




In accordance with the administrative reform
policy of the Government, the National Institute of
Agrobiological Sciences (NIAS) was founded on
April 1, 2001.  NIAS was formed out of several pre-
viously existing institutions, including the National
Institute of Agrobiological Resources (NIAR) which
has conducted plant science research with emphasis
on genome level research and the National Institute
of Sericultural and Entomological Science (NISES)
which has conducted insect science research with
emphasis on clarification of insect properties.  In
addition, several animal scientists in both the
National Institute of Animal Industry and the
National Institute of Animal Health joined the new
institution.

NIAS's roll is to conduct basic research in the
field of life science of insects, animals and plants, to
promote and accelerate technological innovation in
the agricultural field and to contribute to the gener-
ation of new bio-industries.  Results from these
research activities are expected to address expected
future needs of society in these areas.  To fulfill the
mission of NIAS, it is necessary to conduct our
research strategically and intensively.  It is also nec-
essary to report our research results and to receive
worldwide evaluation.  Therefore, we publish this
Annual Report in new style to inform the interna-
tional community of our research activities.

We welcome comments and suggestions on our
program.

Masaki Iwabuchi
President
National Institute of Agrobiological Sciences
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International efforts to sequence the rice
genome started in 1998. The Rice Genome
Research Program (RGP) has been taking a
major role in this activity, analyzing 6 of all
the 12 chromosomes. The approaching goal of
this project is the sequencing of the entire
genome with HTG phase2 (a PAC or BAC
sequence which consists of ordered, and ori-
ented sequence contigs) within the year 2002,
but the final goal of the project is to publish
the complete (HTG phase3) sequence of the
rice genome. To acquire the phase3 sequence
from the phase2 sequence, gaps between con-
tigs must be filled and  low quality sequences
improved by additional sequencing with sev-
eral different chemistries. In addition to the
high-throughput phase2 production, RGP has
targeted chromosome 1, the longest chromo-
some that has a genetic distance of 181.8cM
for phase3 completion. Extensive physical
mapping using PAC and BAC clones from
RGP, CUGI(Clemson University Genomics
Institute), and Monsanto resulted in nine
contigs comprising 390 clones (Fig. 1).
Sequencing of these clones revealed a non-
overlapping sequence of 43,276,883bp. Gap
lengths between contigs were estimated by
FISH analysis as 2.4 Mbp. Therefore, the
total length of chromosome1 is estimated at
45.7Mbp, and about 95% of the chromosome

Sequence analysis of rice chromosome 1

Takashi Matsumoto, Yuichi Katayose, 
Hiroshi Mizuno  
Genome Research Department

Fig. 1
Genetic map and nine sequence contigs of
chromosome1. The numbers at the right of
each contig indicate the non-overlapping
sequence length. Red triangles show gap
regions. The red circle at 73.5cM indicates
the centromere region(CEN),  wheres TEL
markers at both chromosome ends indicate
the telomere ends. 

has been sequenced. This is the first rice
chromosome to be totally analyzed.
Annotation of this sequence by RiceGAAS, an
automatic genome annotation sys-
tem in NIAS predicted 6756 genes,
30% of which were functionally
categorized (Fig. 2). The rice
genome is characterized by GC-
rich coding regions and large num-
bers of various kinds of repeat
sequences. The finished rice
genome sequence is a “golden
standard” which will enhance not
only rice functional genomics but
also cereal genomics and biotech-
nology. All sequence data and
annotation data can be accessed
through the RGP website
(http://rgp.dna.affrc.go.jp/). 

Topics of Research in This Year
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Many quantitative trait loci (QTLs) for
economic traits such as growth and backfat
thickness have been detected on swine chro-
mosome 7 (SSC7), especially around the
major histocompatibility complex (MHC)
region which is split by the centromere.  In a
previous study, we detected a QTL for back-
fat thickness around the MHC region in our
three-generation Meishan and Goettingen
cross-population.  To locate the QTL more
precisely, we performed a detailed analysis of
SSC7 in the population by adding new mark-

Restriction of a QTL region for backfat thickness
to the pericentromeric long arm of swine 
chromosome 7 in a Meishan and 
Goettingen cross-population

Eiji Kobayashi, Takeshi Hayashi, Hirohide Uenishi,
Satoshi Mikawa,  Takashi Awata
Genome Research Department

ers and family data.  First, we genotyped 256
individuals with 74 microsatellite markers on
SSC7.  Based on the typing data, we selected
34 fully informative markers and constructed
a precise linkage map of SSC7 (Fig. 1).  As a
result of reanalyzing SSC7, it was confirmed
that the QTL was located near the MHC
region (Fig. 2).   According to the 95% confi-
dence interval (1 LOD score drop-off around
the highest statistical value), the QTL region
was restricted to an area of 5.3 cM on the
pericentromeric long arm.  From the knowl-

Fig. 2
Functional classification of the predicted rice chromo-
some1 genes. Of the 6,756 predicted genes, 2073
had significant homology to known proteins searched
for in the NCBI non-redundant protein database by
BLASTP analysis (E value <10 –20). These genes were
functionally categorized using the MIPS classification
category 
(http://mips.gsf.de/cgi-bin/proj/thal/filter_funcat.pl?all).  



edge that the short arm and the region sur-
rounding MHC of SSC7 share conserved syn-
teny with the short arm of human chromo-
some 6 (HSA6), we compared the QTL region
and the genome sequence of HSA6.  The com-
parative investigation suggested that the
5.3cM region corresponds to a 6.7Mb area of
HSA6 (Fig. 3).  These results will further
help to elucidate the gene responsible for
backfat thickness on SSC7.
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Fig. 1
A newly constructed linkage map of SSC7 with 34 infor-
mative microsatellite markers. 

Fig. 2
The log likelihood ratio test statistic values of backfat thickness QTL are
plotted against map positions of SSC7.  The 95% confidence interval
spans an area of 5.3 cM around the highest statistical value (39.7) and is
placed near the MHC region. The horizontal dashed line represents the 1
% chromosome-wise significance level. 

Fig. 3
Comparison of the linkage map of SSC7 and the genome sequence of
HSA6 suggests that the 95% confidence interval (5.3cM) of the backfat
thickness QTL corresponds to a 6.7Mb area of HSA6. 



Red stripe of rice was first reported from
Indonesia in 1988. Because the disease has
caused severe damage to rice production in
several tropical countries including Vietnam
and Malaysia in the last decade, extensive
research in affected countries has been aimed
at identifying the causal agent. The results
were confused, since several microorganisms
have been proposed as a pathogen including
bacteria, fungi and viruses. Based on histo-
logical study, however, bacterial masses were
found in the tissues of typical red stripe
lesions.

Therefore, the objective of this study was
to determine the causal bacterium of red
stripe of rice using a pathogenicity test and
16S rDNA sequence analysis of the bacteri-
um isolated from diseased rice leaves.

Isolation and pathogenicity test
Samples of red stripe of rice were collected

in Yogyakarta, Indonesia in March 1999.
Most of the samples were taken from culti-
vars IR64 and Cisadane. Various bacteria

Identification and etiology 
of the causal organism 
of red stripe of rice

Hisatoshi Kaku, Hirokazu Ochiai   
Genetic Diversity Department

Fig. 1
Symptoms and histopathology of red stripe
of rice.
A: Typical symptoms of red stripe on a rice

leaf.
B: Longitudinal section showing bacterial

masses (arrows) present in the lumina
of xylem vessels of red stripe lesions.

were isolated from all the samples, but white,
transparent colonies were most frequently
observed. Following inoculation with the iso-
lated strains using multi-needle pricking
method, water-soaked lesions appeared
around 4 days after inoculation. The lesions
turned yellow to orange, and were often
accompanied by a halo. After inoculation by
infiltration, all the infiltrated areas were
water soaked for approximately the first 3
days. Thereafter, blight symptoms spread
upwards and downwards from the water-
soaked area. 

From the lesions produced by inoculation
with the bacterial isolates, only the same
type of bacterial isolates were recovered.
However, the population level at 8 days after
inoculation was approximately 105 to 106 cfu
per lesion, a few orders of magnitude lower
than that of other bacterial rice pathogens
such as Xanthomonas oryzae pv. oryzae. The
recovered bacterial isolates were also patho-
genic to rice. Thus, tests for Koch's postulates
were successfully completed. 
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16S rDNA sequence analysis
Once the pathogenicity of the candidate

bacterial isolates was confirmed, the
sequence of the 16S rRNA gene was analyzed
for identification using a representative
strain RS10-1.

The 16S rDNA sequence of strain RS10-1
showed a high level of homology to the mem-
bers of the genus Microbacterium which
belongs to the family Microbacteriaceae.
Levels of similarity to strain RS10-1 ranged
from 95.6% to 98.7% within the genus
Microbacterium, while they were below 95%
within other genera of the  Microbacteri-
aceae. The best matches were to the 16S
rDNA sequence of M. testaceum DSM 20166T

(98.7%, DDBJ accession number X77445),
Microbacterium sp. IFO 15708 (98.3%,
AB004727) and M. trichothecenolyticum DSM
8608T (98.3%, Y17240). The results suggest-
ed that strain RS10-1 was closely related to
the members of the genus Microbacterium.
However, further research is required to
identify the causal bacterium of red stripe of
rice with special reference to species of
Clavibacter which belong to the same family.
Based on the analysis, the bacterium was
identified as a Microbacterium sp. In the
genus Microbacterium, no plant pathogens
have been described to date. However, the
genus is closely related to the genus
Clavibacter which mainly comprises plant
pathogens. 

Red stripe of rice is very similar to
Pierce's disease for which the causal agent
was not isolated or cultured until 1978.
Based on this study, however, it was con-
firmed that the causal agent of red stripe of
rice is a bacterium Microbacterium sp.
Further study is required to understand the
etiology, ecology and evolution of the bacteri-
al pathogen.

Fig. 2
Dendrogram based on the16S rDNA sequence showing the phylogenetic
relationship between the red stripe pathogen and other members of
Microrbacteriaceae.



The sex chromosome is a chromosome that
shows differential shapes between sexes and
is thought to control sex determination in
dioecious plants. Two sex types, dioecious
and monoecious, are known in plants.
Dioecious plants have female and male indi-
viduals. Monoecious plants, such as rice and
cucumber, have female (stigma) and male
(anther) components in one plant. We can
observe the sex chromosomes in several dioe-
cious species, such as white campion (Silene

Visualization of repeated sequences 
in liverwort sex chromosomes 
with their heterogeneous localization

Shigeki Nakayama
Genetic Diversity Department

Fig. 1
FISH chromosomal images of female and male liverwort chromosomes
A: Female chromosomes, B: male chromosomes, C: arranged chromosomes
based on 17S rDNA loci

latifolia), sorrel (Rumex acetosa), cannabis
(Cannabis sativa) and liverwort (Marchantia
polymorpha). 

Liverwort is one of the model plants used
to study sex chromosomes. There are two rea-
sons for this. One is that liverwort sex chro-
mosomes are small. This implies they are a
suitable for determining the entire structure.
The other is that the sex chromosomes would
play functional roles. In haploid liverwort,
only one sex chromosome is observed in each
sex (female: n=9=8+X; male: n=9=8+Y). This
implies that each sex chromosome plays a
functional role in sex determination.

We recently established methods of visu-
alizing DNA sequences in these liverwort
chromosomes and showed the heterogeneous
localization of repeated sequences in liver-
wort sex chromosomes. We found that impor-
tant ribosomal RNA genes (rDNA) were
located on the X chromosome and autosomes,
but not on the Y chromosome (Fig. 1). The
signal on the X chromosome covered almost
the entire region of its long arm. This means
that the rDNA was repeated on the long arm
of the liverwort X chromosome. The other sig-
nals on autosomes were observed at the same
loci of the respective chromosomes in both
sexes. We also showed other male specific
sequences repeated on only the Y chromo-
some. 

We showed two repeated sequences on liv-
erwort sex chromosomes with a heteroge-
neous localization. These results indicate the
visualization methods would be important to
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Species of Fusarium are important plant
pathogens that cause various diseases, which
are often very serious.  To prevent the dis-
ease, accurate identification methods of the
pathogens are needed, because many tradi-
tional taxonomic criteria have recently been
proved artificial.  The main purpose of this
study was to evaluate phenotypic characters
with which to diagnose Fusarium species and
to develop reasonable classification methods
based on comparisons with data from molecu-
lar-phylogenetic analyses on DNA sequences
of various gene loci.  

Taxonomic characters of fungal strains
preserved in the MAFF Gene Bank, which
were identified previously as Fusarium subg-
lutinans, were examined precisely.  A new
species, Fusarium fractiflexum T. Aoki,
O'Donnell and Ichikawa sp. nov. (Fig. 1) was
discovered and formally described, and two
species previously unreported from Japan,
Fusarium concentricum (Fig. 2) and
Fusarium circinatum were redescribed.  For
the precise investigation of morphological,
taxonomic, and phenotypic characters of this
fungal group, the combined usage of two cul-
ture media, PDA and SNA (with a overlaying
of a strip of filter paper), and the combined
application of two light conditions, complete

Discovery of Fusarium species previously
unreported from Japan, and reevaluation of
the taxonomic characters of the false-head-
forming Gibberella fujikuroi-species com-
plex

Takayuki Aoki   
Genetic Diversity Department

Fig. 1
Fusarium fractiflexum sp. nov. cultured under black light.
a: zigzag-like chains of aerial conidia;
b: sporodochial conidia; Scale bar: 25µm.

darkness and continuous black light, proved
most effective.  As cooperative research with
the NCAUR, USDA/ARS in the United
States, DNA sequences of mitochondrial

study the entire structure of these sex chro-
mosomes and the role of repeated sequences
in the formation of plant sex chromosomes
during evolution.

This work was supported by the PRO-

BRAIN from BRAIN and conducted with Dr.
Mariko Fujishita (BRAIN, Present: The
University of Tokyo) and Prof. Kanji Ohyama
(Kyoto University).



Fig. 1
Bruchid pest (a) Callosobruchus chinensis; (b) C. maculatus; (c) C. analis.

Isolation and identification of factors
responsible for resistance to bruchid 
in rice bean (Vigna umbellata)

Kouichi Kashiwaba, Norihiko Tomooka 
Genetic Diversity Department

Over several years different Vigna species
have been screened for resistance to several
bruchid species (Callosobruchus analis, C.
chinensis and C. maculatus) (Fig. 1).
Subsequent evaluation identified many
sources of resistance to these pests of legume
seeds. One of the most useful sources of resis-
tance was found in accessions of cultivated
rice bean (Vigna umbellata) from southern
Japan (Fig. 2). 
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small subunit ribosomal DNA (mtSSU
rDNA), β-tubulin and so on of the strains
were determined.  Based on phylogenetic
comparisons with related species, effective
taxonomic criteria were redefined to delimit
the species effectively.  Aerial conidia of F.
fractiflexum were in false heads in the dark,
but form long zigzag-like chains under black
light (Fig. 1).  In F. concentricum, naviculate
and multiseptate aerial conidia with a
wedge-shaped base were formed constantly
only under black-light (Fig. 2).  This feature
is a new diagnostic character to identify the
species more accurately.  

Strains examined in the present study
will be utilized as research materials for tax-
onomic studies and so on through the system
of the MAFF Gene Bank, as important micro-
bial genetic resources from Japan.

Fig. 2
Fusarium concentricum cultured under black light. a:
zigzag-like chains of aerial conidia; b: naviculate and mul-
tiseptate aerial conidia c: sporodochial conidia; Scale bar:
25µm.
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Porcine in vitro production (IVP) includ-
ing the in vitro maturation (IVM) and fertil-
ization (IVF) of oocytes and their subsequent
culture (IVC) has been modified by many
researchers, however, it remains low because
of the poor rate of development of IVP
embryos to the blastocyst stage and their low
quality.  The aims of the present study are to

To identify the factors responsible for
resistance, a multi-step extraction procedure
using a series of solvents was undertaken fol-
lowed by purification through large separa-
tion columns. For final purification, HPLC
was used to separate resistance factors. At
each stage of the purification procedure,
active substances were checked using an arti-
ficial bean test. Artificial beans were made
from flour of the susceptible legume azuki
bean (Vigna angularis) to which separated
chemicals from rice bean were added. In the
final step of purification, the resistance fac-
tors were separated into four components. 

The chemicals responsible for resistance
were subsequently identified using mass
spectroscopy and NMR in a cooperative pro-
ject with the National Food Research
Institute. The compounds that cause resis-
tance were identified as novel naringenin
derivatives (Fig. 3). These results pave the
way for producing legumes with a high level
of resistance to bruchids.

Fig. 2
Resistance and susceptible seeds to Callosobruchus chinensis (a) rice
bean (Vigna umbellata); (b) azuki bean (V. angularis).

Fig. 3
One of the isomers of naringenin found to be
responsible for bean weevil resistance in V.
umbellata.

Piglets production after transfer to
recipients of blastocysts produced
in vitro

Kazuhiro Kikuchi  
Genetic Diversity Department

establish reliable IVP procedures for porcine
blastocysts and to examine the ability of the
blastocysts to develop to term after transfer
to the recipients.  Porcine cumulus-oocyte
complexes were matured in vitro for 44 h
[Kikuchi et al., Biol Reprod 1999; 60: 336-
340] in NCSU-37 solution [Petters and Wells,
J Reprod Fertil Suppl 1993; 48: 61-73.] modi-



10 Annual Report 2002

Fig. 2
Effect of conditioned medium (IVC-
PyrLac/CM) on rates (A) and average
cell numbers (B) of blastocysts on
Day 6.  Note: Same rate as in the
control (IVC-PyrLac) but a significant-
ly larger number of cells.

Fig. 1
Effect of IVC media (IVC-PyrLac and
IVC-Glu) at Day 0-2 and Day 2-6 on
the rate (A) and quality (total cell
number) (B) of blastocytes.  e.g.,
'PyuLac/Gul' represents IVM-IVF
oocytes that were cultured in IVC-
PyrLac on Day 0-2 and subsequently
in IVC-Glu on Day 2-6.

Fig. 3
Rates (A) and average cell numbers (B) of blastocysts on
Day 5 and Day 6.  Blastocysts were categorized into
expanded, expanding and other (e.g. partly living) groups.

Fig. 4
In vitro-produced blastocysts on Day 5 (Expanding; A and
C) and Day 6 (Expanded; B and D).  Examples after fixa-
tion and staining are shown (C and D).  Total cell num-
bers were 51 and 81, respectively.  Inner cell mass was
observed clearly in expanded blastocysts on Day 6
(arrow).

fied with follicular fluid.  They were fertilized
in vitro by frozen-thawed epidydimal sperma-
tozoa from a Landrace boar in a modified Pig-
FM [Suzuki et al, Int J Androl 2002; 25: 84-
93] for 3 h at 1×105 sperm/ml.  IVM and IVF
were carried out at 39℃ under 5% CO2, 5%
O2 and 90% N2.  IVC was carried out at
38.5℃ under 5% CO2, 5% O2 and 90% N2.
The effects of a combination of two IVC
media, a NCSU-37 solution supplemented
with pyruvate and lactate instead of glucose
(IVC-PyrLac) and NCSU-37 containing glu-
cose (original supplements; IVC-Glu), on the
developmental ability were evaluated.  The
rate of blastocysts at Day 6 (Day 0 = day of
IVF) and their cell number were improved
significantly when IVC was carried out in
IVC-PyrLac for the first 2 days and subse-
quently in IVC-Glu for the following 4 days
(Fig. 1).  Then IVC-PyrLac was conditioned
(IVC-PyrLac/CM) by porcine oviducatal
epithelial cells, which were obtained from
gilts synchronized at the estrus stage.  The
results suggest that IVC-PyrLac/CM
improves the quality (cell number) of blasto-
cysts at Day 6 (Fig. 2).   Expanding blasto-
cysts appeared on Day 5 and both expanding
and expanded blastocysts on Day 6.  The rate
of blastocysts did not differ between IVC
periods (21.6% and 23.3% for Day 5 and 6,
respectively), however, the average total cell
number in blastocysts was significantly high-
er on Day 6 (57.6) than Day 5 (39.0) (Fig. 3).
When expanding blastocysts on Day 5 (Fig.
4A and C) were transferred to an estrus-syn-
chronized recipient (50 blastocysts per recipi-
ent), the recipient became pregnant and far-
rowed 8 normal piglets.  Furthermore,
expanded blastocysts on Day 6 (Fig. 4B and
D) were transferred to 2 estrus-synchronized
recipients, all of whom became pregnant and
farrowed a total of 11 piglets.  These results
suggest that the IVP system modified in the
present study, producing porcine blastocysts
of high quality, will provide advantages for
the culture of cloned and transgenic porcine
embryos.
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ASABF is a novel microbe-killing agent
isolated from nematodes. We first isolated
ASABF from the intestinal parasite, Ascaris
suum, and designated it as Ascaris Suum
AntiBacterial Factor (= ASABF). To date, a
total of 16 ASABF-type antimicrobial pep-
tides have been identified in A. suum and 3
other species of parasitic nematodes, and the
well-known laboratory nematode,
Caenorhabditis elegans.

ASABF is effective not only against
prokaryotic (Gram+ and Gram- bacteria) but
also eukaryotic pathogens (yeasts). Notably,
the pathogenic bacterium, Staphylococcus
aureus, which causes food-poisoning and
infectious disease, is highly sensitive to
ASABF (Fig. 1). The three-dimensional struc-
ture of ASABF was revealed by 1H-NMR.
ASABF consists of a single α-helix and a
pair of antiparallel β-sheets (Fig. 2). The α-
helix is connected to the β-sheets and stabi-
lized (CSαβ fold).

ASABF is expected to be applied as a
novel anti-S. aureus agent for food protection
and clinical application. We will study the
structure-activity relationship and stability
in detail for these applications. In addition,
C. elegans was recently noted as a model to
explore pathogenic factors of microbes and
sensitive/resistant factors in hosts. ASABF-
type antimicrobial peptides  and related

ASABF-type antimicrobial peptides: 
a novel antibiotic agent against both 
prokaryotic and eukaryotic pathogens

Yusuke Kato 
Developmental Biology Department

Fig. 1
ASABF kills Staphylococcus aureus. Bacteria were innoculated on plates
after incubation with or without ASABF. COL is meticillin-resistant (MRSA),
and Mu50 is meticillin and vancomycin-resistant (MRSA/VRSA).

Fig. 2
High-dimentional structure of ASABF.

immune defense may be a key to revealing
the host/pathogen interaction in C. elegans.



12 Annual Report 2002

In order to introduce exogenous DNA into
early chicken embryos by transfecting the
stage X (EG&K) blastoderm, in vivo electro-
poration was applied. A pair of novel elec-
trodes was devised for applying electric puls-
es vertically to the blastoderm layer.
Fertilized eggs at stage X were broken and
the blastoderm was placed on top of the yolk.
One of the electrodes was placed on the blas-
toderm layer through the yolk membrane,
and the other electrode was placed on the
bottom of the yolk. DNA (GFP gene) was
injected into the blastoderm, and electric
square pulses were applied 5 times at 5-100V
for loading periods of 50 msec per pulse at
one-second intervals. The manipulated
embryos were transferred into host eggshells
and incubated for 4 days. The viability of the
manipulated embryos was 67.0% (59/88) on
day 3 of incubation. The expression pattern
of the GFP gene was mostly mosaic in the
embryos, and the percentages of embryos
that expressed the GFP gene were 97.7%
(86/88), 93.2% (82/88) and 75.0% (66/88) on
days 1, 2 and 3 of incubation. A high rate of
GFP gene expression was observed in the
embryonic and extra-embryonic tissues
(54.2%, 32/59) and also in the extra-embryon-
ic tissues only (27.1%, 16/59) on day 3 of incu-
bation. The expression of the GFP gene
throughout the embryonic tissues was also
observed. These results suggest that the sys-
tem of applying electric pulses vertically to
the blastoderm layer is effective in introduc-
ing exogenous DNA into early chicken
embryos.

Introduction of exogenous DNA 
into early chicken embryos by in vivo
electroporation of stage X blastoderm

Mitsuru Naito, Akiko Sano, Takashi Harumi, 
Yuko Matsubara
Developmental Biology Department

Fig. 1
In vivo electroporation of stage X blastoderm of chickens.
Electric pulses were applied vertically to the blastoderm
layer.

Fig. 2
Expression of the GFP gene in the developing chicken
embryo transfected by electroporation of stage X blasto-
derm in vivo. Intense GFP gene expression was observed
in the whole blastoderm (a: day 1) and in all embryonic
and extra-embryonic tissues (b: day 2; c: day 3). Scale
bars indicate 1 mm in (a), (b) and (c).
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In insects, molts and metamorphoses are
orchestrated by ecdysteroids and juvenile
hormone (JH).  Ecdysteroids, primarily 20-
hydroxyecdysone (20E), initiate molting
responses and JH determines molt character-
istics.  To analyze the molecular actions of
these hormones, we developed a new in vivo
reporter gene assay system. 

Reporter plasmids were delivered into
excised anterior silk glands by particle bom-
bardment (gene gun) and the bombarded
glands were transplanted into new larvae,
which were then administered with hor-
mones.  Injection of 20E alone or topical
application of a juvenile hormone analogue
plus 20E injection induced apoptosis or
regeneration of the inner cuticle layer of the
transplanted silk gland.  Such morphological
changes were indistinguishable from those of
intrinsic glands.  When the green fluorescent
protein (GFP) gene coupled with the cyto-
plasmic actin gene A3 promoter was intro-
duced into the anterior silk gland, strong
green fluorescence was observed a few days
later (Fig. 1).  When a 20E-responsive
reporter construct which contains four
tandemly repeated pal-1 ecdysone response
elements upstream of the luciferase gene was
delivered into the gland, about a 50-fold
increase in luciferace activity was detected
30 hours after 20E injection (Fig. 2).  This
induction was comparable with that in an
ecdysteroid-responsive Bombyx cell line.

Transient in vivo reporter gene assay 
for ecdysteroid actions in Bombyx
mori silk gland using gene gun

Manabu Kamimura, Michiyoshi Takahashi, 
Kyoko Kikuchi, Makoto Kiuchi
Developmental Biology Department

Fig. 1
Transient GFP expression in anterior silk gland delivered by particle bom-
bardment.

Fig. 2
In vivo reporter assay for ecdysteroid action in anterior
silk gland.

This in vivo reporter assay system can thus
be a rapid and effective tool for analyzing
gene expression regulated by ecdysteroids
and probably by juvenile hormone.
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The filament quality of cocoons of silk-
worms reared on an artificial diet during all
instars was worse than that of silkworms
raised on mulberry. Several factors are
known to lower the quality of cocoon fila-
ments, but the effect of artificial diets is not
clearly understood. To solve this problem, the
polyphagous strain was compared to the com-
mercial strain reared on two kinds of diets
and certain factors were shown to reduce

Factors reducing cocoon filament 
quality in silkworm reared 
on an artificial diet during all instars
Sachiko Shimura, Kenichi Nakajima, 
Hiroko Ayusawa, Ken Tateishi, Fumie Koike, 
Teruo Okajima 
Developmental Biology Department
Insect Biotechnology and Sericology Department

Fig. 1
Cocoon filament size curves for N124×C124 (A) and
TN32×TC60 (B). The filament on an artificial diet (▲)
was thinner than on mulberry (○).

cocoon quality; filament size, shape and
water content.

This study used the polyphagous strain
"TN32×TC60" and the commercial strain
"N124×C124." The silkworms were reared
on an artificial diet or mulberry during all
instars. The cocoon filament size, the fila-
ment shape and the spinneret were observed
under the microscope.

When the silkworms were reared on mul-
berry, for N124×C124, the reelability was
87%, the cocoon filament size changed from
outside to inside (Fig. 1A).  TN32×TC60
reelability was 66% because the filaments
were thinner than for N124×C124 (Fig. 1B).
In both strains, the shape of the filaments
was triangular in all parts of the cocoon (Fig.
2b), and spinneret shape was normal. The
water content of silkgland was the same as
reported in both strains. 

When the silkworms were reared on an
artificial diet, for N124×C124, the reelability
decreased and the cocoon filaments were
thinner (Fig. 1A). TN32×TC60 reelability
was worse than for N124×C124, and the fila-
ments were thinner (Fig. 1B). The filament
shape was the same as that obtained using
mulberry in N124×C124 (Fig. 2a), but in
TN32×TC60 the shape was extremely flat
(Fig. 2c) although the spinneret shape was
normal. The anterior-middle part of the
silkgland contained more water than in silk-
worms raised on mulberry in both strains. 

These results suggest that the filament
size and shape were factors of reducing reela-
bility, they were influenced by water content,

fi
la

m
en

t s
iz

e(
d)

fi
la

m
en

t s
iz

e(
d)



Annual Report 2002   15

not the shape of spinneret. We could not con-
firm if an artificial diet affects the water con-
tent of liquid-silk, however, the flat filament
shape has adverse effects on quality.
Practically, we believe the filament shape is
suitable for the index of polyphagous strain
breeding because the flat filaments can be
removed by breeding.

Fig. 2
The filament shape of N124×C124 reared on the artificial diet was
triangular (a). When TN32×TC60 was reared on mulberry, the
shape was triangular, too (b). However, the filaments of silkworms
reared on the artificial diet were flat (c). Bar=50µm

Detection method for follicle 
and oocyte normality based on MMP
activity

Kei Imai, Toru Takahashi, Kazuyoshi Hashizume
Developmental Biology Department

Follicular atresia, like follicular growth
and ovulation, is characterized by excessive
tissue remodeling. It is hypothesized that one
of the tissue-remodeling enzymes, such as,
gelatinases could play an important role in
this process. The present study was under-
taken to determine the role of gelatinase in
follicular atresia in the cow. 

Follicles of 2-6 mm diameter were dissect-
ed from the ovaries and follicular fluid was
categorized according to the morphological
appearance of the cumulus oocyte complexes.
Gelatinase activity within the follicular fluid

was analyzed by gelatin zymography and
film in situ zymography (FIZ) was employed
for the localization of gelatinase. GN film
(Fuji Photo Film Co., Ltd, Tokyo, Japan)
coated with a gelatin-base emulsion was used
in FIZ. Six-micron thick unfixed ovarian sec-
tions were mounted on the GN film, incubat-
ed 12 h at 37 °C and stained with biebrich
scarlet (BS) and hematoxylin. Gelatinase
activity was detected as a pattern of gelatin
digestion in accordance with the localization
of the gelatinases of the specimens as record-
ed in white due to weaker staining of BS.



Fig. 1
Gelatinase activity in a representative cryosection of bovine ovary (A).  Six-micron
unfixed sections were mounted on the GN film, incubated 12 h at 37 °C, and stained
with BS and hematoxylin. The lysis of the gelatin on the film by gelatinase is
expressed as a white color by BS staining.  (B) Two follicles at higher magnification
(x100) marked by the rectangle in (A). Stronger gelatinase activity is recorded in the
granulosa layer of follicle 2 (arrows).  (C) H-E staining (x100) in serial sections of the
same follicles.  Note follicle 1 has an intact and well-organized multilaminar GC while
follicle 2 has a considerably thinned GC layer partially detached from the basement
membranes (arrows).  (D) TUNEL in serial sections of the bovine ovarian follicles.
Panels a, b are the in situ 3' end-labeling; panel c is the positive control (pretreatment
with DNAase; 20µg/ml) and panel d is the negative control.  Note the TUNEL-positive
signals in GCs of follicle 2 that displayed a thin GC layer partially detached from the
basement membrane and stronger gelatinase activity than in (C) and (B), respectively.
Bar indicates 100µm.

TdT-mediated dUTP-biotin nick end labeling
(TUNEL) was performed on cryosectioned
ovaries to understand follicular health. The
concentrations of steroids in the follicular
fluid were also measured by solid phase fluo-
roimmunoassay. ProMMP-2 was detected in
all of the normal and atretic categories of fol-
licular fluid. The active form MMP-2 and an
additional band of proMMP-9 were detected
only in the latter. Gelatinase activity was
recorded in both the granulosa cell (GC) and
theca cell (TC) layer but was comparatively
stronger in those follicles that exhibited a
thinned and partially detached granulosa
layer.  TUNEL confirmed that apoptosis had
commenced in the GCs of the latter follicles.
The E2:P4 ratio was found to be significantly
lower in atretic follicles than normal ones.
These results suggest a plausible role for
gelatinase in follicular health, especially the
active form of MMP-2 and proMMP-9, and
that bovine follicular fluid might be a key
indicator of atresia. 

Apoptosis, Cattle, Film in situ zymogra-
phy, Follicle, MMPs
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Microglia are a distinct type of glial cell
within the brain and have important roles in
maintaining brain homeostasis.  As the pri-
mary immune effector cells, microglia
respond to various pathological conditions,
such as injury, ischemia, tumors, inflamma-
tion and microbial infections in the brain.
Like other tissue macrophages, activated
microglia release inflammatory cytokines
such as TNF-α, to stimulate immune sys-
tems.  To understand the roles of TNF-α in
microglial cell functions, we have established
a c-myc-immortalized microglial cell line
from TNF-α gene-knockout mice.

Primary cultures of microglia from TNF-
α-deficient mice were infected with a c-myc-
containing retroviral vector.  After selection
and cloning, an immortalized microglial cell
line (TKMG-7) was established.  TKMG-7
cells can be passaged in a serum-containing
medium with a doubling time of 37 hr for
more than six months.   The cells show a
macrophage-like morphology in culture and
actively phagocytose latex beads.  They are
immunocytochemically positive for Mac-1
and F4/80 antibodies.  IFN-γ and LPS
enhance the expression of MHC class II anti-
gen in TKMG-7 cells.  TKMG-7 cells release
no measurable amount of TNF-α , and
reduced levels of IL-1α and IL-6 following
stimulation by LPS.  The cells release nitric
oxide in response to IFN-γ and LPS, and are
able to induce neuronal cell death in a cocul-
ture system.  These observations indicate
that TKMG-7 cells retain the morphological,
immunocyto-chemical and physiological prop-

Establishment of a c-myc-immortalized
microglial cell line from 
TNF-α-deficient mice

Hiroshi Kitani 
Molecular Biology and Immunology Department

Fig. 1
Proliferation of microglial cells after 3 days (A), 7 days (B) and 14 days (C)
in primary culture.

Fig. 2
Immunofluorescent photomicrographs of TKMG-7 cells stained with
microglia-specific antibodies.

Fig. 3
Growth profiles of microglial cell lines.  TKMG-7 shows a
similar population doubling time as that of wild-type
microglial cell line, WTMG-6. 

(A) (B) (C)

Mac-1 F4/80



Fig. 1
(A) Caveolin-1 is mainly expressed in adipose tissue. (B)
The expression of caveolin-1 gradually increased during
adipocyte differentiation of BIP cells.

