




Message from the President

In cooperation with private companies, public
research organizations and universities the National
Institute of Agrobiological Sciences (NIAS) is aiming to
become recognized as a center of excellence for plant,
insect and animal research.  This research seeks to
develop innovative technology based on genome research
in relation to agricultural and biological industries.  A
major accomplishment this year was the completion of
the high quality draft sequence of rice genome.  NIAS
lead an international consortium involving 10 countries
and regions.  The detailed knowledge of the rice genome
resulting from this sequencing project is expected to
contribute to rapid progress in understanding gene func-
tion in plant and, particularly, cereal crops.  In the field
of insect studies we are mapping the silkworm genome
using the whole shotgun method, while in animal
science the pig genome project is using radiation hybrid
panels to develop a physical map of the pig genome.  In
the field of microbiology whole genome analysis of bacte-
rial blight of rice was achieved. 

International cooperation in the field of research
and development is becoming increasingly impor-
tant.  Consequently during the year NIAS and the
International Rice Research Institute (IRRI) agreed to
develop new varieties using the products of rice genome
research.

In order to become recognized as a center of excel-
lence it is essential to be exposed to international review.
This annual report contains our research activities and
results for fiscal year 2002.  I hope that you will share
your opinions with us of our work.

Ph. D. Masaki Iwabuchi
President
National Institute of Agrobiological Sciences
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Rice is one of the world’s leading crops
and is a staple food for about half the world’s
population.  It is also recognized as a model
organism among monocotyledonous plants
with known synteny to major cereal crops.
Since 1991, the Rice Genome Research
Program (RGP) has developed many
resources for rice genomics including a cata-
log of ESTs from 15 kinds of cDNA libraries,
a high-density RFLP linkage map, a YAC-
based physical map and a transcript map.
These resources serve as fundamental tools
in structural analysis of the rice genome by
sequencing.  To accelerate the completion of
genome sequencing, the International Rice
Genome Sequencing Project (IRGSP) was
established by publicly funded research
institutes from ten countries and regions in
1997.  RGP has taken the lead in this collab-
oration and is in charge of sequencing six
chromosomes with a total size of 202 Mb,
which is almost half of the entire genome.
The IRGSP has adopted a clone-by-clone
sequencing strategy based on an accurate
physical map.  In order to establish a
sequence-ready physical map, genomic
libraries in PAC (P1-derived artificial chro-
mosome) and BAC (bacterial artificial chro-
mosome) were constructed and the clones
were aligned on the 12 rice chromosomes by

pooled PCR screening method using RFLP
and transcript markers (EST markers).
Most of the gaps between clones and contigs
were filled either by the STC (sequence-
tagged connectors) method or chromosome
walking method.  Currently more than 95%
of the six chromosomes assigned to RGP
have been covered with PAC/BAC contigs.
These clones were subjected to shotgun
sequencing.  About 4,000 sequences from
2,000 subclones derived from a PAC/BAC
clone were generated and assembled to
reconstruct the clone sequence.  Although
the ultimate goal of IRGSP is to obtain a fin-
ished-quality sequence for the complete
genome, the group decided to obtain a phase
2 quality draft sequence by the end of 2002.
To accelerate the sequencing process, RGP
set up a high-throughput pipeline for sequence
generation which included a robot-based
plasmid template production, sequence 
product clean-up system, high-throughput
capillary sequencers, automatic sequence
assembly and phase determination system.
This facilitated a rapid increase in sequence
production at a maximum rate of 10 Mb per
day.  By early December 2002, RGP had
already submitted 253 Mb of sequence data
(or 183 Mb total sequence data excluding
overlaps) from 1783 PAC/BAC clones to
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Completion of rice high-quality draft 
genome sequencing

Takashi Matsumoto, Yuichi Katayose,
Hiroshi Mizuno
Genome Research Department



DDBJ (DNA Data Bank of Japan).  The
sequence data can also be accessed through
RGP’s website (http://rgp.dna.affrc.go.jp)
together with the map position data and
annotation data.  As a whole, IRGSP has
submitted 465 Mb of sequence data (or 366
Mb total sequence data excluding overlaps)
of the entire genome to public databases.
This corresponds to about 92% of the esti-
mated size of the rice genome and covers
almost all of the euchromatic regions for
each chromosome.  The progress of sequence
submission to the public databases by RGP
and IRGSP is shown in Fig. 1. 

The sequencing initiative attained a sig-
nificant achievement with the completion of

the high-quality draft sequence of the entire
genome last year.  A commemorative cere-
mony to celebrate the occasion was held in
Tokyo on Dec. 18, 2002, with Prime Minister
Junichiro Koizumi of Japan declaring the
completion of the rice phase 2 draft sequence.
The initial attempt for annotation of the
entire genome using RiceGAAS revealed
62,435 protein-coding genes.  Although the
sequence has not yet been completed to fin-
ished-quality level, it has already been useful
for map-based gene cloning, elucidation of
gene functions and comparative studies with
other species.  IRGSP is currently shifting
gears into the finishing phase of sequencing
to fill sequence gaps within the PAC/BAC
clones and to resolve the sequence of ambigu-
ous regions with the goal of finishing the
genome before the end of 2004.  Acquiring
the complete blueprint of the rice plant will
facilitate discovery of all rice genes that will
provide a critical foundation for crop improve-
ment beneficial to all mankind.
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Fig. 1
Progress of the genome sequencing by IRGSP.
The cumulative nucleotide sequence submission by IRGSP members to
the public database is shown.  The red region correspond RGP contribu-
tion and the hatched region corresponds other IRGSP members.

Fig. 2
A snapshot from the commemorative ceremony.
Dr. Benjamin Burr, a co-chairman of IRGSP, is
making a speech.  Other IRGSP representatives
are sitting behind him. 



Recent developments in technology for
transplantation and regenerative medicine
have focused much attention on pigs.  In
addition, intensive investigation of immune
molecules of livestock has come to be indis-
pensable for understanding of animal infec-
tious diseases and zoonosis.  Studies in
recent years have implied that there are
many differences in the expression and func-
tion of molecules in immune cells of artio-
dactyls, humans and mice, so that intensive
analyses of swine immunology are required.
T cell antigenic receptor (TCR) genes in
germline possess many V (some D in and
genes) and J segments, and one or several C
region(s).  In the lineage process of T cells,
V(D)J segments connect upon the genomic
sequence and specificity to antigens of the
receptors is obtained by selection of the seg-
ments and insertion/deletion at the junc-
tions.  There are four types ( , , and ) in
TCR molecules, and the gene is located
within the gene.  We clarified the genomic
structure around J segments and C region
encoding TCR and genes in the present
study.

The complete genomic region, 131.2kb in
length, including the swine T cell receptor

/ constant region (TRAC/TRDC) and join-
ing segments (TRAJ/TRDJ) was sequenced.
The structure of this region was strikingly
conserved in comparison with that of the
human or mouse.  All of the TRAJ segments
detected in the human genomic sequence
were also detected in the swine sequence and
the sequence of the protein-binding site of T

early alpha (TEA) and enhancer element
was highly conserved.  Insertion of the repet-
itive sequences that were interspersed after
the differentiation of the species in mammals
such as LINE and SINE are markedly sup-
pressed in comparison with other genomic
regions, while locations of the mammalian-
wide interspersed sequences (MIRs) are well
conserved between humans and pigs.  This
finding suggests the existence of highly
selective pressure to conserve this genomic
region around TRAJ throughout the evolu-
tion process in mammals.  Intensive analysis
of the repertoire and the rearrangement
machinery of swine TRA/TRD based on the
results presented here will be a clue to
understanding the function of / T cells
in artiodactyls, which have a relatively
higher ratio of T cells in total peripheral T
cells than humans or mice.
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Fig. 1
Genomic structure of the region including all of the swine TCR / J segments
and C regions.  Four J (TRDJ), 62 J (TRAJ) segments, one V (TRDV) seg-
ment, C (TRAC) and C (TRDC) regions were detected.  Putative enhancer
elements for TRA and TRD, and the TEA promotor were also observed.

Elucidation of genomic structure around joining 
segments of the swine T cell antigenic 
receptor (TCR) / chain gene

Hirohide Uenishi
Genome Research Department



Recently, sequence information on silk-
worm ESTs is accumulating rapidly and its
utilization of this information for linkage
analysis is essential to construction of a
dense expression map.  PCR-based methods
are commonly used for linkage analysis of
small animals like insects due to the rela-

tively low yield of genomic DNA from one
individual. However, it is difficult to design
adequate PCR primers from cDNA sequences
without prior knowledge about the location
of exon-intron junctions.  In addition, errors
frequently occur during single path sequenc-
ing of ESTs.  Therefore, we attempted to
identify BAC clones harboring ESTs and
map the clones instead of ESTs directly. 

First, in-situ hybridization was performed
using high-density replica filters dotted with
18,432 BACs.  More than 3,000 EST clones
were used as probes.  Positive clones were
identified from 1,487 hybridizations excluding
results derived from multi-copy sequences,
and sorted into 943 putative contigs.  In addi-
tion, PCR screening for BAC libraries was
also performed using DNA markers, and
BAC contigs containing 1733 BACs (7.53% of
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Fig. 2
Dot-plot analysis on the region including TRDJ-TRDC-
TRAJ-TRAC between human and swine.  Whole structure
of this region was highly conserved within mammals.

Fig. 3
Comparison of J segments between humans and swine.
Joining segments on the same location have higher simi-
larity.

Fig. 1
Increase in the number of mapped BACs, BAC contigs and ESTs during the
past year.

An efficient EST-mapping method using 
a BAC library

Yuji Yasukochi, Kotaro Baba, Kazuei Mita 
Genome Research Department



the total library) were mapped onto all 29
chromosomes.  As a result of comparing
these two lists of BACs, 259 genes and ESTs
could be genetically and physically mapped
(Fig. 1). 

Whole genome shotgun sequencing of the

silkworm has been launched in 2003, and
this will greatly facilitate direct mapping of
ESTs. Conversely, properly ordered BAC
contigs will play a critical role in identifying
the chromosomal location of scaffolds gener-
ated by whole genome shotgun sequencing.
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Building a user model for a user adaptive 
retrieval system of Gene Ontology

Hisataka Numa, Masaru Takeya, Kotaro Baba
Genome Research Department

Gene Ontology (GO) provides a set of con-
trolled vocabularies for describing molecular
functions, biological processes and cellular
components of gene products.  The GO terms
are used to annotate gene products in many
databases of model organism and it allows us
to compare different species based on GO
annotation.  GO is represented as a directed
acyclic graph (DAG), where each node in the
graph corresponds to a term and paths corre-
spond to either is-a relationship or part-of
relationship.  When users actually make use
of GO, they need to retrieve a required GO
term by walking through the DAG.  However,
this information retrieval task can be time-
intensive because the naming conventions of
GO are not always known by all users, and
users have different interests and levels of
knowledge.  Thus, we developed a web-based
GO browser that helps users search for GO
terms by adapting its retrieval form to indi-
vidual users.

First, we constructed a user model that
captured the interests and preferences of
each user.  If the retrieval system has a user
model that properly estimates interests and
preferences from the user’s behavior, user
can easily operate the system.  The user

model consists of three basic components: (i)
module for collecting user information such
as research specialty and browsing behavior;
(ii) user profile database; (iii) Bayesian net-
work inference engine that can anticipate

Fig. 1
Example of a retrieval form.  The user's interests and preferences are
inferred by the system and significant terms are marked with asterisks.



user interests and preferences.  Next, we
implemented a prototype system incorporat-
ing the user model.  In the beginning, the
system asks users what species they are
interested in.  This information is stored in a
user profile database and utilized to create a
retrieval form according to the user’s inter-
ests.  While the user accesses the GO
browser, the system can dynamically update

the retrieval form by analyzing the user
interaction with the browser and re-calculat-
ing the user preferences.  Fig. 1 shows an
example of a retrieval form.  According to the
user interests and preferences, significant
GO terms are emphasized with asterisks.
This intelligent interface allows users to
retrieve needed information more effectively.
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The complete structure of rice (Oryza sativa L.)
mitochondrial genome

Koh-ichi Kadowaki, Tomotaro Nishikawa
Genetic Diversity Department

Rice is an important cereal crop world-
wide and may play a major role as a model

for cereal genomics.  The complete plastid
genome of rice has already been sequenced
and determination of the nuclear genome
sequence is near completion.  However, the
entire sequence of the rice mitochondrial
genome was not reported because of a num-
ber of unique features in higher plants; e.g.
large size (200–2400 kb), incorporation of for-
eign DNA, a multipartite structure, and spe-
cific modes of gene expression (e.g. cis- and
trans-splicing, and RNA editing).

The entire mitochondrial genome of rice
has been sequenced.  This is the first report
from a monocot plant.  It was found to com-
prise 490,520 bp, with an average G+C con-
tent of 43.8% (Fig. 1).  Three rRNA genes, 17
tRNA genes and five pseudo tRNA sequences
were identified.  In addition, eleven riboso-
mal protein genes and two pseudo ribosomal
protein genes were found, which are homolo-
gous to 13 of the 16 genes for ribosomal pro-
teins in the mitochondrial genome of the
liverwort (Marchantia polymorpha).  A
greater degree of variation in terms of pres-
ence/absence and integrity of genes was

Fig. 1
Gene organization and G+C content of the rice mitochondrial genome.
The bars represent the mitochondrial genome, and the distribution of
G+C content is graphically indicated below the central bars.



observed among the ribosomal protein genes
and tRNA genes of rice, Arabidopsis and
sugar beet.  Transcription and post-tran-
scriptional modification (RNA editing) in the
rice mitochondrial sequence were also exam-
ined.  In all, 491 Cs in the genomic DNA
were converted to Ts in cDNA.  The fre-
quency of RNA editing differed markedly
depending upon the ORF considered.
Sequences derived from plastid and nuclear
genomes make up 6.3% and 13.4% of the
mitochondrial genome, respectively.  The
degree of conservation of plastid sequences
in the mitochondrial genome ranged from
61% to 100%, suggesting that sequence
migration has occurred very frequently.

Three plastid DNA fragments that were
incorporated into the mitochondrial genome
were subsequently transferred to the nuclear
genome.  Nineteen fragments that were simi-
lar to transposon or retrotransposon
sequences, but different from those found in
the mitochondrial genomes of dicots, were
identified.  The results indicate frequent and
independent DNA sequence flow to and from
the mitochondrial genome during the evolu-
tion of flowering plants, and this may
account for the range of genetic variation
observed among the mitochondrial genomes
of higher plants. 

(http://rmg.rice.dna.affrc.go.jp/).

Annual Report 2003 7

Genome sequencing of Xanthomonas
oryzae pv. oryzae

Hirokazu Ochiai, Yasuhiro Inoue, Masaru Takeya,
Hisatoshi Kaku 
Genetic Diversity Department

Bacterial blight of rice caused by
Xanthomonas oryzae pv. oryzae (Xoo) is one
of the most destructive diseases in rice grow-
ing countries.  This bacterium is known to be
an ideal model for studying plant-microbe
interactions, race differentiation and evolu-
tion of plant pathogens. 

In order to understand the molecular
basis of pathogenicity, therefore, genome
sequencing of Xoo was conducted.  The bacte-
rial strain used for the genome sequencing
was the Japanese representative race I
strain T7174 (MAFF 311018), which is regis-
tered in the MAFF gene bank (National
Institute of Agrobiological Sciences: NIAS). 

Based on the sequence analysis, the total
genome size was 4,938,844 bp with an aver-
age GC content of 64%.  The genome struc-

ture of Xoo was a single circular chromo-
some.  No plasmid was detected.  The num-
ber of predicted genes on the genome was
4,676, harboring two set of rRNA genes and
53 tRNA genes.  A
circular map of the
Xoo chromosome is
shown in Fig. 1.

The genome was
very rich in genes for
putative transposase
homologs, accounting
for approximately 8%
of the total genome
size.  In addition,
many of these trans-
posases, which were
components of inser-

Fig. 1
Circular map of Xanthomonas oryzae pv.
oryzae MAFF 311018 chromosome.

Xanthomonas oryzae pv. oryzae

MAFF 311018

4.0Mb

3.0Mb
2.0Mb

1.0Mb



tion sequences (ISs), were located near
strain-specific genes with altered codon
usage and GC content, suggesting that these
genes may have been acquired through lat-
eral transfer. 

Of the genes related to pathogenicity of
plant-pathogenic bacteria, hrp is one of the
most important genes.  A cluster of hrp
genes encoding a type III secretion system
(TTSS) is essential for pathogenicity.  We
found three novel genes specific to Xoo in the
hrp cluster.  These genes were regulated by
HrpX, which is the activator of the hrp
genes.  It was very notable that many of the
transposases were distributed around the
hrp gene cluster. Avr genes, which are fun-

damental to development or restriction of the
disease, were also found in the Xoo genome.
Sixteen copies of avr/pth members were scat-
tered randomly in the Xoo genome.  These
were distributed in different genomic loci,
and 2 or 3 avr genes were repeated in tan-
dem, and transposases or phage-related
genes were located neighboring them.  Thus,
these multiple copies of avr genes in one
genome appear to be related to race special-
ization of Xoo.

The genome sequencing of Xoo may be a
breakthrough in the understanding of the
molecular genetics of the bacterium and the
molecular interaction with the host rice
plant.
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Molecular phylogenetic analysis helps 
define a new taxonomic system for 
the Asian Vigna

Norihiko Tomooka, Akito Kaga, 
Duncan Vaughan
Genetic Diversity Department

The Asian Vigna (genus Vigna subgenus
Ceratotropis) includes economically impor-
tant food legumes such as mungbean, black-

gram, rice bean and azuki bean.  Wild rela-
tives of these crops are important gene
resources for future breeding.  However, the
Asian Vigna species are difficult to distin-
guish, thus molecular analyses combined
with morphological studies have been con-
ducted, and these have led to a new taxo-
nomic system for this subgenus.

As a result of many years of collecting, a
comprehensive germplasm collection of the
Asian Vigna has been assembled at NIAS.
Based on various data a representative set of
accessions (species standard collection) that
encompasses the diversity in this germplasm
collection was selected and has been ana-
lyzed by various techniques including AFLP
(Fig. 1), rDNA ITS and cpDNA atpB-rbcL
spacer region sequencing.  The results of

Fig. 1
Diversity of a genus Vigna subgenus Ceratotropis representative species
collection based on AFLP analysis.



molecular analyses and morphological stud-
ies have revealed that the Vigna collection
had two new species and these have been
named Vigna aridicola N. Tomooka & Maxted
(Fig. 2a) and V. tenuicaulis N. Tomooka &
Maxted (Fig. 2b). 

These studies also have led to a better
understanding of the groups of species in the
subgenus Ceratotropis.  As a consequence the
subgenus has been divided into three new
sections, Angulares, Ceratotropis and Aconi-
tifoliae.  The understanding of the detailed
pattern of variation in the subgenus Cera-
totropis will assist plant breeders in deter-
mining which species are likely to result in
successful crosses.
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Choice of statistical model for estimating 
genetic parameters using restricted 
maximum likelihood in swine 

Masahiro Satoh, Masaru Takeya
Genetic Diversity Department

Restricted maximum likelihood was used
to determine the choice of statistical model,
additive genetic maternal and common litter
effects, and consequences of ignoring these
effects on estimates of variance-covariance
components under
random and pheno-
typic selection in
swine using com-
puter simulation.
Two closed herds of
different size and
two traits, 1) pre-
weaning average
daily gain, and 2)
litter size at birth
were considered.
Three levels of addi-

tive direct and maternal genetic correlations
(rdm) were assumed to each trait.  Four mixed
models (GRM1 through GRM4) were used to
generate data sets.  Model GRM1 included
only additive direct genetic effects, GRM2

Fig. 2
Morphology of two newly described Vigna species.

Table 1 Inbreeding coefficients at generation five after selection and empirical variances of
additive direct (VAd) and maternal genetic (VAm) effects and their covariances (CAdAm)
by computer simulation

Population size Small population Large population

Selection method Random Phenotype Random Phenotype
Inbreeding coefficient 5.6 (0.8)a 6.6 (1.3) 1.1 (0.1) 1.4 (0.1)

Trait 1 2 1 2 1 2 1 2

VAd 29.80 9.93 29.87 9.96 29.99 10.00 30.03 10.01

VAm 4.98 4.98 4.96 4.96 5.00 5.00 4.99 4.99

CAdAm (rdm = 0.5)b 6.10 3.52 6.05 3.49 6.12 3.53 6.12 3.53

(rdm = 0   ) 0.02 0.01 0.05 0.03 0.00 0.00 0.00 0.00

(rdm = 0.5) 6.07 3.50 6.14 3.55 6.12 3.54 6.14 3.54
aEmpirical standard deviations from 100 replicates.
bCorrelation between additive direct and maternal genetic effects.

(a) V. aridicola N. Tomooka & Maxted (b) V. tenuicaulis N. Tomooka & Maxted



included only additive direct genetic and
common litter effects, GRM3 included only
additive direct and maternal genetic effects,
and GRM4 included all the random effects.

Four mixed animal models (EPM1 through
EPM4) for estimating genetic parameters
were defined as with GRM.  Data from each
GRM were fitted with EPM1 through EPM4.
The largest biased estimates of additive
direct genetic variance were obtained when
EPM1 was fitted to data generated assuming
the presence of either additive maternal
genetic, common litter effects, or a combina-
tion thereof.  The bias of estimated additive
direct genetic variance increased and those
of residual variance decreased with an
increase in level of rdm when GRM3 was
used.  EPM1, EPM2 and EPM3 resulted in
biased estimation of the direct genetic vari-
ances.  EPM4 was the most accurate in each
GRM.  Phenotypic selection substantially
increased bias of estimated additive direct
genetic effect and its mean square error in
trait 1, but decreased those in trait 2 when
ignored in the statistical model.  For trait 2,
estimates under phenotypic selection were
more biased than those under random selec-
tion.  We concluded that statistical models
for estimating variance components should
include all random effects considered to
avoid bias. 
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Table 2 Estimates of additive direct (VAd) and maternal (VAm)
genetic variances, covariances between additive direct
and maternal genetic effects (CAdAm), and common litter
(VCl) and residual (VE) variances when EPM equals
GRM, assuming a correlation of zero between additive
direct and maternal genetic effects in a small population

Trait Selection EPM VAd VAm CAdAm VCl VE

1 True 30.0 5.0 0.0 10.0 ---

Random 1 30.1 --- --- --- 69.9

2 29.9 --- --- 10.4 59.6

3 29.1 5.2 0.0 --- 65.2

4 29.4 5.3 0.0 10.1 54.9

Phenotype 1 31.3 --- --- --- 69.1

2 33.8* --- --- 9.7** 57.9*

3 31.9 4.9 0.0 --- 63.5

4 31.9 5.4 0.0 10.1 53.8

2 True 10.0 5.0 0.0 10.0 ---

Random 1 9.7 --- --- --- 90.2

2 10.4 --- --- 10.0 79.7

3 9.3 5.0 0.0 --- 85.2

4 10.3 5.0 0.0 9.9 74.7

Phenotype 1 7.7** --- --- --- 80.9**

2 8.5* --- --- 8.2** 72.6**

3 7.8** 4.4 0.0 --- 76.9**

4 8.0** 4.3 0.0 8.3** 68.7**

**: Statistically significant at P<0.001, *: P<0.01.

Growth of porcine primordial follicles 
and their oocyte maturation by 
xenotransplantation

Hiroyuki Kaneko
Genetic Diversity Department

Primordial follicles are a store for ovarian
follicles and a potential resource of oocytes
for medical, agricultural, and zoological pur-
poses.  Our objective was to develop a method
of endowing oocytes from porcine primordial
follicles with full maturation, as a model for

ovarian xenografting of large mammals.
Ovarian tissues from 20-day-old piglets, in
which most of the follicles were primordial
(Fig. 1A), were transplanted under the cap-
sules of both kidneys of ovariectomized
athymic mice.  The host mice were treated



with 5 IU equine chorionic gonadotropin
(eCG) 60 days after detection of cornified
epithelial cells in their vaginal smears.
Cumulus-oocyte complexes and ovarian
grafts were obtained 48 h after eCG treat-
ment.  Fifty-five to 65 days after grafting,
the host mice for the first time showed vagi-
nal cornification, accompanied by the for-
mation of a small number of antral follicles
in the grafts (Fig. 1B).  Treatment with eCG
60 days after vaginal cornification enhanced
growth of antral follicles (Fig. 1C).  We
recovered 573 oocytes from the 7 eCG-
treated mice (FIG 1D).  In all the oocytes,
the nucleus was at the germinal vesicle
stage (Fig. 2A).  After in vitro culture for
maturation (IVM), 98 of 573 oocytes (17%)
were at the metaphase-II stage (Fig. 2B).
Moreover, when IVM oocytes with the first
polar body (n=17) were stimulated with
electric pulses, 10 oocytes were found to be
activated with a female pronucleus and a
second polar body (Fig. 3C).  These results
clearly demonstrate that maturation of
oocytes from porcine primordial follicles is
achievable by a combination of xenografting
and in vitro culture.
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The heterotrimeric G-protein beta subunit Mgb1 is
required for appressorium formation, 
infection and conidiation 
in Magnaporthe grisea

Marie Nishimura
Genetic Diversity Department

In the rice blast fungus Magnaporthe
grisea, recognition of surface hydrophobicity
triggers differentiation of appressoria, infec-
tion structures for plant penetration.  CAMP
and Pmk1 MAP kinase signals are involved
in regulation of this infection-related mor-
phogenesis.  In eukaryotes, heterotrimeric G-

proteins transmit extracellular signals to
downstream effectors such as MAP kinases
and adenylate cyclases.  Thus, in this study,
we isolated and characterized the Mgb1, the
G-protein subunit in M. grisea. MGB1 is a
unique gene in M. grisea genome and has
high homology to other filamentous fungi

Fig. 1
Morphological appearance of porcine ovarian tissue before and after
grafting into mice and appearance of recovered oocytes.  (A) Neonatal
donor porcine ovary.  (B) A graft isolated from a mouse at the time of
detection of vaginal cornification and (C) a graft from a mouce that
received eCG.  60 days after vaginal cornification.  (D)Recovered
oocytes from an eCG-treated mouse.

Fig. 2
Developmental competence of porcine oocytes
recovered from the grafts in the mice that
received eCG 60 days after vaginal cornification.
(A) A germinal vesicle (GV) stage, (B) a mature
oocytes after IVM and (C) an activated oocyte
after electric stimulation.  1Pb, first polar body;
MP, metaphase plate; FPn, female pronucleus.



(>90%).  Mutants disrupted in MGB1 were
reduced in conidiation.  Conidia from mgb1
mutants were defective in appressorium for-
mation on hydrophobic surfaces and failed to
infect plant cells.  Exogenous cAMP induced
appressorium formation in mgb1 mutants.
However, these appressoria were abnormal
in shape and nonfunctional for penetration.
Intracellular cAMP level was significantly
reduced in mgb1 mutants during conidiation.
The defect of mgb1 mutants in conidiation
was partially suppressed with 1 mM cAMP.
Transformants expressing multiple copies of
MGB1 were able to form appressoria on
hydrophilic surfaces and increased intracel-
lular cAMP level in conidia.  Our results sug-
gest that MGB1 may play an important role
in regulating the cAMP signaling pathway
for conidiation, surface recognition, and
infectious hyphae growth in M. grisea.
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OMA plate

fmol of cAMP/mg % of wild type
of mycelia/sporesa

Guy11 4595.7 ± 703.31b 100

mgb1 2820.7 ± 395.0 61

cmp9 7691.7 ± 1046.9 167

Table 1 Measurement of intracellular cAMP
level in mycelia

a Lyophilized weights of mycelia and spores.
b Values are means ± standard deviations.
Guy11: wild type strain, mgb1: MGB1 deletion
mutant, cmp9: Guy11 with multiple copies of MGB1

Fig. 1
A. Appressorium formation assay on plastic cover slips.  While the wild
type strain (Guy11) produced melanized appressoria, the mgb1 mutant
nw96 only formed long germ tubes.  B. Appressorium formation on onion
epidermis strips.  Guy11 developed infectious hyphae after penetrating
onion epidermal cells.  With 10 mM cAMP, the mgb1 deletion mutant
nw96 produced melanized but irregularly shaped and nonfunctional
appressoria A: appressorium, C: conidium.  Bar =10 µm.

Fig. 2
A model for MGB1 function.  Surface recognition, conidiation signals are
likely to be regulated by Mgb1 via the cAMP signaling. MGB1 may function
upstream from PMK1 for regulating appressorial penetration and infectious
hyphae growth.

Mapping quantitative trait loci controlling 
seed longevity in rice (Oryza sativa L.)

Kiyoyuki Miura, M. Yano, S. Lin, T. Ishii, K. Ebana,
S. Fukuoka, Y. Kojima and T. Nagamine
Genebank

Seed longevity is one of the important
characteristics in the conservation of plant

genetic resources in genebanks.  Furthermore,
seed deterioration due to tropical climate is a



serious problem in rice production through-
out monsoon-affected parts of Asia.  Variations
of seed longevity of cultivars originating in
different ecogeographic regions have been
reported, however, the inheritance of seed
longevity has not been reported in rice.
Furthermore, the relationship between 
primary dormancy and longevity is also
intriguing.  Several studies have reported
contradictory results, that is, both positive
correlation and no correlation.

We identified QTLs for seed longevity and
primary dormancy using 98 backcross inbred
lines (BILs) derived from a cross between a
japonica variety Nipponbare and an indica
variety Kasalath.  For the measurement of
seed longevity, seeds of each line were kept
for 12 months at 30˚C in dry conditions, fol-
lowed by additional aging for 2 months at
30˚C with seeds at 15% moisture content.
Germination rates at 25˚C for 7 days were
measured after the treatment are recorded
as the degree of seed longevity.  Three puta-
tive QTLs for seed longevity, qLG-2, qLG-4
and qLG-9, were detected on chromosomes 2,
4 and 9, respectively.  Kasalath alleles
increased the seed longevity in these QTLs.
The QTL with the largest effect, qLG-9,
accounted for 59.5% of the total phenotypic
variation in BILs, and qLG-2 and qLG-4,
comprised 13.4% and 11.6%, respectively.
We verified the effect of the Kasalath allele
of qLG-9 using chromosome segment substi-
tution lines.  Furthermore, QTLs for primary
dormancy were identified on chromosomes 1,
3, 5, 7 and 11.  Different chromosomal loca-
tions of QTLs for these two traits suggested
that they might be controlled by different
genetic factors.
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Fig. 2
Seed longevity of the selected chromosome segment substitution lines.
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Fig. 1
Chromosomal locations of QTLs for seed longevity and primary dor-
mancy.

:QTL for seed longevity, :QTL for primary dormancy
:nearest marker locus to QTL for seed longevity
:nearest marker locus to QTL for primary dormancy
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Stable germline transformation in the sawfly, 
Athalia rosae (Hymenoptera)

Masatsugu Hatakeyama, Megumi Sumitani,
Daisuke S. Yamamoto, Jae Min Lee
Developmental Biology Department

Attempts to obtain stable germline trans-
formation systems are being made exten-
sively in a wide variety of insects.  Particular
efforts have been directed toward those
insects related to public health concerns and
also toward agriculturally or economically
important insects.  However to date, stable
germline transformation has been reported 
in only three species outside of Diptera: the
silkworm Bombyx mori, the red flour beetle
Tribolium castaneum and the pink bollworm
Pectinophora gossypiella.  In all of these
cases, the piggyBac-derived vectors were
used.  We developed a system for stable
germline transformation using the piggyBac-
derived vector, and this is the first successful
case in the hymenopteran insects.

A piggyBac construct carrying two green
fluorescent protein (GFP)-coding sequences,
one driven by Bombyx mori actin gene pro-
moter and the other by Drosophila melano-
gaster heat-shock protein 70 (hsp70) promoter
were co-injected with a helper plasmid con-
taining an active piggyBac transposase gene

into mature unfertilized eggs dissected from
A. rosae female adults.  The eggs partheno-
genetically developed as haploid males and
these were individually mated to virgin
females.  Upon examination of GFP expres-
sion, we obtained transgenic individuals in a
transformation rate of 5%, comparable to the
results reported in other insects.  Further
crosses were done using these GFP-positive
individuals, and we finally established trans-
genic lines in which the piggyBac construct
was stably inherited.  The stable inheritance
of the integrated piggyBac construct was
confirmed by Southern blot analyses.  In
addition, it was revealed by sequencing of
the adjacent regions of the integrated con-
struct that the construct was inserted at the
canonical piggyBac target sequence, TTAA.
This clearly indicated the transposition was
mediated by the piggyBac transposase.

The results not only add another example
to the list of transgenic insects, but also fur-
ther expand the usefulness of the piggyBac
vector.  Now we have a tool to introduce

Fig. 1
Transgenic sawfly, Athalia rosae in which the piggyBac
construct bearing GFP gene was integrated in the
genome.  A: Third instar larvae, B: Mid-stage pupae.  The
GFP-positive transgenic individuals are shown on the left
in both panels.

A B

Fig. 2
Results of Southern blot analyses.  The same DNA frag-
ments (about 9 kb) were detected only in the GFP-posi-
tive individuals.  G1, G2 and G3 represent generation 1,
2, and 3, respectively.  +: GFP-positive individual, :
GFP-negative individual.
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cDNA cloning and biochemical characterization 
of Bombyx mori orphan receptor, 
BmHR78

Takahiro Shiotsuki, Makoto Hirai, 
Manabu Kamimura, Shuichiro Tomita
Developmental Biology Departmnet

Insect juvenile hormones (JHs) have
important roles in insect physiology, espe-
cially development and metamorphosis, but
studies of the molecular mechanisms of the
JH have not been progressed yet.  For the
clarification of JH actions, a novel member of
the nuclear receptor superfamily from the
silkworm Bombyx mori was identified and
named BmHR78.  The DNA binding domain
of the BmHR78 shows high similarity to
some other orphan receptors, such as
Tenebrio molitor hormone receptor 78
(TmHR78), Drosophila hormone receptor 78
(DHR78) and mammalian testicular receptor
2 (TR2), whereas the ligand binding domain
is not well conserved.  Northern blot analysis
showed that the BmHR78 gene was most
abundantly expressed in the testis in the 
B. mori.  From the 4th to 5th instar, the
BmHR78 gene was constantly expressed in
the testis.  In the anterior silk gland, the
level of BmHR78 gene expression was devel-
opmentally changed.  From day 10.0 to 11.0
in the 5th instar, another BmHR78 tran-
script of smaller size appeared.  BmHR78
forms not only a homodimer but also a het-
erodimer with Ultraspiracle (USP), an insect
homologue of RXR, in a yeast two-hybrid in
vivo assay.  USP isoform also appeared at

the same stages in the tesits.  The direct
interaction between BmHR78 and USP was
also confirmed by in vitro pull down assay.
Deletion mutant analysis showed that
BmHR78 interacts with USP via the 9th
heptad repeat in helix 10 of the E region.
This repeat is well conserved in RXR and its
heterodimer partners, and was shown to be
an interface for their dimerization.  In
insects, only the ecdysone receptor and hor-
mone receptor 38 (HR38) are known thus far
to dimerize with USP.  Thus, BmHR78 is a
third dimerization partner for USP and may
modulate the molecular action of USP,
including the ecdysone signal cascades.

GAL4 DBD GAL4 AD relative activity,
% of control

USP 0.0
EcR 0.0

BmHR78 0.3

BmHR78 BmHR78 2.8

EcR USP 155.0

BmHR78 USP 128.8

p53 SV40 100.0

Table 1   Quantification of protein-protein interaction by yeast 2-
hybrid system

Each combination of baits (pAS2-1, GAL4 DB) and preis (pACT2,
GAL4 AD) were transfected into Y187 and GC1945 yeast cells.  Control
combination was performed with p53 and SV40.

exogenous genes into a hymenopteran
insect and to analyze these gene functions.
Hymenoptera includes many species impor-
tant to agriculture as predators and pollina-

tors.  It is expected that this system will
allow production of valuable hymenopteran
strains that genetically acquired useful fea-
tures.
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Considering that there are numerous
immature oocytes in ovaries that can be
obtained from gilts at a slaughterhouse, it is
essential to establish an effective in vitro
maturation (IVM) system for porcine oocytes,
because IVM oocytes can be used for effective
production of somatic cell cloned piglets.
Furthermore, it is essential to establish an
effective activation method for IVM oocytes,
because there have been no activation meth-
ods comparable with spermatozoa.  This
study was designed to evaluate the partheno-
genetic activation of porcine oocytes matured
in vitro for a variable period after combined
treatment with electric pulse (EP; 1500 V/cm,

100 µsec) and Butyrolactone I (BL I), a 
specific inhibitor of the cyclin-dependent
kinases.  After 36 h of maturation culture,
the rates of activated oocytes and oocytes
with two pronuclei (63.0 ± 13.8 and 19.4 ±
9.6, respectively) were significantly lower
than those of oocytes cultured for 42h (94.4 ±
4.5 and 62.7 ± 10.1, respectively) and 48 h
(96.3 ± 3.5 and 63.9 ± 11.7, respectively)
after EP.  However, when treated by a com-
bined EP and BL I (150 µM), these rates
increased to the same level as 42 and 48 h
oocytes.  When oocytes cultured for 48 h and
activated by a combined EP and BL I treat-
ment were subsequently cultured in
mNCSU37 medium, the rates of embryos
cleaved (86.7 ± 6.3) and developed to the
blastocyst stage (44.7 ± 10.7) (Fig. 1) were
significantly higher than those in Whitten’s
medium(57.1 ± 14.9 and 20.7 ± 7.7, respec-
tively).  In contrast, when activated oocytes
were cultured in mNCSU37 medium under
two oxygen environments (5% vs 20% O2),
there were no differences in the rates of
cleavage, blastocyst formation or nucleus
numbers per blastocyst.  Our results demon-
strated that the combined EP and BL I treat-
ment of porcine oocytes matured in vitro is
capable of producing high rates of good qual-
ity blastocysts when cultured in a suitable in
vitro condition. 

Parthenogenetic activation and subsequent 
development of porcine oocytes activated by 
a combined electric pulse and butyrolactone 
I treatment 

Takashi Nagai 
Developmental Biology Department

Fig. 1
Porcine blastocysts derived from oocytes matured and activated in
vitro, and then cultured in the mNCSU37 for 7 days after activation
under 20% O2 condition.
Bar = 100 µm
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Isolation and characterization of Bovine 
trophoblastic cell line (BT-1)

Toru Takahashi, Kazuyoshi Hashizume,
Kanako Kaneyama
Developmental Biology Department

We established the bovine trophoblastic
cell line (Bovine Trophoblast-1; BT-1), derived
from in vitro matured, fertilized and cultured
blastocysts.  While several trophoblastic cell
lines have been previously reported using
feeder layers, BT-1 could be grown in the
absence of feeder cells.  Conditioned medium
(10% FBS, DMEM/F12) accelerated cell
attachment and growth when compared to
unconditioned medium.  Passage of BT-1 was
carried out without proteolytic enzymes.
Cells were dislodged from the culture dish by
repeated pipetting.  Trypsin-EDTA solution
was not only insufficient for cell dissociation
but also harmful to cell survival.  Harvested
cells were plated at a 1:2 dilution from conflu-
ent culture every week.  The BT-1 cells were
maintained continuously for more than 4
years and over 180 passages without senes-
cent or morphological changes.  The BT-1
cells were cuboidal in shape, and expressed
keratin (Fig. 1 a, b).  The cells grew and
formed a round colony.  With the growth of a
colony, an accumulation of fluid between the
cell layer and culture dish elicited the forma-
tion of a dome-like structure.  Domes further
accumulated fluid until discrete vesicles were
formed.  Finally, formed vesicles were dissoci-
ated from the colony and floated in the
medium.  Subsequently, floating vesicles
attached to the culture dish and resumed
spreading out to form a colony (Fig. 1 c, d).
The bromodeoxyuridine (BrdU) incorporation
analysis revealed that only the cells in the
peripheral zone of colonies were mitotic, and
no BrdU incorporation in the central area

was detected.  Nuclear staining with Hoechst
33342 showed two distinct areas in the
colony: the central area in which cells were
tightly packed and a peripheral zone where

Fig. 1
The BT-1 cells.
(a) Nomarski micrograph.  (b) Immunofluorescence detection of keratin. 
(c) BT-1 cells just after plating.  (d) Spreading BT-1 cells.  Bar = 10µm (b),
0.3mm (c, d).

