(Fig. 7) and F. tucumaniae were reported as new
species and F. phaseoli as a new combination
within this study. Formal new species
descriptions for the two undescribed species
are in preparation.  

Killer mechanisms of yeast revealed
by yeast-genome set screen

Antagonistic interactions between yeasts
by secreted proteinaceous toxins appear to
occur quite often in natural habitats. To
understand the molecular mechanisms of
yeast killer function, we screened a set of
Saccharomyces cerevisiae mutants, individually
deleted for 4901 yeast genes, for altered
sensitivity against purified killer proteins of
Williopsis mrakii (HMK) and Kluyveromyces
lactis (KlKP) (Fig 8). The data were
compared with the results with S. cerevisiae

K1 killer protein. Cell wall receptors of K1
and KlKP are reported as β-1,6-glucan and
chitin, respectively. The anti-killer spectrum
of HMK on the gene disruptants of N-glycan
biosynthesis is similar to that of K1. These
mutants are hyper-sensitive to KlKP.
However, deletion of the gene for RNA
polymerase II machinery made yeast cells
resistant to HMK, KlKP and K1. The results
suggest that these killer proteins share the
intracellular killer mechanisms despite the
difference in the docking sites on the cell
surface.

Piglet production by
intractyoplasmic sperm injection
(ICSI)

The viability or motility of the
spermatozoa after thawing is quite variable
depending on the individuals or the lot,
especially in pigs. ICSI of a nonmotile cell
into the ooplasm for assisted fertilization is a
highly specialized procedure for producing
the next generation. The production of piglets
by ICSI has succeeded only when in vivo
matured oocytes were used as recipients. In
the present study, the in vitro matured
oocytes were injected with a sperm head,
stimulated with an electrical pulse and then
transferred to a total of 7 estrous-synchronized
recipients (55–150 oocytes per recipient). Two
recipients became pregnant and one of these
farrowed three (a male and two female)
healthy piglets (Fig. 9). The results
demonstrated that in vitro matured oocytes
after ICSI are developmentally competent
and can generate viable piglets.

Fig. 8
Determination of killer activities with yeast-genome set
screen.
Some gene-disruptants survived in the presence of killer
protein (clone 1, 2, 3 etc.). WT: wild type yeast.

Fig. 9
Piglets produced by intractyoplasmic sperm injection into
in vitro matured oocytes 
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Improvement of genetic gain in
swine by including an additional
systematic environmental effect in
the evaluation model 

The advantage of mixed-model techniques
over a selection index under different
magnitudes of an additional systematic
environmental effect (ASEE) in terms of
expected genetic gain was evaluated. The
data attempted to simulate a closed herd in a
swine breeding program. Additional systematic
environmental constants with four levels in a
generation were assigned from a uniform
distribution at different ranges. Breeding
values of animals were estimated on the
basis of an index of individual phenotype (SI-
U), SI-U adjusted for ASEE using a least-
squares mean (SI-A), best linear unbiased
prediction (BLUP) using an animal model

excluding ASEE (AM-E), and an animal
model including ASEE (AM-I). Expected
genetic gain was larger by the animal model
than by the selection index, even if ASEE
was set to zero (Table 1). The differences in
expected gain between SI-U and SI-A, and
between AM-I and AM-E increased as the
range of ASEE increased. It was concluded
that ASEE should be always included in an
evaluation model, however slight any
systematic environmental effect may be in a
herd.

Development of management
system for plant image data

Image data of genetic resources allows us
to totally understand the morphological
characteristics which are difficult to represent
with words or numbers. We have developed
the management system for image data of
the plant genetic resources in the MAFF
Genebank in order to expand the characteristics
database linked to the existing passport data.
At the same time, we have also developed a
program to input image data into the
management system from local Sub-Banks
through the internet. The accumulated data
will be published on the MAFF Genebank
home page in the near future by the
development of an application program.

Range of systematic Method of selection2)

environmental effect1) SI-U SI-A AM-E AM-I
±0.00 0.56 0.56 0.80 0.79
±0.25 0.56 0.56 0.79 0.79
±0.50 0.53 0.56 0.74 0.79
±0.75 0.49 0.56 0.69 0.79
±1.00 0.48 0.56 0.65 0.79

Table 1. Expected genetic gain from different selection methods with
different ranges of additional systematic environmental
effect.

1) Unit is phenotypic standard deviation.
2) See in the text.
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Genebank Project
The genebank project on plant,

microorganism and animal genetic resources
has been implemented in national and
international collaboration with a large
number of organizations in public and
private sectors.  NIAS coordinates as a center
of the project activities including the
exploration, collection, characterization,
evaluation, preservation,  multiplication and
information management of genetic
resources.

In fiscal year 2003, five missions were
carried out to collect genetic resources of beet
in Russia, apples in Turkey, mulberries in
Pakistan, persimmons in Korea and tea in
Vietnam.  One mission was also dispatched
to Mongolia to collect goat DNA.  All the
exploration missions have collaborated with
the research institutes in each of the
countries.  Joint field survey programs have
been undertaken on sweet potato in
Indonesia and perilla in Korea.  Internal
exploration missions were carried out within
Japan.  The total number of genetic resources
preserved at the NIAS genebank and partner
institutions is presently 230,337 accessions of
plant genetic resources, 20,472 accessions of
microorganism genetic resources and 896
accessions of animal genetic resources.  In
2003, 12,292 accessions of plant genetic
resources, 816 accessions of microorganism
genetic resources and 43 accessions of animal
genetic resources were distributed to internal
and external users for basic and applied
researches.  About 10 to 20 % of genetic
resources were distributed overseas.
Passport and characteristics data of
individual accessions are provided on the
website, (http://www.gene.affrc.go.jp/).  

The international genetic resources
workshop was held to discuss genetic
diversity and evolution of the genus Oryza in
September, 2003 in Tsukuba. The

international meeting was held to evaluate
the final report of a 3-year collaborative
research program between Japan and
Indonesia on “in situ conservation of sweet
potato in Indonesia” in December, 2003.

Genetic variation and geographical
distribution of GBSS 1 gene in
foxtail millet, Setaria italica (L.) P.
Beauv.

Foxtail millet , Setaria italica (L.) P.
Beauv., is one of the world’s oldest cultivated
crops.  There are a non-waxy endosperm
type, waxy type, and  intermediate (low
amylose) type of this millet.  Waxy
endosperm arises through the disrupted
expression or loss of function of GBSS 1 gene
that encodes starch granule-bound starch
synthase 1 (GBSS 1).  Waxy type is
characterized by little or no starch amylose,
which constitutes about 20% or more of the
total starch in the non-waxy endosperm.
Waxy and low amylose types are cultivated
rather limitedly in E Asia and SE Asia.  We
have studied the structure of the GBSS 1
gene and have revealed  different and
complicated crop evolution pathways in
which waxy and low amylose endosperm
variants were generated by various
transposable elements (TEs).   We surveyed
870 landraces and identified 12 allele (2 non-
waxy, 3 low amylose, and 7 waxy) types of
the GBSS 1 gene generated by 11 different
TEs.   This indicates that the TE-induced
mutants have been selected under the
influence of ethnobotanical preference
toward sticky foods in E Asia and SE Asia,
while non-waxy type is commonly grown
throughout Asia and Europe.   

Cryopreservation of plant genetic
resources

In our genebank project, sub-banks are
responsible for the conservation of

G enebank
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vegetatively propagated crops such as
potatoes, sweet potatoes, fruits, tea and other
crops.  In principle, these field collections
have been maintained by the duplicated
conservation system.  However, there are
some exceptions involving mulberry, rush
and taro which have been maintained at only
one sub-bank.  Cryopreservation should be
considered as a backup to field collections to
insure against loss.  The cryopreservation
techniques are now advanced to the stage
where they can be implemented for useful
storage of germplasm systematically. By this,
we mean that the priority of collections to be
cryopreserved should be given to the “at risk”
collections that have an increased chance of
being lost from a collection. In our genebank,
the Morus germplasm collection in Tsukuba,
representing about 756 lines within several
species, is going to be cryopreserved in three
years.  We started cryo-storage of winter
buds of about 101 lines of mulberry from the
fiscal year of 2003.  The national cryo-
genebank in Japan is expected to be
established for the germplasm of vegetatively
propagated crops, plants with recalcitrant
seeds and valuable culture materials.

Pathogenic fungi causing new
diseases of oncidium and crinum

Pathogenic fungi causing new diseases of
two flowering plants were found.     One is an
anamorphic fungus causing a disease on
oncidium (Oncidium sphacelatum) of
Orchidaceae, and the other is that on crinum
(Crinum asiaticum var. sinicum) of
Amaryllidaceae.  The former fungus brings
bulb rot, leaf rot, defoliation or whole plant
blight of oncidium (Fig. 1-A).  Mycelia and
sclerotia of the causal fungus frequently
appeared on their lesions.  In culture of the
fungal isolates on water agar in the dark,
hyaline hyphae with clamp connections
developed to form sclerotia as same as those
on host lesions (Fig. 1-B, C).  Primary hyphal
cells were < 450 µm in length and 4–6 µm in
width.  A secondary hypha was branching
just beneath a primary hyphal septum, 1–2
µm in width and elongating along the

primary hypha in the early times.     Mature
sclerotia were subglobose to ovoid, 0.7–1.5
mm in diameter.  The fungus was identified
as Sclerotium rolfsii based on its
morphological character, and the disease was
named southern blight, shirakinu-byô in
Japanese.  The latter fungus causes leaf spot
or leaf blight of crinum, on which lesions
become uniquely red in color (Fig.2-A).
Pycnidia of the causal fungus frequently
appeared on their lesions (Fig.2-B).  In
culture of the fungal isolates on potato
dextrose agar under black light, pycnidia
which resemble to those on host lesions were
formed.  They were subglobose, 200–560 µm
in height and 192–460 µm in width.  Conidia
were hyaline to pale brown, ellipsoid to
cylindrical, 0–3 septate and 5–24 × 3–7 µm in

Fig. 1
Southern blight of oncidium.
A: Natural symptom. B, C: The causal fungus, Sclerotium
rolfsii. B: Hypha with clamp connection; C: Sclerotium.

Fig. 2
Red leaf spot of crinum.
A: Natural symptom. B, C: The causal fungus, Stagonospora
curtisii. B: Pycnidium; C: Conidium.
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size (Fig. 2-C).  The fungus was identified as
Stagonospora curtisii based on its
morphological and cultural character, and
the disease was named red leaf spot,
sekihan-byô in Japanese. The fungal isolates
with information about the two new diseases
are important as reference isolates for
diagnosis of the diseases, and moreover
useful for construction of their prevention
measures and development of mycological
studies from the viewpoints of taxonomy,
distribution, bionomics and parasitism.

Genetic analysis of Japanese native
cattle breeds and populations

Genetic variability of three breeds,
Japanese Black, Japanese Brown and
Japanese Shorthorn and two pure native
cattle populations, Kuchinoshima feral cattle
and Mishima cattle, was studied using 23
microsatellite DNA markers.  Ppoly, average
heterozygosity and the average number of
effective alleles in each breed and population

are shown (Table 1).  Genetic variability in
the three breeds, Japanese Black, Japanese
Brown and Japanese Shorthorn, is at almost
the same level as the indices estimated by
microsatellite DNA polymorphisms.  On the
other hand, Mishima cattle and
Kuchinoshima feral cattle revealed low
genetic variability, equal to almost half that
of the other breeds.  The genetic distance
estimated from DNA polymorphism shows
that the Japanese native cattle, Mishima and
Kuchinoshima, are relatively more distant
from Wagyu breeds than those within their
group.  The genetic distance between
Mishima and Kuchinoshima is larger than
that to Japanese Black and Japanese Brown
(Table 2). The large distance between the two
Japanese native populations is thought to be
due partially to genetic drift in different
directions after the introduction onto both
islands and also suggests the existence of
geographical differentiation in the past
Japanese cattle population.

No. of
animals

P. poly Average number
of alelles

Average number
of effective alelles

Average observed
heterozygosity

Kuchinoshima
SE

Mishima
SE

Japanese Black
SE

Japanese Shorthorn
SE

Japanese Brown
SE

31

62

60

30

31

56.5%

52.2%

87.0%

95.7%

95.7%

1.78
±0.85

1.78
±0.90

4.09
±2.21

4.13
±1.74

4.48
±2.11

1.48
±0.59

1.40
±0.48

2.28
±1.09

2.51
±1.17

2.90
±1.35

0.242
±0.248

0.209
±0.236

0.446
±0.281

0.516
±0.234

0.560
±0.267

Table 1 Genetic variability of five Japanese native cattle breeds and populations

KS

Kuchinoshima (KS)
Mishima (MS)

Japanese Black (JBL)
Japanese Shorthorn (JS)
Japanese Brown (JBR)

*
0.349
0.249
0.382
0.251

MS

*
0.225
0.383
0.254

JBL

*
0.196
0.104

JS

*
0.183

JBR

*

Table 2 Genetic distance among Japanese native cattle breeds
and populations
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The Insect and Animal Sciences Division
consists of the following six departments.

The Developmental Biology Department is
conducting researches to elucidate the
physiological functions of germ cell lines and
the hormonal effect of growth regulation, and
develops embryonic technology as well.  These
researches focus on several invertebrates
(nematodes, annelids, sawfly, fruit fly and
silkworm) and vertebrates (mouse, chicken
and pig).

The Molecular Biology and Immunology
Department is concerned with the molecular
events involved in the signaling for
antibacterial peptide synthesis in insects and
signaling of cytokines and T cell receptors in
mammals, the functional analysis of
macrophage/microglia, hematopoietic stem
cells and T cell subsets, the genetic
mechanisms underlying complex disease
traits, and the development and improvement
of transgenic animal technology. Major
researches on cytokine signaling in the
mammalian immune system, innate immune
system in insect, the transformation of
spermatogenic cells in vivo and genetic
analysis of multi-factorial are being
conducted.

The Physiology and Genetic Regulation
Department aims to elucidate the mechanisms
of unique physiological phenomena observed
in insects and animals. The studies include
analyses of neural functions including brain,
metabolic regulation, physiological bases for

adaptation to environment, perception and
function of behavior regulating chemicals,
cell differentiation and the genes regulating
them, in both invertebrates and vertebrates.

The research activities of the Insect
Genetics and Evolution Department are
mainly focused on molecular and conventional
genetics of insects including silkworm,
biochemical analyses of insect-plant
interaction, characterization and breeding of
natural enemies, and basic and applied
studies on insect-associated microbes including
pathogens and symbiotes. 

The Insect Biomaterial and Technology
Department is carrying out researches which
aims to develop the biomimetic techniques of
insects and their utilization such as the
sugar reception of the flesh fly, and to clarify
the characteristics of insect-born biomaterials
for the development of new technologies.

The major targets of the Insect Biotechnology
and Sericology Department are the development
of functional insect cell lines and transgenic
insects, large-scale production of useful
substances using the transgenic insect
systems, and the development of new silk
materials which are good for healthful and
wealthy human life and which are based on
the development of new sericultural technologies
including breeding of characteristic new
varieties of silkworms.

The major research topics for 2004 from
these six departments in the Insect and
Animal Sciences Division are as follows: 

Insect and Animal Sciences Division
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Signal transduction regulating
development/immunity in nematodes

Toll membrane receptor regulates
development and immunity in various
animals. Previously, we reported that RNA
interference (RNAi) knock-down of nematode
Toll inhibited normal morphogenesis and
early development. Since some essential
factors in the typical Toll signaling pathway
are not found in the nematode genome, we
expect that a novel signaling pathway(s) may
be involved in nematode development and
immunity. To elucidate the pathway(s), to
date, we have isolated one candidate
molecule that interacts directly with the
intracellular domain of nematode Toll and
two distinct groups of immune-inducible
antimicrobial peptides (ASABF and
nematode cecropins) (Fig. 1). 

Identification of genes involved in
annelid regeneration

The fragmenting oligochaete, Enchytraeus
japonensis can regenerate a complete
individual from a small body fragment within
4-5 days. To isolate genes involved in the
regeneration mechanisms, we performed
cDNA subtraction between regenerating
fragments and intact worms. Based on the
results of membrane array screening, virtual
northern analysis and the abundance of

expression, six clones were chosen for full-
length sequencing. Data-base homology
searches of these clones revealed that three
of them were novel genes and the others were
similar to genes of glutamine synthetase,
unc-119 and flotillin-2, respectively. 

Involvement of the MAP kinase
cascade in the meiotic cell cycle
arrest in the sawfly, Athalia rosae

In most animals, the meiosis arrests at a
certain stage during egg maturation. The
molecular mechanisms of the meiotic arrest
remain still un-clear in invertebrates. The
sawfly serves as a good model system
because artificial egg activation is practical
and it enables one to examine events
occurring at and around resumption of
meiosis. We demonstrated that the MAP
kinase cascade participated in egg maturation
in the sawfly as reported in vertebrates, and
the Mos-like protein that functions as a
cytostatic factor to regulate the meiotic
arrest was  involved in the cascade. 

Real-time observation of
programmed cell death of
Drosophila salivary glands

In insect metamorphosis, the steroid
hormone 20-hydroxyecdysone activates
autophagic programmed cell death (PCD) to
eliminate larval structures that are no longer
needed. Autophagy is a form of PCD that is
morphologically distinguished from apoptosis,
and is as prevalent as apoptosis, at least
during development. In comparison with
apoptosis, however, there are not many
studies on the regulation mechanisms of
autophagy. To provide a useful model for
studying autophagic PCD, we established an
in vitro culture system that enables real–
time observation of autophagic cell destruction
of Drosophila salivary glands (Fig. 2). The
new system revealed that de novo gene

D evelopmental  Biology  Department

Fig. 1
Elucidation of nematode Toll signaling pathways.
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expression was still required for the
destruction of salivary glands dissected from
pupae after head eversion.

Expression profiling for three sub-
populations of ES cell which were
sorted by flowcytometry

Last year, we found that the expressions
of Platelet Endothelial Cell Adhesion
Molecule (PECAM)-1 and Stage Specific
Embryonic Antigen (SSEA)-1 in ES cells
were greatly varied and ES cells were sorted
into three sub-populations; PECAM-1-SSEA-
1- (NN), PECAM-1+SSEA-1- (PN) and
PECAM-1+SSEA-1+ (PP) by FACS. Each sub-
population had a different developmental
ability in chimera formation. These results
suggest that the expression levels of PECAM-
1 and SSEA-1 in ES cells are closely
correlated with the pluripotent differentiation

capability and/or the competency of incorporation
into epiblast of chimeric embryos. In the
current fiscal year, to identify novel gene
expressions that are correlated with the
stemness of ES cells, we have compared
expression profiles among three sub-
populations (NN vs PN and PN vs PP) of ES
cell (Fig. 3). Agilent 60-mer Oligo Microarreies
(Mouse and Mouse (Development)) were used
to screen up to 34,000 genes. Scatter plots of
two comparisons are shown in Fig. 4.
Changes of gene expression in NN vs PN
were larger than PN vs PP. The number of

Fig. 3
Three sub-populations of ES cell

Fig. 4
Scatter plots of two comparisons

Fig. 2
Time-lapse photography of a fixed portion of a live salivary gland dissected from a Drosophila pupa immediately after
head eversion and cultured in vitro for 0-6 hours; changes in cellular morphology including bleb formation (arrows),
shrinkage, and fragmentation are shown. Scale bar, 50 µm. 
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genes with a significant difference of more
than twice was about 2,000 in NN vs PN and
about 700 in PN vs PP. In this analysis, we
have detected some known genes that are
related to stemness, such as oct4 and nanog.
Now we are going to screen novel genes and
to investigate their function in the
development and differentiation. 

A simple method for typing single
nucleotide polymorphisms (SNPs) in
chicken mt-DNA

A simple method for typing single
nucleotide polymorphisms (SNPs) in the
chicken is required to analyze the chimeras.

We have searched for SNPs in the D-loop
region of chicken mitochondrial DNA
(mtDNA), which is about 1.2 kb, and more
polymorphic than genomic or other mitochondrial
regions. The D-loop region in mtDNA was
sequenced and compared among six chickens,
and 11  SNPs were observed. For six of the
SNP sites, PCR primers were produced
having a base matched for one allele at the 3’
end and with each base (A, G, C and T) as
the penultimate (N2) base (Fig. 5). For each
SNP site, primers corresponding to both
strands (5’ -> 3’ and 3’ <-5’), terminating with
the allele-specific base at the 3’ end, and
having four kinds of N2 base were produced,

Fig. 5
PCR product is amplified only from the specific allele using N2 mismatched primer.
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resulting in 16 primers. Thus, considering
that the N2 base in primers corresponded to
one strand and one allele, one primer had an
N2 base that matched the template (N2-
matched primer), whereas the other three
primers had mismatched bases (N2-
mismatched primer). Twenty-one out of 96
primers succeeded in distinguishing the
SNPs by the presence or absence of PCR
product. Though this method requires the
initial use of several primers to identify the
appropriate primers, after determining these
primers, only one PCR step (including two
PCR with each allele specific primer) can
type the SNP in each individual. This method
will provide an easy way to type SNPs in
many individuals and be useful to
distinguish the chimeric chicken.

Regulation of Insect Development
The regulatory mechanisms on insect

development, such as ecdysis and
metamorphosis are being studied on the
silkworm at the Insect Growth Regulation
Laboratory.  Recent progress as follows:  (1)
Affinity ligands with partial structure of
insect growth control agents (IGRs), JH
analog and KK-42 which induces a precocious
metamorphosis were prepared.  The ligands
were coupled with reporter enzyme for the
detection of proteins with high affinity, and
coupled with resin to obtain affinity gel for a
purification of the protein, and the condition
for the purification was optimized.  (2) It was
found that phosphorylation cascades are not
involved in an action of ecdysone on midgut
because the action was not inhibited by
inhibitors of protein phosphorylation.
Corazonin had an effect on the regulation of
spinning in Bombyx. (3) It was shown that
BR-C transcription factor regulated three
genes specifically expressed at pupation with
reporter gene assay.  It was strongly
suggested that Bombyx EGFR was a receptor
for Bombyx paralytic peptide since the EGFR
expressed in COS cells bound with 125I-
labeled GFP.  (4) The main organs were
disected from both male female individuals
at the entire growing stage of B. mori (from

egg to adult), and applied for 2-D PAGE
protein analyses. Most of the proteins
isolated on the 2-D gels have been spotted
and digested by tripsin after reductive
alkylation.  (5) The cell number and polyploid
level in dorsal epidermis of 5th segment from
3rd instar to pupa were measured by
flowcytometer. The 8C cells became the most
abundant in the 3rd and 4th instar but the
16C cells became major in the 5th instar (Fig.
6). The cell number increased gradually
during feeding period and decreased during
molting. This decrease of the epidermal cell
number during molting might not be caused
by apoptosis because of little caspase-3
activity.