Caveolae-associated vimentin is involved
in adipocyte differentiation of bovine
intramuscular preadipocyte (BIP) cells

Takato Takenouchi, Norikazu Miyashita, 
Hisashi Aso, Toshiaki Takezawa
Physiology and Genetic Regulation Department

Caveolae are flask-shaped invaginations
of the plasma membrane where key signaling
elements are concentrated. Caveolin-1, a
principal component of caveolae membranes,
is known to be highly expressed in adipose
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erties of primary microglial cells, except for
the lack of functional TNF-α alleles.  The
TKMG-7 cells would provide a useful tool to
study the roles of TNF-α in microglial func-
tions during brain pathogenesis.

Fig. 4
Induction of neural cell death by activated TKMG-7 cells.
(A) No activation   (B) Activated by LPS and IFNγ

tissues (Fig. 1A). The main objective of this
study was to investigate the involvement of
caveolae membranes in adipocyte differentia-
tion of bovine intramuscular preadipocyte
(BIP) cells previously established in our lab.
In particular, we focused on the localization
of cytoskeletal proteins such as actin and
vimentin in caveolae membranes, because
rearrangement of these proteins is important
for adipocyte differentiation. Immunoblot
analysis demonstrates that levels of caveolin-
1 gradually increase during adipose conver-
sion in BIP cells (Fig. 1B). Following ultra-
centrifugation of preadipocyte cell lysates
using a sucrose density gradient, we found
that vimentin intermediate filaments were
clearly distributed to caveolin-1-rich fractions
(Fig. 2). In addition, immunoprecipitation
experiments indicated that vimentin can
associate with caveolin-1 molecules (Fig. 3).
Treatment of the cells with the tubulin

(A) (B)
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depolymerizer, nocodazole, which alters the
vimentin cytoskeleton by disrupting micro-
tubules, caused a dramatic decrease in the
localization of vimentin in caveolin-1-rich
fractions (Fig. 4A), and a failure for vimentin
to associate with caveolin-1 in nocodazole-
treated cells. Interestingly, triglyceride (TG)
accumulation, a marker of adipocyte differen-
tiation, was also significantly increased by
nocodazole treatment (Fig. 4B).  Given these
results, we propose that the association of the
vimentin cytoskeleton with caveolae mem-
branes might be involved in the regulation of
lipid accumulation during adipocyte differen-
tiation in BIP cells.

Fig. 2
Vimentin is localized within caveolin-1-rich fractions.

Fig. 3
Vimentin is co-immunoprecipitated with caveolin-1.

Fig. 4
(A) Vimentin was reduced in the caveolae membranes
prepared from nocodazole-treated BIP cells. (B) TG con-
tents significantly increased in the BIP cells treated with
nocodazole.

Rectal ultrasonography is useful for moni-
toring bovine fetuses within 100 days of ges-
tation. However, this method is not good
after 100 days of gestation, so another tech-

Development of techniques 
to record and analyze cardiac 
electrical activity of bovine fetuses

Toshiyuki Saito
Physiology and Genetic Regulation Department

nique is required. In recent years, cardiac
autonomic nerve activities have been esti-
mated by power spectral analysis of the R-R
interval of electrocardiograms (ECGs). The
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Fig. 3
Time course of changes in power of the HF components
of the cloned fetus (solid line; yellow) and mother (dashed
line; blue). The cloned fetus was at 221 days of gestation.

Fig. 1
Arrangement of electrodes on the right abdomen of the
pregnant cow.

Fig. 2
Example of ECG recordings. The cloned fetus was at 221
days of gestation. Each division represents 1 second.

recording of fetal ECGs and spectral analysis
of the R-R interval are thought to be useful
for diagnosing the fetal condition during
pregnancy. Therefore, we recorded the fetal
ECGs in pregnant cows and examined
changes in the autonomic nerve activity in
the fetal heart using 18-pregnant Holstein
cows. Six fetuses were somatic cell-clones
from Japan Black breeds. The fetuses were at
150 to 221 days of gestation. The fetal and
maternal cardiac electrical activities were
recorded, according to the method described
by T. Nemoto et al. (Anim. Sci. J. 72, J55,
2001; Fig. 1). Fig. 2 illustrates an example of
ECGs from a mother and the cloned fetus at
221 days of gestation. The maternal heart
rate was 60 to 80 beats per minute, and the
R-R interval was from 800 to 900 millisec-
onds. The heart rate of the fetus was about
twice that of the mother. Activity of the car-
diac autonomic nerves was estimated by ana-
lyzing changes in the R - R interval by the
wavelet method. Power of signals ranging
from 0.2 to 0.3Hz (high frequency, HF, com-
ponent), which reflects the cardiac parasym-
pathetic activity, was not constant, but fluc-
tuated in both the fetuses and mothers. The
time course of the change in power of the
fetal HF component was different from that
in the mother (Fig. 3). This study is the first
to show that power spectral analysis of the R-
R interval of ECG is probably useful for mon-
itoring bovine cloned and non-cloned fetuses
after 150 days of gestation. 
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The anthocorid bugs, Orius spp.
(Heteroptera: Anthocoridae), are the most
promising biological control agents of various
minute insect pests, especially thrips. Five
species in the genus are commonly distrib-
uted in Japan: O. sauteri, O. minutus, O.
strigicollis, O. nagaii, and O. tantillus.
Because these species often occur sympatri-
cally, proper identification of the species is
necessary to evaluate the impact and efficacy
for biological control. They are usually identi-
fied by male genitalia after dissection; how-
ever, this process is time consuming and can
be used only for male adults. Thus, methods
for simple identification should be developed.

The Internal Transcribed Spacer 1 (ITS1)
region of the nuclear ribosomal RNA gene
(rDNA) is one of the most frequently used
regions of DNA in the discrimination of
insect species. We first developed primer
pairs to amplify the entire ITS1 region, and
found that the length of ITS1 differs among
the five Orius species. However, O. sauteri,
O. strigicollis, and O. nagaii were not distin-
guishable by agarose electrophoresis, because
the lengths of amplified fragments from
those three species were slightly different.
Then we developed species-specific primers
for each of the three species based on the
ITS1 sequences. By the multiplex polymerase
chain reaction (PCR) method using the five
primers simultaneously, the five Orius
species can be identified easily.

Simple identification of five Orius
species occurring in Japan using 
multiplex PCR

Norihide Hinomoto, Takashi Noda, 
Masahiko Muraji, Kenjiro Kawasaki, Toru Shimizu 
Insect Genetics and Evolution Department

Fig. 1
The length of amplified fragments of Internal Transcribed
Spacer 1 (ITS1) region, and the position where primers
are annealed for five Orius species. The abbreviations of
the species name are as follows: Omi: O. minutus; Ost: O.
strigicollis; Osa: O. sauteri; Ona: O. nagaii; Ota: O. tantil-
lus. The closed and open arrows indicate universal and
species-specific primers, respectively.

Fig. 2
The electrophoretogram of multiplex PCR for five Orius
species. The abbreviations of the species are as
described in Fig. 1. Lane M, molecular weight marker
(200bp DNA ladder); lanes 1-4, O. minutus; lanes 5-9, O.
strigicollis; lanes 10-16, O. sauteri; lanes 17-18, O. nagaii;
lane 19, O. tantillus; lane 20-22, prey species (20, Thrips
palmi; 21, Ephestia kuehniella; 22, Tetranychus
kanzawai).



To activate cell migration and cell prolif-
eration at the primary culture stage, both the
medium and extra cellular matrix have an
important role. We succeeded in developing
two novel media; MX medium and SX medi-
um. The novel culture medium for the insect
species Lepidoptera, Coleoptera and
Hemiptera was called MX medium. The other
novel culture medium for Diptera and
Hymenoptera was called SX medium. A 30 %
volume of fetal bovine serum was added to
both media, when used in primary culture.
Tissue explants elongated smoothly within
one month after the beginning of primary
culture and then some cells migrated. By

Novel insect primary culture method
using a newly developed medium 
and extracellular matrix

Shigeo Imanishi, Gaku Akiduki, Atsunobu Haga
Insect Biotechnology and Sericology Department
Insect Biomaterial and Technology Department

Fig. 1
N-Trimetyl chitosan (left Fig.), Sodium sulfonic acid chitosan (right Fig.)

Fig. 2
Cells from embryonic tissues of a sex- limited strain of
Bombyx mori ( female embryo)

using these media, the period of primary cul-
ture can be shortened to less than six
months. Based on previous results, MX30
medium (a 30 % volume of fetal bovine serum
was added to MX medium) could serve for the
establishment of cell lines derived from
embryo, fatty body, ovary and testis. SX30
medium (a 30 % volume of fetal bovine serum
was added to SX medium) could serve for the
establishment of cell lines derived from
embryos. 

Extra cellular matrix plays a role in the
adherence of tissue explants to a vessel.
Chitin and chitosan derived from silkworm
pupa cuticle are part of the cell matrix. We
modified chemically crude chitin to Sodium
sulfonic acid chitosan, N -Trimetyl chitosan
(Fig. 1), and Water-soluble chitin. Notably,
0.001% weight / volume of water-soluble
chitin could cause the adherence of explants
to a polystyrene flask. This Water-soluble
chitin promoted cell migration and cell
growth in ovary tissues, testis tissues and
hemocyte cells. Chitin and chitosan will be
used as an extra cellular matrix for insect
primary culture.  

By applying both a novel culture medium
of MX30 and SX30 and an extra cellular
matrix of Water-soluble chitin, these cell cul-
tures are now under way. Bombyx mori cells
are derived from fatty body, male embryo and
female embryo (Fig. 2). Anomala cuprea cells
are derived from fatty body. Agrius con-
volvuli cells are derived from fatty body.
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In Japan, mulberry has been cultivated as
a food source for silkworms ever since sericul-
ture was introduced from China in earlier
times.  However, the mulberry fruit has
recently been evaluated as a product that
could stimulate upland farming.  Products
processed from mulberry fruits, such as jam
and wine, are sold all over Japan.  Against
that background, we examined the fruit
traits of 260 mulberry genotypes maintained
as genetic resources to screen for genotypes
suitable for fruit production.  As a result,
Okaraguwa and Kataneo were selected from
a large number of genetic mulberry
resources.  Then, we attempted to develop
new polyploid cultivars from the two selected
genotypes to achieve high productivity.  

Popberry had been developed from potted
plants of Okaraguwa treated with a
colchicine solution.  It was found to be a
mixoploid of diploid and tetraploid by chro-
mosome observation.  Moreover, it is consid-
ered that this cultivar was a peripheral
cytochimera and that its structure was
diploid-tetraploid-tetraploid-tetraploid from
the outermost cell layer to the innermost.
However, it could maintain a stable chimera
structure consistently.

Generally, autotetraploids, such as the
strains developed by colchicine treatment,
show various cells and tissues with a gigantic
mulberry.  Popberry had diploid cells at the
surface, while most of the tissues consisted of
tetraploid cells because of the chimera struc-
ture, which may explain why the fruits
became so large.  

A new mulberry cultivar ‘Popberry’ 
suitable for fruit production

Akio Koyama, Hiroaki Yamanouchi, Hiroaki Machii
Insect Biotechnology and Sericology Department

Fig. 1
The fruits of Popberry

Table 1  Fruit traits and yielding of Popberry planted four years ago

Popberry bore many fruits in the second
year of being planted in the field.  Almost all
the fruit traits of this cultivar were the same
as those of Okaraguwa, except for size, show-
ing that the fruit yield increased by about
60% over that of Okaraguwa.  The sugar con-
tent of fruits was about nine Brix %, and the
fruit is very juicy.  Therefore, Popberry is not
only suitable for processing, but also good for
fresh fruit.

Popberry would be adaptable to many
areas in Japan except for snowfall and semi-

Fruit size Fruit Sugar Fruit quantity Fruit yield
Cultivar

(Major axis) Weight content
pH

(No. of fruit/plant) (/plant)
mm g Brix％ g

Ichinose 19.9 1.07 13.0 5.00 394 423 

Okarakuwa 34.2 3.40 10.4 5.21 509 1,733 

Popberry 48.9 6.95 8.8 5.90 398 2,768



Although sericin protein is contained in
about 25% of the cocoon shell, since it is lost
in the process of reeling or raw silk refine-
ment, it is hardly used.   However, as it is
clear that sericin has several functions, such
as anti-oxidization, it is attracting attention

Breeding of the silkworm race "Sericin-
hope" secreting silk protein in which
sericin is contained in high concentra-
tion

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

Fig. 1
Silkglands on the 6th day of 5th instar             
A:Ordinary race, B:Sericin-hope, MSG:Middle silkgland, PSG:Posterior silkg-
land.
The posterior silkgland(PSG) in Sericin-hope which synthesizes fibroin is
degenerating.

as a new material. Sericin is generally
extracted from the cocoon and raw silk using
an alkaline agent.  However, the method is
not only expensive, but also denatures the
protein. 

We bred a new race of silkworm for the
purpose of mass production of sericin with
high purity, using the Naked pupa(Nd)
mutant which can not secrete fibroin because
of degenerated posterior silkglands and the
ordinary strain "KCS83". Although the Nd
strain secretes only sericin synthesized in the
middle silkgland, it has been difficult to use
practically since very little sericin is pro-
duced. In breeding, the F1 hybrid of Nd x
KCS83 was backcrossed with KCS83 and the
progeny whose genotype was supposed to be
Nd/Nd or Nd/+ were sib-mated in every
generation. In the 6th generation, this line
had been fixed to have homozygous Nd.
Furthermore, the economic characters,
amount of cocoon shell, percentage of cocoon-
ing and survival rate were improved for over
12 generations. 

Consequently, the amount of cocoon shell
improved to about 80 mg per larva, more

tropical regions.  Effective measures should
be taken to protect against frost damage,
because its sprouting time in spring was ear-
lier than that of  local cultivars.

Anthocyanins have attracted attention
recently because of their anti-oxidative func-
tion. It is well known that mulberry fruits
contain a high concentration of anthocyanins.

New functions of mulberry fruits other than
the anti-oxidative activity should be investi-
gated to promote their use as a healthy and
functional food.  We hope that this cultivar
will provide useful results and further pro-
mote upland farming in Japan.
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Fig. 2
Cocoons of Sericin-hope 
Left : Ordinary race,  Rght : Sericin-hope

Table 1  Productivity of sericin of Sericin-hope

Percentage Weight Percentage Amount of
of of cocoon of sericin in sericin

Race
cocooning shell per a cocoon production 

larva shell per larva
% mg % mg

Nd 60 18.6 98.5 18.5 (100)    

Sericin-hope 99 82.2 98.5 81.0 (438)    

Sericin-hope×KCS68 99 92.1 98.5 90.7 (490)    

Nd is a mutant stock which does not spinning and is called  "Naked pupa". 
KCS68 is ordinary race.   The value in the parentheses shows ratio.

than 4 times the amount in the Nd strain.
Only a little fibroin is contained in the cocoon
shell and 98.5 % is sericin. Since the secre-
tion of sericin is controlled by the dominant
gene, a hybrid for every ordinary strain can
be obtained.  The F1 hybrid is favorable
because of the ease of rearing and greater
production of sericin than the parent strains.
Expecting an epoch-making new material,
this race was named "Sericin-hope". It has
already been reported that sericin has a
moisturizing, anti-oxidant action, promotes
cell growth and inhibits large intestinal can-
cer. Therefore, sericin has lately become a
center of interest. Sericin-hope which
enabled the mass production of native sericin
is expected to be used in the medical field
and so on.



The suppressed expression of introduced
as well as endogenous genes with high
homology is known as gene silencing and cat-
egorized as either transcriptional gene silenc-
ing (TGS) or post-transcriptional gene silenc-
ing (PTGS). In TGS, the promoter region of
the transgene is heavily methylated and
transcription driven by the promoter is inhib-
ited. In PTGS, the mRNAs of both the trans-
gene and the endogenous gene are degraded
in a sequence-specific manner although vig-
orous transcription of the transgene occurs.
Phenomena similar to plant PTGS found in
other kingdoms include RNA interference
(RNAi) in animals and quelling in fungi. The
silencing of introduced genes is a major prob-
lem in the production of transgenic organ-
isms. At the same time, it could be utilized to
suppress the expression of an endogenous
gene of interest in animals and plants

Release from post-transcriptional gene
silencing by cell proliferation 
in transgenic tobacco plants

Ichiro Mitsuhara, Yuko Ohashi
Molecular Genetics Department

Fig. 1
Silencing of luc gene in transgenic tobacco plant.
Luminescence of transgenic tobacco plants were pho-
tographed in a dark room after absorption of luciferin.

instead of gene knockout. 
Interestingly, it was reported that PTGS

was released during sexual reproduction and
acquired again in each subsequent genera-
tion. Thus, we analyzed the PTGS of a
luciferase (luc) gene by both Luc imaging
using a cold CCD camera and a sensitive Luc
assay with a luminometer during the repro-
ductive stage to clarify how PTGS is estab-
lished and released. 

Transgenic tobacco plants which overpro-
duce Luc frequently exhibit PTGS of luc. The
silencing was observed over 5 generations,
and found not to be inherited but acquired by
the next generation at a certain frequency.
Luc imaging analysis of silenced plants
revealed Luc activity only in proliferating tis-
sues such as shoot meristem and developing
flower. The luc gene expression has been
recovered from silencing before development
of germ cells, excluding a possible recovery
from the PTGS at meiosis. A systemic silenc-
ing signal transferred from older tissue likely
induces gene silencing of younger tissues in
which cell proliferation has been completed.
Only seeds maintained Luc activity probably
because of isolation from the silencing signal
by a possible partition from parent placenta.
Calli newly induced from the leaf pieces of
silenced plants recovered from the silencing
and exhibited strong Luc activity similar to
non-silenced leaves further indicating that
the silencing cannot be maintained in prolif-
erating cells. Thus release from PTGS in pro-
liferating cells is a possible mechanism for
non-inheritance of the silencing.
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To facilitate the genetic analysis of quan-
titative traits in rice, we developed a novel
mapping population, chromosome segment
substitution lines (CSSLs). The
CSSLs were selected from advanced
backcross progeny, such as BC3F2 or
BC4F2 plants derived from a cross
between a japonica variety,
Koshihikari, and an indica variety,
Kasalath. The selection was per-
formed based on marker-assisted
selection using restriction fragment
length polymorphism and cleaved
amplified polymorphic sequences.
Chromosome segments substituted
in the CSSLs overlapped in at least
two lines and 12 rice chromosomes
were covered by the substituted seg-
ments of 39 CSSLs. Only one target

Development of a series of chromosome
segment substitution lines and their 
utilization in the genetic analysis 
of quantitative traits in rice

Masahiro Yano, Takeshi Ebitani 
Molecular Genetics Department

chromosome segment was substituted with
that of Kasalath in each CSSL and other
chromosomal regions are homozygous for

Fig. 2
Release from luc gene silencing in proliferating tis-
sues. Shoots or flowers were sectioned longitudi-
nally and then luciferin was absorbed from the cut
surface for 10 min. Photographs were taken under
a fluorescent lamp (visible light) before detection of
luminescence with a cold CCD camera in the dark
(Photometrics, model CH360).
(a-1) Longitudinal section of shoot apex of luc-
expressing (NW7-24-4) plant. Bar = 2 mm. (a-2)
Section of shoot apex of silenced (NW17-13-10)
plant.
(b-1, 2, 3) Longitudinal sections of developing flow-
ers of luc-silenced plant (NW17-13-10) at -20 ~ +10
days after flowering (DAF). 0 DAF indicates the day
the plants were fertilized. Bar = 5 mm. Stm; stem,
Petal; Pet, Sepals; Sep, Stigma; Sti, Style; Sty,
Anther; Ant, Ovary; Ova, Placenta; Pla, Seed;
Seed,

Fig. 1
Schematic representation of genotypes of chromosome segment substitution lines
derived from a cross between Koshihikari, as a recurrent parent, and Kasalath, as a
donor parent. The black, white and dotted regions indicate the chromosomal region
homozygous for Kasalath and Koshihikari, and heterozygous, respectively.



Elucidating the role of a gene often begins
with obtaining a full-length copy of its cDNA.
We collected preliminary sequence data on
175 642 full-length cDNAs from rice, Oryza
sativa. Eliminating uninformative sequences
enabled us to allocate the remaining clones

Collection and functional annotation 
of rice full length cDNA clones
and construction of a database

Shoshi Kikuchi 
Molecular Genetics Department

Fig. 1
Functional classification of full-length cDNA clones by InterPro GO

into 28 438 nonredundant groups, each of
which contained sequences defining one
potential gene. Through homology searches
of the sequence data for known proteins, we
assigned a tentative protein function to 4662
of the 15 823 clones (~29%) we have
sequenced completely. The remaining 11 162
clones include 8804 with feasible open read-
ing frames (ORFs), and 4260 of these ORFs
contain recognized functional motifs. We
found that 15 330 (97%) of our clones are
homologous to genomic sequences of indica
rice (E value < 10-100), and 10 173 of our
clones are similar to sequences among the 25
627 putative genes of Arabidopsis (E< 10-50).
To preliminarily characterize the proteins
encoded by our 15 823 clones, we identified

Koshihikari. As an exception, SL-236 con-
tained a small Kasalath homozygous seg-
ment in the non-target region on chromosome
4. The percentage of the chromosomal region
of the homozygous Kasalath allele within
each line varied from 1% to 9% of the whole
genome. Since segregation distortion
occurred at RFLP marker C955 on chromo-
some 1, this small segment remained het-
erozygous in SL201. We measured days to
heading (DTH) for each CSSL under field
conditions. DTH varied from 91 to 128 days
in the CSSLs. A significant difference of DTH
from an isogenic control Koshihikari was
observed in 19 CSSLs. As a result, 14 puta-
tive QTLs for DTH were detected. Our previ-
ous QTL analysis for heading date using

BC1F3 plants derived from the same cross
revealed that only 4 QTLs were involved in
the phenotypic variation. Thus, the statisti-
cal power of QTL detection is clearly greater
in CSSLs than in BC1F3 plants. The CSSLs
developed in this study will be very useful for
the genetic analysis of quantitative traits,
such as heading date, plant height, resis-
tance of pre-harvest sprouting, tolerance to
cool temperatures at the booting stage, etc.
The CSSLs will also be useful as candidate
parental lines for the map-based cloning of
genes of interest. In addition, Koshihikari, a
recurrent parent of CSSLs, is one of the elite
rice varieties in Japan. Thus, the CSSLs may
be directly used as material for rice breeding
programs. 
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Fig. 1
Ribbon model of bitiscetin. α- and β- subunits are
shown in magenta and green.

sequences associated with functional
domains, integral membrane proteins, and
signal peptides. We have combined all our
data into the publicly available "Knowledge-

based Oryza Molecular biological
Encyclopedia (KOME)" 

(http://cdna01.dna.affrc.go.jp/CDNA_main
_front.html). 

Crystallographic study of C-type 
lectin-like proteins from snake venom

Hiroshi Mizuno, Zui Fujimoto
Biochemistry Department

Snake venom contains various biologically
active substances that are often used as conve-
nient tools in biochemical and physiological
studies. Their effects on blood coagulation/
platelet aggregation have been widely docu-
mented. These proteins are known as antico-
agulants, platelet aggregation inducers or
inhibitor proteins, and belong to the C-type
lectin super-family. Here we report the crystal
structures of these proteins to investigate the
relationship between structure and function. 

The crystal structure of bitiscetin from
Bitis arientans was solved at 2.0Å resolution.
The overall structure is shown in Fig. 1. This
protein promotes interaction between plasma
von Willebrand factor (VWF) and platelet
membrane glycoprotein Ib (GPIb) to induce
platelet aggregation. This structure suggested
that a negatively charged patch on the surface
of bitiscetin is a candidate for binding to VWF.
On the other hand, the crystal structure of fac-
tor X-bp binding protein (X-bp) from
Deinagkistrodon acutus was solved in complex
with the Gla domain of factor X. The overall
structure is shown in Fig. 2. Two patches of
the Gla domain essential for membrane bind-
ing are buried in the complex formation. This
structure also provides a membrane-bound
model of factor X.

Fig. 2
Ribbon model of the complex between X-bp and Gla
domain of factor X. The side chains of Gla and disulfide
bonds are displayed. The bound Ca2+ ions are denoted by
blue spheres.



High precision NMR structure of the
RING-H2 finger domain of EL5, 
a rice protein in response to 
N-acetylchitooligosaccahride elicitor

Etsuko Katoh 
Biochemistry Department

Fig. 1
The best-fit superposition of the backbone (N, Cα and C') atoms of the
final 15 structures of the RING-H2 finger domain of EL5. Ribbon diagram
of the energy-minimized average structure of the RING-H2 finger domain
of EL5.

Fig. 2
Comparison of the free RING finger domain of EL5 with the E2-bound
form of c-Cbl and dimerization domain of RAG1. Surface potential repre-
sentation of these domains.

Plants evoke a series of general defense
reactions, including the production of phy-
toalexins and antimicrobial proteins, upon
sensing invading microorganisms. These
defense reactions were induced by treatment
with specific substances such as oligosac-
carides. The EL5 protein is rapidly induced
by treatment with N-acetylchitooligosac-
caride in rice cells and contains a RING-H2
finger domain.

In order to understand the molecular
function of EL5, we have purified the RING-
H2 finger domain using an E.coli system, and
determined its solution structure by NMR
spectroscopy. It consists of two stranded β-
sheet (β1:Ala147-Phe149 and β2:Gly156-
His158), an α-helix (Cys161-Leu166), and
two large N- and C-terminal loops, and is sta-
bilized by two tetrahedrally coordinated zinc
ions. The structure retains a similar folding
to other function known RING fingers. From
the structure based hypothesis, we have pro-
posed that the RING finger domain of EL5
serves as an ubiquitin-conjugating enzyme
(E2) binding domain and could be attributed
to such spatial arrangements of hydrophobic
residues at the solvent exposed surface made
by N- and C-terminal loops and the α-helix.
Furthermore, we show that the fusion of EL5
(98-181) with maltose binding protein was
polyubiquitinated by incubation with ubiqui-
tin, ubiquitin-activating enzyme (E1), and
OsUBC5b as E2. The RING finger domain of
EL5 possesses activity to catalyze the trans-
fer of ubiquitin to the MBP moiety.
Furthermore, we detail the interaction of

30 Annual Report 2002

Fig. 3
Two views of the RING-H2 finger domain surface. Colored magenta and
red indicate residues whose backbone amide chemical shift were most
sensitive and disappeared on binding with OsUBC5b, respectively.
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N-acetylchitooligosaccharide (GN) is a
potent elicitor in rice cells, inducing a drastic
change in gene expression.  By DNA microar-
ray analysis, we isolated two GRAS family
genes, CIGR1 and CIGR2, as elicitor-respon-
sive genes.  The products of the fusion genes
of these two with GFP were located in the
nucleus of onion epidermal cells, indicating
that these two genes encode nuclear-localized
proteins, likely to be transcriptional regula-
tors.  Further analysis showed that these two
genes were rapidly induced by phytoactive
gibberellins (GA) in suspension-cultured rice
cells and rice leaves.  These results clearly
showed that CIGR1 and CIGR2 are the cross-
ing point of the two distinct signal pathways

Two rice genes responsive 
to N-acetylchitooligosaccharide 
and gibberellin

Eiichi Minami
Biochemisty Department

Fig. 1
Localization of CIGR1 and CIGR2 in onion epidermal cell.
GFP was localized in nucleus when fused with CIGR1 or
CIGR2.

Fig. 2
Dependency of mRNA accumulation for CIGR1 and CIGR2 on the struc-
ture of GAs. Active GAs(GA1,GA3,GA4) induced the gene activation.

RING-H2 with OsUBC5b and characterize
RING-H2 residues that are critical for this
interaction from NMR titration experiments.

We conclude that the RING-H2 finger
domain of EL5 is the E2 binding site and
EL5 represents an ubiquitin ligase (E3).



Critical amino acid residues for catalytic
activity of CtpA, the carboxyl-terminal
processing protease for the D1 protein
of photosystem II

Noritoshi Inagaki
Plant Physiology Department

Fig. 1
A schematic diagram illustrating the strategy employed for site-specif-
ic mutagenesis of the ctpA gene in Synechocystis sp. PCC6803.  The
top panel depicts a 3.6-kb SpeI-BamHI fragment of Synechocystis
genome that contains the ctpA gene.  The middle panel represents
the genome structure of the host strain for construction of the CtpA
mutants in this study, in which ctpA has been replaced by an ery-
thromycin-resistance (Emr) cassette.  The bottom panel depicts a
mutagenzied plasmid that contains a site-directed mutation (asterisk)
on the ctpA gene with a kanamycin-resistance cassette (Kmr).  The
mutagenized ctpA gene was introduced into the genome of the DctpA
host strain by homologous recombination.

In oxygenic-photosynthetic organisms, D1
protein, an integral subunit of the photosys-
tem II (PSII) reaction center, is synthesized
in a precursor that is processed by a specific
protease, CtpA, a carboxyl-terminal process-
ing protease.  This protelytic process is well
known to be requisite for construction of the
oxygen-evolving complex of PSII, the major
supplier of molecular oxygen on the earth.
The genes for the protease have been isolated
from cyanobacteria, green alga and higher
plants.  However, deduced amino acid
sequences of the CtpA did not reveal catalytic
chemistry or the property of the protease.  To
elucidate the catalytic mechanism of CtpA, I
introduced site-directed mutations at 14 con-
served residues in this protease family onto
CtpA of the cyanobacterium Synechocystis sp.
PCC6803 (Fig. 1 and 2).  Analysis of the pho-
toautotrophic growth capabilities of these
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from GA and GN.  Analysis of the gene
expression profile by these two bioactive mol-
ecules will contribute to our understanding of
the relationship between growth and defense.

Fig. 3
Accumulation of the mRNAs for CIGR1 and CIGR2 in response to
GA3 in rice suspension cells and young leaves.
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C3 plants show a high rate of photorespi-
ration, and this is the main cause for their
low rate of photosynthesis. However, C3-C4
intermedate plants, which possess intermedi-
ate traits of C3 and C4 photosynthesis, show
an apparently reduced rate of photorespira-
tion, as compared to C3 plants. We investi-
gated the regulatory and genetic mechanisms
of photorespiration in C3-C4 intermediate
photosynthesis by use of intergeneric hybrids
of the C3-C4 cruciferous species, Diplotaxis
tenuifolia (DtDt) and the C3 species,
Raphanus sativus (RR).

Three types of hybrids (DtDtR, DtDtRR,

Regulatory and genetic mechanisms 
of photorespiration 
in C3-C4 intermediate photosynthesis

Osamu Ueno
Plant Physiology Department

Fig. 2
(a) A schematic depiction of sequence and domain locations of 14
residues of the CtpA protein that were selected for site-directed mutagene-
sis in this study. (b) Sequence alignment of two conserved domains
among different members of the CtpA family.  A, Synechocystis sp.
PCC6803 CtpA; B, Scenedesmus obliquus CtpA; C, Spinacia oleracea
CtpA; D, Arabidopsis thaliana CtpA; and E, Eschericia coli Tsp.  Asterisks
show the critical amino acid residues for the activity of CtpA.  Arrows indi-
cate Ser-Lys dyad, the catalytic center of this protease.

mutants, their ability to process precursor D1
protein and hence evolve oxygen, along with
an estimation of the protease content in the
mutants revealed that five of these residues
are critical to the activity of CtpA (residues
with asterisks in Fig 2b).  Ser-313 and Lys-
338, two of the five residues (residues with
arrows in Fig. 2b), form the catalytic center
of the enzyme, which is consistent with a
recent structural analysis of the CtpA from
an eucaryotic alga.  Our in vivo analysis also
demonstrates that the three other residues,
Asp-253, Arg-255 and Glu-316, are also
important determinants of the catalytic
activity of CtpA.

and DtRR) revealed traits intermediate
between those of the two parents in morpho-
logical features such as leaf shape and flower
color. In the female parent DtDt, the bundle
sheath cells (BSCs) included many cen-
tripetally located chloroplasts and mitochon-
dria (Fig. 1) and the photorespiratory key
enzyme, glycine decarboxylase (GDC) was
localized predominatly in the BSC mitochon-
dria (Fig. 2). In the male parent RR, however,
the BSCs had only a few organelles (Fig. 1)
and GDC was accumulated mainly in the
mitochondria of the mesophyll cells (Fig. 2).
In leaves of the hybrid plants, the leaf struc-
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tures and the patterns of cellular accumula-
tion of GDC were intermediate depending on
the rate of constitution of Dt and R genomes
(Figs. 1 and 2). The hybrid plants also indi-
cated intermediate values of CO2 compensa-
tion point between DtDt and RR, indicating a
lower photorespiration rate than in the male
parent RR (Fig. 1).

These results suggest that the C3-C4
intermediate traits are inherited into hybrid
plants according to the constitution of
genomes from parents. They also indicate
that the suppression of photorespiration in
C3-C4 intermediate plants is mainly due to
the development of organelles and the specif-
ic expression of GDC in the BSC. These
hybrid plants may be valuable materials for
the genetic analysis of photorespiration and
breeding of Brassiceae plants.

Fig. 1
Comparison of the structure of bundle sheath cells (BS) in leaves of
Diplotaxis tenuifolia (DtDt), Raphanus sativus (RR), and their hybrids
(DtDtR, DtDtRR, and DtRR). Values in parentheses indicate the CO2 com-
pensation point (µ l/l).

Fig. 2
Immunogold localization of glycine decarboxylase in the mesophyll and
bundle sheath cells of the parent plants and a hybrid. mt, mitochondrion.
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The tapetum is known to play essential
roles in the support of male gametophyte
development by supplying various compo-
nents of pollen grains, nutrients, and
enzymes.  During this process, the develop-
ment and functioning of tapetum must be
finely coordinated with those of male gameto-
phytes. We have previously found that seven
zinc finger genes (TFIIIA type) are expressed
transiently in anthers at different stages of
their development. Among them, TAZ1
(TApetum-development Zinc-finger protein 1;
renamed from PEThy;ZPT3-2) is expressed
earliest, peaking in transcript accumulation
around meiosis.  Here, we report that TAZ1
plays a critical role in the regulation of tape-
tum development and consequently pollen
development. In situ hybridization revealed
that TAZ1 showed a biphasic expression pat-
tern. In the pre-meiotic phase, TAZ1 tran-
scripts were found to accumulate in all the
cell types of anther except tapetum and
gametophytic tissues, whereas, the post-mei-
otic phase of anther development was charac-
terized by expression exclusively in the tape-
tum (Fig. 1). Transient expression of
TAZ1::GFP fusion protein in onion peel cells
resulted in nuclei localization of the fusion
protein, suggesting that TAZ1 is a transcrip-
tion factor. Introduction of 35S::TAZ1 con-
struct into petunia induced post-transcrip-
tional gene silencing (cosuppression) and the
TAZ1 silencing resulted in aberrant develop-
ment of the tapetum and its precocious
degeneration. Normally, the tapetum devel-
ops into a three-layered tissue and subse-

Silencing of the tapetum-specific 
zinc-finger gene, TAZ1, causes prema-
ture degeneration of tapetum 
and pollen abortion in petunia

Hiroshi Takatsuji, Sanjay Kapoor
Plant Physiology Department

Fig. 1
Expression patterns of TAZ1 in developing anther.
In situ hybridization of developing anther using TAZ1 antisense probes.
Samples are transverse sections of 3 mm (a), 5 mm (b), and 7 mm (c)
anthers in length.