Fig. 2
Gene expression profiles in BT-1 (A) and fetal membrane (B).
Lanes 1; size marker, 2; PL, 3; PRP-I, 4; PAG-1, 5; IFN- , 6; BMP, 7; GDF 9,

8; Oct 4, 9; Leptin
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the cells grew sparsely.  These findings sug-
gest that the cell population comprising a

colony is morphologically and functionally
heterologous. The BT-1 cells express several
trophoblast-specific proteins.  RT-PCR analy-
sis revealed that the BT-1 expressed mRNAs
encoding Placental lactogen (PL), Interferon-

(IFN- ), Prolactin-Related Protein-I (PRP-
1), and Pregnancy-Associated Glycoprotein-1
(PAAG-1).  In the 8 tested genes (see the leg-
end of Fig. 2), their expression profiles of 
BT-1 were comparable to those of fetal mem-
brane developed in vivo (Fig. 2).  Bone
Morphogenetic protein and transcription fac-
tor Oct 4 were also expressed.  The presence
of IFN- protein in culture medium was con-
firmed by Western blotting.  A small number
of cells were shown to be PL-positive and
binucleated (Fig. 3).  The present series of
studies established a novel cell line derived
from bovine blastocyst, characterized its
morphological and functional properties, and
proposed a powerful model system for the
study of trophoblast cell lineage and placen-
tal function.

Fig. 3
Detection of PL in BT-1 cells by immunofluorescence. 
(a) Hoechst 33342 staining shows binucleate cells (arrow,

magnified in the inset).  Bar = 30µm
(b) Immunodetection of PL

The endometrium is one of the most com-
plex tissues, undergoing dynamic changes as
a result of tissue remodeling in response to
implantation and pregnancy processes.  The
implantation mechanism remains unclear
because of complex interactions by various
factors inherent in that process such as
cytokines, growth factors, hormones and
adhesion molecules.  An in vitro model may
provide a tool for clarifying the complex
implantation process.  If multicellular spher-

Regeneration of a bovine endometrial model 
in vitro by a unique three-dimensional 
cell culture system using ascorbate

Kazuyoshi Hashizume, Toru Takahashi, 
Kanako Kaneyama
Developmental Biology Department

Fig. 1
Process for formation of mutli-cellular
spheroid using AsA-P.
BES were cultured for 6 days in medium
with (B) or without (A) AsA-P.  Cells cul-
tured without AsA-P detached and sep-
arated into single cells after EDTA
solution treatment (C).  Cells cultured
with AsA-P did not disperse into single
cells after EDTA solution treatment (D).
They gradually detached from the cul-
ture plate edge after agitating with
pipette (E) and finally floated as a wavy
cell sheet (F).  Scale bars represent 500
µm (A-D), 1mm (E), and 2mm (F).
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oids could be regenerated from endometrial
cells in a controlled and reproducible man-
ner, it would certainly provide a platform for
the investigation of endometrial functions.

This study describes the regeneration of
multicellular spheroids composed of bovine
endometrial epithelial cells (BEE) and
bovine endometrial stromal cells (BES) and
investigates the properties of the regener-
ated spheroids.  The BES were cultured to
confluence in medium with L-ascorbic acid
phosphate magnesium salt n-hydrate (AsA-
P), which stimulates collagen synthesis in
BES.  Cell behaviour, viability, proliferative
activity, and ECM production in the hetero-
spheroid containing BEE and BES were
examined immunochemically.  Additionally,
the production of prostaglandins (PGE2 and
PGF2 ) and matrix metalloprotinases-2 and -
9 (MMP-2 and MMP-9) by spheroids 
in response to oxytocin (OT) and 12-
Otetradecanoylphorbol 13-acetate (TPA)
were determined. 

The BEE were co-cultured on a BES cell-
sheet for 24 h before detachment of the cell-
sheet to generate a hetero-spheroid.  After
EDTA treatment and agitation using a
pipette, the floating cell-sheet shrank and
became an aggregated cell mass in a few
days.  Histological examination revealed that
hetero-spheroids were covered with BEE on
the outer layer.  When cell viability was
examined with TUNEL, no positive signal
was detected in the spheroid for up to 10
days.  Immunofluorescence observations
showed that spheroids contained abundant
extracellular matrices, including type-I, -III,
-IV collagen, fibronectin, and laminin.

Fig. 4
Double staining of vimentin and
cytokeratin in cultured BES 
(A-C), BEE (D-F), the hetero-
spheroid (G-I), and endometrial
tissue (J-L).
Phase-contrast observations of
cells, the spheroid, and tissue
are shown in the left column (A,
D, G and J).  Spindle-shape mor-
phology and vimentin expression
(B) are characteristic of BES.
Cobblestone morphology and
expression of both vimentin (E)
and cytokeratin (F) are shown in
BEE.  In the hetero-spheroid, the
spheroid outer-surface BEE layer
stained vimentin negative (H)
and cytokeratin positive (I).  In
the endometrium, luminal epithe-

lium (LE) stained vimentin negative (K) and cytokeratin positive (L).  Scale bars
represent 100 µm (A-F) and 50 µm (G-L).
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Fig. 3
Detection of apoptotic cells (TUNEL; A-D) and proliferat-
ing cells (PCNA; E-H) in the spheroid. 
Immediately after detachment from the culture plate (A,
E), day 3 (B, F), day 10 (C, G) and day 14 (D, H).  Nuclei
of positive cells for TUNEL reaction and anti-PCNA anti-
body are stained for dark brown by DAB.  Negative cells
stained light green by the counter staining with methyl
green.  Scale bars represent 50 µm.

Fig. 2
Cell localization during formation of cell mass. 
BEE were stained immunocytochemically with anti-cytok-
eratin antibody (A-D). Immediately after detachment from
the culture plate (A, E), day 1 (B, F), day 2 (C, G) and day
3 (D, H).  E-H are phase-contrast observations of A-D,
respectively.  Scale bars represent 500 µm.

Fig. 5
PGF2 production of BES and BEE spheroids
BES homospheroid and hetero-spheroids in response to treatment with
oxytocin (OT) and phorbolestel (TPA)
Values are means +/ sd. from four parallel wells.  Asterisks indicate differ-
ences compared with each control of the same group (P<0.05).
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Rel/NF B family proteins are known as
transcriptional factors that bind to the B-
like motif and activate immune genes in
Drosophila.  A B-like motif is also located in
the 5’-upstream regions of Bombyx mori

antibacterial peptide genes, suggesting an
important role in gene activation.  Two
cDNAs encoding BmRelA and BmRelB,
which have Rel homology domains were
cloned as candidates for binding factors.
BmRelB cDNA had the same nucleotide
sequence as that of BmRelA except for a 239
bp nucleotide deletion including a putative
translation start codon of BmRelA.  The
BmRelB had an N-terminal region 52 amino
acids shorter than the BmRelA (Fig. 1).
Interestingly, both BmRelA and BmRelB had
a leucine zipper motif, which was not present
in the C-terminal region of Drosophila Rel
family proteins.  Transient luciferase assay
using a Drosophila melanogaster cell line,
mbn-2 indicated that the attacin gene is
strongly activated by BmRelB, but very
weakly by BmRelA.  On the other hand,
lebocin 4 gene is activated more strongly by
BmRelA than by BmRelB (Fig. 2).  Immune
gene activation by these factors was B-like
motif-dependent.  These results suggest that
BmRels differentially activate antibacterial
peptide genes through a B-like motif and
the 52 N-terminal amino acids of BmRelA
contribute to this differential activation.

Differential transcriptional activation of antibacterial
peptide genes by BmRelA or BmRelB

Hiromitsu Tanaka, Jun Ishibashi, 
Minoru Yamakawa
Molecular Biology and Immunology Department

Fig. 1
Schematic representation of BmRelA and BmRelB structures
RHD: Rel homology domain, NLS: nuclear localization signal, PRD: pro-
line rich domain, LZ: leucine zipper motif.

Fig. 2
Effect of BmRelA and BmRelB on the expression of gene constructs con-
sisting of attacin or lebocin4 gene promoter and luciferase reporter gene
in the mbn-2 cells.  pPac: expression vector only,  pGL3: The plasmid
containing luciferase reporter gene.

PGF2 produced by hetero-spheroids in
response to OT was significantly (P<0.05)
higher than that produced by monolayer cul-
tured BEE.  MMPs were not detected in
media from spheroids cultured for 5 days
after detachment of the cell sheet.  These
results indicated that bovine endometrial

cells have the capacity to regenerate as a
multicellular spheroid after treatment with
ascorbate in vitro.  The spheroid mimics
endometrium features in morphology and
functions.  Thus, we concluded that spher-
oids formed by BES and BEE are a useful in
vitro model of bovine endometrium.
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Quantitative trait locus (QTL) analyses of
metabolic disorders, such as non-insulin-
dependent diabetes mellitus (NIDDM) and
hyperlipidemia, were carried out in three sets
of F2 mice that can be formed from KK( Ay),
RR and C57BL/6J strains, and results from
each analysis were compared on the assump-
tion that more common variants may be
detected more than once across the strain
combinations.  As a rule, body weight as well
as plasma level of lipids decreased in the
order of KK (KK Ay/a), RR, C57BL/6J.  If a
QTL for a trait is identified in a similar chro-
mosomal position in an F2 mice from a differ-
ent strain combination, it may not only
strengthen the probability of the presence of
the QTL, but also may limit or improve the
resolution of the confidence interval of the
QTL region.  At the same time, it may be eas-
ier to identify causal genes or nucleotides by
comparing candidate gene sequences among
three strains.  First, we analyzed obesity,
NIDDM, and hyperlipidemia in C57BL/
6J×KK Ay F2.  We identified obesity QTLs on
chromosomes 4 (Bwq1) and 6 (Bwq2), glucose
intolerance QTL on chromosome 8 (Giq1), cho-
lesterol QTLs on chromosomes 1 (Cq1 and
Cq2) and 9 (Cq9), and triglyceride QTL on
chromosomes 9 (Tgq1) (Fig. 1).  Since the Cq2
was located over the gene for apolipoprotein
A-II (Apoa2) gene, we sequenced and analyzed
Apoa2 cDNA from various mouse strains.  As
a result, it was revealed that the specific
allele at the apolipoprotein A-II (Apoa2) gene
was associated with increased cholesterol.
Phenotypic effect of this QTL region was con-

firmed in congenic strains.  Second, we identi-
fied cholesterol QTL and triglyceride QTL on
chromosome 9 (Cq5), and on chromosome 8
(Tgq2) in KK×RR F2 (Fig. 1).  The Cq5 was
mapped to a region near the Cq4, and the
Tgq2 was mapped to a region near Giq1.  It is
known that there are several apolipoprotein
genes (Apoa1, Apoa4, Apoc3, and Apoa5) on
proximal chromosome 9, and therefore these
are plausible candidates for Cq4 and Cq5.
The Tgq2 and Giq1 regions also contain sev-
eral candidate genes such as Cpe, Lpl, and
Ucp.  As Lpl is known to have roles in glucose
homeostasis as well as triglyceride metabo-
lism, and we analyzed the Lpl cDNA sequence
and found polymorphic alleles among the
strain used.  In KK×RR F2, we also analyzed
and identified inferior nurturing ability QTLs
on chromosomes 5 (Naq1) and 9 (Fig. 1).  The
RR allele at the Naq1 was associated with
reduced total pup weight, possibly because of
reduced lactational yield.  A similar QTL
analysis of the plasma lipid traits in
C57BL/6J×RR F2 is now being carried out.

Quantitative trait locus analyses of 
metabolic disorders in mice

Jun-ichi Suto
Molecular Biology and Immunology Department
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Lead nitrate (LN) has been shown to
induce liver hyperplasia and hypercholes-
terolemia in rats, but the induction mecha-
nisms remain unclear.  In the present study,

LN (100 µmol/kg body weight, i.v.)
was administered to male rats at 7
weeks of age, and overall changes in
the gene expression of enzymes
including HMG-CoA reductase
(HMGR), squalene synthase (SQS)
and lanosterol 14 -demethylase
(CYP51) in the cholesterol biosyn-
thesis pathway (Fig. 1) were exam-
ined by real time RT-PCR.

We confirmed that LN increased
serum total cholesterol level at
12~48 h and then liver weight at 48
h (Fig. 2).  The expression level of
the HMGR gene markedly increased
3 h after LN treatment, and the
increased level was maintained up
to 48 h later (Fig. 3).  Expression
levels of the SQS and CYP51 genes

also increased at 12 h after LN treatment.
These findings suggest that increase in the
serum total cholesterol level by LN treat-
ment occurs, at least in part, through tran-
scriptional activation of the genes of HMGR,
SQS, and CYP51 responsible for cholesterol
biosynthesis.  Considering the time courses
of the changes in the gene expression of cho-
lesterogenic enzymes and the formation of
hypercholesterolemia, such LN-induced
changes likely occur independently of the
serum cholesterol-dependent regulation.
Their mechanisms, however, remain unclear.

To further clarify the mechanism for the
transcriptional activation, we focused on the
sterol regulatory element binding proteins
(SREBPs), SREBP-1a, SREBP-1c, and
SREBP-2, which are known to regulate the
gene expression of cholesterogenic enzymes,
and examined the changes in their gene
expression levels after LN treatment (Fig. 4).
Gene expression of SREBP-2 was increased
at 12 h, whereas those of the SREBP-1a and
SREBP-1c genes were unchanged and
remarkably reduced, respectively.  The pre-
sent findings suggest that only SREBP-2
among the SREBPs might contribute to the
gene activation of the cholesterogenic
enzymes in the LN-treated rat liver.
However, concerning the gene activation of
HMGR, other transcription factor(s) might
play an important role, because the increased
expression of the HMGR gene was observed
earlier than that of the SREBP-2 gene.

In conclusion, we demonstrated for the
first time that lead nitrate, a heavy metal

Altered gene expression of the cholesterol 
biosynthesis enzymes and sterol 
regulatory element binding proteins 
in lead nitrate-treated rat liver
Misaki Kojima1), Kiyomitsu Nemoto2),
Masakuni Degawa2)

1) Physiology and Genetic Regulation Department
2) School of Pharmaceutical Sciences, University of Shizuoka

Fig. 1
Simplified scheme of
cholesterol biosyn-
thesis pathway.

Fig. 2
Changes in the liver weight and serum total cholesterol level in LN-
treated rats.
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ion, induces hypercholesterolemia, at least in
part, through the gene activation of the
enzymes responsible for cholesterol biosyn-
thesis.  Further study on the mechanism of
LN-induced altered gene expression of the
enzymes responsible for cholesterol homeo-
stasis would give valuable information for
understanding the mechanism of hypercho-
lesterolemia.

Physiological mechanisms inducing 
cryptobiosis in the sleeping chironomid, 
Polypedilum vanderplanki

Takashi Okuda, Masahiko Watanabe, 
Takahiro Kikawada and Akihiko Fujita
Physiology and Genetic Regulation Department

Some terrestrial invertebrates are able to
tolerate an almost complete loss of body
water.  Such ametabolic dormancy is called
as cryptobiosis or anhydrobiosis.  The sleep-
ing chironomid, Polypedilum vanderplanki,
is known as the only insect which can enter a
cryptobiotic state.  The cryptobiotic larvae
show extremely high thermal tolerance, from
–270 ˚C to +106 ˚C, and can recover soon

after prolonged dehydration for more than 10
years.

The chironomid larvae always die after
quick desiccation of 12 hours, but can recover
after gradual desiccation over 2 days.  The
latter larvae gradually accumulated a large
amount of trehalose (up to 20% of the dry
body weight) during the desiccation (Fig.
1A), suggesting that a high level of trehalose

Fig. 4
Real time RT-PCR analysis of hepatic gene expression
levels of SREBPs in LN-treated rats.

Fig. 3
Real time RT-PCR analysis of hepatic gene expression
levels of cholesterol biosynthesis enzymes in LN-treated
rats.



accumulation contributes to the successful
induction of cryptobiosis in this chironomid.
Because the larvae which were quickly desic-
cated accumulated little trehalose, they died.

When the larval head and brain were
removed and they were completely dehy-
drated and then rehydrated, they were able
to recover and move actively (Fig. 2).  The
decapitated larvae also accumulated a large
amount of trehalose, only during desiccation
(Fig. 1B, C).

We thus demonstrated that the induction

and termination of cryptobiosis occurred
without cerebral regulation in this chirono-
mid.  This indicated that individual tissues
and cells could prepare for entering crypto-
biosis by themselves.  Our finding may con-
tribute to technology for dry preservation of
isolated cells and organs at room tempera-
ture.

Fig. 1
Change of trehalose level of during desiccation.  A: intact larvae (dry); B:
decapitated larvae (dry); C: decapitated larvae (hydrated).

Fig. 2
Recovery from cryptobiosis in decapitated larvae.  A:
decapitated cryptobiotic larvae; B: decapitated larvae on
the second day after rehydration.

A

B

Regulation of amino acids biosynthesis 
in the silkworm

Chikara Hirayama, Takahiro Kikawada,
Masatoshi Nakamura
Physiology and genetic regulation department

Amino acid requirements for silk synthe-
sis increase in the last larval instar (5th
instar) of the silkworm, since silk protein
synthesis is promoted in this developmental

stage.  However, it has been unknown how
the amino acids biosynthesis is regulated
during the development of the insect. 

We recently found that waste ammonium
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is an important source for amino acids syn-
thesis.  Ammonium was assimilated into
amino group of glutamate via the amide of
glutamine, which was then converted into
serine, alanine, and glycine (the main compo-
nents of silk proteins).  Among the enzymes
involved in the de novo synthesis of amino
acids, the activity of glutamate synthase
(GOGAT) in tissues, especially in the poste-
rior silk glands, increased markedly in the
5th instar.  The hemolymph glutamine pool
size thus changed due to the changes in
GOGAT activities.  Western blot analysis
indicated that the intensity of GOGAT pro-
tein expression paralleled levels of GOGAT
activity in each tissue.  When the larvae
were topically administred methoprene (an
analogue of juvenile hormone) during the 5th
instar, GOGAT protein expression in each
tissue was suppressed and glutamine rapidly
accumulated in the hemolymph, whereas the
methoprene treatment had no effect on the
levels of other enzymes involved in amino
acid biosynthesis.  These results suggest that
GOGAT is the key enzyme in the pathway of
de novo amino acid synthesis, regulating the
rate of amino acid synthesis, and also sug-
gest that GOGAT expression is controlled by
juvenile hormone.

Fig. 1
Immunoblot analysis of GOGAT protein in fat body, midgut and posterior
silk glands.

Fig. 2
(A) Effect of juvenile hormone analogue, methoprene, on changes

in glutamine concentration in the hemolymph.
(B) Effect of juvenile hormone analogue, methoprene, on the lev-

els of GOGAT protein in fat body, midgut and posterior silk
glands.
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The tephritid genus Bactrocera is widely
distributed in the Asia-Pacific region and
includes a number of economically important
species that cause losses in fruit and veg-
etable crops.  Among Japanese species of
Bactrocera, the two major pest species, the
oriental fruit fly Bactrocera dorsalis and the
melon fly B. cucurbitae, were eradicated
from the country.  However, as a result of
increased importation of fruits and vegeta-
bles in recent years, fruit flies of foreign ori-
gin have frequently been intercepted at
quarantine inspection sites.  Consequently, it
has become increasingly important to take
precautions against their invasion.  To that

end, it is necessary to identify pest species
accurately.  However, it is sometimes diffi-
cult to identify Bactrocera species, because
there are many species that are not morpho-
logically distinct.  Moreover, there are many
cases in which morphological criteria cannot
be easily applied.  Such situations necessi-
tate the development of new criteria for
rapid and accu-
rate identifica-
tion of Bactrocera
species that can
be applied in
quarantine prac-
tices.

Discrimination among pest species of 
Bactrocera fruit flies (Diptera; 
Tephritidae) based on PCR-RFLP of 
the mitochondrial DNA

Masahiko Muraji
Insect Genetics and Evolution Department

Fig. 1
Scheme for the Bactrocera species identification based on PCR-RFLP pat-
terns estimated for the four sections of the mtDNA.  Characters A-M refer to
the banding patterns defined in this study.

Fig. 2
Neighbor-joining dendrogram of fruit flies generated based
on Jukes-Cantor distances.  Bootstrap confidence limits are
shown near the branches of clades supported in more than
50% of 500 replications.
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In this study, 1.4 and 1.6 kb-long por-
tions of the mitochondrial DNA were
sequenced from 27 Bactrocera species dis-
tributed in the Asia-Pacific region.  Compar-
isons of restriction patterns expected from
the sequences revealed that all 18 pest
species can be discriminated by PCR-RFLP
using a small number of restriction enzymes.
Based on the highly conserved sequences
detected among these species, four sets of
PCR primers were designed to amplify diag-
nostically informative short sections within
the mtDNA fragment.  Given the simplicity
of banding patterns and the ease of amplifi-

cation of DNA fragments, such sections were
considered suitable for PCR-RFLP-based
species idetification (Fig. 1).  In addition,
molecular phylogenetic analyses were per-
formed based on the nucleotide sequences
(Fig. 2).  The results disagreed in part with
the currently accepted classification and
demonstrated the necessity of closer analy-
ses of morphological characteristics.

This work was supported in part by the
Budget for Nuclear Research of the Ministry
of Education, Culture, Sports, Science and
Technology.

Mutations of the silkworm molybdenum 
cofactor sulfurase gene, og, cause 
translucent larval skin

Natuo Kômoto 
Insect Genetics and Evolution Department

Uric acid has various roles in many
organisms: nitrogen excretion, antioxidative
activity and as a cause of gout.  Silkworm
larval epidermis accumulates uric acid,
which reflects light and makes the skin
opaque.  There are more than 20 silkworm
genes whose mutations cause translucent
larval skin owing to deficiencies in uric acid
production or accumulation.  One of them,
og, has been shown to be involved in xan-
thine dehydrogenase (XDH) activity which
produces uric acid.  I attempted in this study
to clone the og gene and characterize its
mutations.

The og mutant was found to be deficient
in aldehyde oxidase (AO), which requires
molybdenum cofactor (MoCo) as does XDH
(Fig. 1).  Therefore, I hypothesized that the
og gene is involved in MoCo synthesis and
cloned the MoCo sulfurase gene.

Fig. 1
XDH and AO activities of og mutants.  (A) XDH activity in the larval fat
body.  Crude extracts were separated in a native PAGE gel and then
stained with hypoxanthine as a substrate.  (B) AO activity in male
moth antennae with benzaldehyde.
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The absence of recombination between
the og and MoCo sulfurase genes suggests
the identity of their loci.  To confirm it, I iso-
lated the MoCo sulfurase gene from og
mutants (Fig. 2).  The ogk/ogk silkworm has a
998-bp deletion which cause a premature
stop codon.  The ogt/ogt silkworm has a 551-
bp insertion inducing a premature stop
codon or an ORF deletion.  The insertion,
named Organdy, appears to be a new mem-
ber of MITE (miniature inverted repeat
transposable element) because of its struc-
ture.

It is now shown that the og gene encodes
MoCo sulfurase because (1) XDH and AO is
deficient in the mutants, (2) no recombina-
tion was found between the og locus and
MoCo sulfurase gene, and (3) the ogk and ogt

mutants have a deletion and an insertion,
respectively, which cause incomplete ORFs.

Fig. 2
The MoCo sulfurase gene structure in og mutant alleles.
Black boxes, ORF; white boxes, UTR; grey boxes, dele-
tion; asterisks, premature stop codon.

Application of lactose-silk fibroin 
conjugates as a scaffold for 
hepatocyte attachment

Yoko Goto 
Insect Biomaterial and Technology Department

With the aim of establishing a new appli-
cation of silk fibroin (SF) protein as a bioma-
terial, many attempts to use SF as a scaffold
for cell culture have been carried out.  It is
known that -galactose residues are recog-
nized by asialoglycoprotein receptors on the
surface of hepatocytes and promote hepato-
cyte attachment.  Therefore, it is expected
that the -galactose residues incorporated
into SF may be efficient ligands for hepato-
cyte attachment to a SF scaffold.

We have already carried out homogeneous
chemical modification of amino acid residues
of solubilized SF with oligosaccharides in

Fig. 1
Chemical structure of conjugates
(Lac-CY-SF) consisting of silk
fibroin (SF) and lactose (Lac).
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aqueous solution using cyanuric chloride
(CY) as a coupling spacer in order to alter SF
properties and/or to functionalize SF.  On the
basis of this procedure, we prepared new gly-
coconjugates (Lac-CY-SF) by the chemical
modification of SF with lactose bearing the -
galactose residue using CY (Fig. 1).

The attachment activity of rat hepato-
cytes onto dishes coated with solutions of
Lac-CY-SF and SF was examined after culti-
vation in serum-free Williams’ E medium for
2.5 h as shown in Fig. 2.  Attachment on the
dishes coated with 0.1%(w/v) and 1%(w/v)
solutions of Lac-CY-SF was comparable to
that on control collagen-coated dishes,
whereas the attachment on SF-coated dishes
was lower than that on uncoated dishes.
These results indicated that the galactose
residue of lactose moieties bound to hepato-

cytes, resulting in an increase in attachment
of hepatocytes to the conjugate-coated
dishes.

Fig. 2
Attachment of rat hepatocytes onto dishes coated with solutions of Lac-
CY-SF and SF.

Development of a silkworm larvae 
hemolymph collecting system using 
laser beam incision 

Toru Kobayashi, Youji Furuta 
Insect Biomaterial and Technology Department
Insect Biotechnology and Sericology Department

Recently, “Insect factories” that mass-pro-
duce useful substances by utilizing insect
bodies as factories have received to atten-
tion.  In order to establish such a factory 
for silkworms, the development of a mass
production system with consistent mecha-
nization on a 10,000 20,000 is required.
However, mechanization of the techniques
for collection has been the most difficult in
development of mass production systems.

By replacing the conventional manual
procedure for collection of hemolymph from
the silkworm larvae have been inoculated
with recombinant baculovirus, a new   mech-
anized method for efficient collection was

Fig. 1
Silkworm larvae's integument incision by laser.
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proposed and we developed.
In this collection method, the silkworms

(days 4 and 5 of the 5th instar) are anes-
thetized by exposure to 0 5˚C for 20 30
minutes. Next, silkworm larvae carried to a
carbon dioxide gas laser, and the infrared
ray laser beam of several watts irradiates
straight along the midline of the silkworm
larvae body to the integument at the center
of the posterior dorsal area of the larvae
body.  The laser beam incises only the
integument linearly, and hemolymph spouts
out from the incision opening (Fig. 1).  By

this method, hemolymph is quickly collected,
and contamination by foreign matter such as
digestive fluid is avoided, because there is
little damage except for the integument.

Using this method, a silkworm hemolymph
collecting system consisting of a chain con-
veyer with holding implements, one carbon
dioxide gas laser, a hemolymph collection
container, and two coolers, etc. was devel-
oped (Fig. 2, 3).  In this system, silkworm
larvae are sequentially attached to the hold-
ing implement by manual, are carried in the
carbon dioxide gas laser, they are incised,
and hemolymph of silkworms is automati-
cally collected.  Using this system we could
collect about 12% of the silkworm body
weight in hemolymph by continuously sup-
plying silkworms by two person work every
two seconds, and time from the attachment
of the silkworm to detaching was able to be
done about three minutes per silkworm (Fig.
4).  Moreover, this system is available for
hemolymph collection from larvae and pupae
other than the silkworm.  In addition, the
development of an automatic hemolymph col-
lection system able to perform the hemolymph
collection by full automation was designed by
improving this system.

Fig. 2
Developed silkworm hemolymph collecting system.

Fig. 3
Incision and hemolymph collection of silkworm larvae.

Fig. 4
Amount of hemolymph collection by developed system (two minutes
after incision).
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In a silkworm-based production system
(Insect Factory), after collection of the body
fluid containing useful substances, the dead
silkworm larvae are often disposed as waste
material.  These wastes, however, contain
large amounts of biomaterials such as chitin
(a major component of the cuticles) and silk
protein (stored in the silkglands).  To facili-
tate re-utilization of these materials as
resources, we have been developing devices
for efficient selection and retrieval of cuticles
and silkglands from the dead silkworm lar-
vae at an insect factory.

First, we designed a waste selection
device for insect factory, and assembled the
first device on a trial basis (Fig. 1).  We
tested the performance of this device and
confirmed that the device was useful when
used as follows:
1)  The dry remains of silkworm larvae, put

into the device from the upper hopper, are
guided by the vibrating driver into the
crushing unit composed of 4 brushes.  The
cuticles are crushed between the first and
second brushes, and the silkglands are
separated from the cuticles.

2) The cuticles, sandwiched between the
first and third brushes, are further
crushed by the rotating brushes to fully
separate the silkglands from the cuticles.

3)  The fourth brush, which is adjacent to the
third brush, rotates at a higher rate than
the third brush, and releases cuticles and
silkglands into the posterior part of the
crushing unit.  Because the distance trav-
eled by the materials differs depending

on their specific gravity, cuticles and
silkglands can be collected in different
containers.
We tested this device using the dry

remains of dead silkworm larvae actually
collected from an insect factory.  We con-
firmed by this testing that the crushing of
the cuticles by the 4 rotating brushes,
retrieval of the powder residues by the sieve
effect, and separation of silkglands from the
cuticles by a jet of air proceeded smoothly in
this device.  The device was thus found to
allow selective retrieval of cuticles from the
dry remains of dead silkworm larvae (Fig. 2).

Developing a waste selection device for 
use at an insect factory

Atsunobu Haga 
Insect Biomaterial and Technology Department

Fig. 1
The first device for selection of insect factory wastes
manufactured on a trial basis (Frontal view).
1. Hopper 2. First brush 3. Second Brush   
4. Third brush 5. Fourth brush 6. Vibrating driver
7. First guide plate 8. Second guide plate
9. Air nozzle 10. Vibrating sieve

11. Containers to collect cuticles, silkglands and powder
residues



With the waste selection device, it was
possible to efficiently divide the components
of the dead silkworm larvae into cuticles, silk
glands and powder residues.  Because a
change in the brush rotation rate and vol-
ume of air released from the air nozzle
altered the proportion of materials collected
into neighboring boxes, it was essential to
optimize both the brush rotation rate and
the output air volume from the nozzle to
achieve satisfactory selection of materials.
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Fig. 2
Cuticles retrieved from dead silkworm larvae in a container.

A long term storage method for fertilized 
silkworm eggs

Tetsuya Iizuka, Keisuke Mase, Toshio Yamamoto
Insect Biotechnology and Sericology Department

Currently, maintenance of univoltine and
bivoltine silkworm races requires a large
investment in both time and labor, since
they are indispensable for rearing new
hatches every year.  The most effective
method we have found for silkworms
involves a two-year-cycle rearing.  Therefore,
a two-year egg storage method is required,
but the currently established, conventional
method for storing silkworm eggs involves a
two-step refrigeration process that does not

maintain egg viability over a two year
period.  Using the current method, silkworm
eggs can be kept for 16-17 months, that is to
say, eggs which are collected in the spring
season can be hatched out the next year dur-
ing the autumn season.  Therefore, it is
impossible to keep eggs for two years with
current processes.  Although researchers
have reportedly kept eggs for two years,
their method was very complicated because
of the frequent temperature changes and
because it required six intermediate steps.
In addition, their hatching rate was not
high.  (Shimizu et.al., 1988) Therefore, we
attempted to develop a two year egg storage
method that would be as simple as possible.
After being kept at a high temperature, dia-
pause eggs were adjusted to a cold tempera-
ture in our method in order not to terminate
the diapause state.

First, fertilized eggs were kept at a high
temperature (25˚C) for two months after
oviposition.  Then the temperature was

Fig. 1
Program of a long term storage method for fertilized silkworm eggs.
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decreased every five days by 5˚C, i.e., it
moved down to 20˚C, then to 15˚C, and then
to 10˚C.  When the eggs reached 0°C they
were held at that temperature for 10 days
and then placed in cold storage (-2.5˚C) for
368 days.  At the end of that time period, the
eggs were kept at 5˚C for 90 days to termi-
nate dispause, and then moved to intermedi-
ate care (10˚C: 2days, 15˚C: 4days).  After
intermediate care eggs were again kept in
cold storage (0˚C) for 120 days.  Thus the
period from hatching of the first generation
to hatching of the second generation was just
two years encompassing the storage days
(690 days), incubation days, and rearing
days (40 days). (Fig. 1)  Of the four hybrid
races which were tested using our method,
hatching rates were nearly 90% (87.6%~
90.9%). (Table 1)

The main feature of our method is the dif-
ference in the period between the end of the
high temperature stage and the cold storage
stage.  This period is shortened in compari-
son with the role of two-step refrigeration in

order to prevent loss of fertility due to tem-
perature changes.  Also, in comparison with
existing research, the frequency of tempera-
ture changes is decreased and intermediate
care is undertaken only once, so the storage
process is remarkably simplified.  By com-
bining our method with existing methods,
efficient utilization of silkworm eggs becomes
possible, because the eggs can be hatched at
any time during the two year period.  Using
our method, hybrid silkworm eggs can be
kept for a full two years, therefore opening
the prospect that silkworm genetic resources
can be maintained over a two-year-cycle,
because the basic technology is in place for
the storage of fertilized eggs throughout this
period.  This technique is expected to halve
maintenance efforts for silkworm genetic
resources.

Races J01×C01 C01×J01 J137×C146 C146×J137

Hatching Rates 89.7% 87.6% 90.9% 88.5%

Table 1   Hatching Rates of Long Term Storage Eggs

Fmr1 knockout fly: A model to study fragile 
X syndrome and biological rhythm

Masami Shimoda 
Insect Biotechnology and Sericology Department

Fragile X syndrome is the most common
form of inherited disease causing mental
retardation.  The fragile X patients show cog-
nitive deficits ranging from mild to severe,
autistic-like behaviors and sleep problems.
This syndrome is caused by mutations that
abolish the expression of the fragile X mental
retardation 1 gene (fmr1).  To define the mol-
ecular pathways leading to the disease, we
have created a model system in the fruit fly,

Fig. 1
Fmr1 mutant flies.
(A) null mutant dfmr1B55 with genetic markers, If/CyO.  (B) fmr1 res-
cued fly in which dfmr1 minigene was introduced into dfmr1B55.

A B



Drosophila melanogaster (Fig. 1).
By an imprecise excision of EP element,

we obtained a loss-of-function mutant of
dfmr1, Drosophila homolog of fmr1.  In con-
stant darkness (DD), the free-running behav-
ior was not observed in a null mutant strain,
dfmr1B55 (Fig. 2B).  By periodogram analysis,
more than 80% of flies exhibited arrhythmic-
ity in DD.  To confirm that the disruption of
the dfmr1 gene is directly responsible for the
circadian phenotype, we transformed mutant
flies with a P element containing wild-type
dfmr1 genomic sequences.  The arrhythmic
phenotype was restored to normal by intro-
duction of a dfmr1 minigene (Fig. 2C), which
indicated that the phenotype was indeed due
to the dfmr1B55 mutation.

These results indicate that fmr1 is an
indispensable element of the biological clock
output pathway.  Sleep problems observed in
fragile X patients are attributed to alterna-
tions of circadian rhythmicity because the
sleep-wake cycle is modulated by the circa-
dian clock.  Consequently, our Drosophila
models may serve as a valuable tool in the
elucidation of the physiological role of fmr1
and the mechanisms involved in abnormal
circadian behaviors in this syndrome.
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Fig. 2
Fmr1 knockout flies lost the circadian rhythm.
Representative locomotor activity records of three individual flies, wild-
type (A), null mutant dfmr1B55 (B) and dfmr1B55 rescued by a dfmr1 trans-
gene (C) in constant darkness.  Chi-square periodogram analyse are
shown in each right panel.

Promotion of nucleopolyhedrovirus infection 
in larvae of the silkworm, Bombyx
mori (Lepidoptera: Bombycidae) by 
an antibiotic, nikkomycin Z

Toru Arakawa 
Insect Biotechnology and Sericology Department

Insect viruses such as nucleopolyhe-
droviruses (NPVs) are promising candidates
for pest controlling agents, and several NPVs
have been registered as microbial pesticides.
For commercial production of the virus, the

cost of the viral insect control must be com-
petitive with that of existing chemical insect
controls.  The cost of producing a viral prod-
uct using a large number of hosts is high,
hampering industrial production of viral pes-
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ticides.  If the viral dose that kills target
insects could be drastically reduced, the viral
pesticide production scale would become
smaller, which in turn would lead to an eco-
nomically sound method for viral insect con-
trol.  Development of an effective synergist of
viral pesticide has thus been needed.

The peritrophic membrane (PM) in the
insect’s gut surrounds the food bolus and
prevents harsh particles and pathogens from
having direct contact with the midgut cells.
Disruption of the insect PM results in a dis-
appearance of the barrier against pathogens.
Chitin is an important component of that
membrane.  Inhibition of chitin synthesis in
the insect gut would thus lead to disruption
of the PM barrier, resulting in a drastic
reduction in the viral dose required to kill
the insect.

The silkworm, Bombyx mori L., was used
as a representative of lepidopteran insects
because it has been physiologically and
genetically sufficiently characterized.
Nikkomycin Z, an antibiotic, which has been
shown to be a chitinase inhibitor, was admin-
istered to silkworms prior to inoculation 
of polyhedra of B. mori NPV (BmNPV).
Nikkomycin Z promoted infection of BmNPV
in 4th-stadium B. mori larvae when the chem-
ical was incorporated into the larval diet.

The median lethal dose (LD50) of BmNPV
decreased as the concentration of nikkomycin
Z in the diet was increased (Table 1).  LD50 of
BmNPV in larvae that received 10 ppm
nikkomycin Z was 0.834 polyhedra/larva.  In
this case, the viral infection was augmented
about 4 million times as much as in the con-
trol.  The peritrophic membrane was not
observed in the gut of silkworms that had
received 10 ppm nikkomycin Z.

Nikkomycin Z exerted its viral enhancing
effect maximally at 10 ppm, the lowest 
concentration among the chemicals so far
examined for viral enhancement.  Thus,
nikkomycin Z is the most likely candidate for
a synergist of viral pesticide to date.
Furthermore, nikkomycin Z would also serve
as a lead chemical for a development of more
effective viral enhancing agents. 

Table 1   Enhancement of BmNPV infection by nikkomycin Z

Concentration of
nikkomycin Z (ppm)

0 (control)

1

3

10

100

LD50 of BmNPV
(polyhedra/larva)

3310000

969000

35.1

0.834

0.818

Index of infectious
enhancement

–

3.4

94302

3698825

4046455
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Brassinosteroids (BRs) have various phys-
iological and morphological effects on plants,
and are involved in the elongation of stems,
unrolling of leaves, responses to environmen-
tal stress, and differentiation of tracheary
elements.  In contrast to the many studies
performed in dicots, only a few have been
performed on the physiological effects of BRs
on the growth and development of monocots.

We have isolated a new recessive dwarf
mutant of rice (Oryza sativa L. cv ‘Nipponbare’).
Under normal growth conditions, the mutant
has very short leaf sheaths; has short,
curled, and frizzled leaf blades; has few
tillers (Fig. 1); and is sterile.  Longitudinal
sections of the leaf sheaths revealed that the
cell length along the longitudinal axis is
reduced, which explains the short leaf
sheaths.  Transverse sections of the leaf
blades revealed enlargement of the motor
cells along the dorsal–ventral axis, which
explains the curled and frizzled leaf blades.

Isolation and characterization of a rice 
dwarf mutant with a defect 
in brassinosteroid biosynthesis

Masaki Mori
Molecular Genetics Department

Fig. 1
Morphology of brd1 plant.  (A) 80-day-old wild-type and brd1 plants.  (B)
Close-up of brd1.

Fig. 2
Phenotypic restoration of brd1 plant by BL.

Fig. 3
Brassinolide biosynthetic pathway and brassinosteroid
content.  Brassinosteroid amounts, in ng/g fresh weight,
of wild-type and brd1 plants are shown in white and red
boxes, respectively.  ND, not detected.  BR6ox,
Brassinosteroid-6-oxidase.



In addition, the number of crown roots was
smaller and the growth of branch roots was
weaker than those in the wild-type plant.
Because exogenously supplied brassinolide
considerably restored the normal phenotypes
(Fig. 2), we designated the mutant brassino-
steroid-dependent 1 (brd1).  Further, under
darkness, brd1 showed constitutive photo-
morphogenesis.  Quantitative analyses of
endogenous sterols and BRs indicated that
BR-6-oxidase, a BR biosynthesis enzyme,

was defective (Fig. 3).  In fact, a 0.2-kb dele-
tion was detected in the genomic region of
OsBR6ox (a rice brassinosteroid-6-oxidase
gene) in the brd1 mutant.  These results
indicate that BR is involved in many mor-
phological and physiological processes in
rice, including the elongation and unrolling
of leaves, development of tillers, skotomor-
phogenesis, root differentiation, and repro-
ductive growth, and that the defect of
BR-6-oxidase caused the brd1 phenotype.
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A novel brassinolide-enhanced gene is 
involved in the growth of rice

Setsuko Komatsu, Guangxiao Yang 
Molecular Genetics Department

Brassinosteroids (BRs) are growth-pro-
moting natural substances required for nor-
mal plant growth and development.  Studies
of BR-deficient mutants have provided a bet-
ter understanding of the biosynthetic path-
ways and metabolism of BRs.  To understand
the molecular mechanism of BR signal trans-
duction, a cDNA microarray containing 1265
rice genes was analyzed for expression differ-
ences in the rice lamina joint, which is very
sensitive to the concentration of BRs after
treatment with brassinolide (BL).  A novel
BL-enhanced gene designated OsBLE2 was
identified and cloned.  The full-length cDNA
was 3243 bp, encoding a predicted polypep-
tide of 761 amino acid residues and nine 
possible transmembrane regions and ASN-
glycoylation site.  There are no homologous
proteins for this gene in the database.
Southern blot results showed that OsBLE2
may exist as a small family. OsBLE2 expres-
sion was most responsive to BL in the lamina
joint and leaf sheath in rice seedlings. 

