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Message from our president

　　　　　　　　　　　　　Teruo Ishige, President

The National Institute of Agrobiological Sciences (NIAS), which is the largest agricultural research institute 
of basic life science in Japan, was established on 1 April 2001 as an independent administrative institution of the 
Ministry of Agriculture, Forestry, and Fisheries and a center for basic studies to develop innovative agricultural 
biotechnologies and new bioindustries.

The Second Five-year Plan started on 1 April 2006. During the next five years, the Institute will advance 
the technologies developed in the First Five-year Plan. These include sequencing of the entire rice genome; 
sequencing of the silkworm genome and recombination of livestock and silkworm genes; and bioscience 
research that will help improve human nutrition and promote the creation of new bioindustries.

In the Second Five-year Plan, the Institute will focus on: (1) improvement, diversity and utility of 
agrobiological resources - we will utilize resources that we have built up in the course of research on the 
genes of rice, silkworms, and pigs and will secure other genetic resources; (2) research on, and development 
of, innovative agricultural technologies using biological and genome information - we will study organisms 
with a view to their ability to adapt to their environments, differentiate, and interact with other organisms; 
and (3) research and development aimed at creating new biotechnology-based industries - we will develop 
biotechnologies to produce useful materials, such as silk-based products that can be used in everyday items and 
in medical practice.

There is an urgent need to develop technologies in these three subject areas, because each of them is 
important and is expected to contribute greatly to society. The Institute will make further efforts to maximize 
the benefits of biotechnology.

One of the major biotechnologies in which the Institute is involved is the recombination of genes in crops, 
insects (silkworms), and animals. This technology is based on fundamental principles related to the building 
blocks of life in which DNA provides the templates for building amino acids into proteins. The principles are 
essentially the same as those on which conventional breeding technologies and successes are based.

Gene recombination and other biotechnologies are developing rapidly; however, their high level of 
sophistication may make them difficult for the general public to understand. In addition, the media is now 
reporting on the potential risks of using biotechnology. Since the development of basic gene recombination 
technologies in the 1970s, these technologies have been used to develop a number of drugs to help patients 
with diseases such as diabetes, and to improve human health. Agricultural plants developed using these new 
technologies are now widely cultivated in many countries and are consumed in Japan and elsewhere in foods for 
humans and in animal feeds. Because due consideration has been given to securing safety in both the research 
and development of gene-recombination technology and its application, few concerns have arisen in regard to its 
influence on the environment and the safety of its use in food production.

Biotechnologies have great potential, and there is fierce global competition to lead in these fields. Gene-
recombination technology is spreading widely because it provides opportunities to make use of scientific 
discoveries in many areas of biology. Advanced biotechnologies are indispensable in helping to solve problems 
in the areas of global food supply, the environment, and medicine. We believe that biotechnology research will 
contribute to the well-being of the human race. Thus there is a need for the public to gain an understanding of 
the importance of the wise use of biotechnology for the future good of humankind.

As part of the Second Five-year Plan, all the staff at NIAS are determined to make a concerted effort to 
achieve more great results like the sequencing of the entire rice genome achieved under the First Five-year 
Plan. We thank all of those involved for their cooperation, and we look forward to your continued support, 
understanding, and collaboration.
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Commentary from our English proofreader

　　　　　　　　　　　　　Burle Gengenbach, Emeritus Professor
　　　　　　　　　　　　　Department of Agronomy and Plant Genetics
　　　　　　　　　　　　　University of Minnesota

Over the past year, I have had the privilege of reading and reviewing a number of reports, documents and 
manuscripts published by researchers and administrators of NIAS. I had first become aware of the Institute in 
1983 when Dr. Teruo Ishige contacted me about the possibility of him coming to my laboratory at the University 
of Minnesota as a visiting scientist for one year. After he returned to the Institute, I was able to make a short visit 
in November 1984 and to see some of the Institute’s plant genetics and biotechnology research projects. At that 
time, it was clear that Institute researchers were developing the capacity for significant contributions to these 
areas of the agricultural sciences.

My connections with the Institute were renewed in 2005 when Dr. Ishige [now President of the Institute] 
visited the University of Minnesota to arrange research collaborations between the Institute and the University. 
In October 2006 I was privileged to again visit the Institute and become acquainted with the broad spectrum 
of research areas included within the Institute. That visit and my subsequent reading and editing of Institute 
documents have reinforced my deep appreciation for the scope and depth of the research mission of the 
Institute. 

This Annual Report highlights many of the most recent research accomplishments conducted by Institute 
scientists and, in many cases, illustrates the international leadership the Institute provides to interdisciplinary, 
multinational research projects. Not only is the Institute contributing basic scientific discoveries, these 
discoveries are also being applied to increasing the world’s food supply, to new and more healthful foods 
and products, and to new biotechnological solutions that address ongoing, perplexing problems confronting 
modern agriculture and preservation of the environment. The citizens of Japan and the international scientific 
community should be pleased and proud that the Institute is contributing in such a significant way to the 
wellbeing of humankind.



Summary of the Second Five-year Plan
　　NIAS aims to create new industries that will dramatically increase agricultural productivity, create 
new demands for agricultural products, and open up new possibilities in the agricultural, forestry, and 
fisheries industries. Under the First Five-year Plan, we succeeded in obtaining world-leading results, such 
as the sequencing of the entire rice genome, the sequencing of the outline of the silkworm genome, the 
advancement of gene-recombination technology, and the production of genetically engineered pigs.
　　During the five years beginning in 2006, the Institute aims to make a leap forward in both basic and 
pioneering research and technological development, mainly in the field of biotechnology. To this end, we 
are establishing four research centers that will place emphases on basis research, plant science, animal 
science, and entomological science.

A　Development, refinement and utilization of agro-bioresources
　(1) Enhancement and utilization of rice germplasm potential based on genomics approaches
　(2) Development and utilization of genome resources from Oryza and Gramineae crops
　(3) Development of insect genomic resources and its application
　(4) Development and utilization of swine genome resource
　(5) Establishment of a bioinformatics research basis for comparative analysis between species
　(6) Collection, evaluation, multiplication, preservation and distribution of genetic resources
　(7) Development of mutant lines and varieties with new agronomically useful characteristics by 

radiation breeding

B　Research and development of innovative agricultural production 
technology based on genomics and physiology

1) Research on environmental adaptation mechanisms in rice and their application
　(1) Research on environmental stress mechanisms in rice and their application
　(2) Research on responses to environmental light signals in rice and their application
　(3) Research on disease resistance mechanisms in rice and their application
2) Analysis of adaptation mechanism to environmental condition in insect and 

development of insect control technique
　(1) Search and analysis of invertebrate gene function for development of pesticides
　(2) Elucidation of desiccation tolerance mechanism in insects and its application
　(3) Analysis of insect defense mechanism and its application
3) Reproductive and neurobiological research in the livestock
　(1) Research of reproductive biology for gamete, placenta and stem cell
　(2) Neurobiological research in the control mechanism of instinctive behavior and endocrine system
4) Research on the interactions between living organisms and development of their 

regulation techniques
　(1) Research on the plant-microbe interactions
　(2) Analysis of insect-insect and insect-plant interactions and its application
　(3) Functional analyses of insect-microbe interaction and their application
5) Research on protein structures and functions by structural and analytical biology
　(1) Research on protein structures and functions by X-ray crystallography, NMR and MS spectroscopy

C　Research for creation of new bio-industries by biotechnology
1) Biotechnologies for production of safe and valuable products
　(1) Development of transgenic technology for ensuring agricultural and environmental safety and for 

producing valuable products
　(2) Development of health-promoting transgenic crops through research on high accumulation system 

of valuable products
　(3) Development of technology for the production of useful materials using transgenic insect
　(4) Development of transgenic animal models for protein production and medical application
2) Development of materials for life and medical use by silk-technology
　(1) Development of medical materials by use of silk proteins
　(2) Development of the various silk materials for lives utilizing new silk functions

Staff　　Number of Employees (As of March 2007)
　　　　　　Researchers　　　　　　　　　 264　　　　　　　Contract workers (Part time)
　　　　　　Administrative staff　　　　　　  129　　　　　　　　　　　　　478
　　　　　　Total number of employees　　　393　　　　　　　　including 99 post-doc researchers
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The inter nat ional col laborat ive ef for t 
completed the genome sequencing of Asian 
cultivated rice, Oryza sativa cv.-gr. Japonica cv. 
Nipponbare in 2004. At that time, it was still a 
challenge to decipher all of the genes in the 
genome so that the genomic information would 
be fully utilized in further experimental studies. 
The process of assignment of gene positions and 
functions is called annotation. To understand 
biological roles of a DNA/protein sequence, 
annotation is currently recognized as a crucial 
step. With this in mind, we decided to organize 
a new international group for genome-wide 
annotation of rice, the Rice Annotation Project 
(RAP), which was composed of 35 institutions.

While gene predictions are ef ficient in 

prokar yotic genomes, complex exon-intron 
structures hamper computational predictions 
of genes in higher eukaryotes. Therefore, full-
length cDNAs (FLcDNAs) are thought to give 
strong evidence of genes in these species. We 
compared the rice FLcDNAs and ESTs with 
the genome sequences and could determine 
29,550 loci. However, there should be loci 
for which cDNAs are missing in the current 
clone libraries. By using the cDNAs and gene 
predictions, we estimated the number of rice 
genes to be ~32,000. The average length of rice 
transcripts was longer than that of Arabidopsis 
(Arabidopsis thaliana) (Table 1).  This was 
mainly because transposable elements were 
enriched in non-coding regions of the rice 

Topics of Research in This Year

Genome annotation of Oryza sativa cv.-gr. Japonica 
cv. Nipponbare

Takeshi ITOH, Tsuyoshi TANAKA, Hiroaki SAKAI
and Hisataka NUMA
Bioinformatics Research Unit

Table 1　Comparison of O. sativa and A. thaliana transcripts

O. sativa A. thaliana
with mRNAs Predictions with mRNAs

Number of exons 106,447 33,937 101,396
Mean exon number 5.19 4.89 5.40 
Number of single exon loci 4,473 (21.8%) 1,235 (17.8%) 3,583 (19.1%)
Mean exon length (bp) 333 292 263
Mean first exon length (bp) 412 379 323
Mean internal exon length (bp) 177 207 159
Mean last exon length (bp) 648 363 476
Mean intron length (bp) 423 490 168
Mean mRNA length (bp) 1,728 1,428 1,428
Mean pre-mRNA length (bp) 3,501 3,334 2,160
Exon coverage of the genome 35.4 Mbp 9.9 Mbp 26.8 Mbp
Transcribed genomic regions 71.8 Mbp 23.1 Mbp 40.5 Mbp
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genome, so that introns and untranslated 
regions were longer in rice than in Arabidopsis.

To annotate the genes of the rice genome, a 
jamboree-style annotation meeting was held in 
Japan and all of the functional descriptions were 
curated by experts. Since automated methods 
inevitably produce erroneous annotations, 
curation of computational analysis is essential 
before public release of a database. As a result, 
we could assign functions of 19,969 (70.0%) 
of 28,540 probable protein-coding loci. In 
addition, 131 convincing candidates of non-
coding RNA genes were found. For details of the 
annotations, see http://rapdb.dna.affrc.go.jp/.  
Our comparison of the gene sets between rice 

and Arabidopsis suggested that over half of the 
genes were highly conserved during evolution, 
but each species possessed thousands of 
species-specific genes (Fig. 1). These unique 
genes might be related to characteristics of the 
species that led to their evolutionary differences.

A complete genome sequence is a basis to 
understand the whole biological process of a 
species. We expect that our curated genome 
annotation will contribute to future functional 
analyses of rice. Furthermore, the annotation 
information presented in this study will be an 
important resource for genomics of rice cultivars 
as well as other cereals such as wheat and 
barley.

Fig. 1　Comparison of the gene sets between rice and Arabidopsis
The protein sequences of the genes were searched against UniProtKB. The proteins were classified by level of sequence 
conservation.
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Increased seed production has been a 
common goal during the domestication of cereal 
crops, and early cultivators of barley (Hordeum 
vulgare ssp. vulgare) selected a phenotype with a 
six-rowed spike that stably produced three times 
the usual grain number during domestication 
(Fig. 1A-C). This improved yield established 
barley as a founder crop for the Near Eastern 
Neolithic civilization. The barley spike has 
one central and two lateral spikelets at each 

rachis node (Fig. 1). The wild-type progenitor 
(H. vulgare ssp. spontaneum) has a two-rowed 
phenotype, with additional, strictly rudimentary, 
lateral rows (Fig. 1A); this natural adaptation is 
advantageous for seed dispersal after shattering. 
Until recently, the origin of the six-rowed 
phenotype remained unknown. In the present 
study, we isolated vrs1 (six-rowed spike 1), the 
gene responsible for the six-rowed spike in 
barley, by means of positional cloning (Fig. 1D). 

Molecular cloning of the six-rowed spike gene vrs1
that triplicates seed number per spike in barley

Takao KOMATSUDA
Plant Genome Research Unit

Fig. 1　Map-based cloning of barley six-rowed spike gene vrs1
(A) Wild barley ssp. spontaneum. (B) Two-rowed cultivar; sterile lateral spikelets (C) Six-rowed cultivar; fully fertile and 
awned lateral spikelets. (D) High-resolution linkage map and physical map of vrs1 in chromosome 2H. 
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The wild-type Vrs1 allele (for two-rowed barley) 
encodes a transcription factor that includes a 
homeodomain with a closely linked leucine 
zipper motif (HD-ZIP) (Fig. 2A). Expression of 
Vrs1 was strictly localized in the lateral-spikelet 
primordia of immature spikes, suggesting that 
the VRS1 protein suppresses development of 
the lateral rows (Fig. 2B,C). Loss of function 
of Vrs1 resulted in complete conversion of the 
rudimentar y lateral spikelets in two-rowed 
barley into fully developed fertile spikelets in the 
six-rowed barley (Fig. 2A). Phylogenetic analysis 
demonstrated that the six-rowed phenotype 

originated repeatedly, at different times and in 
different regions (Fig. 3A), through independent 
mutations of Vrs1 (Fig. 3B).

Reference
T. Komatsuda, M. Pourkheirandish, C. He, 

P. Azhaguvel, H. Kanamori, D. Perovic, N. Stein, 
A. Graner, T. Wicker, A. Tagiri, U. Lundqvist, T. 
Fujimura, M. Matsuoka, T. Matsumoto, and M. 
Yano (2007) Six-rowed barley originated from 
a mutation in a homeodomain-leucine zipper I–
class homeobox gene. Proc Natl Acad Sci U S A 
104: 1424-1429.

Fig. 2　(A) Lesions at Vrs1 detected in 48 mutants allelic to vrs1
Arrows pointing down indicate amino acid substitutions, arrows pointing up with a solid line indicate new stop codons, 
and the 3 arrows pointing up with a dotted line indicate single nucleotide substitutions in the introns with a changed 
splicing. The arrowheads and horizontal broken lines indicate deletions, where 5 mutants have a partial deletion and 7 
mutants have a complete deletion of Vrs1. 
(B, C) RNA in situ hybridization analysis of Vrs1 at triple-mound stage (B) and glume primordium stage (C) in 
immature inflorescences
Red arrowheads indicate lateral spikelet primordia, and black arrowheads indicate central spikelet primordia. Scale bars: 
100 μm.
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Fig. 3　Molecular events occurred in six-rowed barley
(A) Phylogenetic tree of Vrs1 alleles illustrating the three independent origins of six-rowed barley. Three wild barley lines 
(“OUH” identifiers) are considered as outgroups.
(B) Haplotype analysis of the Vrs1 region in two- and six-rowed cultivars.
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An SNP caused loss of seed shattering
during rice domestication

Takeshi IZAWA, Saeko KONISHI*, Masahiro YANO＄

Plant Genome Research Unit & Photobiology and Photosynthesis 
Research Unit, ＊STAFF Institute, ＄QTL Genome Breeding Center

Rice (Or yza sativa) is a staple food for 
human beings and it is believed that rice 
was domest ica ted ar ound ten thousand 
years ago. It was long assumed that a single 
m a j o r d o m e s t i c a t i o n p r o c e s s o c c u r r e d 
which produced a subspecies of rice and that 
subsequent ar tificial selection upon existing 
variation resulted in rice cultivar groups such 
as Indica, Tropical Japonica, and Temperate 
Japonica. Recent genome analysis revealed that 
this assumption might be wrong because an 
Indica cultivar ‘93-11’ and a Japonica cultivar 
‘Nipponbare’ became diversified about 0.2~0.4 
mil l ion years ago based on phylogenetic 
analyses of retrotransposon distribution. 
Therefore, several independent domestication 
processes may have occurred to make the 
diversity of these subspecies in rice. However, 
it is not well understood how the domestication 
process took place at the molecular level.

Here, we first performed QTL (quantitative 
trait locus) analysis for the seed shattering 
trait, one of the  domestication traits, between 
an Indica cultivar (Kasalath) and a Japonica 
cultivar (Nipponbare) (Fig. 1) and detected five 
QTL loci involved in seed shattering. We next 
cloned a major gene termed qSH1 (QTL of seed 
shattering in chromosome 1). qSH1 encodes a 
Bell-type homeobox transcription factor which 
is an ortholog of REPLUMLESS (RPL) gene in 
Arabidopsis thaliana. RPL was reported to be 
involved in formation of the abscission layer 
in A. thaliana fruit. Indeed, a nearly isogenic 
line, NIL(qSH1), containing a Kasalath genome 
fragment corresponding to the qSH1 region, 
restored formation of the separation layer at 

the bottom of rice grains which shattered easily 
(Fig. 2). These results indicate that qSH1 is 
required for the abscission layer formation in 
rice and, thus, revealed that an evolutionarily 
conserved molecular mechanism is involved in 
the separation layer formation regardless of the 
botanical origin of the layers.

Fig. 1　Seed shattering habits of rice panicles 
(left) and chromosomal locations of QTLs for seed 
shattering degree (right)

Fig. 2　Left: Photo of a rice grain
White box indicates position of abscission layer formation.  
Middle and right: Longitudinal sections of positions 
corresponding to white box
The corresponding region of Nipponbare (middle) and the 
completed abscission layer of NIL (qSH1) (right).

1 2 3 4 5 6 7 8 9 10 11 12
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Fine mapping of qSH1 also led us to identify 
a single nucleotide polymorphism (SNP) which 
caused the loss of seed shattering. in situ 
expression analysis of qSH1 mRNA (Fig. 3) 
and complementation tests using 12 Kasalath 
genome fragments further demonstrated that 
this SNP conferred loss of abscission layer-
specific transcription of qSH1. These results 
suggested that ancient humans likely selected 
this SNP for loss of seed shattering due to the 
defect in formation of the separation layer.

We further analyzed haplotypes of the qSH1 
gene using several rice core collections. These 
analyses revealed that the SNP was introduced 
into rice cultivars after the diversification of 
Temperate Japonica. When Temperate Japonica 
cultivars of Chinese origin were tested, we found 
that that the SNP was likely to have occurred as 

a mutation in ancient China. Since it is believed 
that rice cultivation was introduced into Japan 
at least 3000 years ago, the mutation for SNP is 
likely to have occurred more than 3000 years 
ago.

Therefore, we finally concluded that the 
loss of seed shattering occurred in the early 
domestication of Temperate Japonica more than 
3000 years ago and then ancient humans in 
China selected rice plants with this specific SNP 
to improve yields due to the decrease of seed 
dispersal (Fig. 4).

Reference
Konishi S, Izawa T, Lin S-Y, Ebana K, Fukuta 

Y, Sasaki T, Yano M (2006) An SNP caused loss 
of seed shattering during rice domestication. 
Science, 312: 1392-1396

Fig. 3　In situ analysis of qSH1 expression
At flower formation stage, qSH1 expression was detected 
in anther regions in both NIL(qSH1) and Nipponbare (left) 
and at the provisional abscission layer position only in 
NIL(qSH1) (right) and not in Nipponbare. 

Fig. 4　The origin of the identified SNP

Nipponbare NIL (qSH1)

javanica

japonica

the origin of japonica rice

Nipponbare NIL (qSH1)
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A delayed chromatin assembly increases
transformation efficiency and homologous
recombination

Masaki ENDO, Yuichi ISHIKAWA, Keishi OSAKABE,
Shigeki NAKAYAMA, Kiyomi ABE and Seiichi TOKI
Plant Genetic Engineering Research Unit

The exact targeting of genes is a prime goal 
in the precision engineering of any organism. In 
contrast to prokaryotes and lower eukaryotes 
such as yeast, gene targeting by homologous 
recombination (HR) is infrequent in higher 
plants where DNA integrates mainly via non-
homologous end joining. The subject of our 
study is the improvement of HR frequency in 
higher plants. We hypothesized that highly 
compacted chromatin structure prevents the 
recruitment of HR machiner y to DNA at the 
DNA double strand break site. If this hypothesis 
is true, HR might be up-regulated in the mutants 
that have loose chromatin structure. We noticed 
the function of chromatin assembly factor 1 
(CAF-1). Since CAF-1 deposits histones onto 
DNA templates after replication and DNA repair 
synthesis, the presumed defect in CAF-1 might 
cause an open chromatin structure temporarily 
due to delayed nucleosome assembly. We 
analyzed the HR in Arabidopsis caf-1 mutants. 

The constr ucts used as substrates for HR 
contain par ts of the β-glucuronidase (GUS) 
gene, which can recombine to reconstitute a 
functional GUS gene. caf-1 mutants resulted in 
around 40-fold more GUS recombination spots 
than in wild-type plants (Fig. 1). Accessibility to 
the genomic DNA is also important for T-DNA 
integration. The efficiency of T-DNA integration 
can be assessed using a root tumorigenesis 
assay. Root transformation with wild-type 
Agrobacterium results in large green tumors on 
the roots. Indeed, increased numbers of tumors 
were observed on roots of caf-1 mutants infected 
with Agrobacterium compared to roots of the 
respective wild-type ecotypes (Fig. 2). Taken 
together, the results of enhanced HR and T-DNA 
integration in caf-1 mutants suggest that the 
condensed chromatin state in wild-type plants 
could maintain HR and T-DNA integration at a 
low level by preventing easy access of HR repair 
proteins and T-DNA to the genomic DNA.

Fig. 1　In t rachromosomal recombinat ion is 
up-regulated in caf-1 mutants
Recombination between the two overlapping sequences 
produces a functional GUS gene.

Fig. 2　T-DNA integration is up-regulated in caf-1 
mutants
Root transformation with wild-type Agrobacterium results 
in large green tumors on the roots.
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Isolation of a rice cDNA encoding the receptor
protein of N-acetylchitooligosaccharide elicitor

Hanae KAKU＊ , Yoko NISHIZAWA, Chiharu AKIMOTO-TOMIYAMA,
Eiichi MINAMI and Naoto SHIBUYA＊

Plant-Microbe Interaction Research Unit
＊Present Affiliation: Meiji University

Higher p lants evoke a set o f defense 
responses upon infection with phytopathogenic 
microbes, and a large par t of the defense 
responses are reproducible by treatment with 
elicitors, cellular components of pathogens 
and host plants.  Recognition of these signal 
substances by the host plants and the signal 
networks toward the defense responses are 
considered to be similar to the recognition 
of pathogen-associated molecular patterns 
(PAMPs) in mammalian cells that lead to their 
innate immunity.  Furthermore, recent studies 
have revealed the interaction between the 
R-gene-mediated and PAMPs-mediated signaling 
pathway in plant defense responses, strongly 
indicating that recognition of PAMPs plays 
important roles in plant defense. Well known 
PAMPs include oligosaccharides derived from 
the cell wall of pathogenic fungi, a representative 
of which is N -acetylchitooligosaccharide 
obtained from hydrolytic fragments of chitin, 
a major cell wall component of filamentous 
f u n g i .  O u r  e a r l i e r  w o r k  s h o w e d  t h a t 
N-acetylchitooligosaccharides at subnanomolar 
level rapidly induce a change in membrane 
potential, ion fluxes, gene expression and 
biosynthesis of phytoalexins in a structure-
specif ic manner. Taken together with an 
observation that a high-affinity binding site was 
detected in the plasma membrane of rice, it was 
strongly suggested that rice cells have a receptor 
protein in the plasma membrane.

I n o r d e r t o e l u c i d a t e t h e m o l e c u l a r 
m e c h a n i s m s  o f  t h e  r e c o g n i t i o n  o f 
N-acetylchitooligosaccharides, we purified the 
binding protein from the plasma membrane 
of rice by af finity column chromatography. 

The protein was designated as Chitin Elicitor 
Binging Protein (CEBiP). Analysis of the 
par tial amino acid sequences of N-terminal 
and internal regions of the purified protein 
enabled us to design primers for PCR.  A PCR 
product encoding both amino acid sequences 
was used to screen a cDNA library prepared 
from suspension-cultured rice cells. The longest 
cDNA clone was 1436 nucleotides encoding 356 
amino acids including a putative signal peptide 
of 28 amino acids (Fig. 1). A striking feature of 
CEBiP was two LysM domains in the putative 
extracellular region.  LysM was first recognized 
as a chitin-binding domain in prokaryotic cells 
and, later, was found in a class of chitinases of 
lower eukar yotes and Nod-factor receptor of 
a legume, Lotus japonicus. Suppression of the 
level of CEBiP by the RNAi method significantly 
reduced the production of H2O2 specifically by 
addition of N-acetylchitoheptaose, one of the 
typical elicitor responses by rice cells (Fig. 2).  
In addition, the number of genes responding 
to N-acetylchitooligosaccharide was drastically 

Fig. 1　Amino acid sequence and schematic 
diagram of CEBiP
SIG and TM indicate putative signal sequence and 
transmembrane region, 
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F i g .  2　P r o d u c t i o n o f  h y d r o g e n p e r o x i d e 
i n  t h e  C E B i P - R N A i  c e l l s  i n  r e s p o n s e t o 
N-acetylchitooctaose ((GlcNAc)8), lipopolysaccharide 
(LPS) and chitohejptaose ((GlcNH2)7)

F ig . 3　Number o f up- and down-regula ted 
genes in the CEBiP-RNAi cells in response to 
N-acetylchitooctaose

reduced in these RNAi lines of rice cells (Fig. 
3), supporting the idea that CEBiP works as a 
receptor of the N-acetylchitooligosaccharide 
elicitor.

N - a c e t y l c h i t o o l i g o s a c c h a r i d e  i s  a 
potent elicitor in a wide variety of higher 
plants; i .e . , higher plants are commonly 

equipped with the recognition machiner y 
of N -acetylchitooligosaccharide.  Because 
N-acetylchitooligosaccharide confers resistance 
to rice against blast disease, our findings are 
expected to exploit a novel strategy for crop 
protection against diseases.

Gain-of-function mutation of CCaMK induces 
spontaneous nodulation of Lotus japonicus

Haruko IMAIZUMI-ANRAKU, Mari BANBA, Tomomi NAKAGAWA,
Shinji KAWASAKI＊ and Hiroshi KOUCHI
Plant-Microbe Interaction Research Unit, ＊ Plant Disease Resistance Research Unit

Leguminous plants and Rhizobium bacteria 
establish mutualistic symbiotic interactions, 
resulting in formation of root nodules in which 
rhizobia are capable of fixing atmospheric 
nitrogen. In the earliest step of symbiosis, 
rhizobia release the signal molecules, Nod 
factors, which elicit nodule formation as well 
as bacterial infection process. Following the 
perception of Nod factors, an oscillation of 
cytosolic calcium concentration (Ca2+ spiking), 
is induced in the root hair cells. Much evidence 

indicates that Ca2+ spiking plays a key role in 
symbiotic signal transduction cascade(s) in the 
host plants.

Recent molecular genetic studies using the 
model legumes allowed us to identify a number 
of plant genes responsible for nodule formation. 
Among them, a unique protein kinase, CCaMK 
(Calcium, Calmodulin (CaM)-dependent Protein 
Kinase) is presumed to be a “decoder of Ca2+ 

spiking”. CCaMK consists of a kinase domain, a 
CaM-binding ‘auto-inhibitory’ domain, and three 
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EF hands which bind Ca2+ (Fig. 1). Threonine 
265 (T265) residue in the kinase domain is 
autophosphorylated by binding of Ca2+ to EF 
hands. Autophosphorylated CCaMK promotes 
binding of CaM/Ca2+ complex with the auto-
inhibitory domain, leading to derepression and 
acquisition of full kinase activity of CCaMK.

Isolation and characterization of two distinct 
alleles of Lotus japonicus CCaMK mutants, 
ccamk and snf1, revealed the pivotal role of 
CCaMK for nodule formation. Loss-of-function 
mutant ccamk shows non-nodulating phenotype 
upon inoculation of Mesorhizobium loti, despite 
the induction of Ca2+ spiking, indicating that 
CCaMK works downstream of Ca2+ spiking. 
In contrast, allelic gain-of-function mutant snf1 
forms spontaneous nodules, i.e., the nodule 
structures induced without rhizobial infection. 