Fig. 2
Abortion of microspores in TAZ1-silenced plants.
Longitudinal sections of premature anthers in wild-type
(left) and TAZ1-silenced (right) petunia stained with tolui-
dine blue.

quently undergoes programmed cell death
resulting in degeneration. By contrast, in the
TAZ1-silenced plants, the tapetum developed
only to a single-layered tissue and degenerat-
ed much earlier than in normal plants.  In
the TAZ1-silenced plants, extensive abortion

a. b.

a. b. c.



Plants have cyanide resistant respiration
in addition to ordinary respiration.
Alternative oxidase (AOX) is the terminal
oxidase of this alternative respiration. It is
an apparently wasteful pathway because it is
not linked to ATP synthesis in mitochondria.
However, AOX is closely associated with
resistance to environmental stress. AOX
works as a part of the biochemical pH-stat
and maintains cytoplasmic pH against stress
(Sakano, 1999). AOX is expressed under envi-
ronmental conditions such as low tempera-
ture and drought. However, the induction

Alternative oxidase 
and stress resistance in plants

Seiichiro Kiyota
Plant Physiology Department

Fig. 1
Transient assay of AOX promoter

mechanism for AOX is not fully understood.
We isolated cDNA (1.4kb) and genomic

(12kb) clones of AOX from Catharanthus
roseus. The AOX gene had 3 introns, which is
a common feature of plant AOXs. DNA blot-
ting revealed that AOX was coded as a single
gene in Catharanthus. This is in contrast to
other plants, such as rice, Arabidopsis and
potato, which have several AOX genes with
differential expression profiles. 

The transcription initiation site, deter-
mined by oligo-CAP methods, is 122bps
upstream from the translation starting point.
AOX promoter-candidates have various
lengths (2.31-0.48kb upward from the tran-
scription starting site) were ligated to the
GUS reporter gene of the pBI221 vector. All
constructs showed promoter activity. The
longest one has stronger activity than the
CaMV 35S promoter as a control. A transient
assay is not appropriate to analyze stress
response because particle bombardment itself
is stressful to cells. Thus further study using
transgenic plants is underway.

AOX was induced by addition of salycilic
acid, propionic acid, sodium vanadidate and
n-propylgallate (n-PG) to the cells. At the
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of microspores was observed (Fig.2).  A few
pollen grains that survived showed reduced
flavonol accumulation, defective pollen wall
formation and poor germination rates. These
results indicate that TAZ1 plays a crucial
role in tapetum development presumably at
the level of transcription and that the defec-

tive development of the tapetum in turn had
deleterious effects on pollen development.
Furthermore, the pollen abortion phenotype
points to the possibility that TAZ1 could
potentially serve as a tool for introducing
male sterility into plants.
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The anion channel, which plays an impor-
tant physiological role, is found from the
archaebacteria up to plants and animals. In
plants, the anion channel in guard cells takes
part in signal transduction for opening and
closing the stoma. A major anion in rice cells
is the chloride ion, especially in high salt
environments. The chloride ion is transport-
ed to the vacuole through the chloride chan-
nel, accompanied by sodium ions as the
counter ion, where they accumulate as Na+Cl–.

We have isolated two cDNAs (OsCLC-1
and CLC-2) homologous to the tobacco CLC-
Nt1 encoding a voltage-dependent chloride
channel gene from japonica rice, (Oryza sati-
va L., cv. Nipponbare). These cDNA clones
were novel members of the CLC family of
chloride channel genes and encoded proteins
of 773 and 806 amino acids with predicted
molecular masses of 83.7 and 87.2 kDa,
respectively. Their deduced amino acid

Molecular cloning of rice chloride 
channel genes

Atsuko Nakamura, Atsunori Fukuda, 
Yoshiyuki Tanaka 
Plant Physiology Department

Fig. 2
Induction of AOX by SA

same time, cytosolic acidification was
observed with 31P-NMR on addition of those
reagents except n-PG. Cytosolic acidification
is also observed under stress conditions. The
relationship between AOX, cytosolic pH
change and stress resistance is on next tar-
get.

Fig. 1
The phylogenetic tree of the CLC gene family



Fig. 2
Confocal laser scanning micrographs showing localization of GFP-fused
OsCLC-1 and OsCLC-2 in tobacco BY-2 cells. (A) Fluorescent image. (B)
Differential interference image.

sequences were highly conserved (87.9 %
identity). The moderate overall homology
between the clones and other plant CLC gene
members ranged from 50 to 72 %. Southern
blot analysis of rice genomic DNA revealed
that OsCLC-1 and OsCLC-2 are single-copy
genes on chromosomes 2 and 4, respectively.
The gene for OsCLC-1 was highly expressed

in most of the tissues examined, while the
gene for OsCLC-2 was highly expressed in
the roots, nodes, internodes and leaf sheaths.
The level of OsCLC-1 mRNA increased after
treatment with 100 mM NaCl but that of
OsCLC-2 mRNA did not. The response of
OsCLC-1 to NaCl was similar to that of
OsNHX1. These results suggest that OsCLC-
1 may play a role in the detoxification of
NaCl from the cytoplasm in a manner similar
to that of the Na+/H+ antiporter OsNHX1.

The cellular localization of chloride chan-
nels is not clear in plants. We prepared the
chimeric DNA of OsCLC-1 and OsCLC-2
DNA  with the green fluorescent protein
(GFP) and transformed them to tobacco BY-2
cells. Using confocal laser scanning microgra-
phy, GFP fluorescence was detected in the
vacuolar membranes. Therefore, the products
of two CLC genes must be located on the
tonoplasts. The result shows the first vacuo-
lar CLCs in plants.
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Preparation of a sufficient density of
markers is the basis of genome analyses;
irrespective of whether it may be functional
or structural. This is the case even for species
with sufficient sequence data, like
Arabidopsis or rice. We have developed the
HEGS system for efficient genome marker
analyses. With the HEGS system, 800 sam-
ples can be processed  a day by a single
researcher without stress, with a set of inex-
pensive apparatuses. In combination with

Construction of high-density HEGS
(high efficiency genome scanning)
genome maps of rice and barley in a
short time, each by a single researcher

Shinji Kawasaki
Plant Physiology Department

AFLP (Amplified Fragment Length
Polymorphism), one lane of electrophoresis
can produce about 50 bands, among them
polymorphic ones can be easily detected. In a
similar way, 3-5 SSR bands×800 lanes can
be processed in a single run of electrophore-
sis. HEGS can be combined with various
other electrophoresis systems such as RAPD,
SSCP, and so on and the bands can be detect-
ed with post-staining fluorescence dyes, and
easily recorded with inexpensive high-resolu-
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Fig. 1
High density HEGS map of rice. with 956 AFLP and 64 SSR markers con-
structed from the F9 RI line of Gimbozu(japonica)× Kasalath(indica). The
red makers are Gimbozu associate, the blue Kasalath associate, and the
green co-dominant markers. only the 1st - 3rd of 12 chromosomes are
indicated as samples.
C, polymorphic markers among indica/japonica; K, polymorphic markers
between Gimbozu (lowland jp.) / Kahei (upland jp.).
Colored chromosome regions show distorted genotype(P<0.01).

tion digital cameras. Cloning of the bands is
much more simple and efficient than the
sequencer system, and the SCAR markers
can be efficiently provided. 

As an example of application, we have
used this system to construct saturating
high-density marker maps of major crops. At
first, we applied this to rice in F9 recombi-
nant inbred lines (RIL) of Gimbozu
(japonica)×Kasalath (indica) with HEGS/
AFLP and HEGS/SSR. Using this system and
94 RI lines, a saturating linkage map with
1020 markers (956 AFLP markers, 64 SSR
markers) spanning 1777 cM could be con-
structed within half a year by a single
researcher (Shimizu et al. 2001: Fig. 1). The
SSR markers were used as landmarks to cor-
relate with the former rice genome map
(Chen et al. 1997). The major advantage of
this map is that it can process QTL analyses
very efficiently for various crosses such as
between japonica and indica, and also
between upland and lowland rice cultivars.
The common markers for this purpose are
indicated in Fig. 1.

In a similar way, a high density map of
barley was also constructed from the 95 F9
RI lines derived from the cross of Russia 6
(scab resistance)× H.E.S. 4 (scab suscepti-
ble) in half a year by a single researcher
(Hori et al. 2002). This map consists of 1138
AFLP and 34 SSR markers and spans 1576
cM. A software was developed for processing
the raw band data into Excel table, and for
cross-checking the raw and tabled data, and
the efficiency of the data-processing has
jumped several-fold. A giant BAC library of
barley (5 GB/genome), consisting of 300,000
clones, is also being constructed in collabora-
tion with Okayama Univ to utilize the map
data.



Rice endosperm contains two types of pro-
tein bodies. Protein body II (PB-II) originates
from vacuoles and stores mostly glutelins,
the major seed storage protein. Protein body
I (PB-I) develops directly from endoplasmic
reticulum (ER) and contains alcohol-soluble
prolamins. A minor seed storage protein α-
globulin, 2S albumin-type seed storage pro-
tein, accumulates in PB-II. The identification
and availability of a vacuolar-targeting sig-
nal for α-globulin could provide a means to

A novel method for targeting 
a transgene product to an ER-derived
protein body (PB-I) in rice endosperm

Yasushi Kawagoe, Fumio Takaiwa 
Plant Biotechnology Department

Fig. 1
Targeting of GFP fusion proteins to two different protein bodies in rice
endosperm. A: GFP fused to the full-length α-globulin (G21-Y186) was tar-
geted to PB-II, which originates from vacuoles. B: GFP fused to the N-termi-
nal domain (G21-Q111) was localized in ER-derived PB-I.

Fig. 2
The peptide sequence that facilitates protein targeting to
PB-I shows high homology with rice prolamins. Fifteen
amino acid residues (L72-S86) of α-globulin were suffi-
cient for targeting GFP to PB-I. Homologous sequences
were identified in a group of prolamins that are rich in cys-
teine residues. 16.6kD prolamin (λPR16), 13kD pro-
lamins (pProl17, αRM7), 10kD prolamin (αpP10).

improve seed quality and add new traits by
genetic engineering.

Rice endosperm lacks autofluorescent
pigments, which offers an excellent paradigm
for studying the trafficking of seed storage
proteins with the use of green fluorescent
protein (GFP). As a first step to elucidating
the molecular mechanisms involved in the
targeting of α-globulin to PB-II, GFP was
fused to different portions of α-globulin, and
the fusion proteins were expressed in rice
endosperm under the control of the α-globu-
lin promoter. The cellular localization of the
fusion proteins was analyzed by confocal
lazar microscopy. GFP fused to the full-
length α-globulin (G21-Y186) was targeted
to PB-II (Fig. 1A). Surprisingly, GFP fused to
the N-terminal domain (G21-Q111) of α-
globulin accumulated in PB-I (Fig. 1B). The
identity of the protein bodies containing GFP
fusion proteins was confirmed by immunocy-
tochemistry. Further deletion analyses of the
N-terminal domain demonstrated that a pep-
tide of 15 amino acid residues from Leu72 to
S86 (LGLRMQCCQQLQDVS) was sufficient
for PB-I localization. The peptide sequence
contains dicysteine residues (Cys78-Cys79)
and shows a high similarity to rice prolamins
that are rich in cysteine residues (Fig. 2).
Protein extraction from mature seeds with
SDS/urea buffer under reducing or non-
reducing conditions revealed that GFP fusion
proteins localized in PB-I were linked to
endogenous proteins via disulfide bonds.
Since prolamins are by far the most abun-
dant proteins in PB-I, we speculate that the
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Plant height is one of the major morpho-
logical traits targeted in crop breeding. We
aimed to obtain dwarf type rice by the genet-
ic modification of the Gibberellin (GA) meta-
bolic pathway. We firstly developed trans-
genic rice which harbors the rice GA 2-oxi-
dase gene driven by the constitutive and
strong actin promoter.  The transformed
plants showed an extremely dwarfed pheno-
type but did not set seeds (Fig. 1A).  By
changing the actin promoter to the D18 pro-
moter (the promoter of the GA 3-oxidase gene
which is predominantly expressed in shoots),
transgenic plants with seed sets were
obtained, although numbers of seeds were
significantly reduced compared to the control
(Fig. 1B, Fig. 2). This seemed due to the weak
expression of the D18 promoter in floral
organs, suggesting that seed set would be
further improved by using promoters more
specifically expressed in stem and leaf.

We characterized the transgenic rice
plants (Oryza sativa japonica var. Don-to-koi)
of the T1 segregating generation and made a

Regulation of rice plant height 
by Gibberrelin 2-oxidase gene 
expression

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

GFP fusion proteins localized in PB-I are
linked to prolamins via intermolecular disul-
fide bonds. These results point to a possibili-
ty that protein-protein interaction including
the formation of disulfide bonds in the ER
lumen play an important role in protein tar-
geting to PB-I. 

Prolamins in cooked rice are not easily
digestible, which reduces the nutritional
value of rice. It is likely that intermolecular

disulfide bonds between prolamins contribute
to the aggregation of prolamins, which make
them resistant to protease digestion. If and
when hydrophilic protein or glycoprotein
tagged with the identified peptide is efficient-
ly targeted to PB-I, physicochemical proper-
ties in PB-I may be altered in such a way
that prolamins are more easily digestible by
proteases.

Fig. 1
Morphology of transgenic rice carrying the GA 2-oxidase gene. Reduction
of plant height of the transgenenic plants depended on promoters (A: actin
promoter;  B: D18 promoter)

biosafety assessment in a containment green
house. We observed a reduced plant height of
about 50% compared to non-transgenic rice.
The safety assessments included examina-
tions of morphological changes, fertility, pro-
duction of poisonous substances, remaining

A
Non-transgenic Transgenic

B
Non-transgenic Transgenic



Fig. 2
The ears of transgenic and Non-transgenic rice

Non-transgenic Transgenic

Agrobacterium etc. 
The dwarf phenotype expressed by GA 2-

oxidase is inherited dominantly, so the trans-
genic rice can be efficiently used as a
parental material for breeding F1 hybrid rice.
In addition, the 2-oxidase gene could be
introduced into other crops including fruit
trees which are expected to be of dwarf phe-
notype.

Fig. 1
Schematic structure of pIGES2C49 for transformation of rice.
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Cytochrome P450 monooxygenases in
mammalian liver catalyze the monooxygena-
tion of a wide variety of xenobiotic chemicals
and detoxify them by elevating their water-
solubility. Thus P450s are thought to be an
efficient tool for removing harmful organic
chemicals from contaminated environment. 

Pig CYP2C49, a member of the
cytochrome P450, was cloned from pig liver
and introduced into a rice cultivar,
Nipponbare, by an Agrobacterium-mediated
transformation method (Fig. 1). We evaluat-

Transgenic rice plants expressing pig
CYP2C49 for phytoremediation

Hiroyuki Kawahigashi, Kenjirou Ozawa 
Plant Biotechnology Department

ed the tolerance of the transgenic rice plants
to herbicides. They showed tolerance to ten
out of thirteen herbicides including ace-
tochlor, alachlor, amyprofosmethyl, chlor-
propham, chlortoluron, isoxaben, mefenacet,
norflurazon, pyributicarb and thenylchlor in
the germination tests (Fig. 2). Pig CYP2C49
is homologous to human CYP2C19. However,
the transgenic rice plants expressing
CYP2C49 showed tolerance towards some
herbicides which suppressed the growth of
CYP2C19 rice plants (Fig. 3). 

Our study revealed that transgenic rice
expressing pig CYP2C49 showed herbicide
tolerance by detoxifying herbicides of differ-
ent groups and chemical classes. Transgenic
rice plants with P450s could be further used
for reducing the amount of organic chemical
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Tartary buckwheat (Fagopyrum tartar-
icum. Gaertn) is a good food ingredient,
desired to develop new varieties. Mutation
breeding has several merits, i.e. the creation
of new mutant character, addition of very few
traits without disturbing other characteris-
tics of a variety, and short period for breed-
ing. Usually, mutations are induced using
gamma rays. Recently, ion beams were
noticed as a new mutagen because of their
high linear energy transfer (LET) and rela-
tive biological effectiveness (RBE) compared
with gamma rays. To develop a mutation
breeding method, the biological effects of

Mutation induction with gamma ray
and ion beam irradiation in tartary
buckwheat

Toshikazu Morishita, Hiroyasu Yamaguchi, 
Konosuke Degi,  Atsushi Tanaka, Yoshihiro Hase, 
Naoya Shikazono 
Institute of Radiation Breeding

Fig. 2
Germination tests with norflurazon. 
Transgenic rice plants (Bu1923, Bu1931, N111C) show
green shoots, but control plants (Nipponbare) show white
shoots due to the lack of chlorophyll.

Fig. 3
Germination tests with acetochlor.
CYP2C49 rice plants show normal growth (Bu1931,
Bu1923), but  the germination of CYP2C19 rice plants
were inhibited (N111C).

compounds including pesticides, industrial
chemicals and endocrine disruptors in both

Fig. 1
Mutant in stem color (White). Left : Wildtype, Right : Mutant.

surface water and soil (phytoremediation).



gamma rays and ion beams were researched
using tartary buckwheat. The range of lethal
dose 50 (LD50) was from 30 Gy (carbon ion) to
580 Gy (gamma ray). The dose response of
carbon ion beams was affected by hulls, while
that of helium ion beams was not. This
seemed dependent on the penetrating depth
of helium ions (6 mm) and carbon ions (1
mm). The mutation rate in the M2 generation
irradiated with helium ion beams was the
same as that for gamma rays at 100 Gy
(Table 1 and 2). Hulled seeds exposed to heli-
um ion beams had a higher mutation rate
than intact seeds. Neon ion beams were less
mutagenic than any other beam, and the
chlorophyll mutation by neon ion beams was
less extensive. The mutation rates for gamma
ray and ion beams increased as the dose rose,
whereas mortal and sterile rates in the M1

generation also increased. It was estimated
that the optimal dose for mutation induction
by carbon ion was about 20 - 40 Gy, while
that by gamma rays was about 300 - 400 Gy.
From this experiment, some mutants were
obtained (Fig. 1 and 2). RAPD analysis
revealed that amplified DNA patterns using
white stem mutant (Fig. 1) differed from the
original variety.

Fig. 2
Morphological, red leaf mutant.
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Table 1 Mutation rates on M2 generation irradiated 
with gamma rays in tartary buckwheat.

Dose (Gy)
Variety

100 200 300 400

Rotundatiem 10.4 10.9 34.4 28.1

Pontivy 7.8 10.8 15.7 16.7

Hokkei 1 13.0 13.2 23.2 34.6

Hokkei 2 8.0 16.1 19.4 19.2

Hokkei 3 7.0 16.3 25.0 25.0

Table 2 Mutation rates on M2 generation irradiated 
with ion beams in tartary buckwheat.

Dose (Gy)
Radiation seeds

20 40 60 80 100

Helium Hulled 6.1 9.7 12.3 14.1 14.1

Helium Intact 6.9 — 8.4 — 10.7

Neon Hulled 4.9 4.9 9.8 7.1 5.1

Neon Intact 3.8 — 6.7 — 7.1

Carbon Hulled 6.6 13.6 — — —

CV: Rotundatiem
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In 2001, the National Institute of
Agrobiological Sciences (NIAS) was estab-
lished through a reorganization of the gov-
ernment in order to offer high quality admin-
istrative services to citizens by doing works
more independently and flexibly than was
formerly done. NIAS is composed of three
division: (1)Genome and Biodiversity
Research Division, (2)Insect and Animal
Sciences Division, and (3)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,
they can share research data to obtain a
great deal of results and maximize work effi-
ciency.

In the Genome and Biodiversity Research
Division, there are 3 departments, (1)
Genome Research Department, (2) Genetic
Diversity Department and (3) Genebank. The
overall research product produced by these
departments is transmitted to the science
world for either basic research in life science
or applied research in food production and
agriculture. As a result, Genome and
Biodiversity Research Division contributes to
science, agriculture and social life all over the
world.

In the Genome Research Department,
genome analysis of rice, pig and silk worm is
on-going. The rice genome analysis has been
conducted in conjunction with the Inter-
national Rice Genome Sequencing Project
(IPGSP) aiming to publish the complete
genome sequence within a few years. This
research is tightly linked to several impor-

Genome and Biodiversity Research Division

tant projects on rice functional genomics. The
competition between public organizations
and private companies to own rice genome
information and obtain genes patented must
be more aggressive from now on. Detailed
information can be obtained by web access
(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 through
various environmental changes. In the
Genetic Diversity Department, basic research
on plant, microbe and animal diversity is
conducted. The results of the research should
contribute to rational and efficient methods
for the classification, characterization and
preservation of germplasm and discovery of
new biological resources.

To accelerate the research into genetic
resources, NIAS also is the center of the
MAFF genebank project for agricultural

Research Activities
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genetic resources in Japan. Genebank has
the responsibility of managing plant,
microorganism, animal genetic resources and
their DNA. It involves the cooperation of
many sub-banks. The total number of collec-
tions was 219,700 units for plants, 17,947
units for microorganisms and 869 units for
animals, and the collection of DNA was
74,632 clones for rice and 156,788 clones for
pig in fiscal year 2001. These genetic
resources are currently evaluated by profes-
sional researchers and then distributed at
the request of researchers from all over the
world. The numbers of distributions were
25,829 units of plant, 863 units of microbe,
3,541 units of rice and 220 units of pig DNA
in fiscal 2001. Of these distributions, about
10 to 20% are distributed overseas.
Distributed genetic resources are used for
research, breeding, the classification of

microbes and genetic analysis etc. by many
researchers. All the necessary information
can be obtained from the web
(http://www.gene.affrc.go.jp/ and http://www.
dna.affrc.go.jp/).

International workshops for rice genome
and genetic resources were held in Tsukuba
in 2001. There are very delicate international
negotiations currently taking place to deter-
mine how to access the plant genetic
resources and how to share the benefits of
the use of genetic resources in a fair way. To
solve the present problems, it is very impor-
tant to strengthen research activities on
genome and genetic resources and also to
build up international networks between
researchers.

The research activities for the Genome
Research Department, the Genetic Diversity
Department and the Genebank are described

This department is composed of six labo-
ratories. Each is individually involved in
genome research targeting pigs, rice, and
silkworms. These three species are important
in Japanese agriculture and basic research
into them, focusing on applications, is
increasingly being promoted centering on
their genome sequence. All their information
regarding inheritance is written within an
array of four types of nucleotide, A, G, C and
T. Decoding this information through genome
analysis is crucial for attaining the goal of
elucidation of gene function. In case of rice
genome sequence analysis, the Plant Genome
Laboratory is leading the International Rice
Genome sequencing Project (IRGSP) to
obtain the rice genome sequence with 99.99%
accuracy in collaboration with the STAFF
Institute. The Bioinformatics Laboratory is
decoding this sequence data using computa-
tional technology to extract information on

the rice genome. The sequence data and its
analyzed information as well as DNA materi-
als are provided to the public domain via a
DNA Bank. The Animal Genome Laboratory
and a Senior Researcher are targeting the pig
genome to elucidate, by genetic mapping and
molecular analysis, the genes responsible for
economically important traits. The Insect
Genome Laboratory is targeting the silk-
worm with the aim of constructing basic tools
such as genetic and physical maps of its
genome and for identification of genes
responsible for important traits. In the fol-
lowing, the research topics covered by each
laboratory are described.

The Plant Genome Laboratory
In 2001, as a member of IRGSP, the Rice

Genome Research Program (RGP) of which
the Plant Genome Laboratory forms the core,
proposed a strategy to speed the release of

enome Research DepartmentG



the rice phase2 sequence by integrating RGP-
made EST markers, CUGI fingerprint con-
tigs, and the Monsanto BAC clones and draft
sequences (http://rgp.dna.affrc.go.jp/
genomicdata/seqstrategy/newstrategy.html,
Fig. 1). We have also assigned two more chro-
mosomes (chromosomes 2 and 9) to our ongo-
ing assignments (chromosomes 1, 6, 7, and 8)
with a total length of about 200 Mb. We first
constructed minimum tiling contigs of
Monsanto BAC clones using our high-density
EST markers. The tiled BAC clones were
then subjected to shotgun sequencing and the
resulting sequences were merged with
Monsanto draft sequences and assembled
into phase2 sequences. Next, in the gap
regions in the Monsanto clone contigs, RGP-
made PAC/BAC libraries were searched for
EST marker sequences using PCR screening.
Selected clones were processed for shotgun
sequencing. For the remaining gaps, the
CUGI BAC end sequence database was
searched to find STCs (sequence-tagged con-
nectors) in the PAC/BAC sequences at the
contig ends. Since those end sequences were
integrated in the CUGI fingerprint contig
database, these STC automatically picked up
BAC contigs. After minimum tiling construc-
tion, the BAC clones were also sequenced.
The result increased chromosomal coverage
of the physical maps of up to 70-90%. For
chromosome 1, a physical map was construct-
ed for 95% of the chromosome and almost all
the clones were sequenced to phase 3 comple-
tion. We have installed an efficient system
for high-throughput sequence production sys-
tem at the STAFF Institute, and at present,
we are able to sequence and release more
than 100 Mb per year. Physical mapping in
the gap region even after the three steps
described above has been continued using
end-walking. To achieve the upcoming
IRGSP goal of phase 2 completion within
2002, PAC/BAC contig construction followed
by shotgun sequencing in the remaining
region of assigned 6 chromosomes is under
way.
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Fig. 1
The strategy for accelerating rice genome sequencing using integrated
resources.

The Bioinformatics Laboratory
Th extensive efforts by IRGSP have

resulted in a rapid accumulation of genome
sequences; and more than 350 Mb has
already been released to the public domain.
This requires a high-throughput annotation
scheme to extract biologically useful and
timely information from the sequence data.
An automated annotation system and data-
base called RiceGAAS (Rice Genome
Automated Annotation System, http:
//RiceGAAS.dna.affrc.go.jp/) has been devel-
oped to execute a reliable and up-to-date
analysis of the genome sequence as well as to
store and retrieve the results of annotation.
Automated annotation is performed for all
rice genome sequences collected from
GenBank. RiceGAAS runs 14 analysis pro-
grams and provides a graphical user inter-



face to visualize the output from all pro-
grams. An example of graphical output is
shown in Fig. 2. The results are automatical-
ly integrated or merged to predict the most
accurate gene structure. The algorithm for
gene prediction is based on the concept of
combining the results of several prediction
programs with homology searches to achieve
a more accurate prediction than is possible
with single programs. The utilization number
of RiceGAAS from its opening at the DNA
Bank in January 2001 is shown in Fig. 3.
Furthermore, the reference databases used
by the system, such as the NCBI non-redun-
dant protein database, are regularly down-
loaded from the original sites and re-analysis
is performed using the latest information.

The Animal Genome Laboratory
In Japan, several experimental pig fami-

lies have been generated by crossing
European breeds (Landrace, Yorkshire, and
Berkshire) and Asian breeds (Meishan,
Jimpha, and Japanese wild boar) and have
been analyzed for QTLs for various economi-
cally important traits. We have reproducibly
detected two QTLs affecting the number of
vertebrae on swine chromosome (SSC) 1qter
and SSC7q. As the number of vertebrae is
correlated with back loin length, an economi-
cally very important trait, we also have
detected the QTLs for back loin length in the
same genomic region.

For the QTL on SSC1qter with the near-
est marker SW373, we observed that one
allele of European breeds increased the num-
ber of vertebrae by approximately 0.6 on
average. We are focusing on NR6A1 as the
putative candidate gene by reason that
NR6A1 knockout mice have been reported to
show decreased somite number, and that the
pig NR6A1 gene has been mapped to near
SW373. For the other QTL with the nearest
marker SW252 on SSC7q, it was suggested
that European breeds had two alleles, which
respectively increased the number of verte-
brae by approximately 0.3 and 0.6 on aver-
age. We propose PSEN1 as the candidate for
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Fig. 2
An annotation map by RiceGAAS for the P0003E08 rice PAC clone

Fig. 3
Statistics on the utilization of RiceGAAS from January 2001 to June 2002
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the QTL because PSEN1 knockout mice are
reported to show a decreased number of ver-
tebrae, and we have confirmed that the pig
PSEN1 has been mapped near SW252. A
search for polymorphism of the genes associ-
ated with this phenotypic variation is under
way. In a Meishan/Landrace cross popula-
tion, we observed that the number of verte-
brae of homozygotes with Meishan alleles
and with Landrace alleles at both QTLs were
19.40 and 22.00 on average, respectively.
Their corresponding back loin lengths were
58.82 cm and 64.45 cm on average (Table 1).

This concept of QTL analysis is being
extended to a DNA marker breeding project,
in which several local experimental stations
are involved, to develop microsatellite and
RFLP markers for tagging economically
important traits, including several carcass
traits, meat fat content and meat color
scores.

The Senior Researchers' Laboratory
At this laboratory, to provide basic infor-

mation for elucidation of genes responsible
for given traits, we are currently working on
the following projects: 1) Construction of a
"full-length" cDNA library (we have con-
structed 2 libraries from swine olfactory bulb
and hippocampus). 2) Elucidation of genetic
region responsible for reproductive disorders
(we have narrowed down the region responsi-
ble for the disorder to a region (3cM) in swine
chromosome 6q but have not yet identified
the responsible gene). 3) Examination of
identity between donor cattle and the ani-
mals cloned from them (a genome differential
display of one cloned calf showed differences
from cell-donor cattle). 4) Analysis of DNA
segments showing genetic diversity in live-
stock and poultry (we have developed an effi-
cient method of determining the chicken
mtDNA sequence, which demonstrates that
the gray jungle fowl was closely involved in
the establishment of current domesticated
chicken breeds). 5) Utilization of insulator
sequences for efficient construction of trans-
genic animals (we have examined the effect

of position and direction of insulators in plas-
mids expressed in mammalian cultured cells:
both play an important insulating function in
the cell even though the examination was
performed in a transient expression system).

The Insect Genome Laboratory
Bombyx mori densovirus (BmDNV) multi-

plies in the columnar cell nuclei of the silk-
worm mid-gut epithelia. The virus is classi-
fied into 2 types, termed DNV-1 and DNV-2,
based on their symptoms, serological charac-
ters, genome size and structural proteins.
Some silkworm strains have been identified
as resistant to DNV-1 and/or DNV-2. In such
strains the response is that of non-suscepti-
bility rather than resistance, because the
inoculation dose does not affect their survival

Fig. 4
RFLP linkage map of the virus-nonsusceptibility genes
nsd-2 and Nid-1 on linkage group 17. The numbers on the
left side (m68-m20) are cDNA markers mapped on link-
age group 17.

Table 1 Effect of the QTLs observed in a Meishan and Landrace 
cross population



rate. So far four non-susceptibility genes
have been reported and some of them have
been analyzed for linkage groups or loci on
the phenotypic linkage map; nsd-1 (L21-
8.3cM), Nid-1 (L17-31.1cM), nsd-2 (locus
unknown), and nsd-Z (L15). However, none
of them have yet been isolated as molecular
reality. We recently carried out linkage and
mapping analysis of Nid-1 and nsd-2 using
cDNA markers on the RFLP linkage map.
Both were mapped on linkage group 17 and
four closely linked markers were also identi-
fied (Fig. 4). By taking advantage of Bombyx
genome information, construction of BAC
contigs covering these two genes was
attempted in order to isolate them.

Each BAC clone DNA was dot-blotted on
high-density filters. ECL-labeled markers
were hybridized with these filters. Positive
BAC clones were subjected to DNA finger-
printing, and were grouped in three contigs.
The longest contig, spanning 820 kb, con-
tained three out of four used cDNA markers
(Fig. 5). The remaining marker was located
on a separate contig. Since the crossover
value between nsd-2 and the three markers
was zero, the longest contig containing these
markers would also cover the nsd-2 gene. The
results concur with the genetic distance
between the  four markers. The sequence
analysis of the longest BAC contig is in
progress.

The DNA Bank
The NIAS DNA Bank collects DNA, pro-

tein and genome information and DNA mate-
rials to provide them to researchers world-
wide. Chiefly the following are offered: DNA
such as rice cDNA clones, and RFLP mark-
ers, genetic and physical maps information
and genome sequence information produced
as a result of rice genome research conducted
by the Ministry of Agriculture, Forestry and
Fisheries. With the recent rapid progress in
genome analysis of many species, huge
amounts of sequence data have been submit-
ted to public databases, which are retrieved
by DNA banks. The use of BLAST e-mail
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Fig. 5
Contigs made by fingerprinting BAC clones probed with cDNA markers
which were closely linked with nsd-2 and Nid-1. Predicted locations of
cDNA markers are indicated with arrows.

Fig. 6
Statistics on the utilization of BLAST searches from January 1995 to June
2002.



Fig. 1
Genes predicted in the major pathogeneic region (210 Kb) of the Xoo
genome.
Black bars represent the location of new genes predicted.
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servers in homology searches for these data
has grown, as illustrated in Figure 6. The
data produced by the rice and animal genome
research projects are available at
http://rgp.dna.affrc.go.jp/ and http://ws4.nias-
k.affrc.go.jp/ agp/index.html, respectively.

Concerning the conservation of DNA
materials, we have collected 48,562 rice
cDNA clones, 3,267 rice DNA markers and

7,606 rice YAC clones which the RGP has
produced during the past 10 years; and 1,500
pig cDNA clones and 103,488 pig BAC clones
produced by the animal genome project.
From April 2001 to March 2002, we distrib-
uted 1,818 rice cDNA clones, 1,248 rice RFLP
markers, 3 rice YAC filter sets, and 159 pig
BAC clones.

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. Research into the molecular and cellu-
lar function of genes and gene products is
performed. The results of this research aim
to contribute to new and improved methods
for the classification, characterization and
preservation of germplasm and discovery of
new biological resources for use in agricul-
ture and other industries.

Current microbiological research includes
genome analysis of plant pathogens, biosys-
tematics and functional proteomics of such
organisms as fungi, yeasts and bacteria.
Plant research includes molecular and biolog-
ical characterization and evaluation of the
genera Oryza, Triticum, Hordeum and Vigna.
Mechanisms in plants that confer cold hardi-
ness are also being investigated. Animal
research includes investigations to under-
stand the maturation and development of
germplasm in domestic animals. In addition,
to support the MAFF Genebank project,
database management systems are a focus of
research and development. Major research
outputs of the department during fiscal 2001
are described below.

enetic Diversity DepartmentG
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Genome sequence analysis of
Xanthomonas oryzae pv. oryzae

Bacterial blight of rice caused by
Xanthomonas oryzae pv. oryzae (Xoo) is one of
the most destructive diseases in rice growing
countries. In addition to its importance as a
pathogen, the bacterium is known to be an
ideal model for studying plant-pathogen
interactions, race differentiation and the evo-
lution of plant pathogens.