In addition, auxin and gibberellins also
increased its expression. OsBLE2 was
expressed more, as revealed by in situ
hybridization, in vascular bundles and root
primordia, where the cells are actively under-
going division, elongation and differentiation
(Fig. 1). Transgenic rice expressing anti-
sense OsBLE2 exhibits various degrees of
repressed growth and plants were about 10-

Fig. 1
In situ localization of OsBLE2 mRNA.
Cross-sections of nodal portion were hybridized to Dig-labeled antisense
RNA prepared from OsBLE2 EST (B).  Dig-labeled sense RNA was
used as a negative control (A).  e, peripheral cylinder of vascular bun-
dles; r, root primordia; np, nodal vascular anastomoses.



50% shorter compared to the vector control
when they reach maturity, but no other
abnormal morphological changes were
observed (Fig. 2).  BL could not enhance its
expression in transgenic rice expressing anti-
sense BRI1, which is a BR receptor, indicat-
ing that BR signaling to the enhanced
expression of OsBLE2 is through BRI1 (Fig.
3A).  BL effect in d1 mutant rice, which is
defective in alfa-subunit of heterotrimeric G

protein, was much weaker than that in wild
type control (Fig. 3B).  MAP kinase is
involved in cell division and growth in
plants.  Its specific inhibitor, apiginin, could
inhibit the BL enhanced expression of
OsBLE2 (Fig. 3C).  Thus, heterotrimeric G
protein and MAP kinase may be components
of BRs signaling.  These results suggest that
OsBLE2 is involved in BL-regulated growth
and development processes in rice. 
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Fig. 2
Construction of transgenic rice plant constitutively over-
expressing the antisense OsBLE2.  Transgenic rice 3
months after being transferred to soil in an isolation green
house and growth curves of 3 OsBLE2 antisense plants
and a vector control transgenic plant.
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Fig. 3
Exploring the BL signaling pathway leading to the
OsBLE2 expression.  Leaf sheaths of OsBRI1 antisense
transgenic rice (A) and d1 mutant (B) and their wild type
seedlings were treated with 1 µM BL for 12 h.  Leaf
sheaths of wild type plants were treated with 1 µM BL in
the presence or absence of 500 µM MAP kinase inhibitor
apiginin for 12 h (C).  Total RNAs from the above sam-
ples were extracted and probed with full-length insert of
OsBLE2 EST.



The B-motif is a signature of type-B
response regulators (ARRs) involved in histi-
dine-to-aspartate phosphorelay signal trans-
duction systems in Arabidopsis thaliana.
Homologous motifs occur widely in the
GARP family of plant transcription factors.
To gain general insight into the structure
and function of B-motifs (or GARP-motifs),
we characterized the B-motif derived from a
representative ARR, ARR10, leading to a
number of intriguing findings.  First, the B-
motif of ARR10 (named ARR10-B and
extending from Thr179 to Ser242) possesses
a nuclear localization signal, as evidenced by
the intracellular localization of a GFP-
ARR10-B fusion protein in onion epidermal
cells.  Second, the purified ARR10-B mole-
cule specifically binds in vitro to DNA with
the core sequence AGATT.  This was demon-
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Molecular structure of the GARP family of 
plant Myb-related DNA-binding motifs 
of the Arabidopsis response regulators

Toshimasa Yamazaki
Biochemistry Department

Fig. 1
Three-dimensional Solution Structure of ARR10-B. (A) The best-fit
superposition of the backbone (N, C and C’) atoms of the final 15
structures of ARR10-B.  The structures were superimposed against the
energy-minimized average structure using the backbone coordinates of
residues 188-239. (B) Two different views of a ribbon diagram of the
energy-minimized average structure of ARR10-B.  Side-chain heavy
atoms of Trp188, Leu192, Phe196, Val205, Pro210, Ile213, Met217,
Val219, Leu222, His230, and Leu231 are shown as ball-and-stick mod-
els.  Hydrophobic interactions between these residues stabilize the
three-helical protein structure.  The left view is in the same orientation
as (A) while the right view is obtained by ~90˚ clockwise rotation about
the vertical axis.

Fig. 2
NMR Chemical Shift Perturbation of ARR10-B upon Binding to DNA.
Two views of the ARR10-B surface colored magenta to indicate residues
whose backbone amide chemical shifts were most sensitive (chemical
shift perturbations = | HN| + |0.17D 15N| are greater than 0.5 ppm)
to binding with its target DNA.  Note that the side chain of Gln232, col-
ored in red, was perturbed.  The left view is in the same orientation as
Figure 1A while the right view is obtained by ~180˚ clockwise rotation
about the vertical axis.

Fig. 3
Schematic Diagram of the ARR10-B/DNA Interactions.
The contacts were derived from intermolecular NOEs
between ARR10 and its target DNA.  The DNA is rep-
resented as a cylindrical projection with phosphates
indicated by circles and sugar rings by blue boxes.
The critical AGATT base pairs are shown in red.



strated by several in vitro approaches,
including PCR-assisted DNA-binding site
selection, gel retardation assays, and surface
plasmon resonance analysis.  Finally, the
three-dimensional structure of ARR10-B in
solution was determined by NMR spec-
troscopy, showing that it has a helix-turn-
helix structure.  Furthermore, the mode of
interaction between ARR10-B and the target
DNA was extensively assessed by NMR spec-

troscopy.  Together, these results lead us to
propose that the mechanism of DNA recogni-
tion by ARR10-B is essentially the same as
that of homeodomains.  We conclude that the
B-motif is a multifunctional domain respon-
sible for both nuclear localization and DNA-
binding, and suggest that these insights
could be generally applicable to the large
GARP family of plant transcription factors.
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Large scale analysis of rice genes responsive 
to N-acetylchitooligosaccharide elicitor 
by DNA microarray

Chiharu Akimoto, Eiichi Minami
Biochemistry Department

Molecular analysis of elicitor-responses in
higher plants is essential to the understand-
ing of the mechanisms of resistance to
pathogens. N-acetylchitooligosaccharides act
as potent elicitor on rice cells, inducing a set
of defense responses.  In this study, we con-
ducted DNA-microarray analysis to identify
elicitor-responsive genes including genes for
calcium-dependent protein kinase (CDPK),

which are considered to play key roles in cel-
lular signaling.

Randomly selected and independent rice
ESTs (8987 clones) were arrayed on slide
glasses and used as probes for the compari-
son of the profile of gene expression at time 0
and 120 min after treatment with N-acetyl-
chitooctaose.  By statistical analysis, we
identified 250 genes as elicitor-responsive
ones.  These included genes encoding ribo-
somal proteins, most of which were down-
regulated in the elicitor-response (Fig. 1).
Transcripts for two enzymes in anaerobic
metabolisms, alcohol dehydrogenase and
aldehyde dehydrogenase, and a key enzyme
in pentose phosphate pathway, 6-phospho-
gluconate dehydrogenase, were up-regulated,
indicating that the aerobic pathway of car-
bon metabolism is switched to anaerobic one.
Randomly selected 22 ESTs with positive
signals, including 6 CDPKs, were shown to
be up-regulated in RNA gel blot analysis.
Sequencing analysis revealed that 3 CDPK
clones were novel. 

Fig. 1
Numbers of genes responded to N-acetylchitooctaose.  Red and
blue bars represent the up- and down-regulated genes.  Each num-
ber indicates the numbers of EST.



Xylanase (EC 3.2.1.8) hydrolyses the -
1,4-glycosidic bonds within the xylan back-
bone. Streptomyces olivaceoviridis E-86

-xylanase (FXYN) has a catalytic domain, a
C-terminal substrate-binding domain, and a
linker region connecting the two domains.
The substrate-binding domain has a binding
specificity for xylan and is thus called the
xylan-binding domain (XBD).

Recently, we succeeded in the crystal
structural analysis of FXYN (Fig. 1).  The
catalytic domain exhibits a ( / )8-barrel
topologically identical to other family 10
xylanases.  XBD has three similar subdo-
mains assembled against one another
around a pseudo-threefold axis, forming a
galactose-binding lectin fold similar to ricin
B-chain, which is the plant toxin known as
ricin-type lectin.  Subsequent sugar-soaking

experiments using xylooligosaccharides
and/or galactose showed that the soaked
xylooligosaccharides were identified in two
sites, the XBD and in the catalytic cleft, but
the galactose molecule was observed in only
one site of the XBD situated in a different
manner.  These experiments elucidated the
detailed substrate binding mechanism as
well as the catalytic mechanism of this
enzyme (Fig 2, Fig. 3).
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X-ray crystallographic studies of 
Streptomyces olivaceoviridis
E-86 xylanase

Zui Fujimoto, Hiroshi Mizuno 
Biochemistry Department

Fig. 1
Ribbon model of the crystal structure of FXYN in complex
with xylotriose. (Upper: catalytic domain, lower: xylan-
binding domain)

Fig. 2
Xylan-binding model of XBD shown in surface potential model. Positive
charges and negative charges are shown in blue and red, respectively.

Fig. 3
Stereoview of the bound xylooligosaccharides in the catalytic cleft.
Xylooligosaccharides, catalytic residues, disulfide bonds, and substrate
binding residues are shown in green, red, yellow and black, respectively.



pMADS3, a petunia class C gene, is the
candidate homolog of Arabidopsis AGA-
MOUS (AG), which is involved in the specifi-

cation of stamens and carpels.  To elucidate
the function of pMADS3, we have character-
ized loss-of-function phenotype of this gene
by gene silencing.  Silencing of pMADS3
resulted in homeotic conversion of stamens
into petaloid structures, whereas the carpels
were only weakly affected (Fig. 1a-c), as is
partly predictable based on the assumption
that pMAD3 was a C class gene.  However,
besides the homeotic conversion, ectopic sec-
ondary inflorescences emerged from the
interstamenal region in the third whorl (Fig.
1c-h), which is unique and has not been
reported for any class C gene in any other
plant species.  Third-order inflorescences
emerged at corresponding positions in the
third whorl of inner flowers of secondary
inflorescences (Fig. 1i), indicating reiterative
conversion of parts of the floral meristem into
inflorescence meristem. In situ hybridization
revealed that pMADS3 is specifically
expressed not only in 3rd and 4th organ pri-
mordia (Fig. 1j) but also at the base of sta-
mens and in a ring-like region inside of
stamens (Fig. 1h).  On the basis of phenotypic
analysis of the pMADS3-silenced plants and
pMADS3 expression patterns, we propose that
pMADS3 is involved in determination of floral
organ and floral meristem identity in petunia.
Two hybrid studies in yeast showed that
PMADS3 protein interacted specifically with
FBP2, a candidate homolog of Arabidopsis
SEPALLATA3. Taken together, our results
suggest that a complex involving PMADS3
and FBP2 is responsible for specification of
organ identity in the third whorl. 
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Silencing of petunia floral homeotic 
gene pMADS3 causes double petals 
and inner flower phenotypes

Hiroshi Takatsuji, Meenu Kapoor 
Plant Physiology Department

Fig. 1
Phenotype of pMADS3-silenced transgenic flowers. 
(a and b) Flowers from a wild-type (a) and a pMADS3-silenced petunia
(b). (c) Third- and fourth-whorl organs in a pMADS3-silenced petunia,
showing petaloid stamens (pest) and ectopic inflorescence (inflo) in the
outer whorl. (d) Secondary inflorescences (sec inflo) in the third whorl.
(e) Longitudinal section showing the origin of a secondary inflorescence.
pa: petaloid anther; ov: ovary; pe: petal; se: sepal. (f) Transverse sec-
tion through an 8-mm floral bud.  Secondary inflorescences are marked
with arrowheads. se: sepal; pe: petal; st: stamens; ov: ovary. (g)
Longitudinal section through a secondary inflorescence, showing a sin-
gle inner flower (IF) and younger floral buds arranged spirally on the
inflorescence stem. (h) An inner flower from a secondary inflorescence
with outer sepals, petals, and 2 of the petaloid anthers (pa) removed.
stg: stigma; sty: style; ov: ovary; pa: petaloid anther. (i) Longitudinal
section through an inner flower of a secondary inflorescence, showing
the emergence of third-order inflorescences, indicated by arrowheads.
Bar = 100 µm. (j and k) In situ hybridization of pMADS3 in a very
young flower bud (j) and basal part of a developing flower (k).



The economically important traits of
crops are often controlled with QTL (quanti-
tative trait loci) consisting of multiple genes.
Analysis of such QTL has required a fine
map of a crop and laborious marker analysis
for about hundred of siblings of a cross.
HEGS, a system we have developed recently,
has enabled easy map construction for any
crop of interest, resulting in efficient QTL
analysis with high resolution.  We have
applied this method to analysis of iron toler-
ance of rice and barley’s resistance against
scab disease, and localized these QTLs to
very narrow regions.  In tropical red soils,
oxidized insoluble iron (Fe III) is the main
component, but in lowlands it is reduced to
soluble form (Fe II), and causes severe bronz-
ing of rice leaves.  Generally japonica rice
cultivars are more tolerant to Fe II than
indica cultivars, and the F9 population of a
cross between them was cultured in high Fe
II condition, and analyzed for QTL of Fe
accumulation by HEGS.  A fine QTL map of
ion accumulation, corresponding to the sensi-
tivity in indica rice was thus drawn in a
short time (Fig. 1). 

Barley scab of is one of the most devastat-
ing factors in barley cultivation in Japan,
and cannot be prevented by chemicals.  The
resistance QTL against barley scab was also
prepared quickly by HEGS analysis of the F9
population of a cross between the resistant
Russia 6 and sensitive H.E.S. 4., in collabo-
ration with the Research Inst. for Bio-
resources in Okayama.  The great efficiency

of QTL by HEGS, thus verified, can be read-
ily utilized for wide variety of traits of vari-
ous crops, even without maps at present.
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Rapid and high resolution QTL analysis with HEGS
(High Efficiency Genome Scanning)

Shinji Kawasaki, Akifumi Shimizu
Physiology and Genetic Regulation Department

Fig. 1
HEGS/QTL of iron sensitivity and resistance of rice.  QTL related to iron
uptake, inversely to the iron exclusibility, is analyzed for the F9 siblings of
japonica (Ginbozu: tolerant) x indica (Kasalath: susceptible).  A: Analysis
with all the 1020 markers.  B: Simpler analysis with 233 markers with 87
primer pairs, which may be sufficient and can be done in only 2 weeks. 

Fig. 2
Fine QTL analysis of barley scab resistance with HEGS. Scab resistance
was analyzed for the F9 population of a cross between resistant Russia 6
and sensitive HES 4, with cut spike fumigation method.  Three QTL were
found on two of the six chromosomes.  The 2H-1 and 2H-2 were partially
epistatic to the 5H-1, and 2H-1 seemed to be a pleiotropism of the seed-
raw number determining gene Vrs1.

2H-1
2H-2

5H-1
5H 50cM

A
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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
detection of GT events in Arabidopsis using
an endogenous nuclear gene encoding aceto-
lactate synthase (ALS) which is involved in
biosynthesis of branched-chain amino acids
in plants and the site of action for  imidazoli-
none (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 transfor-
mation of this construct into Arabidopsis, IM
resistant plants were obtained.  One of the
IM resistant plants was analyzed in detail.

Sequence analysis of this IM resistant
plant revealed the appearance of two succes-
sive nucleotide changes that specified Asn
instead of Ser (Fig. 1).

Southern blot analysis of DNA from this
resistant plant showed the bands predicted
whether homologous recombination (HR) had
occurred.

These results showed that GT by homolo-
gous recombination had occurred between
the endogenous ALS gene and the engi-
neered ALS gene.
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Targeted modification of the Arabidopsis 
acetolactate synthase gene by 
homologous recombination

Masaki Endo, Hiroaki Ichikawa and Seiichi Toki
Plant Biotechnology Department

Fig. 1
Target replacement of ALS gene in
Arabidopsis by homologous recombi-
nation.
Truncated ALS gene fragment carry-
ing two successive base changes ( )
was introduced into Arabidopsis by
Agrobacterium-mediated transfor-
mation.  T1 progeny seeds were
germinated in the presence of imida-
zolinone (IM) herbicide.  A survived
seedling showing herbicide resis-
tance was further analyzed for
homologous recombination.



More than 90% frequency of plant regen-
eration was achieved from tissue cultures of
wheat immature embryos on revised culture
media using wheat lines selected for favor-
able tissue culture response.

Twenty-three Japanese commercial vari-
eties of wheat were examined for their
response in tissue culture, and the tissue cul-
ture system was optimized.  The cultures
were initiated from immature embryos taken
approximately two weeks after flowering.
Regeneration occurred at higher frequencies
when cytokinins (kinetin or BAP) had been
added in the callus induction medium (modi-
fied MS medium), followed by regeneration
medium devoid of growth regulators.  The
addition of maltose, proline glutamine and
asparagine also enhanced shoot formation,
but the addition of cytokinins to regeneration
media did not improve shoot formation.  In
many cases, shoots were formed as adventi-
tious buds and distinct somatic embryogene-
sis was not observed (Fig. 1).  Five varieties
(Norin No. 35, Norin No. 40, Norin No.67,

Norin No.81, Norin No. 83) showed a high
frequency of callus formation and plant
regeneration.  Self-fertilized seeds of “Norin
No.67” were obtained and advanced to the
next two generations (R1 and R2).  Tissue
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Plant regeneration system through morphogenesis 
to develop the genetic transformation 
method in Japanese commercial 
variety of wheat

Takashi Hagio
Plant Biotechnology Department

Fig. 2
Frequency change of shoot regeneration from cultured immature
embryos in the R0, R1 and R2 generations of wheat.

Fig. 3
Transgenic wheat plants which showed positive response in Southern
analysis.

Fig. 1
Plant regeneration of wheat calli on the revised medium.



culture response of the R1 and R2 plants
were examined.  Plant regeneration frequen-
cies in the R1 (82%) and R2 (99%) genera-
tions were significantly higher than that of
R0 (53%) (Fig. 2).

Foreign genes (35S + npt ) were intro-
duced into immature embryos of “Norin
No.67, R2” using a particle gun (Biolistic
PDS-1000/He).  To date, 31 geneticin-resist-
ant plants have been regenerated and 30

plants showed positive response in PCR
analysis.  At present, two plants out of six
PCR-positive ones showed positive response
in Southern analysis (Fig. 3).  Application of
this knowledge should facilitate the genera-
tion of transgenic wheat.  We recently
started research to produce wheat lines
resistant to pre-harvest sprouting by intro-
ducing a VP-1 homologue gene (Nakamura
and Toyama 2001).
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Novel and efficient rice transformation 
method mediated by Agrobacterium

Hiroshi Tanaka, Yasunori Koga-Ban, Yuko Otake  
Biotechnology Department

We developed a novel rice transformation
method using germinating seeds.  The
transformation efficiency of this method was
comparable to or better than that of the con-
ventional method1) in all tested varieties.  We
have described the experimental protocol as
a novel rice transformation method, and dis-
tributed it to public research laboratories for
technology transfer.

The conventional Agrobacterium method
of rice transformation was unique in that
Agrobacterium infected into dedifferentiating
tissues (callus).  However, it has been
reported that some of the crops have diffi-
culty in regeneration once reaching the stage
of callus.  Since it took about 3 months for
the conventional transformation method to
obtain transgenic rice plants, it has been a
major goal to develop an efficient and stable
transformation method requiring less time.
We attempted to develop such a novel trans-
formation system, which could be applied to
other major crops including maize, barely
and wheat.

Fig. 1
Outline of Transformation.



In the conventional transformation method
for rice, a rice callus induced from mature
seeds is infected with Agrobacterium and
transformed rice plants are regenerated.  In
our method, we infected Agrobacterium
directly into germinating rice seeds, selected
transformed cells, inducing callus formation,
and regenerating transgenic rice plants.  This
novel method eliminated the process of callus
induction of the conventional method, and
reduced the time required for producing trans-
genic crops (Figs. 1).  We demonstrated that
the transgenic rice showed the introduced
genes by Southern analysis, and had normal
fertility and morphological characteristics.

We investigated transformation effi-
ciencies among different rice varieties by the
novel method.  The transformation effi-
ciencies of ‘Nipponbare’, ‘Dontokoi’, and
Kirara’ are shown in Table 1.  In ‘Kirara’, the
transformation efficiency was less than that
of the other two varieties, but it should prac-
tically present no problems for producing
transgenic rice.  On behalf of the inventors of
the novel transformation method, we distrib-

uted sophisticated protocols among more
than 30 laboratories in public institutes and
universities.

By using this novel method, we could
obtain transgenic crops about one-month
earlier than the conventional method. It
would be useful to develop a transformation
protocol for wheat based on this method.
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Table 1   Transformation Efficiency among japonica varieties

Ave.Exp. 2Exp. 1Ave.Exp. 2Exp. 1

15.6%
23.3%

(30/176)
7.9%

(9/114)
22.0%

25.6%
(45/176)

18.4%
(21/114)

Kirara

26.8%
23.4%

(30/128)
30.1%

(31/103)
47.6%

46.0%
(59/128)

49.1%
(51/103)

Dontokoi

39.8%
26.2%
(22/84)

53.3%
(48/90)

61.5%
42.9%
(36/84)

80.0%
(72/90)

Nipponbare

Regenerating EfficiencyIntroducing Efficiency
Variety

number of seeds expressing GFP
(14 days after Agrobacterium infection)

number of sowing seeds
Introducing Efficiency  = 100

number of regenerated plants expressing GFP
(42 days after Agrobacterium infection)

number of sowing seeds
Regenerating Efficiency = 100

Vector: pCABIA13901

×

×

Improved regeneration of calli by integration of 
the gene involved in regeneration 
ability of the callus in Oryza sativa

Kenjirou Ozawa2), Hiroyuki Kawahigashi1),
Toshiaki Kayano1), Osamu Yato2)

and Yasunobu Ohkawa1)

1) Plant Biotechnology Department, 2) NARO

We compared the transcription patterns
of calli initiated from the cultivars
Koshihikari, Sasanishiki and Konansou with
those of isogenic lines to identify genes corre-
lated with  good regeneration ability of the
callus in rice by mRNA differential display.
Koshihikari and Sasanishiki isogenic lines
exhibited the same good regeneration ability
as Konansou, but control Koshihikari and

Sasanishiki exhibited the poor regeneration
ability compared to Konansou.

We isolated a full-length cDNA (Os22A)
whose expression was elevated in the rice
calli that exhibited vigorous plant regenera-
tion (Fig. 1).  Sequence analysis revealed
that Os22A is identical to the EST clone
expressed in Oryza sativa in the endosperm
10 days after pollination (accession number

1) Hiei Y, et al, Plant J. 6:271 282 (1994)



BI797481) and in the panicle at the ripening
stage (accession number AU172698). Os22A
is highly homologous to the barley gene cod-
ing for glucose dehydrogenase (accession
number S72926) that is specifically expressed
in developing embryos. Os22A encodes a

transcript of 1391 nucleotides and is specifi-
cally expressed in calli with good regeneration
ability in rice.  Expression of Os22A mRNA
decreased or disappeared with decrease of
regeneration ability. 

In order to characterize the function of
Os22A, we introduced Os22A cDNA into rice
calli (Oryza sativa cv. Koshihikari).  Calli ini-
tiated from Koshihikari exhibited poor regen-
eration ability but the transformed calli
showed the good regeneration ability on the
regeneration medium.  The regeneration abil-
ity of transformed calli was clearly improved
by integration of Os22A.  Our results suggest
that Os22A is involved in the plant regenera-
tion ability of the callus (Fig. 2).
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Fig. 2
Regeneration of calli initiated from Koshihikari and transformed
calli of Koshihikari after 3 weeks of culture on the regeneration
medium.

Fig. 1
Nucleotide sequences and deduced amino-acid sequence
of Os22A.

Four mutant varieties induced by gamma rays 
and in vitro culture in chrysanthemum

Shigeki Nagatomi, Konosuke Degi, Hiroyasu
Yamaguchi, Toshikazu Morishita, Mamiko Yui
Institute of Radiation Breeding

In chrysanthemum, an effective mutation
breeding method by combing an in vitro cul-
ture and gamma ray irradiation was estab-
lished to induce stable non-chimeric mutants

of flower color, and, by using this method, 6
mutant varieties were bred.  Furthermore,
new color mutants could be induced in regen-
erated plants from cultured explants taken



from the tissues of mutants.  The Institute of
Radiation Breeding, in collaboration with the
Okinawa Agricultural Experiment Station,
selected four mutant varieties suitable for
cut flowers and ornamental pots and applied
for registration of the new varieties.

Young plants of the chrysanthemum vari-
ety, “Taihei,” were planted in a gamma field
and chronically irradiated, and petals of ray
florets from the irradiated plants were cul-
tured in vitro, and a flower color mutant was
selected from a number of regenerated
plants. (Hae-no-Eikou).  Petals of ray florets
dissected from the mutants were cultured in
vitro as explants, and a flower color mutant
was selected from regenerated plants. (Hae-
no-Myoujou).  Simultaneously, flower buds
from chronically irradiated plants were cul-
tured in vitro and flower color mutants were
selected.  Petals of ray florets from these
mutants were also cultured in vitro and a
flower color mutant was selected from regen-
erated plants (Hae-no-Yumeguruma).

On the other hand, leaves of intact
“Taihei” plant cultured in vitro as explants
were exposed to acute gamma rays, and
numbers of plants were regenerated.  A
flower color mutant was selected from among
them (Hae-no-Awabeni).

Although each of the four mutant vari-
eties had a different flower color and shape,
their characteristics were basically similar to
the original variety “Taihei”.  These mutant
varieties are adapted to cut flower cultiva-
tion with middle size flowers opening in
early and middle November, and have gen-
eral resistance to diseases and pests.  The
remarkable characteristics of each variety
different from the original are follows.

“Hae-no-Eikou”: Flower color in mild orange
and strong leaf luster.
“Hae-no-Myoujou”: Flower color in bright yel-
low.
“Hae-no-Yumeguruma”: Spatulate shaped
ray florets with yellowish white flowers and
spray type habit with smaller flowers.
“Hae-no-Awabeni”: Flower color in pinkish
white and flower type with upward attaching
angle to receptacle in full bloom.

These four varieties can be grown in all
areas in Japan, but are rather adapted to the
Nansei Islands for cut flower cultivation in
late season in open fields for winter and
spring harvest.  These varieties may be culti-
vated in the same manner as the original
“Taihei”.  Excessive fertilization and humid-
ity should be avoided.
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Table 1 Characteristics of four mutant varieties induced by gamma ray irradiation and in vitro cultures

Variety Mutation induction methods Flower color Shape of ray floret

Taihei Original variety Pink Incurving

Hae-no-Eikou Chronic 50Gy + Ray floret culture Mild orange Incurving

Hae-no-Myoujyou Chronic 50Gy + Ray floret culture 2times Bright yellow Incurving

Hae-no-Yumeguruma Chronic 50Gy + Flower bud culture Yellowish white Spatulate
+ Ray floret culture

Hae-no-Awabeni Acute 30Gy + Leaf culture Light pinkish white Incurving

Fig. 1
Mutant varieties of chrysanthemum induced by gamma ray irradiation and
in vitro cultures.
A. Original var.“Taihei”, B. Hae-no-Eikou C. Hae-no-Myoujou 
D. Hae-no-Yumeguruma E. Hae-no-Awabeni

A B

D E

C



Since most measures used for crop mutant
varieties registered in Japan and elsewhere
in the world are gamma rays and X rays, it
should be valuable to have a new mutagen

and method for plant mutation breeding.  It
has been demonstrated that an ion beam can
induce flower colors that are different from
those induced by gamma rays, and many
mutants of flower color have been obtained.
The Institute of Radiation Breeding, in col-
laboration with the Japan Atomic Energy
Research Institute, has developed six mutant
varieties with new flower colors and applied
for registration of the new varieties.

Explants of petals of ray floret of the
chrysanthemum variety, “Taihei”, were cul-
tured on MS media containing 3% sucrose,
0.8% bactoagar and growth regulators and
irradiated with a carbon ion beam (12C5+).
Regenerated plants were obtained from the
calli of these irradiated explants.  The regen-
erated plants were transplanted to the field,
and flower color mutants were selected (Ion-
no-Koumyou, Ion-no-Seikou, Ion-no-Reimei
and Ion-no-Kouki).

In addition, the petals of ray florets of
mutant lines were cultured as explants, and
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Six mutant varieties induced by ion beams 
in chrysanthemum

Shigeki Nagatomi, Hiroyasu Yamaguchi, 
Konosuke Degi, Toshikazu Morishita
Institute of Radiation Breeding

Table 1   Characteristics of the six mutant varieties induced by ion beams

Variety Mutation induction methods Flower color

Taihei Original variety Pink

Ion-no-Koumyou Ray floret culture + 5Gy Carbon ion Complex with light yellow and very light pink

Ion-no-Seikou Ray floret culture + 5Gy Carbon ion Complex with light pink and yellowish orange

Ion-no-Reimei Ray floret culture + 5Gy Carbon ion Light yellowish orange

Ion-no-Hatsune Ray floret culture + 5Gy Carbon ion Complex with light pink and bright orange yellow
+ Ray floret culture of mutant

Ion-no-Kouki Ray floret culture + 20Gy Carbon ion Complex with light yellow and pink

Ion-no-Mahou Leaf segment culture + 25Gy Neon ion Light orange on adaxial, dark yellow orange on
abaxial side of ray floret

Fig. 1
Flower mutants of chrysanthemum induced by
ion beams.
A. Original var."Taihei", B. Ion-no-Koumyou
C. Ion-no-Seikou D. Ion-no-Reimei
E. Ion-no-Hatsune F. Ion-no-Kouki
G. Ion-no-Mahou

B

E

A

D

G

F

C



the regenerated plants were transplanted to
the field, then, a new color mutant line was
selected (Ion-no-Hatsune). 

Leaf segments taken from “Taihei” as
explants were irradiated with a neon ion
beam (20Ne8+), and by the same procedure a
mutant was selected from the regenerated
plants (Ion-no-Mahou).

Four varieties showed complex colors i.e.,
pink/yellow, pink/yellow/orange, pink/orange,
or pink/yellowish pink, and the other 2 vari-
eties had a single color i.e., yellowish orange
or red orange.  Though these mutant vari-

eties differ slightly in some characteristics,
they flower at the same time as “Taihei” by
the same practices for their cultivation.
Even though these varieties can be grown in
any area of Japan, they can be adapted to
the Nansei Islands for cut flower cultivation
in late season in an open field for winter and
spring harvest. 

Cultivation practices for these varieties
are basically the same as those for the origi-
nal variety “Taihei” and excessive fertiliza-
tion and humidity should be avoided.
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Two prominent lines, Hoiku No.2 and 
No.3 proposed for new rice varieties

Minoru Nishimura, Makoto Kusaba, 
Kenzo Miyahara, Takeshi Nishio, Shuichi Iida, 
Tokio Imbe, Hiroyuki Sato 
Institute of  Radiation Breeding

We propose 2 lines of new rice varieties
each with a low amount of easy-to-digest pro-
tein which are early and intermediate-
maturing and nonglutinous, named Hoiku
No.2 and No3.  The lines were developed at
the Institute of Radiation Breeding in 2002.
They were bred from the progeny of a cross
between LGC1 (a low glutelin content vari-
ety) and a mutant line from Koshihikari,
89WPKG30-433 with deficiency of 26kDa
globulin in 1993 to reduce easy-to-digest pro-
tein of seeds.  The 2 lines will be given the
authorized names and Paddy Rice Norin No.
by the Ministry of Agriculture, Forest and
Fisheries, and will be released to farmers in
2004.

In these two lines, the content of the most
common, easy-to-digest seed protein,
glutelin, is reduced to about one third com-
pared with regular varieties and 26kDa glob-
ulin is completely absent.  Consequently, the

total amount of easy-to-digest protein in
these lines is about half of regular varieties,
to meet the great demand of people engaged

Fig. 1
Plant type of Hoiku No.2 and No.3.



in dietary management of patients with
chronic renal failure.  The amount of easy-to-
digest protein is decreased by about 15%
compared with LGC1.  These varieties will

be usefull as low-protein cultivars, and will
be more effective than LGC1 as a dietary
food for kidney disease patients. 

Hoiku No.2 has a trait of early matura-
tion, so it can be cultivated in the northern
part of Japan, to the south of the Tohoku
region.  However, it is not cool tolerant at the
booting stage, so the cultivation should be
limited to the region with low risks of cool
weather damage.  Hoiku No.3 is much
improved in eating quality compared with
LGC1.  Accordingly, it will become easier for
patients to eat cooked rice of this line every
day.  Judging from its maturation date,
Hoiku No.3 can be grown in the plains in
south western Japan, the Chugoku, Kinki,
Tokai and Kanto regions.  Hoiku No.3 has
medium culm length, a plant type of partial
panicle number, and high yield although the
lodging resistance is medium tolerant.  It is
important not to increase the amount of
nitrogen fertilizer to produce low protein
rice.
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Fig. 2
SDS-PAGE analysis of total proteins in brown rice.

kDa

Low glutelin content 1: a dominant mutation 
that suppresses the glutelin multigene
family via RNA silencing in rice

Makoto Kusaba, Toshiya Takano, 
Minoru Nishimura
Institute of Radiation Breeding

Glutelin is a major seed storage protein,
accounting for 60% of total endosperm pro-
tein in rice.  It is encoded by a multigene
family consisting of the GluA and GluB sub-
families.  In a mutant line, Low Glutelin
Content-1 (LGC-1), the content of glutelin is
reduced and the contents of other seed stor-
age proteins, including prolamin, are
increased.  While glutelin is accumulated in
protein body II, prolamin is accumulated in
protein body I.  Because protein body I is

hardly digested in the human body, LGC-1
can be used as a low protein cultivar.  It is
thus useful for patients that must restrict
protein intake, such as kidney disease
patients (see the related article in this issue).
This low glutelin trait is conferred by a domi-
nant mutation, Low glutelin content 1 (Lgc1).

RNA silencing is a post-transcriptional
gene silencing mechanism that is conserved
among various organisms.  It includes post-
transcriptional gene silencing in higher



plants and fungi, and RNA interference in
animals. Lgc1 has characteristics common
to RNA silencing: Lgc1 suppresses the
glutelin multigene family at (i) RNA level in
(ii) a post-transcriptional, (iii) homology-
dependent, and (iv) trans manner.

A DNA gel blot analysis using GluB as a
probe detected a polymorphism between
LGC-1 and its original cultivar Nihonmasari.
Molecular cloning of this region revealed a
3.5-kb deletion in a GluB gene, GluB5, which
is located downstream of GluB4 as an
inverted repeat (Fig. 1A).  The structure of
this Lgc1 candidate region, taken together
with the characteristics mentioned above,
suggests that the truncated GluB5 ( GluB5)
in LGC-1 lacks a transcription termination
signal and produces a read-through product
from GluB5 to GluB4.  This could form a
hairpin RNA with the GluB4/5 double-
stranded RNA-forming region, a potent
inducer of RNA silencing, leading to suppres-
sion of glutelin genes.  In fact, small interfer-
ing RNA (siRNA) for GluB4/5, which is a
hallmark of RNA silencing, was detected in
LGC-1 (Fig. 1B).  One copy of GluB4- GluB5
transgene was able to confer Lgc1 phenotype,
but one copy of GluB5 transgene was not
(Table 1).  Taking into consideration the fact
that Lgc1 suppresses glutelin genes in F1
hybrids between LGC-1 and Nihonmasari,
which have only one copy of GluB5, this
observation suggests that GluB4- GluB5,
and not GluB5 alone, is responsible for the

Lgc1 phenotype in LGC-1.  These results
indicate that Lgc1 is a ‘structure’ that pro-
duces a GluB hairpin RNA rather than a
gain-of-function mutation of a GluB5 struc-
tural gene.
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Fig. 1
Molecular cloning of Lgc1 and detection of siRNA. 
(A) Structures of the Lgc1 region.  The region shown by a dashed

line in Nihonmasari (NM) is deleted in LGC-1(LGC). 
(B) Detection of GluB4/5 siRNA.  N, Nihonmasari; L, LGC-1.

Table 1   Efficiency of conferring the Lgc1 phenotype

Constructs Total 1 copy more than 1 copy

GluB4- GluB5 19/20a 6/7 13/13

GluB5 8/16 0/6 8/10

GluB4 0/20 0/8 0/12
a Number of T0 transformants producing seeds with the
Lgc1 phenotype/total number of T0 transformants



The National Institute of Agrobiological
Sciences (NIAS) is composed of three divi-
sions: (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 Research Division networks
with the Insect and Animal Sciences Division
and the Plant Science Division.  Therefore,
research data can be shared to maximize
research efficiency.

In the Genome and Biodiversity Research
Division, there are 3 departments: (1) the
Genome Research Department, (2) the
Genetic Diversity Department and (3) the
Genebank.  The overall research product pro-
duced by these departments is transmitted
to the science world for either basic research
in life sciences or applied research in food
production and agriculture.  As a result, the
Genome and Biodiversity Research Division
contributes to science, agriculture and soci-
ety by distributing useful bio-resources
including the necessary information world-
wide.

In the Genome Research Department,
analyses of rice, pig and silk worm genomes
is ongoing.  The rice genome analysis has
been conducted in conjunction with the
International Rice Genome Sequencing
Project (IRGSP) aiming to publish the com-
plete genome sequence within a few years.
With that aim in mind, the completion of the
high quality draft sequence of rice was
reported in December 2002.  This research is
tightly linked to several important projects
on rice functional genomics.  Detailed infor-
mation can be obtained via the web at

(http://rgp.dna.affrc.go.jp/).
Research into genetic resources is very

important to maintain the genetic diversity
of the biological world, because of the dra-
matic reduction in genetic diversity caused
by various environmental changes.  In the
Genetic Diversity Department, basic
research on plants, microbes and animal
diversity is conducted.  The results of this
research are expected to contribute to ratio-
nal and efficient methods for the classifica-
tion, characterization and preservation of
germ plasm and discovery of new biological
resources.

To accelerate the research into genetic
resources, NIAS is also the center of the
MAFF genebank project for agricultural
genetic resources in Japan.  The Genebank
has the responsibility for managing plant,
microorganism, animal genetic resources and
their DNA.  This involves the cooperation of
many sub-banks.  The total number of speci-
mens was 225,293 accessions for plants,
19,683 accessions for microorganisms and
885 accessions for animals, and the collection
of DNA was 75,771 clones for rice and
156,288 clones for pig in the 2002 fiscal year.
These genetic resources are currently being
evaluated by research specialists and then
are distributed at the request of researchers
from all over the world.  The numbers of dis-
tributions were 8,049 accessions of plants,
755 accessions of microbes, 48 accessions of
animals, 2,418 clones of rice and 1,080 clones
of pig DNA in the 2002 fiscal year.  Of these
distributions, about 10 to 20% are distrib-
uted overseas.  Distributed genetic resources
are used for such purposes as research,
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Research Activities

Genome and Biodiversity Research Division



breeding, classification of microbes and
genetic analyses.  All the necessary informa-
tion can be obtained at (http://www.gene.
affrc.go.jp/ and http://www.dna.affrc.go.jp/).

An international workshop for genetic
resources was held in Tsukuba in 2002.  The
title was “The Present Status and Genetic
Variability of Animal Genetic Resources in
the Asian Region”.  The objectives of the
workshop were to strengthen research activi-
ties on genome and bio-diversity research for
the evaluation and use of agro bio-diversity

and for the development of preservation
techniques of genetic resources in order to
make the most of genomic information so
that genetic resources from generation to
generation can be passed on.  Furthermore,
it is necessary to build up international and
regional networks between researchers.