Sequencing of a mutant of snf1 revealed a point 
mutation and a single amino acid substitution 
at T265 to isoleucine (I). The spontaneous 
nodulation phenotype of snf1 strongly suggests 
that T265I substitution leads to derepression of 
CCaMK without dependence on Ca2+ spiking. We 
have also developed a ‘spontaneous nodulation 
system’ in L. japonicus by transformation with 
CCaMK-T265D (aspartate) generated by site-
directed mutagenesis (Fig. 2). These results 
demonstrate the central role of CCaMK to 
trigger nodule formation in response to Nod 
factor perception. By using the spontaneous 
nodulation system developed by CCaMK-T265D 
transformation, we are currently exploring the 
signaling pathway(s), downstream CCaMK 
which lead to initiation of the nodule formation 
program. 

Fig. 1　Domain structure (a) and predicted scheme 
of Ca2+-dependent activation of CCaMK (b). 

Fig. 2　CCaMK-T265D induces spontaneous 
nodulation on the root of Lotus japonicas
(a) Autophosphorylation site (T265) of CCaMK is 
substituted with asparatate (D) (CCaMK-T265D). T265D 
is expressed under the control of CaMV 35S promoter. 
(b) Transformation of a loss-of-function mutant ccamk-3 
with CCaMK-T265D induced nitrogen-fixing nodules 
with Mesorhizobium loti infection, and (c) spontaneous 
nodulation without M. loti infection.
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The silkworm, Bombyx mori , has been 
domesticated for several thousand years as 
the most agriculturally important insect and 
used extensively for silk production. The 
silkworm also attracts interest as a key model 
of the Lepidoptera, the second most numerous 
group of holometabolous insects , which 
include many beneficial as well as the most 
destructive agricultural pests. An advantage 
of the silkworm as a model arises in part from 
its value as a genetic resource. Spontaneous 
mutations found while practicing sericulture 
were used to help establish principles of classical 
genetics. Recently, our unit has accumulated 
s i lkwor m genome infor mation including 
genome nucleotide sequences and expressed 
gene analysis data. A morphological genetic 
map has been constructed mainly by Kyushu 
University groups. The integration of all these 
data will connect the results of physiological and 
genetic studies of mutants to the molecular level 
research and will be a powerful tool in silkworm 
mutant analyses.

In this study, we sequenced both ends of 
81,024 BAC clones and obtained about 160,000 
nucleotide sequences. We detected SNPs 
between silkworm strains p50T and C108T 
within the end sequences and constructed a 
SNP linkage map with BAC clones as markers 
(Fig.1). The linkage map obtained is composed 
of 28 linkage groups, which is equal to the 
number of silkworm chromosomes. The number 
of markers and genetic length for each group 
are distributed from 29 to 100 and 45 to 77cM, 
respectively. A total of 1738 markers are mapped 
on 28 linkage groups with a total genetic length 

of 1475 cM; consequently the average distance 
between markers is 0.85 cM. To integrate 
the SNP linkage map and the morphological 
map, we made crossing experiment using 
morphological marker mutants. As a result, we 
could assign all 28 SNP-linkage groups to the 
morphological linkage groups. Furthermore, 
we determined the direction of the map for nine 
linkage groups (groups 2, 3, 7, 10, 11, 14, 17, 
20 and 22). For development of the integrated 
database, we combined ESTs, FPC physical map 
and genomic sequence information according 
to whole genome sequence (WGS) analysis 
using the BAC markers on the SNP linkage 
map. Finally we mapped WGS scaffolds on 28 
chromosomes to cover 88% of genome, which 
contributed to the construction of the integrated 
silkworm genome database, KAIKObase. By 
using the chromosome FISH technique with 
BAC clones localized on both ends of the linkage 
map as probes, we confirmed that the map 
covered more than 80% of the chromosomes. 

We are continuing to integrate SNP and 
other molecular marker linkage maps with the 
morphological linkage map, which will enable 
us to exploit the silkworm mutant information 
accumulated in Japan for insect research. We 
will also continue the creation of new markers 
at low marker density regions in the map 
and anchoring unassigned WGS scaf folds on 
chromosomes. In the future, in order to promote 
insect sciences, we strongly wish to establish 
an "open laboratory" facility where domestic 
and overseas researchers can use the genome 
information, resources, and tools efficiently.

Construction of silkworm SNP linkage map using
BAC end sequence information

Kimiko YAMAMOTO, Junko NARUKAWA, Junko NOHATA,
Keiko KADONO-OKUDA and Kazuei MITA
Insect Genome Research Unit
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Construction of transgenic silkworms using
the transposon minos

Keiro UCHINO, Morikazu IMAMURA, Kayoko SHIMIZU,
Toshio KANDA and Toshiki TAMURA
Transgenic Silkworm Research Center

Fig.1   SNP Linkage Map

Fig. 1　SNP Linkage Map

The domesticated silkworm, Bombyx mori, is 
used as a model organism to study the function 
of insect genes. More than 500 strains have 
been preser ved in many dif ferent countries 
and used for producing silk. Construction of 

transgenic silkworms has been developed using 
the piggyBac transposon as a vector. On the 
other hand, silkworm genome projects have 
been developed, mainly in Japan, China, India 
et al. An EST database covering more than 
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80% of the silkworm genes was constructed, 
and whole genome shotgun sequencing 
corresponding to 6x and 3.5x genomes has been 
conducted. As a next step, we need to develop 
post genomic tools for analyzing gene functions. 
Such representative tools are enhancer trap, 
insertional mutagenesis and transposon tagging. 
To develop these post genomic tools, we have 
to establish a line expressing transposase 
to remobil ize transgenes. As a source of 
transposase in the germ line cells, the piggyBac 
transposase gene was thought to be the best 
candidate because the transposon is known to 
work very well in the silkworm. Construction 
of transgenic silkworms, however, can be 
made only when piggyBac is used as a vector 
at present. The piggyBac transposase gene 
introduced by the piggyBac vector becomes 
unstable, making it impossible to make a stable 
line. This is the general concept of producing a 
line to remobilize the transgene. Therefore, it 
is difficult to construct a system for the analysis 
of gene function in the silkworm when the 
transposon piggyBac is the only vector suitable 
for transgenesis. To stabilize the piggyBac 
transposase gene inserted into the silkworm 
genome, dif ferent types of transposon must 
be used as a vector for making the transgenic 
silkworm.

Minos is a Class II type transposable element 
obtained from Drosophila hydei. The transposon 
is 1.8 kb in length and possesses long inverted 
terminal repeats and a transposase gene. 
Minos has been used as a vector for germ line 
transformation of insects. The successful use 
of the transposon minos as a vector for germ-
line transformation has been reported in insect 

orders, Diptera and Coleoptera. In previous 
experiments using extra chromosomal assay, 
which observes the transposition between the 
plasmids in the embryos, we showed that the 
minos transposon is functional in silkworms. 
Therefore, we investigated the minos as a vector 
for transgenesis in the silkworm, Bombyx mori.

We f irst constr ucted a vector plasmid 
with GFP gene under the control of silkworm 
cytoplasmic actin gene (A3) promoter (Figure 
1) , and a helper plasmid with the minos 
transposase gene controlled by the same 
promoter. We injected the vector and helper 
plasmids into silkworm eggs at preblastdermal 
stage. The lar vae hatched from the injected 
eggs were reared on artificial diet and the eggs 
laid by the adult were obtained. Then, the eggs 
were incubated to obtain G1 larvae. The larvae 
obtained were observed for expression of GFP 
by a fluorescence microscope equipped with 
GFP filter. We identified the larvae expressing 
GFP in the G1 generation. Unfortunately, the 
efficiency of transgenic silkworm production was 
much lower than that obtained using piggyBac. 
To increase the ef ficiency, we tested in vitro 
synthesized transposase mRNA as a source of 
minos transposase. In this case, we obtained 
>10-fold increase in the efficiency of transgenic 
silkworm construction (Table 1 and Figure 2). 
We conclude from the results that the minos 
transposon is useful for making transgenic 
silkworms and suitable to insert the piggyBac 
transposase gene. Additionally, we note that this 
is the first report using the transposon minos 
as a vector for germ-line transformation in 
lepidopteran insects.

Fig. 1　Physical map of minos vector plasmid

No. of injected
embryos

No. of hatched
Embryos (%)

No. of fertile
Adults (%)

No. of
G1 broods

No. of G1 broods
with TG (%)

1073 349(32.5) 238(22.2) 126 14(11.1)

Table 1　Injection and transformation using in vitro synthesized minos transposase mRNA
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A new regulatory system of insect molting
hormone biosynthesis: regulation by
innervating peptidergic neurons

Yoshiaki TANAKA
Invertebrate Gene Function Research Unit

In insects, a steroid hormone named molting 
hormone (ecdysteroid) directs development 
and elicits molting and metamorphosis. The 
activity of the prothoracic gland (PG), a principal 
endocrine organ producing ecdysteroids, 
is regulated by a cerebral neuropept ide 
called prothoracicotropic hormone (PTTH). 
I t has been wide ly accepted that PTTH 
stimulates the PGs to synthesize and release 
ecdysteroids before each molting and during 
early metamorphosis, but our recent studies 
revealed that the prothoracicostatic hormones 
(PTSHs) also play some roles in the regulation 
of ecdysteroidogenesis (Fig. 1), suggesting 
the complexity of the regulatory mechanism. 

Although neural innervation of the PG has been 
known for more than two decades, its role in 
determining secretory activity of the PG has 
been consistently ignored in favor of studies of 
circulating factors.

Recently, we found that the axons projecting 
from neurosecretory cells of the prothoracic 
ganglia (T1G) to the PGs were stained with the 
FMRFamide (neuropeptide having Phe-Met-
Arg-Phe-NH2 motif at the carboxyl terminal) 
antibody (Fig. 2). This result suggests that 
FMRFamide-related peptide is involved in 
the control of ecdysterodogenesis by direct 
neural innervations. Four Bombyx FMRFamide-
related peptides (BRFa) were identified from 

Fig. 2　Fluorescent images of GFP in the transgenic larvae 
produced by minos
Numbers indicate strain and w1-pnd is the host strain as a control.

　　　44　　　　　　　50　　　　　　　54　　　　　　　58-1

　　　58-2　　　　　　67　　　　　　　75　　　　　　　85

　　　89　　　　　　　105　　　　　　117　　　　　　w1-pnd

　　　9　　　　　　　11　　　　　　　21　　　　　　　23
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the central nervous system of Bombyx and all 
BRFa peptides suppressed ecdysteroidogenesis 
in the PG in vitro. Direct mass spectrometry 
analysis resulted in the detection of four major 
signals, which corresponded to theoretical 
masses of the four BRFa peptides in the axons 
innervating from T1G to the PG (BRFa neuron). 
These results confirmed that the neurons in the 
T1G innervate the PG to supply all four BRFa 

to the surface of PG. Furthremore, the overall 
developmental fluctuation of BRFa neuron 
firing frequency showed an inverse relationship 
with the hemolymph ecdysteroid titer, in 
accordance with the prothoracicostatic activity 
of BRFa (Fig. 3). To our knowledge, this study 
provides the first report of peptides controlling 
ecdysteroidogenesis by direct inner vations, 
which may shed l ight on the regulator y 
mechanism of insect development.

Innervation is also a feature of vertebrate 
endocrine glands, but model systems for 
peptide regulation of steroidogenesis by known 
innervating neurons and their neuropeptides 
have rarely been reported. This BRFa system 
of Bombyx could ser ve as a good model 
for investigating how organisms integrate 
neural and hormonal inputs to regulate their 
biosynthesis of steroid hormones in response to 
multiple developmental signals.

Fig. 1　Current view of the control of ecdysteroid 
biosynthesis by the PGs 
The prothoracicotropic hormone (PTTH) from the brain 
(BR) provides the primary drive for steroid secretion, but 
the steroid profile is sculpted by the inhibitory effects of 
circulating prothoracicostatic hormone (PTSH) from the 
brain. Bombyx FMRFamide-related peptides (BRFa) from 
regulatory neurons in the prothoracic ganglia (T1G) also 
directly suppress ecdysteroid secretion.

Fig. 2　FMRFamide-immunoreactive axons on the 
surface of the PG 

F i g .  3　N e u r a l  r e g u l a t o r y  m e c h a n i s m o f 
ecdysteroidogenesis
When the BRFa neurons in the T1G are firing frequently 
(A), the PG activity is down-regulated. When the BRFa 
neurons are firing sparsely (B), the PG is active and 
secretes high amounts of ecdysteroids.
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Summary
We detected a QTL affecting the tenderness 

of meat in a pig F2 family derived from a cross 
between Jinhua and Duroc and recognized that 
an allele from Jinhua increased the tenderness. 
Applying the technique of marker-assisted 
introgression for this QTL region, which 
attempted to introgress an allele of Jinhua at the 
QTL into the genomic background of Duroc, we 
produced pigs with high quality and productivity 
of pork meat.

Background and objective of the study
Jinhua pig is a native breed of small size in 

China. It produces tender meat with high intra-
muscular fat content but  the productivity is 
very low. Duroc is a popular commercial breed, 
which shows higher growth rate and meat 
productivity, and is utilized as terminal sire for 
producing market pigs. However, the meat of 
Duroc, characterized as high lean content, is less 
tender than that of Jinhua and the meat quality 
remains to be improved. We established an F2 
experimental family derived from cross between 
Jinhua sows and a Duroc boar and performed 
QTL analyses for meat quality traits using this 
family. As a result of the analysis, we detected 
a QTL af fecting the tenderness of meat. The 
allele originating from Jinhua increased meat 
tenderness. Based on the QTL information, we 
attempted to introgress the QTL allele of Jinhua 
into the genomic background of Duroc using the 
technique of marker-assisted introgression to 
create pigs with increased meat tenderness as 
well as high meat productivity.

Results
1. We detected a QTL on pig chromosome 2 

(SSC2) affecting the shear force value of meat 
indicating the meat tenderness (Figure 1). The 
Jinhua allele increased meat tenderness.

2. The breeding scheme used for marker-
assisted introgression is shown in Figure 2. 
F1 individuals were crossed to a Duroc boar, 
which is the recipient line, to obtain backcross 
(BC1) individuals. BC1 individuals were selected 
for the Junhua allele at the target QTL based 
on the marker information in the region and 
were crossed to a Duroc boar to generate BC2 
individuals. The cycle of marker selection and 
backcrossing was repeated to generate BC3 
individuals. Moreover, we obtained BC3F2 
individuals by intercrossing between selected 
BC3 individuals possessing Jinhua allele at the 
QTL.

3. Except for the target QTL region, the 

Breeding of pigs with high meat quality using
marker-assisted introgression

Takeshi HAYASHI, Satoshi MIKAWA and Takashi AWATA
Animal Genome Research Unit

Fig. 1　QTL analysis of shear force value of pork 
meat on chromosome 2
Dotted horizontal line indicates the threshold value of 
F-ratio with genome-wide significance level P=0.05. 
The region including the position with the highest F-ratio 
ranging from SW942 to SW1879 was targeted for 
introgression.
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genomic background of BC3F2 individuals was 
shown to be almost the same as that of Duroc 
pig based on the information of markers located 
across the whole genome (data not shown).

4. BC3F2 individuals were classified into 
three types according to the genotype at the 
target QTL: homozygote with Jinhua allele 
(JJ); homozygote with Duroc allele (DD); and 
heterozygote (JD). As shown in Figure 3, the 
three types were arranged in ascending order 
of shear force value, as JJ, JD and DD. The meat 
tenderness was significantly increased for the 
individuals of JJ type in comparison with the 
individuals of DD type.

Implication
1. BC3F2 individuals of JJ type showed high 

meat quality as well as high meat productivity, 
which are characteristics of Jinhua and Duroc, 
respectively. We plan to use BC3F2 males of 
JJ type as useful terminal sires for producing 
market pigs.

2. The identification of a gene responsible for 
the QTL will be attempted in further studies.

Fig. 2　Breeding scheme for marker-assisted introgression
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×
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Fig. 3　Means of shear force values in three types of 
BC3F2 individuals
Three types are denoted by JJ, JD and DD which 
indicate homozygote with Jinhua allele, heterozygote and 
homozygote with Duroc allele, respectively.
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Determination of 10,147 full-length cDNA
sequences and construction of a web-based
database, Pig Expression Data Explorer

Hirohide UENISHI and Tomoko EGUCHI-OGAWA
Animal Genome Research Unit

The pig not only occupies a large proportion 
of the meat market, but it is also a promising 
a n i m a l m o d e l f o r b i o m e d i c a l  r e s e a r c h 
concerned with regenerative medicine. The 
great usefulness of pigs in agriculture and in 
experimental and applied medicine demands 
that we have a sound knowledge o f the 
molecular biology of the pig, as represented by 
genome sequences and gene expression data.

M a n y g r o u p s ,  i n c l u d i n g o u r s ,  h a v e 
contributed to the recent rapid accumulation of 
pig expression data through EST (expression 
sequence tag) analysis, and more than 1,600,000 
ESTs are available in public databases such 
as the DDBJ/EMBL/GenBank nucleotide 
databases and Ensembl Trace Ser ver/NCBI 
Trace Archive. However, the availability of 
porcine ESTs from full-length-enriched cDNA 
libraries has been quite limited. In addition, 
there have been few large-scale attempts to 
sequence and characterize broad collections of 
full-length pig cDNA sequences.

To date, we have collected more than 160,000 
porcine high-quality ESTs from cDNA libraries 
of 15 kinds of tissues and cells, the majority 
of which were constr ucted as full - length-
enriched libraries. The ESTs obtained were 
assembled into contigs, and we have picked 
representative cDNA clones for each contig 
and for each singlet that was highly similar to a 
known gene in other mammals, such as human, 
mouse, cattle and dog. We have fully sequenced 
these 10,147 representative cDNA clones and 
added these data to our porcine gene sequence 
collection (Table 1). The >160,000 high-quality 
ESTs correspond to at least 10,000 genes, 

which are thought to occupy nearly half of all 
genes of the porcine genome. The 10,147 fully-
sequenced cDNA clones are transcripts derived 
from approximately 7,400 independent loci of 
the porcine genome and they possess marked 
similarity to more than 5,600 different genes of 
other mammals.

In addi t ion, we have annotated these 
sequences in light of the results of sequence 
similarity searches and stored this information 
in the database named Pig Expression Data 

Tissue/cell Origin ESTs Fully
sequenced

Adrenal
gland LWD* 9,051 0

Alveolar
macrophage LWD 7,709 685

Dendritic cell
 (immature) Landrace 9,464 0

Intestine LWD 9,185 444
Lung LWD 7,906 644
Liver LWD 8,281 419
Liver Meishan 17,531 1,046

Mesenteric
lymph node LWD 8,967 350

Ovary LWD 8,223 583
Ovary Meishan 17,904 2,120

Peripheral blood
 mononuclear cell LWD 8,973 350

Skin Berkshire 5,982 0
Spleen LWD 8,973 734
Trachea LWD 7,900 576
Testis LWD 7,416 166

Thymus LWD 10,184 1,240
Uterus LWD 8,982 790

162,631 10,147
*LWD: (Landrace x Large White) x Duroc.

Table 1　Current status of the nucleotide sequences 
generated by our porcine EST analysis and full-
length cDNA sequencing
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Explorer (PEDE; http://pede.dna.affrc.go.jp/). 
The PEDE database is equipped with various 
kinds of search interfaces, such as search by 
keywords and gene symbols, BLAST similarity 
search and a sequence viewer by the Gene 
Ontology classification (Fig. 1).

The full-length cDNA sequences stored 
in the PEDE database enable us to design 
oligoprobes for use with microarrays to more 
accurately reflect the expression patterns in 
pigs. Furthermore, the full-length cDNA clones 
registered in the database promote direct 
functional analyses of porcine genes because 
they can be introduced into cells as expression 
vectors. However, the benefits of this collection 
of porcine full-length cDNA sequences are 
not limited to analyses of gene function and 
expression. The availability of these full -
length sequences will increase the utility of the 

porcine genome sequences being generated by 
the international Swine Genome Sequencing 
Consortium (http://www.piggenome.org/) in 
which NIAS is a member. The reliable cDNA 
sequences stored in the PEDE database can 
be used to validate the integrity of assembled 
genome sequences. We are now developing a 
collection of SNPs from the 3’ ends of the full-
length pig cDNA sequences, with the goal of 
constructing a reliable linkage map, fur ther 
contributing to the reliability of the pig genome 
assembly. Alignment of the full-length cDNA 
sequences with the genomic sequences will 
yield clues for determining the transcriptional 
elements adjacent to CDSs in pigs. Through 
comparison with the pig genome sequences, the 
PEDE database will increase the number of full-
length pig cDNA sequences and the volume of 
other information related to porcine genes.

Fig. 1　Screen views of the PEDE database
(A) Clone/Assembly Search, search interface by keyword, gene symbol, or chromosomal location in other mammals.
(B) PEDE GO Viewer, the interface that enables users to search clones and assemblies by relationship to Gene Ontology 
terms.

 
(A) (B)
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A wide range o f na tura l l y occur r ing 
phenotypic variation is observed in rice cultivars. 
This variation has been an impor tant basis 
for progress in breeding programs, however, 
it has not been used to the fullest extent in 
breeding,due to the complex inheritance of 
many traits. In order to utilize genetic resources 
ef fectively, it is very important to understand 
the genetic control mechanisms underlying 
such complex traits. Genetic materials, such 
as recombinant inbred lines and chromosome 
segment substitution lines, are necessary for 
genetic analysis of complex traits. During 
development of these materials, we often 
observed hybrid breakdown, such as sterility 
and lethal i ty and poor growth habit . We 
observed a reduction in the number of panicles 
per plant and in culm length in an F2 population 
derived from a cross between the genetically 
divergent rice (Or yza sativa L.) cultivars 
‘Sasanishiki’ (Japonica) and ‘Habataki’ (Indica). 
Quantitative trait locus (QTL) analysis of the two 
traits suggested that the poor growth was due 
mainly to an epistatic interaction between genes 
at QTLs located on chromosomes 2 and 11. The 
poor growth was likely to result when a plant 
was homozygous for the ‘Habataki’ allele at the 
QTL on chromosome 2 and homozygous for the 
‘Sasanishiki’ allele at the QTL on chromosome 
11 (Fig. 1) . Fur thermore, we per formed 
genetic analyses using a chromosome segment 
substitution line, in which a part of chromosome 
2 from ‘Habataki’ was substituted into the 

genetic background of ‘Sasanishiki ’ . The 
segregation patterns of poor growth in plants 
suggested that both genes underlying the 
hybrid breakdown were recessive. The gene on 
chromosome 2, designated hybrid breakdown 2 
(hbd2), was mapped between simple sequence 
repeat markers RM3515 and RM3730. The 
gene on chromosome 11, hbd3, was mapped 
between RM5824 and RM1341. The results 
suggest that the poor growth found in the 
F2 population was due to hybrid breakdown 
of a set of complementar y genes. Hybrid 
breakdown caused by a complementary effect 
of dif ferent chromosomal regions would be a 
serious problem for breeding via hybridization. 
If a favorable allele were linked closely to a 
deleterious allele, the deleterious allele would 
then segregate along with the favorable allele. 
If a deleterious allele, such hbd2 in ‘Habataki’, 
were linked closely to an allele favorable in 
rice breeding, the favorable allele could not 
be transfer red to the progeny or may be 
eliminated due to breeders selecting out those 
plants with the deleterious phenotype (linkage 
drag). Therefore, to avoid such problems in 
future breeding programs, it is impor tant 
to recognize those cultivars that carr y such 
deleterious alleles and to determine the precise 
chromosomal location of the genes.

Heading date in rice is a complex trait that is 
governed by multiple genes and environmental 
factors, such as day-length, temperature, and 
soil conditions. During the last decade, genetic 

Research Activities
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 Q TL Genomics Research Center
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studies using DNA markers have facilitated the 
genetic dissection of heading date and many 
QTLs for heading date have been identified 
using several mapping populations. Although 
those studies provided a better understanding of 
the genetic control of heading date in rice, the 
genetic mechanisms underlying a wide range 
of variation remain to be clarified. For example, 
the genetic factors responsible for extremely 
early or late heading still need to be analyzed 
at the genetic and molecular levels. Many rice 
cultivars that originated from lower-latitude 
regions exhibit strong photoperiod sensitivity 

and show extremely late heading under long-
day conditions. To elucidate the genetic factors 
associated with such extremely late heading, 
we per formed quantitative trait locus (QTL) 
analyses of heading date using an F2 population 
and seven advanced backcross progeny derived 
from a cross between extremely late heading 
cultivar ‘Nona Bokra’ and early heading cultivar 
‘Koshihikari’. The analyses revealed 12 QTLs 
on seven chromosomes were involved. The 
‘Nona Bokra’ alleles of all QTLs contributed to 
an increase in heading date. According to the 
analysis of variance, digenic interactions were 

Fig. 1　Poor growth habit observed in the progeny between Sasanishiki and Habataki
a: plant stature of ‘Sasanishiki’ (left), SL-407 (middle), and ‘Habataki’ (right).
b: frequency distribution of panicle number per plant in the F2 population’. Vertical and horizontal bars represent the 
mean value and ±1 SD of the parents, respectively.
c: panicle number per plant for nine genotype classes of the QTLs on chromosomes 2 and 11 in the F2 population. S/S S/S 
indicates the genotype of the nearest marker loci on chromosomes 2 and 11, respectively. S and H indicate the alleles 
from ‘Sasanishiki’ and ‘Habataki’ at the nearest marker locus, respectively. Error bars represent 1 SD.
d: chromosomal locations of the genes hbd2 and hbd3 underlying the hybrid breakdown. Markers are indicated to the 
right of each chromosome, and the number of recombinants is shown on the left.
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hardly observed between QTLs. Based on the 
genetic parameters of the QTLs, such as additive 
effects and percentage of phenotypic variance 
explained, these 12 QTLs likely generate a large 
proportion of the phenotypic variation observed 
in the heading dates between ‘Nona Bokra’ 
and ‘Koshihikari’. Comparison of chromosomal 
locations between heading date QTLs detected 
in this study and QTLs previously identified in 

‘Nipponbare’ ´ ‘Kasalath’ populations revealed 
that eight of the heading date QTLs were 
recognized near the Hd1, Hd2, Hd3a, Hd4, 
Hd5, Hd6, Hd9, and Hd13 genes. These results 
suggest that the strong photoperiod sensitivity 
in ‘Nona Bokra’ was generated mainly by the 
accumulation of additive ef fects of particular 
alleles at previously identified QTLs.

 1)   pGPTV 2.3K GluB pro 12Lac (1×Lac2)
2) pHm 12Lac double (2×Lac2)
3)   pHm 12Lac triple (3×Lac2)1)

2)

3)

Fig. 2　Expression of lactostatin in transgenic rice seeds
(A) Vector constructs containing 12Lac used for expression of12Lac.
(B) Relative lactostatin accumulation levels in transgenic rice seeds

(A)

(B)

 T ransgenic Crop Research and Development Center

T h e T r a n s g e n i c C r o p R e s e a r c h a n d 
Development Center aims to develop human 
health-promoting transgenic crops with practical 
benefits to consumers. We have created several 
kinds of transgenic rice, which accumulate in 
the edible part (endosperm) functional bioactive 
peptides with functions to protect or to alleviate 
life style-related diseases and allergic diseases.

Many natural bioactive peptides useful 
for human health have been discovered in 
various foods. The health ef fects attributed 
to food-derived bioactive peptides include 

cholesterol and blood pressure- lowering 
e f fec ts , ant i thrombot ic and ant iox idant 
activities, enhancement of mineral absorption, 
immunomodulation ef fects, opioid activities, 
and antimicrobial properties. These peptides 
are usually less than 10 amino acids long, are 
resistant to gastrointestinal enzymes, and are 
easily absorbed into the blood via the small 
intestine. Thus, bioactive peptides derived 
from food proteins are ef fective with oral 
administration. Each of these bioactive peptides 
has been produced in transgenic rice grains.
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T o  d e v e l o p  t r a n s g e n i c  r i c e  p l a n t s 
t h a t  a c c u m u l a t e  h i g h  l e v e l s  o f  t h e 
hypocholesterolaemic pentapeptide lactostatin 
(IIAEK) derived from the tryptic hydrolysate 
of bovine β-lactoglobulin in endosperm, the 
nucleotide sequence of tandem multimers 
encoding 12xIIAEK were substituted for variable 
regions of the rice glutelin storage proteins 
GluA, GluB and GluC, which were driven 
by strong endosperm specific 2.3K GluB1, 
16K prolamin and 10K prolamin promoters, 
respectively. Three types of binary vectors with 
single-, two- or three-gene expression cassettes 
were constructed via the MultiSite Gateway 
LR clonase reaction. After introduction of the 
binary vectors into rice plants via Agrobacterium-
m e d i a t e d t r a n s f o r m a t i o n ,  r e g e n e r a t e d 
transgenic rice plants specifically accumulated 
glutelin containing lactostatin in seeds. Immuno-
quantitative dot blot analysis indicated that 
accumulation levels were 2.06-fold higher in 
transgenic rice plants with the two-cassette 
construct than those with the single-cassette, 
whereas the accumulation level in the three-
cassette construct was only 1.13-fold higher 
than the case of the two-cassette construct. A 
2.33-fold difference in lactostatin accumulation 
was observed between the single-cassette and 
three-cassette constructs (Fig. 2). Moreover, 
Western blot analysis showed that modified 
fusion proteins derived from single-, two- and 

three-gene expression cassettes were processed 
properly into mature acidic and basic subunits, 
indicating that these modified fusion glutelins 
were precisely localized in the vacuole-derived 
protein body (PB-II).