EGFP transgenic cloned pig
Although pronuclea microinjection has

been used for many years to produce
transgenic pigs, the efficiency of transferring
genes into pigs is quite low, under 1%. Even
though transgenic pigs were produced by
microinjection method, variable transgene
expression patterns and uncertain transmission
into germ line cannot be avoided. The
production of somatic cell clones derived from
cultured cells opens new horizons for
transgenic animals. The integration of gene
and level of gene expression can be confirmed
and screened in the cultured cells after gene
transfer, and it will improve the efficiency of
transgenic animals through nuclear transfer
using such genetically modified cells. One of
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Developmental changes in ratio of ploidity of Bombyx
epidarmal cells.
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the important factors for successful cloning
depends on the period of cell culture. A long
cell culture decreases the cell viability and
causes  chromosomal abnormalities. Usual
gene transfection and selection procedures
require a prolonged culture period and it will
lead to an insufficient condition of cells for
nuclear transfer.

In the present study, we transfected
EGFP reporter gene immediately after
isolation of fetal cells and selected them
under puromicine for 5 days. Because almost
all the colonies that appeared after selection
were confirmed EGFP-positive under fluorescent
microscopy, we did not isolate each colony
and continued to culture heterogeneously
until expansion for subsequent nuclear
transfer. By means of this procedure, the
period of cell culture for the establishment of
EGFP expressed cells was shortened at least
for 10 days.  

Fifty-nine-point-three percent(1791/3020)
of nuclear transferred embryos derived from
the EGFP expressed cells were developed to
the 2-8 cell stage and transferred to 14
synchronized recipient pigs. Four recipients
were pregnant and delivered 9 piglets. The
presence of EGFP was confirmed by PCR in
tissues and primary cell culture derived from
offspring. The expression of EGFP was also
detected by exposure of fluorescence (Fig. 7).
All the piglets were EGFP-positive but only
one piglet survived and matured. The
transmission of EGFP transgene will be
examined later.

Fig. 7
Transgenic cloned pig showing EGFP expression in the snout. Conventional light (A) and fluorescence (B)

Fig. 8
Hierarchical clustering analysis of gene expression
profiles in bovine follicles
Follicular size in diameter, S : 40-100mm, M : 3-5mm, L :
10mm�
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Transcriptome analysis during
follicular development in the cow

Mammalian follicular development initiates
in the fetal life and a pool of primordial
follicles (approximately 1 million) is formed
during the fetal age or soon after birth.
Thereafter a ple-thora of primordial follicles
begins to grow continuously throughout the
life or until the pool is exhausted.  However,
cattle ovulate a single follicle per estrous
cycle, other numerous numbers of follicles
undergo atresia during any stages of the
development. How the follicles are recruited
and selected for final maturation leading to
the ovulation an intriguing mechanism. Since
dynamic changes of follicular morphology
suggest the involvement of specific genes in
the follicular growth, a numbers of genes
responsible for the follicular growth have
been enumerated. However, a bird’s-eye view
of follicular gene expression has not been
elucidated. In the present study follicular
gene expression profiles were analyzed across
the folliculogenesis using a custom DNA
microarray. The microarray, containing

approximately 1800 individual genes, was
developed from the bovine utero-placental
cDNA library. The ovarian follicles were
collected at the local slaughterhouse and
classified into three categories with their size
in diameter, 40-100 µm, (small: S), 3-5 mm
(medium: M) and over 10 mm (large: L).  The
total RNA was isolated and utilized for the
T7-based linear amplification procedure to
generate antisense RNA (aRNA). Amplified
aRNA was reverse-transcribed with Cy3- and
Cy5-dUTP for hybridization.  Approximately
1500 genes were differentially expressed
between the M and L.  This finding suggests
that the microarray derived from bovine
utero-placental cDNA library is successfully
utilized for transcription analysis in ovarian
follicles (Fig. 8). Some genes, e.g. collagens,
cathepsin L, IGFBP-3, MMP-2, FGFs and
inhibin, were deferentially expressed
depending on the stage of follicular
development.  These genes were suggested to
be a member of the candidates for follicular
development in the cow.

The research activities of our department
include the molecular analyses of defense
mechanisms in mammalians and in insects,
and the development of model animals useful
for studies on diseases. 

Cytokine signaling in the
mammalian immune system

T cell receptor (TCR) signaling induces
production of interleukin 2 (IL-2), accompanied
by cytoskeletal rearrangement in these cells.
Wiskott-Aldrich syndrome protein (WASP),
the gene product responsible for the Wiskott-
Aldrich immunodeficiency syndrome, acts as
an adaptor molecule in TCR signaling. In
fact, T cells from WASP-deficient mice
exhibited neither cytoskeletal rearrangement

nor IL-2 production on TCR stimulation. In
contrast, we demonstrated that T cells from
WASP-transgenic mice overexpressing N-
terminal EVH1 domain, did not produce IL-2,
but cytoskeletal rearrangements in these
cells were normal. To further clarify the
functions of the EVH1 domain in the
signaling pathway for IL-2 synthesis, we
employ an intrabody strategy in which
functions of the WASP-EVH1 domain are
knocked down by single-chain antibodies
(scFvs). Anti-WASP-EVH1 intrabody was
expressed in the scFv vector transfected T
cells, and the binding of the scFv intrabody to
WASP was confirmed. Further evaluation of
the intrabody strategy for WASP-EVH1
domain in TCR signaling is now in progress

M olecular Biology and Immunology Department
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in transgenic mice.
Maintenance of immunological tolerance

is essential to prevent unwanted inflammation
such as allergy, autoimmune diseases, and
that upon organ transplantation. As the
immunological homeostasis largely depends
on the existence of regulatory cells, which are
preferentially induced in the intestine, we
cloned antigen-specific CD4+CD25+ regulatory
T cells from Peyer’s patches. They were
indeed effective to ameliorate detrimental
immune responses in a food allergy model
(DO11.10 mice: Fig. 1). We found that
regulatory cytokines such as TGF-β and IL-
10 are important for the suppressive
mechanism of intestinal regulatory T cells,
and inflammatory cytokines such as IL-18
are essential for their functional maturation.
It has thus become important to search for
the efficient immune-modifier to induce
regulatory cells. Food components and
commensal bacteria make the largest pool of
immune-modifier for intestine where in the
majority of immune cells reside. We
identified Lactococcus lactis strains
(probiotics) which induce high IL-10 production
from dendritic cells which may contribute to
maintain immunological homeostasis and
prevent inflammatory diseases. 

Finally, we have established immortalized
microglial cell lines from WASP-transgenic,
prion-transgenic, and prion-deficient mice by
a retroviral vector containing human c-myc.

These cell lines provide useful in vitro assay
systems to evaluate the immunological roles
of microglia in neurological disorders, such as
prion diseases.

Innate Immune System in Insect
A protein showing strong antiviral activity

against Bombyx mori nucleopolyhedrovirus
(BmNPV) was purified from the digestive
juice of B. mori larvae (Fig. 2). A homology
search of the deduced amino acid sequence of
the protein cDNA revealed 56% homology
with Drosophyla melanogaster lipase and
21% homology with human lipase. As lipase

Fig. 1
In vivo transfer of antigen-induced regulatory T cell clone derived from Peyer’s patches ameliorated the phenotype of
murine model for food allergy. 

Fig. 2
Effect of Bmlipase-1 on BmNPV-ODV infectivity. ODV
infectivity was examined after treatment of ODV (860
ng/larva) with different concentrations of Bmlipase-1. Data
shown are means±standard deviations of results from five
experiments. Luciferase activity was measured at 136 hpi.
Note that luciferase activity of hemolymph samples from
nontreated B. mori larvae was also measured to
determine the background level, and the level of relative
light units (RLU) per 10µl of hemolymph was 120±3.4.
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activity of the protein was confirmed in vitro,
this protein was designated Bmlipase-1.
Northern blot analysis showed that the
Bmlipse-1 gene was shown not to be
expressed in the molting and wandering
stages, indicating that the gene is hormonally
regulated. Our results suggest that an insect
digestive enzyme has potential as a
physiological barrier against BmNPV at the
initial site of viral infection.

Spontaneous system of cecropin B, an
antibacterial peptide, was observed in the
molting stage in two lepidopteran insects,
Bombyx mori and Antheraea pernyi, by
immunohistochemical staining. The natural
induction of cecropin B gene expression was
also observed in artificially induced molting
of B. mori larvae, suggesting that the natural
induction is tightly linked to ecdysis. As
insect molting is strictly controlled by
ecdysteroids, a possibility that the hormone
induces antibacterial peptide gene expression
was tested by using a fat body primary
culture of B. mori. The results showed that
20-hydroxyecdysone failed to induce gene
expression of three antibacterial peptides,
cecropin B, attacin, and lebocin, suggesting
that an unknown endogenous trigger(s) is
involved in the natural induction. The results
suggest that insects contain a novel ecdysis-
linked immune system, which is strikingly
different from that of vertebrates.

Ticks have an efficient defense system for
preventing microbial infection. The anti-
microbial peptide defensin is one effective
molecule in this system. Here we investigated
immune competence and the involvement of
defensin in the humoral defense of the soft
tick, Ornithodoros moubata. Semiquantitative
reverse transcriptase-polymerase chain
reaction (RT-PCR) revealed that gene
expression of all four defensin isoforms was
up-regulated by bacteria or bacterial
components. Defensin gene up-regulation by
hemocoelic inoculation of bacteria involves
the midgut and granulocytes. In immunode-
tection analysis, immunization by bacterial
injection increases the relative concentration
of defensin-like material in the hemolymph

plasma. Furthermore, elevated antibacterial
activity against Gram-positive bacteria but
not against Gram-negative bacteria was
observed after immunization by a liquid
growth inhibition assay. Therefore, enhanced
anti-Gram-positive bacterial activity appears
to be partially dependent on the release of
defensin into the hemolymph. These findings
demonstrate that defensin plays an
important role in the up-regulated humoral
response of O. moubata.

Transformation of spermatogenic
cells in vivo

We are trying to develop a convenient and
efficient transgenic technology to produce
model animals. We have already found that
microinjection of DNA solution into seminiferous
tubules of the cryptorchid testis successfully
transformed mouse spermatogenic cells in
vivo. This year, we also found that application
of the same technology to the infant mouse
testis gave the same results (Fig. 3).
However, we experienced loss of animals
during surgical operation using the popular
general anesthetic procedures.  Those
procedures were found to be inadequate for
the infant animals. Because a safe and
adequate procedure for general anesthesia of
infant mice has not been reported, we tested
isoflurane inhalation anesthesia.  Six- to ten-
day-old infant C57BL/6JJcl male mice were
used.  We assessed the safety and efficacy of
inhalation anesthesia by isoflurane delivered
through a Univentor 400 anesthesia unit,
and found the procedure safely provided
sufficient anesthesia for medium-duration

Fig. 3
Expression of GFP gene by injecting the DNA into
seminiferous tubules of testis.
A; normal control testis.  B; a testis three months after
injection of GFP gene.
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surgery of infant mice.

Genetic analysis of multi-factorial
diseases

For the QTL study, we focused on abnormal
lipid metabolism as the phenotype of
interest. We have already identified that the
inbred mouse strain KK show hyper-
lipidemia. In the present study, KK and RR
strains of mice were used for genetical
analysis. Genes which control the plasma
levels of cholesterol and triglyceride were
analyzed by QTL method.  We identified a
significant cholesterol QTL (Cq5, lod score
5.6) on chromosome 9, and a significant
triglyceride QTL (Tgq2, lod score 4.7) on
chromosome 8.  Compared to our previous
studies using different strains of mice, both
QTLs were found to locate in the same
chromosome, but the precise maps of the
genes were different.  Identification of
distinct, but related traits in an identical
chromosomal region will facilitate revealing
the responsible gene. Another QTL study was
on genetic control of the pleiotropic effects of
anti-inflamatory peptide action.  In the
study, C3H/HeJ and C57BL/6J-Ay strains of
mice were used. The QTL analysis identified
two modifier genes (Dmyaq1 and Dmyaq2) on
chromosome 1 and one modifier gene
(Dmyaq3) on chromosome 15 in mice.  As the
pleiotropic effects of the various combinations
of the multigenic alleles, mice with a series of
different coat colors were obtained in the F2

generation (Fig. 4).

EphA9, the latest member of the Eph
tyrosine kinase receptor family

Receptor-type protein tyrosine kinases
(RTKs) play pivotal roles in the regulation of

cell growth, differentiation, and directed cell
movement.  In particular, RTKs of the Eph
family act as crucial signaling molecules that
regulate the migratory behavior of neurons,
and are implicated in tissue patterning and
blood vessel formation. On the basis of
structural similarities and ligand-binding
specificites, a total of 14 receptors of the Eph
family are thus far divided into EphA and
EphB subgroups. In a search for protein
tyrosine kinase (TK) genes expressed in
chicken primordial germ cells, we found
cDNA fragments that could represent a novel
RTK gene.  We then obtained the full-length
cDNA by the RACE method.  The cDNA was
shown to encode a novel RTK, designated as
EphA9, of the Eph family (Fig. 5).  The amino
acid sequence of EphA9 was most homologous
to human EphA1 (amino acid sequence
identity between these proteins was 63.0%).
The ephA9 transcripts were present in the
kidney, lung, testis, and thymus, but not in
the brain or liver of adult chickens.  The TK
enzymatic activity of EphA9 was demonstrated
by expressing the intracellular domain of
EphA9 in bacterial cells.  

The observations in this study suggest
that EphA9 plays an important role(s) in
various non-neuronal tissues as an
enzymatically active TK.  It would be of
interest to examine the biological role of
EphA9, the latest member of the Eph family. 

Fig. 4
Comparison of graded yellow coat colors in six F2-Ay

females.
Fig. 5
Phylogenic tree of the EphA receptors 
The entire amino acid sequence of EphA9 (cEphA9) is
compared with those of other human (h) EphA receptors.
Holizontal lines represent the numbers of differences per
residue.  The boostrap values are indicated at the
branches.
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Hormonal Regulation of Larval
Diapause of Scarabaeid beetle,
Anomala cuprea Hope
(Coleoptera:Scarabeidae)

Scarabaeid beetle, Anomala cuprea, has a
larval diapause at the stage of third instar. 

Injection of 20-hydroxy ecdysone, moulting
hormone , has induced the termination of the
larval diapause.  Implanting operation of the
pupal brain to the diapausing larvae hardly
induced definite positive effect on the
pupatiom. Injection of the extracts of the
pupal brain to the diapausing larvae induced
no effect. Application of the distilled water as
the control, however, induced the termination
of  the larval diapause.  The result suggests
the direct dose of water to the haemolymph
has a role as a trigger on the hormonal
regulation of the larval diapause. Distilled
water was injected  to determine the timing
of susceptibility of the distilled water on the
diapausing larvae. A relatively significant
effect was proven on the diapausing larvae
after one and two months.  Positive clear
susceptible timing of the effect on the
diapausing larvae was not shown.

Synchronized neuronal activities in
insect brain.

The representation and discrimination of
the sensory information in the insect brain is
thought to be encoded by synchronized
spiking across an ensemble of neurons
distributed in neuronal networks.

In our study, by using a multiple electrode,
spike activities were simultaneously recorded
from multiple neurons in the antennal lobe
(AL) of the adult male cockroach (P.
americana) during antennal stimulations
with test odor. Odor evoked extracellular
potentials and spike activities of AL neurons
recorded from same multiple-electrode often
revealed phase-locking of the oscillations to
these spikes. This suggests synchrony of
firing the AL neurons. A cross-correlation
analysis showed correlations among the
neurons recorded with odor stimuli (Fig.2).
Most pairs of the AL neurons showed
correlations of conjoint excitation and a
positive correlation occurred with no delay. A
Among neurons, those pair of the neurons
showed functional overlapping and correlated
activity with different odor stimuli.  

P hysiology and Genetic Regulation Department

Fig. 1
Metamorphosis from diapausing larvae to pulpal stage in Anomala cuprea
1: third instar larva in diapause; 2: prepupa terminating diapause; 3: pupae
after diapause

Fig.2
Cross-correlogram of the spikes of a pair of antennal lobe
neuron showing a pattern with a central peak which is
suggestive common input to these neurons.
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Cryptobiosis in Polypedilum
vanderplanki: an internal factor
triggering trehalose synthesis

Larvae of P. vanderplanki are completely
dehydrated when the pools dry up and
undergo anhydrobiosis until the next rain
comes. During the dehydration process
larvae accumulate large amounts of trehalose
which provide effective protection against
desiccation because of its high capacity for
water-replacement and vitrification. However,
what factor(s) trigger explosive synthesis of
trehalose during desiccation remains
unknown in this species.

As the occurrence of drastic trehalose
synthesis coincided with loss of body water,
changes of osmolarity in the body were
thought to be a cue for trehalose synthesis.
Indeed, exposure to high salinity triggered
rapid and efficient accumulation of trehalose
even without desiccation treatment (Fig.3).
As the explosive production occurred mainly
in high concentrations of salt solutions, it is
concluded that an increase of internal ion
concentration triggers trehalose synthesis
associated with cryptobiosis in this species.

Metabolism and Nutrition of
Silkworms

Ornithine, which is one of the major amino
acids in larval hemolymph of the silkworm,
Bombyx mori, decreases during the larval -
pupal metamorphosis. Activity of ornitine

Fig. 3
Effect of various salt solutions on trehalose content of P. vanderplanki larvae. Larvae were incubated for 1 day in the
same osmotic pressure (342 mOs) of each solution. Control shows the content of untreated larvae. Numbers to the right
of SE bar indicated larval activity after 1-day treatment of each solution.

Fig. 4
SDS-PAGE analysis of purified ornitin aminotransferase
from pupal fat body of the silkworm Bombyx mori.
lane 1: molecular weight maker, lane 2: purified ornitin
aminotransferase
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aminotranferase(OAT) was not detectable
during the larval stage, but appeared in the
pupal fat body. As OAT is thought to be
responsible for the decrease in hemolymph
ornitine during the larval pupal metamorphosis,
characterization of OAT was carried out.
First, OAT was purified by ammonium sulfate
fractionation and the combination of several
column chromatographys from pupal fat
body. Specific activity was raised to 800 fold
and SDS-PAGE analysis showed homogeneity
of the prified enzyme protein (Fig. 4). Then,
the following characteristics were obtained:
optimum pH was 7.8, Km for ornithine was
2.6 mM, Km for a-ketogultarete was 4.2mM.

A novel C-type lectin in mouthparts
of the flesh fly

We have isolated a novel gene, CLEM 36,
of the flesh fly Sarcophaga peregrina, which
shows significant homology to the C-type
lectin family. CLEM 36 mRNA was transcribed
excessively from the second day after eclosion
only in the tip of mouthparts, and was
expressed in the C-type lectin-producing
tissue (CLPT) located at the entrance of the
food canal and between the labellum and
haustellum. To determine localization of
CLEM 36 protein, we prepared proteins of
the labellum excluding CLPT, CLPT,
hemolymph, and vomited fluid containing
saliva.  We found that antibody raised
against CLEM 36 recognized a 19 kDa band
in both the CLPT and vomited fluid, but not
in the labellum or hemolymph (Fig.5).  No
CLEM 36 band was detected by preimmune
serum in any protein samples (data not
shown).  The molecular mass of 19 kDa was
larger than expected(18.1 kDa), suggesting
that the CLEM 36 may be glycosylated at the
potential N-glycosylation site.  Since the
CLEM 36 gene was expressed only in CLPT
and homolymph did not contain the encoded
protein, CLEM 36 protein detected in the
vomited fluid is considered to be delivered
from saliva.  These results showed that the
mature form of CLEM 36 was synthesized in
the CLPT, and then secreted into saliva.
CLEM 36 may play an important role in the

biological defense against pathogens during
the food intake of this insect.

Sexually differentiated functions of
female-produced free amino-acid
pheromone in the black chafer

Ether extract of the abdominal gland of
female black chafers Holotrichia loochooana
loochooana (Sawada) (“Ryukyu kurokogane”
in Japanese: Coleoptera: Scarabaeidae)
induced a series of pre-mating behaviors that
included short-distance orientation,
mounting and abdominal bending toward
females in the laboratory.  GC-MS analyses
of the extract revealed that active fractions
contained anthranilic acid (2-aminobenzoic
acid) as a major compound (Fig.6).  When
partitioned to basic, acidic and amphoteric
fractions, pheromonal activity was observed
with the latter two fractions and anthranilic
acid was detected in these fractions by HPLC
analyses.  The amount of anthranilic acid in
the female extract was estimated to be ca. 1.3
µg/female. Authentic anthranilic acid induced
pre-mating behavior in males of at levels
equal to that elicited by the compound in the
extract.  In the field, both males and females
were attracted with authentic anthranilic
acid. Male chafers were observed to apparently
directly locate cotton balls impregnated with
1 to 10 mg of pheromone. In contrast, females
never directly oriented to the treated balls
but landed 0.2 - 1.5 m away and exposed
their abdominal glands in a calling posture,

Fig. 5
Immunoblot analysis of CLEM 36 protein
Protein samples of the labellum (La), CLPT (CL), vomited
fluid (VF), and hemolymph (HL) were separated by 15%
SDS-PAGE and immunoblotted using anti-CLEM 36
antiserum.  The arrow shows the expected migration
position of the CLEM 36 protein (molecular mass: 18.1
kDa).
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which occasionally resulted in aggregation of
both females and males.  This suggested the
mating aggregation of this species could be
primarily induced by pheromone released by
females.