The research activities of the Genome
Research Department, the Genetic Diversity
Department and the Genebank are described
as follows:

Annual Report 2003 55

enome Research DepartmentG
Introduction

The Genome Research Department focuses
on genome analysis with rice, pig and silk-
worm as target species.  Because of the
importance of these three species in Japanese
agriculture, studies on structural and func-
tional genomics are increasingly being pro-
moted.  As of December 2002, a high-quality
draft sequence of the entire rice genome has
been completed.  Efforts to finish the
sequence, extract biologically useful informa-
tion from the data and release genomics
resources to the public domain continue.  The
animal genome projects aim to elucidate the
genes responsible for economically important
traits by genetic mapping and molecular
analysis.  The challenge to decode the silk-
worm genome sequence by a whole-genome
shotgun was also launched this year.  The
following reports briefly describe the
research projects undertaken by the six labo-
ratories of this department for the year 2002.

Rice Genome Sequencing
In 2002, the International Rice Genome

Sequencing Project (IRGSP) completed the
map-based, high-quality draft sequence of
the entire rice genome.  As a member of
IRGSP, the Rice Genome Research Program
(RGP), a joint collaboration of NIAS and

STAFF-Institute, is in charge of sequencing
chromosomes 1, 2, 6, 7, 8 and 9 with a total
physical length of 202 Mb.  We constructed a
sequence-ready physical map by aligning
PAC/BAC clones on the genome using RFLP
markers in the genetic map, ESTs in the
YAC-based physical map and BAC finger-
print.  This map has a total length of 193.6
Mb corresponding to 97.3% of the six chro-
mosomes with 20 gaps remaining (Fig. 1).
The PAC/BAC clones comprising the mini-

Fig. 1
Current status of physical map construction of the six chromosomes assigned
to RGP.  For each chromosome, the genetic map is shown on the left and the
PAC/BAC contigs (black bars) with the corresponding physical size (Mb) on
the right.  The red circle indicates the centromore region and TEL indicates
the telomere region at each chromosomal end.



mum tiling path were subjected to high-
throughput sequencing using a system which
included an auto-sequence assembly and
auto-phase determination.  So far, RGP has
submitted a total of 253 Mb sequence from
1,783 PAC/BAC clones to DDBJ.  We will
continue our efforts of obtaining a finished-
quality sequence of the six chromosomes.  So
far, we have already completed chromosome
1 except for the centromere and six gap
regions.  Analysis of the distribution of pre-
dicted genes in this chromosome has pro-
vided an overall view of the unique structure
of the rice genome such as the duplication
and clustering of many family genes (Fig. 2).
The rest of the chromosomes are also being
sequenced to raise the sequence quality to
finished-quality level.  Currently, we have
completed 70% (198 clones) of chromosome 7
and 30% (82 clones) of chromosome 8.  Upon
completion, these sequenced clones will be
annotated, resubmitted to DDBJ with the
accompanying annotation, and integrated
with other genomics information through the
database INE.

Inference of Gene Regulation from
Expression Profiles of Multiple Dele-
tion Mutant

Genetic experiments are becoming more
important in this post-genome era in order to
reveal the unknown functions of numerous
genes on the genome.  One of the simplest
and most popular genetic approaches is to
analyze single mutants of the gene of inter-
est.  Several studies to infer a gene regula-
tory network from gene expression data of
large-scale single mutant collections have
been made to fully understand the cellular
processes.  Most of these studies provide a
gene network made up of unsigned or undi-
rected gene relations.  On the other hand,
signed and directed gene regulation displays
regulatory flow in a gene network and pro-
vides deeper insight into how the network is
functioning.  To generate large-scale mutant
collections, transposons are commonly used
as mutagens.  A transposon often mutates at
two or more genes at a time, and laborious
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Fig. 2
Dot matrix plot showing the positions of homologous
genes on chromosome 1.  A BLASTP search was per-
formed against all the predicted genes on chromosome 1.
A dot was plotted when the E value was less than 10 20

and the length of a match was over 50%.  The nucleotide
position is indicated in Mb and the color spectrum indi-
cates the degree of similarity, shown as the common log-
arithms of E-values.

20 40 60 80 100

10 20 30 40 (Mb)0

10

20

30

40

(Mb)

Fig. 3
Illustration of an experimental scheme to which the algo-
rithm could be applied.



efforts are made to obtain single mutants.
For organisms with longer generation time
such as Oryza sativa, it is particularly diffi-
cult to generate a large-scale single mutant
collection.  However, most genome-wide
mutant collections have been dedicated to
single mutants, partly due to the absence of
effective methods to analyze multiple
mutants.  We developed a method for infer-
ring a gene network composed of signed
directed gene regulations from a series of
gene expression data of multiple deletion
mutants (Fig. 3).  The method was applied to
artificially produced gene expression data to
test its performance, and we found that by
inference from multiple or single deletion
mutants we could infer very similar numbers
of correct regulations.  This method will
facilitate efficient analysis of multiple dele-
tion mutants without isolation of each muta-
tion.

Porcine Radiation Hybrid Map Con-
structed from ESTs Derived from
Back Fat Tissue

We have found several quantitative trait
loci (QTLs) for economically relevant traits
in the porcine genome.  In order to identify
the genes involved in these QTLs, it is conve-
nient to compare the porcine genome with
human or mouse genome sequences.
Comparative mapping provides useful infor-
mation on the porcine genome, such as the
order of genes.  We constructed a radiation
hybrid (RH) map of the porcine genome.  RH
mapping is one of the most efficient methods
for constructing a genome map using both
polymorphic microsatellite (MS) markers
and non-polymorphic markers such as
expressed sequenced tags (EST) and
sequenced tag sites (STS).  In collaboration
with the STAFF-Institute, we established a
framework map called the Sus scrofa radia-
tion hybrid (SSRH) map with 342 framework
MS markers and an additional 247 placed
markers.  Among various kinds of markers
for RH mapping, EST markers contain
highly conserved sequences among many
mammalian species.  Using EST as a typing

marker, we can compare the order of the
genes on the SSRH map with the human or
mouse genome map.  We selected 653 ESTs
according to several criteria from over 15,000
ESTs from porcine back fat tissue.  These
ESTs were clustered and functionally catego-
rized.  By searching on the LocusLink data-
base, we were able to identify their position
on the human chromosome (HSA) and
assigned 293 ESTs to the SSRH map.  In
particular, the porcine chromosome 1 (SSC1)
was revealed to consist of HSA3, 6, 9, 18 and
19 segments (Fig. 4). 

Analysis of the Mitochondrial
Genome of the Blue-breasted Quail
(Coturnix chinensis)

The blue-breasted quail (BBQ) belongs to
family Phasianidea of the order Galliformes.
This quail is the smallest fowl in Galliformes,
about half the weight of the Japanese quail
(JQ).  It could be useful as a model fowl for
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Fig. 4
Correspondence of porcine chromosome 1 to human chromosome.
SSC1 consists of 21 framework markers (black) and 31 placed markers
(blue).  The total length of SSC1 is 257.54 centiRay (cR).  The markers
in red correspond to newly assigned EST markers.



breeding and physiological studies because it
has low mortality rate, short generation
time, and an excellent reproductive perfor-
mance.  However, the phylogenetic position
of BBQ in the family Phasianidea has not
been determined conclusively.  Among 38
species in Galliformes with the name “quail”,
14 are grouped in Phasianidae spanning over
5 genera and 24 in Odontophoridae spanning
7 genera.  Another classification system using
tribes has been proposed and all species with
the name of “quail” in the Phasianidae are
classified under tribe Perdicini.  In the pre-
sent study, the sequence of the entire BBQ
mitochondrial (mt) genome was determined
and used to examine the phylogenetic posi-
tion of BBQ in the family Phasianidae
through comparison with corresponding
sequences of other species in the same fam-
ily.  The BBQ mtDNA was found to be a cir-
cular DNA of 16,687 bp with the same
genomic structure but shorter by 10 and 88
bp than those of JQ and chicken, respec-
tively.  The sequence identity of all mito-
chondrial genes including12S and 16S
ribosomal RNA between BBQ and JQ ranged
from 84.5-93.5%; and those between BBQ
and chicken from 78.0-89.6%.  In order to
characterize the phylogenetic position of
BBQ, the 2,184 bp of NADH dehydrogenase
subunit 2 and cytochrome b genes for 7
species of Galliformes and redhead (Aythya
americana; Anseriformes) were examined
using a maximum likelihood (ML) method.
The ML analyses of the first/second codon

positions, the third codon positions, and
amino acid sequence consistently demon-
strated that BBQ and JQ are in the same
phylogenetic cluster, which is consistent
with their traditional classification. 

Sequence Analysis of a Silkworm
BAC Contig Covering a Densovirus
Nonsusceptibility Gene

Bombyx mori densovirus (BmDNV) multi-
plies in the columnar cell nuclei of the mid-
gut epithelia in the silkworm, Bombyx mori.
So far, four non-susceptibility genes have
been reported and analyzed for linkage
group or loci on the phenotypic linkage map,
namely, nsd-1 (L21-8.3), Nid-1 (L17-31.1),
nsd-2 (L17-24.5) and nsd-Z (L15-?).  However
none has been isolated as a cDNA clone or
translated product.  Recently, we identified
four closely linked cDNA markers with Nid-1
and nsd-2.  Studies of these genes are useful
in understanding the mechanism of non-sus-
ceptibility to viral invasion and multiplica-
tion, as well as for transformation studies.
Using the Bombyx genome information, BAC
contigs covering these two genes were con-
structed.  This year we attempted to analyze
the nucleotide sequence of one of these con-
tigs.  Forty-three BAC clones were chosen
from positive clones screened with the four
closely linked markers and subjected to DNA
fingerprinting, resulting in three contigs.
The longest contig spanning 820 kb con-
tained three of the four cDNA markers.
Sequence analysis of the longest BAC contig
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Fig. 5
Sequence analysis of the region in the vicinity of nsd-2 locus on chromosome 17.



was carried out by shotgun sequencing of
several BAC clones comprising this contig.
The four BAC clones were used to construct
shotgun libraries.  The sequence contigs
totaling 662 kb from each BAC clones were
analyzed and integrated into a 593 kb
sequence by overlapped areas.  Homology
search in the silkworm database, Silkbase
and public protein databases with BLASTX
was performed for every one thousand
nucleotide sequences.  The areas with homol-
ogy to 12 kinds of Bombyx cDNAs and 7
kinds of proteins from other organisms were
identified and were found to be unevenly dis-
tributed.  Repetitive sequences appeared
very frequently and were also unevenly dis-
tributed (Fig. 5).  To identify nonsusceptibil-
ity or susceptibility-specific sequences, the
PCR products in the sequence-analyzed area
were compared between nonsusceptible and
susceptible strains.

A New Homology Search System
Using RiceBLAST

Genome analysis in many species has pro-
gressed significantly resulting in rapid accu-
mulation of DNA and genome information in
public databases (DDBJ, EMBL, GenBank).
This includes the high-quality draft sequence
of the rice genome, which was completed by
the International Rice Genome Sequencing
Project (IRGSP) in December of last year.
Genome information and sequence data are
essential in promoting molecular biology
studies, especially in the post-genome era.
Using a high performance computer system,
the DNA Bank downloads DNA, protein and
genome information from public databases
and provides useful analysis tools, homology
data and a keyword search system that can
be accessed by researchers throughout the
world.  The number of visitor access “hits” to
analysis support systems maintained by the
DNA Bank was as follows: 1,483,053 for
BLAST search, 8,432 for FASTA search,
1,908 for Smith-Waterman search, 92,810 for
Sequence Retrieval System and 43,500 for
WAIS keyword search.  We have also devel-

oped a BLAST search system for the rice
genome that can be exclusively used for effec-
tive and rapid homology search of rice
sequences (Fig. 6).  In this system, users can
choose the subject (data set) from among
seven kinds of databases, namely, an all-rice
genome DB, indica genome DB, japonica
genome DB, Oryza sativa chromosome 1 DB,
EST DB, chloroplast genome DB and mito-
chondrial genome DB.  The rice genome anno-
tation tool RiceGAAS is also fully operational
and routinely collects the latest genome infor-
mation from public databases, automatically
executes annotation and shows the annota-
tion information via the internet.  The num-
ber of visitor access “hits” to RiceGAAS this
year was 21,193 which corresponded to a sig-
nificant increase from the same period last
year due to the rapid acceleration of the rice
genome sequencing effort.  The DNA Bank
also continues to distribute DNA materials,
and this year we distributed 1,527 rice cDNA
clones, 397 rice RFLP markers and 1,071 pig
BAC clones to 170 researchers in 15 coun-
tries.
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Fig. 6
A BLAST search system for rice genome sequence using specific databases.



The objectives of the Genetic Diversity
Department are to conduct basic research
into plant, animal and microorganism diver-
sity 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 agricul-
ture and other industries.

Current plant research includes molecu-
lar and biological characterization and 
evaluation of the genera Hordeum, Oryza,
Saccharum, Triticum, and Vigna.  Mecha-
nisms 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 immature germplasm of domestic ani-
mals which cannot currently be used for
preservation.  In addition, to support the

MAFF Genebank project, database manage-
ment systems are a focus of research and
development.  Major research outputs of the
department except for ‘Topics of Research’
during fiscal 2002 are described below.

Azuki bean domestication 
A core (genetically representative) collec-

tion of the azuki bean complex from South
and East Asia was analyzed by AFLP analy-
sis.  The results revealed that the cultivated
azuki in South Asia (Nepal-Bhutan
Himalayan foothills, 4 in Fig. 1) is geneti-
cally quite distinct from that in East Asia (1
in Fig. 1).  In addition, the genetic variation
in South Asia for wild (5) and cultivated (4)
azuki beans is very great and thus presents
a potentially useful genepool for improving
cultivated azuki in East Asia.  The results
suggest that the azuki bean was probably
domesticated separately in East and South
Asia.

In Japan, weedy forms of azuki bean are
common.  However, weedy forms are not
common in China and cultivated (1-a) and
wild (3) azuki in China are genetically well
separated compared to the situation in
Japan (1-b, c).  Korean and some Japanese
germplasm (1-c) are genetically similar and
this suggests there has been exchange of
azuki germplasm between Korea and Japan.

Different cytological divergence 
in cultivated rice, Oryza sativa:
Do Oryza chromosomes show divergences
among species?

In the genus Oryza, cytological diver-
gences between species were studied based
on chromosome numbers (diploid or
tetraploid), volume of repetitive sequences
and genome types (A to J).  But the studies
on the cytogenetic divergences among species
are few.  We employed the fluorescence in
situ hybridization (FISH) method with a
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Fig. 1
Genetic diversity of the Vigna angularis complex in Asia.
1. East Asian accessions (a) Chinese cultivated, (b) Japanese culti-
vated, (c) Japanese cultivated/weedy/wild and Korean cultivated.   2.
Taiwan wild/Bhutan cultivated.  3. Chinese wild.   4. South Asian cul-
tivated (Nepal-Bhutan).   5. South Asian wild (Himalayan Nepal-
Bhutan-India).   6. Outgroup accession of Vigna umbellata.



repetitive sequence specific to Oryza A-
genome species to visualize the cytogenetical
divergence in cultivated rice, O. sativa.
Cytological divergence was shown in the dif-
ference in the number of FISH signals.  The
number of FISH loci was almost the same
among all japonica varieties, including the
temperate (paddy and upland habitats) and
tropical (called javanica) varieties.  But the
indica varieties showed significant differ-
ences in the number of the FISH loci (Fig. 2).
These results show that cytological diver-
gence has occurred between japonica and
indica in cultivated rice.  FISH studies on
the wild relatives of rice would shed light on
the domestication of cultivated rice from a
cytological viewpoint.

Organ-specific expression directed
by promoter region of rice catalase
gene, CatB

Catalase is necessary for decomposing
harmful hydrogen peroxide.  It has been
reported that the rice catalase gene, CatB
was highly expressed in roots of seedlings.
In order to determine the tissue- and organ-
specific expression pattern directed by the
CatB promoter in monocots and dicots, a 5’-
upstream fragment (– 329 to + 298, counting
the cDNA start site as +1) of CatB followed
by the GUS reporter gene was integrated
into a binary vector, and then introduced
into rice or Arabidopsis.

GUS staining was strong in roots (Fig.
3A) and weak in leaf blades and sheaths of
rice seedlings.  On the other hand, trans-
genic Arabidopsis seedlings carrying the
CatB-GUS fusion gene showed strong GUS
staining in roots and in shoot apical meri-
stems (Fig. 3B). 

The mRNA of the CatB-GUS fusion gene
was highly expressed in roots of the both
plants.  The results indicated that the CatB
promoter conferred preferential expression of
the reporter gene in roots of rice and
Arabidopsis, although strong GUS staining
in shoot apical meristems was seen in
Arabidopsis.

Molecular mapping of the non-brittle
rachis 1 locus in barley (Hordeum
vulgare L.)

Development of the non-brittle rachis was
a key characteristic in the evolution of culti-
vated barley, perhaps the first step in the
domestication of wild barley (Fig. 4).  In wild
barley (Btr1Btr1Btr2Btr2), a brittle rachis is

Annual Report 2003 61

Fig. 2
Difference in the number of FISH loci between indica varieties of
Oryza sativa.
A: Kasalath, B: IR36.

Fig. 3
Histochemical analysis of GUS activity on transgenic rice root (A)
and Arabidopsis seedling (B).

Fig. 4
Non-brittle (left) and brittle (right) rachises of barley.



formed by complementary genes at 2 tightly
linked loci, btr1 and btr2, located on chromo-
some 3HS.  Cultivated barley has a mutation
in one of these loci: most Occidental cultivars
are recessive at the btr1 locus, whereas most
Oriental cultivars are recessive at the btr2
locus.  In the present study, molecular map-

ping of the btr1 locus was performed.
Linkage analysis using recombinant inbred
lines showed that the btr1 locus is flanked by
two AFLP loci, e14m27.4.1 and e15m19.7,
with map distances of 3.1 cM and 4.2 cM,
respectively.  The molecular markers are
quite useful for further high-density map-
ping of the btr1 locus.

Abnormal growth induced by over-
expression of Rpn10 gene in trans-
genic rice (Oryza sativa L.)

26S proteasome is a large multisubunit
protease that plays central roles in cellular
protein turnover.  It is composed of a core
proteinase, known as 20S proteasome, and a
pair of symmetrically disposed 19S regula-
tory particles.  We observed phenotypic
changes when a subunit gene of 26S protea-
some, Rpn10 gene, was overexpressed in rice
plants.  Rpn10 is a subunit of the regulatory
particle and is known to bind to the multi-
ubiquitin chain as a degradation signal.
Overexpression of the Rpn10 gene in rice
plants induced abnormal growth, such as
retardation of tiller buds and inhibition of
extension of coleoptiles in darkness.  These
transgenic plants also showed enhanced
resistance to stresses.  For example, a higher
resistance to canavanine, an analog of argi-
nine was observed (Fig. 5).

Proteomic analysis of freezing toler-
ance induced in cultured cells of
rice by abscisic acid

Rice is a typical chilling sensitive plant.
Cell suspension cultures of rice also suffer
injuries at chilling temperatures.  However,
we found that the exogenous application of
abscisic acid (ABA) induces freezing tolerance
in rice cell cultures in a similar manner to
other cell cultures of Gramineae plants that
have genetic cold hardiness.  We analyzed the
physiological factors involved and the cyto-
solic proteins expressed during ABA-induced
freezing tolerance by 2D electrophoresis.

At the optimum conditions, the rice cells
tolerated -12˚C and some cells even -20˚C
after 7 days of incubation in the presence of
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Fig. 5
The transgenic rice shows an enhanced resistance to canava-
nine.  The 3- day-old seedlings were transferred to 0.8% agar
gel containing canavanine (arginine analog).  After two or three
days, root lengths were measured and the root elongation
velocity was calculated. Control: transgenic rice plant trans-
formed with vector control.  S9, S10, S4, and S3: transgenic
rice plants transformed with the vector containing Rpn10.

Fig. 6
Proteomic comparison of the cytosolic proteins of control
(blue) and ABA- treated (red) rice cells. 
Circles: MW markers.



75 µM of ABA at 25ºC.  More than 80 CBB-
stainable protein spots were either increased
or induced by ABA treatment (Fig. 6).  Some
of the major ABA responsive spots were
detected as early as 6h in incubation with
ABA-containing medium, while after one day
incubation, most ABA-responsive spots were
detected when the rice cells tolerated moder-
ate freezing.  We have identified 20 major
ABA-induced proteins by sequencing N-ter-
minal or internal amino acids and/or by MS-
MS profiles.  We are going to identify the
functions of some of these proteins by trans-
forming rice with corresponding genes.

Taxonomic reevaluation of the
pathogen of soybean sudden death
syndrome in Argentina and the USA

The sudden death syndrome (SDS) of soy-
bean (Glycine max) has become widespread
in soybean growing regions in the USA,
Argentina and Brazil.  The pathogen was
first reported as Fusarium solani, but more
recently it became called as F. solani f. sp.
glycines based on its host.  Although F.
solani has often been considered as the only
species within the section Martiella, several
authors suggested that the mating popula-
tions (MPs) of the species represent biologi-
cally distinct characteristics.  Recent
molecular phylogenetic analyses of DNA
sequences indicated the section comprises at
least 26 phylogenetically distinct species. 

Argentinean isolates were obtained
through a joint expedition of the disease
together with INTA-EEA, Argentina and JIR-
CAS, Japan at local farms.  American isolates
were received from NRRL, NCAUR, USA.
The Argentinean and American isolates of
the soybean SDS pathogen were morphologi-
cally and molecularly reevaluated.  Two rep-
resentative strains of F. solani f. sp. phaseoli,
the pathogen of bean root-rot (Phaseolus vul-
garis), were also examined.  Based on
detailed morphological and phylogenetic
analyses, the Argentinean and American iso-
lates of the SDS pathogen and the bean root-
rot pathogen were found to be three distinct
species.  They differ morphologically from

each other and from representative strains of
the MPs of the F. solani complex.  Formal
new species descriptions are in preparation.

Virulence of Japanese predominant
races, IB and II of Xanthomonas
oryzae pv. oryzae to Xa21-haboring
rice

Of the bacterial blight resistance genes
identified, Xa21 is very unique, since it is
derived from a wild rice, Oryza longistami-
nata, and exhibits a broad spectrum of resist-
ance to the strains of X. oryzae pv. oryzae.
Therefore, we evaluated the virulence of
Japanese strains of X. oryzae pv. oryzae to IR
BB21 harboring Xa21.  For the purpose, a
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Fig. 7
Symptom of soybean SDS in Argentina.

Fig. 8
Reaction of IR BB21 to X. oryzae pv. oryzae, strain
T7156 representative of race IB.



total of 72 strains were used for the patho-
genicity test to IR BB21.  The results showed
that all the strains of races IB and II were
virulent to IR BB21.  In contrast, the strains
of races IA, III, IV, V and VII were avirulent
to IR BB21.  The lesion length on IR BB21
ranged from 6.8 to 17.6 cm depending on the
strains inoculated.  However, the lesion
length produced on IR BB21 after inocula-
tion with strains of races IB and II were sig-
nificantly shorter than that on IR24 after
inoculation with the same strains.  After
inoculation with incompatible races IA, III,
IV, V and VII strains, only small lesions less
than 1.4 cm in length appeared at the cut
end of the leaf inoculated by clipping.  In
some combinations, the inoculated leaves
remained symptomless.  Our results suggest
that Xa21 will not be useful in Japan where
X. oryzae pv. oryzae strains virulent to Xa21-
harboring rice are widely distributed. 

AFLP markers useful for the mapping
of avirulence gene, AvrPit in the rice
blast fungus, Magnaporthe grisea

The fungal pathogen Magnaporthe grisea
is involved in specific interactions with rice

cultivars.  Fungal strains with avirulence
genes are non-pathogenic to rice cultivars
which contain corresponding race specific
resistance genes.  We have identified an
avirulence gene (AvrPit) in a cross involving
isolates 4000-R-81 (MAT1-1) and 4084-1-4
(MAT1-2).  Using bulked segregant analysis
(BSA), we identified closely linked AFLP
markers to AvrPit segregating in this cross.
Using 590 random progeny from the two dif-
ferent crossings of the same parental iso-
lates, we constructed a partial genetic map
with AFLP markers.  Among these, AFLP
markers NHA1, NHA7, NHA12, NHA14,
NHA15 and NHA27 showed complete co-seg-
regation with AvrPit.  We cloned and charac-
terized these AFLP markers and found by
Southern blot analysis that each clone except
for NHA 14 was single-copied in the genome.
Such markers should be quite useful for the
positional cloning of AvrPit.

Hypersensitivity to Kluyveromyces
lactis killer protein caused by the
defects in yeast RNA polymerase II
transcription

Killer yeasts secrete proteinaceous tox-
ins, which are lethal to sensitive strains.
Kluyveromyces lactis killer protein causes
cell cycle arrest in G1 in sensitive Saccha-
romyces cerevisiae strains.  This arrest
requires a functional RNA polymerase II
TOT/elongator complex.  In a genetic study
of the killer sensitivity, the mutations in the
genes, which are involved in the transcrip-
tion or affect the pol II machinery, caused
differences in the sensitivity against the
killer protein.  Some of the mutations in the
components of SAGA, SWI/SNF, Mediator
and Ccr4-Not complexes involved in tran-
scriptional process such as nucleosome modi-
fication, chromatin remodeling and formation
of the preinitiation complex made yeast cells
hypersensitive.  Intriguingly, the inactivation
of histone deacetylase (HDAC) activity,
which is expected to reduce the demand for
the histone acetyltransferase (HAT) function
of TOT/elongator, reduced the sensitivity to
the killer protein. 
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Fig. 9
Deletion of the gene for the activation of transcription makes yeast cells
hypersensitive against the killer protein (pink).  On the other hand, inacti-
vation of HDAC, which reduces transcription, makes the yeast cells
resistant (green).



Change of the molecular weight
forms of inhibins A and B with age
in the bovine testis 

Inhibin is a dimeric protein composed of
an subunit and either one of two subunits
( A or B = inhibin A or B, respectively).
Inhibin is synthesized as the largest precur-
sor form (105 kDa), which is processed suc-
cessively to form the lowest molecular mass
form (29~32 kDa) through the smaller 55, 65
and 95 kDa forms.  Clarification of the mole-
cular weight profile of inhibin is important
for further investigation of the role of inhibin
in gonadal functions. 

In this study, we investigated alterations
in the molecular weight forms of inhibin in
bull testis from the infantile to postpubertal
periods.  The main findings of our study are:
1) inhibins A and B are present in bull testis
from the infantile to postpubertal periods, 2)
infantile bull testis contains a significant
amount of the precursor form of inhibins A
and B, 3) the proportion of the mature form
(29~32 kDa) of inhibins A and B in the testes
of adult bulls markedly increases, and 4)
inhibin is exclusively found in Sertoli cells
until the postpubertal period (Fig. 10),
although the immunoreaction diminished as
the bulls aged.

Automatic classification of spot 
feature in microarray image

A scratched DNA microarray image and
an additive noise of the image reduce the
accuracy in analysis of gene expression.  The
gene expression profile is determined based
on the intensity values of the spots in
microarray.  This numerical transformation
leads to the loss of the potential information
on the microarray image, and makes it diffi-
cult to distinguish scratched spots and addi-
tive noise spots from normal ones.  We
propose the method to detect the scratched
or the additive noise spots automatically,
and to eliminate them.  The mean, variance,
skewness, kurtosis of intensity histogram,
and the former statistical characteristics of
two-dimensional spatial distribution of pixel
on each spot are extracted from the microar-
ray image.  Spots are classified into four
groups, normal, scratched, ring shaped spots
lacking a center area, and additive noise
spot, by the statistical characteristics.
Support Vector Machines are used as clus-
tering algorithm.  The proposed method was
applied to classify 219 spots of rice DNA
microarray, using 630 spots as training data.
The result was that the accuracy on normal,
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Fig. 10
Immunohistochemical localization of inhibin in the testis
at 5 wks (a, bar = 25 µm), 32 wks (b) and 50 wks (c) of
age.
Counterstaining with hematoxylin was also performed.
Arrows indicate Sertoli cells at 50 wks of age. 

Fig. 11
Automatic classification of 219 spots of rice DNA microarray into four groups.



scratched, ring and noise spot groups were
71.0% of 69 spots, 88.0% of 50 spots, 82.0% of

61 spots, and 76.9% of 39 spots, respectively
(Fig. 11).

Integrated database of genetic
resources for the MAFF Genebank

We have developed three schemata for the
integrated database of the genetic resources
in the MAFF Genebank.
1. Schema for the integrated coding system

for scientific names and assigned numbers
for the plant, animal and microorganism
genetic resources.

2. Schema for the storage system for the
evaluation data of the plant, animal and
microorganism genetic resources.

3. Schema for the stock management system
for the plant and microorganism genetic
resources.
The schemata have been installed into

the database server and the data has been
transferred to this new system.  The inte-
grated database management system started
operation in June, 2003.
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Fig. 12
Integration of the database of genetic resources for the MAFF
Genebank.

Previous System

New System

enebankG
With the aim of conserving and utilizing

agro-biodiversity in an efficient and effective
way, this Department carries out extensive
researches on genetic resources in collabora-
tion with numerous research institutes in
and outside Japan.  It includes the explo-
ration and collection, characterization and
evaluation, preservation and multiplication,
and information management of plant,
microorganism and animal genetic resources.
Enhancing genetic resources is also tar-
geted, based on developments in molecular
genetics and biotechnology.  In addition, this
Department is in charge of implementing
and managing the Genebank Project, which
is administered by the Genetic Resources
Management Section of the Department.
Major research topics in fiscal year 2002 are
described below.

Fig. 1
Three rice cultivar groups recognized in Vietnam(Fukuoka et al., 2003).



A unique landrace group recognized
by RFLP among Vietnamese rice
cultivars collected

One hundred and twenty-nine rice culti-
vars that had been collected from northern
Vietnam by IPGRI-NIAR explorations in
1994 and 1995 were classified into three
groups: A (26 cultivars), B (30), and C (73)
based on 166 RFLP markers of the nuclear
genome (Fig. 1).  The Group C has an inter-
esting combination of alleles among culti-
vars.  Chloroplast DNA variation indicates
that the group A cultivars belong to cv.-gr.
Indica, while those of the groups B and C
belong to cv.-gr. Japonica.  Physiological
characteristics that have been used for dis-
criminating between Indica and Japonica
and/or between tropical Japonica and tem-
perate Japonica suggest that groups A and B
clearly correspond with typical Indica and
typical Japonica, respectively.  Groups B and
C did not, however, show clear consistency
with tropical Japonica and temperate
Japonica.  According to the field observations
during the explorations, the group C culti-
vars were grown by slash and burn cultiva-
tion on inclined lands in northern Vietnam.
Since adaptation to specific cultivation condi-
tions for a long time might have bred such a
unique and endemic landrace group as group
C, we expect to find specific morphological
and physiological characteristics.

Variation of rice seed longevity after
an aging treatment 

Seed longevity is a very important trait 
of plant genetic resource management in 
a gene bank.  A wide variation of seed
longevity has been suggested but not studied
systematically in rice.  The seed germination
ability of 162 rice cultivars collected from
various parts of the world was studied after
an aging treatment.  Spikes were harvested
40 days after heading for the treatment.  The
seeds were placed in a dry chamber at 30˚C
for 12 months.  Then, the seeds with mois-
ture content regulated at 15 to 16% using a
saturated K2CrO4 solution as described by
Ikehashi (1973) were kept at 30˚C for 2

months to accelerate the aging effect.
Finally, the seeds were placed on moist filter
paper at 25˚C for seven days to investigate
germination ability.  Most cultivars collected
from India showed a very good germination
after aging treatment, while those collected
from Japan markedly lost germination abil-
ity (Fig. 2).  A wide variation from high to
low germination ability was observed among
the cultivars from China and other regions.
Consequently, we have to take the wide vari-
ation of seed longevity of rice into considera-
tion in the long-term seed storage in a gene
bank.  The cultivars that have seed longevity
from India and other regions may also serve
as good materials to improve the seed vigor
after preservation in rice. 

Inhibitory activity of EDTA against
Helicobacter pylori

Helicobacter pylori is thought to cause
gastritis and gastric ulcers.  In Japan, about
60 million people are infected with H. pylori.
Antibiotics with a proton pump inhibitor are
used for curing gastric H. pylori infection,
however, the stomachs.  However, there are
adverse effects such as appearance of resis-
tant bacteria and side effects.  Therefore, a
safe antibacterial agent for H. pylori is
required.

EDTA is a commonly used chelating
agent and, therefore, is an inhibitor of 
various enzymes which require metal ions as
a cofactor.  EDTA works synergistically 
with antibiotics to kill various bacteria.
EDTA acts by chelating Mg2+ bound to 2
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Fig. 2
Variation of rice seed longevity after aging treatment.



lypopolysaccaride (LPS) molecules.  As a
result, the membrane becomes permeable.
EDTA and its metal salts are used as food
additives that stabilize food colors.  Ferric
sodium EDTA (FeNaEDTA) is recommended
as an iron supplement for iron deficiency
anemia.  The inhibitory activity of EDTA
itself against H. pylori was investigated in
this study.

H. pylori (ATCC 43504), the type culture
strain, was grown in Tryptic soy broth sup-
plemented with bovine serum at various con-
centrations of disodium EDTA (Na2EDTA) or
FeNaEDTA using a microtiter plate.  After
5-day incubation in anaerobic conditions at
37˚C, optical density of culture was mea-
sured.  Growth of H. pylori was inhibited by
0.025 mM Na2EDTA (Fig. 3), and also by 0.1
mM of FeNaEDTA.  The effect of both agents
was bactericidal in contrast to Escherichia
coli and Staphylococcus aureus, whose
growth was inhibited bacteriostatically at up

to 10 mM of Na2EDTA.  Na2EDTA seemed to
act on H. pylori during a logarithmic phase
(after 48 hours from inoculation), where syn-
thesis of the cell membrane which needs
cations such as Mg2+ and Mn2+ is active.
Inhibition of enzymatic reactions concerned
with membrane synthesis with permeation
of membrane by chelating of Mg2+ bound to
LPS may be the key reactions in this inhibi-
tion.

Since the stomach volume of a human
being is about 1.5 L, growth of H. pylori can
be inhibited with 14 mg of Na2EDTA or with
63 mg of FeNaEDTA.  This amount of
Na2EDTA is much lower than the acceptable
daily intake of EDTA (2.5 mg/kg of as
CaNa2EDTA).  Estimation of the effect of
Na2EDTA in vivo remains to be clarified, and
requires a neutralizer because the acidic
environment of stomachs reduces the chelat-
ing activity of Na2EDTA.  However, Na2EDTA
might be a good choice to cure ulcers caused
by H. pylori.

Development and characterization of
40 dinucleotide microsatellites in the
dog genome

To establish an accurate method for
parentage testing in dogs, microsatellite
DNA repeat length polymorphism makers
were developed.  A (CA)n-enriched library of
the dog was constructed using the method of
Takahashi et al. (2001).  The genomic DNA
of the library was derived from a male
Beagle.  Clones from the library containing
300-700 bp inserts produced by sonication of
genomic DNA were transformed into TG1
competent cells (#200123, Stratagene, La
Jolla, CA, USA).  Microsatellite-containing
clones were detected by hybridization to
digoxigenin (DIG)-labeled (CA)12 oligonu-
cleotide probe using DIG nucleic acid detec-
tion kits (Roche Diagnostics GmbH,
Mannheim, Germany).  Of the 384 clones
chosen from the (CA)n-enriched library, 246
clones (64%) gave strongly positive signals
with the probe.  A total of 192 CA repeat-pos-
itive clones were subjected to sequencing
analysis and in 76 clones polymerase chain
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Fig. 3
Inhibitory effect of Na2EDTA against growth of H. pylori.



reaction (PCR) primer pairs to detect
microsatellite polymorphisms could be devel-
oped.  Of the 76 clones, 55 PCR primer pairs
were 18-25 bp long and were designed with
the assistance of Primer Premier software
(Premier Biosoft International, Palo Alto,
CA, USA) so as to amplify DNA fragments in
the range of 80-400 bp.  Forty of the 55
primer pairs were available for PCR amplifi-
cation of each locus and were examined for
further microsatellite polymorphisms.

Polymorphism: Allelic polymorphism was
determined by performing PCR on DNA from
32 unrelated Beagle individuals.  The PCR
products were electrophoresed on an ABI
PRISM TM 377 DNA Sequencer (Perkin-
Elmer) and analyzed using Gene-Scan (Ver.

3.0) and Genotyper (Ver.2.1) programs
(Perkin-Elmer).  The indices of variability,
observed number of alleles, observed het-
erozygosities (Ho) and probabilities of pater-
nity exclusion (PE) of 40 markers are shown
(Table 1).

The final combined PEs in Beagle was
0.999999952.  The results suggest that the
markers can be applied for routine parentage
testing in dogs. 
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Table 1   Indices of 40 canine microsatellite markers

Average S.D. Range

Number of alleles 4.8 1.7 2 - 9

Observed heterozygosity 0.55 0.176 0.061 - 0.791

Probabilities of paternity exclusion 0.328 0.144 0.031 - 0.587



The Insect and Animal Sciences Division
is composed of the following six departments.

The Developmental Biology Department
is conducting research to elucidate the physi-
ological functions of germ cell lines and hor-
monal effects on growth regulation, as well
as developing embryonic technology.

The Molecular Biology and Immunology
Department is concerned with the molecu-
lar events involved in the signaling for
antibacterial peptide synthesis in insects 
and signaling of cytokines and T cell recep-
tors in mammals, the functional analysis of
macrophage/microglia, hematopoietic stem
cells and T cell subsets, the genetic mecha-
nisms underlying complex disease traits, and
the development and improvement of trans-
genic animal technology. 

The Physiology and Genetic Regulation
Department aims to elucidate mechanisms of
unique physiological phenomena observed in
insects and animals.  The studies include
analyses of neural functions including the
brain, metabolic regulation, physiological
bases for adaptation to environment, percep-
tion and function of behavior regulating
chemicals, cell differentiation, and genes reg-
ulating them. 

The research activities of the Insect

Genetics and Evolution Department are
mainly focused on molecular and conven-
tional genetics of insects including the silk-
worm, biochemical analyses of insect-plant
interaction, characterization and breeding of
natural enemies, and basic and applied stud-
ies on insect-associated microbes including
pathogens and symbiotes. 

The Insect Biomaterial and Technology
Department is carrying out research projects
to develop the biomimetic techniques of
insects and their utilization, and to clarify
the characteristics of insect-born biomateri-
als for development of new technologies uti-
lizing them.

The major targets of the Insect Biotech-
nology and Sericology Department are the
development of  functional insect cell lines
and transgenic insects, production of useful
substances on a large scale using the trans-
genic insect systems, and the development of
new silk materials which are good for health-
ful and wealthy human life and which are
based on development of new sericultural
technologies including breeding of character-
istic new varieties of silkworms.

The major research topics of 2003 of these
six departments in the Insect and Animal
Sciences Division are as follows: 
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Insect and Animal Sciences Division

evelopmental Biology DepartmentD
Germline transformation of the sawfly

The aim of the Developmental Mecha-
nisms Laboratory is to elucidate the basic
mechanisms of animal development using
invertebrates as experimental materials.  We
conduct molecular and cellular analyses of
various aspects of developmental phenomena
including sex differentiation, gametogenesis,

cell differentiation, morphogenesis, and
regeneration.  To study sex differentiation
mechanisms, we use the sawfly, Athalia
rosae, as a model system, since methods are
available to cause the eggs to develop to
either sex.  This year, we established a tech-
nique for stable germline-transformation of
the sawfly using a piggyBac-derived vector.



This was the first successful case of transpo-
son-mediated transgenesis in Hymenoptera
(see Topics of Research in This year).

A search for novel genes involved in
the animal regeneration

Regeneration mechanisms are studied
using the Japanese fragmenting potworm,
Enchytraeus japonensis, which exhibits high
regeneration ability; small fragments from
any level of the body can form a complete
animal in 4-5 days.  To determine which
genes are involved in this remarkable phe-
nomenon, this year we performed PCR-select
cDNA subtraction with regenerating frag-
ments (tester) and intact worms (driver) of E.
japonensis.  Clones of the resulting libraries
were differentially screened using the follow-
ing four probes, (a) forward-subtracted tester
cDNA, (b) unsubtracted tester cDNA, (c)
reverse-subtracted driver cDNA, and (d)
unsubtracted driver cDNA.  Out of 768 for-
ward-subtracted and 384 reverse-subtracted
clones examined, 347 were judged to corre-
spond to genes differentially expressed in the
regenerating fragments, as they hybridized
dominantly or exclusively to the tester cDNA
(probes a and b, or probe a only) (Fig. 1).
Among them, 131 clones were partially
sequenced and analysed for sequence homol-
ogy.  More than 50 clones showed no homol-
ogy to known genes, indicating that the study
is promising for finding novel genes that par-
ticipate in the animal regeneration. 