Novokinin (RPLKPW) is a bio-functionally 
enhanced anti-hypertensive peptide modified 
from an ovokinin(2-7) derived from ovalbumin. 
To develop transgenic rice plants with increased 
accumulation of this bioactive peptide, a DNA 
sequence encoding a dimer of RRPLKPWQ 
was substituted for the variable regions of the 
major rice glutelin storage proteins, GluA, 
GluB and GluC, under the control of strong rice 
endosperm-specific promoters. The modified 
glutelins accumulated to levels around 10% 
of total seed proteins. Oral administration of 
the cr ude fusion protein in spontaneously 
hypertensive rats (SHRs) significantly lowered 
systolic blood pressure up to -28 ± 7 mmHg 
in SHRs at 4 h at a dose equivalent to 140 μg 
RPLKPW peptide/kg (Fig. 3). A half-dose 
(equivalent to 70 μg/kg) gave a maximum 
decrease at 2 h after oral administration with 
a propor tional reduction (-12 ± 2.2 mmHg). 
Fur thermore, pulverized transgenic r ice 
seeds reduced the systolic blood pressure of 
SHRs to an average of -15.6±4.8 mmHg 2 h 
after oral administration at a dose of 1 g/kg 
(corresponding to 470 μg of RPLKPW peptide/
kg).

Fig. 3　Anti-hypertensive activities of GluB1-HRP fusion protein and transgenic rice seeds of GluA2/GluC-
HRP
(A) Oral administration of 30 mg/kg (B) 15 mg/kg of a crude glutelin fraction (C) Oral administration of 1 g/kg of 
unpolished pulverized GluA2-HRP/GluC-HRP rice seeds. Solid square, transgenic rice seeds; blank square, non-
transgenic rice seeds.
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Exp No. No. of eggs
in Japan

No. of eggs
hatched

No. of Gl
batches

No. of Gl batches possessed
transgenie insects

1 1092 302(28%)   91 24(26.4%)
2 1086 472(43%) 117 52(44.4%)
3   466 250(43%)   76 39(51.3%)

Control   466 251(43%)   86 10(11.6%)

Table 1　Efficiency of new systems for production of transgenic silkworms

 T ransgenic Silkworm Research Center

The production systems of useful materials 
that utilize gene recombination technology 
have been developed in bacteria, yeast, plants, 
mammals, etc. In insects, a system using 
vir uses has been established. Due to the 
fact that insects possess ver y high ability to 
produce the materials, it has been expected 
that more ef ficient systems for production of 
useful substances in transgenic insects can 
be established. The silkworm possesses an 
especially high productivity of silk proteins and 
has been studied extensively in Japan. Based 
on these studies, an impor tant new field of 
transgenic silkworms is being developed. In 
the Transgenic Silkworm Research Center in 
2006, we have been studying development of 
more ef ficient systems for making transgenic 
si lkworms, of regulation systems for the 
transgenes, and of breeding methods for insect 
strains adapted for the production of useful 
materials.

Improvements for making the transgenic 
silkworms

To increase the e f f ic iency in making 
transgenic si lkworms, we developed new 
i n j e c t i o n m e t h o d s f o r  e m b r y o s a t  t h e 
preblastodermal stage. In addition, we have 
constructed new helper DNA sequences that 
supply a tranposase. Both improvements 
drastically increased the efficiency for making 
transgenic silkworm as shown in Table 1. 
The ef ficiency is still lower than that of the 
construction system in Drosophila melanogaster. 
Therefore, we need fur ther experiments to 
increase the efficiency.

Construction of new vector using wild type
Bombyx kynurenine 3-mono oxygenase
gene

To develop a visible marker for identification 
of transgenic silkworms, we have constructed 
new piggyBac vectors using Bombyx kynurenine 
3-mono oxygenase gene under the control of 
cytoplasmic actin gene promoter (A3KMO) as 
shown in Fig. 4. The vector contains Upstream 
Activation Sequence (UAS) of yeast GAL4 with 
the terminator of SV40 early gene and A3KMO. 
We tested whether the new vector can be 
practically applied to construct the transgenic 
silkworms after inserting a green fluorescent 
protein (GFP) gene downstream of UAS. The 
result showed that the vector can be used for 
making transgenic silkworms.The color of the 
integument of the transgenic larvae was dilute 
brown at the first instar (Fig. 5), and they are 
easily identified by the naked eye. When the G1 
silkworm was crossed to the strain with GAL4 
gene expression in all stages and tissues, strong 
GFP expression was observed in the eggs and 
larvae produced. 

Development of regulation system for the
introduced gene in transgenic silkworms

For development of a new system for 
expression of transgenes, we have studied 
the capacity to control the activity of different 
promoters. The fibroin promoter obtained from 
the wild silk moth, Antheraea yamamai, showed 
very strong activity in the posterior silk gland of 
the silkworm. The GAL4 gene possessing the 
promoter sequence showed very strong activity 
to drive the gene under the control of UAS 
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Fig. 4　Physical map of a piggyBac vector using A3KMO as a marker gene.

Fig. 5　Transgenic silkworm detected by A3KMO
Control, larvae with white integuments; Transgenic, larvae 
with brown integument.

Fig. 6　Cocoons obtained from the silkworms 
inserted a red color fluorescent protein gene
Left, control; right, transgenic.

Fig. 7　The net spun by the larva of caddisfly, 
Hydropsyche angustipennis ap.

sequence. Interestingly, the promoter was active 
only in the posterior silk gland in the final instar. 
Thus, the silk gland cells avoided the effect of 
GAL4 until the final instar. We also evaluated the 
effect of Tet-Off system and obtained a positive 
result in transgenic silkworm cells.

Production of recombinant proteins in silk
glands

To develop a new system to produce useful 
recombinant proteins in the silk gland, we 
studied the effect of several factors related to 
the secretion of protein, the ef fect of intron 

sequences on the gene expression, and breeding 
a new strain that adapted to the system. Using 
the production system in the silk gland, we 
demonstrated that cytokine, enzymes and 
antibodies can be produced in the transgenic 
silkworm. Analysis of the factors related to 
the increase in the amount of production is 
continuing.

Construction of new fibers using transgenic
silkworms

We constructed an ar tificial fibroin gene 
for making a new silk fiber. Many arthropods 



26  Annual Report 2007

Fig. 8　The primary structure of the silk produced by caddisfly, Hydropsyche
angustipennis ap.

produce a variety of silks. The artificial gene 
was designed from analysis of the primar y 
structure of natural silk. The characters and the 
primary structures of the new silks are quite 
dif ferent. The analysis of the silks produced 
by the transgenic silkworms showed that the 
silk character can be modified by the method. 
The analysis of silk produced by the transgenic 
silkworm showed that the recombinant silk 
can be dif ferently stained by dyes. Other 
types of recombinant silk possessed stronger 
adhesiveness to mammalian cells.

We also produced si lk with the green 
fluorescence protein gene. The GFP gene was 
inserted into the silk gene and then the fused 

gene was inserted into the genome of silkworm. 
When GFP gene was inser ted, cocoons with 
green fluorescence were produced and the 
silk reeled from the cocoon possessed the 
f luorescence. When the DsRed gene was 
inserted, pink cocoons were produced (Fig. 6).

We also studied the fibroin gene of caddisfly. 
This insect spins silk in the water and uses it as 
a net to trap its prey (Fig. 7). We successfully 
c loned the s i lk gene from caddisf ly and 
determined its primar y str ucture (Fig. 8). 
Since the formation of fiber occurs in water, the 
structure may contain sequences related to this 
character.
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No. EndoGalC- 
hDAF+

EndoGalC+
 hDAF-

EndoGalC+
hDAF+

EndoGalC-
 hDAF- Total

1 5 5 1 3 14
2 2 3 5 1 11

Total 7 8 6 4 25

Table 2　Genotypes of progeny derived from EndoGalC transgenic female after mating with hDAF transgenic 
male

 T ransgenic Animal Research Center

Production of transgenic pigs expressing
EndoGalC and hDAF

Because organs of pigs are biologically 
and anatomically similar to human organs, 
porcine organs are expected to be used as 
replacements for human organs, which are 
chronically in short supply. The major problem 
with xenotransplantation of porcine organs 
into humans is the hyper acute rejection 
caused by reactions involving natural human 
antibodies and the complement system. It is 
considered that natural antibodies against 
αGal epitope on pig cells are the main cause of 
hyper acute rejection. The endo-β-galactosidase 
C (EndoGalC) secreted from Clostridium 
perfringens cleaved αGal epitope from pig cells 
under physiological PH conditions. Recently, we 
succeeded in producing an EndoGalC transgenic 
pig with reduced expression of αGal (under 5%) 
by nuclear transfer.

Another candidate molecule for extension of 
survival in xenotransplantation is human decay 
accelerating factor (hDAF). The hDAF is one 
of the human complement regulatory proteins. 
There is a possibility that the survival period 
after transplantation depends on the level of 
hDAF expression, because the conventional 
transgenic pigs show only 1 to 3 times higher 
expression than that in human. A combination 
of FACS with nuclear transfer resulted in 
transgenic cloned pigs expressing hDAF 
more than 30 times higher than in human. 
To gain longer sur vival period after pig-to-
primate transplantation, the additive effects by 
combination with hDAF and EndoGalC should 

be examined. An EndoGalC transgenic female 
was artificially inseminated with the semen from 
an hDAF transgenic male. Total of 25 piglets 
were born after two deliveries. PCR and FACS 
analyses showed that six piglets were double 
transgenic pigs with hDAF and EndoGalC 
expression (Table 2). We are beginning the 
xenotransplantation of kidneys from double 
transgenic pigs into baboon.

Production of transgenic goat for ‘Pharming’
We have established a somatic cell nuclear 

transfer technology to generate a transgenic 
goat having human selenoprotein P (Sel P) 
gene under the control of bovine beta-casein 
core promoter for expression in goat mammary 
gland. Sel P is a major selenoprotein in plasma 
and functions as a free radical scavenger or 
selenium transpor ter. This year, to improve 
expression level and tissue specificity in a 
transgenic goat, we developed a new construct 
(LA-SSP1BACvector; Fig. 9), which contains 
human lactoalbumin gene from human BAC 
clone (RP11-722P11) and the coding exon of 
human Sel P. By using this construct, an effect 
similar to the gene knock-in is provided and 
also it avoids positional ef fects that may lead 
to the silencing of the transgene. To introduce 
the large DNA construct into a goat embryonic 
fibroblast cell, we developed a direct injection 
method using Automatic Injection System 2. 
DNA solution was injected into the nucleus of 
each cell by a computer-controlled positioning 
mechanism and injector. Our preliminar y 
experiment showed that at least ~10kb size DNA 
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Fig. 10　Expression of GFP gene in the gonads of 
developing chicken embryos
Scale bar represents 0.5 mm.

fragments can be efficiently introduced to the 
target cells. NOTE: Fig below should be Fig. 9]

Effect of soft X-ray irradiation on the
migratory ability of primordial germ cells in
chickens

We have established a system for transfer 
of primordial germ cells (PGCs) into recipient 
embr yos and have produced donor-derived 
of fspring via germline chimeric chickens. If 
a PGC nucleus is inactivated and then fused 
with a somatic cell and transferred to recipient 
embr yos, the somatic cell nucleus could be 
contributed to the germline. We previously 
found that irradiation by soft X-ray at stage 
X in chicken blastoderms severely inhibited 
proliferation of PGCs. The number of circulating 
PGCs was significantly decreased, whereas 
the migration of PGCs to the germinal ridges 
was not affected. PGCs from Barred Plymouth 
Rock were isolated from embryonic blood and 
irradiated with soft X-rays, then transfected 
in vitro with the GFP gene by lipofection. The 
manipulated PGCs were transferred to recipient 
White Leghorn embryos and migration to the 
germinal ridges was analyzed by examining the 
GFP gene expression in the gonads of recipient 
embryos under UV light. The GFP fluorescence 
was detected in all the gonads of recipient 
embryos examined up to 10.5 days of culture 
(Fig. 10). The present results suggest that 
PGCs irradiated with soft X-rays still retained 
the ability to migrate to the germinal ridges of 
recipient embryos.

Fig. 9
Construction of LA-SSP1BACvector

hSelenoprotein  genomic DNA

hLactoalbmin  BAC clone
(RP11-722P11) (～200ｋｂ)

Core-Promoter Ex 2 3 4 5

Ex 1 2 3 4

Selection Maker (CMV puro )

Development of transgenic mice,
immortalized cell lines and novel tissue
culture models

We have established several immortalized 
microglial cell lines from Tg mice to analyze 
molecular and cellular mechanisms of signal 
transduction in the innate immune system. 
A microglial cell line from Wiskott-Aldrich 
syndrome protein (WASP) dominant-negative 
Tg mice were impaired in product ion of 
inflammatory cytokines such as tumor necrosis 
factor-α, interleukin (IL)-6, and IL-1β upon 
lipopolysaccharide (LPS)-stimulation, whereas 
ant i - in f lammator y IL -10 product ion was 
significantly enhanced. WASP may have pivotal 
roles through the EVH1 domain in the LPS-
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Fig. 11　Possible mechanisms of upregulation of 
P2X7 receptor system in mouse microglial cells in 
prion infection

Fig. 12　Paracrine assay model ut i l iz ing the 
collagen vitrigel membrane

signaling cascade, either directly or indirectly, 
and modulates inflammatory immune responses 
in microglia. In addition, we established mouse 
microglial cells persistently infected with mouse-
adapted scrapie ME7 (ScMG20/ME7) for in 
vitro study of prion pathogenesis. ScMG20/ME7 
cells were hypersensitive to P2X7 receptor 
agonists, as demonstrated by sustained Ca2+ 
influx (Fig. 11), membrane pore formation, 
cell death, and IL-1β release. P2X7 mRNA 
expression was upregulated in these cells, and 
also in scrapie-infected mice brains. These 
observations suggest that prion infections may 
strongly af fect the P2X7 receptor system in 
mouse microglial cells.

We have recently succeeded in converting 
a soft and turbid disk of collagen gel into a 
strong and transparent gel-membrane by 
utilizing a concept for the vitrification of heat-
denatured proteins. We named the novel gel in 

a stable condition for “vitrigel”. The collagen 
vitrigel membrane involving a nylon frame can 
be easily handled with tweezers, consequently 
it functions as a scaf fold excellent for three-
dimensionally culturing cells on double surfaces 
of it. This year, we developed the paracrine assay 
model utilizing the collagen vitrigel membrane. 
The crosstalk model between the type-A cells 
responding nerve growth factor (NGF) and the 
type-B cells secreting NGF was constructed via 
the collagen vitrigel membrane by culturing 
type-B cells on one side of it for 3 days, and 
subsequently tur ning it upside down and 
co-culturing type-A cells on the reverse surface 
of it for an additional 3 days. As a result, we 
observed the neurite outgrowth of type-A cells, 
demonstrating the paracrine ef fect of type-B 
cells via the collagen vitrigel membrane (Fig. 
12).
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Division of Genome and Biodiversity Research

The Division aims to develop and refine 
agro-bioresources for crop breeding and basic 
research based on the genome resources, 
genome information, genome analysis methods, 
and genetic resources developed or collected in 
NIAS. In addition, the Division aims to facilitate 
distribution of agro-bioresources to the research 
community and to efficiently discover and utilize 
genes with important functions by using those 
agro-bioresources. The Division also conducts 
comparative genomics studies by applying the 
results of rice genome research to other grass 
family crops and has initiated genome research 
on soybean.

The Division consists of six research units 
and research aims of each unit are summarized 
as follows:

Plant Genome Research Unit
The Unit aims to collect and sequence rice 

and barley full-length cDNAs which are useful 
resources for identification of important genes 
and analysis of their function. In addition, 
comparative genomics studies on wild rice 
species and grass family crops will be conducted 
with the aim of discovery and utilization of useful 
genes.

Bioinformatics Research Unit
T h e  U n i t  a i m s  t o  d e v e l o p  a  n e w 

b io in for mat i cs p l a t fo r m which enab les 
researchers to analyze a large amount of 
biological information by comparing genome 
sequences and cDNA sequences of dif ferent 
species. By using this system, the Unit aims to 
identify genes with important functions.

Genome Resource Center
The Center aims to produce resources 

useful for functional analysis of rice genes, such 
as mutant rice lines and transgenic rice lines 
over-expressing a large collection of full-length 
cDNAs of rice, and to develop a database by 
integrating information obtained by the analysis 
of those resources. In addition, the Center aims 
to facilitate the maintenance and distribution of 
genome resources to the research community.

Genebank
Genebank aims to collect, preserve, evaluate 

and distribute plant, animal and microorganism 
genetic resources for breeding and research. 
To facilitate the efficient utilization of genetic 
resources, Genebank also aims to develop core 
collections of wild rice and Vigna species.

Institute of Radiation Breeding
The Institute aims to develop breeding 

materials with new traits such as disease 
resistance and high content of health-promoting 
ingredients.  In addition, the Institute aims to 
develop radiation-induced mutant rice lines 
for identification and functional analysis of 
agronomically important genes.

Soybean Genome Research Team
The Team aims to conduct genome research 

on soybean, a major source of protein and 
vegetable oil for animal and human nutrition, 
and to develop methods for isolation of useful 
genes and efficient breeding. The team started 
from June 2006.

Major topics in the Division in the fiscal year 
2006 are described as follows.
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 P lant Genome Research Unit

Our Research Unit, in collaboration with 
the Resource Center, has constr ucted and 
ana lyzed severa l genome r esour ces for 
molecular biological study and comparative 
genomics of rice and other Gramineae crops. 
Analysis of transcripts is important even after 
the entire genome information has been 
revealed because it is still hard for the computer 
program to elucidate how a gene is correctly 
transcribed and spliced into the mature mRNA 
structure. The Rice full-length cDNA project has 
completed sequencing of more than 35,000 full-
length (average = 1,701 bp) cDNA clones with 
about 3,000 new sequences added in 2006. All 
sequence data are available from the KOME 
(Knowledge-based Oryza Molecular biological 
Encyclopedia; http://cdna01.dna.af frc.go.jp/
cDNA/) site from NIAS (Fig. 1). For an in-depth 
analysis of gene expression data generated by 
the microarray experiments with cDNAs from 
different tissues and stages, a novel computer 
program tool searches for cis-element candidates 
from the upstream regions of dif ferentially 
regulated genes. The tool first creates a list of 
cis-element candidates by motif searching based 
on the supposition that if there are cis-elements 
playing important roles in the regulation of a 
given set of genes, then they are expected to be 
statistically overrepresented and are recognized 
as conser ved motifs. Then the likelihood of 

each listed candidate motif is evaluated using 
association rule analysis. This strategy depends 
on the idea that motifs overrepresented in the 
upstream region of the selected genes could play 
specific roles in  regulation of these genes. This 
tool is designed so that all biological researchers 
can use it easily from a publicly accessible 
internet site. We evaluated the accuracy and 
utility of the tool using a dataset of auxin-
inducible genes for which the cis-elements have 
been studied extensively. The test showed the 

Fig. 2　(a) Haruna-Nijo (malting barley, est. 1987, left) and (b) Barley gene clustering (right) 

  

 

 

Fig. 1　KOME site 
(top view, clone description)
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effectiveness of the tool in identifying significant 
relationships between cis-element candidates 
and related sets of genes. The developed tool 
can ef fectively provide a list of possible cis-
element motifs corresponding to genes chosen 
by users, and will contribute to a deeper 
understanding of gene regulatory mechanisms 
in plants. The developed tool is accessible at 
http://hpc.ir ri.cgiar.org/tool/nias/ces, by 
any JavaScript-capable WWW browser. To 
analyze the transcriptome of rice, we also have 
constructed a new 44K version of an Agilent-type 
oligoarray with 45,154 probes.

Barley is another impor tant cereal crops 
used for food, malt and animal feed. However 
it has a relatively large genome size (5 Gbp) 
which inhibits full-scale analysis of the genome 
structure by sequencing. Three cDNA libraries 
of malting barley (Hordeum vulgare cv. Haruna 
Nijo, Fig. 2a) using the “cap-trapper” method 
have been constructed. The total number of 
clones is 172,800. Both end sequences for all 
clones were analyzed, and the 3’ end sequences 
were clustered (Fig. 2b, 36,926) based on BLAST 
analysis. Clones with the most 5’ proximal 
sequences in each group have been selected as 
representative clones and are being used for full-
length sequencing with primer-walking.

A  new  protein  clustering  tool  was 
constructed in order to per form functional 

identification of predicted genes. Instead of 
an alignment of protein sequences according 
to their total sequence similarity evaluated 
with BLAST, this program (based upon an 
expectation maximization algorithm) detects 
known motifs which are submitted in pfam 
domain database and a l igns the prote in 
sequences with the “domain similarity”. All the 
gene sets from rice (RAP), Arabidopsis (MIPS) 
and Cyzon are used for detection and clustering 
of the motif. The resulting database will soon be 
available under the name of SALAD database.

Although rice genome sequencing has 
been completed at 95% of the entire genome, 
the sequence has not been available for the 
remaining 5%. We have fur ther analyzed the 
previously unknown regions including telomeres 
and centromeres. Several fosmid clones 
are located at the telomere regions of some 
chromosomes and variations of repeat elements 
indicated a high frequency of mutations in the 
telomere structures (Fig. 3). We also found at 
least 31 transcriptionally active protein-coding 
genes in the centromere regions where genes 
had been thought to be silenced.

The  Genus  Or yza  has  23  divergent 
species  and  only  two  have  been  utilized 
for rice  breeding.  In  order  to  introduce 
the unutilized traits from other species into 
elite varieties, it is impor tant to know how 

Fig. 3　Variation of telomere repeat structures
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the rice genome has evolved and has been 
diversified through domestication. We have 
already classified sequence variation among 
rice species (AA~HHJJ) using EST sequence 
conser vation. This time we used pSINE, a 
small retrotransposon which is irreversibly 
inser ted into rice genome, as the molecular 
clock to investigate the phylogenetic relationship 
among AA species of rice. More than 300 
rice accessions from the core collections of 
NIAS, NIG, and IRRI were analyzed for the 
presence/absence polymorphism of 118 
pSINEs (Fig. 4) and other retrotransposons. 
Phylogenetic analysis indicates that three 
independent evolutionary processes are involved 
in the establishment of Asian cultivar groups  
(Japonica, Indica, and Tropical Japonica).

Barley (Hordeum) has three one-flowered 
spikelets at each rachis node. The central 
spikelet is fertile, but the two lateral ones are 
sterile in all wild species and in two-rowed 
cultivars (Hordeum vulgare subsp. vulgare 
convar. distichon) (Fig. 5a, b). This feature is 
governed by the dominant Vrs1 gene. Mutation-
induced recessive alleles (vrs1) allow the lateral 
spikelets to develop full grains in mutants as 
well as in six-rowed cultivars (H. vulgare subsp. 
vulgare convar. vulgare). We have isolated the 

vrs1 gene and found it encodes a member of the 
homeodomain leucine zipper class I family (Fig. 
5C). The Vrs1 gene was expressed in only the 
lateral spikelet primordial (Fig. 5D-I). A deletion, 
inser tion, or substitution of one nucleotide 
in the gene can cause a dramatic increase of 
row number in six-rowed barley. Results here 
demonstrate three independent origins of six-
rowed barley at different times and in different 
regions.

Study of wheat flowering time determination 
is interesting because the light-responsive 
reaction in wheat (long-day plant) is reversed 
in rice (shor t-day plant) even though both 
are Graminae. We have cloned some of the 
functional genes involved in flowering (or 
heading) (wheat FT=rice Hd3 , wheat CK2 
alpha=rice Hd6).

We succeeded in expressing these wheat 
genes in transgenic rice cells to determine 
the detailed mechanism of their function.  We 
also introduced the wheat FT gene into wheat 
cells to establish transgenic wheat lines. We 
observed accelerated flowering in some of these 
transgenic plants, indicating the transgene is 
functional. Further functional analysis studies 
are under way.

Fig. 4　Chromosomal distribution of p-SINE and retrotransposon markers
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Fig. 5　Isolation and function of vrs1 gene
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Evolutionary roles of transposable elements
in the rice genome

After the comple t ion o f the genome-
sequencing of cultivated rice, Oryza sativa 
cv.gr. Japonica, transcribed regions in the 
genome were thoroughly annotated by the Rice 
Annotation Project. The other regions of the 
genome, however, remained to be examined. 
Since the discovery of transposable elements 
(TE) in the 1950s, it has been recognized 
that substantial portions of higher eukaryote 
genomes are composed of TEs. Although TEs 
are generally thought to be nearly non-functional 
and are referred to as "junk" DNA, there are 
several lines of evidence that TEs have a positive 
role in gene regulation and generation of new 
genes in mammals. Thus, it is of great interest to 
elucidate the evolutionary contribution of TEs to 
the rice genome.

Our survey of TEs showed that ~30% of the 
rice genome consists of repetitive sequences. 

Although inser tion of TEs was biased to 
nongenic regions so that functional genes 
were not disrupted, we found that 2,060 genes 
contained 3,429 TEs, which were 506,489 
bp in total length. To clarify advantages and 
disadvantages of TE-inser tions in exons, we 
counted the numbers of TEs inser ted in the 
protein-coding regions and untranslated regions 
(UTRs). As a result, we obser ved significant 
overrepresentation of TEs in the UTRs (Table 
1), which indicates that insertions of TEs into 
coding regions were disadvantageous. However, 
newly created duplicated genes should be 
functionally redundant, so that disruption of one 
copy may be selectively neutral because the loss 
of function can be compensated by the other 
copy. To address this question, we compared 
the numbers of TE insertions in the protein-
coding sequences for single copy and duplicated 
genes (Table 2). The excess of TEs in duplicated 
genes was statistically significant (Fisher’s exact 
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test, p = 3.6 × 10-1). Our observations suggest 
that TEs may have “cleaned up” the genome by 
destroying redundant DNAs during evolution.

Another possible important role of TEs is 
generation of new genes or alleles. Intriguingly, 
31 rice genes were found to possess one or 
more exons for which the entire region had 
been derived from TEs. It seems that these 
TEs were first inserted in introns and then they 
were recruited for new exon creation. Thus, 

TEs appear to contribute to genome evolution in 
two opposite manners: disruption of redundant 
genes and creation of new genes and functions. 
Our genome comparison of cultivated and 
wild rice suggested that TEs have dramatically 
increased or decreased in specific lineages (data 
not shown). TEs may have been key players 
behind the scene in dynamic genome evolution 
of rice.

CDSs UTRs
Class Expected No.a Observed No. Expected No.a Observed No.　χ2-testb

Class I
　Ty1-copia 47 52 50 45 -
　Ty3-gypsy 120 81 129 168 **
　LINE 4 0 4 8 -
　p-SINE1 38 20 40 58 **
　Other class I 101 116 109 94 -
Class II
　Ac/Ds 7 5 8 10 -
　CACTA, En/Spm 66 27 71 110 **
　MULE 36 25 38 49 -
　MLE 21 26 22 17 -
　Stowaway 3 1 3 5 -
　Tourist 92 15 99 176 **
　Other class II 232 67 249 414 **
　Other TE 769 144 822 1,447 **
　Total 1,537 579 1,643 2,601
a An expected number was estimated so that the number becomes proportional to the nucleotide lengths of 
the genome or cDNAs.
b **, p < 0.001; -, not signifi cant.