To understand the molecular basis of
pathogenicity, we initiated the Xoo genome
project in April 2001. The bacterial strain
used for the genome sequencing analysis is a
Japanese representative race I strain T7174
(MAFF 311018) registered in the MAFF
Genebank, NIAS. 

The genome size of this bacterium was
presumed to be about 5 Mb by pulse field gel
electrophoresis (PFGE). The initial stage of
sequencing was done by the whole genome
shotgun method. The sequence data obtained
was assembled with an accuracy of 99.9%
using a computer program. To date, the
genome sequencing of Xoo has been almost
completed. About 4,200 genes are predicted
to be present on the Xoo genome. Of these,
170 genes are clustered in one of the patho-
genicity related gene regions (genes for a
type III secretion system). Fourteen genes in
this region are not included in the current
databases. Moreover, repeat sequences with
insertion sequences (IS) are frequently found
in the region, suggesting that they are char-

acteristic features of the Xoo genome.

Mechanisms of interactions between
Magnaporthe grisea and rice

Magnaporthe grisea is the pathogen of rice
blast, one of the most damaging diseases in
many rice growing countries, and also known
as a model fungus to study plant-microbe
interactions. Therefore, we have examined
the functions of the genes responsible for its
pathogenicity and morphogenesis. 

Genetic analysis of the progeny from a
cross between blast fungus strains 4000-R-81
and 4084-1-4 indicated that the avirulence to
rice cultivar K59 harboring the resistance
gene Pi t, was controlled by a single gene,
named Avrt. As a starting point for positional
cloning of Avrt, amplified fragment length
polymorphism (AFLP) markers were
screened by bulked segregant analysis. Six
AFLP markers were found to cosegregate
with Avrt in 149 progeny. 

We have isolated a gene involved in a sig-
nal transduction pathway in M. grisea.
Further study on mutants of the gene indi-
cated that it is also involved in down-regulat-
ing conidiation and mycelial development as
well as appresorium formation in M. grisea. 

Transposable elements similar to
Tourist-OsaCatA in rice are closely
associated with genes expressed in
flowers

Tourist elements are transposable ele-
ments.  One of these elements, Tourist-
OsaCatA (a Tourist C element), has been
found in the 5'-flanking region of the catalase
gene, CatA, in rice (Oryza sativa).  Using
reverse transcription - polymerase chain
reaction (RT-PCR) analyses of leaves, roots,
flowers, and developing seeds of rice, we
examined the expression of the 29 Tourist C-
containing hypothetical coding sequences
(CDSs) obtained through the high-through-
put genomic sequences reported so far.  We
found that CDSs of all 11 genes whose tran-
scription was detected by RT-PCR were
expressed in flowers. Phylogenetic analysis

Fig. 2
Cross of Magnaporthe grisea (A) and infection type with strain 4084-1-4
on rice cultivar K59 harboring the Pi t gene (B).
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Molecular phylogeny of the genus
Hordeum based on the chloroplast
DNA sequences

The genus Hordeum consists of three cyto-
types (2x, 4x, 6x), and its reproductive isola-
tion has been incomplete between closely
related species and hence the genetic rela-
tionship is reticulate and complex.  We have
used 32 taxa of Hordeum and three chloro-
plast sequences, viz. matK, atpB-rbcL, and
trnL-trnF.  Molecular phylogenetic analysis
based on sequence data of the three chloro-
plast DNA regions clearly demonstrated
genetic relationships among the taxa and ori-
gin of polypoids.  H. brachyantherum ssp.
brachyantherum (6x) (Fig. 4) has identical
sequences to H. marinum ssp. gussoneanum
(2x) (Fig. 5). 

The above results suggest that the forma-
tion of H. brachyantherum (6x) includes
hybridization between H. brachyantherum
(4x) as the pollen parent and H. marinum
ssp. gussoneanum (2x) as a maternal parent.

Fig. 3
Unrooted phylogenetic tree of Tourist-OsaCatA and the
Tourist C elements associated with the CDSs.
Tourist C elements, whose associated CDS expression
was detected, are shown in the pink-colored boxes, and
the blue-colored boxes indicate the elements whose asso-
ciated CDS expression was not detected in the organs.

Fig. 4
Phenotype of Hordeum brachyantherum ssp. brachyan-
therum (6x).

excludes the possibility that only a phyloge-
netically related group of Tourist C elements
is associated with the genes expressed in
flowers (Fig. 3).  Tourist C elements seem to
have a strong association with genes that are
expressed in the flowers of rice.
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Multiple origins of six-rowed cultivated
barley (Hordeum vulgare L.)

The origin of six-rowed cultivated barley
was studied using a DNA marker cMWG699
closely linked to the vrs1 locus. Restriction
patterns of the PCR-amplified product of the
cMWG699 locus were examined in 280 culti-
vated (Hordeum vulgare ssp. vulgare) and
183 wild barleys (H. vulgare ssp.
spontaneum). Nucleotide sequences of the
PCR products were also examined in selected
accessions. Six-rowed cultivated barleys were
divided into two distinct groups, named types
I and II. Type I six-rowed cultivated barley
distributed widely while type II six-rowed
cultivated barley was found only in the
Mediterranean region (Fig. 6). The type I
sequence was also found in a wild barley
accession from Turkmenistan whereas type
II was also found in a two-rowed cultivated
barley from North Africa and a wild barley
from Morocco. These results suggest that the
six-rowed barleys of type I and II were
derived from two-rowed barleys of type I and
II, respectively, by independent mutations at
the vrs1 locus.

Simple sequence repeat (SSR) mark-
ers to study population dynamics of
azuki bean complex

To monitor population genetic change it is
necessary to have a range of genetic markers
available. The azuki bean (Vigna angularis)
complex in Japan consists of wild, weedy and
cultivated populations that in some areas are
sympatric. In order to better understand wild
and weedy azuki population structures in
relation to the cultigen we have developed
micro-satellite (SSR) markers that enable
heterozygous plants to be identified. From an
(AG)n-enriched library for azuki bean, 50
primer pairs were designed with 50% GC
content.

The genotype of 19 individuals in a
wild/weedy azuki population located in the
Mumo river valley of Batou town, Tochigi
prefecture was investigated using 8 of the
SSR primers developed. Of these 19 individu-

Fig. 6
Geographical distribution of the cMWG699/TaqI polymorphism of haplo-
types I (hatched) and II (close), indicating the different origins of six-rowed
barley.

Fig. 5
Phylogenetic tree of the genus Hordeum based on the nucleotide
sequence of three chloroplast DNA regions using the maximum parsimony
method. 
The tree is a strict consensus of the 1,068 most parsimonious trees. The
numbers above the nodes represent bootstrap values expressed as a per-
centage of 1,000 bootstrap replications.
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als, two showed a heterozygous genotype of
two primers each. The genetic relationships
among individuals are shown in Fig. 7. This
reveals three groups of individuals. Two
groups are made up of individuals on each
side of the population. Individuals sampled
at a slightly higher elevation on the opposite
side of the main road (Route 461) include two
individuals that constitute the third group.
These results reveal a complex pattern of
population structure that does not correlate
with morphological observations of such
characters as seed coat color. 

Now that SSR primers are available for
the azuki bean complex, they are being
applied to various population and genetic
studies.

Cold hardiness mechanisms: low 
temperature vs. abscisic acid

We have developed in vitro cold acclima-
tion systems where freezing tolerance (cold
hardiness) of bromegrass cultured-cells can
be induced by two different stimuli, low tem-
perature and abscisic acid (ABA). To compare
mechanisms involved in cold-induced freez-
ing tolerance and ABA-induced freezing tol-
erance, we analyzed gene expression during
these two processes using rice cDNA microar-
rays. Time-course studies revealed low tem-
perature-specific and ABA-specific increases
and decreases in gene expression. Only 15 to
30% of the up- and down-regulated genes are
common in both processes as shown below
(Fig. 8). This corresponds well to our previous
findings that ABA-treated cells and cold-
treated cells differ considerably in physiologi-
cal and morphological traits. Currently we
are cloning 20 up-regulated bromegrass
genes whose expression was verified by
northern analyses.

The as/as rat as a model to study the
blood-testis barrier system

Male as/as rats of the TT strain display
differentiation arrest of germ cells at the
meiotic prophase, resulting in azoospermia.
We defined that the rat mutant allele 'as' is

Fig. 7
Map showing location of individuals sampled in a wild/weedy azuki popula-
tion and genetic distance based on SSR markers among individuals in a
population of wild/weedy azuki.

Fig. 8
Summary of gene expression in bromegrass cells in response to low tem-
perature and ABA as detected with microarrays.



located on chromosome 12. Previously we
revealed that an intrinsic failure in germ
cells causes the arrested spermatogenesis,
using a spermatogonial transplantation tech-
nique. In the present study, we further exam-
ined the seminiferous epithelium by electron
microscopy, including a functional analysis of
the blood-testis barrier.

No morphological abnormalities, including
the formation of ectoplasmic specializations
between adjacent Sertoli cells, were observed
in the somatic cell components. However,
when cytochrome c was injected as a tracer
into the interstitium, it was shown to pene-
trate the tight junctions between the Sertoli

Fig. 9
Permeable blood-testis barrier in the as/as testis. 
Cytochrome c penetrated from the basal lamia (arrows) to the intercellular
space in the basal compartment and further reached the intercellular
space of the adluminal compartment (arrowheads). 
SC: spermatocyte.
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cells: evidence of a dysfunction of the blood-
testis barrier, a prerequisite to establish a
favorable environment for germ cells to dif-
ferentiate (Fig. 9). The as/as rat will provide
a good model for studying mechanisms and
roles of the barrier system in spermatogene-
sis, as well as for studying the mechanisms of
meiosis.

Restricted best linear unbiased predic-
tion (R-BLUP) of breeding values for a
part of the population 

A method for computing R-BLUP of breed-
ing values was presented when the con-
straints of no-change and/or proportional
change were imposed on the additive genetic
values of  the population. An additive genetic
mixed model for q traits is assumed. The
model is written as: y = Xb + Zu + e, where y
is a vector of observations for n animals; b is
a vector of unknown fixed effects; X is a
known incidence matrix relating elements of
b to y; u is a vector of unknown random addi-
tive genetic effects; Z is a known incidence
matrix relating elements of u to y; and e is a
vector of random errors. It is assumed that u
and e are multivariate normally distributed
with E(u) = E(e) = 0, var(u) = G, var(e) = R,
and cov(u, e') = 0; G = G0⊗A, where G0 and A
are additive genetic variance-covariance and
additive relationship matrices, respectively.
Let the r set of restrictions on u be C'u. The
restricted BLUP of u, uo, is obtained by solv-
ing the following equations:

X'R-1X X'R-1Z X'R-1ZGC b0 X'R-1y       

Z'R-1X Z'R-1Z+ G-1 Z'R-1ZGC u0 = Z'R-1y [1]

C'GZ'R-1X C'GZ'R-1Z C'GZ'R-1ZGC h0 C'GZ'R-1 y 

Since the equations [1] include the square
of A, it is difficult to write R-BLUP equa-
tions. Furthermore, with repeated records
and different constraints, the equations [1]
are more complex. Then if we denote the
equations [1] as Wso = v, an equivalent set of
equations for bo and uo is: QWQ'(Q')-1so = Qv,
where



Annual Report 2002   57

It 0 0  
Q =  0 Inq 0   ,

0 -C'G Inr

where t is the number of columns of X.
Then equations [1] are represented as in [2].

X'R-1X X'R-1Z 0 bo X'R-1y

Z'R-1X Z'R-1Z+G-1 -C uo+GCho = Z'R-1y [2]

0 -C' C'GC ho 0

The equations [2] do not include a squared
A. This technique is valuable because we do
not need to calculate the square of the addi-
tive relationship matrix. The technique can
be applied to animal models with more than
two random effects. This shows that we can

easily impose the different constraints on dif-
ferent animals or a part of the population.

Integrated database of genetic
resources for the MAFF Genebank

Currently, plant, animal and
microorganism genetic resource databases
are independent in the MAFF Genebank. We
have now started integrating these separate
systems for efficient data management and
retrieval. The integrated database will con-
sist of a universal component that is common
to the three databases and specific compo-
nents for plants, animals and microorgan-
isms. In the universal component, codes and
terms common to organisms are to be used.
The new system will work in the year 2003.

The research activities of this department
are mainly focused on agro-biodiversity man-
agement including the exploration and collec-
tion, characterization and evaluation, preser-
vation and multiplication, and information
management of plant, microorganism and
animal genetic resources.  These research
activities are being carried out in collabora-
tion with various domestic/foreign research
institutes mainly within the scheme of the
Genebank Project, which is administrated by
the Genetic Resources Management Section
of the department.

The International Treaty on Plant Genetic
Resources for Food and Agriculture was
adopted at the thirty-first session of the FAO
(Food and Agriculture Organization of the
United Nations) Conference in November of
2001. Research Leaders of the department
participated in the negotiations for the
International Treaty.  The treaty is intended
to establish a Multilateral System of
Facilitated Access and Benefit Sharing.
Conditions for access to and benefit sharing

of crops (64 major crops and forages) will be
set out in a standard Material Transfer
Agreement.

Major research topics in fiscal year 2001
are described below.

Development of genetic markers 
tightly linked with a gene for field 
resistance to rice blast, pi21

Field resistance is defined as the resis-
tance that allow effective control of a parasite
under field conditions and is controlled by a
multi-genic system. Due to its durable
nature, the importance of this resistance in
rice breeding has been emphasized so far.
Japanese upland rice cultivars are potential
gene donors for field resistance. At three
chromosomal regions (two regions on chromo-
some 4 and one on chromosome 12), the alle-
les from the Japanese upland rice cultivar
Owarihatamochi were resistant to blast in
QTL (Quantitative Trait Locus) analysis.
Backcrossed progeny lines for each chromoso-
mal region were developed using a highly
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susceptible cultivar, Aichiasahi, as a recur-
rent parent and the level of field resistance of
alleles at each locus was confirmed in the
field test. A QTL with the largest effect on
chromosome 4, designated pi21, has been
mapped using two RFLP markers, G271 and
G317, in a small population. To construct a
high-resolution genetic linkage map around
the pi21 locus, two mapping populations con-
sisting of a total of 1014 individuals in which
the locus is segregating have been developed.
Analysis has resulted in twelve DNA mark-
ers including PCR-based markers newly
placed around chromosomal regions contain-
ing pi21. These markers are being used to
screen a P1 artificial chromosome (PAC)
library to develop DNA markers tightly
linked with the pi21 locus and to identify a
clone containing this locus. 

Fig. 1
Genetic diversity of Ralstonia solanacearum and related species
based on 16S rDNA sequence

Genetic analysis of variation of allelo-
pathic activity in rice (Oryza sativa L.)
with water-soluble extracts

Allelopathy can be a potential tool for bio-
logical weed control in the agro-ecosytem.
Rice germplasm accessions inhibiting the
growth of weeds with allelopathic activity
were found in a rice field in southern USA.

QTL analysis was carried out using the F2

population from a cross between PI312777,
which is allelopathic in the field and a non-
allelopathic USA cultivar Rexmont. The
allelopathic effect was assessed by the
growth inhibition of lettuce seedlings apply-
ing water-soluble extracts from the rice
seedlings.  Water-soluble extracts suppress
the growth of roots and hypocotyls of lettuce.
They also cause necrosis at the tip of lettuce
roots.  Seven QTLs for allelopatic activity
were previously identified based on the
growth inhibition rate of lettuce root as a
phenotypic value. To compare the location of
QTLs for inhibition of root growth and
expression of necrosis, QTL analysis for the
rate of necrosis in lettuce root was conducted.
Three QTLs for necrosis were detected on
chromosomes 2, 3 and 7. The QTL on chromo-
some 7 was involved in both growth inhibi-
tion and necrosis. This QTL will be an inter-
esting target for allelopathy research in rice. 

Genetic diversity of Ralstonia 
solanacearum

Bacterial wilt disease caused by Ralstonia
(synonym Pseudomonas) solanacearum is a
major constraint on the production of many
important crops (potato, tomato, tobacco, gin-
ger, banana and so on) in tropical, subtropi-
cal and warm temperate regions of the world.
This pathogen invades the vascular tissue
and wilts the entire plant. This disease is
very difficult to control, because the pathogen
can survive in soil for long periods and can be
carried over a long range on infected host
plants.

We collected this bacterium all around the
world and analyzed the genetic diversity of
Ralstonia solanacearum by using molecular
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techniques (RFLP, RAPD and ribosomal
RNA gene sequence). In the case of potato
strains (race 3), two groups were established
a major one that included all American
strains, and another which included only
Indonesian and Japanese strains (Fig. 1).
From these results, we suggested that potato
bacterial wilt originated from South America,
in which the Andes region is the center of
diversity for potato, and has been dissemi-
nated on latently infected potato tubers from
South America to other countries. Molecular
analysis certified that race 3 strains from
Europe, Africa and Asia are identical or simi-
lar to one of the American strains (Fig. 2). 

However in the case of Indonesia, when
the potato was first transmitted and cultivat-
ed, the bacterial wilt pathogen evolved rapid-
ly and was disseminated to Japan. Molecular
analysis showed that Japanese race 3 strains
are homogeneous to one Indonesian strain
but not American strains (Fig. 1). By using
molecular techniques, we could clarify the
origin of the strains.

Similarly we analyzed the genetic diversi-
ty of ginger strains (race 4) and showed that
they could be divided into two main groups,
one from Chinese and Australian strains,
and the other comprising Thai strains (data
not shown). These results are useful to pro-
tect not only potato and ginger, but also other
plants against the further dissemination of
bacterial wilt through the development of
methods for the diagnosis and detection of
this pathogen in infected plants and for iden-
tification of the strains.

Characterization of duck 
microsatellite repeat sequences

Duck farming in Indonesia is important
and aims mainly at egg production. Current-
ly, the duck population in Indonesia amounts
to about 30 million and most of them are
raised in Java and Sumatra. Duck eggs con-
tribute to about 25% of national egg produc-
tion, which amounts to about 140,000 t per
year. Recently, duck production for eggs has
expanded and an increasing number of farm-

Fig. 2
Dissemination of potato bacterial wilt (race 3) in the world

ers are raising a larger population of ducks
under intensive systems as their main farm-
ing activities. Therefore, the Research
Institute for Animal Production of Indonesia
has initiated a breeding program for improv-
ing the efficiency and consistency of egg pro-
duction, through selection and crossbreeding
among native ducks.  However, the genetic
relationships among native Indonesian ducks
have not been elucidated. For the evaluation
of genetic relationships among duck breeds
and effective use, it is necessary to develop
an efficient method for analysis. Microsatel-
lite repeat sequences are well dispersed in
the genome, are highly polymorphic and have
been shown to be powerful tools for popula-
tion genetics. As a first step in duck genetic
research, we cloned and characterized
microsatellite repeat sequences in the duck.

We cloned duck microsatellite repeat
sequences from genomic DNA of an
Indonesian native duck to evaluate the
genetic relationships among native breeds of
duck. A (CA)n-enriched library was construct-
ed using the method of Takahashi et al.
(1996) with modifications. In the library,
8.3% of the clones were CA-positive. The
average number of uninterrupted (CA)n

repeats among 22 duck microsatellites was
11.4. In comparison with the chicken CA
repeat microsatellites as described by
Takahashi et al. (1996), the length of the
duck (CA)n repeat units was significantly
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(P<0.01) shorter than that of chicken (CA)n

repeat units (Fig. 3). This study provides
additional evidence on the characteristics of
microsatellites in avian species. Fifteen
clones which could be developed as PCR
primer pairs to detect (CA)n repeat length
polymorphisms were identified. They should
provide a valuable tool for studies related to
biodiversity and population structure in the
duck.

Fig. 3
Distribution of duck and chicken microsatellite classified by the length of
CA repeat units
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The Insect and Animal Sciences Division
is investigating the properties of insects and
the development of new technologies based
on these properties as well as sericultural
technology, and also investigating the mecha-
nism of embryogenesis, immunological signal
pathways and molecular function in animals
such as cows, pigs, goats and mice.  

As a national project supported by the
funds promoting science and technology, the
Center of Excellence Program has involved
studies for the utilization of insect properties
to develop new materials.  Its focus is the
chemical modification of insect-derived com-
plex molecules such as antibacterial sub-
stances, silk fibroin, chitin, etc, which will
contribute not only to agriculture but also to
medicine and industry.  In addition, the
national Organized Research Combination
Project has studied the genomic function and
molecular mechanism of embryogenesis, and
is currently examining bovine placental func-
tion using a cDNA microarrey technology,
related gene expression in pig propagation
problems, and the formation of  transgenic
goats, etc among other activities.  For the
stimulation of these research activities,
international symposia were held at Tsukuba
and Tokyo in 2001.     

Several other projects supported by the
Ministry of Agriculture, Forestry and
Fisheries and other Ministries are under
way. These include: 1) The technological
development of insect and animal factories to
produce medicinal substances in their bodies.
The focus is on useful substances using a bac-

ulovirus expression system, and the creation
of transgenic larvae in which a useful gene of
a foreign organism is integrated in the
genomic DNA, especially in silkworm.  2) A
project on the morphology and physiology of
insects and animals, which examines the
relationship between the formation of epider-
mis and action of antibacterial substances,
the time-specific action of moulting hormone,
evaluation of genes involved in the tissue
regeneration of Enchytraeus japonensis,
embryonic cell culture of chickens and pigs,
and the relationship between animal propa-
gation and stress.  3) A study on the identifi-
cation of insect groups using RI-rabelled
marker DNAs.  And  4) A new project, exam-
ining the relationship between smell and
insect or animal behavior for the develop-
ment of behavior-regulation techniques that
was begun in 2001. 

Moreover, projects for the establishment
of new technologies supported by scientific
organizations are investigating the gene-
manipulated modification of cellulase pro-
duced by termites and the metionine inde-
pendent initiation of translation in gene
expression by the insect RNA viruses, as well
as examining the Bombyx gene, information
transmitted through reception by chemicals
in insects, properties of antimicroorganism
proteins produced in insects, formation of
animal placental organoids, and so on. 

The Insect and Animal Sciences Division
has 6 departments and their research activi-
ties supported by the NIAS budget or various
funds for projects are as follows:

Insect and Animal Sciences Division
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Fig. 1
Neoblasts of E. japonensis: A pair of neoblasts is located along the ventral
nerve cord (vnc) in every segment of E. japonensis. Methyl green-pyronin
-stained whole mount specimens.

The role of this department is to elucidate
the physiological functions of germ cell lines
and hormonal effect of growth regulation, as
well as to develop embryonic technology.  We
have been using various kinds of inverte-
brates and animals, since the fundamental
developmental mechanism based on gene
function is very similar with vertebrates and
invertebrates. Now, we are focusing on
research work about stem cell and Es cell
function, the induce their differentiation, pro-
duce transgenic animals  for somatic cell
cloning, and evoke juvenile hormone effects
for regulating silkworm growth. 

The aim of the Developmental Mechan-
isms Laboratory is to elucidate basic mecha-
nisms of animal development using inverte-
brates as experimental materials. We con-
duct molecular and cellular analyses on vari-

ous aspects of developmental phenomena
including sex differentiation, gametogenesis,
cell differentiation, morphogenesis, and
regeneration. 

For studying sex differentiation mecha-
nisms, the sawfly Athalia rosae, makes a
unique material, since methods are available
to render the eggs  either sex; mature unfer-
tilized eggs dissected from the ovary can be
made to develop into diploid females by
injecting sperm, and haploid males can be
produced by activating the eggs through
immersion in distilled water. This year, we
isolated a sawfly gene homologous to the
Drosophila doublesex gene that is known to
be highly conserved in various organisms and
to play an important role in sex determina-
tion. 

Regeneration mechanisms are studied
using a fragmenting potworm, Enchytraeus
japonensis (Fig. 1). This terrestrial annelid
reproduces asexually by dividing the body
into several fragments that then regenerate
into complete individuals in 4-5 days.
Morphological and histochemical analyses
have revealed that the regeneration is accom-
plished by a harmony of epimorphic recovery
of lost parts of the body and morphallactic
remodeling of old tissues. This year we com-
pared regeneration processes of E. japonensis
and E. buchholzi, a non-fragmenting enchy-
traeid that has a limited ability for regenera-
tion. The study brought about the discovery
that E. buchholzi does not possess neoblasts,
putative multi-potent stem cells that are
located in every segment in E. japonensis.

In the Development and Differentiation
Laboratory, we are enforcing two research
subjects. One is the development of somatic
cell nuclear transfer (SCNT) technology to
produce the transgenic (TG) livestock. The
other is the elucidation of the differentiation
mechanism of embryonic stem (ES) cells. In

evelopmental Biology DepartmentD



regard to production of TG livestock using
SCNT technology, we are aiming at the
development of a method for artificial control
of endocrine function in vivo in livestock by
the transgenic technique. Therefore, the
anterior pituitary (AP) cell is useful as a
donor cell for SCNT in transgenesis. This is
because the anterior pituitary is a master
controller in the endocrine system in vivo and
we can screen suitable donor cells for the
effect of the genetic modification in the target
tissues.

As a first step, we have demonstrated that
SCNT goat oocytes produced by an in vitro
culture system and that donor AP cells have
the developmental potential to produce term
offspring. Briefly, donor cells obtained from
the anterior pituitary of an adult male were
introduced into the perivitelline space of enu-
cleated in vitro matured (IVM) oocytes, and
fused by an electrical pulse. Reconstituted
oocytes were cultured in a chemically defined
medium for 9 days. After in vitro culture,
SCNT blastocysts were transferred to a recip-
ient female. One male clone (ID# NT1) was
produced at Day 153 from an SCNT blasto-
cyst. 

In the study of the molecular mechanisms
of ES cell differentiation, we have established
a lot of ES cell lines from many mouse
strains including mutants and also other
species, and developed application technolo-
gy. Now, in order to elucidate the differentia-
tion control mechanism for an ES cells, we
are carrying out a search of differentiation
cell markers which reflect the differentiation
ability of an ES cell such as chimera forma-
tion. Moreover, we will apply an ES cell to
tissue engineering, and are developing a
technology that will lead to functional
organoids in vitro.

The polymorphism of porcine Insulin-like
growth factor I receptor was investigated in
the Animal Genetic Engineering Laboratory.
Insulin-like growth factor 1 (IGF1) is a pro-
tein structurally related to insulin, and regu-
lates growth, differentiation, and the mainte-
nance of differentiated function in a variety
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of cells. Type 1 insulin-like growth factor
receptor (IGF1R) is also one of the important
factors controlling body weight, not only after
birth but also during the prenatal stage.
Only part of the porcine IGF1R sequence has
been reported. Because there are differences
in the embryonic growth rate between
European and Asian pig breeds and IGF1R is
expressed during the embryonic stage, we
sequenced and scanned the porcine IGF1R
for polymorphisms. According to the homolo-
gous region between human and rat IGF1R,
PCR primers were designed to amplify the
porcine IGF1R coding region. These primers
amplified a cDNA encoding the porcine
IGF1R by RT-PCR. The RT-PCR product (4.2
kbp) was cloned, sequenced and confirmed by

Fig. 2
DNA sequence polymorphisms in porcine IGF1R among
12 pigs.
Numbers above indicate each individual. Polymorphic
sequences are displayed. C/G means heterozygous for C
and G.



cloned embryos before the blastocyst stage
are easily attacked by leukocytic invasion
from the opening at the zona pellucida
caused by manipulation and may fail further
development in reproductive tract, we had
best avoid then. Thus we investigated the
effect of sodium alginate capsulation of
cloned embryos, produced by the microinjec-
tion of a somatic cell nucleus into enucleated
in vivo matured oocytes, to prevent leukocyt-
ic invasion on their development in the
oviduct of surrogate mothers (Fig. 3). In addi-
tion, because pigs require at least four fetus-
es for successful pregnancy, we hypothesized
that co-transfer of 4 helper (fertilized)
embryos would assist the full development of
cloned embryos. When somatic cell cloned
embryos at the 2 -8 cell stage capusulated in
sodium alginate (438) or with no treatment
(78) were transferred to recipients and then
collected from the oviduct at 3 days after the
transfer, a significantly higher rate was
obtained for capusulated embryos (92.7%)
than embryos without treatment (76.8%).
The capusulated embryos showed a signifi-
cantly higher rate of development to the
morula and blastcyst (MB) stages than did
the embryos without treatment (25.4% vs
15.5%).  Then cloned embryos (103 capusulat-
ed and 18 untreated) at MB stages obtained
as described above were re-transferred with
helper embryos to recipients (10 and 4,
respectively). Four recipients in which
capusulated embryos were transferred
became pregnant and 3 visibly normal cloned
piglets were born; One recipient had only
piglets from helper embryos. In contrast,
although 3 recipients, in which embryos
without treatment were transferred, became
pregnant, no cloned piglet was obtained.
These results indicate that sodium alginate
capsulation of cloned embryos is effective for
the improvement of pig cloning.

The regulatory mechanisms for insect
development, such as ecdysis and metamor-
phosis are being studied in the silkworm in
the Insect Growth Regulation Laboratory.
(1) To examine hormonal regulation, cDNAs
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Fig. 3
Procedures for the production of cloned pigs using sodium aliginate
capusulation.

direct sequencing . The confirmed sequence
of the putative porcine IGF1R has an open
reading frame (ORF) of 1367 amino acids.
The DNA sequence of the ORF has 91.9%
and 87.7% sequence similarity to the human
and rat IGF1R, and the amino acid sequence
from the porcine IGF1R cDNA has 98.1% and
95.2% similarity to that of human and rat
IGF1R , respectively. Furthermore, the
porcine IGF1R contains the same number of
amino acid residues as the human and 3
fewer than the rat IGF1R. The sequence of
porcine IGF1R was submitted to the DNA
database (DDBJ accession No. AB003362).
The coding region of IGF1R in the 12 pigs
was sequenced by RT-PCR. The comparison
of the sequences between each individual is
shown in Fig. 2. Nine of the single nucleotide
polymorphisms (SNPs) were C/T transitions.
The others were A/G transitions, and C/G or
G/T transversion. None of these mutations
produce a change in the encoded amino acid
residue. Polymorphism was observed both
within and between breeds.

The Embryo Technology Laboratory has
been trying to establish a reliable method for
the production of transgenic pigs through
somatic cell cloning technology. To do so it is
necessary to improve the production of
somatic cell cloned pigs. Considering that
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of farnesyl pyrophosphate synthase involved
in juvenile hormone (JH) biosynthesis and
epoxide hydrolase for JH degradation were
cloned and sequenced.   (2) It was suggested
that the proliferation and differentiation of
regenerative cells are induced through signal
transduction with cAMP as a second messen-
ger by a experiment in which a cAMP ana-
logue was injected into larvae after molting
induced with 20-hydroxyecdysone (20E).  (3)
The cyclic patterns of DNA synthesis and
mitosis in epidermis cells during the 4th
instar showed peaks at the mid-period of the
instar.  And some small cells resembling
regenerative cells were observed near the
hair cell around the spiracle (Fig. 4).  (4) Ten
genes that are specifically expressed during
larval-pupal metamorphosis are induced by
ecdysteroids only when the JH titer was very
low.  An in vivo reporter assay system in silk
gland cells using a particle bombardment has
been established (refer Topics #14).  (5)
Larval plasma contains factor(s) stimulating
the proliferation of hemocytes in the
hematopoietic organ (hematopoietic
factor[s]).  (6) An insect cytokine, Bombyx
mori paralytic peptide (BmPP), is encoded by

a 1.5 kb mRNA which seemingly encodes two
other ORFs upsteam of BmPP ORF, suggest-
ing that this mRNA is polycistoronic.

The Reproductive Biology and Tchnology
Laboratory has been studying bovine tro-
phoblast function. We established a tro-
phoblastic cell line, bovine trophoblast-1 (BT-
1), derived from in vitro-matured and in
vitro-fertilized blastocysts. BT-1 cell lines
could be cultured in the absence of feeder cell
with bovine endometrial fibroblast-condi-
tioned media. Although BT-1 could survive in
10 % FBS DMEM/F12 medium alone,
endometrial fibroblast- conditioned medium
stimulates the growth and attachment of BT-
1 cell on culture dishes without any differ-
ence from the original culture. The cells show
epithelial-like features morphologically and
express cytokeratin, E-cadherin and interfer-
on-tau. The cells accumulate fluid under the
cell sheet and make a dome-like structure,
and finally form multi-cellular spherical vesi-
cles. Reverse transcription polymerase chain
reaction and western blot analysis demon-
strated that BT-1 cells express interferon-t
au as well as placental lactogen. The BT-1
trophoblastic cells differentiate into binucle-
ate cells, which are unique cells in bovine
placentome and produce various kinds of
moelecules, like placental lactogens, preg-
nancy-associated glycoproteins, prolactin-
related proteins, steroid hormones, etc., on
collagen substrata (Fig. 5). These binucleate
cells contain 1.6-fold the DNA of mononucle-
ate cells and have features of those in vivo.
The differentiation of BT-1 into binucleate
cells parallels the expression of placental lac-
togen. These results suggest that the BT-1
cells supply stem cell features to  binucleate
cells and are a useful model for the study of
trophoblast cell lineage and differentiation in
ruminants.

Fig. 4
Small cells (arrowhead) like  generative cells were
observed adjacent to the hair cells (h).
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Our department is concerned with 1)
Molecular events involved in the signaling  for
antibacterial peptide synthesis in insects and

signaling  of cytokines and T cell receptors
(TCRs) in mammals  2) Functional analysis of
macrophage/ microglia, hematopoietic stem cells
and T cell subsets  3) Genetic mechanisms
underlying complex disease traits  4) Develop-
ment and improvement of transgenic animal
technology.

Recent findings on Toll and Toll-like
receptor (TLR) signaling in insects and mam-
mals have shown that both signals activate
the Rel family of transcription factors, such
as Dorsal and NF-KB, and lead to the synthe-
sis of an antibacterial peptide and TNF, one
of the major pro-inflammatory cytokines. We
found Cecropin and novel antibacterial pep-
tides in silkworm and beetles. In Bombyx
mori, we identified rel transcription factors,
BmRelA and BmRelB, which differentially
regulate antibacterial peptide gene expres-
sion (Fig.1). We developed a TNF knockout
mouse and a WASP/EVH1 domain transgenic
mouse and analyzed the immunological prop-
erties of these mice. The adaptor protein
WASP mediates actin polymerization and IL-

Fig. 5-1
Morphological feature of Bovine trophoblast cell -1(BT-1)
A: Bt-1 cells show epithelial-like feature with pavement block.
B: Some cells accumulate fluid under cell sheet and make 

dome structure.
C: Cytokeratin staining.
D: E-acdoherin expression.
Scale bars=200µm(A,B), 50µm(C,D).