Estimation of pluripotency of mouse
ES cells by flowcytometry

Embryonic stem (ES) cells maintained in
culture for long periods at time retain the
ability to differentiate into both somatic- and
germ-cell lineages.  The cells that comprise
an ES cell line are not homogeneous in
nature.  The use of an undifferentiated ES
cell source is quite important for elucidation
of mechanism of ES cell differentiation. 

In order to enrich an ES cell population
ahich cells that had the highest pluripotency
by flow cytometry, we tested some surface
markers that divided ES cells into subpopula-

tions.  As a result we found that the expres-
sion of both Platelet endothelial cell adhesion
molecule (PECAM-1) and stage-specific
embryonic antigen (SSEA)-1 in ES cells were
greatly varied (Fig.2).  Quantitative RT-PCR
showed a low level of Oct-3/4 mRNA and high
levels of differentiation maker gene expres-
sion in PECAM-1 negative cells.  To compare
the pluripotency, ROSA ES cells carrying 

-galactosidase gene were sorted into
PECAM-1 SSEA-1 , PECAM-1+SSEA-1 and
PECAM-1+SSEA-1+ cell populations.  Then a
single cell of each population was injected
into an 8-cell embryo.  At blastocyst stage,
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Fig. 1
A search for genes that specifically express in the regeneration
process of the Japanese fragmenting potworm, Enchytraeus
japonensis.

Fig. 2
Expression of PECAM-1 and SSEA-1 in ES cells.  ES cells were
sorted into the three subpopulations, • PECAM-1 SSEA-1 , •
PECAM-1+SSEA-1 and • PECAM-1+SSEA-1+ by flow cytometry. 



PECAM-1 positive cells frequently differenti-
ated into epiblast cells (Fig. 3).  In contrast,
PECAM-1 negative cell derivatives located at
the primitive endoderm or trophectoderm
(Fig. 3).  At E6.0-7.0, high contributions of
PECAM-1+SSEA-1+ cells in the epiblast were
observed, but few -gal+ cells were detected
in any regions of embryos in which the other
two population cells were injected.  These
results suggest that the expression levels of
PECAM-1 and SSEA-1 in ES cells are closely
correlated to the pluripotent differentiation
capability and/or the competency of incorpo-

ration into the epiblast of host embryos.

Transfection of chicken blastoderm
The Animal Genetic Engineering Labo-

ratory has been trying to produce transgenic
chickens.  The introduction of exogenous
DNA into chickens provides a powerful tool
for studying gene functions and for genetic
improvement of chickens.  The production of
transgenic chickens still faces technical diffi-
culties because of their reproductive charac-
teristics.  The chicken ovum is fragile and
contains a large amount of yolk.  In fertilized
eggs, access to the male pronucleus that will
fuse with the female pronucleus is hampered
due to the supernumerary male pronuclei
and opaque cytoplasm, and after oviposition,
embryonic development proceeds inside the
eggshell.  Recent developments in lipofection
and electroporation methods have made it
possible to transfect blastoderms of freshly
laid eggs at stage X in vivo.  Stage X blasto-
derms can easily be accessed by using the
chicken embryo culture technique.  In the
present study, the stage X blastoderm was
transfected by lipofection and/or electropora-
tion in vivo and we observed that the intro-
duced DNA, green fluorescent protein (GFP)
gene, was efficiently expressed in the blasto-
derms or embryos (Fig. 4).  We further ana-
lyzed the distribution of exogenous DNA in
various tissues of developing embryos,
including gonads, when it was introduced
into stage X blastoderms by lipofection
and/or electroporation in vivo.  The presence
of the GFP gene was detected in various tis-
sues, including gonads, in the embryos devel-
oped to day 16-20 of incubation.  The GFP
gene was detected in 7.0-20.9% of embryos in
the heart, liver, stomach and brain, but was
not detected in the sartorius muscle.  For the
gonads, the GFP gene was detected in 22.2%
(6/27) of the testes and 6.3% (1/16) of the left
ovaries examined.  The difference between
the proportion of GFP-positive testes and
ovaries may be related to the active prolifer-
ation of primordial germ cells or germ cells
in the ovary at this embryonic stage.  The
introduced GFP gene in circular form tended
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Fig. 3
Mapping of ES-derived cells at the blastocyst stage.  A single sorted ROSA
ES cell was injected into 8-cell embryo and cultured for 18-36 hours in vitro.
Then, embryos at E3.5-4.0 were fixed and stained by X-gal to detect ES-
derived cells.  Arrows show -gal positive cells.

Fig. 4
Expression of GFP gene in the early chicken embryos.  Stage X blastoderm
was transfected by electroporation in vivo and incubated for 2 days in a sur-
rogate eggshell.  GFP gene expression was observed in the embryonic tis-
sues as well as extra-embryonic tissues.



to disappear by degradation or dilution as
the embryo grew.  In our previous experi-
ment, primordial germ cells isolated from
embryonic blood were transfected (lacZ gene)
in vitro by lipofection and transferred into
recipient embryos, 14.3% (3/21) and 11.1%
(2/28) of the gonads of chimeric embryos
incubated for 17 and 19 days, respectively,
after the manipulation retained the intro-
duced lacZ gene.  These rates of lacZ-positive
gonads seem to be similar to the rate of GFP-
positive gonads (16.3%, 7/43) in this study,
considering that both somatic and germ cells
were included in the GFP-positive cells of the
gonads in this experiment.  Primordial germ
cells have already been differentiated at
stage X and locate on the ventral surface of
the epiblast facing the subgerminal cavity.
It could, therefore, be possible that DNA
injected into the subgerminal cavity is intro-
duced into the primordial germ cells at stage
X by the lipofection and/or electroporation
employed in this experiment.  Since most of
the DNA introduced into the gonads seems,
however, to be present episomally, the tech-
nique should be improved so as to enhance
the transfection efficiency and integration
frequency into the host chromosomes for pro-
ducing transgenic chickens.

Somatic cell cloning in pigs
The Embryo Technology Laboratory has

been trying to establish a reliable and effi-
cient method for the production of transgenic
pigs through somatic cell cloning technology.
To do so it is necessary to improve the pro-
duction of somatic cell cloned pigs.  In vivo
matured porcine oocytes have been used as
recipient oocytes for somatic cell cloning,
however, it has been an effort full and time
consuming process to collect the required
number of in vivo matured oocytes from gilts
and sows by surgery.  Because there are
numerous  amount of immature oocytes in
ovaries that can be obtained from gilts at the
slaughterhouse, it is essential to establish an
effective in vitro maturation (IVM) system
for the porcine oocytes.  And them the IVM
oocytes can be used for the effective produc-

tion of somatic cell cloned piglets.  Cumulus-
oocyte complexes were collected from slaugh-
terhouse porcine ovaries and cultured in two
types of modified NCSU-37 solutions under
5% tension for 48 h.  The rate of oocytes
maturing to the second metaphase was over
70%.  Two thousand one hundred thirty two
oocytes with the first polar body were used
as recipient oocytes for the somatic cell
cloning.  After nuclear transfer and 1 day of
culture, 1344 had developed to the 2-8 cell
stages.  All of them were capsulated in
sodium alginate (see NIAS Annual Report
2002) and transferred to 4 recipients.  Then
1100 putative cloned embryos (81.8%) were
collected from the oviduct at 4 days after the
transfer.  One hundred seventy four of them
(15.8%) were found to be at the morula and
blastcyst (MB) stages.  All of them were
transferred to 4 final recipients (25-54
embryos per each recipient) and one of them
became pregnant, producing one female
cloned piglet was born (Fig. 5).  The somatic
cell cloned pig grew normally and showed
the estrus.  It was concluded that in vitro
matured oocytes can be used for somatic cell
cloning in pigs.

Regulation of Insect Development
The regulatory mechanisms in insect

development, such as ecdysis and metamor-
phosis, are being studied in the silkworm at
the Insect Growth Regulation Laboratory.
Recent progresses are as follows; (1)
Induction of  apoptosis in epidermal cells and
gene expression of ecdysone receptor in the
midgut by 20-hydroxyecdysone (20E) were
not inhibited by adenylate cyclase inhibitors,
but inductions of proliferation and differenti-
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Fig. 5
A somatic cell cloned pig obtained from
an in vitro matured oocyte.



ation of neoplastic cells were inhibited by
those inhibitors.  These results suggest that
the latter inductions are on a signal trans-
duction system with cyclic AMP as a second
messenger.  (2) Juvenile hormone (JH)
induced follicle cell patency with concentra-
tion-dependently, whereas weak and no
induction were observed with thyroid and
20E, respectively.  The crude cell extract of
the follicle cells showed specific binding with
JHs at similar patency levels.  (3) An insect
cytokine, Bombyx paralytic peptide (BmPP),
induced proliferation of several Bombyx cell
lines dose-dependently.  BmPP did not induce
cell proliferation in cultured hematopoietic
organ, but, contrary to our expectations, sup-
pressed plasma-induced hemocyte discharge
from it.  (4) Injury of the epidermis induced
incorporation of BrdU after ten minutes on
the at injury side, and incorporation on the
other side was observed after 30 min (Fig. 6).
Those results suggested that DNA synthesis
for the repair of injured cells was induced by
humoral factor(s).  (5) Hemolymph JH bind-
ing protein was expressed abundantly with
the His-tag purification system and struc-
tural analysis of the binding protein was per-
formed by CD-spectrometry.

Genes expression of placenta 
specific molecules

We have been focusing our studies on
bovine trophoblastic cell differentiation and
function.  This year, we developed a bovine
utero-placental cDNA microarray.  By using
this array system and a quantitative RT-
PCR method, we determined differential
expression profiles of bovine placental genes.
The cDNA microarray technology is based on
Northern and/or Southern blotting and uses
the concept of complementary base pairing.
An oligo probe array system is commercially
available, however, there is no bovine pla-
centa specific array system available to date.
Hence we felt the need for a tissue- and
species-specific array system.  This led us to
fabricate an array system using cDNAs
made from bovine utero-placental mRNAs.
Thus, our custom cDNA microarray con-
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Fig. 6
Incorporation of BrdU into epidermal cells after injury.

Fig. 7
cDNA Microarray Analysis of Gene Expression During Gestation.

Fig. 8
Hierarchical clustering of  intercellular molecule genes in bovine uterus/placenta.



tained 1933 independent genes and by using
this array, we analyzed gene expression pro-
files and compared between pregnant
uterus/placenta and non-pregnant uterus.
The analysis data showed that 77 genes were
induced while 749 genes were supressed in
the placenta in comparison with non-preg-
nant endometrium.  The most remarkable
change observed in the present study was
the behaviour of a pregnancy-specific gene
family such as the pregnancy associated gly-
coprotein (PAG) family.  The expression of 16
out of 21 reported PAG genes in cattle
increased over two-fold in the caruncular
component but not in the intercaruncular
area on day 60 of gestation.  Furthermore,
other pregnancy-specific genes identified
were of the prolactin family (PLs and PRPs). 

To further characterize trophoblast cell
functions, absolute quantification of mRNA
species was carried out using Taqman real-
time RT-PCR technique.  We found that the
expression of bPAG-9 in the placentomal and
interplacentomal tissues were significantly
(P<0.01) higher than the expression of
bPAG-1 during the first trimester of gesta-
tion.  As gestation advanced, the transcrip-
tion pattern of the above bPAG genes from
mid-gestation to the peripartum period was
reversed with bPAG-1 being higher than

bPAG-9.  PRP-1 mRNA peaked in the pla-
centomal and interplacentomal tissues
around day 60 of gestation while PL expres-
sion peaked in placentomal tissue peripar-
tum.  It was apparent that the levels of both
bPL and PRP-1 transcripts were signifi-
cantly influenced by the type of tissue in pla-
centomal and interplacentomal regions, and
by age of gestation.  The high expression lev-
els of PL and PAG family members in early
gestation validate their association with tro-
phoblast cell differentiation and indicate
that these genes may be pivotal for implan-
tation in this species.
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Fig. 9
Comparison of placentomal bPRP-1, bPL, bPAG-1 and bPAG-9
mRNA transcription throughout gestation.

TNF signaling
The highlight of this year was the finding

that HSP70.1 gene knockout mice were no
longer protected by heat shock treatment
against lethal dose of TNF.  This finding was
made in collaboration with Dr. C. Libert,
Department of Molecular Biology, University
of Ghent. 

Bovine hematopoietic stem cell 
The number of white blood cells such as

neutrophils in the peripheral blood of mam-

mals temporarily decreases after the onset of
various infectious diseases and inflamma-
tions.  Then, this decrease is rapidly compen-
sated by in vivo generation of white blood cells
at an increased rate.  Thus, hematopoiesis,
that is, the generation of blood cells and reg-
ulation of this production is one of the major
factors which determine the course of disease
progression.  Stem cell factor (SCF) is a
growth factor that plays a central role in
hematopoiesis.  We have generated a mono-
clonal antibody (MoAb) that reacts to SCF of

olecular Biology and Immunology DepartmentM



cows, using as an antigen bovine SCF pro-
duced by a baculovirus vector.  We have pre-
viously generated MoAbs against bovine
c-Kit, which is the cell-surface receptor for
SCF.  The anti-bovine SCF MoAb, together
with these anti-c-Kit MoAbs, are indispens-
able tools for examining the role of the signal
transduction system consisting of SCF and c-
Kit in hematopoiesis of cows.

We have developed a sensitive ELISA
assay using the anti-SCF MoAb, and shown
that the concentrations of bovine SCF in
commercially-available lots of fetal calf
serum are quite low (below 100 pg/ml) and
that the concentration of SCF in the blood of
an adult cow is even lower.  Human SCF is
known to be present in the blood at concen-
trations around 3 ng/ml.  Many in vitro stud-
ies have indicated that human SCF shows
significant stimulatory effects on blood cells
at these concentrations, and it has been
argued that SCF in human blood could sup-
port the proliferation and/or survival in situ
of c-Kit-positive blood cells such as mast
cells.  Our ELISA result implies that the con-
centration of SCF in bovine blood is so low
that it can not exert any significant biologi-
cal effect on circulating blood cells, and sug-
gests that the biological role of SCF in cows
is different from that in humans.

We have been studying the expression of
SCF and c-Kit in the bovine hematopoietic
system by using MoAbs.  In addition, we are
working for the production of MoAb against
bovine CD34.  CD34 is a cell-surface glyco-

protein specifically expressed in progenitors
cells within the hematopoietic system, and
anti-CD34 MoAbs are widely used for isola-
tion and characterization of the progenitor
cells of humans and mice.  The lack of MoAb
reacting to bovine CD34 has been hampering
the study of hematopoiesis in cows.  Thus,
this MoAb, once obtained, will be a valuable
reagent for such studies. 

T Cell Receptor Signaling and Cytokine
Signaling in Immune Disorder 

The Molecular Immunology Laboratory is
conducting research on the ellular and mole-
cular mechanisms of innate and adaptive
immunity in mice, as a mammalian model
system.  Wiskott-Aldrich syndrome protein
(WASP) is an important adapter molecule in
T cell signal transduction.  To explore the
functional domains of WASP, we have gener-
ated monoclonal antibodies against the
WASP-EVH1 domain, and are trying to
express intracellular single-chain antibodies
in T lymphocytes to specifically inhibit the
functions of this domain (Fig 1).  Tumor
necrosis factor alpha (TNF ) is a multifunc-
tional cytokine in the host’s immune
responses.  Several lines of evidence suggest
that TNF contributes to the control of try-
panosomiasis, a disease caused by patho-
genic parasites.  To determine whether
TNF directly affects the growth of try-
panosomes, we studied the effects of recom-
binant mouse, human and bovine TNF on
the growth of African trypanosomes under
axenic culture conditions.  Recombinant
TNF did not affect the growth of any of the
test trypanosomes even at the maximal con-
centrations that could be attained in the cul-
ture systems.  The impact of TNF on
trypanosome parasitemia may be indirect, at
least with respect to the strains of try-
panosome tested here.

It is known that the environment in the
intestine markedly affects the immunological
homeostasis of the host.  We are studying the
interaction between innate and adaptive
immune signals in the intestinal mucosa,
with emphasis on oral tolerance.  We found
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Fig. 1
A strategy to inhibit the functions of WASP-EVH1 domain by intrabody.
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that antigen-specific regulatory  T cells were
induced in Peyer’s patches, and these cells
played a role in the induction and mainte-
nance of oral tolerance.  Inflammatory
cytokines  such as IL-18 had important roles
in the development of such regulatory T cells
in oral tolerance, as IL-18-deficient mice
failed to establish antigen-specific regulatory
T cells.  These results are applied to cope with
food allergies and design of functional food.

Finally, we are trying to establish central
nervous system stem cell lines from pig
embryo brains, as a possible donor cell candi-
date for somatic cell cloning in pigs.
Characterization of several possible cell lines
is in progress.

Innate Immune System in Insect
We determined the three-dimensional

solution structure of moricin, an antibacter-
ial peptide from the silkworm Bombyx mori
by NMR.  The result revealed a unique struc-
ture comprised of a long -helix containing
eight turns along nearly the full length  of
the peptide, except for four N-terminal
residues and six C-terminal residues. 

We analyzed gene expression of nitric
oxide synthase (BmNOS) and Toll receptor
homologue (BmToll) from B. mori.  The
BmNOS gene was constitutively expressed at
a low level in different tissues and induced
strongly in the fat body but not in other tis-
sues by lipopolyssaccharide (LPS), suggest-
ing that the BmNOS gene plays different
physiological roles in different tissues.
Injection of NO donors that produce NO in
vivo induced gene expression of an antibacte-
rial peptide, cecropin B, strongly suggesting
that NO produced by BmNOS following LPS
stimulation is involved in signal transduc-
tion as a signalling molecule for immune
gene expression. BmToll gene is constitu-
tively expressed in the fat body but not in
other tissues.  Injecting LPS into silkworm
hemocoal strongly suppressed BmToll gene
expression, suggesting down-regulation of
BmToll gene expression by LPS.

We cloned a gene encoding coleoptericin,
an antibacterial peptide, from the beetle

Allomyrina dichotoma.  The 5’-upstream reg-
ulatory region of the A.d. coleoptericin was
shown to contain regulatory motifs such as
NF- B site, a region 1 (R1), a NF-IL6 site, 2
GATA motifs and 3 CATT(A/T) motifs.
Functional analysis of the regulatory sites
suggests that the NF- B site is indispens-
able for A.d. coleoptericin gene expression
and R1 is also necessary for full gene expres-
sion.  We identified four defensins, antibacte-
rial peptides in the soft tick Ornithodoros
moubata. Ornithodoros defensin genes are
predominantly expressed  in the midgut and
up-regulated in response to blood feeding.
The mature peptide of Ornithodoros defensin
A was purified from the midgut lumen, indi-
cating defensin is secreted into the midgut.
These findings suggest the involvement of
Ornithodoros defensin in midgut immunity.

Complex Disease Trait Analysis and
Development of Transgenic Technology

We are studying animal diseases both by
classical genetics and reversed genetics.
Classical genetic study is focused on meta-
bolic disorders.  For the reversed genetic
studies, we are developing a new technology
to produce transgenic animals.

Quantitative trait locus (QTL) analyses of
metabolic disorders, such as non-insulin-
dependent diabetes mellitus (NIDDM) and
hyperlipidemia, were carried out in mice.
We identified QTLs responsible for these
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Fig. 2
The lowest energy structure of moricin among the 20 final structures.
A: Ribbon diagram of moricin with side chains of basic residues shown
in ball-and-stick.  The helix is shown in red.  B: Surface electrostatic
potentials of moricin oriented as in (A), colored by electrostatic potential
with positive regions in blue and negative region in red.  C: Electrostatic
surface as in (B) rotated by 180 degree about the vertical axis.
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traits on chromosomes 1, 8 and 9, repeti-
tively.  The confidence intervals of these
QTLs included plausible candidate genes,
and several of them exhibited polymor-
phisms among inbred strains.

We have established a simple and inex-
pensive technology to produce transgenic
mice by transforming male germ cells in
vivo.  We are developing a new selection
marker to apply our new transgenic technol-
ogy to the homologous recombination-medi-
ated gene knock-out technology.  We are also
studying the transcription factor which dri-

ves male germ cell-specific gene expression. 
We are studying the effects of toxic com-

pounds on male meiotic recombination in
mice to identify the basic mechanism of
genome alteration in a germ line.  We tested
two compounds, 2, 3, 7, 8- tetrachlorodibenzo-
p-dioxin (TCDD), and type II topoisomerase
inhibitor etoposide.  Both compounds have
been reported to induce enhancement of
recombination in somatic cells.  In our study,
both compounds showed chromosomal
region-dependent suppression/enhancement
of meiotic recombination.

To study the immunological diversity of
Japanese domestic cattle, we surveyed poly-
morphisms of the major histocompatibility
complex (MHC) class II gene DRB3.  The
DRB3 gene is located within the MHC on
chromosome 23, and has major roles in
immunological function.  The gene is known
to be one of the most polymorphic genes in
the bovine genome.  We collected genomic
DNA samples from Japanese domestic cattle
(Wagyu) in two locations, Yamagata and
Shimane, and analyzed genetic polymor-
phisms of the DRB3 gene at the molecular
level.  We found that the DRB3 gene in both
populations was extensively polymorphic.
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Fig. 3
KK and KK-Ay mice as obesity and diabetes models.

C57BL/6 KK KK-Ay

Multi-electrode recording of neural
activity in the insect brain

To understand how the odor information
is encoded in the antennal (olfactory) lobe in
insects, it is important to first understand
the relationship between spatial and tempo-
ral properties of neuron responses.  Using
the multi-electrode techniques originally
developed for the mammalian brain, odor-
evoked responses from many neurons within
the lobe of Periplaneta americana were
recorded simultaneously.  The findings con-
firmed that the method can be used to
explore the dynamic, spatially organized

hysiology and Genetic Regulation DepartmentP

Fig. 1
Examples of spike waveforms from five neurons recorded simultaneously
by multi-channel microelectrodes.  Each neuron was clearly discriminated.



neural activity patterns evoked by different
odors (Fig. 1).

Oosorption in the stink bug: 
dynamics of vitellogenin 

Oosorption, resorption of the developing
oocyte, is widely known, but its regulatory
mechanism is not well understood.  In the
brown-winged green bug, Plautia crossota
stali, the fate of yolk protein precursor, vitel-
logenin (Vg), during oosorption was followed.
Western blotting analysis using an anti-Vg
antiserum detected two major and several
minor bands in haemolymph of fed females
(Fig. 2A).  A different set of bands was found
in the ovaries (Fig. 2B), indicating that yolk
protein, vitellin, is formed after uptake of Vg
by the oocytes.  In starved, oosorption-
induced females, Vg concentrations in the
haemolymph decreased, and neither oosorp-
tion-specific nor ovary-specific bands were
detected in the haemolymph (Fig. 2A).
These results suggest that once oosorption
was induced, vitellin in oocytes was
degraded rapidly and released into the
haemolymph in the form of amino acids or
small peptides too small to be recognized by
the anti-Vg antiserum.

Sterol nutrition of silkworms
Nutrition by sterol, an essential nutrient

for insects, was compared between two silk-
worms, Bombyx mori and Samia cynthia
ricini. B. mori requires over 1 mg/g of dietary
sterol for normal development, whereas S. c.
ricini can grow with less dietary sterol
intake, only 0.25 mg/g.  Fig. 3 shows that the
sterol content of surviving larvae of B. mori
was almost constant regardless of intake,
and that of S. c. ricini was proportional to
diatary sterol.  These different responses to
dietary sterol indicate that the two silk-
worms might have different systems for
sterol nutrition.

Effects of water-soluble solvents on
taste responses in insects

For recording taste responses to chemi-
cals, we often use different solvents.  We

investigated the effects of such solvents on
taste responses in Bombyx mori.  Responses
to plant extracts as well as sucrose, myo-
inositol and strychnine nitrate recorded from
the maxillary sensilla of larval B. mori were
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Fig. 2
Western blotting analysis of the haemolymph (A) and ovaries (B) of P. c.
stali females starved from day 4.  Bands were visualized using an anti-
vitellogenin antiserum.  Numbers above lanes indicate the length of star-
vation period in days.  Fed: samples collected from day 6 fed females.
*: major bands found in the haemolymph.

Fig. 4
Responses to methanol extracts of plant leaves (A, B: Morus alba, C, D:
Aristlochia debilis) recorded from the maxillary styloconic sensilla (A, B:
lateral styloconica, C, D: medial styloconica) of B. mori using different
solvents (A, C: ethanol, B, D: DMSO).

Fig. 3
Comparison of sterol content in larvae of two silkworms.



suppressed when dissolved in 1%, 5% or 10%
DMSO while ethanol had no effect (Fig. 4).
The effects were dose-dependent for both
spike frequency and spike height.  Although
suppression of spike frequency was competi-
tive, the spike heights were still suppressed
even at higher concentrations of sucrose.  Of
the other solvents tested, viz., isopropyl alco-
hol, acetone and tetrahydrofuran had little
or no effects even at concentrations of 10%.
Dimethyl formamide (DMF) suppressed the
responses to sucrose and inositol.  DMSO is
widely used in experimental toxicology and
pharmacology to dissolve hydrophobic sub-
stances.  Solvents should be selected care-
fully because the effects may vary among the
targeted cells or species.

Intraspecies variation of cuticular
hydrocarbon composition in 
Formica japonica

Cuticular hydrocarbons and morpholog-
ical features were compared among 80
Formica japonica Motschoulsky (Hymenoptera:
Formicidae) colonies collected in Japan.
Although few morphological differences were
found in workers among the colonies, four
different types of cuticular hydrocarbon com-
position were observed (Fig. 5).  This was

supported by principal component analysis.
We further compared the cuticular hydrocar-
bons among a total of approximately 400 F.
japonica colonies, and categorized the hydro-
carbon components into four types based on
the results of discriminant analyses of the
first 80 colonies.  Type 1 was observed in
colonies mainly collected in southern
Honshu, Shikoku, and Kyushu.  Types 2, 3,
and 4 were from colonies with primary col-
lections in Southern Honshu, central and
Pacific coast northern Honshu, and the Sea
of Japan coasts of northern Honshu and
Hokkaido, respectively (Fig. 6).  The occur-
rence of four distinct types of CHC composi-
tion suggests that the colonies that produce
them are separate species.

A naturally-occurring pig Mx1 allele
(11 bp deletion) results in reduced
activity for interference of influenza
virus multiplication 

We previously identified three Mx1 gene
alleles in domesticated breeds of pigs, one of
which had an 11 bp deletion in exon 14.
Whilst an allele frequency of around 30%
was observed for the 11-bp deletion in sev-
eral herds of Landrace and other breeds of
pigs, the rate of homozygosity for the 11-bp
deletion was extraordinarily low.  We there-
fore suspected that the deletion might have a
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Fig. 5
Gas chromatograms of four different types of cuticular
hydrocarbons of F. japonica workers.

Fig. 6
Distribution of four types of F. japonica in Japan. 



considerable effect on the susceptibility of the
pig to diseases originating from RNA viruses.

We have recently demonstrated in vitro
that the naturally occurring deletion allele of
Mx1 lacks the normal activity of suppression
of influenza virus multiplication.  The cDNA
of Mx1 genes of wild type (no deletion), with
3bp deletion and 11-bp deletion were
obtained.  The different cDNAs were then
transferred into mouse 3T3 cells for analysis.
These four transformed 3T3 cells were inocu-
lated with the influenza virus, A/Aichi/2/68
(H3N2).  Virus concentration in the incuba-
tion media was examined at specific time
intervals for 54 hours.  Multiplication of the
virus at 18 hours and 36 hours post-infection
was observed to be 10 to 100 fold greater
with the 11bp deletion allele (or the control
vector) than that for wild type and the 3 bp
deletion alleles (Fig. 7).  We conclude that
the 11 bp deletion type has no anti-viral
activity able to contribute to the interference
of influenza virus multiplication. 

Concept for Cellomics Study utilizing
Cell-Substratum Interactions:

We established a novel concept for cel-
lomics study to systematically analyze cell
behavior and phenotypes.  We noticed that
thin tissue sections retained the original
microarchitecture and composition of the 
tissue and developed a breakthrough tech-
nology for culturing animal cells on a sub-
stratum made of tissue/organ sections for
histopathology (TOSHI).  TOSHI-substratum
conserves many of the biochemical factors
that serve as signaling cues for inducing cell
behavior and phenotypes.  Also, TOSHI-sub-
stratum can be prepared from any animal
tissues/organs and also the entire bodies of
small animals.  Considering these advan-
tages, the analysis of interactions between
different cell types and various TOSHI-sub-
strata will play an important role in a novel
approach to cellomics study.  In the near
future, it will be possible to explore key mol-
ecules within TOSHI-substrata that regulate
cell behavior and to estimate gene function
by measuring differences in cell behavior on

TOSHI-substrata before and after transfec-
tion of an exogenous gene.  Furthermore, it
may be possible to reconstruct organoids that
conserve hierarchical cellular architectures,
i.e. cell lineages (Fig. 8).

Recording of electroencephalogram
(EEG) in unrestrained piglets

An electroencephalogram (EEG) is
recorded as the summated electrical activity
of neurons in the brain, which reflects its
state and the level of consciousness.  The
animal is often restrained for recording the
EEG, however, normal neuronal activities
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Fig. 7
Time course of multiplication of influenza virus in the medium used for
inoculation test of mouse 3T3 cells transformed with three types of pig
Mx1 gene.  3T3: Vector alone was transformed, 3T3-11:Mx1 gene with
11 bp deletion was transformed, 3T3-0: wild type Mx1 gene (no deletion)
was transformed.  3T3-3: Mx1 gene with 3 bp deletion was transformed.

Fig. 8
Application area of a TOSHI-substratum.

Application area of a TOSHI-substratum

- Induction of cell differentiation
- Serum-free culture
- Exploration and/or production of bioactive molecules
- Analysis of cell characteristics
- Estimation of gene function
- Reconstruction of tissues / organs

“ Cellomics ”
Systematic analysis of cell behavior and phenotypes dependent upon

the interaction between different cell types and various TOSHI-substrata

Cells (normal cells, cancer cells, cells transfected with an exogenous gene, etc.) 

TOSHI-substratum made of liver, skin, brain, placenta, whole body of small animals, etc.
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Signals

Various
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appear to be affected by immobilization
stress.  As pigs are considered to be very sen-
sitive to restraint, a radiotelemetry recording
system for  EEG was developed for use in the
freely moving condition.  Under general
anesthesia with halothane, a pair of the
transmitters (10 mm × 10 mm × 5 mm) and
electrodes (Ag-AgCl2) were implanted and
fixed with dental acryl cement on the surface
of the skull of Landrace piglets.  After recov-
ery from operation, bilateral EEGs of the
piglets were detected (Fig. 9), and power
spectra were obtained using Fast Fourier
Transform (FFT) algorithm.  The FFT analy-
sis provided data showing that while lying
down in the daytime, slow waved with fre-
quencies from 1 to 3.9 Hz are often dominant
in the EEGs of these animals. 

Cholecystokinin may mediate the
action of male pheromone in goats

In goats, exposure to male pheromone
accelerates the pulsatile gonadotropin-
releasing hormone (GnRH) secretion and
thereby stimulates the activity of reproduc-
tive functions in female animals.  We
hypothesized that cholecystokinin (CCK), a
neurotransmitter widely distributed in the
brain, is a mediator of the male pheromone
in goats.  In the present study, we examined
whether central administration of CCK
accelerates pulsatile GnRH secretion simi-
larly to male pheromone. 

Female goats were implanted with record-
ing electrodes in the mediobasal hypothala-
mus, and electrophysiological manifestations
of the GnRH pulse generator, which governs
the pulsatile secretion of the hormone, were
monitored as characteristic increases in mul-
tiple-unit activity (MUA volleys).  Several
doses of CCK were administered into the lat-
eral ventricle of female goats, and effects on
the activity of the GnRH pulse generator
were assessed.  A bolus injection of CCK
induced MUA volley immediately after the
treatment (Fig. 10).  Continuous infusion of
CCK accelerated the occurrence of the MUA
volley throughout the infusion period (Fig.
11).  The results clearly demonstrated that
central CCK stimulates the activity of the
GnRH pulse generator and support the
hypothesis that CCK mediates the action of
male pheromone against the GnRH pulse
generator in goats. 
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Fig. 9
An example of EEG recording in a piglet lying down in the
daytime.

Fig. 10
MUA profiles in a representative goat receiving a
bolus injection of saline (400 µl) or CCK (0.1 nmol)
into the ventricle.

11:00 12:00

Clock time (h)

M
U

A
 (

10
3  s

pi
ke

s/
m

in
)

10

0

20

10

0

CCK

saline

Fig. 11
A MUA profile and inter-volley intervals in a represen-
tative goat receiving continuous infusion of CCK 
(3 nmol/200 µl/h) for 3 h into the ventricle.
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The research activities of our department
are mainly focused on molecular and conven-
tional genetics of insects including the silk-
worm, biochemical analyses of insect-plant
interaction, characterization and breeding of
natural enemies, and basic and applied stud-
ies on insect-associated microbes, including
pathogens and symbiotes.

Molecular and evolutional analyses
of insects

Genetic diversity
The entire mitochondrial DNA of seven

Saturniidae moths including Antheraea pernyi,
A. yamamai and others were sequenced and
subsequently analyzed.  They have small
A+T-rich regions relative to other insect fam-
ilies.  Two patterns in the molecular evolu-
tion of tRNA clover-leaf structures were
found: First, the secondary structures of
tRNA are highly conserved, and second, the
sizes of loop regions (except for the anti-
codon loop) were variable among species.  In
addition, the absence of intergenic spacer
sequences including repetitive sequences
found in Bombyx mori and B. mandarina
was confirmed in the seven Saturniidae
moths.

To analyze the evolutionary relationships
among fruit flies belonging to the genus
Bactrocera, segments of mitochondrial DNA
were sequenced using 27 species of the Asia-
Pacific region.  The topologies of molecular
phylogenetic trees were supported by rela-
tively high confidence levels, but they dis-
agreed in part with the currently accepted
morphological classification.  Molecular phy-
logenetic analyses of water striders Gerris
insularis in Japan revealed that they could
be classified into three distinct groups, indi-
cating that there was at least one new
species and two new subspecies in this
insect.

The insecticide resistance level of the
brown planthopper was increased through
treatment with a sublethal dose of malathion.
The increase varied among races, and the
rate of induced insecticide resistance did not
always correlate with the rate of increased
esterase activity. 

To confirm that the og gene, whose muta-
tions cause translucent silkworm larval skin,
encodes molybdenum cofactor (MoCo) sul-
furase, which activates xanthine dehydroge-
nase synthesizing uric acid and makes the
skin opaque, we analyzed the MoCo sul-
furase gene structure in og mutants.  The ogk

and ogt mutants have a 1 kb deletion and a
500 bp insertion, respectively, both of which
cause premature stop codons.  Our findings
showed that the og gene is the silkworm
MoCo sulfurase gene.  The insertion in the
ogt mutation was a new transposon and was
named Organdy.

Insect genome and agricultural chemicals
A number of cDNA clones made from var-

ious organs of a rice pest, the brown plan-
thopper, were sequenced.  Twenty thousand
EST were obtained and organ specific genes
were selected from the EST.  The effects of
pesticides on the gene expression in the plan-
thopper were studied at transcriptional and
translational levels, and several proteins
were found to be up- or down-regulated after
insecticide treatment.

Methylation of genomic DNA
The DNA methylation status in insect

genomes has been controversial because the
methylation level is very low.  We developed
a new method to detect the DNA methylation
in Bombyx mori efficiently.  This method
revealed that genomic DNA of B. mori con-
tains methylation modification, and that at
least some DNA methylation occurs in the
context of CpG. 
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Genetics and evaluation of silkworm
stocks 

A new silkworm mutant showing inter-
sexual characteristics was discovered, and 
it was fixed as Isx-2 strain.  By genetic
analyses, the mutant gene was located on
the W-chromosome, and it was named
“Intersexuality-2” with the gene symbol Isx-
2. In addition, a new mutant showing brown
egg color was found (Fig. 1).  Mapping of
homeotic mutant genes was examined by a
three-point test.  Three homeotic mutant
genes belonging to E-pseudoalleles, (EMu, EKp,
and ECw) and Nc were arranged in order from
the proximal side of the sixth linkage chro-
mosome.

Whether SNPs could be utilized for iden-
tification and evaluation of silkworm genetic
stocks was examined.  The base sequence
was decided by sequencing directly from the
template of PCR-amplified fragment of a
part of the BmHSC70 gene.  SNPs were
detectable by comparison of 14 races of silk-
worm.  Thus, SNPs were advantageous in
speed and convenience for genotyping of silk-
worm races.

A total of 248 silkworm breeding stocks
were maintained.  Among them, 175 breed-
ing lines were characterized and registered
in base collections of animal genetics in
MAFF Genebank.  On reeling character,
1,631 items were collected for the construc-
tion of a database. 

Insect-plant interactions 
Many plants contain latex that exudes

when leaves are damaged.  We are focusing
on the defensive roles of latex against herbiv-
orous insects using larvae of Eri silkmoth
(Samia ricini, Saturniidae), which are suc-
cessfully used to perform bioassays to evalu-
ate plant defense levels and performance of
plants with herbivorous insects.  We found
that many latexes from which no toxins had
been reported were toxic to lepidopteran lar-
vae, and that proteineous factors in latexes
often accounted for these toxicities, suggest-
ing that plant latex and its components are
important parts of plant defense systems. 

The leaf beetle, Ophraella communa (Fig.
2), which intruded into Japan from North
America in 1996, attacks Ambrosia artemisi-
ifolia almost exclusively in the field.  The
feeding of O. communa was strongly stimu-
lated by methanol extracts of A. artemisiifo-
lia.  The methanol extracts were separated
and purified by HPLC and other methods,
and we found that triterpenoids and phenyl-
propanoids in the extracts showed stimulant
activity when mixed.

The salivary composition of homopteran
insects is crucial for effective feeding.  The
salivary glands of green rice leafhopper
Nephotettix cincticeps that had been fed
sucrose solution exhibited diphenoloxidase
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Fig. 1
A new silkworm mutant, maternal brown egg of shimizu
(b-2S); Comparison of egg colors between + (wild type)
and b-2S.

Fig. 2
The leaf beetle Ophraella communa, an herbivore of a
weed, Ambrosia artemisiifolia.
It is about 5 to 6 mm long. 



activity, which was found to detoxify plant
defensive chemicals.  The salivary gland
extract oxidized both ABTS and syringal-
dazine, specific substrates for laccase, and
was inhibited by N-hydroxy glycine, a spe-
cific inhibitor against laccase, indicating that
the diphenoloxidase is laccase.  This enzyme
was detected in V cells of salivary glands,
and its activity was almost constant through
2-14 days after eclosion.

Natural enemies
Phytoseiid mites, useful natural enemies

against spider mites, are often difficult to
identify as a species morphologically.  An
easy method for identification using PCR-
RFLP of ribosomal DNA regions was devel-
oped; seven species including Amblyseius
spp. Phytoseius spp. and Typhlodromus vul-
garis could be clearly identified.  To identify
high-fecundity individuals in a laboratory-
reared phytoseiid mite, A. womersleyi, RAPD
markers were screened.  Among 143 loci
amplified using 21 primers and 2 strains, 2
loci were highly linked to fecundity.  To
obtain a genetically different predator strain,
we are testing the olfactory responses of var-
ious populations of A. womersleyi to volatiles
of spider mite-infested plants in a Y-shaped
olfactometer.

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, seven
microsatellite markers were developed.
Genetic diversity was significantly lower in
the commercially available strains than in
natural populations.  However, PCR-RFLP of
the mitochondrial COI gene and internal
transcribed spacer (ITS) of nuclear ribosomal
DNA were Orius species-specific.  Nucleotide
sequences of the sodium channel para- like
locus and ITS1 showed length variations
among strains and individuals. 

It is unkown if nondiapause commercial

strains of Orius species affect diapause of
native strains when they are released.  We
investigated the genetics of diapause using
Fukushima strain (diapause) and Okinawa
strain (nondiapause) of Orius strigicollis.
Although the observed incidence of dia-
pause in F1 between two strains differed sig-
nificantly from the expected incidence of
diapause calculated from an additive inheri-
tance with no dominance model, the dia-
pause response in F2 and backcrosses to 
both parental lines fitted an additive inheri-
tance with incomplete dominance model.
Consequently, the results suggested that the
diapause trait in O. strigicollis is under the
control of an additive inheritance with
incomplete dominance.

Symbiotes

Endosymbiotes of arthropods
Intestinal intracellular symbiotes of

stink bugs were molecular-phylogenetically
studied and they were found to be closely
related to bacteria in the Enterobacteriaceae.
Wolbachia in the small brown planthopper,
Laodelphax striatellus, was cultured in an
insect cell line and transferred to the brown
planthopper, Nilaparvata lugens, by micro-
injection.  The transferred Wolbachia showed
cytoplasmic incompatibility in N. lugens but
the incompatibility level was weaker than in
L. striatellus.