Table 1　Expected and observed numbers of transposable elements found in the coding sequences (CDSs) 
and untranslated regions (UTRs)

No. of TE-containing genes No. of the other genes

Single copy genes 553 12,433

Duplicated genes 933 14,621

Table 2　Number of TE-associated genes
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 G enome Resource Center 

Access to genomics resources and
information in the post-genome sequencing
era

It has been more than 2 years since the 
International Rice Genome Sequencing Project 
(IRGSP) completed the high-quality map-
based rice genome sequence. Since then, 
the 389 Mb sequence of the rice genome 
has become available in the public domain 
and has stimulated research in various areas 
of plant biology. In addition, a number of 
biological resources have been generated from 
various projects in rice genomics aimed at 
understanding the function of more than 32,000 
genes predicted in rice. The Genome Resource 
Center functions as the repository of biological 
materials and information derived from various 
projects on rice genome analysis as well as 
a center for high-throughput strategies for 
functional characterization of the rice genome. 
Its major activities include: 1) maintenance 
and distribution of biological materials derived 
from various projects in rice genomics; 2) 
providing updated genome information by 
collecting nucleotide sequence and protein 
information from publicly available databases; 
3) developing tools for homology searches and 
in-silico analysis of genome structure; and 4) 
construction of highly ef ficient strategies for 

large-scale genome analysis of genome function. 
Before the completion of sequencing, almost 
23,788 clones, which consist mostly of rice ESTs, 
have been distributed to researchers all over 
the world through the DNA Bank of NIAS. The 
trend shifted upon completion of the genome 
sequence and the release of the rice full-length 
cDNA sequences. There was a remarkable 
decrease in requests for rice ESTs but a sharp 
increase in requests for biological materials 
for analysis of genome function. The biological 
materials currently distributed through the 
Genome Resource Center include: 1) 35,180 full-
length cDNA clones, 2) Tos17 insertion mutant 
lines, and 3) genetic analysis materials such as 
backcross inbred lines, chromosome segment 
substitution lines and doubled-haploid lines 
derived from various japonica/indica crosses. 
The accession of data via the RGRC website 
(http://rgrc.dna.affrc.go.jp/) is shown in Fig. 
6. These is a continuous increase in access rate 
since the website was opened in April 2003 
reaching a total of 364,136 hits as of the end 
of March 2007. So far, the Genome Resource 
Center has distributed 3,207 full-length cDNA 
clones, 843 Tos17 insertion mutant lines and 
2,318 lines for genetic analysis to researchers 
around the world. The availability of these 
resources will stimulate a wide range of research 
for understanding the function of rice genes that 
may yield new insights in crop improvement 
and fur ther enhance conventional breeding 
programs. 

Fig. 6　Summary of RGRC usage based on access 
hits
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 G enebank

The NIAS Genebank Project consisting of 
plant, microorganism, animal, and DNA sections 
has been implemented in collaboration with 
the National Agriculture and Food Research 
Organization (NARO), several organizations 
in public and private sectors and international 
i n s t i t u t i o n s .  T h e G e n e b a n k P r o j e c t  i s 
coordinated as a center for activities including 
the exploration, collection, characterization, 
diversity studies, evaluation, preser vation, 
multiplication, and information management of 
genetic resources (GRs).

In fiscal year 2006, international collaborative 
field studies were carried out in cooperation 
with relevant research institutes in the partner 
countries.  The Project dispatched scientists to 
explore leguminous forage GRs in Bulgaria, wild 
rice GRs in Senegal and Guinea, to do feasibility 
studies on apples, pears, and stone fruit GRs in 
Xinjiang Uygur Autonomous Region of China, 
to sur vey wild rice and wild and cultivated 
legumes GRs in Papua New Guinea, and to make 
comparative evaluations of rice core collections 
in the arid conditions of Egypt. Eight exploration 
missions were organized by the plant section 
to explore dif ferent GRs inside Japan: plum 
GRs in Yamagata prefectures, apple relatives 
GRs in Nagano and Yamanashi prefectures, 
Vacc in ium  GRs in A ich i and Hir oshima 
prefectures, Cruciferous vegetables in Ishikawa 
and Toyama prefectures, tea GRs in Shimane 
prefecture, wild legumes GRs in Hyogo, Akita 
and Saga prefectures, wild soy beans in Kochi 
prefecture, wild sugarcane GRs in Aichi and Mie 
prefectures, and Arundo GRs in Kagoshima, 
Chiba, Shizuoka, Miyazaki, Nagasaki and 
Okinawa prefectures. Three missions were 
organized by the microorganism section: 
Xanthomonas campestris of cabbage and their 
phage in wide areas of the main island of Japan, 
Rhizobacter dauci of carrot in Aomori prefecture, 
and Arbuscular mycorrhizal fungi in Shimane 

and Kumamoto prefectures. Additionally, 
several sub-banks did explorations on their own 
and registered the collected materials in the 
Genebank system.

The total numbers of GRs preser ved at 
the NIAS Genebank and par tner institutions 
are 240,557 accessions of plant GRs, 23,977 
accessions of microorganism GRs, and 942 
accessions of animal GRs at the end of FY2006.  
In FY2006, 7,487 accessions of plant GRs, 772 
accessions of microorganism GRs and 201 
accessions of animal GRs were distributed to 
domestic and foreign users for basic and applied 
research. Passport and characteristic data of 
freely distributable accessions are uploaded onto 
the website (http://www.gene.affrc.go.jp/). 

An OECD/NIAS-sponsored international 
workshop t i t led “Domest ica t ion , super -
d o m e s t i c a t i o n  a n d g i g a n t i s m :  H u m a n 
manipulation of plant genomes for increasing 
yield” was held from 2nd to 4th of October, 2006 
at Tsukuba, Japan, which was suppor ted by 
Annals of Botany.

Disclosure of GRs-related information 
and in-house information management are 
very important for gene bank functions. The 
NIAS Genebank website in Japanese has 
been renovated to provide correct and useful 
infor mation about GRs to various users. 
It is impor tant for the Genebank database 
system to clarify the relationship between the 
conserved GRs and the researchers engaged 
in GRs conservation. Although GRs had been 
processed with laborator y codes of storage 
places in the existing database system, the 
laborator y codes are not suf ficient to track 
responsibi l i ty for GRs when assigned to 
individual researchers following the recent 
reorganization of agricultural research institutes. 
We introduced a researcher code database into 
the system to solve this problem. A new data 
manipulation program using researcher codes 
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has been developed for permitting input and 
update of related data. The database tables are 
scheduled to relate the passport data and the 
characteristics/evaluation data of GRs not to 
laboratory codes but to researcher code during 
2007.

GRs research collaboration with Papua New
Guinea

Papua New Guinea has rich diversity of 
flora and many wild relatives of crops can be 
found there. Among these diverse GRs are 
species related to rice, azuki bean, sugar cane, 
cassava and banana. Over the past three years 
four Papua New Guinea scientists have visited 
Japan and five scientists from Japan have visited 
Papua New Guinea for collaborative germplasm 
collecting and research.

In Papua New Guinea collecting focused on 
the lowlands and samples of 23 species from 
14 genera were collected. Genera that were 
par ticularly targeted were Oryza and Vigna 
(Fig. 7 and 8). Among the unusual germplasm 
collected was the rare tetraploid wild rice Oryza 
schlechteri (Fig. 9) and samples of a Vigna 
minima complex ecotype (Fig. 10). Specimens of 
the V. minima complex from Papua New Guinea 
were not previously included in any germplasm 
collection. Research on Oryza germplasm has 
revealed the first known natural hybrid between 
A-genome Oryza species from Asia and Australia 
(O. rufipogon and O. meridionalis). Genetic 
analysis of wild mungbean from Papua New 
Guinea revealed that it represents a diverse 
source of variation of potential use in mungbean 
breeding.

Fig. 7　A map of collection sites of Oryza spp Fig. 8　A map of collection sites of Vigna and 
Glycine spp

Fig. 9　Oryza schlecteri Fig. 10　A Vigna minima complex specimen
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New fungal species of the genera
Aplosporella and Pseudocercospora
pathogenic to Orchidaceous plants,
Cymbidium kanran and Dendrobium
phalaenopsis, respectively

The pathogens of bud rot of Cymbidium 
kanran (Fig. 11A, B) and sooty leaf blight of 
Dendrobium pharaenopsis (Fig. 12 A, B), which 
were found in Kochi and Kagawa prefectures, 
Japan in 1994, were confirmed to be new 
species of Aplosporella and Pseudocercospora, 
respectively.

T h e  f u n g a l  i s o l a t e  o f  A p l o s p o r e l l a 
(MAFF238565) produces pycnidia on potato 
carrot agar (PCA). When the pycnidia were 
checked minutely, they were subspherical to 
flask-shaped, black, uniloculed, 1-6 ostiolate, 
with papillate ostioles, with wall consisted of 
multi-layered cells, and 585-680 × 520-560 μm 
(Fig. 11 C, D). Conidia were holoblastic, solitary 
on the tips of cylindrical conidiogenous cells, 
which elongated from the most inner layer of 
pycnidial wall, obovoid to ellipsoid, hyaline, with 
many guttles at immature stages (Fig. 11 E), 
becoming black, with papillate and pale brown 

bases, truncate at their bases, densely echinulate 
on their surfaces, and 46-62 × 28-36 μm (Fig. 11 
F, G). Paraphyses were present among conidia. 
No species of Aplosporella has been reported 
pathogenic to orchidaceous plants. We propose 
it is a new species based on these morphological 
characters and pathogenicity.

The o ther funga l pa thogen pr oduces 
stromata with conidiophores and conidia on 
leaves of the host (Fig. 12C). When the stromata 
were checked minutely, conidiophores were 
fasciculate on stromata formed beneath stomata, 
cylindrical, light grayish brown, 6-10 septate, 
geniculate, occasionally branched, rounded 
and hyaline at the tips, with inconspicuous 
scars of conidial formation, 100-220 × 3.4-4.8 
μm (Fig. 12D). Conidia were slender obclavate, 
pale olivaceous, straight or slightly cur ved, 
1-5 septate, truncate and thin at the bases, 
pointed at the tips, smooth, 66-114 μm in length 
and 3.4-4.2 μm in width (Fig. 12E). An isolate 
(MAFF238556) established from the conidium 
formed typical colonies to the genus (Fig. 12F & 
12G). We also propose it is a new species based 
on the morphology.

Fig. 12　(A & B): Sooty leaf blight of Dendrobium 
pharaenopsis,
(C): stromata,
(D): conidiophores, and
(E): conidia of a new species of Pseudocercospora 
on the  diseased leaf and colonies of its isolate (F: 
surface side, G: reverse side)
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Fig. 11　(A & B): Bud rot of Cymbidium kanran,
(C): pycnidia formed in  colonies of isolates of the 
pathogenic fungus, a new species of Aplosporella,
(D):a section of the picnidium,
(E): a conidiogenous cell with an immature conidium, 
(F): the mature conidium, and
(G): a scanning electron micrograph of the conidium 
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Cultured insect cell lines as a tool of
molecular genetics research

In general, an insect’s cultured cell line is a 
cell mass that has been derived from an embryo, 
an ovary, a testicle, a fat body, or a hemocyte 
cell.  Because cultured cell lines have uniform 
genetic constitutions, they are indispensable 
to molecular genetics research including 
microarray technology.

1) SES-BoMo-J125K2, a silkworm cultured
cell line

The protein that reacts to a structural protein 
of type I and II of Bombyx mori Denso Nuclear 
Virus (BmDNV) is thought to exist specifically 
on the cell sur face of inner intestinal cells. 
BmDNV was vaccinated to SES-BoMo-J125K2 
and some other Bombyx mori cultured cell 
lines derived from embryos for the clarification 
of these proteins, and a structural protein of 
BmDNV and an interacting peculiar protein were 
confirmed.

2) NIAS-PRC-819, a cabbage butterfly (Pieris 
rapae crucivora) cell line

Some anti-cancer revitalization peptides and 
proteins were identified from the insect. The 
protein named Pierisin (98kDa) was identified 
from cabbage butterfly chrysalis. The cabbage 
butterfly of NIAS-PRC-819a, NIAS-PRC-819b, and 
NIAS-PRC-819c were not killed or wounded by 
Pierisin, though human cancer cells were killed 
or wounded.

3) BmMLV, a plant RNA virus and silkworm
cultured cell line

A plant RNA virus was discovered for the first 
time in the cytoplasm of the silkworm cultured 
cell l ine. It was named BmMLV, because 
the virus belongs to the Tymoviridae order, 
Maculavirus family, and had been discovered 
f r o m s i l k w o r m . B m M LV i s  n o t  a l w a y s 
confirmed, but it is in most established cell lines 
such as BmN4.

4) NIAS-Bm-aff3, a silkworm cultured cell 
line and symbiotic microorganisms with 
insect and ticks

Cardinium l iving in the body of Ixodes 
scapularis and Wolbachia in the body of 
Laodelphax striatellus were administered to infect 
a newly established cultured line of NIAS-Bm-
aff3 of silkworm fat body origin. A microarray 
study has revealed that Cardinium can infect 
the cultured cells and induce expression of 
the immune response genes encoding lebocin, 
lysozyme, and gloverin of the host cell. On the 
other hand, gene expression did not increase in 
cells following Wolbachia infection (Fig.13).

5) Immunity inducement and NIAS-Bm-aff3,
a silkworm cultured cell line

Activity of the immunity-inducement gene 
activated by peptidoglycan (PGN) was studied 
in NIAS-Bm-af f3, a cell l ine derived from 
silkworm fat body. Different induced activities 
were dependent on PGN types. Similarly, an 
increase in the amount of transcript and the 
amount of Calreticurin (CRT) belonging to the 
endoplasmic reticula chaperonin was seen in this 

Fig. 13　Culture of Wolbachia and Cardinium by NIAS-Bm-aff3 cell line (from Dr. Hiroaki Noda)

Laodelphax
striatellus

Wolbachia (wStr.)

Ixodes
scapularis

NIAS-Bm-aff3:
designated from fat body

of Bombyx mori
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cell line when processed with lipoporisaccarid 
(LPS).

6) Response of silkworm cultured cell lines
to ecdyson and JHA

Strong gene expression of BmE75A, BHR3, 
and other ecdyson-related genes was confirmed 
by R T-PCR of SES-BoMo-C129 and NIAS-
Bm-oyanagi2, after these silkworm cultured 

cell lines had been processed with ecdyson, 
an insect moulting hormone. The induced 
genes were expressed more strongly as a 
result of the interaction of ecdyson and JHA, 
a juvenile hormone analogue.  Also, cuticular 
protein genes BmWCP2 and BmWCP10 were 
simultaneously expressed in these cultured cell 
lines.

 I nstitute of Radiation Breeding

The research activities of the Institute 
of Radiation Breeding are focused on the 
development of new strains of seed-propagated, 
vegetatively propagated and woody crops 
through mutation from application of various 
forms of irradiation. Mutations are induced by 
the following radiation sources: Gamma Field 
and the Gamma Green House for γ-ray chronic 
irradiations to growing plants, and Gamma 
Room for γ-ray acute irradiation of seed, bulbs, 
tubers, scions and in vitro materials. The 
Institute is also involved in the development of 
mutant resources for genomic analysis and new 
technologies for plant breeding mainly utilizing 
γ-ray and ion beam irradiation, including the 
elucidation of gene expression mechanisms 
in mutants. The Institute provides irradiation 
service and cooperative research at the request 
of universities, private industries, prefectural 
experiment stations, and incorporated agencies 
of Ministr y of Agriculture, Forestr y and 
Fisheries. The major topics in fiscal 2006 are as 
follows.

Comparison of the mutation inducing
effects between ion beams and gamma
rays1),2)

We examined the use of carbon ion and 
gamma ray-induced wx mutants in rice to reveal 
mutations. Accelerated ion mutagenesis has 
rarely been utilized as a mutation inducing 
approach for plant species. Dr y seed of rice 
cultivars ‘Nipponbare’ and ‘Hitomebore’ were 

irradiated with a dose of 40 Gy of carbon ions, 
and 200-250 Gy of gamma rays. Six wx mutants 
were obtained from rice M2 and M3 seeds by 
screening with KI2 staining (Table 3). Genomic 
DNA was extracted from dr y seeds. Due to 
dif ficulties involved with PCR amplification 
of the whole gene locus using a single pair of 
primers, the mutant wx genes were amplified 
by using five pairs of primers. Mutants that 
generated 5 PCR amplicons of a size similar to 
the wild type were classified as having point-
like mutations. Mutants that generated no 
amplification products were classified as having 
rearrangements (inversion, translocation, or 
large deletion).

A total of three independent carbon ion-
induced and three independent gamma ray-
induced mutants were analyzed. Of the three 
carbon ion-induced mutants, one had point-
like mutations and two had rearrangements. 
Of the three gamma ray-induced mutants, 
two had point-like mutations and one had 
rearrangements.

Sequencing analysis revealed that all point-
like mutants had deletions. G040-10H had a 6-bp 

wx mutant lines mutagen original cultivar
G040-10H gamma-ray Nipponbare
G041-11H gamma-ray Nipponbare
02γ200Gy gamma-ray Nipponbare
C092-1E Carbon ion Hitomebore
03C32040Gy Carbon ion Hitomebore
02C22040Gy Carbon ion Hitomebore

Table 3　wx mutants used in this study
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deletion in the 5th exon. G041-11H had a 2-bp 
deletion in the 2nd exon, and C092-1E had a 
4-bp deletion in the 12th exon, respectively (Fig. 
14). Because all the deletions were identified in 
exon regions, we concluded that these deletions 
induced the wx mutation phenotype.

R e a r r a n g e m e n t s w e r e e x a m i n e d b y 
PCR analysis. In 03C32040Gy, bands were 
not generated when using primer F1 (5 ’
-GCAGGCACTAATAGCTACAG-3’) and R1 (5’
-AGATGCATGTGATCGATCTG-3’), indicating 
that the rearrangement should be between 
primer F1 and primer R1. In 02C22040Gy, the 
rearrangement should be between primer F1 
and R3 (5’-CTTGCCTTGTCAGAATCAATC-3’). 
In 02γ200Gy, the rearrangement should be 
between F1 and R1.

It was repor ted that carbon ions induced 
both point-like mutations and rearrangements in 
Arabidopsis2. In this report, we determined that 
the same types of mutations are induced in rice.

Boxes and horizontal lines indicate exons 
and introns of Wx gene. Triangles indicate the 
positions of deleted nucleotides.

Selection of highly antioxidative breeding
materials in common buckwheat by gamma
ray irradiation

Mutation induction is a useful method 
for plant breeding and the type of mutagenic 
treatment is an important factor in obtaining 
successful results. Buckwheat is a well known 
pseudocereal as a healthy food, and Japanese 
consumers have indicated their preference 
to food material with highly antioxidative 
proper ties. However, varieties with highly 
antioxidative activity have not been developed. 
As a consequence, an investigation utilizing 
gamma ray ir radiation was initiated to test 
the possibility of developing an antioxidative 
buckwheat variety. A common buckwheat 
variety, cv. “Botansoba,” was used as the 
original material. Two irradiation methods were 
conducted: 1) dry seeds were acutely irradiated 
with dif ferent doses of gamma rays; and 2) 
growing plants were chronically irradiated with 
dif ferent doses of gamma rays in the Gamma 
Field. As a control, an original population (non-
irradiated cv. “Botansoba”) was grown. The 
average and variation of the antioxidative activity 
of each gamma ray treatment and control are 
shown in Table 4. Compared with the control, 
both the acutely and chronically irradiated 
populations exhibited an expansion in the 
variation of antioxidative activity. Among these 
irradiated treatments, acute irradiation levels 
of 300 and 400 Gy and chronic irradiation of 2.0 
Gy/day were identified as the optimum dose for 
the selection of highly antioxidative materials. 

Dose(Gy) Dose rate No. of plants         Antioxidative
 AVG

activity*  
Variation

［Control］ 0      － 78 17.5 4.0
［Acute］ 50        2.5** 81 19.5 5.4

100        5.0 36 17.7 7.2
200      10.0 68 18.6 5.9
300      15.0 88 18.2 7.1
400      20.0 45 18.6 8.9
500      25.0 20 19.1 6.0

［Chronic］ 5        0.1*** 68 19.2 6.7
25        0.5 54 18.5 9.9
50        1.0 86 18.7 5.0

100        2.0 81 19.6 5.7
*: μmol-Trolox/gDW, **: Gy/h, ***: Gy/day

Table 4　Average and variation of antioxidative activity in each gamma ray treatment

Fig. 14　Deletion in Wx gene
Boxes and horizontal lines indicate exons and introns of Wx 
gene. Triangles indicate the positions of deleted nucleotides.

1kb

G041-11H
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The selection progress from 2001 to 2005 is 
shown in Table 5. In the first selection in 2001, 
the antioxidative activities of selected materials 
were from 20.5 to 26.1 μmol-Trolox g -1 DW. 
In the second selection in 2002, some high 
antioxidative materials (higher than 30 μmol-
Trolox g-1 DW) were obtained. Furthermore, in 
the third selection in 2004, highly antioxidative 
materials (near 35 μmol-Trolox g-1 DW, two 
fold higher than those of cv. ‘Botansoba’ 
were obtained. High antioxidative materials 
were selected from 300 Gy acutely irradiated 
populations (34.9 μmol-Trolox g-1 DW), 2.0 
Gy/day-chronically irradiated populations (33.6 
μmol-Trolox g-1 DW), and the control population 
(34.3 μmol-Trolox g -1 DW). In the four th 
selection in 2005, highly antioxidative material 
was selected from 300 Gy-acutely irradiated 
populations (34.2 μmol-Trolox g-1 DW).

In summary, radiation breeding appears to 

be applicable to the development of a highly 
antioxidative variety.

Flower and Fruit Characteristics of a
Thornless Mutant of Trifoliate Orange 

The trifoliate orange (Poncirus trifoliata (L.) 
Raf.) has been widely used as a citrus semi-
dwar f rootstock in Japan. It is an excellent 
rootstock for providing resistance to some 
diseases, increased cold-hardiness and high 
quality fruit; however, the trifoliate orange has 
the undesirable trait of developing numerous 
stout thorns on its shoot during development, 
which can be a major nuisance to nurser y 
growers. Currently, only one thornless strain, 
which originated as a chance seedling in Ohita 
Prefecture, Japan, is available. This variant strain 
is absolutely thornless, but has some crucial 
failings, such as high frequency of blind bud 
formation, monoembryony and susceptibility to 

2001 2002 2004 2005
300 Gy
Acute

26.1 (18.2) 30.1 (20.5) 34.9 (24.0) 34.2 (22.5)
23.4 ( 〃 ) 27.4 (19.4) 31.8 ( 〃 ) 30.4 ( 〃 )
22.1 ( 〃 )
21.9 ( 〃 )
21.8 ( 〃 )
21.7 ( 〃 )

300Gy
Recurrent acute

26.1 (18.2) 28.1 (21.0) 31.6 (20.0) 30.1 (21.7)
23.4 ( 〃 ) 26.9 ( 〃 ) 25.9 (20.5) 28.9 ( 〃 )
21.8 ( 〃 )

400Gy
Acute

26.5 (18.6) 29.4 (22.7) 32.4 (22.9) 32.0 (21.5)
27.7 ( 〃 ) 31.9 ( 〃 ) 30.9 ( 〃 )

400Gy
Recurrent acute

26.5 (18.6) 29.4 (22.7) 27.9 (20.4) 28.6 (19.7)
 27.5 ( 〃 ) 26.3 ( 〃 )

2.0Gy/day
Chronic

24.8 (19.6) 28.3 (20.2) 33.6 (24.0) 26.0 (21.4)
24.3 ( 〃 ) 28.1 ( 〃 ) 29.8 ( 〃 ) 26.0 ( 〃 )
24.2 ( 〃 )
23.6 ( 〃 )
23.5 ( 〃 )
23.4 ( 〃 )
23.3 ( 〃 )
23.2 ( 〃 )
23.0 ( 〃 )

2.0Gy/day
Recurrent chronic

24.8 (19.6) 30.1 (21.7) 26.9 (20.8) 28.6 (21.9)
23.6 ( 〃 ) 25.0 ( 〃 ) 24.6 (23.7) 27.4 ( 〃 )
23.2 ( 〃 )
23.0 ( 〃 )

Control 22.7 (17.5) 30.0 (23.2) 34.3 (23.3) 24.5 (19.3)
21.6 ( 〃 ) 29.9 (20.0) 28.8 ( 〃 ) 24.4 ( 〃 )
20.9 ( 〃 ) 28.8 (22.9) 23.7 (19.4)
20.5 ( 〃 )

Botansoba 17.5 17.4 19.5 15.7
Unit：μmol-Trolox/gDW. In parenthesis shows the average of the derived population.

Table 5　Process of selection of antioxidative activity
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citrus tristeza virus. Therefore, mature seeds 
of the trifoliate orange were irradiated at a total 
exposure of 18 kR (approximately 157 Gy in 
terms of absorbed dose) and a dosage of 250 
R/h (approximately 2.18 Gy/h) in order to 
induce thornless mutants lacking unfavorable 
traits for practical use. A morphological mutant 
was selected from seedlings raised from 
irradiated seeds. To date, this mutant develops 
some partial and normal thorns throughout the 
growing period. However, branches reverting 
to the normal thorny phenotype have not yet 
been found. It appears that the growth of the 
mutant tree is more vigorous than that of the 
aforementioned thornless variant identified in 
Ohita Prefecture.

We have compared some morphological 
characteristics of the mutant to those in the 
original parent. Flower petal size, filament 
number, ovary size and mature fruit size were 
measured. Pollen fertility of both mutant and 
original trifoliate orange plants was assessed by 
acetocarmine staining. Pollen germinability was 
determined with a germination test on an agar 
medium (2% agar and 20% sucrose) at 25 C for 10 
hr.

This mutant bears many flowers like the 
original trifoliate orange, but most of the flowers 
drop from the plant due to the formation of 
an abscission layer at the base of peduncle. 
The petals of the mutant are approximately 
equivalent in size to those of the original 
trifoliate orange; the pistil is, however, somewhat 
smaller, but without marked morphological 
malformation. Pollen fertility and pollen tube 
growth of the mutant are lower than that of the 
original parent stock. Pollen germinability of the 
mutant plant is less than 10% which is much less 
than that of original parent (Table.6). Due to the 

high level of pollen infertility, we also consider 
that flower dropping is a consequence of male 
infertility. When pollinated artificially with viable 
pollen from the common trifoliate orange, fruits 
of the mutant tend to be very small (average 
25 mm in diameter) with a typical weight of 
approximately 10 g. In addition, the surface of 
the fruit is markedly rough and uneven (Fig. 15). 
A fruit of the mutant plant contains fewer seeds 
than that of the original trifoliate orange plant 
and the seeds are polyembryonic, identical to 
that of the original trifoliate orange parent (Table 
6).
References
1)K. Naito et al. Genetics 169 (2005): 881
2)N. Shikazono et al. J. Exp. Bot. 56 (2005): 587

Fig. 15　Fruit of mutant (left) and original trifoliate 
orange (right)

Flower Pollen Mature Fruit

Petal
 length

Petal
 width

Filament
 number

Ovary
length

Ovary
width Quantity Fertility Germi-

nability
dia-

meter weight number
 of seeds

mm mm mm mm % % MM g

mutant 21.8 8.6 22.6 5.2 2.9 many 69.1 9.7 24.7 10.1 6.5

original trifoliate 20.8 8.6 22.4 5.5 4.1 many 95.5 76.5 48.0 48.8 30.7

Flower characteristics was mesured at full bloom stage. Pollen quantity was assessed by visual evaluation method.
Pollen germinability was determined on an agar medium (2% agar and 20% suerose) 25 degrees Celsius for 12hr.

Table 6. Flower and fruit characteristics of mutant and original trifoliate orange
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Agricultural crops are important resources 
for human food and biomass energy. Food 
shortage in the near future is a serious concern, 
considering ongoing population growth and 
loss of potential cultivation areas in the world 
due to climatic instability and environmental 
destructions as a result of human activities 
causing unprecedented global warming. Plants 
grow in contact with various microorganisms, 
some of which act as pathogens and cause a 
drastic loss of yields. For a stable food supply, 
it is essential to maintain and improve crop 
productivity even under changing and stressful 
environments. For this purpose, profound 
understanding of plant development and 
functions is essential.

The Division of Plant Sciences consists 
of six research units that aim to elucidate 
mechanisms of physiological phenomena such 
as plant growth, development, and responses 
to environments and pathogens. These units 
conduct diverse research programs that utilize 
various resources including the complete 
genomic sequence of rice. Development of basic 
technologies that should lead to improved crop 
productivity is also under way by understanding 
and utilizing diverse potentials of plants. Each 
research unit is engaged in the research 
described below.

Environmental Stress Research Unit 
studies mechanisms of plants to withstand 
e n v i r o n m e n t a l  s t r e s s e s  s u c h  a s  l o w 
temperatures, high salt, and drought to develop 
strategies for improving crop stress tolerance.

Photobio logy and Photosynthes is 
Research Unit studies mechanisms involved in 

photosynthesis efficiency and plant productivity 
and mechanisms of sensing and responding to 
light to develop strategies for improving light 
responses and utilization in crops.

Plant Disease Resistance Research 
Unit analyzes various disease resistance genes 
including those involved in rice-blast field 
resistance. These genes will be isolated and 
their functions characterized to utilize them for 
improving disease resistance of rice.