Fig. 1
Signaling in Innate Immune Systems.

Fig. 5-2
Morphological findings of BT-1 cells are cultured on collagen
substrata.
A: Placental lactogen expression
B: Stained with Hoechst33342
Scales=50µm.

olecular Biology and Immunology DepartmentM
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2 production through TCR signaling in T
cells.  In the WASP N-terminal domain,
EVH1, over-expressing transgenic mice, IL-2
production but not actin polymerization was
impaired (Fig.2), suggesting an important
role for this domain in the T cell proliferative
response.

Stem cell factor (SCF) is a key cytokine
that regulates the proliferation and differen-
tiation of hematopoietic stem cells. We pre-
pared a monoclonal antibody (mAb) against
bovine SCF and established a protocol for
quantitation of this cytokine.

1) Hikono H, Ohta M, Zhou J and Sakurai M
Expression and distribution of the Kit
receptor in bovine bone marrow cells.
Ame. J. Vet. Res. 62, 974-977 (2001) 

2) Hikono H, Zhou J, Ohta M, Inumaru S,
Momotani E and Sakurai M
Production of a monoclonal antibody that
recognizes bovine stem cell factor (SCF)
and its use in the detection and quantita-
tion of native soluble bovine SCF in fetal
bovine serum. J. Interferon Cytokine Res.
23, 231-235 (2002)

3) Nakajima Y, van der Goes van Naters-
Yasui A, Taylor D and Yamakawa M
Two isoforms of a member of the arthro-
pod defensin family from the soft tick,
Ornithodoros moubata (Acari: Argasidae).
Insect Biochem. Mol. Biol. 31, 747- 751
(2001)

Fig. 2
TCR Signal inhibit ion in
WASP/EVH1 domain trans-
genic mouse.

Recent progress in mouse genome analy-
sis has facilitated the mapping of polygenic
trait loci. Neonatal lethality in F1 Dh/+ male
mice and the obesity of KK-Ay mice  are good
examples of a complex disease trait model.
DH and KK-Ay mice were extensively crossed
with an inbred mouse strain with a different
genetic background. Chromosomal mapping
and candidate gene analysis are in progress.

We developed a novel procedure for the
production of transgenic mice involving the
introduction of DNA into spermatogonium.
This could be applied to livestock.            

4) Sagisaka A, Miyanoshita A, Ishibashi J
and Yamakawa M 
Purification, characterization and gene
expression of a glycine and proline-rich
antibacterial protein family from larvae of
a beetle, Allomyrina dichotoma. Insect
Mol. Biol. 10, 293-302 (2001)

5) Sato M, Tsuji NM, Gotoh H, Yamashita K,
Hashimoto K, Tadotsu N, Yamanaka H,
Sekikawa K and Hashimoto Y
Overexpression of the Wiskott-Aldrich
Syndrom protein N-terminal domain in
transgenic mice inhibit T cell proliferative
responses via TCR signaling without
affecting cytoskeletal rearrangements. J.
Immunol., 167, 4701-4709 (2001)

6) Wada H, Saito K, Kanda T, Kobayashi I,
Fuji H, Fujigaki S, Maekawa N, Takatsu
H, Fujiwara H, Sekikawa K and 
Seishima M



Tumor necrosis factor-α(TNFα) plays a
protective role in acute viral
myocarditis in mice. A study using mice
lacking TNFα. Circulation, 103, 743-749
(2001)

7) Tsuji NM, Mizumachi K and Kurisaki J
Inteleukin-10 secreting Peyer's patch cells
are responsible for active supression in
low-dose oral tolerance. Immunology, 103,
458-464 (2001)

8) Kitani H, Black SJ, Nakamura Y,
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Naessens J, Murphy NB, Yokomizo Y,
Gibson J   and Iraqi F
Recombinant tumor necrosis factor alpha
does not inhibit the growth of African
Trypanosomes in axenic cultures. Infect.
Immun., 70, 2210-2214 (2002)

9) Suto J and Sekikawa K
Y-chromosomal factor is involved in
neonatal lethality in (♀DDD x ♂DH-
Dh/+) F1-Dh/+ male mice.  Mamm.
Genome, 13, 149-152 (2002)

Hormonal Regulation of Larval
Diapause of Scarabaeid beetle

Scarabaeid beetle, Anomala cuprea, has a
larval diapause at the stage of the third
instar. Injection of the insect moulting hor-
mone, 20-hydroxyecdysone has induced the
termination of the larval diapause.  Results
of the implanting of the pupal brain in the
diapausing larvae, have suggested the role of
the brain.

Fig. 1
Transfer from diapausing larvae to pulpal stage in
Anomala cuprea

encoded, we have to understand the relation-
ship between various levels of spatial and
temporal information. Within the antennal
lobe (the primary center for processing olfac-
tory information in insects, Fig. 2), it is indi-
cated that odor quality is represented by pat-
terns of glomerular activity and output neu-
rons, providing a spatial, combinatorial neur-
al code. In this study, I have tried a simulta-
neous recording of the glomerulus and output
neuron activities to examine their spatial and
temporal properties. In order to succeed in

Fig. 2
Frontal view of the right antennal lobe of cockroach (P.
americana) stained with calcium-sensitive dye.  MG:
macro-glomerulus, G: ordinary-glomerulus, Arrow: somata
of neurons of the antennal lobe.

hysiology and Genetic Regulation DepartmentP

Measure the Activity of Insect Brain
There is interest in how the brain process-

es olfactory information and ultimately iden-
tifies a relevant odor. What we know for sure
is that many neurons are involved, and that
to understand how the odor information is
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this approach, I have tried to achieve an
improvement in the measurement method.  

Cryptobiosis of the Sleeping
Chironomid

Some microscopic organisms, like nema-
todes or plankton, are fully desiccated to go
into a complete metabolic arrest
(Cryptobiosis). Once desiccated, such a dor-
mancy may last forever.  There is an aquatic
insect which does likewise in semi-arid
regions in Nigeria, Africa.  The larvae of the
sleeping chironomid, Polypedilum vander-
planki, live in temporal rockpools (Fig. 3 &
4).  When the pool water dried up during the
dry season, the larvae are completely desic-
cated.  When the rainy season comes and  the
pools are filled with water however, the lar-
vae can revive after re-hydration.  The desic-
cated larvae become resistant to extreme con-
ditions, such as +100°C or -200°C.  So far 17
years is the longest record of the duration of
dormancy.  When given water, the larvae

Fig. 3
Habitat of the sleeping chironomid in Nigeria

Fig. 4
Size of rockpool that chironomids prefer to live

Fig. 5
Desiccated larva could revive within 20 min after re-hydra-
tion.

quickly become active, e.g. within 20 min
(Fig. 5). Difficulty in establishing a laborato-
ry colony of this chironomid has been an
obstacle.  Recently we have succeeded in
rearing them in the lab and started experi-
ments focusing on physiology and biochem-
istry. 

The chironomid larvae have differentiated
organs, a brain, gut, liver, muscles and so on.
These tissues are perfectly preserved even
after complete desiccation.  We are curious to
know the secret of the physiological mecha-
nism. Quick desiccation, however leads the
chironomid larvae to die.  We found that the
accumulation of enough polyols is a key to
the success of the cryptobiosis.   These result
will contribute to animal organ preservation
techniques at room temperature. 

Nitrogen Metabolism of Silkworm
Insects have many special features. For

example, silkworms synthesize a large
amount of silk-protein and make a cocoon.
Investigation of these features may be useful
for the utilization and/or control of insects.

0 min 5 min

10 min

15 min

20 min
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Fig. 7
A, An example of the distribution of the taste sensilla on the fore-
leg 5th tarsus of A. alcinous (long tyoe: closed circles, short type:
open circles).
B, Typical responses of the long type sensillum to the plant
extracts, A. debilis (host) and Citrus spp. (non-host) and a
response of the short type sensillum to sucrose.

Fig. 6
Amino acid concentration in fat body of silkworm.  Normal: usual
silkworm, Nd: mutant silkworm that can not synthesize fibroin.

Studies of waste nitrogenous compounds and
enzyme activities concerned with glutamine
metabolism in mutant silkworm that can not
synthesize fibroin revealed that this mutant
excretes a large quantity of uric acid and
shows strong enzyme activity concerned with
uric acid synthesis. The high level of enzyme
activity is thought to cause extensive uric
acid excretion. High glycine and glutamine
concentrations were observed in the fat body
of mutant (Fig. 6). These changes in amino
acids might be concerned with the regulation
of nitrogen metabolism. 

Butterflies Recognize Taste with their
Legs

Butterflies lay eggs on their host plants
after drumming on the leaf surface with their
foreleg tarsi. SEM observations on the num-
ber and distribution of the tarsal taste sensil-
la of some Japanese Papilioniidae butterflies
revealed sexual dimorphisms and consider-
able variations both between and within
species. The tarsal taste sensilla were classi-
fied into two groups based on their length.
We examined electrophysiological responses
of these sensilla in female Atrophaneura alci-
nous. The long type sensilla responded to the
extracts of Aristrochia debilis (host) and
Citrus spp. (non-host) in a different manner
(Fig. 7). The short type sensilla did not
respond to the plant extracts, but responded
to sucrose and NaCl. The results suggest that
the butterfly can discriminate the taste of
host plant components with the long type
sensilla during oviposition and may recognize
the taste of diets containing certain sugars
and salts with the short type sensilla.

Sexual Dimorphism in Cuticular
Surface Chemicals of Longicorn
Beetle

Cuticular hydrocarbons (CHC's) of the
white-spotted longicorn beetle Anoplophora
malasiaca consisted of saturated, monoenyl,
dienyl, and trienyl compounds ranging from
C22 to C37, but the constituents differed
between males and females.  Male hydrocar-
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Fig. 8
Abdominal bending response toward a glass rod coated
with extract of female elytra.

bons were saturated, monoenyl and dienyl
compounds from C22 to C30, which account-
ed for 75.8, 24.0, and 0.2% of the total
amount, respectively. By contrast, female
hydrocarbons contained saturated, nonoenyl,
dienyl, and trienyl compounds from C22 to
C37, which accounted for 80.0, 18.3, 0.6, and
1.1% of the total amount, respectively.
Approximately 50% of males showed abdomi-
nal bending (AB) behavior (Fig. 8) towards a
glass dummy when female CHC's were
applied to it with as yet unidentified active
components present in ether eluent from sili-
ca gel chromatography of female elytra
extract (Fig. 9). These male responses were
almost at the same level as those to the crude
extract of female elytra (53.3%). However,
the AB behavior was evoked from 37% of the
males when male CHC's were presented
along with the unidentified female active
components. Few males showed the behavior
in response to the ether fraction of male ely-
tra extract even when combined with either
female or male CHC's, or to either CEC's or
the ether fraction. It was reconfirmed that
the unidentified active compounds in the
female elytra were a key factor of contact sex
pheromone activity.  By contrast, CHC's
appeared to be non-essential but important
for sexual recognition in the mating sequence
of A. malasiaca.

Imprinting in Cattle: Partial Imprinting
Loss of Bovine IGF2R Gene

Genomic or genetic imprinting has the
feature of parent-directed gene expression in
offspring. In mammals, specific imprinting
genes are expressed differently depending on
whether they are inherited from the male or
female parent. Though little is are known
about the mechanism of genomic imprinting,
epigenetic DNA methylation is a probable
candidate for this mechanism. Imprinting
gene-specific methylations are established in
male or female gametogenesis in a sex-depen-
dent manner and subsequently maintained
during the development of a fetus.

The recent development of somatic cell

Fig. 9
Behavioral responses to hexane and/or ether fractions
from female and male elytral extracts. (N=30).
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Fig. 10
PCR-RFLP for IGF2R gene showed the complete or partial loss of
imprinting of this gene.

Fig. 11
Direct sequencing for differently amplified fragment for
genomic or RT-PCR in size indicated the paternal expres-
sion ( A in reverse sequence ) was clearly detected.

nuclear transfer (SNT) technology may lead
to the  reconstruction of individuals without
fertilization. But there will be a risk of fail-
ure of genomic imprinting since imprinting
ought to be re-established correctly in game-
togenesis. A low success rate exists for is
known about SNT reproduction and SNT off-
spring are somewhat large at birth.
Moreover, newborn offspring are frail and the
rate of neonatal death is high in cows. These
deficiencies resemble  the symptoms of disor-
ders of human imprinting genes. Then we
have doubted the correct expressions of

imprinting genes in SNT clones. There is lit-
tle information about bovine imprinting
genes. So we have subcloned candidate genes
and determined full or partial sequences. To
date, we have determined the BASH2
(HASH2/MASH2), COPG2, HTR2A, IGF2,
IGF2R, KIP2, MAGEL2, MAS1, NDN, PEG1,
PEG3, SnRPN and ZNF127 gene. And we
have confirmed the paternal expression of
IGF2, MAGEL2, NDN and ZNF127 in nor-
mal crosses (Holstein X Japanese Black) and
mono-allelic expression of PEG3 in primary
culture cells. But IGF2R and MAS1 genes
were not imprinted in newborn cattle. Some
researchers speculated that the "large-off-
spring problem" was caused by a failure of
correct imprinting gene expression and that
overexpression of IGF2R should be a proper
marker of imprinting disorders in sheep
(Nature Genetics, 27, 153-154). The IGF2R
gene is not imprinted in human and now we
have determined the partial loss of imprint-
ing of bovine IGF2R gene expression (Fig. 10
& 11). This result indicates the overexpres-
sion of IGF2R is not a proper marker of
imprinting disorders in SNT cloned cattle.
We have been subsequently searching for dis-
orders or the preservation of imprinting gene
expression in SNT cloned cattle. We will soon
make clear this issue.

Establishment and Characteristics of
Bovine Cell Lines

The aim of our study is to clarify cellular
mechanisms involved in animal development
and differentiation, morphogenesis, and tis-
sue regeneration.  Our unique approach is to
use not only adult but also fetal bovine cells
derived from bone marrow and liver, and to
observe cell behavior in a three-dimensional
culture system.  In this year, to establish cell
lines, mesenchymal cells derived from bone
marrow and mesenchymal and epithelial
cells derived from liver were isolated from
bovine fetuses (4-8 months) and adults, pri-
mary cultured, and immortalized by tansfec-
tion with a plasmid vector pSV3neo (Ref.
Table 1).  Hereafter, we will investigate the
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Table 1  Number of established bovine cell lines

M* cell lines
derived from
bone marrow

Immortalized M*
cell lines derived

from bone marrow

M* cell lines
derived from

liver

Immortalized M*
cell lines derived

from liver

E** cell lines
derived from

liver

Immortalized E**
cell lines derived

from liver

4-m fetus 1 1 2 0 1 2

5-m fetus 1 1 1 0 0 1

6-m fetus 1 1 1 1 0 1

7-m fetus 1 1 2 1 0 1

8-m fetus 1 1 0 0 0 0

adult 1 1 0 2 0 2

Total 6 6 6 4 1 7

(*M: mesenchymal, **E: epithelial)

characteristics of each cell line by methods of
both immuno-cytochemistry and RT-PCR,
and apply the cells to the 3-D culture system
reflecting the architecture in vivo.

Regulation of Growth Hormone
Release in Cattle

Growth hormone (GH) is one of the most
important modulators to maintain the quali-
ty and quantity of milk and meat production.
GH release from the anterior pituitary is pul-
satile and controlled by the hypothalamus as
well as other pituitary hormones. However,
the central regulatory mechanism of GH
secretion is still unknown in cattle. We devel-
oped a stereotaxic apparatus for cattle and
implanted a cannula into the stalk-median
eminence where two hypothalamic GH regu-
latory factors, GH-releasing hormone
(GHRH) and somatostatin, are released from
their neural terminals (Fig. 12). Using an in
vivo push-pull perfusion method, we detected
the spontaneous GHRH and somatostatin
secretion in the hypothalamus and their rela-
tionship with the plasma GH concentration
in male Holstein calves.

GnRH Pulse Generator Activity is
Controlled by Nutrition

Although it is well known that nutrition
has a strong impact on reproduction, under-
lying mechanisms are scarcely understood,
especially in ruminants. We have recently
developed an electrophysiological technique
to monitor the activity of the GnRH
(Gonadotropic hormone Release Hormone)

Fig. 12
A radiophotograph of the ventricle in a male Holstein calf.
An arrow shows the position of the stalk-median emi-
nence. OR, olfactory recess; PR, preoptic recess; IR,
infundibular recess; MR, mamillary recess.

Fig. 13
The activity of the GnRH pulse generator during feeding,
fasting and re-feeding periods. The neural activity of the
GnRH pulse generator was recorded through the chroni-
cally mounted electrode at the mediobasal hypothalamus.
means ± se in 9 goats.  *: significantly different from the
control value during the pre-experimental period (P<0.05).
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The research activities of our department
are mainly focused on molecular and conven-
tional genetics of insects including silkworm,
biochemical analyses of insect-plant interac-
tion, characterization and breeding of natural

Fig. 1
Primary structures of the mitochondrial genomes (gene) of silkworm
Bombyx mori and a Japanese strain of wild mulberry silkworm Bombyx
mandarina

nsect Genetics and Evolution DepartmentI

pulse generator, a neural component that
controls reproductive function, in goats. This
technique has practical advantages, in that
continuous analysis of pulse generator activi-
ty can be done in conscious, unrestricted ani-
mals for a long period, which enabled us to
examine central influences of acute undernu-
trition and subsequent re-feeding. Fig. 13
shows the activity of the GnRH pulse  gener-
ator in 9 ovariectomized, estradiol-treated
goats during feeding, fasting and  re-feeding
periods. The pulse generator activity gradu-
ally decreased as fasting progressed, and

then gradually returned to the control level
after re-feeding. Simultaneous analysis of
blood samples collected from those animals
revealed that changes in the pulse generator
activity were correlated positively with those
in plasma acetic acid and insulin levels, and
negatively with those in plasma free fatty
acid and ketone body levels. The results sug-
gest that those metabolites and insulin serve
as metabolic signals that inform the central
GnRH pulse generator of peripheral nutri-
tional conditions in ruminants. 

enemies, and basic and applied studies on
insect-associated microbes including
pathogens and symbiotes.

Molecular and evolutional analyses 
of insects

Genetic  diversity
We study the genetic diversity of insect

genes to understand the evolution of several
species of insects. The following interesting
results have been obtained: 1) Primary struc-
tures of the mitochondrial genomes (gene) of
the silkworm Bombyx mori and a Japanese
strain of wild mulberry silkworm Bombyx
mandarina were determined. Between them,
low but not trivial levels of sequence diver-
gence were detected, nevertheless the two
species are thought to be genetically close,
suggesting that they diverged long ago (Fig.
1). 2) Biogeography and classification of
water strider, Gerris gracillcornis and G.
insularis, were examined using multivariate
analyses of 32 morph metric characters; they
were classified into three and two groups
respectively, indicating geographic specificity
of each group. 3) Genes for carboxy-esterase
which correlate to pesticide resistance of the
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brown planthopper, Nilaparvata lugens were
analyzed partially by PCR to detect the
diversity of the "amplify-unit". 4) Two genes
(a homolog of cin and ma-l of D.
melanogaster) for molybdenum-coenzyme
biosynthesis of silkworm were isolated by
RT-PCR and characterized; ma-l was sug-
gested to be a homolog of og but cin was not.

Insect genome and agricultural chemicals
cDNA clones made from various organs of

a rice pest, the brown planthopper, were
sequenced. The single-pass sequenced data
have been deposited in the database and will
be used for various aspects of studies of this
insect, especially for the development of new
agricultural chemicals.

Animal  cellulase
Cellulolytic enzymes and their genes from

a variety of higher animals are being ana-
lyzed. These enzymes (endoglucanases and
beta-glucosidases) have been found in longi-
cornbeetles, armadillos, crabs and crayfishes
as well as termites and wood-eating cock-
roaches. We have expressed these genes in E.
coli or yeasts and studied their cellulolytic
functions. These genes have diverse phyloge-
netic origins but are suggested to be inherit-
ed from ancient times through the phylogenic
development of host animals.

Conventional genetics of silkworms
Recently, we discovered several  silkworm

mutants, which became to the intersex indi-
viduals. We  observed  the intersex-charac-
teristic morphology of the internal and exter-
nal division genitalia of the female moth.
The results show that the W-chromosome of
female individuals regulates  the  conversion
to  intersex  from female. And we found that
the inside- and outside genitalia of the inter-
sex individual had the mosaic form of female
and male genitalia.

A new mutant, dark colored ursa, was dis-
covered (Fig. 2). The genetic analysis of the
mutant revealed that this gene was located
for 40.5 of the 14th linkage group. An effi-

Fig. 2
A new silkworm mutant, dark colored ursa (Ud). Comparison of body color
between Ud , U (Hinode) and + (Katako) strains.

cient preservation method for the tropical
silkworm variety was devised. The use of this
method shortened to 2 times from 3 times in
1 year the necessary breeding frequency.

To develop methods for the identification
of silkworm strains and individuals, the effi-
ciencies of the AFLP and RFLP method were
assayed. As a result, AFLP was suitable for
distinguishing individual insects, while the
RFLP method was advantageous for the dif-
ferentiation of strains.  

A total of 248 silkworm breeding stocks
were maintained. Among them, 175 breeding
lines were characterized and registered in
base-collections of the animal genetic
resources in MAFF Genebank. On morpho-
logical character, 1300 pictures were collect-
ed for the construction of a database.

Insect-plant interactions 
To understand the interaction between

insects and plants at the biochemical  level,
the following studies were carried out: 1)
Ophraella communa that was intruded from
North America attacks almost exclusively
Ambrosia artemisiifolia in the field in Japan,
although it is an oligophagous herbivore. A
filter paper bioassay showed that the feeding
of O. communa was strongly stimulated by
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methanol extracts of A. artemisiifolia. The
methanol extracts were partitioned between
ethyl acetate and water to purify the feeding
stimulants for O. communa.  The ethyl
acetate phase stimulating strong feeding was
fractionated on silica gel 60 CC. Two of four
fractions showed full stimulant activity when
mixed. 2) Eri silkworms, Samia ricini
(Saturniidae), eat fresh leaves of many non-
host plant species and show a variety of
symptoms, corresponding to the plant
species. Using this insect, we developed a
bioassay method to detect plant defenses,
and detected insecticidal activities in the
leaves of a Rutaceae plant and several other
plants. Further, we fractionated the
methanol extract of the Rutaceae plant. The
insecticidal activity was collected in
hydrophobic fractions. 3) It is well known
that Nephotettix cincticeps discharges sheath
materials and watery saliva during feeding.
Laccase-type phenoloxidase activity in
extracts of salivary glands was studied using
native and SDS-PAGE and IEF. The molecu-
lar mass and PI of this enzyme were estimat-
ed to be 80-85 kDa and 4.7-5.0, respectively.
SDS-PAGE analysis of sucrose solution on
which N. cincticeps had fed suggested that
the enzyme was ejected as watery saliva. 

Natural enemies 
A simple identification method for 5 Orius

species distributed in mainland Japan by
multiplex PCR was developed. Formerly we
developed primer pairs to amplify the entire
ITS1 (Internal Transcribed Spacer 1) region
of the nuclear ribosomal RNA gene (rDNA),
and found that the length of ITS1 differs
among the five Orius species, O. sauteri, O.
minutus, O. strigicollis, O. nagaii, and O.
tantillus. However, some of them were not
distinguishable by agarose electrophoresis
because of slight differences in the length of
amplified fragments. Then we developed
species-specific primers for three species, O.
sauteri, O. strigicollis, and O. nagaii based on
the ITS1 sequences. By a multiplex poly-
merase chain reaction (PCR) method using

the five primers simultaneously, the five
Orius species can be identified easily. 

The genetics of diapause in O. strigicollis
were studied. The critical photoperiod for
adult diapause in the Fukushima strain was
between 12L-12D and 13L-11D, while most
adults of the Okinawa strain did not enter
diapause even at 8L-16D. F1 hybrid of these
2 strains showed intermediate rates of dia-
pause. 

We used RAPD to produce genetic mark-
ers. The number of primers with which bands
were detected successfully on agarose gel
electrophoresis was 34 of 64. These markers
can be used for studying the genetics of use-
ful characteristics and controlling quality as
an effective natural enemy in A. womersleyi.

Symbiotes  

Endosymbiotes of arthropods:
Intracellular symbiotes in various

arthropods are important from a viewpoint of
their function. We are interested in mainly
two aspects of endosymbiosis. One is the
mechanism of ovarian transmission of the
yeastlike symbiotes of planthoppers and the
other is the function of bacteria, such as
Wolbachia, which cause reproductive distor-
tion in host arthropods. The genes that are
involved in these symbiotic processes are our
main concern.

Methionine independent translation mecha-
nism:

Methionine is the only known amino acid
that initiates protein synthesis using normal
translation apparatus. We have found that a
group of insect RNA viruses initiates protein
synthesis using amino acids other than
methionine. The tertiary structure of RNA is
anticipated for this unusual protein synthe-
sis. Thus, we are investigating the molecular
mechanism of this translation-initiation in
order to utilize this mechanism for cell-free
polypeptide production system and to pro-
duce functional polypeptides that have no
methionine as the first amino acid. A model
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for translation initiation mediated by the
RNA structure is shown in  Fig. 3.

Microflora in the insect gut
Insects harbor microorganisms in the

digestive tract, but the function of this
microflora is poorly understood except in a
few insects. We have studied the factors that
stimulate the colonization of bacteria in the
gut and been analyzing the colonization fac-
tor from Enterobacter cloacae. Utilizing these
factors together with ice nucleation active
genes, we aim at pest control by introducing
the genes into intestinal bacteria, letting the
bacteria colonize in the insect gut, and accel-
erating freezing of the insect.

Phytoplasma
A small population of mulberry dwarf-

and onion yellow-Phytoplasma was detected
in several non-vector  insects and non-host
plants by nested PCR using Phytoplasma-
specific primers. Micromanipulation tech-
niques to inject Phytoplasma cells into cul-
tured insect cells were much improved in its
efficiency.     

Insect pathogens
We study several insect pathogens, includ-

ing virus, bacteria and fungi, and plant
pathogens to clarify biological function, and
for the biological control of pests and so on.

The biological function of spindles,
paracrystalline proteinnacceous bodies, of
Anomala cuprea entomopoxviruses (AcEPV)
was elucidated by several bioassays strong
evidence was obtained that the spindles; play
a biological role in the enhacement of EPV
infection in A. cuprea. 

Two cry1Aa toxins of Bacillus thuringien-
sis showed similar toxicity to varieties of the
silkworm. There was up to a 50 fold differ-
ence in the resistance to cry1Aa toxins among
the varieties of silkworm used. A gene relat-
ed to cry1Ab toxin resistance of the silkworm
was linked with one linkage group of the silk-
worm genetic map.

There was up to a 50 fold difference in the
resistance to infections of Beauveria brong-
niartii among varieties of the silkworm used.

Myrotoxin B produced by Myrothecium
roridum isolated from Myrothecium leaf spot
of mulberry inhibited the growth of yeast and
showed the oral toxicity to the silkworm, the
yellow spotted longicorn beetle, and the
mouse.

Fig. 3
Schematic diagrams for initiation of protein synthesis. Upper panel repre-
sents initiation mediated by the RNA structure (IGR-IRES). In the IRES
mediated translation, AUG initiation codon is not necessary. Thus methio-
nine is not incorporated into the N-terminus of the translation product.



Fig. 2
A new silkworm hemolymph collectiing  system using CO2 laser

Development of biomimetic 
techniques and their utilization

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

Fig. 1
Change in the plasmon resonance of phospholipid mem-
brance containing taste organ extracts from fresh fly

Taste recognition molecules in the
extracts from the taste organ of fresh fly were
studied using a surface plasmon resonance
technique. Phospholipid membrane contain-
ing the extracts was immobilized onto Au-
coated plasmon tips through a chemical
bonding and the change in plasmon reso-
nance on contact with salt solutions was
recorded. More change was observed on the
membrane with than without  extracts (con-
trol). These results indicate the existence of
salt recognition molecules in the extracts. 

Galactose residues, which are  specific to
hepatocyte receptors, were immobilized into
silk fibroin by chemical modification of the
amino acid residues of silk fibroin with lac-
tose using cyanuric chloride as a coupling
spacer. Rat hepatocyte attachment onto sur-
faces coated with silk fibroin and the pre-
pared glycoconjugate was investigated after
cultivation for 2.5 h. While silk fibroin-coated
surfaces exhibited very little cell attachment,
the attachment on the glycoconjugate-coated
surfaces was comparable to that on the colla-
gen-coated surfaces. 

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

The method for measuring the volume of
5th instar larvae and pupae of silkworm was
examined using an acoustic volumeter.  This
volumeter could determine the body volume
of both living 5th instar larvae and pupae of
the silkworm quickly and easily.  However,
the results indicated that repeat measure-
ments were required to obtain data with high
accuracy.

A new system which can automatically
and continuously collect hemolymph spouting
out from the integument of silkworm larvae
by incision using a CO2 laser was developed.
It is expected that the hemolymph-collecting
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process by 2 persons takes less than 3 min-
utes per silkworm.

To record the action potentials with high
sensitivity from insect sensory neurons, a
new micro device that includes a MOSFET
(metal-oxide-semiconductor field effect tran-
sistor) was developed. MOSFET on a silicon
wafer was fabricated using impurity diffusion
and its properties were evaluated. After the
fabrication processes, the silicon wafers were
diced into small chips and the chips were
bonded to IC packages. According to the
motive experiments with MOSFET, it is con-
firmed that the amplification of MOSFET
was approximately 2 -fold and that  MOSFET
has a switching motion.

The development of new 
sericicological technology and new 
material using sericulture related 
products

Development of functional materials such
as fine chemicals using chitin and fibroin,
etc

Composite films are prepared from the
Bombyx mori silk fibroin (BF) and tussah silk
fibroin (TF) binary system by dry casting
from aqueous solution. Infrared spectra of
the specimen showed that the characteristic
absorption bands overlap with those of BF
and TF, and that there is no additional
crosslinking in the composite films in addi-
tion to the individual absorptions. In relation
to the biodegradation behavior of composite
materials by use of various enzymes, it has
been shown that regulating the buffer pH
and the ion strength in the degradation solu-
tion is highly necessary.  

To establish a method of manufacturing
medical polymer microspheres using the
insect chitin, the conditions for the synthesis
of soluble chitin derivatives were examined.
In the uniform dropping test using a cavita-
tion phenomenon evoked by ultrasonic
waves, the distribution width of chitin parti-
cle size decreased. However, there was a
limit to the decrease in the distribution
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Fig. 3
MOSFET bonded to IC package

Fig. 4
The improved waste disposal machine for the Insect
Factory

width.   The equipment for treating the waste
from the Insect factory was improved and its
performance was tested. It was possible to
dry 10 kg of dead silkworm larvae in one
treatment with the waste disposal machine
and direct tank heating. The separation of
cuticle and silkgland was improved, because
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the treatment tank's inner surface was
processed with fluorine. In the NMR spec-
trum, no structural change in chitin and silk
protein by sterilization and drying could be
observed.   

Characterization of silk fibroin and other
biopolymers from a chemical and physical
respect and development of their applica-
tions to wound covering materials and 
others

It has been clarified that the silk fibroin L
chain had biological activity for human skin
cell growth.  To isolate the fractions with the
activity, the aqueous solution of the L chain
was digested with chymotrypsin and the chy-
motryptic precipitate was fractionated by gel
filtration.  Six refined polypepties were
obtained from the fraction. The biological
activity of these polypeptides is being eluci-
dated.

To develop a new fiber for medical cloth-
ing with the functions of silk, silk powder
which was physically crushed was mixed into
a synthetic fiber.  The synthetic polymer (low
density polyethylene) was melt in an extrud-
er by heating and mixed with fine silk pow-
der classified as below 5 µm in diameter. The
mixture was pulled out through a spinning
die to form a fiber.  The silk powder was
localized on the surface of the composite fiber
which has a diameter of 20-30 µm.

Among the main components of sericins,

the lysyl endopeptidase digested sericin-a
was effectively separated by ethanol precipi-
tation, and a 15 kDa fragment of the digested
sericin-d was purified by reverse phase chro-
matography.

A mixture of purified ESP that is one of
hte B. mori yolk proteins and liposomes was
incubated for 24 hours at room temperature.
Quick-freeze fracturing of the mixture
showed a fine particle spanning the liposome
membrane under an electron microscope.
However, the appearance of such particles
was infrequent.

Attenuated total reflection (ATR) infrared
spectroscopy was applied to examine the
structure of silk fibroin.  Spectral informa-
tion indicated that typical secondary compo-
nents were contained in silk fibroin, and
their conformational ratios differed among
the native secreted form, casting film state
and spun silk thread.

Linear dichroism (LD) infrared spectra
have been measured for spider silk in order
to analyze secondary structures. Near-
infrared spectra have also been obtained to
assist in the interpretation of hydration in
the silk fiber.  The data suggested that spider
fibroin consists of a sheet structure (57 %), a
helix structure (22 %), turns (7 %), and a
unordered structure (12%). Amide groups in
the sheet and helix components are strongly
oriented toward the fiber axis.

Fig. 5
New fiber mixing the silk powder into a syn-
thetic fiber, polyethylene(Left). Observation of
the surface of the new fiber by polarizing
microscope(Right), Glittering particles are silk
powder
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The Insect Biotechnology and Sericology
Department has been analyzing the function-
al properties of insects that are useful for
enriching our lives and the utilization of
insect products by establishing and using cell
cultures and methods for introducing genes
into silkworms.  Our department is also
developing methods for producing useful sub-
stances in mass using insects and new living
materials and sericultural techniques to revi-
talize agriculture in mountain villages by uti-
lizing insect products.

Cell culture lines are very useful in
genome studies as a system for analyzing the
functions of each gene, but it is difficult to
establish cell cultures, which are limited in
insect species. The research team investigat-
ed easy methods of establishing insect cell
cultures, and conducted studies to establish
cell culture systems for analyzing  immune
reactions of insects.  To establish cell culture
systems in short periods of time, the team
improved the culture media and  methods,
and developed a technique for primary cell
cultures from which cell cultures can be
quickly established.  The developed  tech-
nique enables cells to propagate more rapidly
than in conventional cultures with a primary
culture period of only three to six months.
The method is applicable to various kinds of
tissues and insect species. New culture cells
were obtained using the technique (Fig.1).
The team also investigated various silkworm
cell lines, and found that an existing cell line
was useful to examine the activation reac-
tions of silkworm antibacterial peptides. 