Protozoan cellulases which support 
symbiotic termite species

We formerly elucidated that termites gen-
erally have cellulase genes coding enzymes
in glycosyl-hydrolase family 9 (GHF9).  We
found that protozoa in the hindgut of symbi-
otic termite species also have cellulase genes
coding enzymes placed in a different family 7
(GHF7).  Both enzymes may work synergisti-
cally and support efficient cellulose digestion
of the host termites.

A new virus family
The family Dicistroviridae is a recently

approved taxon of RNA viruses from inverte-
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brates.  The genome of dicistroviruses is
characterized by its eponymous dicistronic
feature encoding coat protein at the 3’ end.
The intergenic region of the genome contains
an internal ribosome entry site element
where ribosomes are recruited.  This element
controls translation of viral coat proteins.
We probed the RNA structure of the element
in the presence or absence of purified 40S
ribosomal subunits, and footprint analyses
showed that conserved short nucleotide seg-
ments in dicistroviruses play a crucial role in
initiation of translation mediated by the ele-
ment.

Microflora in the insect gut and phyto-
plasma

Microflora from the digestive tracts of

more than 130 species of insects were studied
in order to utilize the microorganisms for pest
control. Enterobacter, Pantoea, Klebsiella,
and Pseudomonas were frequently isolated
from several genuses of insects, in which
major floras formed, suggesting that these
bacteria may be utilized as biocontrol agents
by introducing the ice nucleation active
genes.  MD-phytoplasma was verified to mul-
tiply in salivary glands of Erythroneura mori
by electron microscopy, suggesting a new
vector insect. 

Insect pathogens
We studied several insect pathogens,

including viruses, bacteria and fungi, and
plant pathogens to clarify biological function,
and applied our findings to the biological
control of pests and other purposes.  For
the first time, we elucidated the mecha-
nism by which entomopoxvirus (EPV) spin-
dles, and paracrystalline proteinaceous
bodies enhance nucleopolyhedrovirus (NPV)
infection.  Namely, Anomala cuprea ento-
mopoxvirus (AcEPV) spindles disintegrated
the peritrophic membrane of the host insect
of an NPV as a barrier against NPV infection
(Fig. 3).

Four of 15 races of the silkworm showed
resistance to Cry1Ab toxin of Bacillus
thuringiensis and three of four Cry1Ab toxin-
resistant races were also resistant to Cry1Ac
toxin of B. thuringiensis.  However, no strong
relation was observed between Cry1Ab and
Cry1Ac toxin susceptibility in silkworm
races.  There was up to one- thousand-fold
difference in the resistance to infections of
Beauveria brongniartii by percutaneous
infection of the conidia among silkworm
races.  One isolate of Mytothecium verrucaria
from a diseased plant produced toxic sub-
stances which induced necrosis on the mul-
berry leaf. 
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Fig. 3
Peritrophic membrane (PM) of Bombyx mori larvae after one day’s
access to an artificial diet containing AcEPV spindles (3 × 106 spindles
per larva) or sterile distilled water.  The condition of the PM was
observed in phosphate-buffered saline.  A-1: Soon after access to spin-
dles; the PM had disappeared completely (food content dispersed).  A-
2: Control treatment; the PM remains normally (food content did not
disperse).  The PM (arrow) was intentionally bent using forceps for easy
recognition.  B: One day after access to spindles; the spindle-treated
PM (right) is shorter than that of control (left).  Bar indicates 10 mm.
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Development of biosensors and
related materials focusing on the
immolization of chemical recogni-
tion molecules

Analysis of sugar receptors in an extract
from the taste organ of flesh fly was carried
out, and techniques for immobilization  of
liposome as a biosensor sensing tip on solid
supports was studied.  A significant change
of plasmon resonance by contact with glucose
and galactose solution on the tethered lipid
bilayer containing the extract was observed.
This finding indicated the existence of sugar
receptor molecules in the extract.  The differ-
ences in the responses among sugars corre-
sponded to the taste behavior of the fly.

We prepared new glycoconjugates (Lac-
CY-SF) composed of silk fibroin and lactose
bearing the galactose residue, which is recog-
nized by asialoglycoprotein receptors on the
surface of hepatocytes.  The effect of the
immobilized galactose residues on the
attachment of rat hepatocytes was examined
by using polystyrene culture dishes coated
with 0.01%, 0.1%, and 1% solutions of Lac-
CY-SF.  The attachment on the dishes coated
with 0.1% and 1% solutions of Lac-CY-SF
was comparable to that on collagen-coated
dishes, indicating that Lac-CY-SF is useful
as a scaffold for hepatocyte attachment.

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

By using an acoustic volumeter, the vol-
ume change of 5th instar larvae of the silk-
worm and pupae under different rearing
conditions was examined.  Regardless of
rearing conditions or sex, a positive correla-
tion (R=0.9) was established between body
weight and volume of both silkworm larvae
of the 5th instar at 5-6 days or pupae at 7-8
days after mounting.  The density (body
weight/volume) of these larvae and pupae

was 1.08-1.09, and 1.06-1.07, respectively.
These results indicate that neither 5th instar
larvae nor pupae of the silkworm showed a
difference in density by the rearing condi-
tions or sex.

In order to improve the hemolymph col-
lection system, a new silkworm feeder was
developed.  The feeder consists of a loading
chute, a chain conveyer with delivery arms,
receipt jigs (holding implement), an electro-
magnetic clutch and universal joints.  And it
was installed for the collection system.
More, the holding implement improved pre-
vious models.  As a result, one silkworm was
able to be supplied to the hemolymph collect-
ing system every two seconds with one per-
son operating the new feeder system, and the
amount of hemolymph collected was about
13% of the silkworm body weight. 

In order to improve our MOSFET proper-
ties, we attempted to improve the fabrication
process.  We deposited a thicker aluminum
layer of conduction paths than previously in
order to prevent bad contact between the sili-
con and aluminum layers.  Furthermore, we
added a sintering process using high temper-
ature hydrogen gas.  These changes resulted
in better ohmic contact between the silicon
and aluminum.  Consequently the properties
of MOSFETs were improved and we could
obtain 3.2-fold amplification of small signals.

We made microelectrodes, which can pen-
etrate into insect muscles and nerves, for
recording the signals from living insects.
The microprobes of our electrodes were made
of a single crystal of silicon, because it has
very good rigidity to penetrate into living
organs.  An aluminum layer with low resis-
tance patterned conduction paths, and a
polyimide layer covered the electrodes to
insulate the paths from each other.  The size
of the microprobes was 10 µm(thickness) ×
10 µm(width) × 140 µm(length), selected due
to the size of silkworm moths’ macro glom-
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era, which process odor information from the
antennae.

Development of new sericological
technology and materials using 
sericulture related products

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

Microspheres prepared from insect chitin
showed a wide particle size distribution.
Recovery of  specific particle sizes of micros-
pheres by the sieve division method was
attempted.  Fractionation of particles in 6
samples, except for those over 212 µm and
180-212 µm showed a particle size distribu-
tion shape equal to the standard particle
(polystyrene) with a narrow distribution

width (Fig. 1).  By utilizing the standard
sieve, we were thus able to sort the particles
with narrow distribution widths from
microspheres with a wide particle size distri-
bution.

As a method for preparing chitin from
waste cuticle, material containing lipid could
be extracted from the cuticle when supercrit-
ical carbon dioxide was used as the solvent.
It was clarified that the supercritical fluid
technique is more consistent with the Insect
Factory System aim of zero emissions, in
comparison with the conventional method by
heating and reflux of ethanol solution,
because the lipid could be removed at a high
proportion without using any organic sol-
vents.

The biodegradation behaviors of solution-
cast Bombyx mori/Antheraea pernyi silk fibroin
blend films were examined after proteolysis
with chymotrypsin (Fig. 2).  The extent of
biodegradation was evaluated on the basis of
weight loss in the course of the biodegrada-
tion test.  As a result, we found that the
extent of biodegradation of the specimen
increased as the content of Bombyx mori silk
fibroin in the blend increased, suggesting a
significant resistance of tussah silk fibroin to
proteolysis reaction.

Chemical and physical characteriza-
tion silk fibiroin and other biopoly-
mers and development of their
applications to wound covering
materials and others

The effect of fibroin samples on the
growth of human fibroblast cells was exam-
ined.  Silk fibroin obtained from fresh
cocoons enhanced the proliferation of fibro-
blasts to a similar extent as collagen I.
However, the fibroin molecules were ran-
domly degraded by boiling in sodium carbon-
ate solution, and the cell proliferation
activity decreased with the degree of molecu-
lar degradation.

As the digests of sericin a and b gave sim-
ilar patterns on SDS-PAGE, the sericins
were considered to derive from a single gene
(Fig. 3).  Amino acid sequences of the two
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Fig. 1
The particle size distribution of the microsphere from insect chitin.

Fig. 2
Biodegradation of Bombyx mori/Antheraea pernyi silk fibroin blend films
by chymotrypsin.



peptides obtained from sericin a revealed
that sericin a is the product of the Ser1 gene.
The peptides obtained from sericin d did not
correspond to any translated region of the
Ser1 or the Ser2 gene previously reported.

Spider dragline is a fibrous protein pos-
sessing both high tensile strength and elas-
ticity.  Attenuated total reflection-Fourier
transform infrared (ATR-FTIR) spectroscopy
has been used to study the molecular mecha-
nism of spider dragline.  The absorption
intensities of the C=O and N-H groups of
protein molecules are quite different between
polarized spectra (Fig. 4), demonstrating
that the functional group in dragline is con-
siderably oriented to the fiber axis.
Secondary structural analyses suggested the
abundance of -sheet and aggregated strand
structure.

Silk powder below 5 µm in particle size
with cell-proliferation activity was mixed at
5% into the skin layer of skin(20)-core(80)

structure synthetic fiber.  The non-woven
fabric made of the fiber was found to be
hygroscopic and pleasant to the touch.
However about half of the powder fell away
from the fiber by ten times washing.

The conditions required to make a sponge
structure from silk fibroin aqueous solution
were investigated with the aim of better
understanding and control of the structure
formation process (Fig. 5).  In the mechanism
of sponge structure formation we speculated
that the phase separation process of fibroin
aqueous solution played an important part.
The phase separation required addition of a
small amount of water-soluble organic sol-
vents, low temperature at -20˚C and time of
more than 6 hrs. 
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Fig. 4
Polarized ATR-FTIR spectra of spider dragline.

Fig. 5
Change in appearance of silk fibroin sponges prepared using various
solvents.

Fig. 3
Reverse phase chromatograms of sericin d digested by
lysyl endopeptidase (A,B), SDS-PAGE pattern of purified
peptides (C ), and N-terminal sequences of three pep-
tides (D).
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The major targets of the Insect Biotech-
nology and Sericology Department are the
development of functional insect cell lines
and transgenic insects, production of useful
substances massively using the transgenic
insect systems, and the development of new
silk materials with healthful and profitable
applications and which are based on develop-
ment of new sericultural technologies includ-
ing breeding of characteristic new varieties
of silkworms.

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

There are 49 Japanese native silkworm
races maintained and preserved as a genetic
resource at the National Institute of Agrobio-
logical Sciences.  Using 45 of these races, we
conducted principal component analysis
using 19 quantitative characteristics of
cocoon filament quality.  The findings were
organized into three independent compre-
hensive characteristic values.  As a result of

the principal component analysis from the
filature viewpoint, we have found the follow-
ing tendencies as characteristics of Japanese
native races: races with heavier cocoon fil-
aments lay a large number of eggs. races
with a longer total duration of instar have a
longer duration of last instar. races with a
greater cocoon width have large cocoon vol-
ume. races with a higher raw silk per-
centage have longer and thicker cocoon
filaments (Table 1).

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

We have developed the linkage analysis
and mapping systems for RFLP of  EST-
cDNA clones in the silkworm Bombyx mori.
This year we applied these systems to analy-
sis of several important characteristics such
as resistance gene against BT-toxin and
polyphagous genes.  Some of them were
mapped on the molecular genetic map made
by RFLP of cDNA clones (Fig. 1).

90 Annual Report 2003

nsect Biotechnology and Sericology DepartmentI

Quantitative characteristics

X1 Number of eggs laid

X2 Last inster days (days)

X3 Total inser gays (days)

X4 Susceptibility (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 percentage (%)

X13 Reelability percentage (%)

X14 Length of cocoon  filament (m)

X15 Weight of cocoon filament (cg)

X16 Size of cocoon filament (d)

X17 Neatness (points)

X18 Degumming loss percentage (%)

X19 Lousiness (points)

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19

1.00 0.15 0.43 0.17 0.10 -0.20 0.59 -0.15 0.03 -0.11 0.15 0.57 0.25 0.37 0.67 0.56 0.04 -0.11 0.250

1.00 0.78 -0.15 0.05 -0.11 0.07 -0.03 0.02 -0.07 0.17 0.15 0.13 -0.15 0.14 0.31 -0.23 -0.18 -0.02 

1.00 0.05 -0.02 -0.10 0.22 0.07 0.05 -0.11 0.19 0.20 0.21 -0.06 0.23 0.42 -0.11 -0.19 -0.03 

1.00 0.16 -0.01 0.16 -0.13 -0.03 0.07 -0.21 -0.04 0.02 -0.13 0.05 0.27 -0.25 0.31 -0.22 

1.00 0.25 0.50 -0.51 0.51 0.74 -0.51 0.02 -0.02 0.41 0.28 -0.02 0.06 -0.13 0.03 

1.00 0.21 0.63 0.74 0.83 -0.36 -0.26 -0.03 0.05 -0.06 -0.22 -0.17 0.17 -0.22 

1.00 -0.14 0.51 0.41 -0.10 0.43 0.14 0.54 0.79 0.54 0.01 -0.25 0.20 

1.00 0.25 0.14 0.11 -0.18. -0.06 -0.26 -0.20 -0.07 -0.16 0.27 -0.31 

1.00 0.81 0.01 -0.02 0.07 0.34 0.24 0.00 0.04 -0.08 -0.22 

1.00 -0.53 -0.19 -0.04 0.25 0.09 -0.19 -0.08 0.06 -0.13 

1.00 0.22 0.15 -0.01 0.08 0.21 0.11 -0.12 -0.18 

1.00 0.47 0.68 0.89 0.67 0.10 -0.29 0.27 

1.00 0.22 0.38 0.40 -0.06 -0.12 -0.03 

1.00 0.73 0.15 0.29 -0.40 0.31 

1.00 0.71 0.07 -0.31 0.29 

1.00 -0.17 -0.22 -0.03 

1.00 0.05 0.32 

1.00 -0.10 

1.00

Absolute value of correlation coefficient 0.39: Significant at critical region=0.01

Table 1   Correlation  matrix of quantitative characteristics



DNA markers for Nid-1, a resistance gene
against denso-nucleosis virus type1, were
developed after mapping the resistance gene
on the molecular map by methods we devel-
oped, SLA (scanning linkage analysis) and
BCMAP (mapping systems for co-dominant
characteristics on BF1 segregant).  More-
over, mapping software for identifying the
loci by repeated three point analysis on BF1
segregant was improved to apply not only to
the silkworm but also to other species.

Construction of transgenic insects
using transposable elements 

To improve efficiency in making a trans-
genic silkworm, we studied the application of
new transposable element vectors with new
marker genes and the relationship between
the consistency in appearance of the trans-
genic silkworms and the sizes of genes. 

A new vector with a marker gene for eye
specific promoter enabled detection of trans-
genic insects at embryonic, larval and adult
stages (Fig. 2).  This method saves a great
amount of work in the screening of trans-
genic silkworms.  The effect of insertion size
in the vector on the efficiency in making
transgenic silkworms was rather small, as
expected.  A tendency of decreased efficiency
was observed with the increase of insert
sizes.  The systems for production of recombi-
nant proteins and for regulation of inserted
genes were also studied.  Furthermore, a
study related to genetic control of circadian
rhythms was carried out using transgenic
insects.

Establishment of new insect cell lines,
and characterization of immune-
responsiveness of Bombyx mori cell
lines

Mammalian cell lines are very useful in
analysis of the function of each gene in
genome studies.  However, it is very difficult
to establish an insect cell line from various
tissues of any insect species.  We developed a
novel technique combining both culture
media and cell matrix for a primary culture.
The technique enabled us to establish cell

lines more steadily than in conventional cul-
tures.  Furthermore, in order to construct the
constitutive and mass protein expression
system, we intend to establish a new Bombyx
mori embryonic cell line that grows in a
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Fig. 1
Mapping of BT-r on the 15th linkage group.

Fig. 2
Transgenic silk moth with inserted GFP gene under the control of eye
specific promoter, 3XP3.

Fig. 3
Schematic structure of a reporter gene used in the immune-response
analysis of the B. mori cell lines and relative elicitor activity of various
microbial cell wall components.  Cont, no elicitor; LPS, lipopolysaccharide;
PG, peptidoglycan; LTA, lipoteicoic acid; pActB, control plasmid without
cecropin B promoter.
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medium that depends on Bombyx mori egg
extract instead of Fetal Bovine Serum.  The
primary culture is now under way.  Although
we have successfully established numerous
cell lines from various lepidopteran species,
the use of the cells has been limited.  In
order to expand the use and to develop the
cells as a research tool for analysis of insect-
specific gene functions, we are characteriz-
ing the immune-responsiveness of eleven
Bombyx mori cell lines.  The cells were trans-
fected with a plasmid containing an antibac-
terial cecropin B promoter followed by a
luciferase reporter gene (Fig. 3).  Using this
system, several bacteria responsive cell lines
were identified and the elicitor components
essential to bacterial cell walls were deter-
mined.  These cell lines were also used to
identify novel immune-related genes, and to
date eight clones have been isolated.

Development of a system to produce
useful materials from the silkworm 

We developed a system to produce useful
materials from the silkworm.  To achieve
increased efficiency in extracted hemolymph
from the silkworm using the freezing and
melting method, it is important to freeze
silkworm larva into a straight stick shape.
Therefore, a continuous silkworm larva
freezing system was developed. 

This system is composed of a thermal
insulating tank, conveyer belt, liquid cooling
unit and a controller.  The dimensions of the
tank are 1150 mm Length × 300 mm Width ×
230 mm Depth and the length of the convey-
er belt is 1250 mm.  Belt speed can be con-
trolled from 0.5 mm/s to 3 mm/s and dipping
duration can be adjusted from 210 s to 1400
s.  The cooling unit has the ability to lower
liquid temp to –20˚C.  The tank has a high
thermal insulating function using a single
foam polyethylene heat insulator.  The tem-
perature was maintained for 2 hours under
the ambient air at 25˚C without cooling unit
operation.  Silkworm larvae took on a
straight stick shape within 5 min under 10˚C
water and were frozen in –10˚C liquid within
a few min.  It was thus confirmed that this
system was able to freeze silkworm larvae
into a straight stick shape continuously.

Identification of the source of
microsporidian infection

Microsporidian spores were detected from
the dead larvae of Antheraea pernyi reared
outdoors, and similar spores were also
detected in the larvae of Lepidogma kiiensis
caught on Quercus acutissima.  Analysis of
the biological and serological features
revealed that these microsporidian were of
the same lineage as Vairimorpha sp. M12
spores derived from B. mori.  This partially
explains the previously unknown route of
infection of B. mori by M12.

Breeding of silkworm races with
special features

We produced silkworm breeds secreting
high concentrations of sericin with flavonoid
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Fig. 4
Continuous silkworm freezing system.

Fig. 5
New silkworm breeds of coloring cocoons.

Left: Green cocoon “PNG × PCG”, Center: Ordinary strain, 
Right: Yellow cocoon “PNY × PCY”



or carotenoid pigment.  When sericin in
these cocoons was dissolved in hot water, it
was found that resolution advanced rapidly
at 100˚C or more, though hydrolysis did not
occur at 80˚C.

Moreover, two races of silkworms produc-
ing colored cocoons, yellow cocoon “PNY ×
PCY” and green cocoon “PNG × PCG” were
selected (Fig. 5), and they were reared in
large quantities in Tochigi Prefecture.  Using
this yellow cocoon, a necktie that made the
best use of the natural yellow color was
woven.  Additionally, super-thin scarves and
other products were woven using the thin fil-
ament race “Hakugin” to rouse demand for
these new materials. 

When “Hakugin” was reared on mulberry
leaves grown in a tea tree type of training
and harvesting method, the following result
was obtained: length and size of cocoon fila-
ment were 33% (500m) longer and 23%
(0.34denier) thicker, respectively. 

Basic study of DNA level on 
silkworm race breeding

Many phage clones in the 7 gene area
were analyzed by two color FISH for identifi-
cation of the loci of genes.  Moreover, a mole-
cular marker of polyphagy and fineness was
developed in the QTL analysis.  The food
preference of Sawa-J strain was completely
linked with the cDNA clone belonging to
RFLP linkage group 9.  The filament size of
the cocoon was significantly correlated with
the cDNA clone in RFLP 9 at the 10% level. 

Analysis of silk sericin and develop-
ment of characteristic silk materials

In order to clarify the sericin characteris-
tics of silk, the structure and formation of
sericin fiber spun by “Sericin-Hope” silk-
worms were analyzed.  The polarized IR
spectra were measured to determine the mol-
ecular orientation of sericin fiber in compari-
son with fibroin fiber.  As a result, it was
shown that the sericin fiber has a non-orient-
ed structure in contrast to the strong orien-
tation of fibroin fiber (Fig. 6).  In the reeling

process of super fine raw silk, a size control
system was developed by the laser method,
and the usefulness of this measurement sys-
tem was confirmed by experiments such as
evaluation of serial changes in raw silk size
under reeling and the statistics values.  The
reeling principle of thick and highly bulky
silk was studied and a fundamental reeling
apparatus was constructed.  Methods for
artificial skin and blood vessel production
were studied using cocoon filaments.

The resistance of natural dyestuffs
against attack by Anthrenus verbasci

Through trial and error, we prepared a
wool cloth with protection against attack by
Anthrenus verbasci using dyeing techniques
with natural dyestuffs.  It has been found
that wool clothes dyed with dyestuffs from
insect origins and natural colors derived
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Fig. 6
Polarized IR spectra and model illustrations of sericin and fibroin fiber.
Parallel (red) and perpendicular (blue) spectra were recorded so that
the electric vector of incident radiation was parallel or perpendicular to
the fiber axis.  Polarized IR spectra clearly show the non-oriented
structure of sericin fiber in contrast to fibroin fiber.



from natural products showed resistance
against attack by Anthrenus verbasci, but
not Lithospermum erythrorhizon and Cur-
cuma longa (Fig. 7).

This confirmed that the amount of ingre-
dients absorbed at about 280 nm, found in
cocoons of Cricula trifenestrata, had an influ-
ence on the attack of Anthrenus verbasci on
wool cloth.  We found that the attacks were
restricted by the existence of tannic acid or
epicatechin in the specimen.  Therefore, in
new materials, resistance can be conferred
by using tannic acid in the dyeing procedure. 
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Fig. 7
Attack by Anthrenus verbasci on wool cloth dyed with dyestuffs
from insect origins and natural colors derived from natural products.
Upper photo: Before attacking, Lower photo: After three weeks
attacking
1. Coccus cacti (Cochineal) 7. Control
2. Rhus javanica 8. Chemical dye (Direct dye)
3. Brassica oleracea 9. Lithospermum erythrorhizon
4. Laccifer Lacca (Laccaid acid) 10. Phellodendron amurense
5. Uncaria gambir 11. Indigofera tinctoria (Indigo)
6. Cricula trifenestrata (Colour derived from wild silk cocoon)



The Plant Science Division consists of five
departments, namely the Molecular Genetics
Department, Biochemistry Department,
Plant Physiology Department, Plant
Biotechnology Department, and Institute of
Radiation Breeding, and is actively engaged
in the following research areas:

1) Analyses of the structure and function of
plant genomes, genes, their products, and
their networks, which are involved in vari-
ous agriculturally important traits, and
the mechanisms regulating expression of
these genes. 

2) Analyses of the three-dimensional struc-
ture of proteins, and structure-function
relationships of proteins involved in
response to hormones and other biotic sig-
nals in plant cells.

3) Analyses of molecular mechanisms of

important physiological processes in
plants including photosynthesis, morpho-
genesis such as leaf and floral organ devel-
opment, the symbiotic process of nitrogen
fixation, mechanisms of defense against
plant pathogens, and tolerance against
environmental stresses. 

4) Development of new techniques for next-
generation plant biotechnology and the
production of novel transgenic crops with
superior traits which conventional breed-
ing techniques can not produce. 

5) Development of new technologies utilizing
radiation for plant breeding, the creation
of plant genetic resources through muta-
tion induction, and the elucidation of gene
expression mechanisms in plant mutants. 

Major topics in each department are
described below. 
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olecular Genetics DepartmentM

Plant Science Division

The research activities of this department
are mainly focused on the analysis of the
structure and function of genomes, genes and
their products, and on the mechanisms regu-
lating gene expression.  Major topics in the
fiscal year 2002 are described below.

Isolation, structure and function
analyses of plant genes

1) Hd3a, a rice ortholog of the Arabidopsis
FT gene, promotes heading under
short-day condition
The timing of the transition from vegeta-

tive to reproductive phase is important to
ensure successful sexual reproduction of
plants.  In rice, flowering time (often referred

to as heading date) is determined mainly by
photoperiod sensitivity (day-length response)
and duration of basic vegetative growth.  To
understand the molecular mechanism of the
control of heading in rice, we have identified
15 QTLs controlling heading date in rice
using several types of progeny derived from a
single cross between Nipponbare (japonica)
and Kasalath (indica).  Two of those,
Heading date 1 (Hd1) and Heading date 6
(Hd6), have been identified by map-based
cloning so far. 

Heading date 3a (Hd3a) has been
detected as a heading-date-related QTL on
the short arm of chromosome 6.  A previous
study revealed that the Kasalath allele of
Hd3a promotes heading under short-day



(SD) condition.  High-resolution linkage
mapping located the Hd3a locus in a ~20-kb
genomic region.  In this region, we found a
candidate gene that shows high similarity to
the FLOWERING LOCUS T (FT) gene,
which promotes flowering in Arabidopsis
under long day (LD) condition.  Introduction
of the candidate gene caused an early-head-
ing phenotype in rice.  Based on these
results, it was concluded that Hd3a encodes
a protein with high similarity to the FT in
Arabidopsis.

Hd3a transcripts were detected early and
gradually increased with time under SD con-
dition (Fig. 1).  The expression level of Hd3a
in NIL(Hd3a), in which chromosomal region
of Hd3a was substituted with Kasalath in
the genetic background of Nipponbare, was
higher than that in Nipponbare under SD
condition.  NIL(Hd3a) showed earlier head-
ing than did Nipponbare under SD condition.
This result indicated that the higher expres-
sion levels of Kasalath Hd3a allele resulted
in promotion of heading under SD condition
(Fig. 1).  To investigate whether Hd1 regu-
lates Hd3a, we also quantified the expres-
sion levels of Hd3a in an NIL for Hd1
[NIL(Hd1)].  The Hd1 has been identified as
an ortholog of the Arabidopsis CONSTANS
(CO), which is involved in promotion of flow-
ering and up-regulates expression of FT
under LD condition.  In NIL(Hd1), the
Nipponbare functional allele was replaced
with a Kasalath loss of function allele.

NIL(Hd1) showed later heading than did
Nipponbare under SD condition.  The expres-
sion levels of Hd3a were reduced in
NIL(Hd1), indicating that the functional
allele of Hd1 up-regulates the expression of
Hd3a (Fig. 1).  The results obtained in this
study suggest that the function of Hd3a and
FT and the regulation of their expression by
Hd1 and CO, respectively, are conserved
between rice (an SD plant) and Arabidopsis
(an LD plant).  However, this study also
demonstrated a difference in the expression
profiles of the key flowering time genes Hd3a
and FT in response to day-length between
rice and Arabidopsis.  This raises a simple
question: what kind of gene(s) or mecha-
nism(s) is involved in generating the com-
pletely opposite reaction to the photoperiod
between rice and Arabidopsis? Further com-
parative studies between Arabidopsis and
rice will be required to clarify conserved
and/or diverse features in flowering, an
important and complex developmental sys-
tem in plant. 

2) Three distinct rice cellulose synthase
catalytic subunit (CesA) genes are
required for cellulose synthesis in the
secondary wall
Cellulose, a homopolymer of -1,4-glucan,

is the most abundant and economically
important biopolymer.  Cellulose is also
important, because it controls plant morphol-
ogy by determining cell shape and thus tissue
morphology.  However, there are many impor-
tant questions remaining to be answered
about the biosyntheis of cellulose.  Progress
in genomic sequencing has revealed the exis-
tence of multiple isoforms of cellulose syn-
thase (CESA) , at least ten in rice, raising the
important question of why plants have many
genes for cellulose synthesis.  One explana-
tion is that two or more distinct CESA pro-
teins are required to form a functional CESA
unit.  To address this issue, mutants of
CESA genes of rice were analyzed.

Brittle culm mutations causing fragility of
plant tissues have been identified genetically
in several monocot species, and some of the
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Fig. 1
RT-PCR assay for the Hd3a expression in different genotypes (A) and
genetic control pathway for the photoperiodic response in rice and
Arabidospsis (B).  Abundance of Hd3a mRNA was measured using plants
grown under SD (10-hr light) condition.  Plants were sampled at one hour
after lights on.  The vertical bar on each plot represents standard devia-
tion.  Days to heading in each line is given in parentheses.

B Rice
SD condition

Arabidopsis

Heading

Hd1

Hd3a

LD condition

CO

FT

Flowering

H
d

3a
 / 

R
U

B
Q

2

0

1.0

2.0

3.0

4.0

5.0

8 18 28 38 48 61 68

(x 10-3)

Days after sowing

A

Nipponbare (53)
NIL(Hd1) (69)

NIL(Hd3a) (48)



mutants have been studied in relation to cel-
lulose synthesis, but they have not been
characterized at a molecular level.  We
showed that the genes responsible for three
distinct brittle mutations of rice (Fig. 2),
induced by the insertion of the endogenous
retrotransposon Tos17, correspond to cellu-
lose synthase catalytic subunit (CesA) genes,
OsCesA4, OsCesA7 and OsCesA9.  Three
CesA genes were expressed in seedlings,
culms, premature panicles and roots, but not
in mature leaves, and the expression profiles
were almost identical among the three genes.
Cellulose contents were dramatically
decreased (8.9% to 25.5% of the wild type
level) in the culms of null-mutants of the
three genes, indicating these genes are not
functionally redundant.  Consistent with
these results, cell walls in the cortical fiber
cells were shown to be thinner in all the
mutants than in wild-type plants.  These
results suggest that in rice at least three dis-
tinct CesA genes are required to form a func-
tional CESA unit. 

3) Rice ß-tubulin genes are up-regulated
in response to gibberllins 
Gibberellins (GAs) play a significant role

in various processes during plant develop-
ment, including seed germination, plant
growth and flower initiation.  To elucidate
the effect of GA on these processes, the GA
biosynthesis pathway and GA signaling path-
way 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 Nipponbare), a cDNA
microarray containing 9,000 ESTs was
hybridized to the RNA isolated from the leaf
sheath including apical meristem of rice
seedling treated with GA for 24 hr.  Among
9,000 genes analyzed, 16 genes showed the
enhanced expression, while 6 genes were
repressed by GA treatment as compared to
the control.  Northern blot analyses using
rice EST clones in secondary screening
showed that -tubulin gene (OsTUB) is sig-
nificantly up-regulated by GA treatment.

Homology searching within the EST data-
base identified at least 8 OsTUB isotypes.
Specific probes to 3’-UTR of OsTUB isotypes
showed differential and tissue-specific
expression and were significantly induced 
by GA, but were repressed by light and
abscisic acid.  Seven OsTUB genes showed
high expression in the leaf sheath including
apical meristem, which is very active in
shoot elongation, signifying their role in
shoot elongation through cell division and
cell elongation.  In contrast, OsTUB8 was
consistent expressed only in anthers and had
a different branch in the dendrogram (Fig.
3), consistent with the AtTUA1 and AtTUB9
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Fig. 2
Phenotypes of the five rice brittle culm mutants. 
A, Plants of the wild-type (1) and the mutants (2-6).  B, Brittleness
of culm (C) and mature leaf (L) from wild-type plant (W) and the
mutant (M) as demonstrated by the damage caused by stressing
between fingers.  Numbers indicates mutant lines as describe
above.  All culms were prepared from the 2nd internodes.

A

B
1 2 3 4 5 6

C L

W MMW

C L

C L

W MW M

W M W M

W M W M

C L

C L

2 3

4 5

W M W M

6



of Arabidopsis which are specifically
expressed during flower development, but
not in root or leaf.  Recently, proteome analy-
sis of rice leaf sheath conducted in our labo-
ratory and elsewhere has showed the
up-regulation of TUA and TUB proteins in
GA-treated rice seedling and Arabidopsis.
Taken together, the results obtained in the
present study reveal that OsTUBs are
involved in shoot elongation and it is likely
that the relationship between the micro-
tubule and GA is important not only in
microtubule reorientation, but also in the up-
regulation of transcripts of microtubule
genes.

Plant Genome analysis

1) Methylation site analysis of plant
genomes
It has been reported that 20~30% of cyto-

sine residues in many flowering plant
genomes are methylated, and a large number
of phenotypes are influenced by changes in
methylation status.  It is important to under-
stand how methylation affects gene function
and expression, but techniques have been
limited for comprehensively exploration of
methylation status across the genome.  We
detected the restriction landmark genome
scanning (RLGS) pattern of Arabidopsis
(Ecotype: Columbia) with a combination of
restriction enzymes, EagI-MspI-HindIII and
EagI-HpaII-HindIII.  This allowed compari-

son of isoschizomers with different sensitiv-
ity of cytosine methylation, MspI being
insensitive and HpaII being sensitive.
Therefore, the molecular size of the MspI- (or
HpaII-) specific spot in the first dimension of
the RLGS pattern indicates the distance
between the sites of EagI and the nearest
methylated (or un-methylated) MspI/HpaII
site.  We detected 137 MspI-specific spots in
the Columbia RLGS pattern with EagI-
(MspI/HpaII)-HindIII, in an area containing
662 spots, for a 20.7% rate of detection of
methylated sites.  On the other hand, we
found 49 HpaII-specific spots (7.4%).  Our
methylated locus data reconfirmed the
genome methylation level to be 20~30% in
the whole genome.  After elution of the DNA
fragments from the gel and sequencing, it is
easy to identify the unique sites with cyto-
sine methylation in the whole genome,
because the Arabidopsis genome has been
almost completely sequenced.  The methy-
lated site information is essential to acceler-
ate the identification and study of genes
influenced by epigenetic mechanisms, which
affect major traits, such as growth, flower-
ing, and fertility in crop and forest species.

2) Rice full-length cDNA library
The full-length rice cDNA project (Jan.

2000-) has achieved a collection of about
32,000 independent full-length cDNA clones
from various tissues of japonica rice and
their complete sequence analysis, mapping
to rice genome sequence and protein infor-
matics analysis.  Mapping to japonica
genome sequence using Blat and Sim4 pro-
grams revealed about 32,000 clones corre-
sponding to 21,00 Transcription Units (TU)
on the rice genome.  Multiple clones were
mapped at the same TU with variant pat-
terns such as differences of initiation and
termination sites and intron skipping.  To
elucidate the regulatory mechanism of
expression of alternatively spliced genes,
clone sets with intron skip pattern were
selected.  Some candidates were comprised of
genes such as membrane protein and
enzymes (hydrolase, transferase etc.).  We
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Fig. 3
Tree diagram form cluster analysis of eight OsTUB iso-
types in rice.
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have verified that candidate genes are alter-
natively spliced in rice.  One of the candidate
genes, phosphate permease, was verified by
RT-PCR as an alternatively spliced gene in
rice.

Homology-based comparative genome
analysis was performed.  Ligand receptor,
MAP kinase cascade, calmodulin, G-protein,
cell cycle regulator, E2F, myb, homeo box,
and jun were well conserved in rice and
other plants and animals.  On the other
hand, cytokine signal transduction, apoptosis
signal transduction, development inducing
signal, cell-to-cell cross talk signal, cell struc-
ture regulation, adaptor protein network sys-
tem, JAK1, Sos, bcl-2, ced-9, HES1, E1A,
Grb2, p53, p21, Smad, Rb, and EGR were
found to be well-conserved signal transduc-
tion genes in the animal kingdom, but were
not found in Arabidopsis and rice.  Plant spe-
cific signal transduction system (stress
response, hormonal regulation), CDPK,
CRK, transcription factors (TUBBY-like,
CPP-like, E2F/DP, AP2/EREBP, NAC, ARF,

YABBY) were also found. 
We achieved functional annotation of the

clones with GenBank records by blastx
search, and attempted classification based on
Gene Ontology (GO) for blastx-successful
clones.  Approx. 90% of those clones were
assigned to specified GO terms representing
several biological phenomena.  However,
some important phenomena, such as seed
protein preservation, are poorly supported by
GO, and hence 646 clones could not be
assigned to any GO categories.  We have
started the construction of "Rice Ontology
(RO)" to improve studies of rice genome
informatics with the controlled vocabulary
from the standpoint of rice researchers.
Approx. 2600 terms had been registered in
the vocabulary by April 2003, and relation-
ship definitions among terms are emerging.
In preliminary examination, 121 of the 646
GO-negative clones mentioned above could
be assigned to specific RO terms.  The find-
ings suggest the effectiveness of RO (Fig. 4).
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Fig. 4
An example of the mapping results of one of the full-length cDNA clones available at the KOME site (http://cdna01.dna.
affrc.go.jp/cDNA/).
At the same site, the basic information of rice FL-cDNA clone, the results of homology search of NCBI GenBank data, the
protein informatic analysis using InterPro Databases, the results of cis-element analysis using PLACEdatabase, GO label-
ing, the results of MEMSAT and pSORT programs, and the nucleotide sequence and deduced amino acid sequence of FL-
cDNA are also available.



Structural biology

X-ray crystallographic analysis of 
proteins and their complexes

Crystal structure studies of biologically
important proteins have been carried out as
follows.  Crystals of a thermostable mutant
of Bacillus stearothermophilus -amylase
diffracted around 3.0 Å resolution, therefore,
preparation of better crystals is under way.
The structure of chitinase A from Strepto-
myces thermoviolaceus has been determined
at 1.8 Å resolution and the refinement is
under way.  The structure of attenuation
protein Hut P from Bacillus subtilis has been
determined at 2.5 Å resolution.  The struc-
ture of -galactosidase has been determined
at 1.5 Å resolution.  Inulin fructotransferase
from Arthrobacter has been determined at
1.4 Å resolution.  The structure of trypsin
inhibitor GPTI from Momordica charan-
tiabinds has been determined at 1.5 Å reso-
lution.  The structure of the complex between
coagulation factor IX-binding protein (IX-bp)
from habu snake venom and Gla domain of
factor IX has been determined at 1.55 Å reso-

lution (Fig. 1).  The structure showed that
one Mg2+ ion plays an important role in con-
necting the two molecules through bridging.
The structure of the complex between bitis-
cetin from the venom of Bitis arietans and
A1 domain of VWF has been determined at
2.85 Å resolution.  The structure of trimes-
tatin from the venom of Trimeresrus
flavoviridis has been determined at 1.7 Å
resolution.  The structural refinement of rice
dwarf virus has been finished at 3.5 Å reso-
lution.  A data set of cocksfoot mottle virus
has been collected at 4.0 Å resolution and
data processing is now underway. 

Histone acetylation is one of the impor-
tant covalent modifications occurring at the
N-terminus tail of nucleosomal core histones.
The correlation between histone H4 acetyla-
tion and chromosome structure during the
mitotic cell cycle in barley was analyzed.
Noticeable changes in acetylation were
observed in certain genomic regions depend-
ing on stage-specific chromosome structure.
Therefore, dynamic changes in H4 acetyla-
tion are linked with changes in the chromo-
some structure through the cell cycle.