Proteins play impor tant roles as gene 
products that lead to expression of the target 
traits. Protein Research Unit focuses on 
structures and functions of various proteins 
using NMR and X-ray dif fraction to establish 
an impor tant basis for ut i l iz ing genome 
information.

Plant-Microbe Interactions Research 
Unit studies interactions between plants and 
microbes including symbionts and pathogens 
(fungi, bacteria, and viruses) for improving 
disease management and for efficient utilization 
of symbiotic microorganisms.

 
Safety of genetically modified crops has been 

guaranteed by various assessments that meet 
legal regulations. For further improvement of 
the safeness of the crops, various investigations 
are under way at Plant Genetic Engineering 
Research Unit to develop new methods and 
strategies leading to optimal regulation of the 
expression of introduced genes.

The major research topics in fiscal 2006 are 
described in the following pages.

Division of Plant Sciences 
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 E nvironmental Stress Research Unit

To maintain and improve agricultural 
productivity under global environmental 
changes and climatic instability, avoidance 
of yield loss caused by various stresses and 
expansion of cultivation areas are important. 
Plants have innate mechanisms to adjust to 
environmental changes but such capability is 
not always suf ficient for optimal production. 
In an attempt to improve crop stress tolerance 
or to avoid stress injuries, we study such 
mechanisms by analyzing mutations responsible 
for susceptibility or tolerance to various stresses 
and stress-tolerant plant species. Emphasis has 
been given to elucidation of the mechanisms of 
salt tolerance, chilling injuries at the flowering 
stage and tolerance to pre-harvest sprouting in 
rice plants, and freezing tolerance in cold-hardy 
plants. The major topics in fiscal 2006 are as 
follows.

Ion transporters contribute to salt tolerance
Some cation transpor ters mediate ion 

homeostasis in the cytoplasm and contribute to 
salt tolerance in plants. Finding and analyzing 

a novel cation transpor ter involved in salt 
tolerance is important to improvement of salt 
tolerance of crops. We screened a rice full-length 
cDNA expression librar y through functional 
complementation of yeast strain G19 (Δena1–4) 
which is salt-sensitive due to the lack of a major 
component of Na+ efflux machinery. Expression 
of a cDNA clone, encoding the rice homologue 
of Shaker family K+ channel KAT1 (OsKAT1), 
suppressed the salt-sensitive phenotype of G19. 
We suggested that OsKAT1 mediates K+ uptake 
into cells and contributes to the maintenance 
of cellular alkali-cation homeostasis under a 
high saline condition. Rice cells overexpressing 
OsKAT1 also showed enhanced salt tolerance 
and increased cellular K+ content (Fig. 1). 
These functions of OsKAT1 are anticipated 
to be common among Shaker K+ channels. 
The expression of OsKAT1 was restricted to 
internodes and the rachis and rachis-branch  
of wild-type rice, whereas other Shaker family 
genes were expressed in various organs. These 
results suggest that OsKAT1 is involved in salt 
tolerance of rice in cooperation with other K+ 

Fig. 1　Growth and cellular cation contents of the transgenic rice cells during salinity stress 
A, RT-PCR analysis of OsKAT1 expression. B, effects of salt stress treatment on the growth of rice cells. C, K+ contents 
of cells. D, Na+ contents of cells. OsKAT1 #14 and #28 are two rice cell lines transformed with the OsKAT1 expression 
plasmid and EV means a cell line transformed with an empty vector.

EV
OsKAT1#14
OsKAT1#28

EV OsK
AT1

#1
4 OsK

AT1

#2
8
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channels by par ticipating in maintenance of 
cytosolic cation homeostasis during salt stress, 
and thus protects cells from excess Na+.

Map-based cloning of the pre-harvest
sprouting resistance gene Sdr4 derived
from Indica rice cultivar

Mechanisms that allow seeds to germinate 
under appropriate conditions are crucial for 
plant survival and propagation. It is particularly 
impor tant to avoid pre-har vest sprouting in 
highly humid summer climates as in Japan. We 
have tried to identify and elucidate rice genes 
involved in prevention of pre-harvest sprouting 
with the goal of improving the tolerance of rice 
and wheat against high humidity.

Seed dormancy is a typical complex trait 
determined by a series of quantitative trait 
loci (QTLs). Previously, five QTLs had been 
detected for seed dor mancy of r ice with 
backcross inbred lines derived from a backcross 
of Nipponbare(japonica)/Kasalath(indica)//
Nipponbare. Here we identify a major QTL 
designated as Seed Dormancy 4 (Sdr4) on 
chromosome 7 of rice.

High-resolut ion mapping us ing 2 ,515 
segregants enabled us to define a genomic 
region of 8.7 kb as a candidate for Sdr4 gene 
(Fig. 2). In this candidate region, three genes 
were predicted by an auto-annotation program, 
RiceGAAS. Among three candidate genes, two 
genes (C1 and C2) were expressed in panicles. 

Transgenic Nipponbare having the 3.3 kb 
fragment encompassing C2 alone showed lower 
germination proper ty (#62, #10, #09, #59), 
compared with transformants having a empty 
vector (#12, #20), indicating that Sdr4 is the 
candidate gene 2 (Fig. 2). An Arabidopsis T-DNA 
tagged line of the Sdr4 homologue also showed 
lower germination property, suggesting that the 
function of Sdr4 in seed dormancy/germination 
was conserved across monocots and dicots.

Visualization of freezing behavior in the
leaves of Trachycarpus wagnerianus using
NMR micro-imaging

Trachycarpus for tunei and T. wagnerianus 
are probably the most cold-hardy palm species. 
They tolerate –14°C without any injury and can 
grow as far north as Sendai in Japan and 7b area 
in USDA plant hardiness zone map of North 
America. NMR micro-imaging was used to study 
the mechanism of cold hardiness in the leaves. 
Proton density images with a resolution of 31 μm 
successfully and non-invasively visualized the 
freezing behavior of Trachycarpus leaves (Fig. 
3). Epidermis and water in the vascular bundles 
froze around –10°C while the mesophyll cells 
remained deep-supercooled until –14°C. The 
cells on the adaxial side froze first from –16°C 
followed by freezing of cells on the abaxial side. 
The hypodermis and vascular schlerenchyma 
remained deep-supercooled as low as –22°C. 
The study suggests that most living tissues 

Fig. 2　Identification of Sdr4 
A DNA fragment carrying the candidate gene Sdr4C2, shown at the bottom of the left panel, was used to transform 
Nipponnbare. The transformants with Sdr4C2 (C2) exhibited lower germination phentype compared to those with the 
empty vector only (right panel).
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employ deep supercooling as the mechanism 
of cold hardiness in this plant. This implies that 
Trachycarpus leaves are a good model system to 
study the mechanism of deep supercooling.

To elucidate the factors involved in the 
mechanisms of deep supercooling, we are 

cur rently analyzing substances extracted 
from the leaves. The extract has the ability to 
stabilize deep-supercooling of water and also 
works as anti-ice nucleating agents. The extract 
can inhibit ice nucleation by several known ice 
nucleators such as ice-nucleating bacteria.

 

Adaxial side 
froze first Most cells frozen Mesophyll cells 

remain unfrozen 

Fig. 3　NMR micro-imaging of Trachycarpus leaves under subfreezing temperatures
White portions represent the presence and quantity of unfrozen water.

 P hotobiology and Photosynthesis Research Unit

Plants utilize light not only as an energy 
source but also as external signals to monitor 
environmental changes. In order to develop 
innovative technologies to improve ef ficiency 
of light use, we are elucidating the mechanisms 
by which p lants contro l photosynthes is 
and the resultant productivity according to 
environmental changes, and by which plants 
perceive light signals and respond to them.

Structural and functional relationships of 
photosynthetic characteristics in leaves of 
Oryza species

In addition to biochemical processes, leaf 
structural features, such as stomatal and vein 
densities and mesophyll structure, are involved 
in the ef f iciencies of photosynthesis and 
translocation. We compared several structural 
features in leaves of 17 Oryza species including 
wild and cultivated Oryza species. There was 
no significant dif ference in the stomatal size 
between the wild and cultivated Oryza species, 
but the stomatal density was higher in the 

cultivated species than in the wild species. 
A negative correlation was found between 
the density of longitudinal veins and that of 
transverse veins. The cultivated Oryza species 
generally had lower density of longitudinal veins 
and higher density of transverse veins than the 
wild Oryza species. We also investigated the cell 
wall thickness of mesophyll and bundle sheath 
cells in leaves of nine C3 and 24 C4 grass species 
grown under the same environment (Fig. 4). 
The C4 grasses generally had thinner cell walls 
in the mesophyll cells and thicker cell walls in 
the bundle sheath cells than the C3 grasses. 
Thus, it seems that C4 grasses have lower 
resistance of CO2 dif fusion in the mesophyll 
cells than C3 grasses but higher resistance in 
the bundle sheath to reduce the leakage of CO2 
released by decarboxylation of C4 acid. The cell 
wall thickness of the mesophyll cells for the 
cultivated rice species was intermediate between 
the C3 and C4 grasses.



Annual Report 2007  49

Quantitative trait loci for sucrose, starch,
and hexose accumulation before heading in
rice

We studied the storage of sucrose, starch, 
and hexose before heading in rice (Oryza sativa 
L.) plants by quantitative trait locus (QTL) 
analysis with a population of backcross inbred 
lines (BILs) of japonica cv. Nipponbare x indica 
cv. Kasalath. Carbohydrates are accumulated 
in the rice plant, mainly at basal par ts of 
internodes and leaf sheaths, before heading and 
are translocated to the panicle after heading. A 
higher capacity for carbohydrate accumulation 
is thus a main target for yield improvement. 
The forms of carbohydrate (sucrose, starch, or 

hexose) dif fer according to the organs where 
they are stored. There was no correlation 
between the contents of starch and sucrose 
or hexose in BILs, and the positions of QTLs 
controlling starch accumulation dif fered from 
those for sucrose or hexose accumulation. These 
results suggest that the genetic control of starch 
accumulation is dif ferent from that of sugars 
(Fig.5).

Characterization of rice cryptochrome
genes

In or der to e luc idate the funct ion o f 
c r y p t o c h r o m e s ( c r y ) i n r i c e ,  w e h a v e 
characterized all rice CRY genes, including 
OsCRY1a, OsCRY1b and OsCRY2. Our studies 
revealed that OsCRY1 genes were mainly 
expressed in the green plant tissue, while 
OsCRY2 gene expression was high in the 
coleoptile, flower and callus. We found that 
Oscry2 protein was negatively regulated by blue 
light. Moreover, the level of Oscry2 protein also 
decreased upon red light treatment, and this red 
light-dependent degradation was shown to be 
mediated by phytochrome B. Overexpression 
of OsCRY1 genes resulted in an increased 
responsiveness to blue light when measuring 
coleoptile growth inhibition. Moreover, growth 
of leaf sheaths and blades was also repressed 
more in OsCRY1 overexpressers than in wild 

Fig. 4　Cell walls of mesophyll cells (MC) and 
bundle sheath cells (BSC) in leaves of a C3 grass, 
Oryza sativa cv, Takanari (a) and a C4 grass, Chloris 
gayana (b)
IS, intercellular space; Pd, plasmodesma; SL, suberized 
lamella.

Fig. 5　Molecular linkage map showing the positions of QTLs for the contents of starch (green line), sucrose 
(blue line), hexose (red line), and total carbohydrate (brown line), and the ratio of starch to sucrose content 
(orange line) on a rice genetic map.
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type (WT) under blue light conditions (Fig. 6). 
These results suggest that Oscry1 proteins are 
responsible for regulating blue light-mediated 
de-etiolation in rice. In addition, OsCRY2 
antisense transgenic rice flowered later than WT 
under both long-day and short-day conditions, 
indicating that Oscr y2 is involved in the 
promotion of flowering time in rice.

Genetic interaction of Hd1 and Ehd1 genes
in rice flowering

We have previously cloned a QTL for rice 
heading timing (flowering-time) termed Ehd1 
(Doi et al. 2004). The recurrent parent cultivar, 
T65, contained a severely defective Ehd1 allele. 
Further we have also found that T65 contained 
a loss-of-function allele of Hd1 gene, another 
major f lowering-t ime QTL in r ice, which 
encodes an or tholog of CONSTANS gene in 
Arabidopsis. Therefore, we have transformed 
a functional Ehd1 from the Kasalath, an indica 
cultivar, and a functional Hd1 genome fragment 
from Nipponbare, a japonica cultvar into T65, 
respectively, and examined flowering-time (Doi 
et al., 2004). Here, we crossed these transgenic 

lines to obtain four lines, T65 with both Hd1-
Nip and Ehd1 -Kas, T65 with Hd1 -Nip, T65 
with Ehd1-Kas, and T65 from F2 plants and 
examined their flowering times under long-
day (14.5L9.5D) and shor t -day (10L14D) 
conditions. We have previously proposed 
that Hd1 promotes flowering under shor t-
day conditions and represses it under long-
day conditions. Meanwhile, Ehd1 preferentially 
promote flowering under short-day conditions 
rather than long-day conditions. The results 
demonstrated that Hd1 and Ehd1 redundantly 
promote flowering under short-day conditions. 
In contrast, under long-day conditions, Hd1 
prevented flowering in the T65 background 
even at 180 days after sowing, while Ehd1 can 
rescue the non-flowering phenotypes caused 
by Hd1. These results suggest that under long-
day conditions, the competition between Hd1 
and Ehd1 would be crucial for normal flowering 
in the field at higher latitudes such as those in 
mainland Japan since rice flowering in Japanese 
mainland mimics the long-day conditions in the 
growth chambers. This indicates an important 
role of Ehd1 gene in rice cultivation.

Fig. 6　Seedling phenotypes of WT and OsCRY over-expressers grown under FR, R or B
Seedlings were grown under FR (A), R (B) or blue light (C) for 9 days, or under blue light for 14 days (D), at 28°C. The 
fluence rates of FR, R and blue light are 15 μmol m-2s-1. Wild type and representatives of OsCRY-overexpresser (OE)s 
are aligned for comparison from left to right: WT, OsCRY1a-OE, OsCRY1b-OE, and OsCRY2-OE. All pictures are at the 
same magnification, and scale bars at the right are 10 mm.
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 P lant Disease Resistance Research Unit

Screening for new defense genes using
Tos17-mutagenized rice lines

Plants have sur veil lance and defense-
response systems to protect themselves from 
pathogen attack. When a plant resistance 
(R) protein directly or indirectly recognizes 
pathogen chal lenges, the p lant exhibi ts 
heightened defense responses. To date, some 
components that regulate fundamental aspects 
of R-protein-mediated defense have been 
isolated, however, molecular mechanisms 
involved in the signal transduction after the 
recognition of pathogens are still unclear. We 
applied the rice lines mutagenized with the 
retrotransposon Tos17 to a for ward screen 
to identify novel signaling factors for disease 
resistance using rice-blast fungus Magnaporthe 
grisea as a pathogen. Tos17 is one of a few active 
retrotransposons in plants and a useful tool as 
an endogenous insertional mutagen. As the first 
screening, we inoculated approximately 43,000 
potential mutant lines with incompatible race 
of the fungus containing avrPish recognized 
by a cognate R gene Pish (Fig. 7). We have 
identified several lines that show diminished 
Pish-dependent resistance. Analysis of Tos17-
flanking sequences revealed that some of them 
have Tos17 insertions in the Pish gene itself. 
Other mutants with decreased resistance against 
the fungus did not have mutations in Pish. The 
analysis of these mutants should allow us to 

identify new signaling components and help us 
understand molecular mechanisms of signal 
transduction involved in the defense programs in 
rice.

Screening for defense-related genes using
Rice-Arabidopsis FOX lines

We have generated Arabidopsis lines that 
overexpress approximately 13,000 full-length 
cDNAs of rice under the control of the 2 x CaMV 
35S promoter (Rice-Arabidopsis FOX lines) in 
collaboration with RIKEN and RIBS Okayama. 
These FOX lines were used to screen for genes 
involved in defense mechanisms of rice. Three-
week-old T2 seedlings of approximately 20,000 
FOX lines were challenged with a bacterial 
pathogen, Pseudomonas syringae pv. tomato 
DC3000 (Pst3000), by dip inoculation. About 100 
resistant lines were selected after 2-3 rounds 
of screening and representatives of Pst3000-
resistant lines are shown in Fig. 8. Then, 
rice cDNAs inser ted in the genome of those 
lines were identified and re-introduced into 
Arabidopsis for overexpression to confirm the 
Pst3000-resistance phenotypes. The cDNAs that 
reproducibly caused the resistance phenotypes 
were then introduced into rice to characterize 
their functions in rice. We also screened 
approximately 12,000 lines for resistance to a 
fungal pathogen, Colletotrichum higginsianum, 
whose infection mechanisms in Arabidopsis are 

Fig. 7　Resistant and susceptible responses against M. grysea
Representative leaves showing resistant (A) and susceptible (C) responses 7 days post-inoculation with the fungal 
pathogen M. grysea in leaves of rice cultivar including Pish (A) or not (C). The leaf sheaths showing resistant (B) and 
susceptible (D) responses two days post-inoculation with the fungus.
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similar to those of Magnaporthe grisea in rice. 
This screen selected about 30 resistant lines 
after 2-3 rounds of screening. The rice cDNAs 
inserted in their genomes were identified and 
the selected Arabidopsis lines are in the process 
of further characterization for disease resistance 
phenotypes.

We have also screened for salicylic-acid 
(SA)-hypersensitive lines by germinating and 
growing the FOX lines on MS plates containing 
0.05 mM SA to identify new rice genes involved 
in SA signaling pathway in rice. Expectedly, 
SA-hypersensitive FOX lines include those 
in which SA metabolism and/or SA signaling 
pathway is modulated by overexpressed rice 
cDNAs. Examination of the transcripts for PR1, a 
marker gene for SA-signaling pathway, revealed 
that some lines showed constitutive expression 
of PR1. These lines presumably include those in 
which SA levels are elevated due to modulation 
of SA metabolism or activation of the signaling 
pathway upstream of SA. Treatments of the FOX 
lines by INA, a functional analog of SA, identified 
some other lines that show stronger response 

of PR1 expression to INA than wild-type plants. 
These lines presumably include those in which 
the SA signaling pathway downstream of SA is 
reinforced. We are in the process of identifying 
rice cDNAs responsible for the phenotypes, and 
verifying the causative relationship between the 
genes and phenotypes by re-introducing the 
cDNAs into Arabidopsis.

A WRKY transcription factor plays a crucial
role in BTH-inducible blast resistance in rice

Benzothiadiazole (BTH) is a so-cal led 
‘plant activator’ and protects plants from 
diseases by activating the salicylic-acid (SA) 
signaling pathway. By microarray screening, 
we identified BTH- and SA-inducible WRKY 
transcription factor (TF) genes that were 
upregulated within 3 h after BTH treatment 
preceding other defense genes. Overexpression 
of one of them, OsWRKY45, in rice markedly 
enhanced resistance to rice blast fungus (Fig. 
9A). RNAi-mediated knockdown of OsWRKY45 
compromised BTH-inducible resistance to blast 
disease, thus indicating that OsWRKY45 is 
essential for BTH-induced defense responses. 
In a r ice protoplast transient expression 
system, OsWRKY45 activated transcription of 
a luciferase repor ter gene through W-boxes, 
indicating that OsWRKY45 is a transcriptional 
activator. Epistasis analysis indicated that 
OsWRKY45 acts in the SA signaling pathway 
apparently independently of NH1, a rice ortholog 
of Arabidopsis NPR1, which distinguishes 
OsWRKY45 from known Arabidopsis WRKY 
TFs. We found two defense-related genes, 
encoding a glutathione-S-transferase and 
a cy tochr ome P450 , tha t a r e r egu la ted 
downstream of OsWRKY45 by characterizing 
OsWRKY45-knockdown plants. These genes 
were not regulated by NH1, consistent with the 
apparent independence of the OsWRKY45- and 
NH1-dependent pathways. Interestingly, defense-
gene expression in OsWRKY45-overexpressed 
rice plants varied with growth conditions. 
Similar growth-condition dependence was also 
observed in BTH-treated plants. These results 
suggest that some environmental factor(s) acts 
downstream of OsWRKY45 transcription, leading 
to defense-gene expression. On the basis of Fig. 8　Screening of Pst3000-resistant FOX lines
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these results, we propose a role of OsWRKY45 
in the BTH-induced and SA-mediated defense 
signaling in rice (Fig. 9B). Considering the 
strong resistance accompanying only minor 
growth defects when overexpressed, OsWRKY45 
is potentially a power ful tool in improving 
disease resistance of rice, an importance food 
resource worldwide.

Development of a new molecular
recognizing system using plant disease
resistance genes

Plants have developed a gene-for-gene 
resistance system, which is somewhat similar 
to the vertebrate immune system, employing 
so-called R proteins to protect themselves from 
various pathogens. Typical plant R proteins 

consist of mainly three par ts, a leucine-rich-
repeat (LRR) domain at the C terminus, a 
nucleotide binding site (NBS) in the middle 
region, and a variable region at the N terminus. 
The LRR domain, which consists of repeated 
units of 20-30 amino acids long including several 
conser ved leucines, is vital for R proteins to 
recognize pathogen molecules. The leucine-rich 
units form wedge-shaped modules and assemble 
into a horse-shoe-like molecular str ucture 
that recognizes target molecules. We have 
developed a system to generate artificial LRRs 
that recognize any arbitrary target molecules, 
using molecular shuffling of repeat units (Fig. 
10) and a bacterial two-hybrid selection system.  
We applied this system to an LRR from Pib, an 
R gene for rice blast resistance, to design a new 

Fig. 9　Blast resistance of OsWRKY45-ox rice plants and BTH (SA)-activated signaling pathway in rice
(A) Comparison of blast resistance between OsWRKY45-ox rice and standard blast resistant varieties of rice. 
OsWRKY45-ox were more blast resistant than standard rice cultivars.
(B) BTH (SA)-activated signaling pathway of rice and Arabidopsis. In Arabidopsis, most BTH-responsive genes are 
regulated downstream of NPR1, and this regulation is mediated by several WRKY TFs acting downstream of NPR1. In 
rice, OsWRKY45 and NH1 (OsNPR1) constitute apparently independent signaling pathways.
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LRR that recognizes a non-race-specific molecule 
on the surface of rice blast fungus (Magnaporthe 
grisea). This artificial LRR protein recognized 
the target blast molecule with an affinity higher 
than that of a natural R protein to its cognate 
Avr protein and those of enzyme inhibitors to 
the corresponding enzymes, which we used to 
compare the interacting af finity. This system 

should provide a molecular detection system for 
various purposes; in particular, for developing a 
general plant protection system against various 
kinds of diseases. The variability of the artificial 
LRRs is theoretically unlimited, in contrast to the 
repertoire of natural R genes present in a plant 
genome, that is, at most around 1,000.

Fig. 10　A scheme for generating artificial LRRs by shuffling repeated units in the LRR of a natural R gene, 
Pib
By selecting an LRR with the highest affinity to a particular target protein, any kind of recognition specificity can be 
developed.
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 P rotein Research Unit

Prote ins are dynamic molecules that 
often undergo conformational changes while 
per forming their specific functions. Hence, 
understanding of protein function requires 
a detailed knowledge of three-dimensional 
structure, dynamics, and interactions with other 
biomolecules. The Protein Research Unit utilizes 
X-ray crystallography and NMR spectroscopy to 
determine the protein structure and to monitor 
the dynamic behavior of a protein at a multitude 
of specific sites. In addition, structural and 
kinetic aspects of intermolecular interactions 
are studied by various experimental methods 
such as NMR, surface plasmon resonance, and 
analytical ultracentrifugation. Proteins involved 
in important biological phenomena are selected 
as targets. Below we describe two topics studied 
this year.

NMR structure of the N-terminal domain of
SUMO ligase Siz1 from Saccharomyces
servisiae and its interaction with A/T-rich
DNA oligomers

A small ubiquitin-like modifier, so-called 
SUMO, is a protein that is structurally similar 
to ubiquitin. Like ubiquitin, SUMO is covalently 
attached to certain lysine residues of specific 
target proteins, and such SUMO modification 
is called sumoylation which occurs in common 
in the eukar yote kingdom. In contrast to 
ubiquitination, sumoylation does not promote 
the degradation of proteins, but alters a number 
of dif ferent functions of proteins, depending 
upon the protein substrate in question. These 
functions include properties such as stabilization 
of target proteins, activation or suppression 
of various transcription factors, subcellular 
localization in nucleus, and maintenance of 
chromatin structure and so on.

Sumoylation, like ubiquitination, is also 
carried out by the sequential action of three 

enzymes : an ac t i va t ing enzyme (E1) , a 
conjugating enzyme (E2), and a ligase (E3). 
In all of the organisms examined so far, a 
single E1 and E2 but multiple E3s have been 
detected. Thus, E3s likely are the determinants 
of substrate specificity. It is impor tant to 
understand SUMO modification processes in 
cells by conducting structural studies of SUMO 
ligase as well as its specific interactions with 
target proteins.

The PIAS/Siz family, one of the three 
dif ferent types of SUMO ligases, shares both 
SP-RING and SAP domains, while Siz proteins 
in plants comprise another unique domain, PHD 
finger. SP-RING is described as a recognition 
site for conjugating enzyme E2, whereas the 
N-terminal domains including SAP and PHD 
are not well characterized yet. In the present 
studies, two independent yet related questions 
regarding the structure and function of Siz1 
from Saccharomyces servisiae are addressed. 
First, the three-dimensional structure of the 
ScSiz1 N-terminal SAP domain was determined 
by NMR spectroscopy. The ScSiz1(1-111) is 
composed of five α-helices and highly flexible 
region at the N-terminus. Compared with 
the four-helix bundle structure of hsPIAS1 
previously determined by us, the first four 
helices of the ScSiz1 exhibit a ver y similar 
topology to that of hsPIAS1, and the extra helix 
is stabilized by interactions with the fourth helix 
(Fig. 11). Second, DNA binding ability of ScSiz1 
and hsPIAS1 was investigated, leading to the 
observations that the N-terminal SAP domains of 
both proteins are capable of binding to A/T-rich 
DNA fragments although the individual residues 
exhibiting strongly perturbed chemical shifts 
upon complex formation are different from each 
other. Therefore, we conclude that the SAP 
domain in the PIAS/Siz family is essential for 
recognition of DNA.
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Crystal Structure of Mortierella vinacea
α-Galactosidase Reveals Its Specificity to
the Terminal α-galactosyl Residue

α-Galactosidases (α-Gals), widely distributed 
in animals, plants and microorganisms, are 
exoglycosidases that hydrolyze an α-linked 
galactosyl residue from galacto-oligosaccharides 
and galacto-oligolipids. We have previously 
determined the crystal structure of rice α-Gal 
which can cleave both the terminal and side-
chain α-galactosyl residues, and analyzed the 
detailed substrate recognition mechanism. The 
structure of rice α-Gal consists of two domains: 
the N-terminal TIM(β/α)8-bar rel catalytic 
domain and the C-terminal Greek-key β-domain. 
To further understand the catalytic mechanisms 
of α -Gal, we conducted str ucture analysis 

of Mor tierella vinacea α-Gal I. This enzyme 
displays activity towards only the terminal 
galactosyl residue but not to the side-chain 
branched residue. Comparing of the primary 
sequences between rice α-Gal and M. vinacea 
α-Gal I, the latter protein has a 20-amino acid 
insertion within the catalytic domain.

Crystal structures of α-Gal I in three different 
crystal space groups (P4, P422 and I442) were 
determined by the molecular replacement 
method using the structure model of rice α-Gal. 
Unlike rice α-Gal, M. vinacea α-Gal I seemed 
to form a tetramer around the crystallographic 
four-fold axis. The three different crystals show 
good agreements in the relative molecular 
positions against the 4-fold axis. The monomeric 
str ucture of M. vinacea α -Gal I is nearly 
superimposable with that of rice α-Gal. The 
20-residue insertion, unique to M. vinacea α-Gal 
I, is located before the helix α6 in the catalytic 
domain, and is involved in the tetramerization 
by contacting each other around the central 
4-fold axis (Fig. 12). This tetramerization domain 
is located near the catalytic pocket. Due to 
the tetrameric nature, the catalytic pocket is 
in close proximity to the adjacent molecule, 
and concomitantly the cavity of the catalytic 
pocket for the substrate is limited (Fig. 13). The 
prominent substrate specificity of M. vinacea 
α-Gal I, therefore, seems to be attributed to the 
tetramer formation caused by the insertion of 
the small domain.

Fig. 11　NMR structures of the N-terminal SAP 
domains of SUMO ligases: human PAIS1 (left) and 
yeast Siz1 (right)
The regions responsible for DNA recognit ion are 
highlighted on the molecular surface.