A Novel Collagen Scaffold Useful for
the Reconstruction of an Epithelial-
Mesenchymal Model

We applied the vitrification technology of
heat-denatured proteins to a traditional
opaque and soft collagen gel prepared by
incubating a cold and clear neutral salt
solution containing type-I collagen at 37˚C,
and converted it into a rigid material like
glass. Then, we attempted to rehydrate the
glass-like material and succeeded in
preparing a novel collagen scaffold possessing
valuable physical properties, that is, a thin
and transparent membrane with enhanced
gel strength. Further, the framework-
embedded thin collagen gel membrane
scaffold that can be easily reversed by forceps
was prepared by inserting a nylon membrane
ring in the collagen solution prior to the
gelation (Fig. 7a).  Anchorage-dependent cells
can be cultured on the both surfaces of the
scaffold by the manipulation of two-
dimensional cultures and consequently it

resulted in the reconstruction of a three-
dimensional organoid. An intestinal epithelial-
mesenchymal model was reconstructed by co-
culturing fibroblasts on the opposite side of
the monolayered Caco-2 cells on the scaffold
(Fig. 7b).  These results demonstrate that the
framework-embedded thin collagen gel
membrane scaffold can provide an excellent
three-dimensional culture system for
reconstructing epithelial-mesenchymal
models (Fig. 7c).

AFLP analysis reveals a locus
responsible for specific disease
resistance of chicken 

One of the DNA finger printing methods,
AFLP (Amplified fragment length poly-
morphisms), has the potential to physically
“catch” loci influencing a phenotypic trait
under study. It is an efficient method of
genome scanning when defined sample pools
can be generated for alternative phenotypes
(e.g. resistant and susceptible). 

One strain of chicken was identified
where blood plasma showed almost no
immune reaction to Mycoplasma sinoviae
(MS) antigen, yet many other strains in the
same chicken barn showed strong reaction.
We therefore expected that this strain is non-

Fig. 6
Mass spectrum of the compound
in fractions that evoked mating
behavior of H. l. loochooana
males.

:Epit helial cells
:Thin collagen gelmembrane
:Mesechymal cells

Fig.7
Thin collagen gel membrane scaffold useful for reconstructing epithelial-mesenchymal models.



sensitive, or has resistance to MS. We
constructed several experimental families.
The F2 generation of one family was derived
from the mating of one non-sensitive female
and one sensitive male of the grandparental
generation. Six females in the F2 did not
show any reaction and one male and seven
females showed strong reaction. We collected
DNA samples of these chickens and submitted
them to AFLP analysis.

All six non-sensitive chickens and the
non-sensitive parent (P1) did not have a
specific AFLP band. Five of the eight
sensitive chickens had the specific AFLP
band (green arrow) that the sensitive grand
parent (P2) had. Cloning of the band revealed
that a polymorphic site in the sequence
relating to the band were visible(C) or
invisible(T). The sensitive grand parent had
heterozygous (T/C) and the sequence having
C was visible. The three sensitive F2
individuals which had an invisible band (T/T)
might have inherited the corresponding
genomic locus from the sensitive P2.   The
causative locus is expected to reside very
close to the gene that was identified by AFLP
and subsequently sequenced.

Tumor necrosis factor-α in the
central nervous system of Chinese
Meishan pigs

It has been shown that tumor necrosis
factor-α (TNF-α ), a proinflammatory
cytokine, is possibly involved in the central
nervous system (CNS) functions and stress-

induced sickness behavior in pigs. However,
the physiological significance and production
of TNF-α in the CNS are not well established
in this animal. In the study with Chinese
Meishan pigs, the abundance of TNF-α
messenger RNA and immunoreactive TNF-α
were observed in brain tissues (hypothalamus,
amygdala, or hippocampus) and the pituitary.
The concentrations of TNF-α were increased
(P < 0.05) in these brain tissues and the
pituitary by intramuscular injection of
lipopolysaccharide (LPS) (J. Anim. Sci.
81:1274-80, 2003; Fig. 9). Plasma concentrations
of TNF-α and cortisol were also increased by
intravenous injection of LPS, which caused
hyperthermia, inhibition of food intake and
increase in standing rate. These results
suggest that TNF-α is present in the CNS,
and plays some roles in its biological
regulation in pigs.

Histochemical study of the
accessory olfactory bulb in goats 

Pheromone is a chemical signal that
mediates species-specific social interaction
between individuals such as mating,
parenting and aggression.  Pheromonal
information is processed in the vomeronasal
system, and the accessory olfactory bulb
(AOB) is the primary center within this
system. In the present study, we histochemically
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Fig. 8
AFLP analysis of chickens which blood serum being
sensitive or non sensitive to Mycoplasma sinoviae antigen

Fig. 9
Effects of LPS on TNF-α concentrations in the brain
tissues and the pituitary. All values are expressed as the
mean ± S.E.M. (five pigs per treatment). Open columns
show the values in the control. Different superscript letters
indicate significant differences (P < 0.05 or lower). Hyp =
Hypothalamus, Amg = Amygdala, Hip = Hippocampus,
and Pit = Pituitary.
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examined the AOB in goats, and its
morphological characteristics were compared
with those described in rats.  

Sections containing the goat AOB were
stained with nissl, and appearance, size and
the number of cells were observed.  Some
sections were processed for lectin histochemistry
to examine chemical components in the AOB.
The goat AOB was located on the caudal and
dorso-medial aspect of the olfactory bulb, and
was comparable to the rat AOB in terms of
the size and the number of output neurons,
suggesting that the goat AOB is able to
receive and process as much pheromonal

information as the rat AOB.  On the other
hand, the laminar structure of the AOB
markedly differed between two species.
While the AOB is composed of five layers in
rats, it was divided into only three layers in
goats (Fig. 10).  Further, the patterns of
lectin binding in the goat AOB contrasted to
those reported in rats, indicating the
different chemical composition of respective
layers.  These results indicate the diversity
in organization of the AOB in mammals,
which may relate to particular ecological
demands for organization and function of the
AOB in each species.

Fig. 10
Schematic drawings of the structure of the AOB.

The research activities of our department
are mainly focused on molecular and
conventional genetics of insects including the
silkworm, biochemical analyses of insect-
plant interaction, characterization and
breeding of natural enemies, and basic and
applied studies on insect-associated microbes,
including pathogens and symbiotes.

Molecular and evolutional analyses
of insects

Genetic diversity
A possible intact element of Bombyx

MITE-like transposon Organdy was
identified (Fig.1).  This element encodes a
transposase-like amino acid sequence similar
to that of Pong, which is an active MITE in
rice, and is about 3.0 kb long (Organdy3.0),
although most Organdy are about 550 bp in
size (Organdy0.5).  As a different size class of
Organdy, we identified a 1.4 kb long copy,
which is a specific Organdy0.5 in which three
independent insertions occurred.  One of
these three inserts is a Bm1.2 retroposon,
which is most abundant class of repetitive
elements in Bombyx genome.

Silkworms have two xanthine dehydrogenase

I nsect Genetics and Evolution Department



(XDH) genes, BmXDH1 and BmXDH2, and
two XDH isozymes, XDHalpha and XDHbeta.
It has been shown that BmXDH1 encodes
XDHalpha but the relationship between
BmXDH2 and XDHbeta has remained
unclear. It was shown that BmXDH2 encodes
XDHbeta by two-dimensional Western
blotting in which the first dimension was
Native PAGE paralleled with XDH
zymogram and the second one was SDS-
PAGE. A silkworm ABC transporter gene,
Bmwh3, was found to be on the w-3 locus,
which is responsible for silkworm translucent
larval skin mutation, suggesting that Bmwh3
works as a uric acid transporter.

Molecular genetic structure was compared
among populations of the oriental fruit fly,
Bactrocera dorsalis, one of the most destructive
fruit pests of tropical Asia and the Pacific
region. The results showed that the Hawaii
population was genetically homogeneous and
did not share any common mitochondrial
haplotypes with Asian populations. On the
other hand, haplotypic compositions were
similar among Asian countries and recently
collected Japanese populations. These results
suggest that this species has expanded
geographic distribution in several different
ways. Similar analyses revealed that a
considerable genetic differentiation has
occurred among geographic populations of a
heteropteran predatory insect Macrogerris.

Some kind of stimuli make living things

stronger. We tested this relationship with
several pest insects and insecticides. Then,
the brown planthopper, serious pest for rice
plant, was revealed to have resistance to
some kind of insecticides when it was treated
with a subleathal dose of chemicals in one
generation, not caused by the selection. 

Planthopper EST analysis and cDNA
microarray

A number of cDNA clones made from
various tissues of a rice pest, the brown
planthopper Nilaparvata lugens , were
sequenced. Thirty thousand ESTs in total
were  obtained and tissue specific genes were
selected from the ESTs. Using cDNA microarray
of the silkworm, we have studied the effect of
agricultural chemicals on the silkworm and
silkworm cell lines. The microarrays were
also used for the analyses of induced
expression by microorganism infection.

Insect cellulase genes
Varieties and phylogenetic origin of insect

cellulase genes were surveyed. Cellulases
belonged to glycoside-hydrolase family 9
(GH9) were primarily found in hemimetabolous
insects like termites, cockroaches and
grasshoppers, while GH45 cellulase genes
were mainly distributed in Coleopteran
insects. GH5 were found only in longicorn
beetles. The results showed diversity and
different phylogenetic origins of insect
cellulase genes. For industrial application,
the improvement of the cellulase genes was
tried. Four termite endogenous cellulase
cDNAs encoding enzymes placed in glycoside-
hydrolase family 9 from different hosts were
homogonously recombined by random
digestion by DNAse I and following primer-
less PCR amplification. Some of the obtained
clones produced cellulases, which showed
much higher activity than that of parent
clones.

Genetics and evaluation of silkworm
stocks 

The morphology of the intersex silkworm
moths from the Isx-2 strain was investigated.
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Organdy3.0

Organdy0.5

Organdy1.4

Terminal Inverted Repeat

Fig.1
Three classes of transposon Organdy: Organdy3.0 is an
element encoding a possible transposase in ORF2.
Organdy0.5 is an element derived from Organdy3.0 by an
internal deletion covering about 2.4 kb. Organdy1.4 is a
specific Organdy0.5 containing three independent
insertions.
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Although external sexual organs of the
intersex moths were a mixture of both sexes,
internal sexual organs of the intersex moths
resembled those of female moths in many
individuals. As a trial to identify intersex
gene, we compared the genome of Isx-2 strain
to that of Daizo race by a genomic subtraction
method. As a result, we obtained one candidate
clone that was located on W chromosome.
The nucleotide sequence of this clone showed
no homology to known sequences. The copy
number of this clone in the genome was
analyzed by quantitative PCR and Southern
hybridization. These results showed that the
copy number of Isx-2 was approximately one-
third in comparison to that of the Daizo race.

In addition, a new mutation expressing
brown egg color was named “maternal brown
egg of Shimizu” (b-2s), which was located at
position 29.1 on the sixth linkage group.
Mapping of homeotic mutant genes was
examined by three-point tests. Three
homeotic mutant genes belonging to E-
pseudoalleles (EMu, ENc and EAl) and Nc
were arranged in order from the proximal
side of the sixth linkage group.

A total of 248 silkworm breeding stocks
were maintained and characterized. On
cocoon character, 220 items were collected for
the construction of a database. 

Insect-plant interactions 
Based on our findings that papain, a

cysteine protease found in papaya latex,
plays a crucial role in the defense of papaya
trees against herbivorous lepidopteran
larvae, and that very high protease activity
exists in the latex of Ficus virgata, we
suspected that cysteine proteases in latex of
fig species also have defensive roles similar
to that of papain. To investigate this
possibility, we performed E-64-painting
bioassays on F. virgata leaves using 1st
instar Eri silkworms. When control F.
virgata leaves were fed to the larvae, all the
larvae died within 4 days (some died within 6
hours, and 85% died within 2 days) without
any increase in mass (Fig. 2A). However,
larvae that were fed E-64-painted leaves

(Fig. 2B) or leaves that were cut into narrow
strips and then washed with water to
eliminate latex (Fig. 2C) grew far better. In
both cases, larval mass increased rapidly and
mortalities were 10-30% by Day 4. These
results indicate that cysteine protease plays
a defensive role in F. virgata, and imply a
general defensive role of cysteine proteases
found in various plants groups. 

The leaf beetle, Ophraella communa
infests almost exclusively Ambrosia
artemisiifolia in the field. Four compounds
identified as the feeding stimulants for O.
communa have been isolated from A.
artemisiifolia. Triterpenoid derivatives (α-
amyrin acetate or β-amyrin acetate) and
caffeic acid derivatives (3, 5-dicaffoylquinic
acid or 5-caffeoylquinic acid) showed feeding
stimulant activity when mixed together.

Enzymatic activities in the saliva of
Nephotettix cincticeps were examined. The
salivary gland extracts and fed-sucrose
solution hydrolysed p-nitrophenyl β-D-
galactoside (NPβGal) better than NPβGlu.
The β-galactosidase activity was detected in
the III cells of the principal salivary glands
by X-Gal.

Fig. 2
Defensive effects of cysteine proteases in latex of Ficus
virgata leaves on the Eri silkworm, and effects of E-64
(cysteine protease-specific inhibitor) painting and latex
elimination. Newly hatched 1st instar larvae were fed
control papaya leaf, papaya leaf painted with E-64 (0.36
mg/g fresh leaf), or washed papaya leaf strips, and reared
at 25C for 4 days. 
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Natural enemies
Phytoseiid mite, Amblyseius womersleyi,

is one of promising natural enemies against
spider mites on various crops. It is known
that these mites are attracted by volatiles
mediated from plants infested with spider
mites. However, there seems to be an
intraspecific difference on the olfactory
response to those volatiles. Then, first we
analyzed if the olfactory response is related
to the other traits in A. womersleyi. Although
the olfactory response to the volatiles was not
related to the predation rate, number of eggs
laid, and developmental rate, it was
negatively related to arrestment behavior.
Second, we tested the olfactory responses of
various populations of A. womersleyi to those
volatiles in a Y-shaped olfactometer in order
to obtain genetically different predator
strains. After repeating selections on
olfactory response three times, the fast and
slow response groups were successfully
divided.

Pirate bug Orius spp. are known as an
effective predator of thrips, and several
species are already on the market. To trace
the crosses between commercial and native
strains in the field and predict the possible
results, genetic markers are useful. To detect
genetic diversity within and among populations
of Orius strigicollis, eight microsatellite
markers have been developed. Using 6 of the

8 markers, we compared genetic diversity of
five wild populations and two commercially
available strains. The commercially available
strains of O. strigicollis were fixed on most
loci and far different from wild populations in
the genetic diversity. In wild populations in
O. strigicollis, we found a positive relationship
between the geographical distance and
genetic distance.

To investigate whether if the release of
commercial strains of Orius species affects
diapause of native strains, we conducted the
cross experiments between a native
Fukushima strain (diapause) and two
commercial strains of Orius strigicollis. The
observed incidence of diapause in the
commercial strains was lower than that of
Fukushima strain. The observed incidence of
diapause in F1 between the commercial
strain and Fukushima strain was intermediate
being between them.

Symbiotes

Endosymbiotes of arthropods
Intracellular bacteria that cause

reproductive alteration on insect and mite
hosts were cultivated in the cell lines and
were injected into new hosts. The
performance of the symbiotic bacteria,
Wolbachia, was examined in the new host.
CFB (Cytophaga-Flavobacterium-Bacteroides)
bacteria (Fig. 3) were detected from several
mites and one of them caused cytoplasmic
incompatibility in its host mite. The effects of
the propagation of CFB bacteria in their host
cells were studied using silkworm cDNA
microarray.

Dicistroviruses
The translation initiation with elongator

tRNAs in dicistroviruses was investigated.
The intergenic internal ribosome entry site
(IRES) of dicistroviruses determines the
translation initiation site by virtue of their
own tertiary structure formation in the
absence of initiator Met-tRNA and AUG
triplets. Although previous deletion analysis
showed that several nucleotides in the viral

Fig.3
Phylogenetic position of CFB bacteria: CFB bacteria are intracelluar
symbiotes of a new group. They alter host arthropod reproduction as well as
Wolbachia.
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coding sequence were necessary for the
IRES-mediated initiation, recent studies
showed that the viral coding region was not
an absolute requirement for the initiation.
This indicates that translation initiation with
elongator tRNAs is possible in the case of the
IRES-mediated protein synthesis.

Bacteria and phytoplasma
A part of the genomic region of Enterobacter

cloacae, which is related to its colonization in
insect gut, was cloned and sequenced.
Homology search of the sequence showed
that unknown genes were coded. A new
phytoplasma-vector, leafhopper Erythroneura
mori, was identified. Phytoplasma-infective
leafhoppers caused mulberry dwarf symptoms
in approximately 25% of mulberry seedlings. 

Insect pathogens
We studied several insect pathogens,

including viruses, bacteria and fungi, and
plant pathogenic fungi to clarify biological
function, and applied our findings to the
biological control of pests and other purposes. 

Anomala cuptea entomopoxvirus (AcEPV)
spindle, paracrystalin proteinaceous bodies,
enhance nucleopolyhedrovirus(NPV) infection.

This ability of the spindle did not decrease
after the heat treatment or dipping to
germicidal agent. These properties indicated
that these bodies are potentially stable co-
agents of microbial insecticides.

Each hybrid derived by crossing among
seven silkworm races showing resistance to
Cry1Ab toxin of Bacillus thuringiensis and
one Cry1Ab toxin susceptible race was
susceptible to Cry1Ab toxin. These results
showed the Cry1Ab resistant genes of seven
resistant races to be recessive.

The difference in susceptibility against
Beauveria brongniartii between resistant and
susceptible silkworm races was related to the
fungal multiplication within the haemocoel.
In addition, the resistance of one race was
considered to have some relationship with
the phagocytic ability of the larval haemocytes.

Myrothecium verrucaria from a diseased
plant produced toxic substances. The substances
induced necrosis on the 108 species of plants
and showed toxicity to eight species of yeast
and 17 species of fungi, but did not showed
toxicity to 15 bacterial species and two
species of Myrothecium. These results show
that the substances have potentiality as
herbicides or antifungal agents.

Development of biosensors and
related materials focusing on the
immolization of chemical
recognition molecules

In order to immobilize liposome
containing sugar receptor molecules from
labella of fresh fly to solid substrate,
polyhydroxyethylacrylamide as a hydrophilic
layer, and polydimethyaminopropyl-
acrylamide as a cationic layer, were
immobilized onto the surface of quartz glass
by the graft polymerization technique. The
graft polymerization was confirmed by the
change of surface contact angle and surface

zeta potential.
We prepared conjugates (Lac-CY-SF) of

silk fibroin and lactose bearing the galactose
residue, which is recognized by hepatocytes,
and studied recognition interactions of Lac-
CY-SF with galactose-binding lectins (Ricinus
communis agglutinin, RCA120).  We observed
the RCA120 lectin-induced aggregation of Lac-
CY-SF in an aqueous solution and the
fixation of fluorescein isothiocyanate-labeled
RCA120 (FITC- RCA120) onto the surface of
Lac-CY-SF films (Fig.1).  These results
indicated that the galactose residue of Lac-
CY-SF was valid as recognition ligands in the

I nsect Biomaterials and Technology Department



interactions with lectins and hepatocytes.
N-channel MOSFETs were developed by

thermally impurity diffusion of phosphate
into a P-type silicon wafer. Micro-pit array
electrodes were also fabricated on a silicon
wafer and we confirmed whether lipid
membranes were made on micro-pit arrays or
not by observation by optical microscopy and
the measurement of membrane capacitance.
From these experimental results, it was
suggested that lipid membranes were made
on micro-pit array electrodes.

Development of measurement and
recording methods for obtaining bio-
physical information on insects

The average density of 4 varieties of
silkworms was calculated from the measured
value by using an acoustic volumeter.  Both
sexes of the density of silkworm larvae were
1.08 to 1.09.  The density of pupae was 1.06
to 1.07 (male) and 1.07 to 1.08 (female).
Between the larva of the same variety, and
the sex of pupa, there was no difference in
density (official approval of 1% of rates of
danger).  The density between 4 varieties
compared for every sex was not different
between female larvae (1% of rates of
danger), between male larvae, and between
pupa of a female and a male, there was a
difference at 5% of rates of danger. The
silkworm aligning method and silkworms
automatic supply equipment, which are
applied to the silkworm hemolymph
collection system and are needed for

establishment of the production system of the
useful substance using silkworms, were
developed.

In order to measure the acceleration of a
freely flying hawk moth, Agrius convolvuli, a
small and light circuit was developed using a
micro-accelerometer, ADXL202. We could
measure the acceleration of moth’s thorax
while it warmed up and hovered.

MOSFETs, which were developed by
thermally impurity diffusion into a silicon
wafer, and micro-probes, which were made
by and reactive ion etching, were fabricated
in order to record insect bio-potentials. We
could record the muscle potentials from
silkworm moth’s dorsal longitudinal muscles
and its signal-to-noise ratio was not good
because of very small recording sites.

Development of new sericological
technology and new materials using
sericulture related products

Development of functional materials such
as fine chemical using chitin and fibroin etc.

For the purpose of the resource recovery of
the dead silkworm larvae disposed as waste
material from an insect factory, the waste
selection device which sorted out cuticles,
silkglands and residue powders was
improved. As a result of the improvement,
each performance was optimized by unitizing
each part of hopper, crush, sieve, recovery,
and the selection efficiency was improved.

The chitin was purified from the waste
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Fig. 1
Fluorescence images of cast films of Lac-CY-SF and SF after immersion into FITC- RCA120 solution.
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cuticles, and the spherical microsphere was
obtained. It was found that the extraction
residue in the sterilized dead body had
inhibitory activity for the α-glucosidase. In
addition, several unsaturated fatty acids
were able to be extracted from the waste
cuticles under the condition approximate to
room temperature, when the supercritical
carbon dioxide was used.

The biodegradation behaviors of silk films
by the action of enzymes indicated that the
extent of weight loss depended on the type of
enzymes. Protease was more aggressive than
a-chymotrypsin or collagenase, and always
resulted in higher values of weight loss. The
plot of “I1264/I1231” as a function of the weight
loss of silk films suggested the degree of
crystallinity of biodegraded films increased to
an extent directly related to the weight loss,
that is, the higher the weight loss the higher
the degree of crystallinity. The breaking load
and elongation at break decreased. Protease
was more aggressive than collagenase or a-
chymotrypsin, resulting in a loss of strength
and elongation of 33% and 45%, respectively,
after 17 days of incubation.