Solution structure of a 4-kDa peptide in
legumes, a plant hormone implicated in
regulation of cell proliferation

A 4-kDa peptide, isolated from soybean, is
involved in the regulation of cell proliferation
through binding to a 43-kDa receptor-like
protein, which has autophosphorylation
activity.  Similar peptides are also found in
various legume species, such as mung bean,
azuki bean, Glycine soja and pea.  To investi-
gate the structural basis for the 4-kDa pep-
tide function, we have determined its
three-dimensional structure by 1H-NMR
spectroscopy.  As shown in Fig. 2a, the 4-kDa
peptide assumes a T-knot scaffold containing
three -strands ( A: Ala6-Ser8; B: Cys20-
Pro24; C: Gly30-His34).  Two adjacent B

100 Annual Report 2003

iochemistry DepartmentB

Fig. 1
Stereoview of ribbon model of IX-bp/Gla domain complex.
The subunits A and B of IX-bp are shown in magenta and
light blue.  Gla domain is in white, and the interchain disulfide
bond is in yellow.  The bound Mg2+ and Ca2+ ions are drawn
as orange and blue spheres.



and C, connected by a distorted type-I -
turn around Glt26-Val29, make up a two-
stranded -sheet which is stacked by a long
N-terminal loop.  The stacked structure is
stabilized by three disulfide bridges formed
between the -sheet and the N-terminal loop.
Ligand blotting experiments using 125I-
labeled 4-kDa peptide have demonstrated
that the 4-kDa peptide competes with animal
insulin for binding to the 43-kDa receptor-
like protein.  This result strongly suggests
that 4-kDa peptide and insulin bind to the
same sites of the 43-kDa protein in a similar
manner, although both peptides assume
totally different folds from each other (Fig.
2).  Hence, we have assumed that the 4-kDa
peptide and insulin possess similar spatial
arrangements of functional residues, and
searched for topochemical similarity in local
structures between them.  We found that
only four hydrophobic residues, Val23,
Val29, Phe31 and Ile33, at the solvent-
exposed surface of the 4-kDa peptide -sheet
could fulfill essentially the same tetragonal
arrangements as TyrA19, TyrB16, ValB12
and ValA3 of the insulin pharmacophore
(Fig. 2).  Furthermore, it turned out that
when the 4-kDa peptide was superimposed
on the unlocked, active state model of insulin
using these tetragonal arrangements, Leu27
and Phe28 of the 4-kDa peptide could occupy
similar spaces as PheB25 and TyrB26 of
insulin.  These results suggest that the spe-
cific binding activity of the 4-kDa peptide to
the 43-kDa protein and its stimulatory effect
on the protein phosphorylation could be
attributed to the spatial arrangements of the
hydrophobic residues at the solvent-exposed
surface of a two-stranded -sheet.  The
importance of these residues in the 4-kDa
peptide function was experimentally con-
firmed by site-directed mutagenesis studies.

Molecular modeling of protein structure
The three-dimensional structure of D-ery-

thrulose reductase was modeled based on the
structure of tetrameric carbonyl reductase
(PDB entry = 1CYD).  The identity score of
two sequences was 61.0% and the homology

score was 68.0%.  Despite their similarity,
the two enzymes showed independent physi-
ological and biochemical functions.  To clar-
ify their mechanism, a detailed analysis of
structural and sequential properties was car-
ried out.  Most of the residues defined as the
active site (within 4 Å from the ligand) in the
carbonyl reductase were also conserved in
the D-erythrulose reductase (Fig. 3a).
Nevertheless, Val190 and Leu146 in the
active site of the tetrameric carbonyl reduc-
tase were substituted in the D-erythrulose
reductase by Asn192 and His148, respec-
tively (Fig. 3b).  The substitutions in the
active sites should be related to the differ-
ence in substrate specificity of the two
enzymes.
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Fig. 2
Ribbon Representation of the 4-kDa Peptide and Insulin.  (A) Solution
structure of the 4-kDa peptide.  Hydrophobic residues, potentially
involved in binding to the 43-kDa receptor-like protein, are shown as ball-
and-stick models.  (B) Solution structure of [GlyB24]human insulin repre-
sents a model of the unlocked, active state insulin.  Side chains of the
insulin pharmacophore are shown as ball-and-atick models.

Fig. 3
Residues near ligands of tetrameric carbonyl reductase.  (a), around co-
enzyme and (b), around substrate.  Atoms of the residues within 4 Å
from the co-enzyme are shown as balls, and the other parts are drawn
as white lines connected with -carbons.  Green and magenta balls
show conserved and substituted residues, respectively.

isopropanol
S136,Y149,Y181…
 (24 residues)

T38-> S40

NADPH S136

Y149

V181
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L146→H148
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Proteome analysis
Based on the proteomic approach, several

materials such as rice, silkworm, and bacte-
ria, have been analyzed using the combina-
tion of two-dimensional polyacrylamide gel
electrophoresis and mass spectrometry.
Many genes encoding the proteins were
mapped on 2D-PAGE gels and several iso-
mers were identified.  The next paradigm in
proteomics seems to be protein interaction,
then investigation using non-denatured gel
electrophoresis and other techniques, includ-
ing new methods developed for application to
the analysis of rice and other materials.

Physicochemical analysis of high-molec-
ular weight protein

The composition of the carbon dioxide iso-
tope within small creatures like insects is
generally at the same level as in the ingested
food.  However, the composition of the 13C
isotope within the silk of silkworms was
increased compared to that in their ingested
food (about 0.2%).  This difference between
the compositions of 13C isotope suggests that
there may be other sources of 13C besides
food.  We therefore focused on the hypothesis
that carbon in atmospheric carbon dioxide
may be involved.  In order to verify this

hypothesis, test samples were prepared
under an atmospheric environment (control)
and under an atmospheric + 13CO2 gas envi-
ronment (13CO2 test) and the samples were
analyzed using mass spectrometry and 13C
nuclear magnetic resonance.  Results showed
that the 13C isotope-abundance ratio of the
13CO2 test sample was higher by up to 6.8%
than that of the control, suggesting that the
13CO2 gas was taken up in the silk as 13C.
Using the above method, we demonstrated
quantitatively that atmospheric carbon diox-
ide is taken up into the silk from four differ-
ent types of silkworm and spider (Fig. 4).
The amount of carbon dioxide taken up is
0.065% of the weight of the cocoon.  Instead
of being included as carbon in the carbon
dioxide dissolved in the moisture of the silk,
the carbon taken up is incorporated in amino
acids, the building blocks of protein.  We con-
firmed that it was taken up in the carbonyl
groups of alanine, aspartic acid, serine and
glycine as well as C in aspartic acid.  When
glucose available from food becomes defi-
cient, an anaplerotic reaction occurs during
the biosynthesis of protein in silk gland cells.
We speculate that atmospheric carbon diox-
ide is taken up into protein via the tricar-
boxylic acid cycle (TCA). 

Molecular analysis of signal percep-
tion and transduction

Analysis of oligosaccharide elicitor 
signaling

N-acetylchitooligosaccharides (GNn) are
potent elicitors in rice, inducing a set of
defense responses such as generation of reac-
tive oxygen species (ROS).  Phospholipases
are key enzymes that produce signal mole-
cules in response to exogenous stimuli in
mammalian cells but not in plant cells.  In
rice cells, both levels of diacylglycerol (DG) and
phosphatidic acid (PA) significantly increased
by treatment with GN7.  Concomitant activa-
tion of phospholipases was observed in the
membrane fraction of rice cells treated with
GN7.  U73122 and R59022, an inhibitor of
phospholipase C and diacylglycerol kinase in
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Fig. 4
The above graph shows the variation of the 13C isotope abundance
ratio contained in the silk, determined by MS analysis.  The left col-
umn shows the control (shown in orange; formed by leaving the silk-
worm out in the atmosphere) while the right column shows the 13CO2

test sample (Formed by leaving the silkworm out in Atmosphere +
13CO2 gas).  The ‘Outer’, ‘Middle’ and ‘Inner’ labels in the graph signify
the samples taken from the 3 outer layers of the cocoon shell.



mammalian cells, respectively, inhibited the
ROS production in response to GN7, whereas
proplanolol, an inhibitor of phosphatidic acid
phosphohydrolase, enhanced ROS produc-
tion.  Furthermore, diacylglycerol and phos-
phatidic acid were able to induce the ROS
production.  These results strongly suggest
that PA plays key role(s) in the elicitor sig-
naling in rice cells.

EL5, a rice gene responsive to GNn elici-
tor, was shown to encode a RING-H2 finger
protein with structural features common to
the plant-specific ATL family.  We showed
that the fusion protein of EL5 with maltose
binding protein (MBP) was polyubiquiti-
nated when incubated with ubiquitin, mouse
ubiquitin-activating enzyme (E1), and the
Ubc4/5 subfamily of human ubiquitin-conju-
gating enzyme (E2).  EL5 has the ability to
transfer ubiquitin to the MBP moiety, and
the RING-H2 finger motif of EL5 is essential
to this activity, showing that EL5 represents
a ubiquitin ligase (E3).  We further showed
that two rice E2s, OsUBC5a and OsUBC5b,
of the Ubc4/5 subfamily function as E2, cat-
alyzing EL5-mediated ubiquitination (Fig.
5), and OsUBC5b was induced by GNn, as
well as EL5.  These results strongly suggest
that EL5 and OsUbc5b have roles in plant
defense response through the turnover of
protein(s) via the ubiquitin/proteasome sys-
tem.

Auxin receptor at the plasma membrane
Auxin functions in a wide range of plant

growth and developmental processes including
cell division, cell elongation and differentia-
tion.  Recent data suggest that auxin-binding
protein 1 (ABP1) may function as an auxin
receptor for auxin-mediated cell elongation
at the outer surface of the plasma mem-
brane.  However, ABP1 is a soluble protein,
and no transmembrane region has been iden-
tified within the ABP1 sequence.  Therefore,
it has been postulated that ABP1 is resident
at the plasma membrane by binding to a
transmembrane protein, termed docking pro-
tein.  In the plasma membrane vesicles sat-
urable binding of ABP1 was observed.  The

binding was heat-labile and pH-dependent
with maximum binding at pH 4.  To isolate
the docking protein azido-ABP1 has been
prepared as a photoaffinity crosslinking
reagent.  Some membrane proteins with high
molecular weights were crosslinked with
ABP1.

Screening for a candidate gene for QTL
influencing tissue culture trait using rice
DNA microarray 

Candidate genes for quantitative trait loci
(QTLs) controlling tissue culture traits in rice
were screened using DNA microarray analy-
sis.  Through QTL analysis using a popula-
tion derived from two varieties, Koshihikari
and Kasalath, six QTL were detected.  In two
QTL on chromosome 1, Kasalath allele gave
improved tissue culture ability in subculture
and regeneration.  Four near-isogenic lines
for these two QTL were developed, mostly
with a Koshihikari background, and the
putative region of the QTL had a homozygous
Kasalath allele, and tissue culture ability
was improved over Koshihikari. mRNAs from
these four lines were compared to those of
Koshihikari using rice 8987 ESTs arrayed on
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Fig. 5
Enzymatic interaction of two rice E2s, OsUBC5a and
OsUBC5b, with EL5 in the auto-ubiquitination of MBP-
EL5.  MBP-EL5 was incubated with ATP, ubiquitin, E1 and
OsUBC5a or OsUBC5b, and subjected to immunoblotting
with the anti-MBP antibody.  Ladders are detected due to
the ubiqutination of MBP-EL5 by immunodetection with
anti-MBP antibody.
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slide glasses.  mRNA was prepared from cal-
lus at two time-points: (1) one week after
subculture in medium containing 2,4-D, and
(2) 1 hr after transfer to regeneration
medium containing cytokinins.  ESTs in
which expression ratios were more than
three fold were screened.  Through a search
for homology in the htgs and nr database
using the NCBI BLAST program, ESTs were

located on the linkage map.  In (1), 54 ESTs
were screened, out of which four clones were
found to be located in the region for QTL on
chromosome 1.  In (2), 153 ESTs were
screened, among which there were eleven
ESTs also found in (1).  Nine of 153 ESTs
were located in the region for QTL.  Two
ESTs were screened by Northern blot analy-
sis of ESTs and located in the region for QTL.
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lant Physiology DepartmentP
The research activities of our department

are mainly focused on the elucidation of mol-
ecular mechanisms of important physiologi-
cal processes in plants.  The major topics in
fiscal 2002 are as follows.

Photosynthesis and translocation of
photosynthates

Mechanism of damage to the D1 protein
of photosystem II under illumination

The D1 protein is an intrinsic membrane
protein, which, together with the homologous

D2 protein, forms a core part of photosystem
II (PSII).  Among protein complexes in the
thylakoid membrane, PSII is the most sus-
ceptible to damage under illumination.  To
better understand the precise mechanisms of
the damage to the D1 protein, the sites of
cleavage and cross-linking were determined.
Peptide mapping of the cross-linked product
with the D2 protein located the cross-linking
site in residues 226-244, the N-terminal side
of the loop that connects helixes D and E (DE
loop), while microsequencing of the 9.3-kDa
C-terminal fragment of the D1 protein
located the cleavage site between residues
256 and 257, the C-terminal side of the loop
(Fig. 1).  We present a model explaining the
occurrence of simultaneous cleavage and
cross-linking that some residues in the DE
loop are first oxidatively damaged under illu-
mination, leading to cleavage or cross-link-
ing depending on the sites of initial damage.

Cellular regulatory mechanism of 
photorespiration

In C3 plants, the release of CO2 by pho-
torespiration in ordinary air is estimated to
account for about 25% of photosynthetically
fixed CO2.  We investigated the cellular regu-
lation of photorespiration in the amphibious
Eleocharis species that change their photo-
synthetic modes under land and water condi-
tions.  Despite the accumulation of Rubisco in
the mesophyll cells (MCs) as well as in the
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Fig. 1
Location within the D1 protein of the sites of cleavage and cross-linking
caused by illumination.  The region between residues 190 and 295 of the pro-
tein is modeled.  The proposed cleavage sites are indicated with thick arrows
and the site of cross-linking with the D2 protein with a bidirectional arrow.



bundle sheath cells (BSCs), the land forms
exhibited CO2 compensation points typical of
C4 plants.  In the land form (C4) of E. vivipara,
a photorespiratory key enzyme, glycine decar-
boxylase (GDC), was expressed exclusively in
the BSC mitochondria.  In the water form
(C3), however, GDC occurred in the mitochon-
dria of both MCs and BSCs.  Abscisic acid
induced photosynthetic tissues with Kranz
anatomy and C4 biochemical characteristics in
the water form, but GDC was expressed in
the mitochondria of both MCs and BSCs in
the tissues.  This fact suggests that the
expression of photorespiratory characteristics
and the development of C4 characteristics are
independently regulated in this plant.

Contiguous differences in leaf contents of
carbohydrates and enzymes depending
on position in a rice leaf sheath during
sink–source transition

The contents of accumulated carbohy-
drates and enzymes differed contiguously
depending on position in a leaf sheath during
the sink–source transition in rice (Oryza
sativa L.).  Before heading, the content of
accumulated starch increased linearly from
the top to the bottom in second leaf sheaths
below the flag leaf (–2 leaf sheaths) (r2 = 0.99,
P < 0.001), as did the content of accumulated
sucrose or hexoses in flag leaf sheaths (r2 =
0.94, P < 0.01) (Fig. 2).  In –2 leaf sheaths
before heading, the translational expression
of branching enzyme was coincident with
starch content, while the content of sucrose
synthase was coincident with hexose content
in flag leaf sheaths.  These results suggest
that contiguous differences in the character-
istics might exist in a leaf sheath and might
determine the kind or quantity of character-
istics depending on the position.

Role of zinc-finger genes in floral
organ development

PhSUP1, a zinc-finger transcription fac-
tor, plays multifaceted roles in the mor-
phogenesis of floral organs in petunia

PhSUP1 is one of the two petunia homo-

logues of Arabidopsis SUPERMAN (SUP), a
gene for a putative zinc-finger transcription
factor involved in the control of stamen num-
ber and ovule morphogenesis.  We have
selected two lines of transposon (dTph1)-
inserted knockout petunia lines for PhSUP1.
The flowers in the mutants had an increased
number of stamens, up to 9, while a wild-
type flower has 6 stamens (Fig. 3A-D).  The
extra stamens were formed in the 4th whorl,
which is normally occupied by a pistil, and
stamen/pistil chimeric organs were fre-
quently formed in place of a normal carpel.
In addition to these phenotypes common to
Arabidopsis sup mutant, the PhSUP1-knock-
out plants displayed extra tissues at the bot-
tom of the flower (Fig. 3E-F).  In situ
hybridization revealed that PhSUP1 tran-
scripts were distributed at the base of petal
and stamen primordia (Fig. 3H), which is
clearly different from that of SUP transcripts
in Arabidopsis (Fig. 3K).  Morphological
aberrance was also found in anthers of
PhSUP1-knockout plants (Fig. 3G-H).
Anthers are normally separated into four
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Fig. 2
Internal structure and distribution of starch granules in a “–2
leaf sheath” before heading (2 days before heading).  A “–2
leaf sheath” was divided into six parts.  Sections were stained
with iodine, and the internal structure of the top (1st), middle
(3rd), and bottom (6th) parts was examined.  Bars = 250 µm.



compartments (two each of outer and inner
locules), however, the inner locule was not
separated into two in this mutant.  In accor-
dance with this phenotype, PhSUP1 tran-
scripts were detected in connective tissues of
the anther (Fig. 3J).  These findings indicate
that PhSUP1 plays multifaceted roles in the
floral-organ morphogenesis in the petunia,
and the functions are in part common to, but
substantially different from those of
Arabidopsis SUP.

Function of photoreceptors in rice
In order to elucidate the function of cryp-

tochrome (blue light receptor: cry) genes in
rice, we isolated cDNA clones (OsCRY1a and
OsCRY1b) homologous to the Arabidopsis
CRY1 (AtCRY1) gene.  We also identified a
sequence homologous to AtCRY2 in the rice

genome, and obtained the corresponding
cDNA (OsCRY2).  OsCRY1s and OsCRY2
show the moderate homology (59%) in amino
acid sequences in the N-half but no homology
(16-17%) in the C-half. OsCRY1s were
mainly expressed in green tissues, while
OsCRY2 was strongly expressed in etiolated
seedlings and substantially in the flower and
callus.

The rice SnRK1 (sucrose non-fermenting-
1 related protein kinase 1) family consists of
three genes, OSK1, OSK24 and OSK35.
Promoter::GUS expression analysis showed
that the OSK24P::GUS expression was
detected in the pericarp at the early stage
with a shift to the endosperm as the
endosperm cells were formed, and around
15DAF, when cell division of cellular
endosperm was almost finished, GUS stain-
ing was confined to endosperm cells.  The
shifting pattern of the OSK24 expression
was correlated with the appearance of starch
granules in each tissue, which was also
observed at another temporal sink organ, the
basal part of the leaf sheath.  These findings,
together with those obtained by in situ
mRNA localization experiments, suggest
that OSK24 (rice SnRK1b) most probably
has a special role in carbohydrate metabo-
lism of the sink organs.

Alternative oxidase (AOX), a terminal oxi-
dase of alternative respiration, is thought to
be closely associated with resistance to envi-
ronmental stress.  AOX transcript was
induced by addition of salycilic acid, propi-
onic acid, and sodium vanadidate.  At the
same time, cytosolic acidification was
observed with 31P-NMR on addition of those
reagents.

Mechanism of tolerance to environ-
mental stress

Salt tolerance 
Vacuolar Na+/H+ antiporter transports

Na+ from the cytoplasm to vacuoles, and
plays important roles in salt-tolerance of
plants.  Overexpression of three vacuolar
Na+/H+ antiporter genes, isolated from rice
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Fig. 3
(A and B) Inside of wild-type (A) and phsup1-tm1 (B) petunia flowers.  (C
and D) Flower diagrams of wild-type (C) and phsup1-tm1 (D) petunia flow-
ers.  Sepals, petals, stamens and a pistil is formed in whorls 1, 2, 3 and 4,
respectively.  (E and F) Developing flowers of wild-type (E) and phsup1-
tm1 (F) petunia.  An arrow in (F) indicates ectopic tissue at the base of
phsup1-tm1 flower.  (G and H) Transverse sections of anthers in wild-type
(G) and phsup1-tm1 (H) petunia flowers. (1-K) PhSUP1 transcript distribu-
tion by in situ hybridization.  Longitudinal section of young flower (I) and
its schematic representation compared with that of SUP in Arabidopsis
flower (K).  Shown in (J) is a transverse section of developing anther.
Hybridization signals are seen between pairs of closed triangles. st, sta-
men; se, sepal; pe, petal; ov, ovary.

A



(OsNHX1), barley (HvNHX1) and barilla
(SkNHX1), suppressed the Na+-, Li+- and
hygromycin sensitivity of the yeast nhx1
mutant.  In addition, the genes suppressed
the sensitivity to high K+ concentration.  The
expression of the genes was increased in
plants treated with high concentration of
NaCl and KCl.  These results suggest that
the plant Na+/H+ antiporters transport sev-
eral cations including Na+.  The expression of
the fusion protein of OsNHX1 and sGFP in
rice cells showed that OsNHX1-sGFP was
distributed in the vacuolar membrane.

In retrotransposon (Tos17) insertional
mutant population, we isolated two indepen-
dent OsNHX1 mutant lines, in which neither
OsNHX1 mRNA nor polypeptides were pre-
sent.  The growth of the mutant plants and
cells treated with various stresses including
salt stress was similar to that of wild-type,
and there were no significant differences in
the contents of major ions between the
mutants and wild-type. 

Selection of transformed plants using the
herbicide resistant gene

We cloned the cDNA for acetolactate syn-
thase (ALS) with two point mutations,
W548L and S627I, from the rice, conferring
strong resistance to a pyrimidinylcarboxy
(PC) herbicide.  The two-point mutated rice
ALS gene works functionally in rice without
any adverse effect on rice.  Since this gene is
expected to be an effective selection marker
gene for rice transformation with bispyribac-
sodium (BS), a selectable marker system con-
sisting of W548L/S627I two-point mutated
rice ALS gene and BS is being developed as a
commercial product for plant transformation
in general. 

In addition, several mutations were intro-
duced in an ALS gene artificially.  The
P171H/R172S two-point mutated rice ALS
gene is also considered to be useful as a
selection marker for genetic transformation
of rice used with sulfonylurea herbicides.

Analysis of cell death mechanism in
plants

Enhanced resistance to salt, cold and
wound stress by overproduction of animal
cell death suppressors Bcl-xL and Ced-9
in tobacco cells – possible contribution
through improved function of organella

Previously, we reported that overproduc-
tion of animal cell death suppressors Bcl-xL
and Ced-9 conferred enhanced resistance to
UV-B and paraquat treatment in tobacco
plants.  Here, we show that the progeny
could germinate in 0.2 M NaCl or at 10˚C
under light, while control plants could not
(Fig. 4).  Suspension-cultured Bcl-cells resist-
ed NaCl treatment maintaining an active
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Fig. 4
Enhanced germination of transgenic plants overproducing animal cell
death suppressor at 10˚C.  Seeds were sown on agar medium at 10˚C
under 15,000 lux for one month.  Only overproducers of animal cell death
suppressors can germinate in this condition.

Fig. 5
Change of cytoplasmic and vacuolar pHs caused by 0.5 M NaCl-treat-
ment.  Changes of pH in both the cytoplasm and vacuole were deter-
mined by in vivo 31P-NMR.  Inner figure with black background shows
quantitative cell death levels at A600 based on Evans blue staining.
Transgenic M65-24 cell line overproducing Bcl-xL resisted the treatment,
maintaining the compartment between the cytoplasm and vacuole for
longer period with higher ratio of survived cells.
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mitochondrial membrane potential for longer
than control cells.  When intracellular pH
was determined by in vivo 31P-NMR, immedi-
ate cytoplasmic acidification by 0.3 M NaCl
treatment in control cells was found to be
suppressed in transgenic cells.  Monitoring of
cytoplasmic and vacuolar pHs in control cells
indicated the vacuole was disrupted 40 min
after 0.5 M NaCl treatment, while the com-
partment between the cytoplasm and vacuole
was likely to remain intact in Bcl cells for
100 min (Fig. 5).  Enhanced shoot regenera-
tion from cut leaf pieces and more vigorous
rooting from cut stem ends were found in
transgenic plants.  The Bcl protein was

abundant in all subcellular fractions.  Based
on the results in transgenic plants carrying a
mutant bcl-xL gene, Bcl-xL is thought to sup-
press cell death and enhance the viability of
plants in stressful environments by con-
tributing to the maintenance of the home-
ostasis of organelles (Qiao et al. 2002)

Formation of symbiotic nitrogen 
fixing nodules

Gene silencing by expression of hairpin
RNA in Lotus japonicus roots and root
nodules

An efficient system for transient gene
silencing by expression of self-complemen-
tary hairpin RNA (hpRNA) was developed
with hairy root transformation of a model
legume Lotus japonicus.  Transgenic lines
that express -glucuronidase (GUS) under
constitutive or nodule-specific promoters
were supertransformed by infection of A. rhi-
zogenes harboring constructs for the expres-
sion of double-stranded hpRNAs with
sequences complementary to the GUS coding
region.  GUS activity in more than 60% of
the hairy roots was decreased or silenced
almost completely.  Silencing of the GUS
gene was also observed in symbiotic nodules
formed on hairy roots in both early and late
stages of nodule development (Fig. 6).  These
results indicate that transient RNA silencing
by hairy root transformation provides a pow-
erful tool for loss-of-function analyses of
genes that function in roots and root nodules.

Contig construction around regula-
tive genes in the centromeric region
with HEGS (High Efficiency Genome
Scanning)

LjSym70 of Lotus japonicus regulating
initial process of symbiotic nitrogen 
fixation, and Sh of buckwheat controlling
style/stamen length coupled with self
compatibility

Centromeric regions are notoriously recal-
citrant to genome analysis with their
repeated sequences and suppressed recombi-
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Fig. 6
GUS staining of nodule primordia formed on transgenic hairy roots of L.
japonicus line 16E harboring CamV35S promoter::GUS.  Nodule primor-
dia 7 days after M. loti inoculation are shown for pHKN29 (empty vector; a
and d), pHKN30 (hpRNA of GUS; b and e) and pHKN31 (hpRNA of GUS;
c and f) are shown.  Upper panel (a, b and c),  GUS staining.  Lower panel
(d, e and f), GFP fluorescence as a transformation marker.

Fig. 7
Fine map of the Ljsym70 locus.  Left map indicates that LjSym70 localizes
at the very marker-dense region of chromosome 1, which is supposed to
correspond to the centromeric region, and the right lower map represents
the fine map developed by us with HEGS system.  Right upper map is
derived from integration of the FISH map and the marker map around
LjSym70, indicating that LjSym is in near the centromeric region.
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nation rates.  However, in our attempts to
analyze biologically and economically impor-
tant plant regulative genes, such as rice
blast resistance genes Pi-ta2, Pi-z, and Pi-zt,
a rice gene regulating secondary cell wall
thickening (bc-1), genes regulating legume
root nodulation processes, LjSym 70 (Fig. 7),
LjSym 72, and LjSym 74, and a buckwheat
style/stamen length regulating gene (Sh)
coupled with self compatibility, we have
repeatedly faced these centromeric regions. 

In order to overcome these difficulties to
make a contig around the centromeric genes,
we utilized the HEGS system we developed
recently.  The close markers finally identified
by this method were used to clone the corre-
sponding BAC clones from our original BAC
library.  For walking repetitive sequences,
several BAC fragments were checked for
their polymorphism as markers to confirm
their map position, and the HEGS/AFLP sys-
tem was used for the close recombinant popu-
lation.  Thus, identified clones were arranged
into a BAC contig spanning about 2 MB region

around the LjSym 70 (Fig. 8).  Similarly, the
contig around the Sh gene was partially com-
pleted, and the clones were sequenced, and
indentification of several candidate genes
was done.
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Fig. 8
Contig spanning the LjSym70 region of Lotus japonicus.  The SCAR mark-
ers developed from the HEGS/AFLP analysis are indicated by black letters,
and the markers developed from BAC clones are indicated by blue and red
letters, in the co-segregating region and outside of that, respectively. 

lant Biotechnology DepartmentP
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 2002-2003 were as follows.

Gene targeting in higher plants

Isolation and characterization of Rad52
pathway genes in plants

Homologous recombination (HR) is an
essential process for the maintenance and
variability of a genome.  In eukaryotes, the
Rad52 epistasis group proteins serve the
main role for HR.  Several plant homologous
genes involved in the Rad52 pathway have

been isolated and characterized, such as
AtDMC1, AtMRE11, AtRAD50, AtRAD51 in
Arabidopsis.  However, other important
members of the Rad52 epistasis group genes
(NBS1, RAD51 paralogs, RAD52 and
RAD54) have not been isolated.  For better
understanding of 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 gamma-



ray irradiation with higher induction level in
OsRAD51A2.  Expression of OsRAD51A2
promoter::GUS chimeric gene in rice calli
was strongly up-regulated by double-strand
breaks (DSB) inducers, gamma rays and
bleomycin.

DMC1 is one of the key players in meiotic
recombination.  Interestingly, 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 pro-
duced pollens with abnormal shape and very
low fertility (Fig. 1), though they did not give
any obvious phenotypes at vegetative stages.

Among the five members of Rad51 par-
alogs, Rad51B is suggested to promote the
assembly of Rad51 nucleoprotein filaments
during homologous recombination repair.
RT-PCR analysis of Arabidopsis RAD51B
gene (AtRAD51B) indicated that this gene
was expressed in young stage of flower buds
and the transcript level was increased after
gamma-ray irradiation.  Yeast two-hybrid
analysis showed AtRad51B interacted with
another member of Arabidopsis Rad51-para-
log Rad51C (AtRad51C).  To elucidate the
biological function of the AtRad51B, we also
isolated T-DNA knockout (KO) mutants of
this gene, and named them rad51b-1 and
rad51b-2.  As shown in RAD51B KO in
chicken DT40 cells, Arabidopsis rad51b
mutant plants were hypersensitive to
gamma rays that induce DSBs (Fig. 2).
These results demonstrated that AtRAD51B
plays a role in DNA repair in Arabidopsis.

Rad54 is a SWI2/SNF2-related protein
that possesses double-stranded DNA-depen-
dent ATPase activity and changes DNA
topology in an ATP hydrolysis-dependent
manner.  Most recently, it was shown that
Rad54 facilitated chromatin remodeling and
was suggested to enhance protein clearing at
the homology search step of HR.  RT-PCR
analysis indicated that Arabidopsis RAD54
(AtRAD54) transcripts are expressed in all
tissues with the highest level of expression
in flower buds, induced by gamma rays.
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Fig. 2
Plants with disruption of AtRAD51B gene are hypersensitive to
gamma-ray irradiation.
A. Schematic representation of AtRAD51B gene with the positions of

T-DNA insertions. 
B. Sensitivity to gamma rays of rad51b mutants.  Imbibed seeds were

irradiated with gamma rays and grown for 2 weeks under white light.
C. Sensitivity to gamma rays of rad51b mutants under various dosages

of irradiation.  Sensitivity was estimated by the percentage of plants
having true leaves.

WT rad51b-1 rad51b-2

0Gy

400Gy

Fig. 1
Antisense expression of OsDMC1A gene in rice results in the produc-
tion of aborted and sterile pollens.
Pollens were differentially stained according to Alexander (1969).
Photographs were taken under same magnification.  Red/purple pol-
lens: nonaborted; transparent or blue/green pollens: aborted.  Also
note that sizes of pollens from transgenic rice expressing antisense
DMC1A gene are quite variable.



Yeast two-hybrid assay showed interaction
between AtRad51 protein (AtRad51p) and
AtRad54p.  OsRad54p interacted with both
OsRad51p and AtRad51p, indicating conser-
vative interaction domains, at least in higher
plants.  These results support the involve-
ment of Rad54p in homologous recombina-
tion together with Rad51p.

Homologous recombination is stimulated
in chromatin assembly factor-I mutant 

Chromatin assembly factor-1 (CAF-1)
deposits histones onto DNA templates after
replication in human and yeast cells.  In
Arabidopsis thaliana, the FAS1, FAS2 and
MSI1 genes encode the three CAF-1 subunits
homologous to human CAF-1 subunits p150,
p60 and p48, respectively.

We analyzed FAS1 and FAS2 mutants
of Arabidopsis on the DNA repair mecha-
nism.  In contrast to yeast, the fas1 and fas2
lacking two larger CAF-1 subunits of
Arabidopsis showed higher sensitivity to
gamma-ray irradiation than wild-type
plants, suggesting that CAF-I mutation itself
induces DSBs and increases sensitivity
against gamma-ray irradiation, or CAF-I
mutants fail to restore chromatin structure
following DSB repair.  A recombination
assay revealed increased frequencies of
homologous recombination (up to 40 times),
showing hyper-recombination phenotype in
planta in the fas1 and fas2 mutants.

Since CAF-1 KO mutants show extremely
high frequency of HR, this finding may be
very useful for improving gene targeting
(GT) in higher plants.

Gamma-ray resistant mutant
Gamma rays strongly penetrate organ-

isms and damage DNA through DSBs.
Repair of DNA damage is essential for the
maintenance of genetic stability.  In order to
study these DNA damage repair mechanisms
in higher plants, we isolated Arabidopsis
mutants that showed enhanced resistance
against gamma-ray irradiation.  One of the
gamma-ray resistant mutants (ir1) showed
increased hypocotyl elongation under white

light.  Especially epidermal cells of ir1
hypocotyls were extremely elongated.
Furthermore flow cytometric analysis of ir1
hypocotyl cells showed normal ploidy levels
(2C, 4C, 8C and 16C) plus an additional peak
corresponding to 32C nuclei.  In the dark,
the hypocotyl length of this mutant was not
different from that of wild type.  However,
64C nuclei that were not found in wild type
hypocotyls were found only in ir1 hypocotyls.
Gamma-ray resistance and hypocotyl elonga-
tion were found to be genetically linked.  We
have mapped the mutant phenotype on chro-
mosome 5 near the CAPS marker CHS.

Gene engineerring

Enhanced accumulation of foreign gene
products in low storage protein mutants

Plants have been used as bioreactors for
synthesizing foreign gene products at very
low cost.  Production of useful proteins using
a seed system has many benefits as follows.
Greater amounts of proteins are expressed
and accumulated in seeds than in other
organs such as leaves or roots, and transgene
products accumulated in seeds are nutrition-
ally stable even at room temperatures for
one year.  Value-added products such as
pharmaceuticals and industrial enzymes
have been produced in several plants.
However, accumulation levels of the target
protein are less than 1% of the total protein
content in most cases.  Taken together, it is
clear that exploitation of an effective accu-
mulation system for foreign gene products is
required for their commercial use. 

We have developed an accumulation sys-
tem in the rice seed using soybean storage
protein glycinin as a model foreign gene
product.  Here, we have examined whether
seed storage protein mutants could be suit-
able as hosts of gene transfer for high levels
of accumulation, since they presumably have
greater storage capacity for transgene prod-
ucts and larger pool of free amino acids for
protein synthesis.  In order to estimate how
much the accumulation level is increased in
the storage protein mutants, we crossed

Annual Report 2003 111



homozygous transgenic rice accumulating
soybean glycinin up to 4% of the endosperm
proteins and two types of storage protein
mutants (LGC1 and 123) which are defi-
cient in the major rice storage protein
glutelin (Fig. 3).  Glycinin levels were signifi-
cantly enhanced to 6.5 to 7% of the total
endosperm proteins in these low glutelin
mutants, indicating that higher levels of
accumulation of foreign gene products than
those in normal rice could be obtained by uti-
lizing storage protein mutants as a target
plant for foreign gene transfer.  When
glycinin was expressed in these low glutelin
mutants, 13 kD prolamin and 26 kD globu-
lins were slightly suppressed, dependent
upon the increase in glycinin, suggesting
that a compensatory regulatory mechanism
is operating in order to maintain the level of
total seed proteins.  In view of the finding
that the glycinin mRNA level was almost the
same between the low glutelin mutants and
the parental transgenic line, we concluded
that the presence of space for accumulating
the glycinin is critical for determining its
accumulation level.

Establishment of novel transgenic
crops

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

Previously we reported that transgenic

rice plants overexpressing rice class I chiti-
nase gene showed enhanced resistance to
blast fungus.  Field evaluation, however,
revealed that the level of the enhancement
was not sufficient to overcome blast disease.
We consequently searched for other candi-
date genes that might confer higher resis-
tance to the disease in terms of the chitinase
activity and primary structure.

Chitinase C (ChiC) is the first bacterial
family 19 chitinase discovered in Strepto-
myces griseus HUT6037. In vitro antifungal
activity assay using the purified chitinase
enzymes showed ChiC clearly inhibited
hyphal extension of Trichoderma reesei and
the effect was higher than that of the rice
family 19 class I chitinase.  In order to inves-
tigate whether ChiC acts as an enhancer of
plant resistance to fungal diseases, the chiC
gene was introduced into rice plants under
the control of the enhanced CaMV 35S pro-
moter and a signal sequence from the rice
chitinase gene.  Transgenic plants were mor-
phologically normal.  Resistance to leaf blast
disease caused by Magnaporthe grisea was
evaluated in R1 and R2 generations using a
spray method.  Ninety percent of the trans-
genic rice plants expressing ChiC showed
higher resistance than non-transgenic
plants.  Disease resistance of sibling plants
within the same line was correlated with the
ChiC expression levels.  We are planning to
compare the blast resistance between ChiC-
expressing rice plants and previously pro-
duced rice plants constitutively expressing
the rice chitinase gene, once homozygous
transgenic plants, which stably express the
chiC gene, are obtained.

This work was carried out in collaboration
with Niigata University and Dainippon Ink
and Chemicals, Inc.

Transgenic crops expressing P450
monooxygenase

Cytochrome P450 monooxygenase (CYP)
plays an important role in the oxidative
metabolism of xenobiotics in higher plants as
well as in mammals.  The enzyme system on
microsomes consists of many P450 species
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Fig. 3
Working model for high accumulation of foreign gene product in low
storage mutant.



and a few NADPH-cytochrome P450 oxidore-
ductase (reductase) molecules.  Agrochemi-
cals including herbicides were metabolized
by P450 species, conjugated, and compart-
mentalized in plant body.  The oxidation by
P450 species is considered to be the limiting
step of metabolism of foreign chemicals.

We attempted to express human and pig
P450 species related to the metabolism of
xenobiotics in rice in collaboration with Kobe
University.  These mammalian P450 species
have high activity to metabolize various her-
bicides with different modes of action and in
different chemical functional groups.  This
year, we introduced these P450 species into a
rice variety, Yumenohatamochi, which can
grow not only in paddy fields but also in dry
fields.  Yumenohatamochi has widespread
and  thick roots (Fig. 4A), which is a suitable
feature to absorb foreign chemicals in the
fields.  These transgenic rice plants express-
ing human P450 species, CYP1A1 or
CYP2B6, exhibited a remarkable cross-toler-
ance toward various herbicides, similar to
the transgenic Nipponbare rice plants (Fig.
4B).  These transgenic rice plants also had
the ability to metabolize various herbicides
with different chemical structures.  Tested
herbicides were speculated to be metabolized
rapidly into nonphytotoxic compounds in the
transgenic rice plants.

Development of dwarf rice plant by intro-
ducing gibberellin 2-oxidase gene

To obtain full control of the phenotype of
crops is one of the final goals of crop breed-
ing.  The target of our study is to change the
plant type of rice to dwarf type by genetically
modifying the gibberellin (GA) metabolic
pathway.

We devised a strategy using a newly-
developed transformation method for rice
(mentioned in other part of this Annual
Report), and genes such as D18 promoter,
specifically expressed in stems and leaves,
and rice GA2-oxidase gene.  We previously
obtained transgenic rice plants harboring 
the rice GA2-oxidase gene driven by the con-
stitutively expressing actin promoter.

Although they showed dwarf phenotype,
there was no seed setting.  Currently, we
used D18 promoter instead of actin promoter
and obtained transgenic rice plants setting
normal seeds (Fig. 5). 

Using T1 progeny, we performed safety
assessment of the transgenic rice to the envi-
ronment in a containment greenhouse.  The
transgenic rice (Oryza sativa japonica var.
Don-to-koi) showed dwarfed plant height of
about 50% of non-transgenic control rice.  We
completed the safety assessment, examining
morphological characteristics, production of
unintentional harmful substances and
remains of Agrobacterium tumefaciens,
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Non-transgenic Transgenic
Fig. 5
GA2-oxidase gene- introduced rice.  Transduced gene
was driven by the D18 promoter.

Fig. 4
Comparison of roots between Nipponbare and Yumenohatamochi (A) and
herbicide tolerance of transgenic rice plants expressing CYP2B6 (B).
DrB2, DrB10 and DrB15: transgenic plants of Yumenohatamochi; A11:
transgenic plants of Nipponbare.

(A) (B)

Yumenohatamochi DrB2 DrB10 DrB15 A11
0µM Metolachlor 3µM



among other factors.  Table 1 shows a few
characteristics of reproductive organs.
Significant differences in pollen fertility were
not observed between transgenic and non-
transgenic rice plants.  However, seed num-
ber per panicle was reduced in transgenic
plants, probably because D18 promoter was
active to some degree in reproductive organs,
and the expressed GA2-oxidase may have
affected seed set ratio.  In the future, we
need to use a promoter whose expression is
totally specific for stems to drive the GA 2-
oxidase gene.