To construct a system for expressing use-
ful substances by modifying transposons, the
group developed and improved techniques for
creating transgenic insects.  Transgenic silk-
worms have already been created. To
improve the efficiency of creating transgenic
silkworms, the group developed and

Fig. 1
Cells that derived from Bombyx mori fatty body(Stage is primary culture)

improved a device for injecting DNA into
silkworm eggs that is easy to operate, useful,
and precise, and has improved reproducibili-
ty (Fig.2).  The group also analyzed 1) the
relationship between the size and transposi-
tion activity of the gene introduced into
transposon piggyBac, 2) the promoters of
sericin gene 1 and fibroin L chain, and 3) the
expression of the "clock" gene in a transgenic
drosophila.

The infection mechanisms of sporozoans
were analyzed using a tissue culture line.
Nozema bombycis was found to show vertical

Fig. 2
New injection system for the silkworm eggs

nsect Biotechnology and Sericology DepartmentI
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transmission.  The group found culture condi-
tions that induced cyst formation of
Leptomonas sp., which do not readily form
cysts under conventional culture conditions.
The conditions should be useful for establish-
ing experimental systems that use
Leptomonas sp. and the utilization of  proto-
zoa.

The study group developed an automated
system for rearing silkworms that produce
useful substances as part of a study on the
production of useful substances by introduc-
ing genes with a baculovirus into silkworms.
The rearing system grows 5th instar silk-
worm larvae  inoculated with a virus under a

Fig. 3
Automatic silkworm rearing machine

controlled environment.  Various automated
devices and control systems were developed
for preparing and feeding artificial feed, rear-
ing silkworms, and separating silkworms and
litter.  The basis of a comprehensive auto-
mated rearing system was developed, which
is equipped with a computer to operate these
devices and control the rearing environment
(Fig. 3).  

Studies were also conducted to develop
silkworm varieties that produce special
fibers, such as very significant thin fibers
and amounts of sericin.  Methods for growing
mulberries that are appropriate for such silk-
worms and rearing methods were also inves-
tigated.  The research team successfully
obtained bimolter silkworms that produce
very fine filaments, which are shorter than
those of conventional silkworms but are
incomparably fine (Fig.4).  A series of studies
was conducted to produce large amounts of
sericin, including an investigation of methods
for breeding silkworm so as to increase the
production of sericin (family abbreviation:
Sericin Hope) and efficient mounting meth-
ods for Sericin Hope.  To efficiently grow mul-
berries that are appropriate for such special
silkworms, the research group surveyed the
growth of mulberries and analyzed the rela-
tionship between mulberry growth and both
temperature and day length.

The research team carried on research
analyzing the relationship between the
hatchability of silkworm eggs and both the
storing temperature and temperature cycle to
develop methods for preserving silkworm
eggs for long periods.

Basic studies on silkworm strains were
conducted using data of DNA level, such as
phenogenetic analyses of euryphagy of silk-
worms, genome analyses, and investigations
by two color FISH for identifying the loci of
genes.

To acquire the fundamental knowledge
necessary for obtainig fundamental silk pro-
teins, the dissolving behavior of sericin in
polar organic solvents was investigated as a
function of related factors,such as salt addi-

Fig. 4
Filament size in a cocoon of trimolter and biomolter silkworm
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tives, concentrations, and temperatures, and
basic data were obtained to develop efficient
methods for obtaining chemically modified
sericin.

It was also confirmed that laser sensing
technologies are needed to measure the sizes
of raw silk filaments in order to produce sig-
nificantly thiner fibers with a fibrous size of
10 to 14 deniers.  The research team also
obtained basic data that are indispensable
for designing and weaving very thin silk fab-
rics.  To increase silk consumption, various
methods were developed for using silk in
interior goods, such as producing lamp
shades , which are produced by a cocoon reel-
ing process (Fig. 5).

The dyeing properties of insect-derived
dyestuffs were investigated using Anthrenus
verbasci L., which is a pest insect that eats

Fig. 5
Silk-shade reeling machine

fibrous textile.  Wool dyed with the extract
from Laccider lacca was not badly damaged. 
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The Plant Science Division (PSD), which
is one of the inner institutes of National
Institute of Agrobiological Sciences (NIAS), is
engaged in the following research activities:

1) High-throughput genome sequencing of
the rice genome is being carried out under
the umbrella of the international consor-
tium under the guidance of NIAS. 

2) Large-scale protein analysis of rice is
being carried out using the latest tech-
niques of proteomics to unravel the func-
tions and structure of novel proteins.

3) Functional genomics at the genome level
is being exploited to elucidate the control
mechanisms of various agriculturally
important traits.

4) Institute of Radiation Breeding is con-
tributing in developing many useful vari-
eties of rice, pear, chrysanthemum and
other crops, using mutants produced by
irradiation. 

The agriculturally important genes isolat-
ed and characterized using the above
approaches are being transferred into rice

and other crops to produce genetically modi-
fied organisms (GMOs), which are resistant
to various diseases and pests, and have a
high-yielding trait and added nutrition value
etc. In addition, new transformation systems
are being developed and critically tested to
get the public acceptance with GMOs, for
example, the transgenic plants without selec-
tive markers and/or with the promoters play-
ing an effective role for the gene expression
in specific tissues and organs in different
developmental stages. These objectives are
being accomplished in collaboration among
departments of Molecular Genetics,
Biochemistry, Plant Biotechnology and Plant
Physiology at PSD.

Taken together, we believe that the decod-
ing of the entire rice genome sequences and
their functional analysis at genome and pro-
teome level at PSD under the millennium
project will be indispensable not only to con-
tribute the development of plant science but
also to resolve the worldwide food shortage,
preserve the earth environment and main-
tain healthy life to the aging society.

The research activities of this department
are mainly focused on the structure and func-
tion of the genome, genes and their products,
and the mechanisms regulating gene expres-
sion. Major topics in fiscal year 2001 are
described below.

Isolation, structure and function 
analyses of plant genes

Rice salt hypersensitive 1, a novel rice gene
required for tolerance to salt, osmotic
stress and low temperature

Soil salinity is a major stress factor limit-
ing plant growth and agricultural productivi-

Plant Science Division

olecular Genetics DepartmentM



ty.  To understand the molecular basis of salt
tolerance, especially in monocot crops, we
performed a genetic screen of rice popula-
tions mutagenized with an endogenous retro-
transposon Tos17 , for loci potentially
involved in salt resistance.  We identified
three new rice mutants, designated rss1 (rice
salt-hypersensitive1), rss2, and rss3.  Rss1 is
hypersensitive to both salt and osmotic
stress, whereas rss2 and rss3 are more sensi-
tive to salt stress than osmotic stress.
Seedlings of rss1, the most salt-sensitive
mutant among the three, frequently exhibit
highly branched roots in response to these
stresses, but little if any change under nor-
mal conditions (Fig. 1). Inhibition of rss1 root
or shoot growth by salt is associated with
morphological disorganization of cell division
zones, possibly leading to irreversible inhibi-
tion. rss1 seedlings are also sensitive to low
temperature stress, and more sensitive to
ABA, so ABA may mediate rss1 growth inhi-
bition induced by various stresses.  In the
field, rss1 grows normally, except for a dimin-
ished pollen maturation and fertility.  A
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Fig. 1
Sensitivity of the rss1 mutants to salt stress.  Seeds of wild-type and three allelic mutants of rss1 were germinated and
grown on MS medium in the presence or absence of 150 mM NaCl for 2 weeks.

causative RSS1 gene, tagged by an endoge-
nous retrotransposon Tos17, was isolated and
mapped on rice chromosome 2.  RSS1 is high-
ly conserved among monocot cereals, but no
homologous gene has been found in dicot
Arabidopsis.  The encoded RSS1 polypeptide,
consisting of 243 amino acid residues, has no
sequence similarity to any known proteins in
databases.  In seedlings, RSS1 is expressed
in dividing cell regions in meristems and pri-
mordia of shoot or root, and in young devel-
oping leaf.  RSS1 is also expressed in calli
and developing reproductive organs, but less
expressed in mature leaf tissues.  These
results suggest that RSS1 confers stress
resistance in cells associated with high cell
division activity, thus providing a new clue
for understanding mechanisms for stress
resistance as well as stable reproductive
activity. 

A rice spotted leaf gene, Spl7, encodes a
heat stress transcription factor protein

A rice spotted leaf mutant spl7 (line
KL210) showed relatively small, reddish



brown lesions scattered over the whole sur-
faces of leaves (Fig. 2A). Under natural sum-
mer field conditions (maximum temperature,
30°C to 35°C), the lesions appeared from the
tillering stage and continuously increased to
heading time. It was considered that the
accumulation of stress, such as high temper-
ature or solar radiation (UV), causes lesion
development in the spl7 mutant. In this
study, we cloned the Spl7 gene by a map-
based strategy. High-resolution mapping
with cleaved amplified polymorphic sequence
(CAPS) markers enabled us to define a
genomic region of 3 kb as a candidate for
Spl7. We found 1 open reading frame (ORF)
that showed high similarity to a heat stress
transcription factor (HSF). Transgenic analy-
sis verified the function of the candidate gene
for Spl7: leaf spot development was sup-
pressed in spl7 mutants with a wild-type
Spl7 transgene (Fig. 2A). Thus, we conclude
that Spl7 encodes the HSF protein. spl7
mRNA in mutant plants was observed as
well as Spl7 mRNA in wild-type plants (Fig.
2B, 2C). In the field, both mRNAs were hard-
ly detected in young leaves at 14 days after
sowing (DAS), but were detected in adult
leaves at 28 DAS and increased with growing
stage (Fig. 2B). At 70 DAS, lesion mimics
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began to appear on the
mutant leaves, and the
level of spl7 mRNA was
greatly increased. The
mRNAs were observed at
42 DAS in a growth cham-
ber (constant 26°C), and
they increased greatly
upon heat stress treat-

ment (Fig. 2C). The increase was greater in
spl7 than in Spl7. The CDS contains all
domains essential for the protein's function
as an HSF (Fig. 2D). Spl7 shows a high level
of homology with maize HSFb, Arabidopsis
HSF21, Arabidopsis HSF1, and tomato
HSF8. Sequence comparison revealed that
Spl7 was classified into the plant class A4
HSF. Sequence analysis revealed only 1 base
substitution in the HSF DNA-binding
domain (DBD) of the mutant allele, causing a
change from tryptophan to cysteine. The sub-
stitution is likely to cause a loss of function
in the mutant allele. In this study, we
demonstrated that a lesion-mimic phenotype
in rice was caused by the loss of function of
an HSF. However, the target gene of Spl7
remains to be identified. Factors regulating
the transcription of Spl7 itself are also
unknown. Further investigation is required
to clarify these genes and their transcription
factors, in order to understand environmen-
tal stress tolerance and the cell death defense
mechanism of plants.

Phytochrome mediates the external light
signal to repress FT orthologs in photoperi-
odic flowering of rice

Phytochromes confer the photoperiodic
control of flowering in rice, a short-day plant.
To better understand the molecular mecha-
nisms of day-length recognition, we examined
the interaction between phytochrome signals
and circadian clocks in photoperiodic-flower-
ing mutants of rice. Monitoring the behavior
of circadian clocks revealed that phase set-
ting of circadian clocks is not affected under
short-day (SD) or long-day (LD) conditions in
a phytochrome-deficient mutant that exhibits

Fig. 2
Functional complementation test and expression analysis of Spl7.
A: The leaves of 2-month-old plants. Non-transgenic control: Wild-type
and Mutant. Transgenic plants: spl7 mutant with the 5.6 kb NspV-BglII
fragment of the wild-type gene (NB5.6k) and spl7 mutant with the vector
but no insert (Vector). B: Change in expression with growth stage in spl7
mutant (M) and wild-type (W). Plants were grown in the field and leaves
were collected every 14 days after sowing (DAS) for RNA extraction. Actin
primers were used in the control amplification. C: Change in expression
with heat stress in spl7 mutant (M) and wild-type (W). Plants were grown
in a growth chamber for 6 weeks (26°C, control), and then incubated at
35°C for 1 day, and at 42°C for 1 more day. D: The block diagram of the
Spl7 structure indicates the position of the typical functional elements.
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Fig. 3
A rice terminal flower at the tip of an UBQ::FTL regenerat-
ed rice plant.
All regenerated transgenic plants developed some termi-
nal tissues at the tip of stems 2~3 weeks after the regen-
eration of shoots. In some cases, there were deformed
florets in the apical region of the terminal tissues, at which
a panicle consisting of many branches and many florets
developed in the wild-type plant. An example of the termi-
nal floret is shown.

result that the Hd3a flowering-time gene is a
FT ortholog. Our quantitative RT-PCR data
indicate that phytochrome signals repress
the mRNA expression of FT orthologs where-
as Hd1 can function to promote and suppress
the mRNA expression of FT orthologs under
SD and LD, respectively. This Hd1 transcrip-
tional activity may be postranscriptionally
regulated and depend on the Pfr phy-
tochromes. Finally, we propose a model to
explain how a short-day plant recognizes
day-length in photoperiodic flowering, that
brings to mind the external coincidence
model, which is one of the most supported
physiology-based models to explain day-
length recognition, originally proposed by E.
Bünning in the 1930's, and refined by C.
Pittenndrigh in the 1960's. 

Functional analysis of the interaction
between rice calreticulin and the novel pro-
tein, CRTintP

Calreticulin (CRT) is a major Ca2+-seques-
tering protein in the endoplasmic reticulum
(ER), and has been implicated in a variety of
cellular functions like Ca2+ storage, signaling
and chaperone activity within the cytoplasm
and ER.  To investigate the biological role of
CRT in rice, a yeast two-hybrid interaction-
cloning system was used. Twenty-one partial
cDNAs, encoding proteins that interacted
with rice CRT showed identical homology at
the nucleotide level.  A full length of the
interacting cDNA (3.5 kb) was isolated that
codes for a novel protein of 966 amino acid
residues and was designated CRTintP (CRT
interacting protein).  No sequence homology
to a known functional protein was found in
the existing database.  However, a compari-

Fig. 4
Primary sequence analysis of CRTintP showing important functional
domains.

an early-flowering phenotype with no pho-
toperiodic response. Next, non-24-hr
light/dark-cycle experiments revealed that a
rice counterpart gene of Arabidopsis CON-
STANS (CO), named Heading date 1 (PHO-
TOPERIOD SENSITIVITY 1) (Hd1(SE1)),
functions as an output of circadian clocks. In
addition, the phytochrome deficiency does not
affect the diurnal mRNA expression of Hd1
upon transition. Downstream floral switch
genes were further identified with rice
orthologs of Arabidopsis FLOWERING
LOCUS T (FT). In the rice genome, there are
more than ten FT orthologs. At least six of
them are ectopically expressed in the phy-
tochrome-deficient mutant. Over-expression
of one of the FT orthologs, termed FTL,
results in a drastic early-flowering. In some
cases, only a deformed floret developed at the
apical region of regenerated rice plants
instead of a panicle (Fig. 3). Therefore, we
conclude that the mRNA expression of these
FT orthologs is related to floral induction in
rice. This is consistent with our previous



son of the CRTintP sequence against the
unfinished high throughput rice genomic
sequence database gave a perfect match with
a BAC clone located on chromosome 7 of the
Oryza sativa ssp. japonica genome.  Using
this information, the exon-intron structure
for CRTintP was established (18 exons and
17 introns), conferring on all the exon-intron
boundaries the expected GT and AG
sequences.  Primary sequence analysis of
CRTintP showed a potential ubiquitin-like
domain at the N-terminal together with a
leucine zipper, a nuclear localizing signal
(NLS) and several putative sites for
serine/threonine kinases (Fig. 4).  CRTintP is
encoded by a single gene and is ubiquitously
expressed more in leaf tissues than the leaf
sheath and root in rice.  We demonstrated
that the putative NLS of CRTintP can indeed
direct the nuclear localization of green fluo-
rescent protein. 

Northern and immunoblot analysis
showed increased expression of CRTintP
under various stresses in the cytosolic and
nuclear fractions, which corroborates with
the expression pattern of CRT in the cytosol.
Co-immunoprecipitation analysis using CRT
antibodies also confirmed the existence of the
in vivo CRT-CRTintP complex in the stressed
leaf tissue.  Moreover, an increase level of
CRT was observed in the membrane fractions
of leaf tissue subjected to cold stress (5°C).
Also, on in-gel kinase assay using sense- and
antisense-CRT transgenic rice showed
increased induction of Ca2+-dependent protein
kinase (CDPK) activity downstream of the
CRT under cold stress in the membrane frac-
tions as compared to the antisense transgenic
rice.  We propose that phosphorylation/
dephosphorylation of the CRT-CRTintP com-
plex under stress is involved in regulating
the expression of stress related genes. 

Induced expression of a temperature-sensi-
tive leucine-rich repeat receptor-like protein
kinase gene by hypersensitive cell death
and wounding in tobacco plant carrying the
N resistance gene
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Fig. 5
Induced expression of the WRK gene associated with
necrotic lesion formation in TMV-infected tobacco plants
carrying the N resistance gene. (A) Time schedule for
sampling.  Inoculated leaves were incubated on wet paper
towels at 20°C under continuous light.   (B) RNA gel blot
analysis of WRK, and acidic and basic PR-1 genes using
each 3'UT-specific probe.   (C) Relative amount at 0 time
was designated as the basal value.  Similar results were
obtained in duplicated experiments.

A gene encoding a receptor-like protein
kinase was isolated as the gene induced in
the early period of N gene-dependent hyper-
sensitive cell death in tobacco leaves.  The
kinase domain expressed as a glutathione S-
transferase fusion protein was capable of
autophosphorylation, indicating that this
gene encodes an active protein kinase.  A
high level of the transcript accumulated
before necrotic lesion formation in tobacco
mosaic virus (TMV)-inoculated tobacco leaves
carrying the N gene but the level was low in
a tobacco cultivar lacking the N gene.  A
small but reproducible increase in the tran-
script was found 1-2 h after a temperature
shift from 30°C to 20°C even in healthy
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leaves, suggesting the gene expression is
temperature sensitive.   The gene (DS26) was
named WRK for wound-induced receptor-like
protein kinase, because the transcript
increased to a maximum within 15-30 min of
wounding.  In suspension cultured tobacco
cells, an increase in the transcript was found
15 min after transfer to a new medium, but it
was suppressed under high osmotic pres-
sures.  The wound-induced WPK accumula-
tion was enhanced by cycloheximide treat-
ment, but not by known defense signal com-
pounds (salicylic acid, jasmonic acid, 1-
aminocyclopropan-1-carboxylic acid and
abscisic acid) and some plant hormones.

Fig. 6
Induced expression of the WRK gene associated with
synchronous HR after the temperature shift of TMV-infect-
ed tobacco leaves. (A) Time schedule for sampling.
Inoculated leaves incubated for 40 h at 30°C were trans-
ferred to 20°C and incubated under continuous light. (B)
RNA gel blot analysis of WRK using the 3'UTR-specific
probe.  Left panel, Samsun NN tobacco. Right panel,
Samsun nn tobacco.  (C) Relative amount of WRK tran-
script after inoculation.   The amount at 0 time was desig-
nated as the basal value.  Mean values of three individual
experiments are shown.  (D) The WRK transcript levels 1
h after the transfer to 20°C from 30°C.  Freshly prepared
leaf pieces incubated at 30°C for 24 h were transferred to
the indicated temperature, and total RNA was extracted 1
h after the transfer.

Fig. 7
Autophosphorylation of the purified WRK kinase domain.
(A) Purification of the recombinant protein.  Protein was
visualized by Coomassie brilliant blue R-250 staining.
Three micrograms of GST, and 2µg of GST fusion protein
with the kinase domain of WRK (GST-kinase) were
applied.  (B) Autoradiogram of phosphorylated GST-
kinase protein,   The same amount of protein in (A) was
incubated with γ32P-ATP for 0.5 h at 20 or 30°C.  (C)
Inactivation of the kinase by heat treatment.   The recom-
binant kinase was pre-incubated at 95°C or 4°C for 5 min,
and used for the phosphorylation assay. Closed arrow-
heads indicate the predicted position of phosphorylated
proteins, and gray arrowheads indicate the position of
GST.

Thus, WRK is a wound-inducible and temper-
ature sensitive protein kinase gene induced
before hypersensitive cell death probably
through unknown signaling pathways (Figs.
5-7). 

Transcriptionally and post-transcriptionally
regulated response of 13 calmodulin genes
to tobacco mosaic virus-induced cell death
and wounding in tobacco plant

We isolated 13 tobacco calmodulin (CaM)
genes, NtCaM 1-13, and analyzed their
expression profiles in response to pathogen
infection and wounding using specific DNA
probes for individual CaM genes and specific
antibodies for CaM proteins in groups I
(NtCaM1/2), II (NtCaM 3/4/5/6/7/8/11/12 and
9/10) and III (NtCaM 13), respectively.
Synchronous cell death in tobacco mosaic
virus (TMV)-infected N-gene-containing
tobacco leaves accompanied a predominant
accumulation of NtCaM1, 2 and 13 tran-
scripts and NtCaM 13-type protein, which is
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Fig. 8
Amino-acid alignment of CaM proteins.  Dots indicate amino acids identi-
cal to those of NtCaM1/2.  NtCaM proteins were classified into groups I to
III.   NtCaM isoforms described in this paper are indicated by filled circles
at the left.  Asterisks denote four conserved Ca2+-binding motifs, Ef-hands.
The DDBJ accession numbers for NtCaM1-13 are AB050837-AB050849.

a possible ortholog of soybean defense-
involved CaM (SCaM-4), preceding induction
of PR-1 and PR-3 defense genes,.
Accumulation of NtCaM1,2,3 and 4 tran-
scripts was induced within 30 min after
wounding and NtCaM1-type protein accumu-
lated transiently after wounding.   NtCaM13-
type protein, which was found at a low level
in healthy leaves, decreased instantly after
wounding.   The treatment with a protea-
some inhibitor, lactacystin, enhanced the
wound-induced accumulation of NtCaM1-
type protein and inhibited the wound-
induced decrease of NtCaM13-type protein,
suggesting that proteasome activity is
involved in the degradation of these CaMs.
Thus, our results indicate that levels of indi-
vidual CaM proteins are differentially regu-
lated both transcriptionally and post-tran-
scriptionally in tobacco plants that are
exposed to stresses such as pathogen-induced
hypersensitive cell death and wounding
(Figs. 8-10, Table 1). 

Plant Genome analysis

Toward rice functional genomics via cDNA
microarray

The Rice Microarray Project (RMP) was
initiated as one of the national research pro-
jects, Rice Functional Genome Projects. RMP
has been conducted by the Rice Microarray
Research Group (RMRG: a joint venture
between the Lab of Gene Expression in NIAS
and Microarray Group at the STAFF-
Institute). RMP involves 64 research groups
all over Japan, whose research subjects

Table 1 Ratio of individual NtCaM protein isoform types to total CaM amount. Values show the ratio as a percentage.
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Fig. 9
Phylogenetic relationships of CaM proteins from various organisms.
Forty-five CaM amino-acid sequences from 25 organisms were compared
to construct a phylogenetic tree by the neighbor-joining method.  The bar
indicates 0.05 substitutions per site.   Three clusters of plant CaMs ( I, II
and III) and a cluster of vertebrate CaMs are boxed.

Fig. 10
Immunoblot analysis of NtCaM proteins.   Ten nanograms each of
purified recombinant NtCaM1, 3, and 13 proteins were fractionated on
15% SDS PAGE in the presence of 7.5 mM CaCl2 or EGTA. Each
NtCaM isoform was detected with the affinity-purified antibodies for the
respective protein.  Immunodetection with unpurified antiserum against
NtCaM1 protein is also shown at the bottom.

include functional analyses on tissue-specific
and developmental stage-specific genes and
the genes expressed/repressed under various
stress conditions. RMRG has set up a cDNA
microarray system and Microarray Analysis
Center to perform microarray experiments
for the 64 institutions. The probe cDNAs for
the microarray system consist of 8987 rice
EST clones representing unique genes identi-
fied and provided by the Rice Genome
Research Program. Using these clones and
the sequence information, we have fabricated
and used microarrays with full inserts of
each clone and are preparing microarrays
using the 3'-untranslated region. We are now
embarking on the construction of a Rice Gene
Expression Database based on the data gen-
erated by RMP. RMRG has its own research
subjects one of which is the functional analy-
sis on the genes responsive to UV- and γ ray-
irradiation. We used the full insert microar-
rays of the 8987 cDNAs to compare the
change of transcription levels between irradi-
ated and un-irradiated rice seedlings.  In rice
seedlings, the responsive genes were found
after 8hr but hardly after 24hr of γ ray irra-
diation and detected after 24hr but scarcely
after 96 hr of UVB irradiation.  Many of the
genes showing increasing transcription levels
after irradiation seemed to be stress-
inducible genes.
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Isolation of a brassinosteroid dependent
mutant (brd1) of rice

We have isolated a new recessive dwarf
mutant of rice (O. 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; and is
sterile. The morphology of the mutant is
shown in Figure 11. Longitudinal sections of
the leaf sheaths revealed that the cell length
along the longitudinal axis is reduced
(Fig.12A, B), which explains the short leaf
sheaths. Transverse sections of the leaf
blades revealed enlargement of the motor
cells along the dorsal-ventral axis (Fig.12C,
D), which explains the curled and frizzled
leaf blades. 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 brassi-
nolide considerably restored the normal phe-
notypes, we designated the mutant brassi-
nosteroid-dependent 1 (brd1). Further, under
darkness, brd1 showed constitutive photo-
morphogenesis. These results suggests that
brassinolide is involved in many morphologi-
cal and physiological processes in rice,
including the elongation and unrolling of
leaves, development of tillers, skotomorpho-
genesis, root differentiation, and reproduc-
tive growth.

Transformation of plants and 
associated techniques

Production and molecular analysis of new
virus-resistant plants

Viral encoded movement protein (MP) and
coat protein (CP) were modified in vitro and
introduced into tobacco plants.  We have
already found that tobacco plants expressing
N5MP, producing a mutated MP from which
2-5 amino acids were deleted, showed resis-
tance to Cucumber green mottle mosaic virus
(CGMMV).  We have also found that GFP-
fused MP which lacks the 5th amino acid
residue (M1MP) is labile and/or lose the abili-
ty to target the localization.  CGMMV is a

Fig. 11
Morphology of brd1 plants. (A) 80-day-old wild-type (WT) and brd1 plants.
Bar = 10cm. (B) Close-up of brd1.

Fig. 12
Light microscopy of wild-type and brd1 leaves sectioned longitudinally and
transversely. (A, B) Longitudinal sections of the central region of the 8th
leaf sheath of wild-type (A) and brd1 (B). (C, D) Transverse sections of the
central region of the 8th leaf blade of wild-type (C) and brd1 (D).
Arrowheads indicate motor cells. When the 11th leaf blade emerged, the
8th leaf was examined. Bar = 50µm.
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tobamovirus which infects mainly cucur-
bitaceaeous plants and also tobacco plants.
Transgenic Nicotiana benthamiana plants
expressing M1MP showed a high level of
resistance to CGMMV as well as N5MP-
expressing plants.  N. benthamiana plants
were transformed with a part of the mutated

CP gene.  Three lines which showed resis-
tance to CGMMV were obtained.  A molecu-
lar understanding of the mechanism of virus
resistance in plants will provide new insight
into the interaction between virus and host
as well as a new pathway to confer resis-
tance.

A transparent film was cast from a solu-
tion of silk fibroin protein at 20°C. The con-
formation of fibroin film cast from aqueous
solution depends on the casting conditions
such as the initial concentration of fibroin
and the casting temperature.  The crystalline
film in the α (crankshaft) and β form confor-
mation can be obtained by casting a concen-
trated solution at 0-40°C and 50°C and
above, respectively. The β form crystalline
film is obtained by casting at 0-40°C and the
α form with an antiparallel structure is
obtained at above 50°C using the FT-IR mea-
surement and X-ray analysis. The tempera-
ture at which the α-β conformational transi-
tion of liquid silk is observed is 60°C.
Hydrogen bonds in the crankshaft structure
are cut at high temperature, and the α-β con-
formational change occurred simultaneously.   

To find conditions for molecular simula-
tions, sequences of ligand binding domains of
steroid receptors were aligned by referring to
their 3D-structures. Residues conserved
among over 80% of sequences were in all
parts of the sequences. The area was widely
distributed to the region not defined as a
"motif". The result of analyzing 3D-struc-
tures showed that the residues made a core
structure with its ligand. Compared with bio-
chemical functions, the conserved residues
were not related to dimerization and tran-
scriptional activation. These results suggest
that the residues had a role in ligand-binding
and its cooperative structural change. It

would be important to apply this to find func-
tion and to set conditions for simulation.

Crystal structure of Bacilus stearother-
mophilus α-amylase has been solved at a
2.0Å resolution. Based on this structural
data, we succeeded in the preparation of a
higher thermostable mutant than the wild-
type. The crystal structure of the sugar com-
plexes of Streptomyces olivaceoviridis E-86
xylanase has been solved, and the sugar
binding structure of the family 13 carbohy-
drate binding module was clarified. The crys-
tal structure of bitiscetin, a von Willebrand
factor (VWF)-dependent platelet aggregation
inducer, has been solved. Based on the sur-
face structure, a putative binding site of
VWF was proposed. X-ray structural analysis
of rice dwarf virus was carried out at 3.5Å
resolution, and the structure including side
chains has been determined. Structural
refinement is now in progress. Meanwhile,
cocksfoot mottle virus has been crystallized.
X-ray data on the obtained crystals were par-
tially collected at 4.0Å resolution.

Ferredoxin (Fd), a one electron carrier
protein in the stroma, is the ultimate desti-
nation in the electron transport chain
through a series of photochemical reactions
in plants. Once reduced by photosystem I, Fd
donates an electron to several Fd-dependent
enzymes such as Fd-NADPH+ oxidoreductate
(FNR), nitrite reductase, sulfite reductase,
gultamate synthase and Fd-thioredoxin
reductase. We have determined the three-

iochemistry  DepartmentB
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dimensional structure of the oxidized form of
the maize leaf Fd by NMR spectroscopy, and
compared it with the structure of its FNR-
bound form previously determined by us. The
results revealed that Fd undergoes a signifi-
cant conformational change around the C-ter-
minal region upon the complex formation
with FNR. B-motif is a signature motif of
type-B response regulators (type-B ARRs) for
the His-to-Asp phosphorelay signal transduc-
tion system of Arabidopsis. Yet, the precise
mechanism that underlies the B-motif func-
tion is not clear. We have determined its
three-dimensional structure by NMR spec-
troscopy and compared it with the structures
of other proteins with known biological func-
tions. The results suggest that the B-motif
functions as the DNA-binding domain of the
type-B ARR. We have experimentally con-
firmed our structure-based hypothesis, and
have identified a target DNA sequence.
Detailed structural analysis of the B-
motif/DNA complex is in progress, which
could aid in fully understanding the structur-
al basis for DNA recognition by the B-motif.

N-acetylchitooligosaccharide is a potent
elicitor in rice cells.  By DNA microarray
analysis, we screened ca.9000 rice ESTs, and
identified more than 250 clones as genes
responsive to the elicitor.  Among these, 30
randomly selected clones were shown to be
up-regulated by the elicitor by RNA blot
analysis.  These genes showed differential
responses to other stimuli such as weak
organic acids, wounding etc, indicating the
complexity of the signal transduction path-
way.  To elucidate the role of the trimeric G-
protein in the elicitor-signaling, we compared
a variety of elicitor-responses by a rice
mutant, d1, which is deficient in the α-sub-
unit of the G-protein, with those by wild-type
rice cells (cv Nipponbare), and found no sig-
nificant difference in any of these responses.
Based on the results, we concluded that the
α-subunit of the G-protein is not involved in

the elicitor-response.
More than 250 radiation mutants of rice

were cultured and compared as to the charac-
ter of their leaves. They were analyzed by a
novel two-dimensional polyacrylamide gel
electrophoresis and several spots were identi-
fied as mutated proteins based on the
changes of molecular weights and isoelectric
points. Focusing on the yellowish mutant of
rice leaves, the gene which showed a differ-
ent mobility on 2D-PAGE was cloned and
analyzed by a modified single-strand confor-
mation polymorphism method. The
nucleotide sequence of the gene was deter-
mined because it had suggested some point
mutations. A point mutation was observed in
the region interacting with other proteins. 

To examine the function of auxin-binding
protein 1 (ABP1), several mutant tobacco
ABP1 genes were constructed and expressed.
Expression of mutant ABP1 proteins
increased the auxin, but not cytokinin, sensi-
tivity of auxin- and cytokinin-dependent cal-
lus formation. These mutations enhanced the
rate of cell proliferation at low auxin concen-
trations. Conversely, however, the same
mutations decreased the auxin-dependent
epinasty of leaf strips, a measure of cell
expansion. In contrast to these mutants,
plants with overexpressed wild-type ABP1
protein exhibited increased epinasty. The
present data indicate that ABP1 functions
both in auxin-mediated cell expansion and in
cell proliferation but with an opposite effect
in each case. The role of ABP1 may be to pro-
mote cell elongation by ceasing cell division
in the presence of auxin. 

Rice is a model plant of grass species. Rice
near-isogenic lines for QTL associated with
callus formation and/or regeneration ability
were evaluated for the possibility of map-
based cloning of the QTL. It was clarified
that other measures should be taken to iso-
late the QTL as a gene.
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The research activities of our department
are mainly focused on the elucidation of mol-
ecular mechanisms of important physiologi-
cal processes in plants including photosyn-
thesis, the translocation of photosynthates,
morphogenesis such as leaf and floral organ
development, the symbiotic process of nitro-
gen fixation, mechanisms of defense against
plant pathogens, and tolerance against envi-
ronmental stresses. The major topics in fiscal
2001 are as follows.  

Photosynthesis

Overproduction of C4 photosynthetic 
pathway enzymes in rice

Aiming at improving the photosynthetic
performance of a C3 rice plant, single or mul-
tiple enzymes involved in the C4 photosyn-
thetic pathway of C4 plants were overpro-
duced in the leaves.  Although overproduc-
tion of a single C4 enzyme did not improve
the photosynthetic performance, that of phos-
phoenolpyruvate carboxylase (PEPC) had
some physiological impact on rice plants.
When the maize PEPC was overproduced in
rice leaves, the levels of organic acids such as
oxaloacetate, malate and pyruvate in the
leaves were increased with increasing levels
of the maize PEPC, an indication that the
TCA cycle is enhanced by the overproduction.
This result coincides with the anaplerotic
function of PEPC endogenously present in
the leaves of rice, and indicates that this
function can be reinforced by overproduction
of a foreign PEPC.  As a result of the
enhanced TCA cycle, nitrogen assimilation
was also enhanced by the overproduction.  It
was also found that the overproduction of
PEPC improved aluminum tolerance of root
elongation of rice plants (Fig. 1).  This effect,
however, was not ascribable to an enhanced
exudation of organic acids from roots, which

is observed in plant species tolerant to alu-
minum.  It is thus likely that the foreign
PEPC affects the aluminum tolerance of rice
plants by a novel mechanism.

For a non-destructive survey of the photo-
synthetic performance of plants, a system
with a high-speed progressive CCD camera
for measurement with a 2-µs time resolution
of the chlorophyll fluorescence induction in
intact leaves is being developed.