Characterization silk fibroin and
other biopolymers from chemical and
physical respect and development of
their applications to wound covering
materials and others

In order to attempt the utilization of silk
protein for wound-covering materials, a
growth-promoting effect of silk fibroin L-

chain for the fibroblast was examined.  All
the fractions were obtained by enzymatic
hydrolysis and by the separation of HPLC,
the growth-promoting activity.  The amino
acid sequence was examined on two peptide
fractions of which the activity was high. The
biologically active peptide consisted of 10 and
8 amino acid residues, respectively. We
succeeded in making the synthetic fiber in
which surface the fibroin fine powder with
their particle size 5µ or less.

As this result, the tensile strength of this
hybrid fiber did not lower, and it was
excellent in dyeing ability and softness.

β-sheet structure in silk fibroin sponge
was observed by FTIR measurement and the
ratio was different by the sponge forming
conditions. X-ray diffraction analysis also
indicated the existence of crystal structure in
silk fibroin sponge and the difference of the
crystal morphology by the sponge forming
conditions, especially the kind of solvent, was
observed. Fibroblasts were able to proliferate
well in silk fibrin sponge and we found the
growth rate depended on the compressive
modules of the silk fibroin sponge in the
preliminary study.

Spider silk and silkworm silk are fibrous
proteins, which have become the subject of
extensive study as model polymer for high-
performance fibers. In order to analyze the
molecular orientation and secondary
structure of these fibrous proteins,
attenuated total reflectance (ATR) infrared
spectroscopy was applied to investigate the
molecular structure of natural silk from the
spider Araneus ventricosus and the silkworm
Bombyx mori. Polarized ATR measurement
showed that most of the amide group in
protein were oriented in the silk fibers.
Secondary structures of silk protein were
estimated by Fourier self-deconvolution and
curve-fitting procedures. These data
suggested that the β-sheet structure is
predominantly in spider silk and the
component of aggregated strand was rich in
silkworm silk. It may be expected that the
differences of secondary structure between
spider silk and silkworm silk have an

Fig 2
The microspheres prepared from the chitin of waste
cuticles derivation.
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influence upon the physicochemical
properties.

We generated transgenic silkworm which
produces recombinant fibroin L-chain protein
fused to enhanced green fluorescent protein
(L-EGFP) in the silk gland by using the germ
line transformation technique (Fig.3).  We
made a cast film using aqueous solution of
fibroin extracted from the L-EGFP
transgenic silkworm. We found the surface
properties of the film by contact angle
against water, surface zeta-potential, and cell
adhesiveness measurements changed
compared with a cast film prepared from wild
type silkworm. Improvement of cell
adhesiveness on the cast film of L-EGFP silk
fibroin was observed.

Fig. 3
L-EGFP transgenic silkworm.
5th instar larva was dissected from the back and
observed under bright (A) and fluorescent (B) microscope.
Silk fibroin in the silk gland shows fluorescence of L-
EGFP fusion protein (B).

Analysis of characteristics of silk-
worm races maintained as genetic
resource

We analyzed the characteristics of Japanese

improved silkworm races by comparing them
with those of Japanese native races (Table 1).

The ratio of the actual cocoon volume to
the theoretical cocoon volume of Japanese

I nsect Biotechnology and Sericology Department

Quantitative characteristics

Japanese native race Japanese improved race

mean coefficient of

variatium

maximum minimum

X1 Number of eggs laid

X2 Last inster days (days)

X3 Total inster days (days)

X4 Susceptibilty (ppm)

X5 Cocoon length (cm)

X6 Cocoon width (cm)

X7 Cocoon weight (g)

X8 Ratio of length and width (%)

X9 Actual cocoon volume (cm3)

X10 Theoretical cocoon volume (cm3)

X11 Volume ratio (X9/X10)

X12 Raw silk percentag (%)

X13 Reelabilty percentag (%)

X14 Length of cocoon filament (m)

X15 Weight of cocoonfilament (cg)

X16 Size of cocoon filament (d)

X17 Neatness (points)

X18 degumming loss percentage (%)

X19 Lousiness (points)

575

5.2

21.6

4954

3.34

1.63

1.47

48.5

5.49

5.83

0.89

10.10

80.5

531.9

15.00

2.51

78.2

23.1

0.577

8.8(%)

9.2(%)

4.9(%)

37.6(%)

6.3(%)

5.5(%)

8.8(%)

8.2(%)

11.5(%)

13.2(%)

9.0(%)

12.7(%)

15.0(%)

12.7(%)

17.9(%)

12.7(%)

13.0(%)

7.7(%)

79.7(%)

675

7

23.9

8920

3.80

1.89

1.76

62.6

6.95

7.33

1.10

11.85

97.0

669

19.4

3.15

98.0

28.2

1.93

417

4.3

19.2

1950

2.79

1.41

1.17

40.0

4.15

3.85

0.70

4.23

37.0

374

5.6

1.30

57.5

19.5

0

mean coefficient of

variatium

maximum minimum

585

6.6

22.7

1765

3.73

1.78

1.60

47.9

6.98

7.99

0.85

14.03

82.3

777.2

22.81

2.63

85.4

24.9

2.05

7.9(%)

14.5(%)

5.9(%)

38.9(%)

6.8(%)

11.4(%)

12.2(%)

9.0(%)

17.7(%)

31.0(%)

14.5(%)

19.3(%)

15.9(%)

22.5(%)

26.2(%)

10.1(%)

16.8(%)

8.1(%)

42.4(%)

718

9

25.9

3280

4.42

2.66

2.08

62.6

10.00

18.57

1.10

20.09

96.0

1200

35.8

3.21

99.0

30.4

3.98

482

5

19.9

320

2.93

1.57

1.22

42.2

4.80

519

0.50

6.95

25.0

478

11.3

1.97

50.0

20.6

0.69

Table 1. Quantitative characteristics of Japanese silkworm races
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improved races is 0.85. From this result, the
characteristics of the cocoon shape of Japanese
improved races can be determined.  Namely,
they have a longer major axis than that of
true ellipse or have a concave part in the
center of the cocoon body.

Japanese improved races are better than
Japanese native races in the quantitative
characteristics such as cocoon length, cocoon
width, cocoon weight, cocoon volume, raw silk
percentage, length of cocoon filament and
neatness. On the other hand, the lousiness of
Japanese improved races is worse than that
of the native races. This is because the cocoon
shell weight of Japanese improved races is
larger than that of the native races. Thus, it
is found that there is a correlation between
the lousiness and the weight of the cocoon
shell. The coefficient variations of susceptibility
to the fungicide(Maneb), the theoretical
volume and lousiness are 30% or more.

There are some fluffy cocoon races in the
Japanese improved races.  We found that the
susceptibility to the fungicide (Maneb) and
the development of lousiness were genetically
stable and were not subjected to the rearing
conditions. The susceptibility to the fungicide
and the development of lousiness are
remarkably influenced by the silkworm

varieties.

Improvement and application of
mapping systems in the silkworm,
Bombyx mori

The molecular linkage map has been
improved and finally 280 EST-cDNA clones
have been mapped on 28 linkage groups.

The molecular markers on this linkage
map have been applied to determine whether
these markers were effective to make
homozygote of Nid-1 (dominant resistant
gene against DNV-I) or not. The most closely
linked clone, m274, revealed to give effective
RFLP between N150 (+/+) and N203 (Nid-1).
Direct screening of homozygote (H) was
carried out using m274’ RFLP as DNA
marker after mating heterozygous Nid-1/+
(Fig.1). The segregants crossing between the
selected individuals were identified and
RFLP of EST-cDNA clone could select
homozygote of Nid-1 by DNA-tagging (Fig. 2).
These selected individuals were identified as
homozygotes of Nid-1 by crossing with
sensitive (+/+) individuals. It was shown that
DNA-tagged selection was very much easier
than the methods to make homozygote by
virus infection.

A) Male B) Female

HHHHHH

Fig. 1
Direct screening of homozygote (H)
Both male and female were selected by homozygote (H) of m274.

Fig. 2
Homozygote of Nid-1 by DNA-tagging 



Construction of new method in insect
cell culture and characterization of
immune - responsiveness of
Lepidopteran cell line.

As an experimental tool, cell line is
absolutely necessary for molecular biology
science. However, it takes still more several
months to establish cell lines with a traditional
cell culture method. Cell lines should be
established simply and immediately whenever
they are required. We constructed an
expression vector that integrated SV40-T
cDNA of oncogene to induce a hyperplasia of
cells. It was confirmed by Western blot
analysis that this SV40-T cDNA was inserted
in genome of Bombyx mori cells. By using
new culture method that we discovered last
year, we succeeded in making a Bombyx mori
cell line that is cultivable by serum free
medium, and we constructed an in vitro
large-scale production system. Also, we made
a cell line that has a responsibility to insect
hormone (Fig.3). This can be used as a
certification system of biochemical products.
In an insect immune response, we clarified

that Epoxy hydrolase gene of Drosophila
could induce a gene transcription by medical
treatment medicine of hyperlipidemia.    

Construction of expression system
for useful materials by transgenic
insects using modified
transposones

Technology related to an application of
transgenic silkworm has been progressed
extensively. The relationship between the
size of inserted gene into the plasmid vector
and an efficiency to construct transgenic
silkworms was investigated. The results
suggest that the efficiency was decreased,
accompanied by an increase of insertion gene
size (Fig.4). However, the decrease was rather
slight, suggesting that the system using
transposon piggyBac as a vector for the
transgenesis in the silkworm possesses the
capacity to insert the genes with the sizes of
20 to 30 kb into the chromosomal DNA. The
promoters for the transgenic silkworms have
been characterized and used for the regulation
of the introduced gene. The promoters with
specificity of the expression in posterior silk
gland, middle silk gland and heat-treated
tissue were analyzed.

Concerning the virus system, an efficient
oral infection method was developed and an
inactivation method for the viruses in the
hemolymph collected from larvae were
investigated. Furthermore, genes controlling
circadian rhythm in Drosophila were studied.
The fly genes were over-expressed in the
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Fig. 3
Filamentous cytoplasmic extensions

Fig. 4
Relatioship between the insert size of vector and the
efficiency of construction in transgenic silkworm.
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timeless neuron and the candidate genes
regulating the locomotor rhythm were
selected.

Inhibition of microsporidians by
administrating fumagillin and
benomyl

The efficacy of inhibition of microsporidians
from Bombyx mori and Antheraea pernyi
silkworms by administrating fumagillin and
benomyl was investigated using different
variation microsporidians. It was shown that
the fumagillin was significantly effective at
all stages of the prolification of Nosema
bombycis, while benomyl was effective only
at the initial stage of the infection of N.
bombycis. Additionally, fumagillin effectively
inhibited the prolification of various
microsporidians. However, benomyl was
effective in eliminating N. bombycis, NIS-
402, NIS-408, NIS-520, NIS-611, Nosema sp.
NIS-SAKUSAN, Pleistophora sp. NIS-M27
and Thelohania sp. NIS-M32. Benomyl has
been found to be ineffective in eliminating
infection by Vairimorpha sp. NIS-M12 and
Vairimorpha sp. AP.

Promotion of nucleopolyhedrovirus
infection in larvae of the silkworm,
Bombyx mori, by chitin synthesis
inhibitors

We demonstrated that chitin synthesis
inhibitors promote nucleopolyhedrovirus
(BmNPV) infection in the silkworm when
they are fed to the silkworm prior to an
inoculation of the virus.

Chitin synthesis inhibitors (Table 2) were
incorporated into the larval diet and fed to
the silkworm larvae for 24 h. Thereafter, the
larvae were inoculated with BmNPV
inclusion bodies perorally. The median lethal
dose (LD50) of the BmNPV inclusion body in
the silkworm that had ingested those
chemicals was drastically decreased (Table
2).

Insect viruses such as NPVs are often
used as a microbial pesticide that protects
agricultural crops from insect pests. Thus,
chitin synthesis inhibitors that promote viral

infection will serve as synergists of the
microbial pesticide.

Breeding of silkworm races having
special features

We selected two kinds of silkworm breeds
secreting high concentration of sericin with
flavonoid or carotenoid pigment for a stable
appearance of these colors.  The yield of the
yellow cocoon “PNY×PCY” and green cocoon
“PNG×PCG” strain was also improved to a
practical level.  The green cocoon showed the
high anti-oxidation ability while the yellow
cocoon had the same ability as ordinary
white cocoon. Moreover, the soft and lustrous
necktie was woven using the super-thin
filament race “Hakugin”.  This necktie was
evaluated as a high quality luxurious good by
200 anonymous persons, and has been
released as a new silk product at the
commercial level.

The quality of the cocoon filament of the

Concentration of the

inhibitor in a diet

ingested by the

silkworm (ppm)*

LD50

(Inclusion

bodies/larva)

No (control)

Captan

Flufenoxuron

Nikkomycin Z

Polyoxin

2.0x106

2.5x101

1.1x100

0.8x100

2.2x101

—

800

100

10

500

Table 2. Effect of chitin synthesis inhibitors on
BmNPV infection in 4th-stadium Bombyx
mori larvae

*Concentrations in which the maximum promoting effect
on the viral infection is to be obtained.

Fig. 5
Effcects of nitrogen fertilizer to size and length of cocoon filament of
“Hakugin”



silkworm race “Hakugin” fed by mulberry
leaves of different amounts of fertilizer
(nitrogen base) was investigated. As a result,
the size and length of cocoon filament was
smaller and shorter, respectively, in the plot
of the mulberry leaves of poor nitrogen
(Fig.5).

Basic study on silkworm race
breeding

Sensory response of the deterrent cell in
medial styloconic sensilla to salicin was
measured in the two type of segregants
derived from a backcross population of
polyphagous strain, Sawa-J, with normal
strain, Daiankyo, by an electrophysiological
technique.  The result indicated that the food
preference gene (pph) is related to the
recognition of bitter substances like salicin
(Fig.6).  The high concentration sericin
producing race, “Sericin-hope” was certified
as a suitable race for recombinant protein
production by the baculovirus system
because of a high amount of hemolymph and
its effective collection.  The filament size of
cocoon was affected by eight chromosomes
besides the RFLP linkage group 9.  The six
kinds of cDNA clone regions located on the
same linkage group were directly detected on
a chromosome by FISH analysis indicating
the coincidence between the genetical and
cytological maps of  B. mori.

The chemical modification of silk
sericin and the development of
characteristic silk products 

LiCl/DMSO is a good solvent for silk
sericin. It is quite useful for modification of
sericin hydroxyl groups under nonaqueous
condition. Therefor, some sericin derivatives
were synthesized using the new modification
technique. As a result, it is demonstrated
that the chemical modification of the
abundant hydroxyl groups in LiCl/DMSO is
quite useful for adding new properties to
sericin.

Denim fabrics were woven  by the net raw
silk, and it was confirmed that the physical
properties of strength, softness and warmth
of fabric were more than the ordinary cotton
denim fabrics.

The high bulk silk reeling machine was
reformed by attaching a cocoon feeding
mechanism, the size control mechanism and
bulkiness controlling mechanism.

The formation of an artificial skein, blood
tube, and tendon by using cocoon filaments
was examined(Fig.7). The artificial skein was
formed by spreading cocoon filaments as a
flat state and pressing it. The blood tube and
tendon were made by the combination of
winding and knitting of cocoon filaments. 

Potentialities of natural dyestuffs as
antifeedants against varied carpet
beetle, Anthrenus verbasci

Woolen fabrics dyed with different natural
dyestuffs were studied on their feeding by
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Fig. 6
Examples of records in Sawa-J lem, Daiankyo, and BF1,
in sensory response of the deterrent cell in the medial
styloconic sensilla to 25mM Salicin + 20mM NaCl.

Fig. 7
Artificial tendon model made of cocoon filaments.



Annual Report 2004 81

the larvae of the Anthrenus verbasci L.. The
following results were obtained.

Most of the natural dyestuffs studied,
except for turmeric and lithospermi radix
significantly suppressed the attack of A.
verbasci. The feeding damage by the insect
was not related to the extent of color depth or
shade of the dyed fabric. Water-soluble
substances having an absorption peak at
around 280nm, commonly present in the
natural dyestuffs except turmeric, were

believed to be related to antifeeding action by
the harmful insect. The polyphenols, tannic
acid and catechin, were closely related to the
antifeeding effect of the natural dyestuffs:
the more their amount in the dyed fabric, the
higher the antifeedanting effect. Lithospermi
radix was very well fed by A. verbasci,
however, fabric wool dyed by dialysis
lithospermi radix strongly suppressed attack
of the larvae (Fig. 8).

Fig. 8
Result of feeding test of wool fabrics dyed by dialysis lithospermi radix kept with 10 A. verbasci larvae after 4 weeks
(Individual feeding tests).
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The Plant Science Division consists of the
following five departments, and is actively
engaged in multidisciplinary researches.

Scientists at the Molecular Genetics
Department are engaged in studies of the
structure and function of plant genomes,
genes, their products, and their networks,
which are involved in various agriculturally
important traits, and also the mechanisms
regulating expression of these genes. 

Those at the Biochemistry Department
are involved in researches on the three-
dimensional structure of proteins, and
structure-function relationships of proteins
involved in response to hormones and other
biotic signals in plant cells.  

The Plant Physiology Department is
engaged in analyses of molecular mechanisms
of important physiological processes in plants
including photosynthesis, morphogenesis

such as leaf and floral organ development,
the symbiotic process of nitrogen fixation,
mechanisms of defense against plant pathogens,
and tolerance against environmental stresses.

The Plant Biotechnology Department is
developing new techniques for next-
generation plant biotechnology and also
producing novel transgenic crops with
superior traits which conventional breeding
techniques can not produce. 

The Institute of Radiation Breeding is
developing new technologies utilizing
radiation for plant breeding, the creation of
plant genetic resources through mutation
induction, and the elucidation of gene
expression mechanisms in plant mutants. 

Major topics in each department are
described below.

Plant Science Division

The research activities of this department
are mainly focused on the analysis of the
structure and function of rice genome, genes
and their products, the development of tools
and resources for functional analysis of rice
genes, and the mechanisms regulating gene
expression. Major topics in the fiscal year
2003 are described as follows.

In silico analyses of the NAC family
transcription factors in rice and
Arabidopsis

Over 32,000 cDNA clones were collected
and completely sequenced from japonica rice
in the rice full-length cDNA project (year
2000-2003). Along with the nearly complete
genome sequence of rice, information of the

full-length cDNA clone is very important for
the correct annotation of the gene structure,
especially for the initiation and termination
sites of the transcription and the exon-intron
boundary structure. Collection of cDNA
clones has also been enhanced to analyze the
gene families in rice genome. Among many
kinds of gene families, we have first focused
on the gene families of the transcription
factors. In 28,469 clones, as published in our
key paper in Science, 1336 clones have the
DNA binding domain, which were classified
into 18 independent groups. We focused on
NAM/NAC-type transcription factor at first,
because it belongs to a plant specific
transcription factor family.

The NAC domain was originally charac-

M olecular Genetics Department
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terized from consensus sequences from
petunia NAM and from Arabidopsis ATAF1,
ATAF2, and CUC2. Genes containing the
NAC domain (NAC family genes) are plant
specific transcriptional regulators and are
expressed in various developmental stages
and tissues (Fig. 1). We performed a
comprehensive analysis of NAC family genes
in rice (a monocot) and Arabidopsis (a dicot).
We found 75 predicted NAC proteins in full-
length cDNA data sets of rice (28,469 clones)
and 105 in putative genes (28,581 sequences)
from the Arabidopsis genome. NAC domains
from both predicted and known NAC family
proteins were classified into two groups and
18 subgroups by sequence similarity as
shown in Fig. 2. There were a few differences
in amino acid sequences in the NAC domains
between rice and Arabidopsis. In addition,
we found 13 common sequence motifs from
transcriptional activation regions in the C-
terminal regions of predicted NAC proteins.
These motifs probably diverged having
correlations with NAC domain structures.
The relationship between the structure and
function of the NAC family proteins in light
of our results and the published data are
discussed. Details could be seen in our recent
publication (Ooka et al. DNA Research 10:
239-247).

Large-scale sequence analysis of
rice genes disrupted by the insertion
of the retrotransposon Tos17

Functional analysis of genes is an
important target for molecular genetics of
rice. Gene disruption is one of the most
powerful methods for this purpose. The
mutant panel, knock-out mutant lines using
retrotransposon Tos17 has been produced
during the last five years in our department.
Tos17 is an endogenous retrotransposon in
rice which is only active in cultured rice cells,
and becomes inactivated in the regenerated
plant. The transposed Tos17 copies are fixed
in the regenerated plants and segregated in
the next generation. Copy number of Tos17 is
only 2 in japonica rice Nipponbare. An
average of 10 copies of Tos17 are transposed
in each mutant line. Because we have
produced more than 50,000 lines of Tos17
insertion lines, more than 500,000 loci have
been disrupted.

To identify each insertion point of Tos17
in rice genome, each flanking region was
amplified using a TAIL-PCR and suppression
PCR method and then nucleotide sequence
from each fragment was determined.
Currently, 5,000 lines have been analyzed
and more than 20,000 insertion loci have
been assigned to the rice genomic sequences.
Tos17 is inserted into all rice chromosomes.
However distribution of insertion points is
not random (Fig.3). High frequency insertions
are observed at near the telomeric regions on
rice chromosome 1. The insertion is biased to
the genic region. The region annotated with
exon or intron is three times more frequently
inserted than the intergenic region. This
preference is very suitable for large-scale
analysis of disrupted genes. On the
pericentromeric regions consisting of
heterochromatin, density of Tos17 insertions
is relatively low. Because the gypsy type
retrotransposon makes its cluster on the
pericentromeric region, there might be a kind
of quota system of retrotransposons on rice
genome. 