Fig. 13　The surface potent ial model of two 
molecules within the tetramer of M. vinacea α-Gal I
High-mannose-type sugar chains are shown in green. 
Yellow arrow shows the catalytic pocket.

Fig. 12　The tetrameric structure of M. vinacea 
α-Gal I
The 20-amino acid insertion regions involved in tetramer 
formation are shown in blue.
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 P lant-Microbe Interactions Research Unit

Higher plants interact with numerous kinds 
of microbes during their life cycles. These 
interactions are classified as symbiotic, such 
as nodule formation in legume plants where 
N2-fixation occurs, and parasitic, such as lesion 
formation by infection with pathogenic viruses, 
bacteria and fungi, leading to the damage in crop 
production. The final goal of this research unit is 
to elucidate the molecular mechanisms of plant-
microbe interactions to establish novel strategies 
for production and protection of crops.

Early nodulin gene, ENOD40, is required for
nodule formation but not for bacterial
infection process in Lotus japonicus

Legume plants form root nodules in which 
symbiotic Rhizobium bacteria are able to fix 
atmospheric nitrogen. The legume nodulation 
process is accompanied by the activation of 
a unique set of nodule-specific genes termed 
“nodulin genes”. Early nodulin (ENOD) genes, 
that are expressed at ver y early stages of 
legume-Rhizobium interactions, have been 
thought to play crucial roles in the bacterial 
infection process and/or initiation of nodule 
organogenesis. Among the ENOD genes, 
ENDO40 is the most intriguing one which is 
expressed in the root pericycle a few hours after 
bacterial inoculation or application of purified 
Nod factors, and subsequently in dividing 
cor tical cells in nodule primordia. Although 

the ENOD40 sequence is conser ved well in 
many plant species including legumes and non-
legumes, its function was still unclear.

Lotus japonicus has two ENOD40 genes: 
LjENOD40-1 is abundantly induced in ver y 
early stages of bacterial infection or Nod factor 
application, whereas LjENOD40-2 is abundantly 
expressed only in mature nodules. We generated 
transgenic lines of L. japonicus with an RNAi 
(RNA inter ference) construct that expresses 
hairpin double-stranded RNA for LjENOD40-1 
to induce sequence-specific RNA silencing. 
In the transgenic plants, expression of both 
LjENOD40-1 and -2 was significantly reduced, 
and no accumulation of ENOD40 transcripts was 
detected upon Mesorhizobium loti inoculation 
(Fig. 14). The transgenic plants exhibited 
ver y poor nodulation and could not grow 
without additional nitrogen supply. Analysis of 
segregation in the T2 progeny indicated that the 
suppression of nodulation is per fectly linked 
with the presence of the transgene. 

Microscopic obser vation of the infection 
process using lacZ-labelled M. loti, together with 
expression analysis of infection-related nodulin 
genes, demonstrated that ENOD40 knockdown 
did not inhibit the initiation of bacterial infection 
process. In contrast , nodule primordium 
initiation and subsequent nodule development 
were significantly suppressed in the transgenic 
plants (Fig. 15). These results clearly indicate 
that ENOD40 is required for nodule initiation 
and subsequent organogenesis, but not involved 
in early infection events.

Fig. 14　Estimation of ENOD40-1 (A) and -2 (B) 
transcripts in the roots of the T2 plants inoculated 
with M. loti by real-time RT–PCR
Co, control. 
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Identification of a ribonucleoprotein
intermediate of tomato mosaic virus RNA
replication complex formation

Many plant viruses of agricultural importance 
are positive-strand RNA viruses that have single-
stranded, messenger-sense RNA genomes in 
virions. The genomes of positive-strand RNA 
vir uses each encode one or more proteins 
that are involved in viral RNA replication. 
These replication proteins are synthesized by 
translation of the genomic RNAs after infection. 
The replication proteins recruit the genomic 
RNA to the cytoplasmic faces of the organellar 
membranes to form the replication complexes. 
In the r ep l i ca t ion complexes , pos i t i ve -

strand progeny RNAs are synthesized via the 
complementary RNAs. The goal of this study 
was to understand the mechanism of replication 
complex formation and provide a rational basis 
for the development of anti-viral strategies.

Previously, we found that the extract of 
evacuolated tobacco BY-2 protoplasts (BYL) 
is capable of suppor ting the translation and 
subsequent replication of the genomic RNAs 
of plant positive-strand RNA viruses, including 
Tomato mosaic virus (ToMV). This year, to 
dissect the process that precedes the formation 
of ToMV RNA replication complexes, we 
prepared membrane-depleted BYL (mdBYL), 
in which the membranes were removed by 

Fig. 15　Phenotypes of ENOD40-suppressed transgenic plants (Left)
Growth of T1 plants (lines D and H) compared with wild-type ‘Gifu’ plants (Cont). The plants were inoculated with M. loti 
and grown under nitrogen-free conditions for 3 weeks.
Frequency of infection thread formation 5 and 7 d after lacZ-labeled M. loti inoculation (Right)
The total numbers of nodule and nodule primordia at 10 d after bacterial inoculation are also shown.

Fig. 16　Identification of PMTC
RNA and protein copurified with the FLAG-tagged 180k-Da protein were analyzed by Northern and Western analyses, 
respectively. RdRp activity was assayed using 32P-labeled ribonucleoside triphosphates.

Translation of wt or 180F
Tomv RNA in mdBYL
  ↓
FLAG purification
  ↓
Incubation with BYL membranes
followed by RdRp reaction
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centrifugation. In mdBYL, ToMV RNA was 
translated to produce the 130-kDa and 180-kDa 
replication proteins, but the synthesis of any 
ToMV-related RNAs did not occur. When BYL 
membranes were added back to the ToMV 
RNA-translated mdBYL after the termination 
of translation with puromycin, ToMV RNA was 
replicated, demonstrating the importance of 
membranes in ToMV RNA replication.

Using a rep l ica t ion -competent ToMV 
derivative that encodes the epitope-tagged 
180-kDa replication protein (180F: Fig. 16), 
it was shown by af finity purification that a 
complex that contained the 130-kDa and 
180-kDa proteins and ToMV genomic RNA 
was formed after translation in mdBYL (Fig. 
16). When the complex was mixed with BYL 
membranes, ToMV RNA was replicated (Fig. 
16). From this result it was suggested that this 
ribonucleoprotein complex is an intermediate of 
ToMV RNA replication complex formation. We 
have named this ribonucleoprotein complex the 
‘pre-membrane-targeting complex (PMTC)’. 

Taking these and other obser vat ions 
together, we propose that the for mation 
of the pre -membrane- target ing complex 
involves translation-coupled binding of the 
130-kDa protein to ToMV RNA, followed by 
posttranslational binding of the 180-kDa protein 
to the complex. Studies exploring host-derived 
components in the PMTC are now in progress.

Unexpected function of an elicitor-
responsive ubiqutin ligase in root
morphogenesis

Higher p lants can evoke a var ie ty o f 
de fense r esponses upon in fec t ion w i th 
phytopathogenic fungi and bacteria. Some 
cellular components from pathogens act as 
elicitors. Recently, the similarity of recognition 
of elicitor and signal transduction in plants 
with that of PAMPs (pathogen-associated 
molecular patterns) in animal cells leading 
to innate immuni ty has been pr oposed. 
Furthermore, for some elicitors, the biological 
roles in the plant-pathogen interactions have 
been clear. N -Acetylchitooligosaccharide, 
one of the chemically characterized elicitors, 
induces defense responses in rice at very low 

concentration. A high-af finity binding site of 
N-acetylchitooligosaccharide in the plasma 
membrane of rice was identified as a receptor 
for the elicitor and its cDNA was isolated as 
described elsewhere in this report. The elicitor 
induces a drastic change in gene expression 
within 2 hours.

The EL5 (Elicitor 5) gene is transiently 
i n d u c e d w i t h i n 3 0 m i n i n  r e s p o n s e t o 
N-acetylchitoheptaose and encodes a RING-H2 
Finger protein structurally related to the ATL 
family. EL5 was shown to carry ubiquitin ligase 
(E3) activity which catalyzes ubiquitination 
of a target protein destined to be degraded 
in ubiquitin-proteasome system. To elucidate 
the physiological roles of EL5, we constructed 
transgenic rice carr ying mutant EL5 genes 
(mEL5) encoding variously impaired E3 and 
found that plants expressing EL5 with no E3 
activity failed to generate roots and exhibited 
cell death in root primordia (Fig. 17). Taken 
together with the fact that EL5 responds to a 
potent elicitor, N-acetylchitooligosaccharide, 
it is strongly suggested that EL5 is deeply 
involved in the cell death in defense responses. 
Identification of target protein ubiquitinated by 
EL5 will be a key clue to elucidate the role of 
EL5 in defense responses.

Fig. 17　Rootless phenotype of transgenic rice 
expressing mutant EL5 with no E3 activity
a,b: Regenerated rice plants carrying EL5 (a) and mEL5 
(b).
c,d: Transverse section of root of transgenic rice carrying 
EL5 (c) and mEL5 (d).
e: Enlarged photograph of (d).  Arrowheads indicate the 
primordia of crown root.

(a)　　　　  (b)

(c)

(d)

(e)
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Resistance against rice blast by
treatment with N-acetylchitooligosaccharide,
fragment of chitin, a major cell wall
component of phytopathogenic fungi

T h e o b s e r v a t i o n t h a t N - a c e t y l c h i t o -
oligosaccharide induces defense responses 
prompted us to examine whether it induces 
resistance in rice plants against invasion 
by rice blast fungus, Magnapor the grisea . 
Treatment of roots of intact rice seedlings with 
N-acetylchitoheptaose significantly delayed 
the hyphal growth of the fungus in the leaf 
sheath with concomitant accumulation of 
fluorescent substances in the rice cells around 
the appresoria (Fig. 18). By using radio-labeled 
N-acetylchitooctaose, the intact plant was not 
shown to uptake the elicitor, indicating that a 
systemic signal induced by the elicitor conferred 
resistance. The idea was fur ther suppor ted 
by an obser vation that an elicitor-responsive 
gene, EL2, was induced in the leaves of intact 

seedlings by immersing roots in the elicitor as 
rapidly as those sprayed with the elicitor. These 
results strongly indicated the systemic signal 
transmission from N-acetylchitooligosaccharide 
occurs in rice plants.

Fig. 18　Accumulation of autofluorescense in rice 
cells around appresorium
Leaf sheath of rice treated with N-acetylchitoheptaose (a, 
b) or water (b, d) for 5 days were observed by light- (a, c) 
or fluorescent (b, d) microscope. Arrowheads and arrows 
indicate appresoria and infectious hyphae, respectively

 P lant Genetic Engineering Research Unit

Early infection of scutellum tissue with
Agrobacterium allows high-speed
transformation of rice

Several approaches have recently been 
adopted to improve Agrobacterium-mediated 
transformation of rice for functional analysis of 
the rice genome, and for production of rice with 
additional agronomical value. However, about 
3 months of in vitro culture is still required for 
isolation of transgenic rice plants. We detected 
the competency of scutellum tissue from one-
day pre-cultured seeds for Agrobacterium -
mediated transformation (Fig. 19). Furthermore, 
early infection of rice seeds with Agrobacterium 
enhanced efficient selection of transformed calli. 
Using our system, we successfully regenerated 
transgenic rice plantlets in one month from the 
beginning of the aseptic culture of mature seeds. 
Our new system should reduce the somaclonal 
variation accompanying prolonged culture of rice 
cells in the de-differentiated state and facilitate 

the molecular breeding of rice.

Homologous recombination repair in higher 
plants

Gene targeting (GT) is a powerful tool for 
the precision engineering of plant genomes. 
This method uses homologous recombination 
(HR) to change a gene, which is a mechanism 
to repair DNA with double strand breaks 
(DSBs). HR repairs damaged chromatids 
using sister chromatids as template after DNA 
replication. This mechanism indicates that HR 
occurs during late S-phase and G2-phase in 
mitotic cell cycle, and GT also occurs during 
these phases. Analysis of HR should provide 
us important insights to improve GT efficiency 
in rice, but there is almost no investigation of 
HR in rice. In mutant Arabidopsis plants of a 
HR-related gene, chromosomal aberrations, 
as lagging chromosomes and chromosomal 
bridges, were observed during meiosis (Fig. 
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20), but no aberration was obser ved during 
mitosis. In animal cells, minor chromosomal 
aberrations were obser ved during mitosis in 
HR-related mutants. But we have no method to 
observe these minor aberrations of rice mitotic 
chromosomes. We started investigation of HR in 
rice to improve GT, and developed a method to 
observe the minor chromosomal aberrations in 
rice. This method should be employed for rice 
mutant plants in HR-related genes. 

Epigenetic regulation of transcription in
intermediate heterochromatin

Constitutive heterochromatin is a compact, 
transcriptionally iner t structure formed in 
gene-poor and repeat/transposon-rich regions. 

In Arabidopsis, constitutive heterochromatin 
is characterized by hypermethylated DNA 
a n d h i s t o n e H 3 d i - m e t h y l a t e d l y s i n e 9 
(H3K9me2) along with depletion of histone 
H3 di-methylated at lysine 4 (H3K4me2). We 
analyzed loci with intermediate proper ties 
of heterochromatin where transcription was 
heritably down-regulated as within constitutive 
heterochromatin, though, they were associated 
with opposing histone marks: H3K4me2 and 
H3K9me2. In the ddm1 mutant (decrease 
in DNA methylation 1), their transcriptional 
activation was accompanied by the expected 
shift in the H3 modifications (depletion of 
H3K9me2 and enrichment in H3K4me2). 
In mom1 (Morpheus’ molecule 1) mutants, 

Fig. 20　Meiotic chromosomal aberrations in atrad51C mutant plants
Upper columns are wild type and lower columns are atrad51C mutant. (Abe et al. Plant Physiology 139: 896-908).

Fig. 19　Transient and stable expression of the gfp gene after infection of Agrobacterium on 1-day pre-
cultured rice seeds
One-day pre-cultured rice seeds were inoculated with Agrobacterium and co-cultured for 3 days. GFP signals from 
infected rice seeds were observed daily under a dissecting microscope. 4D indicates 4 days after sowing (3 days after 
inoculation of Agrobacterium). 5D indicates 5 days after sowing (1 day after disinfection of Agrobacterium). 6D, 7D, 8D, 
9D, and 10D indicate 6, 7, 8, 9, and 10 days after sowing, respectively.

 4D 5D 6D 7D 

8D 10D 9D 

－
1
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however, a drastic increase in transcription was 
not accompanied by detectable changes in the 
levels of H3K4me2 and H3K9me2. Therefore, 
transcriptional regulation in the intermediate 
heterochromatin involves two distinct epigenetic 
mechanisms. Interestingly, silent transgenic 
inserts seem to acquire properties characteristic 
for the intermediate heterochromatin.

Mutants of rice genes involved in gene
silencing 

In rice, little is known about genes and 
mechanisms that control gene silencing. Also 
there are no standard lines in which transgenes 
are silent and no endogenous marker genes 
to detect silencing status in rice genome. We 
have embarked on isolating rice mutants of 
genes that regulate gene silencing. To isolate 
mutants of rice histone deacetylase genes and 
those of rice orthologs of Arabidopsis DRD1 and 
MOM1, we first carried out in silico screening 
of the Tos17 mutant panel. Using Tos17-tagging 
mutant lines for these genes of interest, we next 
per formed PCR screening of the Tos17 lines 
to isolate plants that were homozygous for the 
Tos17 tagging locus. We isolated homozygous 
mutant lines for two genes of histone deacetylase 
(MYST family and SIR2 family) and those of a 
rice ortholog of MOM1. In these mutant lines, 
Tos17 tagging occurred in the coding regions. 
Although several Tos17 lines of a rice ortholog 
for DRD1 were found, we have not isolated any 
plants of the Tos17 tagging line homozygous 
for the knock-out locus. To find endogenous 
genes (or sequences) that are activated in these 
mutants at transcriptional level, we analyzed 
these Tos17-tagging mutants and knock down/
anti-sense lines for genes involved in gene 
silencing with rice 44K oligo-microarray. We 
found many up-regulated genes, which might be 
used as endogenous marker genes to evaluate 
silencing states of rice genome, and up-regulated 
transposon-like sequences.

Disulfide bond formation in rice endosperm
depends on endoplasmic reticulum
oxidoreductase1 (Ero1)

The major pathway in the oxidation of pairs of 
cysteines to disulfide bonds in the endoplasmic 

reticulum is thought to depend on protein 
disulfide isomerase (PDI) and endoplasmic 
reticulum oxidoreductase1 (Ero1). In this 
oxidative protein folding pathway, Ero1 can 
use molecular oxygen as a terminal electron 
acceptor, which in turn generates hydrogen 
peroxide. Using a fluorescent probe specific to 
hydrogen peroxide, we demonstrated for the 
first time that the protein body I (PB-I) that 
accumulates prolamins generates hydrogen 
peroxide, suggest ing that the oxidat ive 
polymerization of prolamins in PB-I is indeed 
mediated by PDI and Ero1. We also found that 
the down-regulation of Ero1 activity in the 
endosperm resulted in the accumulation of 
proglutelins, which contain an intra-molecular 
disulfide bond necessary for protein folding (Fig. 
21). These results indicate that Ero1 activity 
is necessary for oxidative protein folding and 
protein body formation in the rice endosperm.

Development of male sterile  transgenic
broccoli for genecontainment in transgenic 
crops

The possibi l i ty of gene transfer from 
transgenic crops to wild relatives or non-
transgenic crops has often been cited as an 
environmental and consumers ’ concer n. 

Fig. 21　The down-regulation of Ero1 activity 
by the endosperm-specific RNAi resulted in the 
accumulation of proglutelins
Total proteins extracted from the seeds of wild-type 
(WT) and RNAi (ero1) were separated on a SDS-
polyacrylamide gel and stained with CBB. The inhibition 
of disulfide bond formation resulted in the accumulation of 
proglutelins, while in the wild type most proglutelins were 
transported to protein bodies (PB-II), in which they are 
processed to acidic and basic subunits.

 WT  ero1
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Commercialized transgenic crops have already 
been confirmed to be safe by authorities as 
food and feed and as to the crops’ influence 
on biodiversity. However, gene containment 
technology is important to achieve co-existence 
of these crops and to the use of inedible 
transgenic crops for bio-ethanol or production of 
industrial materials. 

We have developed male sterile transgenic 
Arabidopsis thaliana using several tapetum-
specific expression promoters (e.g. BoA9) and 

a cysteine protease gene (CysP1) derived from 
Brassica oleracea and B. rapa. The combination 
of BoA9 promoter and CysP1 was introduced 
into broccoli (B. oleracea) and male sterile 
transgenic broccoli was developed (Fig. 22). 
Seven l ines of male sterile broccoli were 
cultivated in a semi-closed greenhouse from July 
2006 to March 2007. The trait for male sterility 
was stable and reproduced in the progenies from 
artificial crosses with non-transgenic broccoli.

Fig. 22　Comparison of male sterility between transgenic broccoli (BoA9::Cysp1) and non-transgenic broccoli
A-D: Flower after opening. E-F: Anthers removed from opened flowers. The anther filaments are much shorter in the 
BoA9::CysP1 transformants. G-H: Alexander staining of mature anthers. The BoA9::Cysp1 anther, no viable pollen is 
observed (H).

              WT           BoA9::CysP1 (#11)                   WT            BoA9::CysP1 (#11)
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The Division of Insect Sciences consists 
of eight research units and aims to develop 
up-to-date agriculture techniques and to create 
new industries by analyzing insect-specific 
functions at the molecular level utilizing new 
biotechnology such as genomic information and 
transgenic silkworms.

Insec t Genome Resear ch Un i t  i s 
constructing the integrated genome database 
of silkworm containing genomic sequence 
in for mat ion , EST in for mat ion and map 
information, which is publicly available on the 
web.

Invertebrate Gene Function Research 
Unit will identify genes involved in the action of 
insect hormones, insect behaviors, invertebrate 
reproduction, embr yonic development and 
regeneration.

Anhydrobiosis Research Unit is studying 
b iochemica l and molecu lar adapta t ions 
associated with anhydrobiosis in the sleeping 
chironomid, Polypedilum vanderplanki.

Innate Immunity Research Unit will 
clarify mechanisms of insect antimicrobial 
proteins and synthetic peptides against bacteria 

and trypanosomes, and will utilize the results for 
agricultural and medical purposes.

Insect Interaction Research Unit aims to 
develop new technology in pest control based 
on the research for insect-insect and insect-plant 
interaction mechanisms.

Insect-Microbe Research Unit studies 
molecular mechanisms of the interaction 
between ar thropods and their associated 
microorganisms, aiming to prevent arthropod-
transmitted diseases of livestock and crops and 
to control agricultural pests with ar thropod 
pathogens.

Silk-Materials Research Unit studies 
physicochemical proper ties of silk proteins 
produced by silkworms, spiders, and hornets 
and interactions with human cells to develop 
new materials for medical use.

S i lk Techno logy Un i t  w i l l  b r e e d a 
new silkworm race having specific filament 
characters, such as high strength or lustrous 
appearance for applications in new medical 
materials or unique textiles, and will develop the 
silk materials for bedding and sanitary purposes. 

Division of Insect Sciences

 I nsect Genome Research Unit

BAC-based integrated map of the silkworm,
Bombyx mori

Genome analysis of insects has moved 
quickly in recent years, in par t because 
insects are so widespread and diverse, and 
understanding their characteristic biological 
phenomena provides enormous resources 
for basic science, agriculture, and industr y. 
Complete genome sequences have been 

publ i shed for Drosophi la me lanogas t e r, 
Anopheles gambiae and Apis mellifera, and that 
of Tribolium castaneum will appear soon. In 
2004, the draft sequence of Bombyx mori was 
repor ted independently by groups in Japan 
and China. Due to relatively shallow genome 
coverage data for silkworm compared with 
analyses of the other species using the whole-
genome-shotgun sequencing (WGS) method, 
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the silkworm genomic data are still somewhat 
fragmented. This makes it dif ficult to identify 
and annotate genes ef fectively or to obtain a 
global view of its general and unique features 
as a model for Lepidoptera . For a more 
complete genome analysis, it is absolutely 
necessar y to combine the genetic maps with 
the physical map information. This can be most 
easily accomplished by connecting the map 
information to BAC clones, which are now a 
standard resource for genome analysis.

Aiming for a high resolution integrated 
genetic/physical map, we have constructed 
an integrated map between a high resolution 
SNP genetic linkage map and a physical map 
composed of BAC contigs. Using a male-
informative backcross population between 
strains p50T and C108T, 1519 SNP markers 

found in BAC end sequences were mapped onto 
28 linkage groups, of which 26 groups were 
assigned to standard silkworm chromosomes 
using morphological markers. We constructed 
6221 BAC contigs by fingerprinting three 
BAC libraries prepared by different restriction 
enzymes . Among them, 782 ma jor BAC 
contigs comprising more than 8 BAC clones 
spanned 376 Mb of the silkworm genome, 
which corresponds to 81% genome coverage. 
By BAC High-Density-Replica (HDR) filter 
hybridization using EST probes, we mapped 
524 ESTs onto the 28 linkage groups. These 
data were combined into an integrated map 
through common BAC markers, whereby 70% 
of silkworm chromosomes are estimated to 
be covered with BACs (Table 1). In addition, 
1086 ESTs were assigned to the 28 linkage 

Table 1　Summary of integrated map of SNP linkage map and BAC contigs by fingerprinting

Linkage
group

Number of
markers

Recimbination 
length

(cM)

Number of
mapped

FPCs

Sum of FPC
length

(Mb)

Number of
BACs in

FPC

Total length of
singleton BACs

and mapped
FPCs (Mb)

1 59 46.1 10 3.3 57 10.2
2 39 51.2 10 2.7 77 4.8
3 51 47.6 21 7.2 241 11.1
4 93 52.9 33 11.8 336 20.9
5 81 61.3 27 9.9 302 18.4
6 72 46.4 21 9.1 314 17.3
7 48 46.7 15 4.4 134 9.5
8 47 54.5 16 5.4 194 10.4
9 58 46.9 20 5.8 172 11.6

10 86 45.8 29 9.3 273 17.4
11 78 65.5 26 8.2 239 16.4
12 57 54.2 27 10.5 340 15.1
13 87 51.1 30 10.1 306 19.1
14 32 51.0 18 6.0 200 8.2
15 90 44.4 31 10.2 305 17.8
16 43 54.7 16 5.1 163 8.7
17 47 45.3 17 5.9 181 9.9
18 61 49.4 22 7.4 249 13.4
19 39 49.8 13 4.8 139 8.6
20 28 53.3 15 5.4 174 7.3
21 43 45.4 16 5.0 176 9.3
22 62 61.5 26 10.7 290 16.3
23 75 53.4 28 8.3 242 15.3
24 30 75.9 11 3.4 100 6.4
25 49 43.8 20 6.0 157 10.5
26 32 54.4 11 4.9 150 6.9
A 30 46.5 8 3.1 92 5.4
B 35 58.9 15 5.0 164 7.6

TOTAL 1552 1457.9 552 188.9 5767 333.7
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groups as RFLPs using DNA from smal l 
female-informative backcross populations. For 
1487 orthologous sequences/genes, we used 
Oxford grids to test the level/extent of synteny 
relative to chromosomes of Apis mellifera and 
Tribolium castaneum. Although we found a 
high degree of synteny between most silkworm 
and beetle chromosomes, only 2 chromosomes 
of honeybee showed significant synteny with 

silkworm (Fig. 1). The present data will be a 
resource to construct and evaluate the accuracy 
of a forthcoming new assembly of integrated 
whole genome shotgun data. It will also be 
a power ful tool for investigating silkworm 
genome properties, mutation mapping and map-
based cloning, as well as providing the basis 
for the complete genome analysis of this model 
lepidopteran.

Fig. 1　Oxford grids displaying a matrix of cells comparing the number of orthologous genes on chromosomes 
of two species
A: silkworm-honeybee comparison. B: silkworm-red flour beetle comparison.  Shadowed cells show high synteny 
conservations.

A　　　　　　　　　　　　　　　　　　　　　　B

 I nvertebrate Gene Function Research Unit

The Invertebrate Gene Function Research 
Unit is conducting research to identify genes 
encoding the enzymes and neuropeptides 
involved in synthesis and degradation of the 
two major insect hormones (ecdysone and 
juvenile hormone) as well as those encoding 
amine receptors involved in controlling insect 
behaviors. We develop screening methods for 
inhibitors of these enzymes and receptors of 
neuropeptides and amines as possible new 
pesticides. The Unit also conducts molecular 
ana lyses o f inver tebra te r epr oduc t ion , 

embryonic development and regeneration. The 
selected major research topics for 2006 from the 
present research unit are as follows:

Functional analyses of JH biosynthetic
enzymes of the red flour beetle Tribolium
castaneum

J H ( j u v e n i l e h o r m o n e ) a c i d m e t h y l -
transferase (JHAMT) conver ts JH acid to 
active JH at the final step of JH biosynthesis in 
Lepidoptera. In other insect species, farnesoic 
acid methyltransferase (FAMT) seems to 
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convert farnesoic acid into methyl farnesoate 
followed by its epoxidation into active JH. 
JHAMT gene was first identified from the 
silkworm Bombyx mori (Shinoda and Itoyama, 
2003). In the genome database of the red flour 
beetle Tribolium castaneum, we found three 
methyltransferase genes (TcMT1, TcMT2 and 
TcMT3) that were homologous to JHAMT of 
B. mori. Real-time PCR analyses showed that 
TcMT1 mRNA was expressed strongly in adult 
development, and that TcMT2 was high in 
the late final larval instar. TcMT3 mRNA was 
expressed continuously from embryonic stage to 
the final larval instar, became undetectable in the 
pupal stage, and increased again in both male 
and female adults. RNAi-mediated knockdown 
of either TcMT1 or TcMT2 by injecting dsRNA 
into 3rd instar larvae did not have significant 
ef fects on their metamorphosis, but RNAi of 
TcMT3 resulted in precocious metamorphosis 
from larva to pupa, probably due to a precocious 
decline in JH titer (Fig. 2). Recombinant TcMT3 
protein converted farnesoic acid into methyl 
farnesoate, but recombinant TcMT1 or TcMT2 
protein did not. In situ hybridization showed 
that TcMT3 was expressed specifically in the 
corpora allata (CA). These results suggest that 

TcMT3 works as a FAMT in the JH biosynthesis 
in Tribolium CA. Functional analyses of other 
candidate genes involved in the biosynthesis or 
signaling of JH are in progress.