Regulatory mechanisms of C3 and C4

differentiation in Eleocharis vivipara
The amphibious sedge E. vivipara is a

useful model plant to study the regulatory
mechanisms of C4 differentiation, because it
develops C4 and C3 traits under terrestrial
and submerged conditions, respectively. We
investigated the cellular expression of glycine
decarboxylase (GDC), a key enzyme of pho-
torespiratory metabolism. The terrestrial
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Fig. 1
Root elongation in the presence of aluminum.  Rice plants
two days after germination were floated on 0.3 mM CaCl2
containing the designated concentrations of aluminum
(pH 4.2) and grown in a growth chamber.  (NT) non-trans-
genic rice; (PE100) transgenic rice with PEPC activity in
the leaves about 100-fold higher than that of non-trans-
genic rice.
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form had highly active glycolate pathway
enzymes, and accumulated much amount of
GDC in the bundle sheath cells but not in the
mesophyll cells. The submerged form accu-
mulated GDC in both the mesophyll cells and
bundle sheath cells. These results indicate
that E. vivipara regulates the expression of
GDC and probably photorespiratory metabo-
lism at a cellular level in contrasting environ-
ments. At the early stage of transition
between the two growth forms, the cellular
patterns of GDC accumulation are not
always coordinated with the expression pat-
terns of C4 enzymes and development of
structures.

Sink-source transition in rice.
To investigate whether increased sucrose-

phosphate synthase (SPS) activity alters pho-
tosynthetic activity and/or the export of car-
bon under an elevated CO2 partial pressure
([CO2]), we raised two lines of transgenic rice,
each over-expressing a maize SPS gene, and
wild-type rice, under ambient [CO2] (35 Pa)
and elevated [CO2] (100 Pa). Under the ele-
vated [CO2], photosynthetic activity increased
in all plants, and the accumulation of starch
was repressed significantly in one transgenic
line, whose SPS activity was about 12.5 times
higher than that of the wild-type.
Furthermore, export rates of carbon
increased in both transgenic lines. We con-
clude that increased SPS activity in rice
plants would promote the export of carbon,
and as a result, starch accumulation was
suppressed under elevated [CO2].

In rice plants, the leaf sheaths of the
upper leaves accumulate a large amount of
starch before heading (Fig. 2), and the accu-
mulated starch is converted to sucrose and
translocated to the panicles after heading. To
analyze the regulation of sink-source transi-
tion, we performed large-scale monitoring by
microarray analysis. Levels of expression of
8987 rice ESTs on the microarray were com-
pared among 4 developmental stages during
the period from 14 days before heading to 14
days after, and 93 genes showing more than

a 5-fold difference in mRNA abundance were
identified. Identified genes included multiple
genes related to starch biosynthesis, cell divi-
sion and expansion, and photosynthesis,
which might reflect the decrease of starch
biosynthesis, completion of elongation, and
onset of photosynthesis in the first leaf
sheaths during the heading period, respec-
tively. 

Role of zinc-finger genes in floral 
organ development and response to 
abiotic stress

Role of petunia pMADS3 in determination of
floral organ and meristem identity 

According to the ABC model based on
genetic and molecular studies in Arabidopsis
and Antirrhinum, floral organs are specified
by the combinatorial interaction of 3 classes
of homeotic genes, A, B and C, each of which
is expressed in 2 adjacent whorls. Studies in
other plants such as petunia have not only
revealed differences in the functioning of
homeotic genes but also provided new con-
cepts in the regulation of flower development.

pMADS3, a petunia class C gene, is a can-
didate homolog of Arabidopsis AGAMOUS
(AG), which is involved in the specification of
stamens and carpels. Silencing of pMADS3
resulted in the homeotic conversion of sta-
mens into petaloid structures, whereas the

Fig. 2
The leaf sheath of rice plants functions as a temporary
sink. Starch is visualized by I2 -KI staining
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Fig. 3
Phenotype of pMADS3-silenced transgenic flowers.
(a) Flower from a wild-type plant. (b) Flower from a pMADS3-silenced
plant. (c) Third- and fourth-whorl organs, showing petaloid stamens (pest)
and ectopic inflorescence (inflo) in the outer whorl. (d) Secondary inflores-
cences (sec inflo) in the third whorl with petaloid stamens removed. (e)
Longitudinal section showing the origin of a secondary inflorescence in the
third whorl. pa: petaloid anther; ov: ovary; pe: petal; se: sepal. (f)
Transverse section 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 very young floral buds arranged spirally on the
inflorescence stem. (h) Light micrograph of an inner flower from a sec-
ondary 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, indi-
cated by arrowheads. Bar = 100µm.

carpels were only weakly affected. However,
besides the homeotic conversion, ectopic sec-
ondary inflorescences emerged from the
interstamenal region in the third whorl,
which has not been reported for any class C
gene of other plant species. Third-order inflo-
rescences emerged at corresponding positions
in the third whorl of inner flowers of sec-
ondary inflorescences, indicating the reitera-
tive conversion of parts of the floral meristem
into inflorescence meristem. From these
resuls, we propose that pMADS3 is involved
in the determination of floral organ and floral
meristem identity in petunia. Two hybrid
studies in yeast showed that PMADS3 pro-
tein interacted specifically with FBP2, a can-
didate homolog of Arabidopsis SEPALLA-
TA3. The evidence presented here suggests
that a complex involving PMADS3 and FBP2
is responsible for the specification of organ
identity in the third whorl. 

Functional characterization of petunia ZF
genes in response to abiotic stress

We previously reported that the ZPT2-2
gene encoding a 2-finger type zinc-finger pro-
tein in petunia was induced by wound, cold,
and drought stress. In order to test the possi-
ble involvement of other genes for 2-finger
type zinc-finger proteins in the response to
abiotic stress, we examined the expression of
these genes.  Among several ZF genes found
to be upregulated by these stresses, ZPT2-3
showed the most dramatic upregulation by
both the wound and cold treatments, but was
only slightly affected by drought treatment.
A 1.6 kb genomic fragment upstream of
ZPT2-3 was fused to the luciferase (LUC)
coding sequences (ZPT2-3::LUC) and the
resultant construct was transformed into
petunia. When leaves of ZPT2-3::LUC plants
were subjected to wound treatment, the LUC
activity was induced rapidly, consistent with
the result of northern analysis (Fig. 4). The
increase in the LUC activity was most promi-
nent near the wounded site, however,
increased LUC activity was also observed in
other part of the wounded leaves as well as in

unwounded leaves, indicating that ZPT2-3 is
induced both locally and systemically. When
leaves of the ZPT2-3::LUC plants were kept
at 4°C for 8 hours, the LUC activity
increased throughout the leaves. These
results suggest that ZPT2-3 play a role in the
response and/or tolerance to these stresses in
petunia.

Function of phytochromes in rice
In order to elucidate the function of phy-

tochromes in rice, we have isolated six phyA
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mutant alleles and one phyC mutant allele
from the mutant panels. Both the wild-type
and phyA mutant seedlings exhibit a typical
elongation of coleoptiles when grown in con-
stant darkness. In contrast, when grown
under far-red light (FR), the coleoptile
growth is inhibited in wild-type seedlings,
whereas phyA mutant seedlings still have
long coleoptiles similar to the dark-grown
seedlings. These results indicate that phyA is
the predominant photoreceptor in the dark-
grown seedlings that mediates the inhibition
of coleoptile growth induced by FR in rice. 

We applied microarray technology to this
process to obtain a global picture of gene

expression profiles which are mediated by
phyA signalings. As a result of clustering
analysis of the gene expression profiles, we
identified a cluster of genes whose expression
was induced within 1h of FR treatment and
returned to basal levels after 4h (Fig. 5). In
these categories, several homologs of zinc-fin-
ger proteins and a PDK1 gene of Arabidopsis
were involved, suggesting that they are inte-
gral members of an early-response transcrip-
tional network under phyA control. We also
found that if RNA was isolated only from
coleoptile parts, many genes which were
related to the chloroplast biogenesis, for
example, CAB or RBCS genes, were not
involved in the induction. Therefore, rice
coleoptiles provide an excellent system to
analyze the signaling pathways involved in
the FR-induced growth inhibition, in which
the phyA signaling is much less complicated
than in leaves or Arabidopsis seedlings
where vast signal transduction networks
responsible for the chloroplast biogenesis are
evoked by phyA signals. 

We have also studied the cyanide-resis-
tant alternative pathways respiration in
plant cells and have proposed that it serves
as a "biochemical pH-stat" of cytoplasmic pH
regulation. In order to test the hypothesis, we
have developed a method for the nondestruc-
tive measurement of cytoplasmic pH in
Catharanthus roseus cultured cells by means
of 31P-NMR spectroscopy.  

Mechanism of tolerance to 
environmental stress

Salt tolerance 
Transporters of anions and cations play

roles in the tolerance to various stresses and
the regulation of cell volume, intracellular
pH, turgor, stomatal movement, etc. In a
high salt environment, many plants trans-
port ions into vacuoles to maintain high
osmotic pressure and to remove the ions from
the cytoplasm for reduction of ionic stress.  

Vacuolar Na+/H+ antiporters transport
cytoplasmic Na+ into the vacuole using the

Fig. 5
Nipponbare and phyA mutant seeds were germinated, grown in constant
darkness for 3 days, and then transferred under continuous FR. Zero (dark
control: D), 1 (FR-1h) and 4 (FR-4h) hours after FR irradiation, coleoptiles
were harvested and poly(A)+ RNA was prepared from each sample to be
used as targets for the microarray hybridization. Fluorescent signals were
normalized in each array and genes were clustered on the basis of their
expression patterns. (A) Clustered display of data from the time course of
FR exposure. (B) Graphical display of the time course of gene expression
in each gene.

Fig. 4
Wound response of LUC activity in ZPT2-3::LUC plants.
A branch detached from a ZPT2-3::LUC plant was dipped in a 0.1 mM K-
luciferin solution for 16 h and then a leaf was wounded by punching three
times (1 cm diameter, shown by red circles). Photons were counted for 10
min at each time point.
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electrochemical H+ gradients across vacuolar
membranes generated by V-PPase and V-
ATPase. We have isolated two cDNA clones
encoding vacuolar proton-translocating inor-
ganic pyrophosphatase (HVP1 and HVP10),
one clone encoding a catalytic subunit (68
kDa) of vacuolar H+-ATPase (HvVHA-A), and
one clone encoding vacuolar Na+/H+

antiporter (HvNHX1) from barley, a salt-tol-
erant crop. Salt stress increased the tran-
script levels of HVP1, HVP10, HvVHA-A, and
HvNHX1, and osmotic stress also increased
the transcript levels of HVP1 and HvNHX1
in barley roots. 

The transgenic rice colli overexpressing a
rice vacuolar Na+/H+ antiporter, OsNHX1,
showed higher salt tolerance than the wild-
type. In addition, the content of Na+ in the
calli overexpressing OsNHX1 was higher
than that in the wild-type. These results
indicate vacuolar Na+/H+ antiporters play an
important role in the salt-tolerance of plants
by the compartmentation of cytoplasmic Na+

into the vacuole, and that OsNHX1 is a key
to improving the salt-tolerance of rice.

Transformation of the herbicide resistance
gene into rice 

We have cloned a double mutated aceto-
lactate synthase (ALS) cDNA that encodes
ALS  resistant to a ALS inhibitor, bispyribac-
sodium (BS) from rice cells. The mutations
involve a change of residues at W548 to
leucine (W548L) and S627 to isoleucine
(S627I).  

Rice calli (ver. Nipponbare) were trans-
formed with the double mutated ALS cDNA
and the wild-type ALS cDNA. One of the four
plants transformed with the double mutated
cDNA expressed resistance to BS (Fig.6). The
two point mutations were found in the ALS
DNA fragments amplified from the BS-resis-
tant rice genomic DNA. 

Each single point mutated ALS gene
(W548L, S627I) was prepared by the overlap-
extension method (the self-polymerase-reac-
tion method). The sensitivity of the double
mutated recombinant ALS to BS was com-

Fig. 6
Sensitivities of transgenic rice plants
to bispyribac-sodium
A: A transgenic rice plant trans-
formed with the mutant ALS gene. 
B: A transgenic rice plant trans-
formed with the wild-type ALS gene. 
Transgenic rice plants at the 5- to 6-
leaf stage were treated with bispyrib-
ac-sodium (1 kg a.i. /ha). The photo-
graph was taken two months after
bispyribac-sodium treatment. The
length of the transgenic rice plant
marked with A was 88 cm.

pared with that of each of the single mutated
ALS's, revealing that the two point muta-
tions confer extremely high resistance to BS,
as a result of the synergistic effect of each
point mutation.

Formation of symbiotic nitrogen 
fixing nodules

Transcriptome profiling of the nodulation
process in a model legume Lotus japonicus

Gene expression profiles during the early
stages of the formation of symbiotic nitrogen
fixing nodules in a model legume Lotus
japonicus were analyzed using a cDNA
macroarray of 18,144 non-redundant EST
clones isolated from various organs of L.
japonicus. Expression of a total of 1,326
genes was found to be significantly elevated
through the successive stages of infection of
Mesorhizobium loti, nodule primordium initi-
ation, nodule organogenesis, and the onset of
symbiotic nitrogen fixation as compared with
uninfected roots. We have identified a large
number of novel nodule-induced genes, which
include genes involved in cellular processes
such as membrane transport, phytohormone
synthesis and responses, signal transduction,
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Fig. 7
Visualization of microtubules in leaf epidermal cell (A) and
root hair (C), and Ers in root hair (B) by confocal
microscopy.

cell wall synthesis, and transcriptional regu-
lation. Genes the expression of which is accel-
erated early in infection and during nodule
primordium initiation, mostly did not overlap
with those expressed abundantly in the later
stages of nodule organogenesis and during
the onset of nitrogen fixation. A number of
genes related to pathogen and stress respons-
es were expressed abundantly in the infec-
tion process, but their expression was sup-
pressed in mature nodules. Novel nodule-spe-
cific genes with known or unknown functions
that are expressed in nodules super-abun-
dantly rather than leghemoglobin genes were
also identified. These results provide a com-
prehensive data source for investigation of
the molecular mechanisms underlying nodu-

lation and symbiotic nitrogen fixation. 

Visualization of microtubules and ER-net-
work in Lotus japonicus root hairs by GFP

Legume root hairs are the sites first inter-
acting with rhizobium bacteria to form sym-
biotic nitrogen fixing root nodules. To investi-
gate early cytological responses of root hair
cells to lipo-chitin oligosaccharide (LCO)
nodulation signal molecules, transgenic
Lotus japonicus plants harboring fusions of
GFP-tubulin α (AtTu6) and GFP-'KDEL'
were generated to visualize microtubules
(MTs) and the endoplasmic reticulum (ER)
network, respectively. Confocal laser
microscopy revealed that these GFP-fusions
are expressed stably and targeted correctly to
MTs and ER in leaf, root and root hair cells
in transgenic plants, thus enabling in situ
visualization of these cytoskeltal networks
(Fig. 7). Detailed characterization of the
behavior of MTs and ER networks in growing
root hair cells in response to rhizobium inoc-
ulation and application of purified LCOs is
currently in progress. The genetic crossing of
these GFP-transgenic plants with a number
of nodulation mutants of L. japonicus is also
under way

High-resolution genome analysis 
with the HEGS (High Efficiency 
Genome Scanning) system 

One example of the application of the
HEGS system to construct high resolution
maps is presented as representative results
(P.38). Here, another application for the fine
mapping of the genes for positional cloning is
introduced. Bulked segregant analysis with
HEGS can process 200 primer pairs for a 4-
lane analysis of parents and the bulked 2
phenotypes. Therefore, 4096 total combina-
tions of +3/+3 selective primers for most
plants can be finished in about one month.
With this high efficiency, genes in centromer-
ic regions, hitherto almost impossible to
clone, are now within reach. The rice blast
resistance gene Pi-ta2 in the centromere of
Chromosome (Chr.) 12 was fine mapped with
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Fig. 8
High-resolution HEGS/AFLP markers and BAC contigs map around the rice blast resistance gene Pi-ta2. The pink letters
are HEGS/AFLP markers. The black letters are RFLP markers. The BAC clones, indicated by short bars in the lower half,
were first selected by RFLP markers. The closer clones are now being selected by HEGS/AFLP markers, because sever-
al repetitive sequences, typical in the centromeric region, hindered normal walking by the end probes. 1/1165 recombi-
nant means 0.04 cM.

5 (/primer pair) x 4096 (primer pairs) = 20000
polymorphic markers. Thus, in the Pi-ta2

region of about 0.21cM, 19 HEGS/AFLP
markers were obtained, while there were
only 6 conventional RFLP markers. Now the
closest flanking markers, found at 0.04 cM in
the both sides, and the 6 co-segregating
markers were all HEGS/AFLP. BAC clones
are being selected to span with a contig the
Pi-ta2 region. As the centromeric regions are
plagued with highly repetitive sequences,
without these high density markers, walking
with BAC clones is almost impossible. And in
this region there is no correct sequence
and/or contig information available, even
after the publication of  rice sequence data.

Another application is the fine mapping of
the genes involved in the initial steps of

nodulation. We are now trying to positionally
clone the causative genes of these initial
Rhizobium-infecting steps in the model
legume plant, Lotus japonicus, LjSym70 and
72. LjSym70 seems to control the initial step
of the nodulation process, and LjSym72is
expected to control both the initial steps of
nodulation and mycorrhiza formation. Figure
2 indicates the saturation mapping of
LjSym72 with the 2048 primer pairs.
Twenty five co-segregating markers, and 4
and 5 of flanking markers on the both sides
were identified. By cloning all of the nodula-
tion genes and making a capsule for them,
transferring the ability to fix aerial nitrogen
to the major crops will be realized in the near
future.
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Fig. 9
Saturation mapping of the early nodulation gene LjSym72 which is also indispensable in the first step of mycorrhiza for-
mation. By the bulked segregant analysis of 2048 primer pairs of HEGS/AFLP, 25 co-segregating markers, and 4 and 5
flanking markers on both sides were identified in the centromeric region of chromosome 3 of the model legume plant
Lotus japonicus.

The research activities of our department
are mainly focused on the development of
basic methods of plant biotechnology as well
as the generation of novel transgenic crops
with superior traits which conventional
breeding techniques can not afford. Major
topics in 2001-2002 were as follows.

Gene engineering

Gene targeting in higher plants
Recently the gene targeting (gene knock-

out) technique has become a useful tool to
uncover and/or alter the function of a gene of

interest. However, in higher plants, the fre-
quency of successful gene targeting is
extremely low, probably because of the rela-
tively low activity for homologous recombina-
tion which mediates the gene replacement. In
order to elucidate the molecular mechanism
of homologous recombination and to establish
a gene targeting system in higher plants, the
following approaches have been ongoing.

For the isolation of genes involved in
homologous recombination and DNA repair
which could be the homologues of the RAD52
epistasis group in yeast including RAD51,
RAD51-like, RAD54, etc. are being isolated

lant Biotechnology  DepartmentP
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from Arabidopsis and rice using RT-PCR
together with the screening of BAC clones. 

Rad51-like proteins, such as Rad55 and
Rad57 in yeast, play a role in the assembly or
stabilization of multimeric Rad51 that pro-
motes homologous pairing and strand
exchange reactions. We cloned two RAD51-
like genes named AtXRCC3 and AtRAD51C
from Arabidopsis thaliana.  Both AtXRCC3
and AtRAD51C expressed two alternatively
spliced transcripts, and AtRAD51C produced
two different isoforms, one long (AtRad51Ca)
and one short (AtRad51Cb). The predicted
protein sequences of these genes showed
characteristic features of the RecA/Rad51
family; and the amino acids around the ATP
binding motifs were well conserved. The
transcripts of AtXRCC3 and AtRAD51C were
detected in various tissues, with the highest
level of expression in flower buds. Expression
of both genes was induced by gamma-ray
irradiation. The results of yeast two-hybrid
assays suggested that Arabidopsis Rad51
family proteins form a complex, which could
participate in meiotic recombination and/or
homologous recombinational repair (Fig.1).

It was shown that the expression of two
Rad51 genes from rice, OsRad51A and
OsRad51B, and of the Arabidopsis Rad54
gene and six Rad51 family genes (AtRad51,
AtRad51B, C, D, AtXrcc2, 3) were induced by
gamma-ray irradiation, which causes double
strand breaks. 

We are selecting mutants that are toler-
ant to DNA damage from activation tagging
libraries of Arabidopsis. Approximately 50
plants have been screened as primary candi-
dates for mutants with resistance to gamma-
ray irradiation. One of the mutant lines was
extremely tolerant to gamma irradiation and
progeny of this line was also tolerant to 50-
krad of gamma-ray that kills the wild-type
plants. Unfortunately, the T-DNA insertion
in this mutant was not genetically linked to a
resistant phenotype. We are currently trying
to isolate the gene responsible for this pheno-
type via map-based cloning.

Several strategies have been used to

Fig. 1
The Rad51 family in recombination-repair.

screen transgenic plants with mutation(s) on
the targeted loci in the genome via homolo-
gous recombination. We have constructed
binary vectors carrying truncated forms of
the acetolactate synthase gene (ALS) from
Arabidopsis with point mutations to confer
resistance against imidazolinone herbicides.
The modified ALS gene cannot usually pro-
duce authentic polypeptides by illegitimate
(non-homologous) T-DNA integration in
transgenic plants. After transforming
Arabidopsis with this construct via the floral
dip method, millions of seeds were collected.
Molecular analyses of the imidazolinone-tol-
erant plants showed the potential of this
approach for the selection of gene targeted
plants.

In addition to the above screening system
based on herbicide resistance, a gene therapy
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has been applied using the Arabidopsis tt3
line carrying a mutation in the dihy-
droflavonol 4-reductase (DFR) gene. A modi-
fied version of the wild-type DFR gene with
base changes but without amino acid substi-
tutions and producing truncated DFR
polypeptide was constructed, and cloned
between a selectable marker and GFP
reporter or ipt morphological marker genes in
binary Ti plasmids. The resulting DFR-tar-
geting vectors are transformed into the tt3
mutant plants via Agrobacterium-mediated
gene delivery. Transformants with accumula-
tion of anthocyanin pigments will be
screened and analyzed as candidates carry-
ing successful DFR gene therapy.

Regulation of glutelin gene expression in
maturing rice seed

Glutelin is the major seed storage protein
of rice, accounting for about 80% of total seed
protein. Glutelins are specifically expressed
in the endosperm of maturing seeds. The
mRNA levels of most glutelin genes reach a
maximum level at 14 days after flowering
and then decrease in subsequent stages dur-
ing seed maturation. These genes are coordi-
nately expressed in a temporal- and spatial-
specific manner during seed maturation.
However, there is little sequence similarity
among these promoters except for the AACA,
GCN4 and Prolamin box motifs. These con-
served sequence elements have been shown
to be involved in the endosperm-specific
expression of rice glutelin genes. 

The GCN4 motif (TGA(G/C)TCA) is widely
distributed in many promoters of  seed stor-
age  protein genes. It has been recently
demonstrated that it acts as a key element
controlling the endosperm-specific expres-
sion, since a multimer of the GCN4 motif can
direct endosperm-specific expression in sta-
ble transgenic rice.   

We have recently isolated cDNA clones
encoding a bZIP type transcription factor
which recognizes the GCN4 motif from the
rice seed cDNA library. At least five types of
cDNA clones were isolated and they are clas-

sified into two major groups based on their
amino acid sequences. Gel retardation assays
demonstrated that all the RISB proteins
were capable of binding to the GCN4 motif in
a sequence-specific manner. It has been
shown that RISBZ1 is the only functional
activator and the rest are proposed to be
involved in specific regulation by forming a
heterodimer with RISBZ1 based on transacti-
vation abilities and their expression pattern
during seed maturation. In order to charac-
terize target genes regulated by the RISBZ1
protein, insertional mutants of the RISBZ1
gene have been screened from mutant panels,
into which the retrotransposon Tos17 was
introduced. Six mutants could be obtained
using PCR-based transposon-tagged system.
However, all of the Tos17 insertions occurred
at introns (intron 3, 4 and 5). There was little
difference between these mutants and nor-
mal plant. These observations suggest that
the expression of RISBZ1 is essential for seed
formation. Therefore, another approach was
adopted. To change expression levels of the
RISBZ1 gene, sense and antisense constructs
of RISBZ1 cDNA, which were fused to
endosperm-specific 13 kD prolamin and
RISBZ1 promoter, were introduced into rice
by Agrobacterium-mediated transformation.
Several  transgenic rice plants were generat-
ed, in which mRNA levels  were increased or
decreased several fold  in maturing seeds.
RISBZ1  levels in mature seeds were further
examined by Western-blot analysis using
anti-RISBZ1 antibody. Observations of
changes are presently in progress. It will be
investigated which genes are affected by
over-expression and suppression of RISBZ1.  

Screening of rice genes involving blast dis-
ease resistance

A rice cultivar becomes resistant (or
remains susceptible) to a particular strain of
blast fungus, depending on whether it has a
specific resistance gene or not. We aimed to
clarify the gene expression profiles on a
genome-wide scale in susceptible and resis-
tant interactions after blast infection. Two
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rice cultivars, "Sasanishiki" (S-0 line) and its
isogenic line (S-1 line) were grown in a green-
house until the 5-leaf stage, when a conidial
suspension of blast strain Kyu89-246 was
sprayed on the seedlings. The S-0 line is sus-
ceptible to this fungal strain, whereas the S-1
line shows no symptoms at all. The inoculat-
ed seedlings were kept in a chamber with
100% relative humidity at 25°C for 24 h; they
were then grown in a greenhouse at 25 to
30°C. Twenty-four, 48 and 72h after inocula-
tion, leaf blades of the fifth leaves were sam-
pled and the total RNA was extracted. For
each RNA sample, microarray analyses were
conducted. The array included 8987 cDNAs of
rice EST clones. After eliminating data with-
out reproducibility, we compared the expres-
sion levels of 6934 cDNA elements between
uninoculated control and infected S-0 or S-1.
There were 311 elements both in S-0 and S-1
with more than a 3-fold activated expression
compared to the control. Those included
genes for endoplasmic reticulum stress-relat-
ed proteins, ribosomal proteins, transmem-
brane channel proteins, and RNA-binding
proteins in addition to the well-known patho-
genesis-related proteins. A comparison of
gene expression between S-0 and S-1
revealed that 28 elements were upregulated
specifically in the S-0 line and 79 elements in
the S-1 line with more than a 4-fold differ-
ence in their expression. Nearly 50% of these
clones have no functional annotation at pre-
sent.

Establishment of novel transgenic 
crops

Transgenic rice accumulating  modified
soybean glycinin containing gluten exor-
phin A5

Many bioactive peptides have been isolat-
ed from enzymatic digests of various food and
blood proteins. Opioid peptide, designated as
gluten exorphin A5, has been known to be
released from wheat storage protein glutenin
after digestion in the gastrointestinal tracts.
It has been reported that the gluten exorphin

A5 stimulated postpandial insulin release
after oral administration in rats. This bioac-
tive peptide is very short (GYYPT) and diffi-
cult to express directly and accumulate in
plant cells. Therefore, we attempted to
express the very short peptide as part of a
storage protein by inserting it into the vari-
able region of  seed storage protein.

In order to accumulate gluten exorphin A5
in the rice seed, an oligonucleotide coding for
the GYYPT sequence was introduced into
highly variable regions of soybean glycinine
cDNA. This modified glycinin cDNA was
fused to glutelin GluB-1 and 26 kD globulin
promoters, and then introduced into the rice
genome by Agrobaterium-mediated transfor-
mation. It was shown by Northern and
Western blot analyses that the modified
glycinin containing exorphin A5 was highly
expressed in seed and accumulated in seeds.

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 in
microsomes consists of many CYP species
and a few NADPH - cytochrome P450 oxi-
doreductase (reductase) molecules. It was
suggested that many mammalian CYPs had
higher activity than CYPs of plants and indi-
vidual CYP species showed overlapping and
broad substrate specificity. We, in collabora-
tion with BRAIN (Bio-oriented Technology
Research Advancement Institution) and Kobe
University, attempted to obtain rice and
potato plants expressing CYPs of various ori-
gin. The transgenic rice seeds expressing
human CYP2B6 showed tolerance to herbi-
cides with different modes of action and dif-
ferent functional groups. These chemicals
were rapidly metabolized into nonphytotoxic
compounds. Transgenic rice plants co-
expressing three CYPs, CYP1A1, CYP2B6
and CYP2C19, were also selected.  The
plants exhibited remarkable cross-tolerance
toward all the herbicides tested, to which the
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Fig. 2
OsBRI1 gene (kinase domain) - introduced rice.

Transgenic Non-transgenic

Morphologically modifying rice by modulat-
ing the Brassinosteroids receptor

Brassinosteroids (BRs) are natural hor-
mones affecting growth and developmental
processes in plants. It has been demonstrated
that exogenous BRs, alone or in combination
with auxin, enhance bending of the lamina
joint of rice, although little has been known
about their function in rice or other grass
plants. Recently, we have isolated a novel
dwarf mutant, d61, exhibiting a specific
reduction of internodes. Based on the fact
that the locus of d61 was closely linked to the

transgenic rice plants each expressing one
CYP showed tolerance.  In addition, the
transgenic rice plants showed high tolerance
to two combinations of the three herbicides
with different modes of action (quizalofop-
ethyl, metolachlor and norflurazon; mefe-
nacet, thenylchlor and pyributicarb). 

homologous region of BRI1 of Arabidopsis, we
isolated the D61 gene (OsBRI1) which
encodes a putative receptor protein kinase.
OsBRI1 is highly similar to a putative BR
receptor gene of Arabidopsis, BRI1.

To understand the function of the rice BR
receptor, only the kinase domain of OsBRI1
was fused to the rice actin promoter and
introduced to rice (Oryza sativa japonica var.
Dontokoi) through Agrobacterium mediation.
Consequently, more than 90% of the trans-
genic rice plants( 25 out of 27) formed erect
leaves at the early growth stage of the
seedlings (Fig. 2). The length of each intern-
ode was partially and uniformly reduced.
These phenotypes were inherited to the next
generations associated with the cosegrega-
tion of the hygromycin resistance. These
results indicate this kinase domain of
OsBRI1 provides a dominant negative prop-
erty and actively works in the transgenic
plants to suppress the function of wild-type
OsBRI1. This was also supported by the phe-
notypic similarity between the dominant neg-
ative plants and the d61 mutants.  

Transgenic rice harboring the kinase
domain of OsBRI1 will be useful for breeding
new rice varieties with improved grass phe-
notypes. This study was conducted in collabo-
ration with Prof. Matsuoka and Prof. Kitano
at Nagoya University.

Genetic transformation of barley using 
polymerase genes of barley mild mosaic
virus(BaMMV) or barley yellow mosaic
virus(BaYMV)

Fertile transgenic barley plants were
obtained by the biolistic process using poly-
merase genes of barley mild mosaic
virus(BaMMV) or barley yellow mosaic
virus(BaYMV). To produce barley resistant to
BaMMV or BaYMV, the following plasmids
were used to deliver the hpt gene and virus
polymerase genes into immature embryos.
pUC Hyg:hpt, KANB:BaMMV polymerase
gene, KANBH:BaMMV polymerase gene +
hpt, BYNB:BaYMV polymerase gene,
BYNBH: BaYMV polymerase gene + hpt.
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For co-transformations, pUC Hyg and KANB
or BYNB were mixed. In the BaMMV experi-
ment, 20 hygromycin-resistant plants were
obtained and Southern hybridization con-
firmed the presence of the polymerase gene
in 11 plants. In the BaYMV experiment, nine
hygromycin-resistant plants were obtained
and Southern hybridization confirmed the
presence of the polymerase gene in five
plants. All the plants possessing the virus
polymerase genes reached maturity and self-
fertilized mature seeds were obtained.
Transmisson of the polymerase genes of
BaMMV or BaYMV to some progeny(T1) of
several independent T0 plants was confirmed
by Southern hybridization of the PCR prod-
ucts. We plan to screen the T1 plants for
BaMMV or BaYMV resistance.

Assessment of the long-term effects of
transgenic soybean cultivation on the envi-
ronment

The environmental risks posed by geneti-
cally modified plants (GMP) were evaluated
in 4 steps; namely, closed greenhouse, semi-
closed greenhouse, isolated field and open
field tests based on the guidelines of the
Ministry of Education, Culture, Sports,
Science and Technology and the Ministry of
Agriculture, Forestry and Fisheries. To date
no harmful impact of GMP on the environ-
ment has been clearly reported, although
some consumers are concerned about their
adverse effects on the environment, especial-
ly in the case of long-term GMP cultivation.
To clarify the long-term effects on the envi-
ronment, herbicide-resistant soybeans were
grown in the same field for 5 years. In this
experiment, the influence on weeds, number
of soil microbes and secretion of allelochemi-
cal substances into soil was investigated. The
results in this year showed no difference
between the influence of transgenic soybean
and non-transgenic soybean. The experiment
will be continued until 2003.

Regulation of organogenesis and
embryogenesis
Improved regeneration ability in reculcitrant
rice cultivars

A near-isogenic line of Koshihikari with
high regenerative ability that was derived
from an Indica rice cultivar Konansou was
analyzed with 186 RFLP markers. Although
about 80 % of the markers showed the
Koshihikari type, three (distributed around
the centromere of chromosome 1) showed the
Konansou type. One full-length cDNA clone
which was isolated by a differential-display
method expressed specifically in Konansou
and the isogenic lines with high regenerative
ability. Sequence analysis revealed that
Os22A is identical to the EST clones
expressed in Oryza sativa in the endosperm
10 days after anthesis (accession number
BI797481) and in the panicle at the ripening
stage (accession number AU172698).
Expression of Os22A mRNA decreased or dis-
appeared with decreasing regenerative abili-
ty.

High frequency of adventitious shoot regen-
eration from cultured immature embryo of
sorghum

Up to a 100% frequency of plant regenera-
tion was achieved from tissue cultures of
sorghum immature embryos on revised cul-
ture media. Eleven genotypes of sorghum
were examined for potential use in tissue cul-
ture, and an optimization of the tissue cul-
ture system was attempted. The tissue cul-
tures were initiated from immature embryos
taken approximately two weeks after flower-
ing. Plants were regenerated from tissue cul-
tures derived from immature embryos when
the appropriate genotypes were used.
‘C.Kafir’ and ‘PE932 025’ showed the highest
frequency of callus induction and regenerable
callus formation under appropriate culture
conditions (Fig. 3). It appears that the response
of sorghum immature embryos in tissue cul-
ture varies with genotype and that cytokinins
(kinetin or 6-benzyladenine) play an impor-
tant role in the callus induction stage for effi-
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The research objectives of the Institute of
Radiation Breeding are focused on the fol-
lows: 1) the development of new technologies
utilizing radiation for plant breeding, 2) the
creation of plant genetic resources through
mutation induction, and 3) the elucidation of
gene expression mechanisms in plant

Fig. 1
SDS-PAGE analysis of total protein in
brown rice

mutants. The main sources  producing the
mutations are gamma rays of chronic and
acute irradiation, ion beams from He, C, and
Ne sources, chemical mutagens, in vitro tech-
niques such as cell and tissue cultures and so
on.