We have developed flanking sequence
database of Tos17 mutant lines. The

Fig. 1
NAM and NAC domains and TAR in an NAC family
protein. The NAC family protein is shown by the
transparent rectangles, and the locations of various
known and predicted domains are shown as follows. NAC
domain: striped region; Activation domain of AtNAM:
hatched region. Subdomains A to E are shown by solid
lines in the NAC domain. The DBD (DNA-binding domain)
of AtNAM is contained within the subdomains D and E.
The NAM domain in InterPro consists of subdomains A to
D. The subdomain E of 50 aa (amino acids) was added to
the NAM domain in InterPro. The TAR (transcriptional
activation region) is the C-terminal region of the NAC
family protein. 
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Fig. 2
Phylogenetic tree of all NAC domains. The unrooted phylogenetic tree of NAC domains was depicted by the CLUSTAL X
program, and was constructed by the neighbor-joining method.28 The numbers beside the branches represent bootstrap
values (≥ 500) based on 1000 replications. The NAC domains were classified into two large groups: Groups I and II.
Group I was divided into 14 subgroups (TERN, ONAC022, SENU5, NAP, AtNAC3, ATAF, OsNAC3, NAC2, ANAC011,
TIP, OsNAC8, OsNAC7, NAC1, and NAM), although two NAC domains (ONAC024, ANAC077) did not belong to any
subgroup. Group II was divided into ANAC001, ONAC003, ONAC001, and ANAC063. Green names beginning with
“ONAC” are NAC domains in O. sativa. Magenta names beginning with “ANAC” are NAC domains in A. thaliana. Blue
names are the NAC domains from reported NAC families. Roman numerals (i to xiii) written after names indicate motifs in
TARs. In clones marked with an exclamation point (!), TARs were not analyzed because they were too short. Asterisks
(*) indicate homologues.
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database can be accessed on the Internet.
The URL of our database is http://tos.nias.
affrc.go.jp/. Users can search nucleotide
and/or amino acids sequences of their
interest against our flanking sequences. If
the query sequence hits our flanking
sequence, the corresponding line may be a
mutant which was disrupted with Tos17.
When the mutant line is found, users can
request the mutant lines via our web site.
This system is very powerful tool for
functional genomics.

Generation of activation tagging
lines of rice: Isolation and
characterization of a lesion mimic
mutant

A T-DNA vector that contains tetramer of
the CaMV 35S enhancer followed by its
minimum promoter at its right border was

introduced to rice (Oryza sativa L. cv
Nipponbare) by the Agrobacterium-mediated
transformation method. We have generated
12,000 transgenic rice lines that carry the T-
DNA insertion. Among them, several
mutants including lesion mimic, stripe,
dwarf, and short grain were obtained in the
T0 generation. A lesion mimic mutant, which
was designated as Lesion mimic 1 (Lmm1),
was further characterized. Lmm1 was
dominant and the mutant phenotype was co-
segregated to the T-DNA in the T1

generation. An ORF (LMM1) was located
about 500 bp downstream of the T-DNA and
the lesion mimic phenotype correlated with
the enhanced expression of the mRNA.
LMM1 protein shows sequence similarity to a
protein whose expression is induced by
hypersensitive reaction in tobacco. In
addition, transcriptional levels of PR proteins

Fig. 3
The distribution of Tos17 insertions on rice chromosome 1. Frequency represents number of insertions of Tos17 on each
100kb fragment.

Fig. 4
Accumulation of rice phytoalexins in the Lmm1 mutant leaf.  Momilactone A content. (B) Sakuranetin content.  WT1 and
WT2: Wild type. 42,44,45: Lmm1. The number of + indicates the severity of the lesion mimic.



were increased, and phytoalexins, both
momilactone A and sakuranetin, accumulated
in Lmm1 (Fig. 4). Furthermore, T1 plants
which exhibit lesion mimic were resistant to
a rice fungal pathogen, rice blast fungus,
which indicates the correlation between the
LMM1 protein and defense mechanism.
Finally, we confirmed that the overexpression
of LMM1 is sufficient to induce the lesion
mimic phenotype by re-transformation. 

Ehd1, a B-type response regulator in
rice, confers short-day promotion of
flowering independently of Hd1

Two evolutionarily distant plant species,
rice (Oryza sativa L.), a short-day plant, and
Arabidopsis thaliana, a long-day plant, share
a conserved genetic network controlling
photoperiodic flowering. The orthologous
floral regulators—rice Heading date 1 (Hd1)
and Arabidopsis CONSTANS (CO)—
integrate the circadian clock and external
light signals into mRNA expression of the
FLOWERING LOCUS T (FT) group floral
inducer.  According to daily light/dark cycles,
the circadian clock expresses Hd1/CO mRNA
mainly during the subjective night. In rice,
Hd1 inhibits and promotes floral transition
by suppressing and activating FT-like genes
depending on the day-lengths, respectively.
In Arabidopsis, CO functions as an activator
of FT under LD conditions. Thus, the
regulation of FT group genes by Hd1/CO
plays a central role in the photoperiodism of
both SD and LD plants. Regardless of the
important role of Hd1, this model does not
fully explain photoperiodic flowering in rice,

because Hd1-deficient strains exhibit a
significant delay of flowering under
continuous-light conditions compared with
SD conditions. 

To better understand the molecular
mechanisms of photoperiodic flowering in
rice, we studied a japonica cultivar,
‘Taichung 65’ (T65), which exhibits a broad
regional adaptability because of its reduced
response to photoperiod. We here show that
T65 contains loss-of-function alleles of Hd1
and Ehd1 (Early heading date 1), both of
which play important roles in photoperiodic
flowering of rice. We first detected two major
QTLs at Hd1 and Ehd1 regions in the T65 ×
Nipponbare cross (Fig. 5). This result led us
to analyze the genomic DNA sequence of Hd1
in T65. We found that a retroelement-like
fragment was inserted into the second exon,
and the T65 allele of Hd1 seemed to be a
loss-of-function allele. To further confirm the
deficiency of Hd1 in T65, we transformed the
functional Nipponbare allele of Hd1 (Hd1-
Nip) into T65 to generate the T65+Hd1
transgenic line. Hd1-Nip in T65 clearly
promoted flowering under the SD condition
and delayed flowering dramatically under
the LD condition (Fig. 6). 

To reveal the molecular nature of the
Ehd1 gene, we next performed map-based
cloning and have demonstrated that Ehd1
encodes a B-type response regulator whose
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Fig. 5
Major QTLs identified in 89 recoombinant inbred lines derived from a cross
between T65 and Nipponbare. F values of single point QTL analyses at the
Hd1 and Ehd1 loci are shown.

Fig. 6
A) Hd1 can promote and repress flowering in T65
background under SD and LD conditions, respectively. In
contrast, Ehd1 can promote flowering in T65 under both
SD and LD conditions. Note that floral promotion by Ehd1
does not require the  Hd1 function since T65 contains a
null al lele of Hd1.  B) Right; T65+Hd1 under LD
conditions, Left; T65 under LD conditions. Around 180
days after sowing.
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ortholog may not exist in Arabidopsis. Ehd1
induces mRNA expression of FT-like genes
after SD treatment, indicating that a novel
two-component signaling cascade is integrated
in the conserved photoperiodic flowering
pathway in rice. When the functional allele of
Ehd1 was introduced into the Hd1-deficient
cultivar, T65, the transgenic rice plants
flowered early , especially under SD, clearly
indicating that Ehd1 can function as a floral
inducer independently of Hd1.

Characterization of a xyloglucan
endotransglucosylase gene that is
up regulated by gibberellin in rice
seedlings

Gibberellins (GAs) are a class of
phytohormones that regulate many aspects
of plant growth and development processes,
including stem elongation, flowering and
seed germination. To elucidate the effect of
GA on these processes, the GA biosynthesis
and signaling pathway have been widely
studied in many plants using genetic,
molecular and biochemical approaches.  To
screen downstream genes related to shoot
elongation in GA signaling in rice (Oryza
sativa L. cv Nipphonbare), a cDNA microarray
containing 4,000 cDNA clones randomly
selected from a rice cDNA library, was
hybridized to the cDNA synthesized from
RNA prepared from the leaf sheath including
apical meristem of rice seedlings treated with
GA3 for 24 h.  Among 4,000 genes analyzed,
28 unique clones showed enhanced expression,
while 44 clones were repressed by GA3

treatment when compared to the control.
Among the GA up-regulated clones, one clone 
that shows homology to xyloglucan endo-
transglucosylase (XTH) related sequences,
was designated as OsXTH8, cloned and
characterized.  OsXTH8 is a single copy gene
and its cDNA is 1298 bp encoding a predicted
protein of 290 amino acids. Phylogenic
analysis revealed that OsXTH8 with barley
XTH related genes, HvPM2 and HvPM5,
makes a different fourth subfamily in the
previously reported three subfamilies of
XTHs related genes.  OsXTH8 preferentially

expressed in rice leaf sheath in response to
GA3.  OsXTH8 expressed mainly, as revealed
by in situ hybridization and OsXTH8
promoter GUS fusion analysis, in vascular
bundles of leaf sheath and young nodal roots
where the cells are actively undergoing
elongation and differentiation.  OsXTH8
transcript was up-regulated by GA3 alone or
in combination with brassinolide (BL) and
repressed by abscisic acid, while no
significant effect of auxin was observed (Fig.
7).  In two genetic mutants of GA, GA
constitutive response mutant Slr1 and GA
partial deficient mutant Tanginbozu, with
abnormal heights, the expression of OsXTH8
correlated with the height of the mutants.
To investigate the function of OsXTH8, RNAi
OsXTH8 was placed under the control of 35S
CaMV promoter and transferred into rice.
Transgenic rice expressing RNAi in OsXTH8
exhibited repressed growth and plants were
about 20-50% shorter compared with that of
vector control at the time of maturity.  These
results suggest that OsXTH8 is a novel XTH
related gene that is up-regulated by GA3 and
may be involved in GA-regulated stem
elongation processes in rice. 

Fig. 7
Hormonal regulation of OsXTH8 expression.  A and B)
Effects of different phytohormones and their combination
on the expression of OsXTH8.  C) OsXTH8 expression in
different GA mutants exhibiting abnormal heights. 
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Structural biology

X-ray crystallographic analysis of
proteins and their complexes

Crystal structure studies of several
biologically important proteins have been
carried out. α-Galactosidases catalyze the
hydrolysis of α-1,6-linked galactosyl residues
from galacto-oligosaccharides and polymeric
galacto-(gluco)mannans. The crystal structure
of rice α-galactosidase was determined at 1.5
Å resolution (Fig. 1). The structure consisted
of a catalytic domain and a C-terminal
domain. The catalytic domain had a (β/α)8-
barrel structure and the C-terminal domain
was made up of eight β-strands containing a
Greek key motif. The structure was solved as
a complex with D-galactose, providing a mode
of substrate binding in detail. The D-galactose
molecule was found bound in the active site
pocket on the C-terminal side of the central
β-barrel of the catalytic domain. Structural
comparisons of rice α -galactosidase with
chicken α -N-acetylgalactosaminidase

provided further understanding of the
substrate recognition mechanism in these
enzymes. The crystal structure of Bacillus
subtilis α -amylase, in complex with the
pseudotetrasaccharide inhibitor acarbose,
was determined at 2.3 Å resolution. The
complex structure revealed an hexasaccharide
in the active site as a result of transglycosylation
of acarbose (Fig. 2). Based on comparison
with the known structure of the catalytic site
mutant complexed with the native substrate
maltopentaose, it is suggested that the
present structure represents a mimic
intermediate in the initial stage of the
catalytic process.

Unique DNA Recognition Mode of the
Plant Zinc Finger Protein ZPT2-2

The ZPT family is a group of DNA-binding
proteins in petunia consisting of two to four
Cys2/His2 (C2H2) zinc finger motifs that are
implicated in floral-organ specific transcriptional
regulation. In contrast to cluster-type zinc
finger proteins observed in animals, these
proteins are characterized by the existence of
long spacers in variable lengths between zinc
fingers. Moreover, the zinc finger motif itself

B iochemistry Department

Fig. 1
The ribbon model of the crystal structure of rice α -
galactosidase in complex with D-galactose. Two catalytic
residues are shown in red, and the bound D-galactose
molecule is shown in black ball-and-stick drawings.

Fig. 2
The surface potential model of the Bacillus subtilis α-
amylase in complex with acarbose. The acarbose
molecule is shown in wire drawing. 
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contains a highly conserved QALGGH
sequence, which has so far not been  reported
for any organisms other than plants. We
have studied the three-dimensional structure
of the DNA-binding domain (ZF1F2) of ZPT2-
2, containing two zinc finger motifs (F1 and
F2) separated by 44-amino acid length
spacer, and its interaction with target DNA
by NMR spectroscopy. ZF1F2 contains two
ββα motifs, typical for the classical C2H2 zinc
fingers, in the F1 and F2 regions (Fig. 3). No
NOE contacts were observed between F1 and
F2, indicating that the two zinc finger motifs
of ZF1F2 have no interactions and behave
independently in the absence of DNA due to
high mobility of the spacer connecting F1 and
F2. This spacer is highly flexible even in the
complex with the target DNA. This flexibility
mainly provides a unique DNA recognition
mode in which ZPT2-2 can interact with
target DNAs containing two core sequences
in different arrangements. Chemical shift

perturbation experiments showed that the
conserved QALGGH sequence, occupying the
+2 to +7 region of the recognition α-helix in
both F1 and F2, interacts with the target
DNA. In addition, the C-terminal region of
the α-helix (+8 to +16) is also involved in
DNA binding. These results prompt us to
propose a model of DNA recognition by ZPT2-
2 where the single zinc finger motif can bind
to the core sequence using nearly the full
length of the α-helix (Fig. 4a). This model is
quite different from DNA recognition mode
by the cluster-type C2H2 zinc finger proteins
from animals. In the case of the cluster-type
proteins, two consecutive zinc fingers
cooperatively bind to the core using only the -
1 to +6 region of the recognition α-helix (Fig.
4b).

Proteomic analysis
Based on the proteomic approach, several

materials such as rice, silkworm, and
bacteria, have been analyzed using the
combination of two-dimensional polyacrylamide
gel electrophoresis and mass spectrometry.
Many genes encoding the proteins were
mapped on the gels and several isomers were
identified.  The next paradigm in proteomics
seems to be the identification of protein
interaction, then investigation using non-
denatured gel electrophoresis and other
techniques were attempted to introduce the
proteomics through the developing new
methods and application for the analysis
protein network.  To understand the protein

Fig. 4
(A)  DNA recognition mode by the second zinc finger of ZPT2-2. The model structure of the complex was constructed by
locating all DNA-interacting residues determined by chemical shift perturbation experiments so as to interact with the
target DNA core sequence, CAGT. (B) X-ray crystal structure of the TFIIIA F1F2/DNA complex extracted from the six-
finger TFIIIA/DNA complex.

Legends to Figures

Fig. 3
Ribbon drawings of energy-minimized average NMR
structures of ZPT2-2 F1(Gly96-Ile130) (A) and
F2(Pro162-Leu194) (B). Side-chain heavy atoms of zinc-
chelating residues and zinc atom are shown as stick and
CPK models, respectively. The highly conserved
QALGGH sequence in the plant specific ZPT family is
colored in magenta.
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interaction, we recently developed the native
protein electrophoresis system using plastic
tube gel for two-dimensional polyacrylamide
gel electrophoresis (Fig. 5).

Molecular analysis of signal
perception and transduction

Analysis of elicitor- and gibberellin-
responsive genes for GRAS family
proteins in rice.

By DNA microarray analysis, we
identified two novel members of the GRAS
gene family from rice, CIGR1 and CIGR2,
inducible by the potent elicitor, N-
acetylchitooligosaccharide, and gibberellins.
The predicted proteins encoded by CIGR1
and CIGR2 share a significant sequence
similarity with members of the GRAS family
previously identified, such as Arabidopsis
SCARECROW, GAI, RGA, tomato Lateral
suppressor, and rice SLR1, all of which have
VHIID domains, implying that these two
gene products play roles in cellular signaling.
Fusions of these two proteins with Green
Fluorescent Protein were found exclusively in
the nuclei of onion epidermal cells.  The
expression of CIGR1 and CIGR2 was
dependent on the structure of N-
acetylchitooligosaccharides and gibberellins,
both of which show good correlation with the

biological activity.  The results suggested
that the induction of the genes by N-
acetylchitooligosaccharide and gibberellin is
mediated by a biological receptor capable of
specific recognition and signal transduction
upon perception of the compounds.  The
mRNA accumulation was independent of de
novo protein synthesis.  Co-cultivation of rice
cells with rice blast fungus strongly induced
the expression of CIGR1 and CIGR2 ,
whereas inoculation of suspension cells with
phyto-pathogenic bacteria did not.  Further
pharmacological analysis revealed that the
CIGR1 and CIGR2 mRNA accumulation by
gibberellin is dependent upon protein
phosphorylation/dephosphorylation events in
a different manner from that by N-
acetylchitooligosaccharide.  Lavendustin A
and Okadaic Acid, an inhibitor of tyrosine
kinase and protein phosphatase, respectively,
strongly blocked the mRNA accumulation
induced by gibberellin but not by N-
acetylchitooligosaccharide.  Furthermore, in
rice calli derived from d1, a mutant that is
deficient in the α -subunit of the
heterotrimeric G-protein, CIGR1 and CIGR2
were induced by N-acetylchitooligosaccharide
elicitor, but not by gibberellin (Fig. 6).  These
results strongly suggested that CIGR1 and
CIGR2 are the crossing point of elicitor and
gibberellin signals, and further implied that
CIGR1 and CIGR2 have dual, distinct roles
in defense and development.

Fig. 5
The first dimension was native gel electrophoresis of
silkworm body fluid using plastic tube.  The second
dimension was SDS polyacrylamide gel electrophoresis.
Oligomeric proteins which were co-migrated in the first
dimension were separated in the second dimension by
denaturation. Those proteins should then be lined
vertically in 2D-gel profile.

Fig. 6
Dependency on D1 (α-subunit of heterotrimeric G-protein)
of the mRNA accumulation for CIGR1 and CIGR2 by
treatment with N-acetylchitoheptaose and GA3.
Suspension-cultured cells of rice mutant line, d1 , were
treated with N-acetylchitoheptaose (GN7; 1 µM) or GA3

(50 µM) and incubated for the time indicated.  Total RNAs
were subjected to northern blot hybridization.
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The research activities of our department
are mainly focused on the elucidation of
molecular mechanisms of important
physiological processes in plants. The major
topics in fiscal 2003 are as follows.

Photosynthesis and carbon
metabolism

Identification and expression analyses of
rice three PEPC kinase genes

Phosphoenolpyruvate carboxylase (PEPC),
a key enzyme of C4 photosynthesis, performs
an important role in the primary carbon and
nitrogen metabolism in C3 plants, and it
undergoes activity regulation through
reversible phosphorylation.  Three PEPC
kinase (PPCK) genes, OsPPCK1, OsPPCK2
and OsPPCK3, were identified in the rice
genome sequence database, and their full
length cDNAs were isolated. In vitro
transcription/translation of the cDNAs
followed by the assay of PPCK activity
indicated that all three genes encode a
functional PPCK protein. OsPPCK2 has an

intriguing feature, in that it has two
transcription initiation sites. Transcription
from the second initiation site gives rise to a
translation product similar to those of

Auxin receptor at the plasma membrane
Auxin is a plant hormone functioning on a

wide range of growth and developmental
processes including cell division, elongation
and differentiation. An auxin-binding protein
(ABP1) is a candidate for the auxin receptor
on the plasma membrane. Several gene
manipulation analyses on the ABP1 gene
indicate that ABP1 functions on the auxin-
induced cell elongation. ABP1 is a soluble
protein, and no transmembrane region has
been identified within the ABP1 sequence.
Thus, it has been postulated that ABP1 is
resident at the plasma membrane by binding
to a transmembrane protein, termed a
docking protein. Photoaffinity crosslinking
analysis demonstrated a membrane protein

interacting with ABP1. 

Candidate gene for QTL influencing tissue
culture trait using rice DNA microarray

Two candidate genes for quantitative trait
loci (QTL) controlling tissue culture traits in
rice were screened using DNA microarray
analysis. The QTL on chromosome 1 was
detected using a population derived from two
varieties, Koshihikari and Kasalath, and
Kasalath allele gave improved tissue culture
ability in subculture and regeneration. Since
the candidate genes were suppressed in
Kasalath callus, now we are trying to
suppress these genes in Koshihikari callus to
see if these genes are related to tissue
culture ability.

P lant Physiology Department
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Fig. 1
Expression characteristics of three PPCK genes analyzed by RT-PCR.
OsPPCK2-1 and OsPPCK2-2 represent the total and long transcripts,
respectively, of OsPPCK2.



OsPPCK1 and OsPPCK3, while transcription
from the first site gives rise to a longer
protein with an extension of 13 amino acid
residues at the N terminus. RT-PCR analyses
(Fig. 1) indicated that three genes showed
different expression characteristics regarding
organ specificity and diurnal change in the
leaves.  Expression profiles of the two
transcripts of OsPPCK2 were also different.
These results suggest that the three PPCK
genes have different functions in rice plants
and that OsPPCK2 might have dual
functions, mediated through selection of the
transcription initiation site.

Species variation in potential
photorespiratory capacity of C4 plants 

In C4 plants, photorespiration is decreased
relative to C3 plants. However, it remains
unclear how much photorespiration C4 plants
have. We investigated photorespiratory
capacity in C4 plants by analyzing the
accumulation of glycine decarboxylase (GDC)
in leaves. In all species examined, GDC was
localized in the bundle-sheath (BS)
mitochondria, but the amount of GDC varied
among species. Both the NAD-ME and PCK
species contained more GDC in the BS than

the NADP-ME species. There was a high
positive correlation between the amount of
GDC and the degree of granal development
in the BS chloroplasts, suggesting that C4

species having high PS II activity in the BS
chloroplasts possess high photorespiratory
capacity.

Identification of a new gene controlling
plant height in rice by using the candidate
gene strategy

We identified a gene underlying a
quantitative trait loci controlling plant
height on chromosome 1 (QTLph1) in rice by
using the candidate gene strategy (Fig. 2).
Physiological analyses of a near isogenic line
expressing QTLph1 (NIL6) suggested that
the targeted gene might control plant height
by the high ability to translate sucrose in
leaves. The results pointed to the gene for
sucrose phosphate synthase (SPS), the major
limiting enzyme for sucrose synthesis, as a
candidate gene for QTLph1 among the
annotation of the region of QTLph1. The
effect of increased SPS activity on plant
height was proven with transgenic rice
plants with a maize SPS gene.
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Fig. 2
Phenotypic Analysis of NIL6 or Nipponbare. a Nipponbare (control plants) and NIL6 plants at 75 days after transplanting.
b Change in plant height of Nipponbare and NIL6. c Comparison of the length of panicle and upper 4 internodes of main
culms. Data are presented as the mean of 10 independent plants. *** means significant at T-test (P < 0.001).
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Plant development

Possible role of LIF in the regulation of
local cytokinin metabolism around
axillary buds

Shoot branching is among the key factors
that define the overall architecture of plants.
We have previously found that overexpression
of a cDNA for a zinc-finger protein of
petunia, designated Lateral shoot Inducing
Factor (LIF), in transgenic petunia plants
resulted in a dramatic increase in lateral
shoots. LIF is specifically expressed around
the bases of axillary buds and this expression
declines after decapitation. 