The dwarf phenotype was inherited domi-
nantly, so the transgenic dwarf plants can be
used as good breeding parents for hybrid
rice, and the introduction of 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 recalci-
trant rice cultivars

Totipotency is an important factor for
plant transformation.  The ability to regener-
ate 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 leading
Japanese variety, Koshihikari, which has a
poor regeneration ability, and isogenic lines
of Koshihikari were obtained with a high
regeneration ability.  The isogenic lines
showed almost the same characteristics as
Koshihikari, including plant type, heading
date and eating quality in field trials for
three years.  Our findings suggested that
these isogenic lines are useful for producing

high quality transgenic rice plants.
One full-length cDNA clone (Os22A) was

isolated by a differential-display method and
this gene was expressed specifically in
Konansou and the isogenic lines with a high
callus  regeneration ability.  Moreover,
expression of Os22A mRNA decreased or dis-
appeared with the decrease of regeneration
ability.  These results suggested that the
expression of Os22A is closely related with
the high regeneration ability.  Therefore, we
introduced the Os22A cDNA into Koshihikari
and evaluated the regeneration ability.  The
transformed callus had a high regeneration
ability compared with non-transformed calli.

Genetic transformation of Japanese 
commercial wheat varieties obtained by 
a plant regeneration system through 
morphogenesis  

Twenty-three Japanese commercial vari-
eties of wheat were examined for their
response in tissue culture, and the tissue 
culture system was optimized for efficient
plant regeneration.  The cultures were 
initiated from immature embryos taken
approximately two weeks after flowering.
Regeneration occurred at higher frequencies
when cytokinins (kinetin or BAP) had been
added in the callus induction medium(modi-
fied MS medium), followed by regeneration
medium devoid of growth regulators.  The
addition of maltose, proline, glutamine and
asparagine also enhanced shoot formation,
but the addition of cytokinins to regeneration
media did not improve shoot formation.  In
many cases, shoots were derived from adven-
titious buds and distinct somatic embryogen-
esis was not observed.  Five varieties (Norin
No. 35, Norin No. 40, Norin No.67, Norin
No.81, and Norin No. 83) showed high fre-
quency of callus formation and plant regen-
eration.  Self-fertilized seeds of “Norin
No.67” were obtained and advanced to the
next two generations (R1 and R2).  Tissue
culture response of the R1 and R2 plants
were examined.  Plant regeneration fre-
quency of the R1(82%) and R2(99%) genera-
tions was significantly higher than that of
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Table 1   Characters of the reproductive organs in T1 progeny
(D18::OsGA2ox1 transformation)

Individual
Pollen fertility(%) Seeds per panicle
Mean* SD Mean** SD

Don-to-koi(control) 97.3 0.62 101 12.3

D2 NH-1-1 98.8 0.34 63.7 5.9

D2 NH-1-2 98.9 0.68 46.7 3.2

* n(200 pollens)=5
** N=6



the R0(53%).
Foreign genes (35S + npt ) were intro-

duced into immature embryos of “Norin
No.67, R2” using a particle gun (Biolistic
PDS-1000/He).  To date, 31 geneticin-resis-
tant plants have been regenerated, and 30
plants showed positive response in PCR
analysis.  Application of this knowledge
should facilitate the generation of transgenic
wheat.  We have just started the research to
produce wheat lines resistant to pre-harvest
sprouting of seeds by introducing a VP-1
homologue gene, which is responsible for
seed dormancy.
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Improved method Conventional method
Fig. 6
Wheat calli regenerating buds on conventional and improved callus cul-
ture medium.
Variety : Norin No.61

A novel allergenic protein in rice
In terms of nutrition, rice is the most

important source of not only carbohydrates
but also protein in Asian countries.  Rice is
considered to be one of the most common
allergenic foods in Japan.  Among rice pro-
teins, a 16 kDa protein was found to be one
of the major allergens in rice grains.

The production of hypoallergenic rice
seeds has been carried out by some investi-
gators.  A method was developed to make
hypoallergenic rice by digesting the aller-
genic protein using an enzyme treatment.
The hypoallergenic rice is produced commer-
cially and supplied to patients.  In this treat-
ment, however, a large amount of Actinase is
used as a proteolytic enzyme, which
inevitably makes this rice costly to produce.
As an alternative, highly polished rice of a
cultivar having a large endosperm is also
marketed as a low allergen rice, since the
outer part of the endosperm has a higher
protein content than the inner part.
However, the inner part of rice endosperm
does not have a low 16 kDa protein content.
At a molecular and genetic level, the intro-
duction of an antisense gene has been
reported to repress 16 kDa allergen expres-

sion in maturing seeds to 10-20% of that of
wild type.

We have screened the mutants obtained
by gamma-ray irradiation of rice seeds and
found two lines with a low content of 16 kDa
allergenic protein.  The 16 kDa protein con-
tent of these mutants was about half that of
their original cultivars.

Although the 16 kDa protein has been
extensively studied, several other proteins
were reported to be allergenic.  To further
the potential to produce hypoallergenic rice,
we performed a Western blot analysis using
the sera from patients allergic to rice to
detect allergens and found a novel protein
reactive with IgE antibodies in the patients'
sera that was stronger than 16 kDa protein.

Albumin, globulin, prolamin, and glutelin
prepared from defatted rice grains were sub-
jected to SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) and
electrophoretically blotted onto PVDF
(polyvinylidene difluoride) membrane.  Many
bands were visualized after incubation with
sera from three individuals allergic to rice
followed by detection using the goat anti-
human IgE.  Among them, a protein with a
molecular mass of about 33,000 Da was
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detected in the albumin fraction, which
exhibited a strong reaction with sera from all
three patients in spite of the invisibility on
the polyacrylamide gel by CBB (Coomassie
Brilliant Bleu) staining. (Fig. 1 arrow heads)
The very low concentration and the high
reactivity with IgE indicate that this novel
protein could be the predominant allergenic
protein rather than the 16 kDa allergenic
protein, which is one of the major storage
proteins in rice endosperm.

To isolate this 33 kDa protein, the albu-
min of the rice was prepared and fraction-
ated by ion-exchange chromatography on a
column (26 mm × 100 mm) of sepharose.  The
reactivity with IgE antibody of the eluted
sample was tested by Western blot analysis
and the fractions that showed a positive
reaction were pooled and purified further by
hydrophobic interaction chromatography on
a column (26 mm × 100 mm) of sepharose.

The SDS-gel-electrophoretic pattern of
the allergenic protein preparation showed
two protein bands of about 33 kDa and the
concentration of the band with the higher
molecular weight was larger than the other.
(Fig. 2)  Both of them reacted with IgE rela-
tive to their respective concentrations and
provided the same pI of 6.5.  The determina-
tion of amino acid sequences of both proteins
revealed that the N-terminal sequence of the

smaller protein was identical to that of the
larger protein from the 3rd amino acid.  In
light of the similar reactivity with the IgE,
the same pI, and the amino acid sequence
identity, we propose that the removal of 2 N-
terminal amino acids from the larger protein
may produce the smaller one by processing
or degradation.  It is also probable that these
proteins are the products of a multigene fam-
ily.

We are now planning to clone the gene
encoding the 33 kDa allergenic protein to
study the molecular structure and expres-
sion as well as the physiological role of the
protein in rice.

Dose response and mutation induction
by ion beam irradiation in buckwheat

Recently, heavy-ion beams have been
regarded as a new mutagen because such
high-LET (linear energy transfer) irradiation
provides higher RBE (relative biological
effectiveness) for various endpoints, com-
pared with gamma rays.  In this report, the
biological effects of ion beams in buckwheat
were introduced. 

Dry seeds of the common buckwheat vari-
ety Botansoba (Bot) and tartary buckwheat
variety Rotundatiem (Rot) were irradiated
with various ions in JAERI and RIKEN.  A
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Fig. 1
Western blot analysis of fractions from rice grain. 
SDS-PAGE pattern was stained by CBB R-250.  Reactivity with IgE was
detected using the sera from Patient A, B, and C.

M:Molecular Weight Marker

  1:Alubumin

  2:Globulin

  3:Prolamin

  4:Glutelin

M 1 2 3 4 M M 1 2 3 4 M M 1 2 3 4 M M 1 2 3 4 M

SDS-PA GE Patient A Patient B Patient C

Fig. 2
SDS-PAGE and Western blotting of purified rice aller-
genic proteins.
Purified proteins were visualized by silver staining and by
reactivity with IgE from patient serum.
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gamma ray from 44 TBq 60Co was used as
the low LET ionizing radiation control.  The
survival capability was determined by the
existence of a growing point.  The lethal dose
50 (LD50) and mean lethal dose (D37) of each
buckwheat variety were obtained from a
dose-response curve. 

We found that a penetrating depth of 1.7
mm was necessary to reach the target cells,
and when the penetrating depth was less
than 2.2 mm, the effect of the hulls was
remarkable in buckwheat seeds.  The rela-
tive lethal effect per dose increased with the
increasing LET in both C and Ne ions.  The
effects of Ar and Fe ions were higher than
those of the He, C, and Ne ions.  The LD50 of
these ions ranged from 30-500 Gy (Rot) and
10-300 Gy (Bot).  Bot was more sensitive
than Rot to these ions.

The RBE was estimated as the D37 of
gamma ray (control) divided by the obtained
D37 value in Rot and Bot.  The maximum val-
ues of RBE in D37 were 17.7 and 22.5 in Bot
and Rot, respectively.  Those were observed
at 305 keV/µm (Fig. 3).

The mutation rates of 20Ne8+ (350 MeV)
were the same as those for the gamma rays
and lower than those for any other ion beams
in the M2 generation of tartary buckwheat.
It seemed that mutation rates of 20Ne8+ (350
MeV) were not exact because of the shallow
penetrating depth (Fig. 4).  The mutation
rates increased with the dose rose, whereas
mortality and sterility rates in the M1 gener-
ation also increased.  The optimal dose for
mutation induction by carbon ion (12C5+ (220
MeV)) was estimated to be about 20-40 Gy.

Some mutants were obtained by ion
beams.  Most of mutants were morphological
ones, while a few leaf color mutants were
obtained (Fig. 5).

Inducing mutation of tea trichomeless
In the tea (Camellia sinensis (L.)O.

Kuntze), trichomes are seen on the surface of
young leaves (except for a wild variety), with
high density in the midrib, and scarcely in
mature leaves.  It would be desirable to
breed a trichomeless tea cultivar, which

would be disease-resistant and afford high-
quality tea, however, there are no trichome-
less tea plants suitable for green tea
breeding among the existing cultivars or
gene resources.

Thus, we made two varieties of trichome-
lss tea mutants were with -rays .
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Fig. 3
The relationship between the RBE (D37) and the LET (surface) in Bot (a)
and Rot (b).  Gamma ray ( ), He ions ( ), C ions ( ), Ne ions ( ), Ar
ions ( ) and Fe ions ( ) irradiated to the intact seeds.
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Fig. 4
Mutation rate in the M2 generation of tartary buckwheat.
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Yellow leaf mutant.



These mutants were selected by the fol-
lowing process.  Tea woody roots were irradi-
ated with -rays (20 hours, 2kR total dose) in
the gamma room of the IRB.  After irradia-
tion, these woody roots developed adventi-
tious buds.  Two trichomeless plants were
found among the tea plants (original culti-
var: ‘Yabukita’ and ‘Surugawase’) when
adventitious buds were grown.

In the mutants, no trichomes could be

found on the surface of young leaves, and
only traces were observed in the midrib (Fig.
6).  Another mutation was induced in tri-
chomeless the tea plants: the stamens
turned to petals (Fig. 7).  These results indi-
cate that two different mutations were
induced with one-time irradiation.

Trichomes in tea cause undesirable
effects on the tea product.  Specifically, the
color of liquor is abnormal and a sensation
on the tongue when the tea is drunk.  In tri-
chomeless mutants, these problems are
solved, leading to good quality ‘Sencha’ and
powdered tea (not ‘Matcha’). 

Trichomes in tea are a main infection
pathway for the pathogenic spores of anthrac-
nose and cause skin rashes in tea manufac-
turing workers.  Tea plants without trichomes
would not cause such anthracnose infections
or skin rashes during tea processing.

The characteristic of the tea mutant with-
out trichomes were investigated with regard
to several aspects of cultivation, such as,
plucking date, yield, and growth.

It was difficult to recognize any differ-
ences between the mutant and the original
cultivars.  However, the growth of new
shoots in the trichomeless mutant was infe-
rior to the original cultivars.  Improvement
of cultivation methods is necessary in tea tri-
chomeless mutants. 
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Fig. 6
Difference of trichomes on leaf surfaces (Picture was taken with an SEM)
Left : leaf surface of 'Yabukita' (original cultivar)
Right: leaf surface of 'Yabukita' (trichomeless mutant)

Fig. 7
Differences in flower shapes 
Left : flower of 'Yabukita' (original cultivar)
Right: flower of 'Yabukita' (trichomeless mutant)
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Yoko Takasu
Hiroshi Takatsuji
Takato Takenouchi
Toshiaki Takezawa
Hiromitsu Tanaka
Hiroshi Tanaka
Seiji Tanaka
Yoshiaki Tanaka
Yoshiyuki Tanaka
Kiyoko Taniai
Seiichi Toki
Tomoyuki Tokunaga
Mitsue Tokutomi
Shuuichiro Tomita
Norihiko Tomooka
Yoshiyuki Toshima
Kozo Tsubouchi
Noriko Tsuji
Masuhiro Tsukada
Tadamasa Ueda
Hirohide Uenishi
Osamu Ueno
Duncan Alexander Vaughan

Genetic Diversity Department

Department of Research Planning and Coordination

Plant Biotechnology Department

Physiology and Genetics Regulation Department

Physiology and Genetics Regulation Department

Physiology and Genetics Regulation Department

Developmental Biology Department

Physiology and Genetics Regulation Department

Physiology and Genetics Regulation Department

Molecular Biology and Immunology Department

Genome Research Department

Insect Genetic and Evolution Department

Genetic Diversity Department

Genebank

Molecular Biology and Immunology Department

Insect Biotechnology and Sericology Department

Developmental Biology Department

Department of Research Planning and Coordination

Molecular Biology and Immunology Department

Plant Biotechnology Department

Biochemistry Department

Insect Biotechnology and Sericology Department 

Developmental Biology Department

Plant Biotechnology Department

Plant Physiology Department

Molecular Genetics Department

Insect Biomaterial and Technology Department

Plant Physiology Department

Physiology and Genetics Regulation Department

Physiology and Genetics Regulation Department

Molecular Biology and Immunology Department

Plant Biotechnology Department

Physiology and Genetics Regulation Department

Developmental Biology Department

Plant Physiology Department

Insect Biotechnology and Sericology Department

Plant Biotechnology Department

Developmental Biology Department

Plant Physiology Department

Insect Genetic and Evolution Department

Genetic Diversity Department

Insect Biomaterial and Technology Department

Insect Biomaterial and Technology Department

Molecular Biology and Immunology Department

Insect Biomaterial and Technology Department

Molecular Genetics Department

Genome Research Department

Plant Physiology Department

Genetic Diversity Department

88, 89, 96, 101,165, 174, 183
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217

69, 232

260

69, 215, 241

177, 189, 230

25

147

56

28, 31, 78, 80, 109, 151, 198,

199, 263

143, 259

201

155, 245, 246

214

76

58, 59, 166, 208

122

214

104

217

162

44, 45, 60, 71, 171, 220, 221,

231, 264, 265, 269

5, 17, 161, 194

17, 64, 94, 225

226

227, 228

2, 91, 92

4, 43, 231

229, 231

195

123, 141

235, 239, 240

235, 239, 240

272

116, 237

190

131, 138

93, 135

59, 129, 139, 140

24, 30, 95, 112, 247, 248

249

227, 228

202, 250

122, 252

102, 253

107, 156, 267

2, 99, 254

24, 30, 33, 95, 112, 248
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Author Department Paper.No.

Sadao Wakamura
Toshiyuki Wako
Hirofumi Watanabe
Kenji Watanabe
Masahiko Watanabe
Minoru Yamakawa

Kimiko Yamamoto
Shinichi Yamamoto
Hiroaki Yamanouchi
Toshimasa Yamazaki
Masahiro Yano

Hiroshi Yasue

Yuji Yasukochi
Yoshiaki Yazaki
Kenji Yukuhiro

Physiology and Genetics Regulation Department

Biochemistry Department

Insect Genetic and Evolution Department

Insect Genetic and Evolution Department

Physiology and Genetics Regulation Department

Molecular Biology and Immunology Department

Genome Research Department

Molecular Genetics Department

Institute of Radiation Breeding

Biochemistry Department

Molecular Genetics Department

Genome Research Department

Genome Research Department

Plant Physiology Department

Insect Genetic and Evolution Department

10, 49, 242

256, 257

100, 172, 173, 243, 258

259

260, 261

55, 74, 75, 116, 167, 168,

195, 196

28, 198, 263

263

61

67, 106, 255

31, 78, 82, 109, 124, 145,

151, 198, 262, 263, 266, 268

35, 52, 107, 156, 160, 178,

218, 267

58

193

274
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The 3rd International Rice Blast Conference

The “3rd International Rice Blast Conference” was held on Sept 11-14th, 2002, at the
Tsukuba International Congress Center, Epochal Tsukuba, as a formal international confer-
ence with a participation fee of ¥40,000 (50,000) for general and ¥20,000 (25,000) for students
(fee later than June 30).  Financial support was offered from the Ministry of Education,
Culture, Sports, Science and Technology (MEXT).  This conference was also supported by The
Phytopathological Society of Japan, Japanese Society of Breeding, The Japanese Society of
Plant Physiologists, Pesticide Science Society of Japan, NIAS: National Institute of
Agrobiological Sciences, NARO: National Agricultural Research Organization.  There were 65
oral and 75 poster presentations, and 175 participants attended for the 4-day meeting.  The
foreign participants numbered 49 from 15 countries, and would have passed 70 if the research
fellows from the abroad were included.  This was the 3rd meeting after the 1st was held in
Madison, Wisconsin, USA, 1993, and the 2nd in Montpellier, France, 1998.

Rice blast fungus is establishing a position as a model plant pathogen to investigate plant-
microbe interactions at the molecular level.  The meeting celebrated the sequencing of both the
parasite and the host, rice blast fungus by Whitehead Institute and North Carolina University
in June, and rice by Syngenta Co. in April, in keynote lectures, and by International
Consortium in anticipation.  Also several trials of functional genomics of rice blast fungus were
reported.  Another highlight was that several rice blast resistance genes and avirulence genes
of rice blast are very close to being cloned.  From Japan, the history of the first plant resis-
tance-inducing agent, probenazol, and development of near isogenic lines of blast resistance
genes from the elite cultivar Koshihikari were reported.  In addition, a first prospective rice
transformant against blast disease, defensin-introduced rice, was reported.  This meeting may
have helped to publicize the contributions of Japanese scientists to the protection of rice from
the blast disease, which have been recognized rather insufficiently in the international aspect.
On the final day, an excursion was held to observe the test field for the rice field-resistance
against blast, in the central Ibaraki region, seeking to attain an international consensus for
this trait.

The First International Workshop of Lepidopteran Genomics

The First International Workshop of Lepidopteran Genomics was held from September 30
to October 3, 2002, at the Tsukuba Center for Institutes, Ministry of Education, Culture,
Sports, Science and Technology, Tsukuba, sponsored by NIAS Insect COE research program
and 4 other Research programs concerning Lepidopteran genome analysis.  There were 41 oral
and 11 poster presentations, a “Consortium on  Lepidopteran Genomics” and a satellite meet-
ing.  A total of 159 participants, including 34 foreigner from 12 countries, attended.  Intensive
discussion on the strategy for proceeding with Bombyx genomics tookplace in the “Consortium

International Meetings and Foreign
Visitors

International Meeting
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on Lepidopteran Genomics”.

NIAS-COE International Symposium: “Plant Metabolism: Molecular
Mechanisms and Engineering”

An international symposium entitled “Plant Metabolism: Molecular Mechanisms and
Engineering” was held on November 19-20, 2002, at Tsukuba International Congress Center,
Tsukuba, with more than 160 participants.  Research in plant metabolism has been expanding
rapidly in the last few years, and this symposium aimed at outlining recent progress and dis-
cussing future perspectives in this research field.  Four different sessions on primary metabo-
lism in leaves, translocation, metabolism in sing organs, and secondary metabolism were held,
and 16 presentations, 8 from overseas and 8 from Japan, were given.  Four invited discussants
successfully activated discussion of each session, and participants enjoyed formal and informal
discussion with speakers and other participants.

NIAS/BRAIN International Symposium:“Molecular Mechanism of
Gibberellin/Brassinosteroid Signal Transduction”

The NIAS/BRAIN International Symposium entitled Molecular Mechanism of
Gibberellin/Brassinosteroid Signal Transduction was held on November 21-22, 2003, at
Tsukuba International Congress Center (Epochal Tsukuba) with approximately 200 partici-
pants.  Sixteen invited speakers (6 from overseas and 10 Japanese) gave presentations on mol-
ecular mechanisms of signal transduction involved in plant hormones.  Brassinosteroids and
gibberellins are essential plant growth-promoting natural products that are required during
normal plant elongation and development.  A poster session on the progress of functional
analysis of gibberellin and brassinosteroid signal transduction was also included in the 2-day
symposium.  The emergence of novel mechanisms for signal transduction involving these plant
hormones should be elucidated further using molecular genetics, protein chemistry and infor-
mation obtained from the rice and Arabidopsis genome.  Altering plant function will help
develop the next generation of rice plants with ideal grass type, high-yield and improved grain
quality.  The delegates and other participants were impressed by the rapid progress in this
field and by the discovery of previously unknown types of gene regulation mechanisms,
improving understanding of the role of plant hormones in growth and development.

The 4th ORCS International Symposium: “Development of New Structural
Biology Including Hydrogen and Hydration”

The ORCS International Symposium has been held annually during the project years as
one of the events of the ORCS project (Organized Research Combination System) by NIAS and
JEARI.  This year we held our symposium on November 21-12, 2002, at Epochal International
Congress Center, Tsukuba.  The purpose of the symposium was to promote understanding of
the new field of structural biology by including information on protonation and hydration in
proteins and DNA, using not only neutron diffraction experiments on large protein/DNA single
crystals, but also X-ray diffraction and NMR experiments, and computer simulations.

The guest speakers was those working at the forefront of scientific research around the
world.  Nine scientists from abroad, and 11 working in Japan participated.  The latest data
and new issues in the lectures stimulated very lively and productive question and answer ses-
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sions.  In addition to oral presentations, a two-hour poster session was held to promote the
symposium.  Many animated discussions and individual conversations took place in front of
the posters.  All of the presentations during the symposium were very helpful in assisting
greater understanding of structural biology, including hydrogen and hydration.

NIAS-COE International Symposium: “Toward post-genome research in
plant science”

The NIAS-COE International Symposium was held under the title “Toward post-genome
research in plant science” on December 3, 2002, at Yasuda Life Hall in Tokyo, with approxi-
mately 250 participants.  There were oral presentations by three internationally renowned sci-
entists, Dr. Nam-Hai Chua from Rockefeller University, USA, Dr. Wilhelm Rademacher from
BASF AG, Germany, and Dr. Michael Freeling from U.C. Berkeley, USA.  Post-genome
research is expected to accelerate the development of the basic and applied plant sciences, uti-
lizing the complete sequences of rice genome and various new genomic tools/resources such as
chromosome-substitution lines, knock-out lines and the full-length cDNA library of rice.  About
250 researchers engaged in discussions focused on the post-genome research in plant sciences.

The 10th NIAS International Workshop on Genetic Resources: “Present
Status and Genetic Variability of Animal Genetic Resources in Asian
Region”

The 10th NIAS International Workshop on Genetic Resources, entitled “Present Status and
Genetic Variability of Animal Genetic Resources (AnGR) in the Asian Region” was held on
December 11-12, 2002, at the National Institute of Agrobiological Sciences.  The keynote
address was given by Hans G Wagner, FAO Regional Office for Asia and the Pacific, on the
subject of “Present status of Asian Animal Genetic Resources and the Role of the First Report
on the State of World’s Animal Genetic Resources” Reports from four countries, China, India,
Vietnam and Japan, on the present situation in animal genetic resources in each country were
given on the first day.  Six presentations on the status of genetic diversity in Asian livestock
species, including cattle, water buffalo, pig, goat and poultry, were given on the second day.
About 80 participants, including 13 from overseas, attended the Workshop.  Under changing
circumstances surrounding AnGR in rapidly modernizing Asia, a drastic reduction of genetic
variability in AnGR species and breeds was clarified in the workshop.  The reports also
pointed out that AnGR still serves  important roles in local economies and societies in most of
the Asian region.  The organizing committee believes that this workshop afforded an excellent
opportunity to better understand the present state of AnGR and establish a new collaborative
research program for the future.

The 10th International Rice Genome Workshop

The International Rice Genome Workshop was held at the Epochal Tsukuba International
Congress Center on February 5-6, 2003.  It was part of the annual Rice Genome Meeting,
which included the International Rice Genome Forum as well.  The 2-day workshop focused
principally on rice genome sequencing and comparative genomics.  Members of the
International Rice Genome Sequencing Project (IRGSP) presented the current status of physi-
cal map construction, genome sequencing and annotation of the sequence.  With the comple-
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tion of the high-quality draft sequence of the entire rice genome, several presentations also
focused on more in-depth analysis of the structure and various features of the genome.  The
comparative genomics session covered topics on the progress in genome analysis of major crop
plants, focusing on the similarities and differences in genome structure and composition of the
major groups of experimental and crop plants.  The workshop was accompanied by a poster
session highlighting the achievements of the Rice Genome Research Program (RGP) and other
members of IRGSP.

The 11th International Rice Genome Forum

The International Rice Genome Forum, already in its 11th year, was aimed at bringing
together the scientific and non-scientific community to share their perspectives and progress of
genome research in plants.  The Forum was held on February 7, 2003, at the main hall of the
Epochal Tsukuba International Congress Center, following the 2-day Rice Genome Workshop.
Among the topics presented included functional nucleotide polymorphism in rice, chromosome
pairing in wheat, gene discovery in maize, post-genomic research on photosynthesis and molec-
ular breeding of rice.  The meeting was attended by 233 participants.
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Main Foreign Visitors to NIAS
(April 2002-March 2003)

25 Apr. : Dr. Joachim Voss

Director, Centro International de Agricultura Tropical: CIAT (Colombia)

9 May : Dr. Coosje Hoogendroorn

Vice Director, International Plant Genetic Resources Institute: IPGRI (Italy)

11 Jun. : Prof. A. H. Zakri

Director, Institute of Advanced Studies, United Nations University (Japan)

17 Jun. : Dr. Peter Hartmann

Director, International Institute of Tropical Agriculture: IITA (Nigeria)

2 Jul. : Prof. Lee, Ming-Jen

Vice President, National Chiayi University (China)

6 Sep. : Mr. Jesus Moncada de la Fuente

Director General, National Forestry, Agricultural and Livestock Industrial Research Institute:

INIFAP (Mexico)

13 Sep. : Mr. C. R. Chikkamath

Commissioner= Director, Department of Sericulture, Govt. of Karnataka (India)

23 Oct. : Dr. Cheng Shi-hua

Director General, China National Rice Research Institute (China)

28 Oct. : Prof .Evgueni M. Kharitonov

Director, All-Russian Rice Research Institute (Russian Federation)

10 Jan. : Dr. Joseph J. Jen

Under Secretary, U.S.Department of Agriculture, Research, Education and Economics (U.S.A)

17 Jan. : Dasho Sangay Thinley

Secretary, Ministry of Agriculture (Bhutan)

21 Jan. : Ye Ci Long

Director, Direction of Sericultural Station of Anhui Province (China)

17 Feb. : Dr. Khotso Mokhele

President, National Research Foundation (South Africa)

11 Mar. : Dr. Machi Dilworth

Director, Division of Biological Infrastructure, National Science Foundation (U.S.A.)
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Executive Members and
Research Staff Members

Executive Members

Research Staff
Department of Research Planning and
Coordination
Research Planning Division 

Research Coordination
Insect and Animal Sciences Research Planning
and Coordination
Plant Science Research Planning and
Coordination
Technology Transfer Section

Field Management Section

Genome and Biodiversity Research Center
Genome Research Department

Plant Genome Laboratory

Animal Genome Laboratory

Insect Genome Laboratory

Bioinformatics Laboratory

DNA Bank
Genetic Diversity Department

President

Vice President

Vice President

Auditor

Auditor

Director

Director

Senior Research Coordinator

Research Coordinator

Research Coordinator

Head

Head

Head

Head

Head

Head

Head

Director

Director

Research Leader

Head

Head

Head

Head

Director

Iwabuchi Masaki

Inoue Hajime

Nakajima Kousuke

Motoi Yoshiko

Tatemichi Yoshirou

Kitamura Chikayoshi

Shinbo Hiroshi

Abe Hiroyuki

Tateishi Ken

Watanabe Shinichiro

Hirai Kazuo

Kiuchi Makoto

Machii Hiroaki

Shirata Akira

Katou Masao

Hanada Kaoru

Ogawa Masafumi

Imai Tsuneo

Kayano Toshiaki

Hirogari Yasuhiro

Nozaki Minoru

Kawauchi Ikuo

Kawakatsu Masao

Obata Taro

Sasaki Takuji

Yasue Hiroshi

Matsumoto Takashi

Katayose Yuichi

Mizuno Hiroshi

Awata Takashi

Hayashi Takeshi

Hamajima Noriyuki

Mikawa Satoshi

Uenishi Hirohide

Mita Kazuei

Kadono Keiko

Yasukochi Yuji

Yamamoto Kimiko

Baba Koutaro

Numa Hisataka

Nagamura Yoshiaki

Kurisaki Junichi

(as of March 31, 2003)
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Molecular Biodiversity Laboratory

Biosystematics Laboratory

Evolutionary Dynamics Laboratory

Germ Cell Conservation Laboratory

Applied Microbiology Laboratory

Adaptation Systems Laboratory

Biometrics Laboratory

Genebank

Plant Genetic Resources Laboratory

Microorganism Genetic Resources Laboratory

Animal Genetic Resources Laboratory

Developmental Biology Department

Developmental Mechanisms Laboratory

Development and Differentiation Laboratory

Animal Genetic Engineering Laboratory

Embryonic Technology Laboratory

Research Leader

Research Leader

Research Leader

Head

Head

Head

Head

Director

Research Leader

Research Leader

Head

Head

Director

Research Leader

Head

Head

Head

Head

Hashimoto Junji

Iwamoto Masao

Kaku Hisatoshi

Umehara Masamichi

Kadowaki Kouichi

Nakayama Shigeki

Nishikawa Tomotaro

Takahashi Sakiko

Aoki Takayuki

Ochiai Hirokazu

Duncan Alexander Vaughan

Tomooka Norihiko

Kaga Akito

Kaneko Hiroyuki

Noguchi Junko

Kikuchi Kazuhiro

Hayashi Nagao

Tomiyama Masamitsu

Kitamoto Hiroko

Nishimura Marie

Ishikawa Masaya

Komatsuda Takao

Sato Masahiro

Takeya Masaru

Miyazaki Shouji

Shirata Kazuto

Nagamine Tsukasa

Ishii Takuro

Ebana Kaoru

Fukuoka Shuichi

Kojima Yoichiro

Sato Toyozo

Nagai Toshiro

Horita Mitsuo

Takeuchi Kasumi

Minezawa Mitsuru

Kawada Masae

Takahashi Hideaki

Izaike Yoshiaki

Furutachi Hiroshi

Myouhara Maroko

Nakao Hajime

Kato Yusuke

Hatakeyama Masatsugu

Tokunaga Tomoyuki

Furusawa Tadashi

Naito Mitsuru

Matsubara Yuko

Harumi Takashi

Nagai Takashi

Onishi Akira

Watanabe Satoshi
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Insect Growth Regulation Laboratory

Reproductive Biology and Technology Laboratory

Molecular Biology and Immunology Department

Molecular Immunology Laboratory

Innate Immunity Laboratory

Experimental Animals Laboratory

Physiology and Genetic Regulation Department

Insect Life-Cycles and Physiology Laboratory

Insect Nutrition and Metabolism Laboratory

Insect Neurobiology Laboratory

Insect Behavior Laboratory

Animal Gene Function Laboratory

Animal Cell Biology Laboratory

Animal Neurophysiology Laboratory

Animal Neuroendocrinology Laboratory

Insect Genetics and Evolution Department
Insect-Plant Interactions Laboratory

Head

Head

Director

Research Leader

Head

Head

Head

Director

Research Leader

Research Leader

Head

Head

Head

Head

Head

Head

Head

Director

Head

Fuchimoto Daiichiro

Suzuki Shunichi

Shiotsuki Takahiro

Tanaka Yoshiaki

Kamimura Manabu

Tateishi Ken

Shimura Sachiko

Hashizume Kazuyoshi

Takahashi Toru

Imai Kei

Sekikawa Kenji

Sakurai Michiharu

Kitani Hiroshi

Tsuji Noriko

Yamakawa Minoru

Ishibashi Jun

Tanaka Hiromitsu

Goto Hideo

Suto Junichi

Matsumoto Yukiko

Kawasaki Kenjiro

Hirai Yoshio

Inouchi Jun

Tanaka Seiji

Okuda Takashi

Kotaki Toyomi

Watanabe Masahiko

Nakamura Masatoshi

Hirayama Chikara

Kikawada Takahiro

Asaoka Kiyoshi

Inoue Hisashi

Ichikawa Akio

Kihara Mami

Wakamura Sadao

Yasuda Tetsuya

Akino Toshiharu

Yasui Hiroe

Mitsuhashi Tadayoshi

Kojima Misaki

Ito Yoshiyasu

Takezawa  Toshiaki

Takenouchi Takato

Miyashita Norikazu

Saito Toshiyuki

Kasuya Etsuko

Sakumoto Ryousuke

Okamura Hiroaki

Okura Satoshi

Sato Mamoru

Hattori Makoto

Konno Koutaro
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Natural Enemies Laboratory

Symbiosis Laboratory

Insect Pathology Laboratory

Insect Genetics Laboratory

Insect Molecular Evolution Laboratory

Insect Biomaterial and Technology Department

Biopolymer Characterization Laboratory

Biomaterial Development Laboratory

Biomimetic Laboratory

Insect Biotechnology and Sericology Department

Insect Cell Engineering Laboratory

Insect Gene Engineering Laboratory

Mass Production System Laboratory

Insect Products Utilization Laboratory

New Silk Materials Laboratory

Head

Head

Head

Head

Head

Director

Research Leader

Head

Head

Head

Director

Research Leader

Research Leader

Research Leader

Research Leader

Research Leader

Head

Head

Head

Head

Head

Tamura Yasumori

Noda Takashi

Hinomoto Norihide

Noda Hiroaki

Watanabe Hirofumi

Nakashima Nobuhiko

Watanabe Kenji

Miyamoto Kazuhisa

Mitsuhashi Wataru

Wada Sanae

Murakami Ritsuko

Kosegawa Eiichi

Hirokawa Masahiko

Tatematsu Kenichiro

Nagayasu Kenichi

Yukuhiro Kenji

Muraji Masahiko

Tomita Shuichiro

Hasegawa Tsuyoshi

Komoto Natsuo

Takeda Satoshi

Tsukada Masuhiro

Tsubouchi Kozo

Toshima Yoshiyuki

Hata Tamako

Takasu Yoko

Haga Atsunobu

Miyazawa Mitsuhiro

Tamada Yasushi

Kobayashi Toru

Goto Yoko

Kuwana Yoshihiko

Nishide Teruo

Kato Hiroshi

Hara Wajiro

Hayasaka Shoji

Kinoshita Haruo

Ichihashi Takahisa

Imanishi Shigeo

Taniai Kiyoko

Akizuki Gaku

Tamura Toshiki

Yonemura Naoyuki

Shimoda Masami

Oura Masanobu

Koyama Akio

Arakawa Toru

Magoshi Yoshiko

Obo Masahiro

Takabayashi Chiyuki

Nakajima Kenichi

Teramoto Hidetoshi
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Sericultural Science Laboratory

Molecular Genetics Department
Functional Genomics Laboratory

Applied Genomics Laboratory

Epigenetics Laboratory

Gene Expression Laboratory

Gene Regulation Laboratory

Biochemistry Department

Crystallography Laboratory

Biophysics Laboratory

Glycobiology Laboratory

Membrane Biology Laboratory

Plant Physiology Department

Photosynthesis Laboratory

Carbon Metabolism Laboratory

Developmental Biology Laboratory

Environmental Physiology Laboratory

Head

Director

Head

Head

Head

Head

Director

Research Leader

Head

Head

Head

Director

Research Leader

Research Leader

Head

Head

Head

Head

Yamamoto Toshio

Mase Keisuke

Okada Eiji

Fukui Kuniaki

Iizuka Tetsuya

Higo Kenichi

Hirochika Hirohiko

Hagiwara Kiyoshi

Miyao Akio

Yamazaki Muneo

Yano Masahiro

Izawa Takeshi

Yamamoto Shinichi

Ueda Tadamasa

Okuizumi Hisato

Mochizuki Atsuko

Kikuchi Shoushi

Mori Masaki

Kishimoto Naoki

Komatsu Setsuko

Yoshikawa Manabu

Kobayashi Mikihiko

Magoshi Jun

Mizuno Hiroshi

Takase Kenji

Momma Mitsuru

Fujimoto Zui

Wako Toshiyuki

Yamazaki Toshimasa

Kato Etsuko

Maeda Miki

Minami Eiichi

Kaku Hanae

Akimoto Chiharu

Shimomura Shouji

Kajiwara Hideyuki

Taguchi Fumio

Miyashita Kiyotaka

Tanaka Yoshiyuki

Kawasaki Shinji

Tokutomi Mitsue

Kano Hiromi

Inagaki Noritoshi

Fukayama Hiroshi

Ueno Osamu

Ishimaru Ken

Takatsuji Hiroshi

Sugano Shouji

Chang-Jie Jiang

Baba Akiko

Takano Makoto

Takeichi Tetsuo
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Disease Physiology Laboratory

Nitrogen Fixation Laboratory

Plant Biotechnology Department
Gene Design Laboratory

Plant Gene Engineering Laboratory

Plant Cell Engineering Laboratory

Molecular Breeding Laboratory

Biosystems Laboratory

Institute of Radiation Breeding
Mutation Genetics Laboratory

Radiation Technology Laboratory

Mutation Breeding Laboratory

Head

Director

Head

Head

Head

Head

Head

Director

Head

Head

Head

Yazaki Yoshiaki

Kiyota Seiichiro

Mitsuhara Ichiro

Fukuda Atsunori

Kouchi Hiroshi

Nakayama Yasuji

Umehara Yousuke

Oka Seibi

Miyahara Kenzo

Ichikawa Hiroaki

Nishizawa Yoko

Takaiwa Fumio

Toki Seiichi

Kawagoe Yasushi

Tabei Yutaka

Hagio Takashi

Habu Yoshiki

Tanaka Hiroshi

Koga Yasunori

Otake Yuko

Handa Hirokazu

Kawahigashi Hiroyuki

Nagatomi Shigeki

Nishimura Minoru

Takano Toshiya

Kusaba Makoto

Morishita Toshikazu

Degi Konosuke

Yamaguchi Hiroyasu

Ito Yuji

Takyuu Toshio

Yamanouchi Hiroaki
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Members of NIAS Evaluation
Comittee

(as of March 31, 2003)

Ueda Ryu Mitsubishi Kagaku Institute of Life Sciences

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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FINANCIAL OVERVIEW
Fiscal Year 2002 (April 2002- March 2003)

thousands of yen

TOTAL BUDGET 20,196,101

OPERATING COSTS 8,834,149

Personnel (439)* 4,139,656

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

Administrators (102)**
Administrators (45)***
Researchers (287)

* Number of persons shown in ( )
** General administration

*** Field management and transportations

Administrative costs 4,694,493

RESEARCH PROMOTION COSTS 11,361,952

Research Grant from MAFF 3,106,986
Entrusted Research Expenses from MAFF 6,449,148
Entrusted Research Expenses from MEXT 682,323
Entrusted Research Expenses from others 1,123,495

Personnel
4,139,656 (20.5%)

Entrusted Research
Expenses from others
1,123,495 (5.6%)Entrusted Research

Expenses from MEXT
682,323 (3.4%)

Entrusted Research
Expenses from MAFF
6,449,148 (31.9%)

Research Grant
from MAFF
3,106,986 (15.4%)

Administrative costs
4,694,493 (23.2%)

MAFF : Ministry of Agriculture, Forestry, and Fisheries
MEXT : Ministry of Education, Culture, Sports, Science and Technology
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