The Institute consists of three laboratories
and a farm management division: the Lab. of
Mutation Genetics is responsible for genetic
analysis of induced mutants in seed propa-
gated crops: the Lab. of Radiation
Technology, for efficient mutagens such as
gamma rays, ion beams and in vitro tech-
niques: and the Lab. of Radiation Breeding,
for the development of new mutant materials
in perennial crops, especially fruit trees.

The main results in 2001 to 2002 are
described as follows.

A new rice variety "LGC1"
"LGC1" is an intermediate-maturing

nonglutinous rice cultivar developed at the
Institute of Radiation Breeding in 2001.
"LGC1" was bred from the progeny of a cross
between NM67(a low glutelin content mutant

Fig. 2
Plant type of LGC1

nstitute of Radiation BreedingI

cient shoot formation. Plant regeneration
from the callus was efficient in the presence
of cytokinins in the callus culture medium,
followed by regeneration medium devoid of
growth regulators. The addition of proline
and polyvinylpyrrolidone also proved to be
effective in enhancing shoot formation.

Fig. 3
Sorghum calli formed on callus culture medium.
Variety: PE932 025
A: medium containing 2 mg/l 2,4-D
B: medium containing 2 mg/l 2,4-D and 0.5 mg/l kinetin

A B
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of Nihonmasari induced by ethyleneimine )
and Nihonmasari in 1988, to remove the infe-
rior traits of NM67. "LGC1" was registered
as Paddy Rice Norin 372 by the Ministry of
Agriculture, Forest and Fisheries and was
named "LGC1" in 2001. The content of the
major, easy-to-digest seed protein, glutelin, is
reduced to about half in "LGC1", so it can be
used as a low-protein cultivar in practice.
This trait raises the possibility of using
"LGC1" as a dietary food for kidney disease
patients. 

Patients who develop chronic renal failure
before blood dialysis therapy are estimated to
number about five hundred thousand. Diet
therapy for them is based on low protein and
high energy. To achieve a strict diet therapy,
it is necessary to use specially formulated low
protein foods. Hyper-polished rice or starch
rice is the main food to restrict the intake of
protein, but both are very expensive when
compared with ordinary rice. Therefore, rice
cultivars with a genetically low protein con-
tent in the endosperm are required for
dietary cures.

A rice seed protein consists of two major
components, glutelin and prolamin, which
accumulate separately in two different pro-
tein bodies. Glutelin is stored in protein body
type II(PB-II), and prolamin in protein body
type I(PB-I). PB-I is indigestible in the
human body, while PB-II can be easily
digested. The seed protein of "LGC1" is com-
posed of low glutelin and high prolamin.
Therefore, "LGC1" can be used as a low
digestible protein rice in practice, though it
contains nearly the same amount of total pro-
tein in endosperm as the original cultivar.
From the results of clinical testing of "LGC1"
on twenty-three outpatients with chronic
renal failure before receiving blood dialysis in
two hospitals, "LGC1" is a useful and effec-
tive food for a low protein diet in patients
with chronic renal failure, especially, for
those who consume rice as a staple food. 

"LGC1" is originated from Nihonmasari,
which is a high yielding, standard taste culti-
var, compared with Koshihikari, the most

prominent taste cultivar in Japan.
Accordingly, it is not easy for patients to eat
"LGC1" every day for several months. The
patients were given 80% milled rice for four
months after a seven-month-intake of 90%
milled rice. They evaluated the 80% milled
rice to be more acceptable than 90% milled
rice. 

Judging from its maturing, "LGC1" can be
grown in the plains of south western Japan,
and the Chugoku, Kinki, Tokai and Kanto
regions. It is important not to increase the
amount of  nitrogen fertilizer to a "low easy-
to-digest protein rice". Before using "LGC1"
as a dietary food, it is recommended that one
consult a doctor or a dietitian since "LGC1"
may show personal differences in terms of
effectiveness.

Mutation induction and nuclear DNA
variation of sugarcane from in-vitro
shoots irradiated with gamma rays 

Gene, chromosome and genome mutations
are frequently produced by the same event
i.e. ionizing radiation , therefore it is very dif-
ficult in vegetatively propagated plants to
detect type mutations. It is estimated that at
least 90% of radiation-induced mutations
refer to gross deletions (van Harten 1998). In
this study,  the relationship between specific
hairless mutants which lacked 57 group
hairs and their nuclear DNA contents was
investigated.

The in-vitro shoots of the sugarcane culti-
var Ni11, a donor, were irradiated with
gamma rays at dosages of 50 to 200Gy. In
each treatment, the acclimatized vM2 shoots
were grown in the field and hairless mutants
that lacked the 57 hair groups on the outer
surface of leaf sheaths were selected (Fig. 3).

The leaves of hairless mutants and thirty
clones randomly sampled from the population
in each treatment were sampled. A fluores-
cent index (FI) of chopped leaf solutions
stained with DAPI (4'- 6- Diamidino -2-
Phenylindole) was measured by flow cytome-
ter. The relative nuclear DNA content (RDC)
was determined by the formula :(peak mean



Alternaria blotch-resistant mutant of
apple cultivar ‘Indo’ produced by
acute irradiation with gamma-rays and
in vitro selection

Alternaria blotch, one of the most serious
apple diseases in Japan, causes dark brown
or black necrotic spots on apple leaves,
branches and fruit. As a result, abnormal leaf
fall in summer, declining tree vigor, growth
defects in fruit and poor bud formation lead
to a decrease in fruit production and drop in
commercial value. The high cost of spraying
fungicide 10 times or more a year has neces-
sitated the development of commercial culti-
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of sample FI / peak mean of internal stan-
dard FI). The cultivar Badila (n=80) was used
as an internal standard sample. 

The RDC of the donor cultivar Ni11 was
1.44.

Table 1 Mutation induction in sugarcane from in-vitro shoots 
irradiated with gamma ray.

Lethal damage was not observed at the
doses used in this experiment. But the aver-
age RDCs of the irradiated populations
decreased and their standard deviations
increased as the irradiation dose rose (Fig. 4).
The lowest RDC, 1.12 (78% of donor), was
observed in the clone irradiated at 200Gy.

No hairless mutant was observed in the
0Gy population. Rates of hairless mutation
obviously increased as the irradiation dose
rose. Notably, a very high mutation rate was
observed at 200Gy. (Table 1) All the hairless
mutants lacked more than 1.4% of the DNA
of the donor (Fig. 4). The average RDCs of
the hairless mutants decreased and their
standard deviations increased as the irradia-
tion dose rose (Fig. 4).

DNA deletions frequently occurred at
more than 100Gy of irradiation in this exper-
iment. The survival of the plants that accom-
panied huge DNA deletions may result from
the absence of meiotic selection in vegetative-
ly propagated crops and polyploidy such as
the sugarcane. 

All the hairless mutants obtained here
showed a considerable decrease in DNA i.e.
more than a few percent relative to the
donor. These results suggest that the hairless
mutants in this experiment have resulted
from chromosome or genome deletions and
the gene loci of 57 type hair group located on
the chromosome or the genome where the
deletion took place. 

Fig. 3
Hairless mutants of 57 hair group.
Left : mutant, Right : donor

Fig. 4
Frequency distributions of relative nuclear DNA contents
in population and hairless mutants of sugarcane.



vars resistant to the disease.
Alternaria blotch is due to AM toxin pro-

duced by Alternaria alternata apple patho-
types at spore germination. AM toxin is a
host-specific toxin (HST) that induces infec-
tion only in toxin-sensitive cultivars and
plays a critical role as a pathogenic determi-
nant in pathogenic fungi expressing specific
plant disease symptoms (Kohmoto et al.
1977). 

In vitro shoots cultured for 5-6 weeks
were irradiated with gamma rays with a
total exposure of 80 Gy at a dose of 2.5 and
5.0 Gy/h. After irradiation, a single cut shoot
was placed in a 40mm diameter x 120 mm
long test tube containing 30 ml of MS micro-
propagation medium among VM1 - VM3 gener-
ations. After the VM4 generation, single
shoots were cultured in 30mm x 120 mm test
tubes containing 20 ml of MS micropropaga-
tion medium.

We developed an in vitro selection method
that involves repeated propagation of shoots
for eliminated chimeras and repeated selec-
tion of shoots having a weak reaction to AM
toxin. Two leaf disks from each shoot in the
test tube were prepared for screening using
crude AM toxin.

An AM-toxin-insensitive clone was select-
ed in the VM6 generation, irradiated by a
total exposure of 80 Gy at a dose of 5.0 Gy/h.
The selected mutant was rooted and habitu-
ated and grown under field conditions. The
degree of disease resistance was confirmed by
purified AM toxin treatment (Fig. 5) and the
Alternaria blotch fungi spore inoculation test.
A survey of mutants for features other than
resistance to AM toxin showed no marked
difference from the original cultivar Indo in
flower or fruit form (Fig. 6), and the mutant
seeded normally.
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Fig. 6
Fruits bearing shoots of the Alternaria blotch- resistant mutant of apple
cultivar ‘Indo’.

Fig. 5
Response of 10-5M of purified AM toxin on the field grown leaves of
Starking Delicious, Indo, the Alternaria blotch- resistant mutant of Indo,
Fuji and  Tsugaru (Left to right).
Leaves were photographed 72 hours after toxin treatment at 25°C in the
darkness.

This mutant is to be registered as a new
cultivar under the seeds and seedlings law of
Japan after a more detailed investigation of
its characteristics.
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The 6th NIAS/NCMRC/ORCS International Symposium: "Recent Progress in
Blood Formation"

The 6th NIAS/NCMRC/ORCS International Symposium was held on October 12, 2001 at the
National Cancer Center's International Conference Hall in Tokyo. Seven oral presentations (2
from the USA and 5 Japanese) were scheduled; however, the presenters from the USA with-
drew in the wake of the September 11 attacks. The symposium focused on meta-differentiation
of bone marrow stromal cells and interaction with various hematopoietic cells.

International Workshop in Tsukuba: "Current Status and Perspectives in
Cloning and Related Studies"

The "Current Status and Perspectives in Cloning and Related Studies" workshop was held
at the Tsukuba Center for Institutes, Ministry of Education, Culture, Sports, Science and
Technology, Tsukuba, Ibaraki, Japan, from October 15th - 18th, 2001. There were 36 oral and
40 poster presentations and 270 participants, including 32 foreign participants from 16 coun-
tries. This workshop was held as a part of a ten-year Ministry of Agriculture, Forestry and
Fisheries of Japan (MAFF)-sponsored research project called the Biodesign Program, started in
1998.

The somatic cell clone sheep, Dolly, first hit the headlines in 1997. In Japan, more than 260
somatic cell clone cattle, as of 31st October 2001, have been produced for experimental purpos-
es. Biotechnology for livestock production, including somatic cell cloning, will undoubtedly con-
tribute to solving food shortage and environmental problems and will open new fields in life sci-
ences. In this respect, as stated in the title of this workshop, we believe that the papers and
abstracts presented in this workshop give a correct perspective on cloning in animals. We also
sincerely hope that this workshop will mark an important step forward in the development of
biotechnology for livestock production, not to mention life sciences.

NIAS-COE/Insect Factory Research Project Joint International Symposium:
"Prospects for the Development of Insect Factories"

An international symposium, entitled "Prospects for the Development of Insect Factories",
was held on October 22 and 23, 2001 at the International Congress Hall in Tsukuba, to review
and discuss the present status and future prospects of insect factories designed to express and
produce useful proteins. This was a joint event held by the NIAS-COE "Research for Utilization
of Insect Properties" Team and the MAFF research project on "Establishment of technological
systems for producing useful substances using plants, animals, and insects". Sixteen presenta-
tions (4 from overseas and 12 from Japan) were given in the symposium, which was attended

International Meeting

International Meetings and Foreign
Visitors
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by about 200 researchers. Discussions focused on the potential for improvement of the bac-
ulovirus vector system for insect factories, insect cell biology in regard to protein production,
and case studies on the insect factories. Possibilities for the development and utilization of
transgenic insects for insect factories were also discussed. The symposium succeeded in
enhancing interest in the efficiency of the insect factory and creating new links for information
exchange in this area of studies.

NIAS/TBH International Seminar 

The NIAS/TBH International Seminar was held on October 29, 2001 at AFFRC's Tsukuba
office. Professor Keith J. Betteridge (University of Guelph, Canada) gave a lecture entitled
"Perspectives on Embryo Biotechnology: its Origin, Current Uses and Future Prospects." About
65 participants attended this seminar and discussed the historical progress of embryo transfer
and its application to animal breeding and somatic cell clone technology. 

NIAS-COE/BRAIN International Symposium: "Genomic Approaches to
Functional Analysis of Plant Genes"

The NIAS-COE/BRAIN International Symposium was held on November 21-22,2001 at
Tsukuba International Congress Center, Epochal Tsukuba. Fourteen presentations (8 from
overseas and 6 Japanese) were given under the theme of "Genomic Approaches to Functional
Analysis of Plant Genes." Main topics in this symposium are the development of new systemat-
ic methods for functional analysis of plant genes, especially focusing on the utilization of inser-
tional mutagenesis and natural allelic variations. About 200 researchers engaged in lively dis-
cussions on these topics. 

NIAS-COE/BRAIN International Symposium: "New Era of Transcription Factor
Research in Plants"

The NIAS-COE/BRAIN International Symposium entitled "New Era of Transcription Factor
Research in Plants" was held on November 29-30, 2001 at Tsukuba International Congress
Center (Epochal Tsukuba) with approximately 200 participants. Fourteen invited speakers (7
from overseas and 7 Japanese) gave presentations on functional analyses of transcription fac-
tors involved in various regulatory processes. Subjects included the regulation of floral pattern-
ing, flowering time, epidermal cell differentiation, epigenetic control of seed development, hor-
mone responses, hormone biosynthesis, and biotic and abiotic stress responses. In this post-
genome era, complete genome sequences and available resources/tools such as tag lines and
microarrays have greatly accelerated research in transcriptional regulation. Those attending
were impressed by the rapid progress in this field and by the discovery of previously unknown
types of regulation.

The 3rd ORCS International Symposium: "Development of New Structural
Biology Including Hydrogen and Hydration"

The ORCS International Symposium was held annually as one of the events of the ORCS
project (Organized Research Combination System) during the project years. This year we held
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our symposium on December 10-12, 2001 at Epochal International Congress Center, Tsukuba.
The purpose of the symposium was to promote understanding of the new field of structural biol-
ogy 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 are all working at the forefront of scientific research around the world.
Eleven scientists are from abroad, and twelve are working in Japan. The latest data and new
issues in the lectures stimulated very lively and productive question and answer sessions. It
turned out to have been an excellent idea to hold the workshop on the first day. Limits to and
problems with investigating hydrogen and hydration, using neutron diffraction, X-rays, NMR
and computer science techniques were discussed. These were very helpful in assisting greater
understanding of structural biology, including hydrogen and hydration. We also held a two-
hour poster session to promote the symposium. Many animated discussions and individual con-
versations took place in front of the posters.

Rice Genome Meeting 2002: Forum and Workshop

The annual Rice Genome Meeting, which consisted of the Rice Genome Forum X and Rice
Genome Workshop was held on February 6-8, 2002 at the Epochal Tsukuba International
Congress Center. The Rice Genome Forum was aimed at sharing the progress and perspectives
of genome research in plants to both the scientific and non-scientific communities. There were
five major presentations: on silencing genes, centromere analysis, the use of proteomes for
assessment of grain quality, phloem-specific gene expression and stress-related molecular
responses in plants. The Rice Genome Workshop focused principally on genome sequencing and
chromatin dynamics. Representatives from collaborating members of the International Rice
Genome Sequencing Project (IRGSP) presented an overview of the status and progress of their
sequencing efforts in the genome sequencing session with emphasis on chromosomes 1 and 4
which have now been almost completely sequenced. The chromatin dynamics session covered
topics concerned with analysis of centromeres, telomeres, retrotransposons and paramutation.
A poster session on the progress of genome sequencing was also included in the 2-day work-
shop.

Development of 2nd Generation Transgenic Crops: "Development of 2nd
Generation Transgenic Crops" Symposium

The 'Development of 2nd Generation Transgenic Crops' Symposium was held on March 20,
2002 at the Tsukuba Center for Institutes. The purpose of this symposium was to make known
the present status and potential for new types of transgenic crops, the so-called 2nd generation
transgenic crops. Six oral presentations (3 from overseas and 3 Japanese) were given. About 90
participants (5 from overseas) participated in the symposium. Six speakers talked about pre-
sent research and future developments in plant vaccines, production of medical material for
humans and livestock, and modification of the nutrient composition of specifically designed
foods. Oral immunization using transgenic plants has already been developed as a new delivery
vehicle for vaccines. Research into food containing increased iron content or starch synthesis
has been assisted by genetic engineering. It was reported that antigens for human hepatitis
virus and medical materials for livestock can also be produced in transgenic plants. The orga-
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nizers believe that this symposium encouraged many participants, especially young
researchers, to tackle the numerous interesting subjects open for development in the area of
2nd generation transgenic crop research.

The 9th NIAS International Workshop on Genetic Resources: "International col-
laborative research on plant genetic resources under the International Treaty
on Plant Genetic resources for Food and Agriculture"

The 9th NIAS International Workshop on Genetic Resources, entitled "International collabo-
rative research on plant genetic resources under the International Treaty on Plant Genetic
resources for Food and Agriculture" was held on March 27, 2002 at the National Institute of
Agrobiological Sciences. Three keynote addresses and six presentations, including one from the
International Plant Genetic Resources Institute and one from the Rural Development Agency of
Korea, were given on the subject of "Facilitated access and benefit sharing under the new
treaty on plant genetic resources". About 70 participants, including eight from overseas, attend-
ed the Workshop. Since the International Treaty was adopted at the General Meeting of the
FAO last November, a new scheme for facilitating access to plant genetic resources for food and
agriculture and the fair and equitable sharing of benefits accruing thereof is being established.
Various kinds of perspectives on the potential for future collaborative research on plant genetic
resources in the light of the new scheme were presented by researchers from international
research organizations, universities, private seed companies, prefectural governments and
Independent Administrative Agencies. The organizing committee believes that this workshop
afforded an excellent opportunity to better understand the present state of plant genetic
resources and establish a new collaborative research program in future.
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4 Apr. : Dr.Julio Argentino Salek Mery

Vice Rector,Gabriel Rene Moreno Autonomous University, (Bolivia)

6 Apr : Dr.Tomas G. Hernandes Alberto

Director General,  Dominican Agricultural Institute, (Dominican Republic)

18 May : Dr.William G. Padolina

Deputy Director for Partnerships,  International Rice Research Institute, (Philippines)

5 Jun. : Dr.Ren Wang

Deputy Director General for Research,International Rice Research Institute, (Philippines)

12 Jul. : Dr.Mohammad Na'iem

Director, Forest Biotechnology and Tree Improvement Research and Development Centre,

(Indonesia)

17 Aug. : Dr.Francisco J.B. Reifschneider

Director,Consultative Group on International Agricultural Research, (U.S.A)

29 Aug. : Mr.M.Mahadev

Hon'ble Minister,Sericulture & Textiles, Government of Karnataka, (Indea)

13 Sep. : Dr. Le Minh Sat

Vice Director, Ministry of Science Technology and Environment, Depertment for

International Relations,  (Viet Nam)

26 Oct. : Prof. Fisinin Vladimir Ivanovich

General Director,Poultry Breeding Company "Plemptitsa", (Russian Federation)

28 Nov. : Mr.Law. Hieng Ding

Ministry, Science, Technology and the Environment, (Malaysia)

4 Dec. : Ms.Daisy P. Avance-Fuentes

Governor, Provinoe of South Cotabato, (Philippines)

29 Mar. : Mr.Dang Vu Binh

Rector, Hanoi Agricultural University, (Viet Nam)

Main Foreign Visitors to NIAS
(April 2001-March 2002)



Executive Members and
Research Staff Members

Annual Report 2002   137

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 Division

Genome Research Department

Plant Genome Laboratory

Animal Genome Laboratory

Director

Director

Senior Research Coordinator 

Research Coordinator

Research Coordinator

Head

Head

Head

Head

Head

Head

Head

Director

Director

Research Leader

Head

Head

Chikayoshi Kitamura 

(Taro Obata, ～March 31, 2002.)

Hiroshi Shinbo

(Chikayoshi Kitamura, ～March 31, 2002.)

Hiroyuki Abe 

Taiichi Ogawa

Kazuhiko Sugimoto

Shinichiro Watanabe

Kazuo Hirai 

Makoto Kiuchi

(Kenjiro Kawasaki, ～March 31, 2002.) 

Hiroaki Machii 

Akira Shirata 

Masao Kato 

Kaoru Hanada 

Masafumi Ogawa 

Tsuneo Imai 

Toshiaki Kayano

Yasuhiro Hirogari

Minoru Nozaki 

Ikuo Kawauchi

(Sueo Enomoto, ～March 31, 2002.) 

Masao Kawakatsu 

Taro Obata

(Hiroaki Yanagawa, ～March 31, 2002.) 

Takuji Sasaki 

Hiroshi Yasue 

Takashi Matsumoto

Yuichi Katayose 

Hiroshi Mizuno 

Takashi Awata 

Takeshi Hayashi 

(Eiji Kobayashi, ～March 31, 2002.) 

Noriyuki Hamajima 

Satoshi Mikawa 

Hirohide Uenishi 

President

Vice President

Vice President

Auditor

Auditor

Masaki Iwabuchi

(Naoki Katsura, ～August 31, 2002.)

Hajime Inoue 

Kosuke Nakajima 

Yoshiko Motoi 

Yoshiro Tatemichi 

Executive Members

Research Staff Members

(as of October 1, 2002)
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Insect Genome Laboratory

Bioinformatics Laboratory

DNA Bank
Genetic Diversity Department

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

Head

Head

Head

Director

Research Leader

Research Leader

Research Leader

Head

Head

Head

Head

Director

Research Leader

Research Leader

Research Leader

Head

Head

Director

Research Leader

Head

Kazuei Mita 

Keiko Kadono 

Yuji Yasukochi 

Kimiko Yamamoto

(Katsumi Sakata, ～March 31, 2002.) 

Koutaro Baba

Hisataka Numa 

Yoshiaki Nagamura 

Junichi Kurisaki 

Junji Hashimoto 

Masao Iwamoto

Hisatoshi Kaku 

Masamichi Umehara 

Koichi Kadowaki 

Shigeki Nakayama 

Tomotaro Nishikawa 

Takayuki Aoki 

Hirokazu Ochiai 

Duncan Alexander Vaughan

Norihiko Tomooka 

Akito Kaga 

Hiroyuki Kaneko 

Junko Noguchi 

Kazuhiro Kikuchi 

Nagao Hayashi 

Masamitsu Tomiyama 

Hiroko Kitamoto 

Marie Nishimura 

Masaya Ishikawa 

Takao Komatsuda 

Masahiro Sato 

Masaru Takeya 

Shoji Miyazaki 

Kazuto Shirata 

Tsukasa Nagamine

(Masao Okawa, ～July 31, 2002.) 

(Kiyoyuki Miura, ～July 31, 2002.) 

Takuro Ishii 

Kaoru Ebana 

Shuichi Fukuoka

Youichiro Kojima 

Toyozo Sato 

Toshiro Nagai 

Mitsuo Horita 

Kasumi Takeuchi 

Mitsuru Minezawa 

Hideaki Takahashi 

Masae Kawada 

Yoshiaki Izaike 

Hiroshi Furutachi 

Maroko Myohara 
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Development and Differentiation Laboratory

Animal Genetic Engineering Laboratory

Embryonic Technology Laboratory

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

Head

Head

Head

Head

Head

Director

Research Leader

Head

Head

Head

Director

Research Leader

Research Leader

Head

Head

Head

Head

Yusuke Kato 

Hajime Nakao 

Masatsugu Hatakeyama 

Tomoyuki Tokunaga 

Tadashi Furusawa 

(Misa Hosoe, ～September 30, 2002.) 

Mitsuru Naito 

Yuko Matsubara 

Takashi Harumi 

Takashi Nagai 

Akira Onishi 

Satoshi Watanabe 

Daiichiro Fuchimoto 

Shunichi Suzuki 

Takahiro Shiotsuki

(Makoto Kiuchi, ～March 31, 2002.) 

Yoshiaki Tanaka 

Manabu Kamimura 

Ken Tateishi

Sachiko Shimura 

Kazuyoshi Hashizume 

Toru Takahashi 

Kei Imai 

Kenji Sekikawa 

Michiharu Sakurai 

Hiroshi Kitani 

Noriko Tsuji 

Minoru Yamakawa 

Jun Ishibashi 

Hiromitsu Tanaka 

Hideo Goto 

Junichi Suto 

Yukiko Matsumoto

Kenjiro Kawasaki 

(Hiroshi Shinbo, ～March 31, 2002.) 

Yoshio Hirai 

Jun Inouchi 

Seiji Tanaka 

Takashi Okuda 

Toyomi Kotaki 

Masahiko Watanabe 

Masatoshi Nakamura 

Chikara Hirayama 

Takahiro Kikawada 

Kiyoshi Asaoka 

Hisashi Inoue 

Akio Ichikawa 

Mami Kihara 

Sadao Wakamura 

Tetsuya Yasuda 
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Animal Gene Function Laboratory

Animal Cell Biology Laboratory

Animal Neurophysiology Laboratory

Animal Neuroendocrinology Laboratory

Insect Genetics and Evolution Department

Insect-Plant Interactions Laboratory

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

Head

Head

Head

Head

Director

Head

Head

Head

Head

Head

Head

Director

Research Leader

Head

Head

Head

Toshiharu Akino 

Hiroe Yasui 

Tadayoshi Mitsuhashi 

Misaki Kojima 

Yoshiyasu Ito 

Toshiaki Takezawa  

Takato Takenouchi 

Norikazu Miyashita 

Toshiyuki Saito 

Etsuko Kasuya 

Ryosuke Sakumoto 

Hiroaki Okamura 

Satoshi Okura 

(Kazunori Matsumoto, ～March 31, 2002.) 

Mamoru Sato

(Masahisa Miyazaki, ～March 31, 2002.) 

Makoto Hattori 

Koutaro Konno 

Yasumori Tamura 

Takashi Noda 

Norihide Hinomoto

Taro Maeda 

Hiroaki Noda 

Hirofumi Watanabe 

Nobuhiko Nakasima 

Kenji Watanabe 

Kazuhisa Miyamoto 

Wataru Mitsuhahi 

Sanae Wada 

Ritsuko Murakami 

Eiichi Kosegawa 

Masahiko Hirokawa 

Kenichiro Tatematsu 

Kenichi Nagayasu 

Kenji Yukuhiro 

Masahiko Muraji 

Shuichiro Tomita 

Tuyoshi Hasegawa 

Natsuo Komoto 

Satoshi Takeda 

Masuhiro Tsukada 

Kozo Tsubouchi 

Yoshiyuki Toshima 

Tamako Hata 

Yoko Takasu 

Atsunobu Haga 

Mitsuhiro Miyazawa

Yasushi Tamada 

Toru Kobayashi 

Yoko Goto 

Yoshihiko Kuwana 
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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

Sericultural Science Laboratory

Molecular Genetics Department

Functional Genomics Laboratory

Applied Genomics Laboratory

Epigenetics Laboratory

Gene Expression Laboratory

Gene Regulation Laboratory

Biochemistry Department

Crystallography Laboratory

Director

Research Leader

Research Leader

Research Leader

Research Leader

Research Leader

Research Leader

Head

Head

Head

Head

Head

Head

Director

Research Leader

Head

Head

Head

Head

Director

Research Leader

Head

Teruo Nishide 

Hiroshi Kato 

Shoji Hayasaka 

Wajiro Hara

Haruo Kinoshita

Takahisa Ichihashi 

(Teruo Okajima, ～March 31, 2002.)

Shigeo Imanishi 

Kiyoko Taniai 

Gaku Akizuki 

Toshiki Tamura 

Naoyuki Yonemura 

Masami Shimoda 

Masanobu Oura 

Akio Koyama

Toru Arakawa 

Yoshiko Magoshi 

Masahiro Obo 

Chiyuki Takabayashi 

Kenichi Nakajima 

Hidetoshi Teramoto 

Toshio Yamamoto 

Keisuke Mase 

Eiji Okada 

Kuniaki Fukui 

Tetsuya Iizuka 

Kenichi Higo 

(Yuko Ohashi, ～March 31, 2002.) 

Hirohiko Hirochika 

Kiyoshi Hagiwara 

Akio Miyao 

Muneo Yamazaki 

Masahiro Yano 

Takeshi Izawa 

Tadamasa Ueda 

Shinichi Yamamoto 

Hisato Okuizumi 

Atsuko Mochizuki 

Shoshi Kikuchi 

Masaki Mori 

Naoki Kishimoto 

Setsuko Komatsu 

(Takayoshi Iwai, ～March 31, 2002.) 

Manabu Yoshikawa 

Mikihiko Kobayashi

(Naoto Shibuya, ～March 31, 2002.) 

Jun Magoshi

Hiroshi Mizuno 

Kenji Takase 

Mitsuru Momma 
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Biophysics Laboratory

Glycobiology Laboratory

Membrane Biology Laboratory

Plant Physiology Department

Photosynthesis Laboratory

Carbon Metabolism Laboratory

Developmental Biology Laboratory

Environmental Physiology Laboratory

Disease Physiology Laboratory

Nitrogen Fixation Laboratory

Plant Biotechnology Department

Gene Design Laboratory

Plant Gene Engineering Laboratory

Plant Cell Engineering Laboratory

Molecular Breeding Laboratory

Head

Head

Director

Research Leader

Research Leader

Head

Head

Head

Head

Head

Director

Research Leader

Head

Head

Head

Head

Zui Fujimoto 

Toshiyuki Wako 

Toshimasa Yamazaki 

Etsuko Kato 

Miki Maeda 

Eiichi Minami 

Hanae Kaku 

Chiharu Akimoto 

Shoji Shimomura 

Hideyuki Kajiwara 

Fumio Taguchi 

Kiyotaka Miyashita

(Shoichiro Akao, ～March 31, 2002.) 

Shinji Kawasaki

Yoshiyuki Tanaka

Atsunori Fukuda

Mitsue Tokutomi 

Hiromi Kano 

Noritoshi Inagaki 

Hiroshi Fukayama 

Osamu Ueno 

Ken Ishimaru 

Sakiko Takahashi 

Hiroshi Takatsuji 

Shoji Sugano 

Akiko Baba

Chang-Jie Jiang 

Makoto Takano 

Tetsuo Takeichi 

Yoshiaki Yazaki 

Seiichiro Kiyota 

Ichiro Mitsuharai 

Shigemi Seo 

Hiroshi Kochi 

Yasuji Nakayama 

Yosuke Umehara 

Seibi Oka

(Kiyoharu Oho, ～March 31, 2002.) 

(Katsuhiro Sakano, ～March 31, 2002.) 

Kenzo Miyahara

Hiroaki Ichikawa 

Yoko Nishizawa 

Fumio Takaiwa 

Seiichi Toki 

Yasushi Kawagoe 

Yutaka Tabei 

Takashi Hagio 

Yoshiki Habu 

Hiroshi Tanaka 

Yasunori Koga 

Yuko Otake 
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Biosystems Laboratory

Institute of Radiation Breeding
Mutation Genetics Laboratory

Radiation Technology Laboratory

Mutation Breeding Laboratory

Head

Director

Head

Head

Head

Hirokazu Handa 

Hiroyuki Kawahigashi 

Shigeki Nagatomi 

Minoru Nishimura 

Toshiya Takano 

Makoto Kusaba 

Toshikazu Morishita 

Konosuke Degi 

Hiroyasu Yamaguchi 

Yuji Ito 

Toshio Takyu 

Hiroaki Yamanouchi 

Motoya Katsuki Okazaki National Research Institutes

Kenji Kiguchi Shinshu University

Noriko Kimoto Journalist

Yasuhiko Nakamura Journalist

Yoshiyuki Sakaki The University of Tokyo

Kazuyoshi Takeda Okayama University

Hirofumi Uchimiya The University of Tokyo

Ryu Ueda Mitsubishi Kagaku Institute of Life Sciences
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millions of yen

TOTAL BUDGET 14,942

OPERATING COST 5,989

Personnel (439)* 4,362

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

AdministratorsⅠ(102)**
AdministratorsⅡ(45)***
Researchers (287)

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

Administrative cost 1,627

RESEARCH PROMOTION COST 8,953

Research Grant from MAFF 2,131
Entrusted Research Expenses from MAFF 5,025
Entrusted Research Expenses from MEXT 676
Entrusted Research Expenses from others 1,121

Financial Overview
Fiscal Year 2001 (April 2001- March 2002)



Transportation
From Tokyo : Take the JR Joban Line from Ueno Station and get off at Ushiku Station. From the West Exit, take the Kantetsu

Bus bound for Yatabe-shako, Tsukuba-Daigaku-Chuo, or Seibutsu-Ken-Ohwashi-Campus and get off at Norin-Danchi-

Chuo. Alternatively, from Yaesu-South Gate at Tokyo Station, take an Highway Bus bound for Tsukuba-san and get off

at Norin-Danchi-Chuo.

From Tokyo International Airport (Narita) : Take the Kanto-Tetsudo Bus bound for Tsuchiura via Tsukuba Center, and get off

at Tsukuba Center and take a taxi.

Location : How to access to our National Institute 
of Agrobiological Sciences (NIAS)

●Headquarter Area
2-1-2 Kannondai, Tsukuba, Ibaraki, 305-8602, Japan
TEL: +81-29-838-7406 FAX: +81-29-838-7408
http://www.nias.affrc.go.jp/

●Ohwashi Area
1-2 Ohwashi, Tsukuba, Ibaraki, 305-8634, Japan
TEL: +81-29-838-6026

NIAS Institution outside Tsukuba
●Ohmiya (Inst. Radiation Breeding)

2425, Kamimurata, Ohmiya, Ibaraki, 319-2293, Japan
TEL: +81-295-52-1138
●Matsumoto (Sericultual Science Lab.)

1-10-1 Agata, Matsumoto, Nagano, 390-0812, Japan
TEL: +81-263-32-0549

●Okaya (New Silk Materials Lab.)
1-4-8 Gouda, Okaya, Nagano, 394-0021,Japan
TEL: +81-266-22-3664
●Kobuchizawa (Insert Genetics Lab.)

6585 Kobuchizawa, Yamanashi, 408-0044, Japan
TEL: +81-551-36-2046
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