To investigate whether changes of
hormone levels are responsible for the LIF-ox
phenotypes, we determined auxin, gibberellin,
and cytokinin contents in LIF-ox and wild-
type petunia. The levels of auxin and
gibberellins were comparable between the
two plants. By contrast, we found that free
cytokinins (presumed active forms), were
significantly decreased, while their nucleoside
and nucleotide forms were increased in the
leaves and stems of LIF-ox plants, suggesting
that the final steps of cytokinin metabolism
are blocked by LIF-ox (Table I). This finding,
taken together with the expression patterns

of LIF, may suggest that LIF plays a role in
maintaining local cytokinin content at low
levels thereby keeping the axillary buds
dormant. 

Control of branching is of immense
economic importance in horticulture and
agriculture. To examine whether LIF could
enhance branching in other plant species, we
overexpressed LIF in tobacco and Arabidopsis
and found that LIF-ox resulted in enhanced
branching in both the plants. These results
suggest that LIF function may be widely
conserved at least among dicotyledonous
plants.

Specific roles of phytochromes A, B and
C in rice development

We have been studying distinct functions
of rice phytochromes by the isolation and
analysis of phytochromes mutants. Rice
phytochromes form a small gene family,
PHYA, B and C. We have isolated mutants
for all phytochromes and also produced
double and triple mutants. 

In the natural day length condition
(considered a long day), the flowering time of
a phyA single mutant was the same as that
of the wild type, while phyB and phyC
mutants were about 10 days earlier than the

Leaves Stems

WT

Concentration
(pmol/g FW)

Concentration
(pmol/g FW)

% WT
Concentration
(pmol/g FW)

Concentration
(pmol/g FW)

% WT

LIF-ox WT LIF-ox

62
176
172
30
87
81
43
100
155
16
170
427

1.03 ± 0.07
0.95 ± 0.22
15.0 ± 5.29
0.22 ± 0.02
0.26 ± 0.04
1.94 ± 0.47
0.06 ± 0.01
0.06 ± 0.01
1.07 ± 0.13
0.43 ± 0.08
1.53 ± 0.61
142.1 ± 85.6

1.66 ± 0.18
0.54 ± 0.05
8.72 ± 0.68
0.73 ± 0.10
0.30 ± 0.03
2.39 ± 0.28
0.14 ± 0.01
0.06 ± 0.02
0.69 ± 0.04
2.71 ± 0.82
0.90 ± 0.21
33.26 ± 4.61

73
280
272
52
135
99
175
500
308
26
450
170

0.29 ± 0.11
0.14 ± 0.09
1.84 ± 1.05
0.36 ± 0.10
0.23 ± 0.08
2.34 ± 0.41
0.21 ± 0.16
0.10 ± 0.06
0.80 ± 0.32
0.73 ± 0.04
2.70 ± 2.91
92.66 ± 33.2

0.40 ± 0.06
0.05 ± 0.01
0.68 ± 0.15
0.69 ± 0.05
0.17 ± 0.02
2.36 ± 0.28
0.12 ± 0.01
0.02 ± 0.01
0.26 ± 0.05
2.86 ± 0.05
0.60 ± 0.06
54.42 ± 20.3

tZ
tZR
tZMP
cZ
cZR
cZMP
DHZ
DHZR
DHZMP
iP
iPR
iPMP

Table 1. Cytokinin contents in LIF-ox and wild-type petunia plants.

Abbreviations: tZ, trans-zeatin; tZR trans-zeatin riboside; tZMP, trans-zeatin riboside monophosphate; cZ, cis-zeatin;
cZR, cis-zeatin riboside; cZMP, cis-zeatin riboside monophosphate; DHZ, dihydrozeatin; DHZR, dihydrozeatin
riboside; DHZMP, dihydrozeatin riboside monophosphate; iP, N6-(∆2-isopentenyl) adenine; iPR, N6- (∆2-isopentenyl)
adenine riboside; iPMP, N6-(∆2-isopentenyl) adenine riboside 5’-monophosphate.



wild type. A phyBC double mutant flowered
at the same time as the phyB or phyC single
mutant. These results indicate that phyB
and phyC have the same effect (delaying the
flowering) on the flowering-time determination
under the long day condition. In contrast,
phyAB and phyAC double mutants showed
very early flowering. These observations
mean that the phyA mutation alone does not
affect the flowering time so much, but that in
the phyB or phyC mutant background, phyA
mutation has a big effect on the flowering
time in this condition. In order to elucidate
the points where these phytochromes act, we
examined the expression levels of the
flowering-related genes, Hd1 and Hd3a,
during the growing process up to the
flowering. The results of these experiments
suggest that phyB and phyC promote the
long-day signal at the upstream and phyA
suppresses the Hd3a expression in the
downstream.

Disease resistance 

Identification of mitogen-activated protein
kinase phosphatase as a novel
calmodulin-binding protein

We have been studying the molecular
mechanism of the defense response of tobacco
to pathogen infection and wounding. We have
isolated 13 tobacco calmodulin (CaM) genes,
which were subdivided into three types, and
have showed that each type CaM exhibits
characteristic gene expression profile and

distinctive activation profile for putative
target proteins. To study the function of
CaMs, we identified mitogen-activated
protein kinase (MAPK) phosphatase (NtMKP1)
as a CaM-binding protein by screening the
cDNA expression library. Recombinant
NtMKP1 protein physically interacted with
three types of CaM in vitro. Using mutated
NtMKP1 protein, we identified amino acid
residues critical for binding CaM. Over-
expression of NtMKP1 in tobacco plants
compromised the wound-induced activation
of two defense-related MAPKs, WIPK and
SIPK. These results suggest that plant CaMs
are involved in these stress-activated MAPK
cascades via NtMKP1 (Fig. 3).

Cause of genomic variation of disease
resistance genes is mainly due to
accumulation of minor nucleotide
mutations

Plant’s true disease resistance genes
recognize the infection of corresponding
pathogens through perception of their
molecular components like the immune
system of higher animals (vertebrates). In
both cases, how to keep recognizing the
pathogen’s components, which are very
rapidly changed by mutations to escape these
hosts’ surveillance system, is the main
problem. However, although animal’s immune
systems harbor more than 107 variations
corresponding to each lymphocyte, plants
have no circulating system like animals, and
they must keep the variation of the
resistance genes in their population and their
limited size of the genome. We have shown
that these variations are mainly due to
accumulation of minor nucleotide mutations,
which occur at a much higher frequency in
the resistance gene regions, including an
isolated rice blast resistance gene, Pi-b, and
five other isolated resistance genes, and their
analogues in Arabidopsis (Fig.4). Moreover,
although the major genome variation in most
of the genome in Arabidopsis was said to be
due to the recombination between two
ancestral types (biallelic variation), our
investigation of the resistance gene
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Fig. 3
Possible model for signal transduction in tobacco in
response to TMV infection and wounding. 
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variations in 10 ecotypes indicated that at
least in the highly mutating region, it is
really due to the accumulation of novel
nucleotide variations.

Salt stress

Membrane transport of cations and
anions in the high salinity environment in
rice

Vacuolar Na+/H+ antiporter transports
Na+ from the cytoplasm to vacuoles using a
pH gradient generated by proton pumps. We
identified three novel members (OsNHX2-4)
of the rice NHX-type antiporter gene family
by analysis of the recently completed rice
genome database. The deduced amino acid

sequence of OsNHX1 has a high similarity
with OsNHX2 (75%) and OsNHX3 (71%), and
is similar to OsNHX4 with 33% identity.
Overexpression of the OsNHX2, 3, and 4
genes suppressed NaCl, KCl, and hygromycin
sensitivity of the yeast nhx1 mutant. The
expression of the OsNHX1 to 4 genes showed
different patterns in rice treated with salt or
osmotic stress.

We hardly know about intercellular
behavior of chloride ions, a counter ion for
Na+, under the high salt condition.  We
isolated two cDNA clones for the rice chloride
channel genes, OsCLC-1 and -2, and found a
genomic sequence in the rice genome
database. Both genes have six introns and
the positions of insertion resembled the case

Fig. 4
Variation of structure of a resistance gene of Arabidopsis in 8 ecotypes. Non-marked letters indicates the same
nucleotides as those of the standard ecotype, Columbia. Yellow: the second type of nucleotides. Green: third type, red:
fourth type.  Blue and deep green belts over the sequence indicate the regions related to molecular recognition. Only the
nucleotides with mutations are indicated.



of AtCLC-a, -b and -c.  OsCLC-1 and -2 could
partially substitute for GEF1 protein, the
sole chloride channel in yeast, that is,
restored the growth of a strain that this gene
disrupted. OsCLC-1 and -2 suppressed the
several phenotypes of the gef1 mutant.
However, the complementation patterns were
different from the case of AtCLC-d and -d.
We expect that OsCLC-1 and -2 are important
for the ionic homeostasis in the cell.

Symbiotic nitrogen fixation

The IGN1 gene is required for
maintenance of bacterial symbiosis in
legume root nodules

A fix- mutant ign1 (inefficient greenish
nodules) of Lotus japonicus forms nodules
with the apparently normal development of
bacterial endosymbiosis, but rapid disintegration
of infected cells occurs just after the onset of

nitrogen fixation (Fig. 5). As a consequence,
the nodules exhibit extreme “early senescense”
phenotypes and the ign1 plants cannot grow
without an exogenous nitrogen supply. The
IGN1 gene was isolated by a map-based
cloning strategy. The IGN1 locus was located
in the ca. 70kb region between two dCAPS
markers on chromosome 5. In this region, a
total of five genes were predicted. Direct
sequence comparison of them allowed us to
identify a gene that contains a single base
deletion in the ign1 mutant genome, which
results in an ORF shift. Knock-down of this
gene expression in wild type L. japonicus by
RNA silencing technique reproduced the ign1
phenotypes, and transfection of this gene into
the mutant line rescued the phenotypes. We
propose that the IGN1 gene is essential for
specific recognition of endosymbiotic bacteria
at relatively late stage of symbiotic
interactions.
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Fig. 5
Nodule infected cells in wild type “Gifu” plants and ign1 mutant. After 17 days of M. loti inoculation, infected cells of ign1
begin to collapse and the bacteroids aggregate within the infected cytoplasm. Bars=10 µm.
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The research activities of our department
are mainly focused on the development of
basic methods in plant biotechnology as well
as the generation of novel transgenic crops
with superior traits which conventional
breeding techniques can not produce. Major
topics in 2003-2004 were as follows.

Gene targeting in higher plants

Gene targeting of mutated acetolactate
synthase (ALS) gene in Arabidopsis

Precise modification of a plant genome by
gene targeting (GT) provides an important
tool for studies of gene function in vivo. We
present a straightforward system for the
detection of GT events in Arabidopsis using
an endogenous nuclear gene encoding
acetolactate synthase (ALS) which is
involved in the biosynthesis of branched-
chain amino acids in plants and is the site of
action for imidazolinone (IM) herbicides.

A single amino-acid change (Ser -> Asn at
position 653) in the ALS protein of Arabidopsis
confers resistance to IM. A truncated
nonfunctional form of the ALS gene, carrying
the above S653N mutation specifying IM
resistance, was cloned into a binary Ti
plasmid. After in planta transformation of
this construct into Arabidopsis, IM resistant
plants were obtained and proved to be
generated by gene targeting.

We are applying a similar strategy to the
establishment of an efficient site specific
gene modification system in rice.

Isolation and characterization of Rad52
pathway genes in plants

Homologous recombination (HR) is an
essential process for the maintenance and
variability of a genome. For better under-
standing of the HR in higher plants, we have
cloned all members of RAD51 paralogs and
RAD54 from Arabidopsis. In addition, RAD51,

RAD54 and DMC1 genes from rice have been
isolated and characterized.

Two genes each for RAD51 and DMC1
recombinase genes, eukaryotic homologs of
recA, have been found in rice. Expression of
OsRAD51-A1 and -A2 genes was observed in
various tissues with higher expression levels
in both shoot and root apical meristems and
young panicles, and was elevated by γ-ray
irradiation with a higher induction level in
OsRAD51A2. Expression of OsRad51A2
promoter::GUS chimeric gene in rice was
strongly up-regulated by double-strand break
(DSB) inducers, γ-ray and bleomycin.

Antisense expression of OsRad51A1
cDNA conferred growth retardation of T2
transgenic rice plants in vegetative and
reproductive phases. Those transgenic lines

P lant Biotechnology Department

Fig. 1
Transgenic rice plants expressing OsRad51A1 antisense
gene exhibited hypersensitivity to γ-ray irradiation. Rice
seeds from wild type (cv. Kitaake) and OsRad51A1-
antisense l ine (A137) were imbibed for 24 hours,
irradiated with γ-ray (300 Gy) and grown in vitro for a
further six days.



also displayed hypersensitivity against γ-ray
irradiation (Fig. 1). These results indicated
that OsRad51A2 expression is controlled at
the transcription level by its 5'-upstream
sequence containing the possible DNA-
damage responsive element, and that
lowering OsRad51 transcript levels could
raise sensitivity toward DSB inducers by
inhibiting the formation of HR-machinery
sufficient for DSB repair.

DMC1 is one of the key players in meiotic
recombination. Both OsDMC1-A and -B
genes were expressed not only in anthers,
but in cultured cells, suggesting a role in
mitotic recombination in plants. Transgenic
rice plants bearing antisense expression of
35S::OsDMC1A/B genes produced pollens
with abnormal shape and very low fertility,
though they did not give any obvious
phenotypes in vegetative stages. The results
revealed that the OsDMC1 genes are crucial
in rice gametegenesis. Rice dmc1-A and -B
mutant lines caused by Tos17 retrotransposon
insertion affected their pollen fertility only
partially, indicating that Dmc1A and Dmc1B
proteins are not only highly homologous, but
functionally redundant.

We have identified and characterized an
Arabidopsis mutant defective in AtRAD51C,
the homologue of RAD51C. Atrad51c plants
are sterile, disrupting both male and female
gametogenesis, while they showed normal
vegetative development. The result indicated
an essential role of AtRad51C in plant
meiosis. Furthermore, Atrad51c cells and
plants were hypersensitive to γ-ray irradiation,
supporting the involvement of this
Arabidopsis Rad51-like protein in recombina-
tional repair.

Gamma-ray resistant mutant
Gamma rays strongly penetrate organisms

and damage DNA through DSBs. Repair of
DNA damage is essential for the
maintenance of genetic stability. In order to
study these DNA damage and repair
mechanisms in higher plants, we isolated
Arabidopsis mutants that showed enhanced
resistance against γ-ray irradiation. One of

the isolated mutants (ir1) was extremely
resistant against γ-ray and could survive
after 800 Gy irradiation, the lethal dosage for
the wild type plant (Fig.2). We have mapped
the mutant phenotype on chromosome 5 near
the CAPS marker CHS.

Gene engineering

Expression patterns of various promoters
for storage protein accumulation in rice
seeds

For the production of recombinant protein
in plants, seed systems have recently been
proven to be more advantageous than
systems using leaf or root. The seed is a
storage organ within which a small number
of storage proteins are highly and stably
accumulated in specific organelles designated
as protein bodies. Taking advantage of these
properties, the seed has been utilized as an
ideal bio-reactor for the production of
recombinant proteins. Recombinant proteins
accumulated in seeds are highly stable, and
do not require processing or purification,
allowing direct oral delivery.

Rice is one of the most important crops
and food resources in the world. Conventional
breeding has long been employed for improving
seed yield and quality. As a production
system, rice seed has several advantages
over other cereal crops such as wheat, barley,
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Fig. 2
Phenotype of Columbia (WT) and ir1 after 800 Gy γ-ray
irradiation. Imbibed seeds were treated with gamma
radiation and grown in vitro.
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and rye, including easier storage and processing,
greater biomass (yield per unit area) and
lower production costs. In addition, trans-
formation systems have already been
established, and whole genome sequence
information is now available.

For rice seed to be utilized as a platform
for the production of recombinant proteins, it
is important to use promoters tailored to the
requirements of each particular protein and
biotechnology application, because the
promoter controls not only the time and place
but also the level of expression. For this

purpose , the promoters of fifteen genes
expressed in rice seed were analyzed for their
spatial- and temporal-expression pattern and
their potential to promote the expression of
recombinant proteins in seeds using stable
transgenic rice (Fig.3). The fifteen genes
included ten seed storage protein genes and
five genes for enzymes involved in carbohydrate
and nitrogen metabolism. The promoters for
the glutelins, and the 13 kDa and 16 kDa
prolamins, directed endosperm-specific
expression, especially in the outer portion
(peripheral region) of endosperm, while the
embryo globulin and 18kD oleosin promoters
directed  expression in the embryo and
aleurone layer. Fusion of the GUS gene to
the 26 kDa globulin promoter resulted in
expression in the inner starchy endosperm
tissue. It should be noted that the 10 kDa
prolamin gene was the only one tested that
required both the 5' and 3' flanking regions
for the intrinsic endosperm-specific expression.

The promoters from the pyruvate
orthophosphate dikinase (PPDK) and ADP-
glucose pyrophosphorylase (AGPase) genes
were active not only in the seed, but also in
the phloem of vegetative tissues. Within the
seed, the expression from these two promoters
differed, in that the PPDK gene was only
expressed in the endosperm, whereas the
AGPase gene was expressed throughout the
seed. The GUS reporter gene fused to the
alanine aminotransferase (AlaAT) promoter
was expressed in the inner portion of the
starchy endosperm, while the starch branching
enzyme (SBE1) and the glutamate synthase
(GOGAT) genes were mainly expressed in the
scutellum (between the endosperm and
embryo). When promoter activities were
examined during seed maturation, the
glutelin GluB-4, 26 kD globulin, and 10 kDa
and 16 kDa  prolamin promoters exhibited
much higher activities than the others. The
seed promoters analyzed here exhibited a
wide variety of activities and expression
patterns, thus providing many choices
suitable for various applications in plant
biotechnology.
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Fig. 3
Histochemical analysis of GUS expression directed by
various seed storage and non-storage protein gene
promoters. GUS protein was detected by incubating hand-
cut longitudinal sections of storage seeds in X-Gluc
solution.
(a) 1.3 kb GluB-1 promoter; (b) 2.3 kb GluB-1 promoter;
(c)GluB-2 promoter; (d)GluB-4 promoter; (e)10 kDa
prolamin; (f) 13 kDa prolamin promoter; (g) 16 kDa
prolamin promoter; (h) 26 kDa Glb-1 promoter; (i) REG-2
promoter; (j) Ole18 promoter; (k) . –conglycinin promoter;
(l) AlaAT promoter: (m) GOGAT promoter; (n) AGPase
small subunit promoter; (o) PPDK promoter; (p) SBE1
promoter.   al, aleurone; em, embryo; en, endosperm



Establishment of novel transgenic
crops

Blast disease resistance in transgenic
rice plants expressing the chitinase C
gene from S. griseus

In order to obtain transgenic rice plants,
which show enhanced disease resistance to
blast fungus, we introduced the chitinase C
(ChiC) gene under the modified CaMV 35S
promoter. ChiC is the first bacterial family
19 chitinase discovered in Streptomyces
griseus HUT6037 and clearly shows higher
anti-fungal activity than other tested
chitinases (Fig.4). Approximately ninety
percent of the transgenic rice plants (T1

generation) expressing ChiC showed higher
resistance to blast disease than non-
transgenic plants. The ChiC gene was
introduced into rice plants with a signal
sequence of a rice chitinase gene and ChiC
accumulated intercellularly as expected.
Using T2 plants of the selected six promising
lines, we tested the relation between ChiC
expression levels and disease resistance.
Enhanced disease resistance of sibling plants
clearly depended on the ChiC expression.
Although the transgenic plants were
morphologically normal and fertile in the
green house, we are concerned that the

constitutive over-expression could have a bad
influence on the growth in the field.
Accordingly, we isolated several genes, whose
expression is induced after blast inoculation,
and analyzed expression sites of the three
clones, M8, OsHin2, and PR10 on blast-
infected leaves by the in situ RNA hybridization
method. They were specifically expressed in
the cells surrounding the brown blast lesions
at 3 and 4 days after inoculation.  Since the
PR10 gene expression was most remarkable,
we isolated the promoter region of PR10 and
tested its activity in the stable transformants
using the GFP reporter gene.  GFP was
detected in roots and in the cells surrounding
the brown blast lesions and mimicry lesions
on the uninoculated leaves. Thus, the chiC
gene introduced into rice plants with the
PR10 promoter is expected to express in the
limited cells after blast infection. This work
was carried out in collaboration with Niigata
University and Dainippon Ink and Chemicals
Inc.

Transgenic crops expressing P450
monooxygenase

The increased use of pesticides and
herbicides on the agricultural scene has
caused serious problems for plants, fish,
insects, mammals, and sometimes humans.
These chemicals are usually removed from the
environment by natural degradation and
degradation by bacteria and plants. To
decrease the load on the environment, the
enhancement of the degradation of these
chemicals by plants should be as effective as
the reduction in their usage.

Cytochrome P450 monooxygenase plays
an important role in the oxidative metabolism
of xenobiotics in higher plants as well as in
mammals. The enzyme system of microsomes
consists of many P450 species and a few
NADPH-cytochrome P450 oxidoreductase
molecules. Agrochemicals including herbicides
were metabolized by P450 species, conjugated
with glutathione or sugars, and compart-
mentalized into vacuoles, or cell walls, in
plant body. The oxidation by P450 species is
considered to be the limiting step of
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Fig. 4
Comparison of  inhibited growth of Trichoderma reesei
with different chitinases.
0; distilled water, 1; Streptomyces griseus ChiC, 40ug, 2;
rice CHT3(class 1b), 40ug, 3; Bacillus. circulans ChiA1,
40ug
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metabolism of foreign chemicals.
We have introduced mammalian P450

species related to the metabolism of
xenobiotics into the rice variety, Nippnbare.
These mammalian P450 species have a high
activity to metabolize various herbicides with
different modes of action and in different
chemical functional groups.