Molecular approach to annelid regeneration:
cDNA subtraction cloning reveals various
novel genes that are upregulated during the
regeneration of the oligochaete,
Enchytraeus japonensis

To identify genes specifically activated 
during annelid regeneration, suppression 
subtractive hybridization was performed with 
cDNAs from regenerating and intact Enchytraeus 
japonensis, a terrestrial oligochaete that can 
regenerate a complete organism from small 
body fragments within 4-5 days (Fig. 3A). Filter 
array screening subsequently revealed that 
about 38% of the for ward-subtracted cDNA 
clones contained genes that were upregulated 
during regeneration. Two hundred seventy nine 
of these clones were sequenced and found to 
contain 165 dif ferent sequences. A database 
homology search showed that of the 165 
upregulated sequences, 86 were not homologous 
with any known gene, whereas the remaining 
79 were significantly similar (E-value≤1x10-4) to 

Fig. 2　RNAi for the three methyltransferase genes, TcMT1, TcMT2 and TcMT3, in T. castaneum dsRNAs of 
TcMT1, TcMT2 and TcMT3 were injected into late third instar larvae
(Upper) Precocious metamorphosis induced by knockdown of TcMT3 (JHAMT).
(Lower) Suppression of mRNA expression of TcMT1, TcMT2 and TcMT3. mRNAs were extracted one week after dsRNA 
injection and quantified by quantitave PCR. EGFP was used as the control gene.
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genes that had already been identified. These 
known genes encoded proteins belonging to a 
wide range of categories, including transcription 
factors, metabolic enzymes, extracellular matrix 
(i.e. cadherin, laminin, matrilin, collagen, and 
fibrillin) and other genes known to be related 
to regeneration and/or development such as 
glutamine synthetase, unc-119, NICE-5, collapsin 
response mediator protein 5, and flotillin 2. 
Of even greater interest in the context of 
regeneration biology, however, is the isolation 
of unknown genes that appear to be upregulated 
during regeneration. 

We were able to obtain the full length 
sequence of five such genes, designated herein 
as Ejrup1-5 (Enchytraeus japonensis regeneration 
upregulated genes 1-5) in the order of their 
abundance in the subtracted library (Fig. 3B). 
Structural analyses of the deduced products of 
these five genes suggest that there is a variety 
of putative functions that can be associated with 
their protein products, including transportation 
and binding, transcriptional regulation, protein 
interaction and cell adhesion. The expression 
levels of these genes were highest during 
blastema formation, suggesting that they play 
important roles in regeneration. The present 
results, which were published in Developmental 
Dynamics 235, 2051-2070 (2006), demonstrate 
the great potent ia l of annel ids as a new 
experimental subject for the exploration of 
unknown genes that play critical roles in animal 
regeneration.

Fig. 3　Isolation of genes involved in annelid 
regeneration
A: PCR-select cDNA subtraction was performed between 
regenerating fragments and intact worms of Enchytraeus 
japonensis. The upper panels show the anterior and 
posterior ends of orcein-stained whole-mount specimens 
of regenerating fragments, at 0-96 hours after amputation, 
and also an intact worm. The periods of time (in hours) 
after amputation are shown. The lower panels show 
both live specimens of regenerating fragments and 
intact worms: as, anal segment; b, blastema; gz, growth 
zone. Scale bar = 0.2 mm. B: Functional breakdown 
of the upregulated cDNA clones identified in the cDNA 
subtraction screening. Of 768 forward-subtracted clones 
examined, 295 (38.4%) were judged to be upregulated 
during regeneration, of which 279 were successfully 
sequenced and were subjected to a BLASTX homology 
search. The predicted functional categories of 133 clones 
that were similar to known genes are shown. Ejrup1-5 
are novel genes that were isolated by the subtraction 
screening in the present study.
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 A nhydrobiosis Research Unit

Genes upregulated during entry into
anhydrobiosis

The lar vae of the sleeping chironomid, 
Polypedilum vanderplanki, are able to withstand 
almost complete desiccation during which 
they enter a state of suspended animation 
(anhydrobiosis). Anhydrobiosis is achieved 
by contro l led dehydrat ion and complex 
physiological changes. To know what kind of 
genes are associated with desiccation tolerance, 
we developed a novel EST database from 
desiccating larvae. This database is comprised 
of 8,348 clones, which are clustered into 
2,755 groups. Of these, 851 groups consist of 
multiple clones and are classified into 5 types 
based on changes of expression level during 
dehydration (Fig. 4). This result indicates that 
at least 323 groups show accelerated expression 
in the course of entry into anhydrobiosis of P. 
vanderplanki larva.

Late embryogenesis abundant (LEA)
proteins found in P. vanderplanki

LEA proteins are associated with desiccation 
tolerance, and have been proposed to act as 
ion scavengers, molecular chaperones, or 
as cytoskeletal components, though actual 
functions are not fully elucidated. We found 

that LEA-like protein genes increased upon 
dehydration and we then isolated three cDNAs 
encoding hydrophil ic proteins (PvLEA1, 
PvLEA2, and PvLEA3) – a motif belonging 
to Group 3 LEA proteins. Both mRNA and 
protein levels for each gene were elevated by 
dehydration stress from either desiccation or 
hypersalinity (Fig. 5). One protein, PvLEA2, is 
likely to be post-translationally processed into 
smaller molecules (Fig. 6).

LEA proteins have been found only in plants 
until recently, but now LEA-like proteins are also 

Fig. 4　Expression patterns of P. vanderplanki 
genes in EST database
851 groups consisting of multiple clones were classified 
into 5 types based on changes of expression level.

Fig. 5　Northern blot analysis of PvLea1, 2 and 3 
mRNA isolated from desiccating larvae (left) and 
from larvae immersed in 1% NaCl water (right)

Fig. 6　Western blot analysis of proteins extracted 
from desiccating P. vanderplanki larvae using anti-
AavLEA1 antibody generated against a nematode 
LEA protein (left) and anti-PvLEA2 antibody (right)
Anti-AavLEA1 antibody recognized several desiccation-
inducib le prote ins inc luding putat ive fu l l - length 
PvLEA1 (band a) and PvLEA3 (band b), but a signal 
corresponding to PvLEA2 was absent. Putative PvLEA2 
was detected by anti-PvLEA2 antibody.  Full-length 
PvLEA2 (band c) might be processed into smaller protein 
(band d) in desiccating larvae.
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known to be present in nematodes and a rotifer. 
PvLEAs are the first LEA proteins identified in 
arthropods, suggesting that this protein family is 
widespread throughout invertebrate phyla and 
that animals, plants and microorganisms possess 
similar mechanisms for combating dehydration 
stress.

Radiation tolerance in anhydrobiotic state
We examined ef fects of gamma-rays and 

4He par ticle irradiations on P. vanderplanki 
because radiation tolerance is generally related 
to desiccation tolerance. Hydrated larvae were 
killed within 48 h after gamma-rays irradiation 
a t doses h igher than 2000 Gy, wher eas 
anhydrobiotic lar vae exposed to 5000 Gy 
survived for at least 48 h after rehydration, and 
some of them still tolerated 7000 Gy (Fig. 7A). 
Against 4He particle irradiations, anhydrobiotic 
lar vae also showed higher tolerance than 
hydrated larvae (Fig. 7B). Generally, low-linear 
energy transfer (LET) radiation such as gamma-
ray causes DNA damage from radicals generated 
from water, whereas high-LET radiat ion 
such as ion beams attacks DNA directly. In 
anhydrobiotic lar vae, therefore, DNA repair 
capacity may be increased, in addition to radical 
scavenging action of trehalose and LEA proteins.

To know how P. vanderplanki lar vae gain 
radiation tolerance en route to dehydration, 
we examined ef fects of high-LET radiation 
on 4 kinds of lar vae: (1) normal hydrated 
(intact) larva, (2) intermediates between the 

anhydrobiotic and normal hydrated state, (3) 
almost completely dehydrated (anhydrobiotic) 
lar vae , and (4) immediate ly - rehydrated 
lar vae that are assumed to have a similar 
molecular profile to anhydrobiotic larvae. The 
intermediates and immediately-rehydrated 
larvae survived longer after radiation than intact 
larvae, indicating that radiation tolerance could 
be enhanced even in hydrated larvae (Fig. 8A & 
8B). Physiological changes in hydrated larvae 
toward anhydrobiosis, such as accumulation 
of protectants or increasing damage repair 
capacity, might have something to do with 
improvement of radiation tolerance. Almost 
complete desiccation further enhanced radiation 
tolerance, possibly in a different way from the 

Fig. 7　Survival of P. vanderplanki larvae after 
gamma-rays (A) and 4He particle irradiation (B)
Intact hydrated larvae (closed circle) and anhydrobiotic 
larvae (open circle) were irradiated and their survival 
was examined 48 h after rehydration.  All survival rates 
were corrected for those of non-irradiated larvae of each 
condition.

Fig. 8-A　Temporal changes in larval water and trehalose contents during dehydration and subsequent 
rehydration in larvae of P. vanderplanki
Larvae were exposed to a series of desiccation treatments over 3 days: 100% relative humidity (RH), 76% RH, 5% RH, 
for each day.
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Fig. 8-B　Temporal changes in survival after 3500, 4000 and 4500 Gy of 4He particle radiation in P. 
vanderplanki larvae
W-low: no-desiccation (closed circle), W-mid: desiccation at 24 h (triangle), D-high: desiccation at 72 h (open circle), 
W-high: rehydration at 1 h (diamond).  All survival rates were corrected for those of non-irradiated larvae of each 
condition.

hydrated larvae.

 I nnate Immunity Research Unit

In vitro activity of diastereomeric
antimicrobial peptides alone and in
combination with antibiotics
against antibiotic-resistant bacteria

The in vitro activity of four polycationic 9-mer 
peptides derived from insect defensins alone 
and combined with clinically used antibiotics 
was investigated against methicillin-resistant 
Staphylococcus aureus (MRSA) (Fig. 9) and 
Pseudomonas aeruginosa. These bacteria were 
more susceptible to the D-9-mer peptides 
(diasteromer) composed of only D-amino acids 
(minimum inhibitor y concentration [MIC] 
range: 20-100 μg/ml) than to the L-9-mer peptide 
composed of only L-amino acids (MIC range: 
400-800μg/ml). Furthermore, D-9-mer peptides 
exhibited synergistic and additive ef fects in 
combination with antibiotics. Interestingly an 
increase in bacterial resistance to antibiotics 
was observed whereas resistance to D-9-mer 
peptides was not observed, even when bacteria 
were cultured for several hundred generations 
(MRSA: 200 generations and P. aeruginosa: 
1000 generations) in medium containing these 

antimicrobial peptides and antibiotics.
Moreover, one D-9-mer peptide showed 

continuous synergy in combinat ion with 
piperaci l l in against P. aeruginosa during 
cultivation. These results suggest the potential 
use of these D-9-mer peptides in topical or 

Fig. 9　MICs of D-9-mer-peptide and methicillin 
against MRSA KO-4 with long-term incubation
Bacteria were cultured in Mueller Hinton broth containing 
increasing concentrations of D-9-mer peptide and 
methicillin for 30 days. MICs were measured every 
five days. An increase in MIC shows the acquisition of 
resistance to the drug.
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systemic therapy for nosocomial infections.

Protective effects of antimicrobial peptides
derived from the beetle Allomyrina
dichotoma defensins on endotoxic shock in
mice

Synthet ic pept ides , RLYLRIGRR-NH2 
(peptide A) and RLRLRIGRR-NH2 (peptide B), 
derived from the beetle Allomyrina dichotoma 
defensin, not only have antimicrobial activities 
but also have anti-inflammator y ef fects by 
inhibiting tumor necrosis factor-α (TNF-α) 
production. In the present study, we evaluated 
the lipopolysaccharide (LPS)-binding activities 
and the protective effects of these peptides on 
LPS-induced lethal shock in D-galactosamine 
(GalN)-sensitized mice. These peptides were 
shown to bind to erythrocytes coated with LPS 
and the binding activity of peptide A at doses of 
25, 50, 100 and 150 mg/kg before an injection 
of Salmonella abor tusequi LPS (5 μg/kg) 
and GalN (1 g/kg) (LPS+GalN). All wild-type 
mice died within 24 h after being challenged 
with LPS+GalN. All of the challenged TNF-α-
deficient mice improved survival rates in a dose-
dependent manner. Peptide B showed only 
minor protection. The levels of TNF-α in the 
ameliorated mice by peptide A were significantly 
lower than those of the challenged control, 
suggesting a suppressive ef fect of peptide A 
on TNF-α production (Fig. 10). Furthermore, 
peptide A-treated mice showed significantly 
lower levels of asparate aminotransferase and 
alanine aminotransferase when compared to the 
challenged control. Concordantly, hemorrhaging 
and necrosis of the livers from peptide A-treated 
mice were less apparent than those from 
untreated control mice. These results suggest 
that peptide A has a protective ef fect on LPS-
induced mortality in this mouse model.

Effect of nucleopolyhedrovirus infection on
antibacterial activity and antibacterial 
peptide production in larvae of the
silkworm, Bombyx mori

Ef fects of nucleopolyhedrovir us (NPV) 
on antibacterial peptide gene expression and 
peptide production in Bombyx mori lar vae 
remain unclear. Antibacterial activity was first 

examined with the hemolymph from B. mori 
larvae infected with B. mori NPV (BmNPV) and 
injected with bacterial lipopolysaccharide (LPS) 
72 h post infection (p.i.). No antibacterial activity 
was detected. Expression of four antibacterial 
pept ide genes were next analyzed in B. 
mori lar vae infected with BmNPV. Although 
antibacterial peptide genes were activated upon 
injection of LPS in the lar vae infected with 
BmNPV, none were triggered by BmNPV alone 
(Fig. 11). Production of the antibacterial peptide 
cecropin B was coincident with an increase 

Fig. 10　Effect of peptide on TNF-α production in 
mice challenged with LPS+GalN (○) or 100 mg/kg 
peptide A immediately after injection with LPS+GalN 
(●)
Serum level of TNF-α was measured at 0, 1.5, 3 and 
16 h after LPS+GalN and/or peptide injection. All data 
represent mean values and standard errors. *P<0.01, 
when compared to LPS+GalN group.
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Fig. 11　Expression of B. mori antibacterial peptide 
genes in larvae infected with BmNPV
B. mori larvae were first infected with BmNPV and then 
LPS was injected into the larvae 72 h p.i. Total RNA was 
extracted from the fat body of the larvae 0, 4, 8, 12 and 
24 h (72, 76, 80, 84 and 96 h p.i., respectively) after 
LPS injection. Northern blot analysis was conducted 
with the total RNA and specific probes. Polyhedrin gene 
expression of BmNPV was also analyzed. As an internal 
control, 28S rRNA was visualized with ethidium bromide. 
BV(+): larvae infected with BmNPV-BV. BV(-): larvae 
injected with saline.
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in BmNPV cysteine proteinase (CP) activity. 
Cecropin B production was confirmed at 96 h p.i. 
in the larvae infected with CP-deficient BmNPV, 
indicating that the antibacterial peptides are 
degraded by BmNPV-CP at a ver y late stage 
of viral infection. These results suggest that 
BmNPV neither activates nor suppresses 
gene expression of antibacterial peptides and 
that absence of antibacterial activity is due to 
BmNPV-CP in B. mori larvae.

Mechanism for bacterial resistance to
antimicrobial peptides

Bacterial resistance to antimicrobial agents 
is a serious problem in clinical medicine. The 
Gram-positive bacterium, Staphylococcus aureus, 
is a common pathogen in humans and domestic 
animals. Some antimicrobial peptides are 
remarkably effective against this bacterium and 
are expected to be novel anti-S. aureus agents. 
However, the susceptibility is diversified among 
S. aureus strains, suggesting that some strains 
are carrying resistance genes. We found that 
the over expression of sigB, which regulates 
some stress responses in S. aureus, conferred 
in vitro resistance to the nematode antimicrobial 

peptide, ASABF-α (Fig. 12). The sigB over 
expression also caused thickening of cell walls. 
The thickness was positively correlated to the 
resistance level of tested strains, suggesting that 
the resistance induced by sigB over expression 
may be due to the cell-wall thickening.

Fig. 12　Effect of sigB over expression on ASABF-α 
susceptibility
Each S. aureus s t ra in was exposed to var ious 
concentrations of ASABF-α for 2 h. The number of viable 
bacteria is normalized to the control (ASABF-α = 0) and is 
indicated as viability. N315ex, a parent strain; N315ex-v, 
vector control; N315ex-n, sigB (N315 origin) over 
expressing strain; N315ex-m, sigB (Mu50 origin) over 
expressing strain.

 I nsect Interaction Research Unit

Cloning of cDNAs encoding laccase from
salivary glands of Nephotettix cincticeps

The green rice leafhopper (GRH), Nephotettix 
cincticeps, injects saliva into plant tissue as part 
of the feeding process. Laccase (EC 1.10.3.2, 
p-diphenol:oxygen oxidoreductase) activity has 
been detected in salivary glands and saliva of 
GRH. The salivary laccase is considered to be 
involved in coagulating salivary sheath and in 
detoxification of some phenolic substances in 
plants. To characterize laccases in the salivary 
glands and other tissues, we have cloned three 
laccase cDNAs (Fig.13). Two cDNAs derived 
from the salivary glands of adult females were 
classified into laccase-1 type and the other one 
from newly ecdysed 5th stadium nymphs was 

Fig. 13　A pair of salivary glands of N. cincticeps
Dark blue-green colored parts show lobes stained with a 
laccase substrate.
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laccase-2 type based on the deduced amino acid 
sequences. Only one of the laccase-1 type was 
predicted to be soluble protein and found to be 
specifically expressed in the salivary glands by 
RT-PCR. The deduced amino acid sequence of 
this laccase-1 has 56% identity with the other 
laccase-1 and 39% identity with laccase-2.

Defense components in plant latex
We previously found that the latexes of 

various plant species have defensive functions 
against herbivorous insects and contain a 
variety of defensive substances including 
secondar y metabol i tes and proteins. We 
found that mulberry trees exude latex that is 
toxic to lepidopteran insects, and that sugar-
mimic alkaloids and unknown high-molecular 
weight factor(s) are responsible for the 
defense activities. We have succeeded in the 
purification of the defense protein and are now 
in the process of characterizing it and cloning 
the gene. The protein showed a strong growth 
inhibitory effect even in very low concentrations. 
When the defense protein is added to an 
ar ti f icial diet in a concentration of 0.02% 
(wet weight), it showed a significant growth 
reduction. The properties of the defense protein, 
such as protein and DNA sequences, biological 
activities and defense spectrum to various pest 
insects, will be elucidated in the near future. In 

addition to this topic, we are investigating the 
mechanism of physiological adaptation of the 
silkworm, Bombyx mori, to sugar-mimic alkaloids 
in mulberry latex, and the mechanism of acute 
toxicity of papain, a cysteine protease abundant 
in papaya latex.

Discrimination among field and commercial 
populations of Orius strigicollis (Poppius)
(Heteroptera: Anthocoridae) measured by
microsatellite markers

Orius strigicollis (Poppius) is one of the 
most useful natural enemies of various minute 
insect pests, such as thrips, and the species 
is commercially used in Japan as a biological 
control agent in greenhouses. Because O. 
strigicollis is common in the field, however, it is 
dif ficult to judge the effectiveness of released 
populations in controlling pests. Furthermore, 
from a conservation ecology viewpoint, there is a 
risk that the augmentative release of commercial 
agents might disturb the genetic composition 
of field populations. To trace released agents, 
development of genetic markers that distinguish 
field and commercial populations need to be 
developed.

Microsatellites, short stretches of tandem-
repeated one- to five-nucleotide sequences, 
are ubiquitous in eukaryotic genomes and are 
known to be highly polymorphic. Their high 

Table 2　Mean number of alleles and allelic richness across the six microsatellite loci obtained for each 
population of Orius strigicollis.

Population Latitude Longitude Altitude Sex Number of Alleles±S.D. Allelic Richness±S.D.
Field Tsuchiura 36.07˚N 140.22˚E     2m F   9.17 ± 4.79 4.47 ± 2.06

M   7.17 ± 2.79 4.54 ± 1.67
Kamagaya 35.77˚N 140.01˚E   26m F   9.83 ± 5.49 4.90 ± 1.91

M   9.00 ± 4.60 4.99 ± 2.14
Yonago 35.44˚N 133.37˚E     4m F 11.50 ± 6.35 5.19 ± 2.13

M 11.83 ± 5.19 5.42 ± 2.17
Shintomi 32.07˚N 131.50˚E     9m F 12.00 ± 4.52 5.51 ± 1.74

M 10.83 ± 2.93 5.47 ± 1.34
Miyazaki 31.84˚N 131.44˚E     3m F 13.83 ± 5.15 5.65 ± 1.96

M 11.50 ± 4.04 5.56 ± 1.67
Kanoya1 31.40˚N 130.79˚E 139m F 13.50 ± 5.43 5.80 ± 1.70

M   9.83 ± 3.76 5.09 ± 1.44
Kanoya2 31.35˚N 130.90˚E   15m F 13.00 ± 7.80 5.63 ± 2.14

M 10.33 ± 2.73 5.45 ± 1.62
Commercial Tairiku® F   5.50 ± 2.43 3.56 ± 1.16

M   4.67 ± 1.75 3.10 ± 1.20
Oristar-A® F   1.67 ± 1.03 1.38 ± 0.59

M   1.83 ± 0.75 1.47 ± 0.47
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polymorphism makes them suitable markers for 
studying intra-specific variation. We developed 
six microsatellite markers for this species 
and analyzed genetic diversity and population 
dif ferentiation within and among field and 
commercial populations to investigate the 
markers’ usefulness.

The number of alleles and allelic richness 
are shown in Table 2. Commercial populations 
showed significantly smaller allelic richness 
than those of field populations (Wilcoxon’s rank 
sum test, p<0.001). Therefore, commercial O. 
strigicollis populations have lost genetic diversity 
through bottleneck ef fects and genetic drift 
in rearing and possible selection during mass 

production. Genetic dif ferentiation among 
populations was estimated using pairwise FST-
values and tested for significant differentiation 
with an exact G-test (Table 3). Geographically 
close populations in southern Kyushu showed 
no differentiation among any pairs. In contrast, 
two commercial populations were differentiated 
genetically from each field population and the 
other commercial population, revealing the high 
genetic specificity of these strains (Fig. 14). 
These specificities of commercial populations 
enable us to measure the ef fectiveness of 
released agents in biological control programs.

Table 3　Multilocus estimates of pairwise FST (above diagonal) and pairwise significance after standard 
Bonferroni corrections by overall loci G-satistics (below diagonal)

Tsuchiura Kamagaya Yonago Shintomi Miyazaki Kanoya1 Kanoya2 Tairiku® Oristar-A®

Tsuchiura 0.038* 0.045** 0.081** 0.048** 0.062** 0.054** 0.103** 0.453**

Kamagaya ** 0.011NS 0.025NS 0.002NS 0.026*  0.015NS 0.070** 0.432**

Yonago *** NS 0.036** 0.000NS 0.019NS 0.011NS 0.065** 0.384**

Shintomi *** ** *** 0.012NS 0.003NS 0.015NS 0.103** 0.398**

Miyazaki *** NS NS NS 0.010NS -0.002NS 0.066** 0.394**

Kanoya1 *** ** *** NS NS -0.003NS 0.087** 0.375**

Kanoya2 *** NS ** NS NS NS 0.078** 0.409**

Tairiku® *** *** *** *** *** *** *** 0.477**

Oristar-A® *** *** *** *** *** *** *** ***
The boxed area contains pairs within southern Kyushu; the shaded area contains pairs of field and 
commercial populations. NS, not signifi cant; * p<0.05; ** p<0.01 ; *** p<0.001.

Fig. 14　Allele frequencies for two of six microsatellite loci in two field and two commercial populations
Circles indicate specific alleles found in each of the commercial populations.
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Variation in amount of released pheromone
observed in individual black chafer

Females of the black chafer, Holotrichia 
loochooana loochooana, emit anthranilic acid 
which attracts males and also induces female 
aggregat ion. Such aggregat ion includes 
different groups of females: (1) those that settle 
first and begin to release pheromone and (2) 
the reinforcement females that are attracted 
subsequently. To measure heterogeneity among 
females, it is essential to quantify the airborne 
pheromone released by individual females. 
Two methods were established for quantitative 
analysis of airborne pheromone (anthranilic 
acid) from female individuals: (1) collection of 
released pheromone into glass beakers in the 

laborator y and (2) collection into a por table 
device equipped with glass beads in the field. 
Both approaches were followed with HPLC 
analyses. In the laborator y samples, large 
variations were found both in calling durations 
[19.4 ± 18.8 min (mean ± SD), n = 147] and in 
the amounts of collected pheromone (47.7 ± 
63.3 ng) (Fig. 15). Fur thermore, large daily 
fluctuations were also observed for individual 
females. In the field, large variations were also 
found in the quantities of collected pheromone 
among the individual females ranging from 0.57 
ng to 24.7 ng/2min [8.9 ± 6.06 ng (mean ± SD), 
n = 46]. These results provided evidence of 
heterogeneity in the feral females with respect to 
the pheromone release in the field.0

Fig. 15　Collection of airborne anthranilic acid released daily by H. l. loochooana females, with use of glass 
beakers in the laboratory

 I nsect-Microbe Research Unit

Toward Bt toxin resistance gene in Bombyx
mori

Chromosome mapping of the gene for 
resistance against Bacillus turingiensis (Bt) 
toxin was carried out for positional (map-based) 
cloning of this gene. Bt resistance is widely 
observed in field populations of lepidopteran 
pests. This study aims at determining the 
resistance gene in Bombyx mori and clarifying 
the resistance mechanism of lepidopteran 
insects against one of the important Bt toxins, 

Cry1Ab. We used two strains of B. mori. Strain 
401 shows resistance against Cry1Ab toxin of Bt 
and strain 606 is susceptible to the toxin protein. 

We first compared digestive enzyme activities 
between the two strains, 401 and 606, in order 
to test the possibility that the Cry1Ab toxin is 
quickly digested in the intestine due to high 
enzyme activity in the resistant strain 401 after 
toxin ingestion from the mouth. However, no 
marked dif ference in the digestive enzyme 
activities was observed between the two strains 
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and the toxin protein was digested in a similar 
manner in both silkworm strains. The enzymatic 
digestion process of the toxin crystal protein, 
therefore, was not related to the resistance 
mechanism of this resistant silkworm strain.

We then examined whether the resistance 
mechanism present in strain 401 is related to 
the proteins or enzymes that are reported to be 
responsible for Bt resistance. Aminopeptidase N 
and cadherin-like protein, which were reported 
in lepidopteran insects, and glycosyltransferases, 
w h i c h  w e r e  r e p o r t e d  i n  n e m a t o d e 
Caenorhabditis elegans, were candidate genes. 
Probable orthologous genes of B. mori to those 
candidate genes were cloned, sequenced, and 
mapped on the chromosomes. The present 
resistance gene of strain 401 was located on 
chromosome 15; whereas, aminopeptidase N 
(BmAPN1, BmAPN2, BmAPN3 and BmAPN4) 
was located on chromosome 9 and cadherin-
l ike protein (BtR175) on chromosome 6. 
Glycosyltransferases (Bre-2-, Bre-3-, Bre-4-, and 
Bre-5-like genes) were mapped on chromosome 
B, 13, 3 , and 17, respect ively. S ince the 
resistance gene of 401 strain was located on a 
different chromosome from the reported genes, 
this resistance gene is a novel one.

Positional cloning of the resistance gene 
was star ted using SNP (single nucleotide 
p o l y m o r p h i s m ) m a r k e r s  d e v e l o p e d i n 
silkworm strains p50 and C108 by the Insect 
Genome Research Unit of our Institute. Since 
homologous recombination occurs in males 
and not in females of B. mori, individuals of BF1 
generation produced by the cross 401 female x 
F1 (401 female x 606 male) male, were used. The 
region in which the resistance gene resides was 
narrowed down to within 1.0 cM.

Enhancing factor of virus infection, Fusolin
Entomopox viruses (EPV) produce fusolin 

protein that stimulates virus infection against 
insect hosts. In order to characterize the fusolin 
and elucidate the mechanism of infection 
enhancement, the Anomala cuprea (AcEPV) 
fusolin gene has been expressed in a baculovirus 
expression system (Bac to Bac) and the product 
was highly purified using TALON Metal Affinity 
Resin. The resulting protein enhanced both 

AcEPV infection in A. cuprea larvae and BmNPV 
infection in Bombyx mori larvae; the degree of 
enhancement of the latter virus infection was 
about 320-fold. Although the enhancement 
activity was not as high as intact fusolin, active 
fusolin was produced by the baculovir us 
expression system.

We have studied the mode of action by 
which EPV spindles disrupt the peritrophic 
membrane (PM) in host and non-host insects 
after the insects were fed the spindles. Fusolins 
have regions that constitute a potential chitin-
binding domain and thus the proteins may bind 
to chitin, which is a component of the PM. This 
potential action may be a key to the disruption. 
Therefore we examined whether fusolin binds to 
chitin in vitro using chitin beads and found that 
fusolins from both spindles and the baculovirus 
expression system have the ability to bind to 
chitin. Further research is needed, however, to 
elucidate the mode of action in vivo.