These transgenic rice plants expressing
human P450 species, CYP1A1 or CYP2B6
exhibited a remarkable cross-tolerance
toward various herbicides. These transgenic
rice plants also had an enhanced ability to
metabolize them with different chemical
structures owing to the introduced P450s.
These chemicals were supposed to be
absorbed by the transgenic plants in the
fields and metabolized rapidly into
nonphytotoxic compounds. These transgenic
rice plants should prove useful in executing
effective, inexpensive methods of decreasing
various chemicals that are widespread in
agricultural environments.

Development of dwarf rice plant by
introducing gibberellin 2-oxidase gene

To fully control the phenotype of crops is
one of the final goals of crop breeding.  The
target of our study is to obtain the dwarf type
of rice by genetically modifying the
gibberellin (GA) metabolic pathway. This
type of plants are expectedly tolerant to
lodging due to extremely windy and rainy
weather conditions.

We previously obtained transgenic rice
plants harboring rice GA2-oxidase gene
driven by the constitutively expressing actin
promoter. Although they showed dwarf
phenotype, there was no seed setting. We
devised a new strategy using rice GA2-
oxidase gene together with D18 promoter
which is derived from rice GA3-oxidase gene
and specifically expresses in stems and
leaves, instead of actin promoter. Consequently,
we obtained transgenic rice plants (Oryza
sativa japonica var. Don-to-koi) with dwarf
phenotype of about 70% of non-transgenic
control rice as well as normal seed setting
(Fig. 5).

Using T2 progeny, we assessed some of the
potential impacts of the transgenic rice on
the environment in a screen greenhouse by
examining morphological characteristics,
reproductive characteristics, production of
unintentional harmful substances and its
effect on the ecosystem.  Table 1 shows one of
the data about the production of allelochemical-
like substances that might affect the seedling
growth of other plants. The growth of
mustard was compared between the residual
soil on which transgenic or non-transgenic
rice plants had been harvested and we did
not find any significant difference between
the two soil conditions.

The dwarf phenotype was inherited
dominantly, so the transgenic dwarf plants
can be used as hopeful breeding parents for
producing hybrid rice, and the introduction of

Fig. 5
GA2-oxidase gene introduced rice.  Transduced gene
was driven by the D18 promoter.

Germination rate (%)

Mean SD Mean SD
Soil origin

Plant weight (mg/fw)

Dontokoi (non-transgenic rice)

G-1-1-10 (transgenic rice)

G-3-3-22 (transgenic rice)

Hosetsuwaisei (d-18 mutant rice)

Un-cultivated soil

17.5

23.4

8.7

26.0

58.7

±

±

±

±

±

6.3

10.3

1.8

10.7

11.2**

37.5

26.0

40.0

34.0

70.0

±

±

±

±

±

17.1

5.5

21.2

8.9

12.3**

Table 1. Growth of leaf mustard on transgenic rice - cultivated soil.

Plant weight was determined 2 weeks after sowing.  5 replicates (N=30) .   
**  significant at 1% level by Dunnet analysis.



GA2-oxidase gene into other crops or fruit
trees would be useful to breed new dwarf
varieties.

Regulation of organogenesis and
embryogenesis

Improved regeneration ability in
recalcitrant rice cultivars

Totipotency is an important factor for
plant transformation. The ability to
regenerate is affected by the plant genotype.
Konansou, an indica type rice, shows a high
regeneration ability of callus. We tried to
introduce this ability into the Japanese
leading variety, Koshihikari, which has a
poor regeneration ability. Isogenic lines of
Koshihikari were obtained which have a high
regeneration ability. The isogenic lines
showed almost the same characteristics as
Koshihikari including plant type, heading
date and eating quality in the field trials for
three years. It is supposed that these isogenic
lines are useful for producing high quality
transgenic rice plants.

We analyzed these Isogenic lines of
Koshihikari by RFLP (restriction fragment
length polymorphism) mapping so far, and
found that chromosome 1 around the
centromere region had been substituted with
Konansou chromosome 1. The length of the
region was about 16 cM.

To find out the gene involved in high
regeneration ability, we obtained 7 SNPs
(single nucleotide polymorphisms) on this
region between Koshihikari and Konansou by
sequencing PCR fragments using EST data
provided by the Rice Genome Project. We
induced callus from these isogenic lines of
Koshihikari (BC7F1) and analyzed the
genotype of the callus with high regeneration
ability. The genes related with high
regeneration ability were supposed to be
located in a 1.6 cM region near the centromere
of chromosome 1.

Production of fertile transgenic rice and
wheat plants via mature seed
electroporation

We have developed a novel system that
can directly deliver foreign genes into plant
mature seeds using electroporation. Mature
seeds of rice and wheat were soaked in water
overnight. Then the seeds were incubated in
electroporation buffer for 1 h under the
condition of reduced air pressure. The
electroporation buffer contained spermidine,
calcium chloride, PVP, Tween20 and 100
µg/ml plasmid DNA. Electroporation was
carried out with a CUY-21 (NEPA GENE
Co., Ltd, Chiba Japan)  in a 1.0 cm-wide
cuvette containing 1.0 ml of electroporation
buffer. Plasmid DNAs were pWI-GUS (uidA)
and/or pWI-H5K (npt II) (Ugaki et al. 1991).
Fifty to 100 electric pulses (50 V/cm, 50
ms/pulse) were applied in one experiment.
After eclectroporation the seeds were
incubated in water supplemented with 0.5%
PVP for two days, after which they were
transferred to a selection medium containing
geneticin sulfate (GIBCO). GUS assay was
carried out 48 h after electroporation (Fig. 6).
Both in rice and wheat, transgenic plants
were regenerated and self-fertilized seeds
were obtained (Fig. 6). Transgene integration
was confirmed by Southern hybridization.
Transmission of the transgene to the next
generation (T1) was confirmed by PCR
analysis. This method of transformation is
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Fig. 6
GUS gene expression in wheat mature seeds into which
pWI-GUS Plasmid was introduced (left) and fertile
transgenic plants (right). A: depressurization pretreatment
was made prior to electroporation. B: depressurization
pretreatment was not made prior to electroporation. C:
Non- transformed control.
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simpler and more rapid than conventional
techniques such as particle bombardment,
and it can be applied to a wide range of
commercial rice and wheat varieties. The
wheat transformation procedure presented
here does not require the establishment of
genotype-dependent tissue culture of

immature embryos. At present, this
technique is dependent on a combination of
factors including the pretreatment of seeds,
plasmid constructs and optimization of
electroporation conditions. We have already
finished the patent application.

The research activities of Institute of
Radiation Breeding are focused on the
development of new strains of seed-
propagated, vegetatively propagated and
woody crops through mutation by the
application of various forms of irradiation.
Mutations are induced by the following
radiation sources:  γ-ray irradiated in the
Gamma Field, the Gamma Greenhouse and
the Gamma Room, and by ion beams from
He, C and Ne sources.  The institute is also
involved in the development of new
technologies for plant breeding utilizing γ-ray
irradiation and ion beams, including the
elucidation of gene expression mechanisms in
mutants. The institute provides irradiation
service and cooperative research at the
request of universities, private industries,
prefectural experiment stations, and
incorporated agencies of Ministry of
Agriculture, Forestry and Fisheries. The
major topics in fiscal 2003 are as follows.

Non-transmissible large deletions
induced by γ-ray in Arabidopsis
thaliana

In spite of recent numerous molecular
analyses of mutants in plants, comprehensive
molecular characterization of γ-ray induced
mutations has not been undertaken. To
analyze various mutations induced by γ-ray
including non-transmissible mutations, we
employed the pollen irradiation system. The
experimental procedure is as follows (Fig. 1):
1) Pollen of wild type male plants is

irradiated. 2) The irradiated pollen is applied
to a female plant that is homozygous for a
recessive marker mutation. 3) F1 plants are

I nstitute of Radiation Breeding

Fig. 1
Principle of the experiment. Pollen of male parent lines
are irradiated and crossed with female parent lines
carrying a recessive marker mutant gene (a). The
resultant F1 plants are screened for the marker
phenotype. Those mutants were analyzed with molecular
markers around the marker locus, which distinguish Col
and Ler genomes. This enables to detect deleted regions
in Col genome in the F1 plants.



screened for the recessive marker phenotype.
Because all tissues of an F1 plant are derived
from a single fertilized egg, this approach
avoids chimeras, which have made the
molecular analysis of mutations difficult.

In this study, Arabidopsis thaliana
ecotype Columbia (Col) was used as the male
parent for mutagenesis and ecotype
Landsberg erecta (Ler) as the female parent.
This enabled us to identify radiation-induced
mutations in pollen using molecular markers
distinguishing Col and Ler genomes. As a
recessive visible marker mutation, a
trichomeless mutation, gl1-1 in the Ler
background, was used. The male sterile
mutation ms1-1 in the Ler background was
also introduced into the female plant lines to
cut the labor of emasculation.

In the gl1 mutants induced by γ-ray, only
three of 44 retained the GL1 sequence from
the male parent (Col). Two of them had 1-
and 4-bp deletions in the third exon. One had
a reciprocal translocation with a complex
structure involving GL1. The CAPs/dCAPs
analysis revealed that all the remaining
mutants carried large deletions, ranging
from 80 kbp to more than 6 Mbp, which
correspond to more than 5 % of the whole
genome. The average size of the deletions
was 2.3 Mbp. 

Rugged shape of seed pods was observed
in majority of the γ-ray-induced gl1 mutants.
In those seed pods, only about half of seeds
have been developed normally. Interestingly,
all of these semi-sterile mutants carried large
deletions. When progenies of the semi-sterile
mutants were analyzed, no Col genotypes for
markers closely linked to the GL1 locus were
detected in the F2 progenies. These
observations suggest that the large deletions
cannot be transmitted through either male or
female gametes probably because of gamete
lethality. It suggests that the large deletions
involve not only GL1 but also a gene
essential for gamete formation or gamete
viability. We made a similar observation in
another locus, TTG1, suggesting that such
genes are not rare and are dispersed in
Arabidopsis genome.

Dose response and mutants induced
by chronic γ-ray irradiation in rose

The production of fresh cut stem roses is a
profitable economic industry throughout
Japan. Typically, during the summer
months, high temperatures result in a
reduction of stem length. A reduction in the
stem length of cut roses is considered in the
marketplace as a rose of lower quality.
However, the cultivar “Samantha” does not
exhibit this tendency and long stem roses can
be produced throughout the growing season.

Therefore, in collaboration with the
Okinawa Prefectural Agricultural Experi-
ment Station (OAES), new varieties possessing
various color and flower shapes have been
produced by induced mutations in the rose
cultivar “Samantha” via chronic irradiation.

Vegetatively propagated small plants of
“Samantha” were planted in a gamma field
at a position where the irradiation dose rate
ranged 0.25 - 1.5 Gy/day in terms of 20 hours
per day, that is, these plants were irradiated
total exposure of 98.4 - 590.6 Gy in 16
months. Stem length of the plants reduced
with increasing irradiation dose rate (Fig. 2).
It was presumed from the data that the
optimum irradiation dose rate for efficient
mutation induction is between 0.25 Gy/day
and 1 Gy/day.  During chronic irradiation,
shoots were cut back repeatedly to enlarge
potential mutant sectors and evaluate the
color of the flower petals (Fig. 3). In this
manner, mutants in flower color were
isolated. Such mutants were propagated by
cuttings and the mature plants were checked
for chimera. Individuals exhibiting non-
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Fig. 2
Dose response of shoot elongation to irradiation dose rate
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chimeral mutations in flower color were
retained. In some individuals, modifications
of flower shape or in plant height were also
observed. Following the evaluation of these
characteristics in the nursery at OAES, five
mutant lines were selected and were applied
for registration as new varieties. 

The effects of heavy-ion beam
irradiations on apple and Japanese
pear

In fruit tree crops, mutation breeding has
played an important role in providing specific
characters such as resistance to toxins
produced by host-specific disease and fruit
maturity. It has, however, been difficult by
artificial induction to obtain mutants having
other important agricultural characteristics.
In recent years, the effects of heavy-ion beam
irradiation for inducing mutation were
reported to be different from those of γ-ray
irradiation in ornamental flower crops. The
objective of this study is to evaluate the
effects of heavy-ion beam irradiation for
improving mutation breeding of tree fruit
crops and the effects of heavy-ion beam
irradiations on apple and Japanese pear

were investigated.  
Dormant scions of apple (cv. Fuji) and

Japanese pear (cv. Kosui) were used as the
irradiation materials. Scions were irradiated
with carbon(12C6+) and neon(20Ne10+) ions at
maximum linear energy transfer(LET), 84.1
keV/µm and 42.0 keV/µm, respectively at
surface of the materials in the heavy-ion
irradiation room of the RIKEN Accelerator
Research Facility (RARF). For adjusting the
LET of both ions to about 8 mm in depth
from the surface of scions, an absorber was
inserted between the irradiation source and
the scions.  Forty-nine scions were used for
each dose treatment and grafted onto the
rootstocks.  The rate of survived scions which
develop new shoot and visible mutation were
investigated.

The survival rate decreased with the
increase in exposure dose. The lethal dose 50
(LD50) both for apple and for Japanese pear
were estimated in carbon and neon ions,
respectively (fig. 4 and 5). Abnormal shape in
the first leaves were observed, but the new
leaves following them showed normal shape
in most of the surviving plants. One
variegated leaf (partly chlorophyll deficient)
mutant of apple was observed at 7.5Gy of
neon ion irradiation. Further observations,
however, are required to determine visible
mutation rate by heavy-ion beam irradiation
in fruit tree crops due to possible chimeric
structures. Using DNA analysis and other
methods, we are now selecting the mutants
showing self-compatibility, low tree height
habit, etc.

Fig. 3
Sectors observed in petals

Fig. 4
Survival rate curves for ion beams on apple (cv. Fuji)

Fig. 5
Survival rate curves for ion beams on Japanese pear (cv.
Kosui) 
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Akimoto-Tomiyama Biochemistry Department 3

Chiharu
Akino Toshiharu Physiology and Genetic Regulation Department 290

Aoki Takayuki Genetic Diversity Department 5
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Hayasaka Shoji Insect Biotechnology and Sericology Department 47, 96, 127

Hayashi Nagao Genetic Diversity Department 119

Hayashi Takeshi Genome Research Department 12, 31, 53, 250

Higo Ken-ichi Molecular Genetics Department 25, 74, 101

Hinomoto Norihide Insect Genetics and Evolution Department 164, 237

Hirayama Chikara Physiology and Genetic Regulation Department 106
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Kadono-Okuda Keiko Genome Research Department 171

Kadowaki Kouichi Genetic Diversity Department 110, 271

Kaga Akito Genetic Diversity Department 22, 278, 297
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Kaku Hisatoshi Genetic Diversity Department 38, 263
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Komatsu Setsuko Molecular Genetics Department 75, 101, 102, 105, 192, 193, 

240, 251, 287, 288, 289, 294

Komatsuda Takao Genetic Diversity Department 15
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Kotaki Toyomi Physiology and Genetic Regulation Department 108

Kouchi Hiroshi Plant Physiology Department 2, 112, 148, 149

Kurisaki Jun-ichi Genetic Diversity Department 93, 131, 264
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Machii Hiroaki Insect Biotechnology and Sericology Department 212

Maeda Miki Biochemistry Department 33

Matsubara Yuko Developmental Biology Department 202, 203

Matsumoto Takashi Genome Research Department 277

Meshi Tetsuo Plant Physiology Department 11, 247

Mikawa Satoshi Genome Research Department 103

Minami Eiichi Biochemistry Department 3, 86, 279, 280

Minezawa Mitsuru Genetic Diversity Department 90, 205

Mita Kazuei Genome Research Department 100, 168, 196

Mitsuhara Ichiro Plant Physiology Department 282

Mitsuhashi Tadayoshi Physiology and Genetic Regulation Department 43, 207

Miyahara Kenzo Plant Biotechnology Department 113

Miyao Akio Molecular Genetics Department 18, 34, 77, 83, 128, 169, 248

Miyao Mitsue Plant Physiology Department 32, 129, 132

Miyazawa Mitsuhiro Insect Biomaterial and Technology Department 124, 256

Mizuno Hiroshi Biochemistry Department 24, 26, 27, 28, 62, 78, 122, 

123, 133, 147, 177, 217, 277

Momma Mitsuru Biochemistry Department 28, 78, 133

Morishita Toshikazu Institute of Radiation Breeding 135, 136
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Myohara Maroko Developmental Biology Department 143, 144

Nagai Takashi Genetic Diversity Department 9, 56, 76, 125, 222, 229, 230

Nagamine Tsukasa Genetic Diversity Department 36

Nagayasu Ken-ichi Insect Genetics and Evolution Department 171

Naito Mitsuru Developmental Biology Department 146, 202, 203, 204, 296

Nakamura Masatoshi Physiology and Genetic Regulation Department 106

Nakashima Nobuhiko Insect Genetics and Evolution Department 166, 216

Nakayama Shigeki Genetic Diversity Department 30

Nishimura Minoru Institute of Radiation Breeding 113

Nishimura Marie Genetic Diversity Department 163

Nishizawa Yoko Plant Biotechnology Department 73, 95, 130, 219, 262

Noda Hiroaki Insect Genetics and Evolution Department 39, 159, 167

Noguchi Junko Genetic Diversity Department 16, 81, 82

Ochiai Hirokazu Genetic Diversity Department 38, 263

Ohkoshi Katsuhiro Developmental Biology Department 37, 172, 173

Ohkura Satoshi Physiology and Genetic Regulation Department 21, 42

Ohura Masanobu Insect Biotechnology and Sericology Department 174, 175

Okuda Takashi Physiology and Genetic Regulation Department 276

Onishi Akira Developmental Biology Department 125, 222, 242

Saito Toshiyuki Physiology and Genetic Regulation Department 198

Sakumoto Ryousuke Physiology and Genetic Regulation Department 198, 200, 201

Sakurai Michiharu Molecular Biology and Immunology Department 204

Sasaki Takuji Genome Research Department 3, 80, 116, 160, 183, 188, 

218, 244, 262, 275, 277, 292

Sato Mamoru Insect Genetics and Evolution Department 206

Sato Toyozou Genetic Diversity Department 137, 145, 260

Sekikawa Kenji Molecular Biology and Immunology Department 227, 228

Seo Shigemi Plant Physiology Department 211, 239, 282

Shimoda Masami Insect Biotechnology and Sericology Department 134, 165

Shimura Sachiko Developmental Biology Department 79

Shiotsuki Takahiro Developmental Biology Department 19, 69

Sugano Shouji Plant Physiology Department 17, 223

Sugimoto Kazuhiko Molecular Genetics Department 224

Suto Jun-ichi Molecular Biology and Immunology Department 227, 228

Suzuki Shun-ichi Developmental Biology Department 232

Tabei Yutaka Plant Biotechnology Department 44, 95

Takahashi Hideaki Genetic Diversity Department 90

Takahashi Toru Developmental Biology Department 52, 54, 72, 97, 156, 185, 284

Takaiwa Fumio Plant Biotechnology Department 176, 189, 190, 234

Takano Makoto Institute of Radiation Breeding 113

Takase Kenji Biochemistry Department 78

Takatsuji Hiroshi Plant Physiology Department 48, 223

Takenouchi Takato Molecular Biology and Immunology Department 46, 219

Takeuchi Kasumi Genetic Diversity Department 243

Takeya Masaru Genetic Diversity Department 245

Takezawa Toshiaki Physiology and Genetic Regulation Department 241, 246, 285

Tamura Toshiki Insect Biotechnology and Sericology Department 66, 231

Tamura Yasumori Insect Genetics and Evolution Department 106

Tanaka Hiromitsu Molecular Biology and Immunology Department 158, 187

Tanaka Hiroshi Plant Biotechnology Department 44, 199

Tanaka Seiji Physiology and Genetic Regulation Department 194, 252
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Tanaka Yoshiyuki Plant Physiology Department 33, 34, 194, 252

Tateishi Ken Department of Research Planning and Coordination 106

Tatematsu Ken-ichirou Insect Genetics and Evolution Department 255

Teramoto Hidetoshi Insect Biotechnology and Sericology Department 256

Tokunaga Tomoyuki Developmental Biology Department 37, 55, 63, 172, 173, 261

Tomita Shuuichiro Insect Genetics and Evolution Department 209

Tomiyama Masamitsu Genetic Diversity Department 170, 219

Tomooka Norihiko Genetic Diversity Department 22, 278, 297

Tsuji Noriko Molecular Biology and Immunology Department 264

Tsukada Masuhiro Insect Biomaterial and Technology Department 235, 236

Ueda Tadamasa Molecular Genetics Department 208

Uenishi Hirohide Genome Research Department 12, 31, 53, 60, 138, 220, 250, 

265, 266

Ueno Osamu Plant Physiology Department 267, 274

Umehara Yousuke Plant Physiology Department 2, 11, 148, 191

Vaughan Genetic Diversity Department 22, 269, 270, 271, 278, 297

Duncan Alexander
Wada Sanae Insect Genetics and Evolution Department 272

Wakamura Sadao Physiology and Genetic Regulation Department 6, 290, 291

Watanabe Hirofumi Insect Genetics and Evolution Department 117, 118, 225

Watanabe Kenji Insect Genetics and Evolution Department 206

Watanabe Masahiko Physiology and Genetic Regulation Department 276

Yamaguchi Hiroyasu Institute of Radiation Breeding 136

Yamakawa Minoru Molecular Biology and Immunology Department 50, 152, 153, 154, 155, 158, 

187, 259

Yamamoto Kimiko Genome Research Department 160, 181, 183, 218, 275

Yamazaki Muneo Molecular Genetics Department 248

Yamazaki Toshimasa Biochemistry Department 48, 51, 85, 86, 179, 286

Yano Masahiro Molecular Genetics Department 49, 115, 116, 161, 188, 208, 

244, 277

Yasuda Tetsuya Physiology and Genetic Regulation Department 10, 290

Yasue Hiroshi Genome Research Department 6, 12, 13, 14, 29, 53, 60, 139, 

140, 157, 162, 221, 250, 266, 

273, 290, 291

Yasukochi Yuji Genome Research Department 196

Yoshikawa Manabu Molecular Genetics Department 294

Yukuhiro Kenji Insect Genetics and Evolution Department 104, 253
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The 11th NIAS International Workshop on Genetic Resources: “The genus
Oryza”

With the near completion of the complete sequencing of the rice genome there is increasing
interest in the genomes of the relatives of rice in the genus Oryza. Consequently NIAS
organised a workshop on the topic of the genus Oryza bringing together leaders in the field
from all over the world. From the 24th to the 26th of September 2003, 100 participants
attended the workshop 18 from outside Japan. Among the speakers were Dr. Rod Wing and
Dr. Scott Jackson from the US who are currently involved in a major Oryza project that
includes development of BAC libraries of all Oryza genomes. Present and former staff of the
National Institute of Genetics, Japan, a lead institute in Japan in Oryza research, delivered
several contributions. In addition to the oral sessions a poster session was arranged so that
young rice researchers could fully participate in the workshop. It is likely that in the next few
years wild Oryza will become far more than a novelty value but increasingly used in rice
improvement. 

NIAS/COE International Symposium: “Endosymbiosis and Molecular
Evolution in Insects”

The NIAS/COE international Symposium entitled “Endosymbiosis and Molecular Evolution
in Insects” was held on October 29-31, 2003, at Ibaraki Prefectural Kennan Life-long Learning
Center in Tsuchiura. Twenty-five scientists, 11 from overseas and 14 from Japan, were invited
as lecturers on three major topics, Insect Receptors, Molecular Evolution and Insect
Symbionts. The session “Insect symbionts” was further divided into three sub-sessions
“Buchnera & Aphid Symbionts, Wolbachia, and Other Symbionts.” Recent progress of insect
receptors, mainly G-protein coupled receptors (GPCRs), was shown by the invited speakers
and how to find ligands for neuropeptide GPCRs was discussed. Molecular evolution of odorant
receptor genes and spider silk genes attracted the audience's the attention. Progress of whole
genome shotgun sequences of Wolbachia was introduced, and newly-found endosymbiotic
bacteria, which alters host insect reproduction, were presented by two speakers. One hundred-
fifty participants including 20 foreigners enjoyed the invited lectures, poster presentations and
discussion.

The 11th Animal Genome International Workshop: “The Application of
Animal Genome Research to Industry”

The animal genome international workshop was held under the title “The application of
animal genome research to industry” on December 6, 2003 at KKR Hotel Tokyo in Tokyo with

International Meetings and Foreign
Visitors

International Meetings



134 participants. Six invited speakers (2 from overseas and 4 Japanese) gave presentations on
genome research achievements and their application to industrialization. Main interest post-
genome research studies regarding the human genome have key elements of direct connection
to industry such as development of new drugs and establishment of diagnostic and therapeutic
methods. In livestock animals, it has been progressed marker assisted selection for infection
disease resistant, meat quality, growth rate, etc.

The NIAS-COE International Symposium: “Protein Trafficking Mechanism
and its Application to Molecular Farming”

The NIAS-COE International Symposium entitled “Protein Trafficking Mechanism and its
Application to Molecular Farming” was held  on November 11-12th, 2003, at Tsukuba
International Congress Center (Epocal Tsukuba) with about 130 participants. The purpose of
this symposium was to discuss recent progress in the fields of  molecular mechanisms involved
in membrane trafficking,   protein targeting to protein bodies, quality control et al. underlying
production of  recombinant proteins and their application  to  molecular farming 17 oral
presentations, 8 from overseas and 9 from Japan, were given. This symposium stimulated the
activities of many participants on plant molecular farming and gave  several new ideas as to
the next step.

The International Rice Genome Workshop

The International Rice Genome Workshop was held at the Epochal Tsukuba International
Congress Center on Feb 4th & 5th, 2004 as part of the annual Rice Genome Meeting. This
year’s workshop included a session on rice genome sequencing on the first day and
management of sequence data on the second day. As the international sequencing
collaboration focuses on finishing the entire genome before the end of 2004, several
presentations dealt with a more in-depth analysis of the structure and various features of the
genome. The utilization of the genome sequence in functional genomics and current studies on
applied genomics were also presented. The session on sequence data management included
presentations on genome annotation, analysis of full-length cDNA sequences, databases and
ontology. Representatives from NCBI, EMBL-EBI and MIPS provided insights on plant
genomics resources and analytical frameworks for comparative genomics. A poster session
covering various aspects of plant genomics was also held. A total of 178 participants from
various institutes, research centers and universities attended the workshop.

The 12th International Rice Genome Forum

The 12th International Rice Genome Forum was held on February 6, 2004 at the main hall
of the Epochal Tsukuba International Congress Center, following the 2-day Rice Genome
Workshop. As part of the annual rice genome meeting, the Forum aims to bring together the
scientific and non-scientific community, and to present general topics as well current
perspectives on plant genomics. The presentations this year included genome-wide approaches
using Arabidopsis, rice walking into the wheat genome, construction of physical maps for rice
and maize sequencing, legume functional genomics and gene targeting / gene tagging
strategies in rice. A total of 229 participants from various institutes, research centers and
universities attended the workshop.
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Signaling to acquired resistance

An international symposium entitled “Plant Immunity: Signaling to acquired resistance”
was held on March 3 and 4, 2004, at Tsukuba International Congress Center, Tsukuba, with
more than 260 attendants. The study of plant defense mechanisms has been a central area in
plant science in the last few years.  The symposium aimed at outlining recent progress and
discussing future perspectives in the field.  The symposium had two oral sessions, “Signal
perception and following defense responses” and “Signal networks in acquired resistance”.  We
had 22 speakers including 7 foreign speakers, who gave us exciting talks on their recent
results.  In addition, 38 posters were presented.  The topics widely covered  the mechanisms of
plant-microbe NIAS-COE/PROBRAIN/TOKUTEI International Symposium: “Plant Immunity:
interactions including pathogenic and symbiotic ones.

The first International Conference of Bacterial Blight of Rice

The first International Conference of Bacterial Blight of Rice (ICBB) was held from March
17 to 19, 2004 at Tsukuba International Congress Center (Epochal Tsukuba), with
approximately 150 participants from eleven countries. The meeting was organized by the
international committee of ICBB, and was billed as the “first comprehensive event for the
world’s most important disease of rice”. It was also billed as one of the  cycle of events for the
International Year of Rice. A total of 25 invited speakers gave presentations on the genomics
of rice and the pathogen Xanthomonas oryzae pv. oryzae(Xoo), molecular aspect of rice-Xoo
interaction, genetic diversity of Xoo, genetics and breeding strategy for resistance, resistance
mechanisms and control of the disease. In addition, the serious status of the outbreak of the
disease in Indonesia, Thailand, India and Pakistan was reported in the session of country
report. The conference was accompanied by two-hour poster sessions (34 presentations) for two
days. Through the conference, the bacterial bight of rice was confirmed to be one of the most
important system for analysis of plant-microbe interaction and also to be one of the most
serious pests for rice in Asia. The 2nd meeting of ICBB will be held in Nanjing, China in 2007.
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Main Foreign Visitors to NIAS

21 May. : Dr. Thomas Lumpkin

Director General, Asian Vegetable Research and Development Center: AVRDC (Taiwan)

23 May. : Prof. Nguyen Duc Hung

Vice president, Hue University (Viet Nam)

16 Jul. : Dr. Badaruddin Soomro

Chairman, Pakistan Agricultural Research Council, Ministry of Food, Agriculture & Livestock 

(Pakistan)

Dr. Rashid Anwar

Deputy Director Deneral, Institute of Agri. Biotechnology and Genetic Resources (Pakistan)

23 Jul. : Dr. Wiliam Dar

Director General, International Crops Research Institute for the Semi-Arid Tropics:ICRISAT 

(India)

24 Jul. : Dr. David Ho

Director, Academia Sinica Plant Genomue Center (Taiwan)

6 Aug. : Datuk Abi Musa Ashaari

Secretary General, Ministry of Agriculture (Malaysia)

Datuk Dr. Saharan Hj

Director General, Malaysian Agricultural Research & Development Institute:MARDI (Malaysia)

Dato' Ismail Ibrahim

Director General, Department of Agriculture (Malaysia)

Dato' Dr. Hawari Hussein

Director General, Department of Veterinary Services (Malaysia)

14 Nov. : Dr. Clive James

Chairman, International Service for the Acquisition of Agri-biotech Applications: ISAAA (USA)

22 Jan. : Mr. Simon Moeketsi Modisenyane

Deputy Director, Department of Science and Technology (South Africa)

10 Feb. : Dr. William Erskine

Vice Director, International Center for Agricultural Research in the Dry Areas :ICARDA (Syria)

19 Feb. : Mr. Francisco Lopez Tostado

Vice Minister Agriculture, Secretary of Agriculture, Livestock, Rural, Development, 

Fisheries and Food (Mexico)

(April 2003-March 2004)
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Mr. Eduardo Benitez Paulin

General Director for Technological Development, Secretary of Agriculture, Livestock, Rural, 

Development, Fisheries and Food (Mexico)

12 Mar. : Mr. Marcelo Tolchinsky

Director, National Institute for Agricultural Technology, MarcosJuarez Agricultural Experimental 

Station (Argentine)

15 Mar. : Dr. Li Yiren

Director General, The Chinese Academy of Agricultural Sciences, Institute of Sericulture (China)
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Executive Members and
Research Staff Members

(as of March 31,2004)

Executive Members
President Iwabuchi Masaki

Vice President Kitamura Chikayoshi

Vice President Higo Kenichi

Auditor Motoi Yoshiko

Auditor Matsui Takehisa

Research Staff
Department of Research Planning and Director Shinbo Hiroshi

Coordination
Senior Research Planner Miyashita Kiyotaka

Research Planner Hirai Kazuo

Research Planner Awata Takashi

Research Planner Kadowaki Kouichi

Research Planning Section Head Kiuchi Makoto

Research Evaluation Section Head Hanada Kaoru

Research Coordination Section Head Shirata Akira

Imai Tsuneo

Office for GMO Research and Development Head Tabei Yutaka

Watanabe Shinichirou

Technology Transfer Section Head Ogawa Masafumi

Kayano Toshiaki

Hirogari Yasuhiro

Field Management Section Head Obo Masahiro

Head Kawauchi Ikuo

Head Kawakatsu Masao

Genome and Biodiversity Research Division Director Obata Taro

Genome Research Department Director Sasaki Takuji

Research Leader Yasue Hiroshi

Plant Genome Laboratory Head Matsumoto Takashi

Katayose Yuuichi

Mizuno Hiroshi

Animal Genome Laboratory Head Awata Takashi

Hamasima Noriyuki

Hayashi Takeshi

Mikawa Satoshi

Uenishi Hirohide

Insect Genome Laboratory Head Mita Kazuei

Kadono Keiko

Yamamoto Kimiko

Yasukochi Yuji

Bioinfomatics Laboratory Maeda Miki

Itou Takeshi

Numa Hisataka

Baba Koutarou

DNA Bank Head Nagamura Yoshiaki

Baltazar Alcaraz Antonio
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Iwamoto Masao

Rice Genome Resource Center Nagamura Yoshiaki

Miyao Akio

Genetic Diversity Department Director Kurisaki Junichi

Research Leader Hashimoto Junji

Research Leader Kaku Hisatoshi

Research Leader Umehara Masamichi

Molecular Biodiversity Laboratory Head Kadowaki Kouichi

Nakayama Shigeki

Nishikawa Tomotarou

Takahashi Sakiko

Biosystematics Laboratory Aoki Takayuki

Ochiai Hirokazu

Evolutionary Dynamics Laboratory Head Duncan Alexander Vaughan

Tomooka Norihiko

Kaga Akito

Germ Cell Conservation Laboratory Head Kaneko Hiroyuki

Noguchi Junko

Kikuchi Kazuhiro

Applied Microbiology Laboratory Head Hayashi Nagao

Tomiyama Masamitsu

Kitamoto Hiroko

Nishimura Marie

Adaptation Systems Laboratory Ishikawa Masaya

Komatsuda Takao

Biometrics Laboratory Satou Masahiro

Takeya Masaru

Genebank Director Okuno Kazutoshi

Research Leader Shirata Kazuto

Research Leader Nagamine Tsukasa

Niino Takao

Plant Genetic Resources Laboratory Kawase Makoto

Ebana Kaoru

Fukuoka Shuuichi

Kojima Yoichiro

Microorganism Genetic Resources Laboratory Head Sato Toyozou

Nagai Toshirou

Tomioka Keisuke

Takeuchi Kasumi

Animal Genetic Resources Laboratory Head Minezawa Mitsuru

Takahashi Hideaki

Kawada Masae

Developmental Biology Department Director Izaike Yoshiaki

Research Leader Furutachi Hiroshi

Developmental Mechanisms Laboratory Head Myohara Maroko

Nakao Hajime

Kato Yusuke

Hatakeyama Masatsugu

Development and Differentiation Laboratory Head Tokunaga Tomoyuki

Furusawa Tadashi

Ohkoshi Katsuhiro



Animal Genetic Engineering Laboratory Head Naito Mitsuru

Matsubara Yuko

Harumi Takashi

Embryonic Technology Laboratory Head Nagai Takashi

Onishi Akira

Watanabe Satoshi

Fuchimoto Daiichiro

Suzuki Shunichi

Insect Growth Regulation Laboratory Head Shiotsuki Takahiro

Tanaka Yoshiaki

Tateishi Ken

Kamimura Manabu

Shimura Sachiko

Reproductive Biology and Technology Laboratory Takahashi Toru

Kanayama Kanako

Molecular Biology and Immunology Department Director Sekikawa Kenji

Research Leader Sakurai Michiharu

Molecular Immunology Laboratory Head Kitani Hiroshi

Tsuji Noriko

Takenouchi Takato

Satou Mitsuru

Innate Immunity Laboratory Head Yamakawa Minoru

Ishibashi Jun

Tanaka Hiromitsu

Experimental Animals Laboratory Head Goto Hideo

Suto Junichi

Matsumoto Yukiko

Physiology and Genetic Regulation Department Director Kawasaki Kenjiro

Research Leader Hirai Yoshio

Research Leader Inouchi Jun

Insect Life-Cycles and Physiology Laboratory Head Tanaka Seiji

Okuda Takashi

Kotaki Toyomi

Watanabe Masahiko

Insect Nutrition and Metabolism Laboratory Head Nakamura Masatoshi

Hirayama Chikara

Kikawada Takahiro

Insect Neurobiology Laboratory Head Asaoka Kiyoshi

Inoue Hisashi

Ichikawa Akio

Kihara Mami

Insect Behavior Laboratory Head Wakamura Sadao

Yasuda Tetsuya

Akino Toshiharu

Yasui Hiroe

Animal Gene Function Laboratory Head Mitsuhashi Tadayoshi

Kojima Misaki

Ito Yoshiyasu

Animal Cell Biology Laboratory Takezawa Toshiaki

Miyashita Norikazu

Animal Neurophysiology Laboratory Head Saito Toshiyuki
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Kasuya Etsuko

Sakumoto Ryousuke

Animal Neuroendocrinology Laboratory Head Okamura Hiroaki

Okura Satoshi

Yayou Kenichi

Insect Genetics and Evolution Department Director Sato Mamoru

Katou Masao

Insect-Plant Interactions Laboratory Head Hattori Makoto

Konno Koutaro

Tamura Yasumori

Natural Enemies Laboratory Head Noda Takashi

Hinomoto Norihide

Maeda Tarou

Symbiosis Laboratory Head Noda Hiroaki

Watanabe Hirofumi

Nakashima Nobuhiko

Watanabe Kenji

Insect Pathology Laboratory Head Miyamoto Kazuhisa

Mitsuhahi Wataru

Wada Sanae

Murakami Ritsuko

Insect Genetics Laboratory Head Kosegawa Eiichi

Hirokawa Masahiko

Tatematsu Kenichirou

Insect Molecular Evolution Laboratory Head Nagayasu Kenichi

Yukuhiro Kenji

Muraji Masahiko

Tomita Shuuichiro

Hasegawa Tsuyoshi

Komoto Natsuo

Insect Biomaterial and Technology Department Director Takeda Satoshi

Research Leader Tsukada Masuhiro

Biopolymer Characterization Laboratory Head Tsubouchi Kozo

Toshima Yoshiyuki

Hata Tamako

Takasu Youko

Biomaterial Development Laboratory Miyazawa Mitsuhiro

Kameda Tsunenori

Biomimetic Laboratory Head Tamada Yasushi

Kobayashi Toru

Goto Yoko

Kuwana Yoshihiko

Kozima Katura

Insect Products Utilization Laboratory Haga Atsunobu

Insect Biotechnology and Sericology Department Director Machii Hiroaki

Research Leader Kato Hiroshi

Research Leader Hayasaka Shoji

Research Leader Hara Wajiro

Research Leader Kinoshita Haruo

Research Leader Ichihashi Takahisa

Insect Cell Engineering Laboratory Head Imanishi Shigeo



Taniai Kiyoko

Akizuki Gaku

Insect Gene Engineering Laboratory Head Tamura Toshiki

Yonemura Naoyuki

Shimoda Masami

Mass Production System Laboratory Head Ohura Masanobu

Koyama Akio

Arakawa Toru

New Silk Materials Laboratory Head Takabayashi Chiyuki

Nakajima Kenichi

Teramoto Hidetoshi

Sericultural Science Laboratory Head Yamamoto Toshio

Mase Keisuke

Okada Eiji

Fukui Kuniaki

Iizuka Tetsuya

Molecular Genetics Department Director Hirochika Hirohiko

Functional Genomics Laboratory Hagiwara Kiyoshi

Miyao Akio

Yamazaki Muneo

Applied Genomics Laboratory Head Yano Masahiro

Izawa Takeshi

Yamamoto Shinichi

Ueda Tadamasa

Epigenetics Laboratory Okuizumi Hisato

Mochizuki Atsuko

Gene Expression Laboratory Head Kikuchi Shoushi

Mori Masaki

Kishimoto Naoki

Gene Regulation Laboratory Head Komatsu Setsuko

Yoshikawa Manabu

Asano Takayuki

Biochemistry Department Director Kobayashi Mikihiko

Crystallography Laboratory Head Mizuno Hiroshi

Takase Kenji

Momma Mitsuru

Fujimoto Zui

Wako Toshiyuki

Biophysics Laboratory Yamazaki Toshimasa

Katoh Etsuko

Glycobiology Laboratory Head Minami Eiichi

Kaku Hanae

Akimoto Chiharu

Membrane Biology Laboratory Head Shimomura Shouji

Kajiwara Hideyuki

Taguchi Fumio

Plant Physiology Department Director Meshi Tetsuo

Research Leader Tanaka Yoshiyuki

Research Leader Kawasaki Shinji

Photosynthesis Laboratory Head Tokutomi Mitsue

Inagaki Noritoshi
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Fukayama Hiroshi

Carbon Metabolism Laboratory Head Ueno Osamu

Ishimaru Ken

Sentoku Naoki

Developmental Biology Laboratory Head Takatsuji Hiroshi

Sugano Shouji

Chang-Jie Jiang

Baba Akiko

Environmental Physiology Laboratory Head Takano Makoto

Takeichi Tetsuo

Yazaki Yoshiaki

Kiyota Seiichirou

Disease Physiology Laboratory Head Ishikawa Masayuki

Mitsuhara Ichiro

Fukuda Atsunori

Seo Shigemi

Nitrogen Fixation Laboratory Head Kouchi Hiroshi

Nakayama Yasuji

Umehara Yousuke

Plant Biotechnology Department Director Oka Seibi

Gene Design Laboratory Head Miyahara Kenzo

Ichikawa Hiroaki

Nishizawa Yoko

Plant Gene Engineering Laboratory Head Takaiwa Fumio

Toki Seiichi

Kawagoe Yasushi

Plant Cell Engineering Laboratory Head Tabei Yutaka

Hagio Takashi

Ogawa Taiichi

Habu Yoshiki

Molecular Breeding Laboratory Koga-Ban Yasunori

Otake Yuko

Biosystems Laboratory Head Handa Hirokazu

Kawahigashi Hiroyuki

Institute of Radiation Breeding Director Nagatomi Shigeki

Mutation Genetics Laboratory Head Nishimura Minoru

Kusaba Makoto

Radiation Technology Laboratory Head Morishita Toshikazu

Degi Konosuke

Yamaguchi Hiroyasu

Mutation Breeding Laboratory Head Ito Yuuji

Takyuu Toshio

Yamanouchi Hiroaki
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Members of NIAS Evaluation
Comittee

(as of March 31,2004)

Ueda Ryu National Institute of Genetics

Uchimiya Hirofumi The University of Tokyo

Katsuki Motoya Okazaki National Research Institutes

Kiguchi Kenji Shinshu University 

Kimoto Noriko Journalist

Sakaki Yoshiyuki The University of Tokyo

Takeda Kazuyoshi Okayama University 

Nakamura Yasuhiko Journalist
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thousands of yen

TOTAL BUDGET 12,786,026

OPERATING COSTS 4,906,842

Personnel (434)* 4,294,432

President (1)  
Vice President (2)
Auditor (2)

Administrators I  (98)**
Administrators II (44)***
Researchers (287)

* Number of persons shown in (    )
** General administration
*** Field management and transportations

Administrative costs 612,410

RESEARCH PROMOTION COSTS 7,879,184

Research Grant from MAFF 3,076,227
Entrusted Research Expenses from MAFF 3,523,945
Entrusted Research Expenses from MEXT 506,122
Entrusted Research Expenses from others 772,890

Personnel
4,294,432 (33.6%)

Entrusted Research
Expenses from others
772,890 (6.0%)Entrusted Research 

Expenses from MEXT
506,122 (4.0%) 

Entrusted Research 
Expenses from MAFF
3,523,945 (27.6%)

Administrative costs
612,410 (4.8%)

MAFF : Ministry of Agriculture, Forestry and Fishries
MEXT : Ministry of Education, Culture, Sports, Science and technology

Research Grant 
from MAFF
3,076,227 (24.0%)

FINANCIAL OVERVIEW
Fiscal Year 2003 (April 2003- March 2004)
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