We are attempting to determine the motif 
in fusolin that acts as the enhancer of virus 
infection. This year, we made a number of 
AcEPV fusolin-mutants including a series of 
mutants with N or C terminus deletions, a 
mutant that was defective for a signal peptide, 
and a fusolin containing a point mutation 
introduced into an N glycosylation site. We 
are examining the activity of these mutants by 
bioassays.

Analysis to elucidate the complete sequence 
of AcEPV genome is ongoing. We have obtained 
about 3,500 Escherichia coli clones containing 
random AcEPV DNA fragments incompletely 
digested with a restriction endonuclease. We 
are sequencing the fragments and aligning the 
sequences obtained.

New detection assay for non- packaged
nucleopolyhedrovirus (NPV)

A novel bioassay for nucleopolyhedrovirus 
of Bombyx mori (BmNPV) was developed. 
NPVs are usually packaged in a viral occlusion 
body that protects the virus from inactivation 
for a long time. After ingestion by host insects, 
occlusion bodies are digested in an alkaline 
condition in the gut. However, free vir us 
(occlusion-derived vir us, ODV) that is not 
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packaged in the occlusion body is sometimes 
produced in infected host insects. It is important 
to evaluate the pathogenicity caused by ODV 
from an epidemiological point of view of BmNPV 
because silkworms are raised together in 
confinement and the source of NPV in rearing 
cages is poorly understood. We have developed 
a novel bioassay for discriminating pathogenicity 
of ODV from that caused by NPV in occlusion 
bodies.

Our assay utilizes sodium ascorbate, which 
produces reactive oxygen, to inactivate the ODV 
while retaining only the viral occlusion bodies 
intact. This assay has another original feature in 
that Polyoxin AL wettable powder (designated as 
Polyoxin AL), which enhances BmNPV infection, 
is given to the test silkworm with the diet prior 
to the bioassay of the virus. The enhancing 
effect of this compound makes the assay more 
sensitive. Test samples were suspended in 
phosphate-buffered saline (PBS) and incubated 
with sodium ascorbate in various conditions. An 
incubation condition that inactivates the ODV, 
but has no ef fect on the viral occlusion body, 
was determined. The ODV released from the 
occlusion body by alkalinization was inactivated 
effectively in incubation with 9.1% (w/w) sodium 
ascorbate in PBS (pH=9.2) for 120 min at 26˚C. 
On the other hand, incubation at pH=7.4 without 
sodium ascorbate had little effect on the ODV. 
The viral occlusion body was not af fected by 
both conditions.

The assay procedure consists of three 
operations: 1) divide a given sample to be 
assessed into two aliquots; 2) assay one aliquot 
immediately after being suspended in PBS 
(pH=7.4), showing the total pathogenicity in 
the sample; and 3) assay the other aliquot 
after being suspended in PBS (pH=9.2) with 
9.1% sodium ascorbate and incubated for 120 
min, showing the pathogenicity caused only 
by the viral occlusion body. This assay could 
be used for epidemiological studies such as 
the evaluation of feces of silkworm as a virus 
infection source.

Development of DNA marker for identifying
Culicoides species

Culicodies (Diptera: Ceratopogonidae) 

biting midges (Fig. 16) are highly diverse 
and are distributed worldwide. Some species 
are hematophagous and important vectors of 
ar thropod-borne viruses (arboviruses) and 
protozoa (Leucocytozoon caulleryi) that cause 
serious diseases to human and livestock. Bovine 
congenital malformation caused by infection 
with Akabane, Aino, Chuzan and Ibaraki viruses 
has been reported in Japan every year.

Culicoides species are very small (1-2 mm) 
and dif ficult to distinguish morphologically, 
especially in lar val stages. In order to study 
their distribution, ecology, life cycle and disease 
epidemiology, a method to identify Culicoides 
species is required. We identified mitochondrial 
sequences (cox1 - tRNA(Leu) - cox2, 1800 – 
3600 bp) of 16 Culicoides species collected at 12 
locations in Japan for the purpose of molecular 
identification of these vector species. Ten out 
of 16 species had cox1 - tRNA(Leu) - cox2 with 
little or no intergenic region, as found in many 
insect species. Six species, however, showed a 
tRNA translocation and/or an AT-rich noncoding 
inser tion (116-1838bp) between the genes. 
Clear geographical phenotypes of sequences 
were not found. Published sequence data of 
Culicoides have been mainly from Europe so far 
and our study is the first for Japanese Culicoides 
nucleotide sequences. The present sequence 
data could be a simple and strong tool to 
distinguish Culicoides species in Japan.

We  d e s i g n e d  a  p r i m e r  s e t  f o r  t h e 
mitochondrial cox1 (cytochrome oxidase subunit 
1) gene to amplify an approximately 350-bp 
product for all species as a tool for molecular 
identification. Direct sequencing of this short 

Fig. 16　Culicoides oxystoma
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region in the mitochondrial genome easily 
discriminated all Culicoides species examined. 
We also constructed three specific primer sets in 
the cox1 and cox2 gene regions to distinguish the 
most important vectors, Culicoides oxystoma, C. 
arakawae and C. brevitarsis, from other species. 
The specific primer sets amplified unique PCR 
products for each Culicoides species tested.

EST analysis in the brown planthopper,
Nilaparvata lugens

Expressed sequence tag (EST) analysis 
was per formed in the brown planthopper, 
Nilaparvata lugens, which is a serious pest and 
virus vector of rice (Fig. 17). More than 37,000 
high-quality ESTs, in which the sequences of 
mitochondrial genome, microbial genome, and 
rDNA were excluded, has been produced from 
18 phage or plasmid libraries of various tissues 
and stages of this species. About 11,000 clusters 
(about 6,200 singletons and 4,000 contigs) were 
made from whole EST sequences; average size 
of EST was 627 bp and ambiguous nucleotide 
rate was 0.065%. Among the 10 most abundantly 
expressed genes, two genes were unique and 
showed no homology in blast searches and the 
searches for GO terms. Actin gene was highly 
expressed in the planthopper, especially in the 
thorax. Genes expressed in a tissue-specific 
manner were extracted based on the expression 
frequency among the libraries. Housekeeping 

genes were abundant, but high expression was 
observed in some unfamiliar genes that did not 
show any homology with the presently reported 
genes. EST data were used for oligo-microarray 
fabrication. 

The EST libraries composed from various 
tissues and body par ts will provide useful 
information for finding genes expressed in 
specific tissues and for gene functional analysis. 
Since sequences of many ESTs did not have 
significant homology with the present sequences 
in the DNA databases, novel genes and specific 
genes for hemimetabolous insects will be 
identified. The EST database will also be used 
for identifying proteins by the proteomic analysis 
and microarrays will be used for finding genes 
related to various aspects of the planthopper.

Fig. 17　Rice plant damage caused by the brown 
planthopper

 S ilk-Material Research Unit

The research focus of the Silk-Materials 
Research Unit is silk proteins produced by 
silkworms, spiders and hornets. We study 
physicochemical properties of these silk proteins 
and interactions with living body like cells. 
We develop new materials directed for use in 
medical areas such as cartilage regeneration 
scaf folds and wound dressings. We develop 
these fabrication and functional technologies 
of the silk proteins by use of transgenic and 
chemical processes.

Development of Silk Protein Scaffold for
Cartilage Regeneration

We have reported that silk fibroin porous 
3D structure (fibroin sponge) is useful as a cell 
scaf fold for car tilage regeneration. In order 
to develop technology to control the porous 
structure and to improve quality (uniformity, 
reproducibility), the fibroin sponge formation 
pr ocess was ana lyzed to deter mine the 
temperature at which secondar y str ucture 
changes occur during freezing of an aqueous 
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fibroin-DMSO mixture. We found the mixture 
solution passed through a supercooling state 
which was then released during the freezing 
process. The supercooling state plays an 
impor tant role in determining the quality of 
fibroin sponge. The secondar y structure of 
fibroin was a mainly random conformation at 
the beginning of freezing, and then it changed 
to β-sheet conformation for more than 15 hr 
when held at -20°C. The β-sheet formation 
was quite low in the case of fibroin aqueous 
solution without DMSO. The organic solvents 
are indispensable for the formation of fibroin 
sponges and are impor tant for their good 
mechanical strength.

Identification and cloning of Bombyx  mori
peptide o-xylosyltransferase

One major component of extra cellular matrix 
(ECM) of cartilage is mucin-type glycoprotein. 
In order to improve silk 3D-material for an 
ar tificial ECM for regenerated car tilage, we 
are tr ying to modify silk fibroin by adding 
sugar chains enzymatically within transgenic 
silkworms. One approach is to attach mucin-type 
glycans on fibroin H-chain protein. The first step 
of this glycosylation is transfer of xylose from 
UDP-xylose onto Ser/Thr residue of H-chain 
by use of peptide o-xylosyltransferase (OXT). 
Because the OXT gene of Bombyx mori has not 
been reported yet, we needed to clone the gene.

For the first step, we searched the gene 
sequences of the database of Silkworm Genome 

Project and found a tentative BmOXT gene, 
which was divided into four exons spread on 
four contigs. We then amplified the gene by 
R T-PCR of m-RNA prepared from silkworm 
larva in the 3rd ecdysis and obtained a single 
amplified fragment. The resultant gene codes for 
an 899-amino acid protein with 6 glycosylation 
motifs and one transmembrane domain at the 
N-terminal region (Fig. 18). Since these features 
are consistent with the OXT gene of Drosophila, 
we expect the gene to be BmOXT. In addition, 
prediction of protein localization shows the 
protein is a membrane protein or golgi protein 
which enhances the expectation of it being 
BmOXT.

Identification and Characterization of a
novel sericin gene of Bombyx mori

The third sericin coding gene, Ser3, of the 
silkworm Bombyx mori was identified using 
the peptide sequence obtained from a sericin 
A fragment to search the genomic database 
Kaikobase. The gene structure covering the 
5' flanking and the 3' end was determined. 
The coding region was revealed to be 6.1 
kbp long and consist of two short exons and 
a long exon including a serine-rich repetitive 
region over 3 kbp. The polypeptide deduced 
from the Ser3 consists of 1,271 amino acid 
residues and its molecular mass was estimated 
to be 123 kDa. Amino acid composition of the 
polypeptide agreed well with that of sericin A. 
Northern blotting showed that a 4.9 kb-mRNA 

Fig. 18　The structure of cloned BmOXT gene
Red characters shows TM-domain predicted by SOSUI (http://bp.nuap.nagoya-u.ac.jp/sosui/sosui_submit.html). Blue 
characters indicate positive N-glycosilation sites predicted by NetNblyc 1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/).
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was produced from the gene in the anterior 
par t of the middle si lk gland, which was 
consistent with the gene structure. However, the 
molecular mass of sericin A was estimated to be 
approximately 230 kDa by SDS-PAGE, which 
was about twice that of the Ser3 polypeptide. 
Possibilities of protein modifications such as 
dimerization through an isopeptide bond and 
addition of sugar chains are to be considered.

Hydrated Structure of Bombyx mori Silk
Sericin Investigated by 13C Solid-State NMR

In the cocoon shell of Bombyx mori, fibroin 
f i laments are glued together by a highly 
hydrophilic protein, sericin. Sericin is stored 
in the silk glands of Bombyx mori larvae as an 
aqueous solution and becomes solidified during 
the spinning process. This process from solution 
to solid is irreversible, because the solidified 
sericin does not dissolve into water at room 
temperature despite its high hydrophilicity. In 
this study, we applied 13C solid-state NMR to 
clarify the molecular mechanism of sericin in 
forming a water-insoluble structure. 13C CP/

MAS and DD/MAS NMR measurements were 
taken for native sericin derived from a fibroin-
deficient Bombyx mori strain ‘Sericin Hope’ 
and a model peptide of its crystal domain was 
constructed for the hydrated state. There are 
hydroxyl side chains of Ser and Thr residues 
in the β-sheet structure which remain rigid 
after hydration. These hydroxyl side chains 
were assumed to clump adjacent β-sheets by 
hydrogen bonding at their OH groups. We 
inferred that Ser and Thr linkage sequences in 
the crystal domain are responsible for forming 
β-sheet aggregates and making sericin water-
insoluble (Fig. 19). The knowledge obtained in 
this study is useful for development of sericin-
derived biomaterials, which would be mainly 
used in hydrated conditions.

Determination of Amino Acid Sequences of
Hornet Silk

Hornet silk, the fibrous protein in cocoons 
produced by lar va of the vespa hor net, is 
composed of four major proteins. In this study, 
we constructed silk-gland cDNA libraries from 
larvae of the hornet Vespa simillima xanthoptera 
Cameron, and we deduced the full amino acid 
sequences of the major four proteins comprising 
the hornet silk. The sequences of amino acids 
for the four proteins were confirmed by both 
Matrix-assisted laser desorption/ionization - 
time of flight/mass spectrometry (MALDI-TOF/
MS) and N-terminal protein sequencing (Fig. 
20). The amino acids in each of the four proteins 
showed no definite characteristic repetitive 
patterns. Interestingly, the characteristics of 
the amino acid sequences of the four proteins 
were similar in that Ser-rich structures were 
found to be localized at both ends of the chains 
and Ala-rich structures were in the center. The 
amino acid compositions of the four proteins 
also were similar. These characteristic primary 
structures may be responsible for the coexisting 
α-helix and β-sheet conformations that make up 
the unique secondary structure of hornet silk 
proteins in the native state.

Development of a New Process of Forming
Silk Protein Film

The conventional way of preparing silk 

Fig. 19　Schematic model of hydrated structure of 
sericin stabilized by the aggregation of the β-sheets
The Ser and Thr residues forming β-sheets are depicted 
as white characters on a black background. Presumed 
hydrogen bonds between the OH groups of the Ser and 
Thr side chains and the C=O groups of the main chains 
on the adjacent sheets are emphasized. β-sheet planes 
are perpendicular to the plane of the paper.
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protein film involves spreading a solution of 
silk protein over a plate and leaving it to dry. In 
this method, volatile organic solvents such as 
hexafluoroisopropyl alcohol (HFIP) are used to 
dissolve water-insoluble proteins such as those 
found in hornet silk (Fig. 21). However, there is 
concern about the potential harm caused to the 
environment and human health by these organic 
solvents. We developed a new method of forming 
silk protein film. In this method, a gel of silk 
protein was prepared and then sandwiched in 
between water-absorbing sheets and press-dried 
to produce the film. This process was simple 
and no organic solvents were required. The 
resulting film was semitransparent and highly 
water absorbent. The shape and dimensions 
of the film – apar t from its thickness – were 
almost unchanged during the process of water 
absorption. However, the flexibility of the film 
was increased by water absorption and the film’s 
mechanical strength in the wet state was suitable 
for medical applications.

Analysis of Spider Silks by Polarized FT-IR
Measurements

Spider silk is a high-per formance protein 
fiber with mechanical properties despite being 
spun under benign conditions. Increased 
understanding of the molecular mechanism of 
the process of spinning spider silk could permit 
industrial production of protein-based fibers 
using biotechnological methods. Polarized 
infrared spectroscopy was applied to examine 
the molecular orientation of spider dragline 

silk. The absorption intensities from amide 
vibrational modes obser ved for natural spun 
dragline silk dif fer markedly for parallel and 
perpendicular spectra, indicating that natural 
spider silk has a highly oriented structure 
(Fig. 22). In contrast, the absorption intensities 
of amide bands for slow reeling dragline silk 
directly from restrained spiders were almost 
identical for parallel and perpendicular spectra. 
The degree of molecular orientation in fiber is 
related to the mechanical properties of fibrous 
materials. These data suggested that the 
spinning speed of silk protein is a very important 
factor for the processing of protein-based 
materials. The secondary structural changes 
were also obser ved by circular dichroism 
spectroscopy of dif ferent concentrations of 
spider silk solutions extracted from silk glands.

Fig. 20　The result of SDS-PAGE analysis of the protein in hornet cocoons
Arrows at right indicate the four major hornet silk proteins. The amino acid sequence of Vssilk 4 is represented by one-
letter amino acid symbols.

Fig. 21　Photograph of gel film of 
hornet silk
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 S ilk Technology Unit

Breeding of a strong filament race and a
polyphagous sericin-producing race of 
silkworm

Demand is rising for strong silk filaments 
in medica l and new mater ia ls f ie lds . In 
response, we have been working to develop a 
new silkworm race which produces a strong 
cocoon filament. First, basic genetic information 
was obtained from diallel cross tests of seven 

silkworm strains which have dif ferent cocoon 
filament strengths (Fig. 23). The estimated 
genetic parameters revealed that filament 
strength has incomplete dominance inheritance, 
high additive variance and high heritability 
(h2=0.8). These results suggest that filament 
strength can be increased through selective 
breeding. However, a consistently strong 
filament strain has not been obtained yet, 

Fig. 22　Polarized infrared spectra of spider silk with different 
spinning process

Fig. 23　Diallel analysis of cocoon filament strength of silkworm
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♀＼♂ Shokei C515 J149 PCY TN29 J510 PCG

Shokei 4.30 4.17 4.32 3.95 3.78 4.00 3.80

C515 4.26 4.34 4.32 4.08 4.06 4.03 4.04

J149 4.43 4.03 4.19 3.86 3.96 3.76 3.95

PCY 3.91 4.09 4.06 3.68 3.73 3.66 3.58
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although some effect of selection was observed.
We are also developing the polyphagous 

‘Sericin Hope’ strain for transgenic breeding of a 
sericin-producing race in a containment facility. 
The cocooning ratio has been increased even on 
a low-cost artificial diet.

A new silk yarn appraisal method for luster
and color

Optical-reflection (luster) and color are silk 
properties that attract the interest of the user. 
We established an appraisal method for these 
proper ties as new requirements of silk. To 
examine the luster and the color value of raw 
silk, we used four characteristic silkworm races 
that differ in the size of cocoon filaments from 
extra-fine to thick (Fig. 24). Raw silk from each 
race cocoon reeled flatly and these values were 
measured on the surface of the silk. When the 
luster value was measured in a perpendicular 
direction to the fiber, a significant dif ference 
was recognized between races. The value of 

"Hakugin" was especially higher than that of 
others, and was also the highest when measured 
in the parallel direction. The color value was 
evaluated and compared with control (Table.4). 
The lightness measure was not high and it had 
an inclination to the yellow assumed green in 
all races. But, the yellow inclination was low in 
the Hakugin. The stronger the yellow value, the 
fainter the reflectance of the short wavelength. 
For that reason, the degree of whiteness is 
thought to decrease. The Hakugin has lower 
value of yellow and higher value of luster 
than other races investigated; therefore, the 
evaluation by users seems high. In this method, 
the luster and the color of the cocoon filament 
can be evaluated efficiently.

Development of the materials for artificial
vessels by cocoon filaments

Cocoon filament tubes were developed as 
material suitable for artificial blood vessels (Fig. 
25, 26). The tubes are made as follows: (1) A 

Table 4　Color difference and Whiteness of Raw silk

Lightness
ΔL

Redness
Δa

Yellowness
Δb

NBS
ΔE

Whiteness
W

Hakugin 1 -6.71 -0.49 3.14 7.42 89.57
Hakugin 2 -6.06 -0.65 3.54 7.05 89.92

Shin-akebono -6.51 -0.71 4.14 7.74 89.22
J137xC146 -6.22 -0.65 3.78 7.31 89.65

Ariake -6.30 -0.67 4.00 7.49 89.47
Control

Tile of barium 
sulfate

- - - - 96.94

Fig. 24　The luster value of silk yarn
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mixture of silk fibers and cocoon filaments is 
wound onto a round central core that forms 
the opening of the tubes. (2) The hydrophilic 
sericin component of the mixture is removed by 
degumming. (3) The tube is dipped in a fibroin 
solution, dried and fixed in ethanol. (4) The 
cocoon filament tube is removed away from the 
central core.

In experiments in which cocoon filament 
tubes were transplanted into mice and rabbits, 
it was confirmed that the host cells grew both 
inside and outside of the tubes. The recipient 
animals lived for more than one year following 
transplantation. Thrombosis was not observed 
to occur inside the ar tificial blood vessels 
composed of cocoon filaments.

Development of the reeling method to
produce loose type knobs on silk threads

A reeling machine for production of multi-
purpose silk was developed. The machine can 
reel five kinds of silk materials: high-bulk silk 
(HBS); a special flat silk (SFS); silk from the 
combination of HBS and SFS; super thick silk; 
and covered silk yarn (CSY). Using this reeling 
machine, we developed a method for producing 
silk with loose type knobs from the CSY. The 
proper ties of the loose type knobs could be 
controlled by changing the covering conditions 
which depended on reeling speed.

Fig. 25　Flexibility of artificial blood vessels made of 
cocoon filaments

Fig. 26　Artificial blood vessels made of cocoon 
filaments (1.5mmφ)
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The Division of Animal Sciences consists 
of the Animal Genome Research Unit, the 
Reproductive Biology Research Unit, and the 
Neurobiology Research Unit.

The Animal Genome Research Unit aims 
to improve the genome resources of domestic 
animals and to develop systems that promote the 
use of genome information to contribute to “the 
high quality and safe production of livestock” 
and “the use of livestock as new physiological 
models of humans.” The unit also identifies 
genome regions related to economical ly 
impor tant traits and develops DNA markers 
that can be applied to improvement of livestock 
and to animal identification and traceability. 
Major topics of the unit in fiscal year 2006 are as 
follows:
1 ) A s a m e m b e r o f  t h e S w i n e G e n o m e 
Sequencing Consortium, we contributed to the 
working draft sequence of the swine genome, 
which will be finished by June 2008.
2) The largest integrated database for swine 
in the world, which includes more than 10,000 
porcine full-length cDNA sequences, was made 
publicly available.
3) QTLs for ver tebra number and meat 
characteristics in swine were specified and DNA 
markers associated with economically important 
traits were developed. In particular, practical 
application of QTL markers for meat firmness 
were verified in cooperation with the Prefectural 
Livestock Research Institute.

The Reproductive Biology Research 
Unit aims to investigate the proliferation and 
dif ferentiation of germ cells and stem cells, 
the molecular mechanism of meiosis, and the 
process of implantation and placental formation 
to develop new reproductive technology. Major 
topics in fiscal year 2006 are as follows:
1) Hsp70-2 gene and FKBP6 protein are involved 
in meiosis of the male germ cell. The function 
of the protein in combining with the promoter 

of Hsp70-2 and the role of FKBP6 protein in 
ribosome biosynthesis were clarified.
2 )  H o r m o n e t r e a t m e n t s  i m p r o v e d t h e 
developmental competence of porcine primordial 
follicles after xenografting to nude mice.
3) We demonstrated that an ovum reassembled 
from the nucleus and cytoplasm of oocytes that 
had been split by centrifugal treatment could 
undergo parthenogenesis.
4) A cattle embryo elongation culture system 
was established in order to analyze gene 
expression in the bovine embr yo before 
implantation. A cell-free expression system that 
produced recombinant bone morphogenetic 
protein was established.
5) Knockdown of the Ppet21 gene clarified 
that it is related to the differential regulation of 
embryonic stem (ES) cells. Chimeric mice were 
produced using ES cells in which the Ppet21 
gene was knocked out.

The Neurobiology Research Unit aims to 
elucidate the central mechanisms of learning, 
stress response, growth and reproduction 
in domest ic an imals to impr ove an imal 
management systems. Major topics in fiscal year 
2006 are as follows:
1) Local field potentials presumably associated 
wi th lear n ing were obser ved in the p ig 
hippocampus.
2 ) P e r i p h e r a l  o x y t o c i n c o n c e n t r a t i o n s 
transiently increased after calves were nursed. 
The amplitude of the increase in oxytocin 
concentrations seems to be correlated with the 
level of the stress response in individuals.
3) It was shown that centrally administered 
metastin stimulated secretion of luteinizing 
h o r m o n e  w i t h o u t  a c c e l e r a t i o n  o f  t h e 
hypothalamic gonadotropin-releasing hormone 
pulse generator activity in goats.
4) Peripheral concentrations of growth hormone 
in cattle were relatively high during the night, 
whereas those of prolactin tended to be low 
during the daytime.

Division of Animal Sciences
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5) Neural pathways and substrates involved 
in detect ing and processing pheromonal 

information were revealed by histological 
examinations in goats and sheep.

Contribution of Liver X receptor to lipid
accumulation in porcine subcutaneous
preadipocyte cells

Liver X receptors LXRα and LXRβ, which are 
nuclear transcription factors, regulate the genes 
of the enzymes responsible for metabolism 
of cholesterol, lipids and glucose. LXRα is 
mainly expressed in liver, spleen, kidney, small 
intestine, skeletal muscle, adipose tissue, 
pituitary and adrenal gland, whereas LXRβ is 
expressed in ubiquitous tissues. Either LXRα 
or LXRβ is activated by binding of its ligands 
such as oxysterols and regulates the genes of 
the enzyme(s) responsible for metabolism of 
cholesterol, lipids and/or glucose.

In the liver, LXR(s) up-regulates genes 
of dif ferent proteins, including enzymes, 
transporters, and their transcriptional factors, 
responsible for biosynthesis/metabolism of 
cholesterol and lipids. Fur thermore, LXR(s) 
has been repor ted to regulate adipocyte 
dif ferentiat ion and l ipid accumulation in 
adipocytes. However, there are conflicting 
results in the literature. There are some reports 
that LXR(s) is a positive regulator of adipocyte 
dif ferentiation and/or lipid accumulation, 
and other investigators report it is a negative 
regulator. In the present study, we examined 
the role of LXRs in adipocyte dif ferentiation 
and triglyceride accumulation using a porcine 
subcutaneous preadipocyte (PSPA) cell line, 
which has been established by Nakajima et al. 
(Biochem. Biophys, Res, Commun, 309:702, 2003).

PSPA cells were plated at 2x104 cells/cm2 in 
DMEM containing 10% FBS and glucose (1g/
L), and 3 days after the culture, the cells were 
confluent in a dish. After reaching confluence 
(day 0), the culture medium was changed 
to DMEM (normal dif ferentiation-induced 
medium) containing 10% FBS, glucose (4.5 g/

L), insulin (5 μ/ml), 0.25 μM dexamethasone, 
32 μM biotin, 17 μM pantothenate, and 5 mM 
octanoate. The medium change was performed 
every other day for 10 days.

Figs. 1A and 1B indicate the morphology of 
the PSPA cells after 0 and 10 days, respectively, 
of culture in normal dif ferentiation medium. 
PSPA cells at day 0 showed fibroblast-like 
morphology and had few lipid droplets. At 
10 days of culture, most PSPA cells were 
morphologically changed to adipocytes.

In the present experiments to examine the 
role of LXRs in adipocyte differentiation and lipid 
accumulation in adipocytes, PSPA cells were 
cultured in the differentiation-induced medium 
with 1 μM T0901317, an LXR agonist. In a 
medium with T0901317, amounts of triglyceride 
(TG) in cells at 5 days were increased to about 
3-fold as compared to those in cells cultured 
without T0901317 (Table 1). The amount of TG 
in cells at 5 days was almost the same as at 10 
days. The increased TG content at 10 days was 
further confirmed by Oil Red O staining (Fig. 2). 
These findings suggest that LXR(s) promotes 
differentiation of preadipocytes into adipocytes 
that accumulate TG.

To fur ther c lar i fy the contr ibut ion of 
T0901317-mediated LXR activation to TG 
accumulation in PSPA cells, gene expression 

 T he Animal Genome Research Unit

Fig. 1　Morphology of PSPA cells at day 0 (A) and 
day 10 (B) after culture in a normal differentiation 
medium
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levels of acetyl-CoA carboxylase (ACC), a rate-
limiting enzyme of fatty acid synthesis, and 
fatty acid synthase (FAS) were compared by 
real time R T-PCR for cells cultured with or 
without T0901317. After 24 hours of culture with 
T0901317, gene expression levels of ACC and 
FAS in PSPA cells clearly increased, whereas no 
significant increases occurred in cells cultured 
without T0901317 (Table 2). In cells cultured 
without T0901317, the significant increases 
were observed at 10 days after the culture. The 
present findings indicate that an increase in TG 
amount in T0901317-treated PSPA cells occurs 
through the LXR-mediated activation of the 
genes of the ACC and FAS enzymes responsible 
for fatty acid synthesis.

Gene express ion leve ls o f PPARγ2 , a 
marker of adipocyte dif ferentiation, increased 
substantially up to 5 days after the culture of 
PSPA with or without T0901317, but there was 
no significant difference in the increased level 
between the cells with and without T0901317 
(Table 2). In addition, PPARγ2 gene expression 
in the cells cultured with T0901317 reached 
a plateau at 5 days, while in cells without 

T0901317, it increased in a culture period-
dependent manner up to 10 days. The present 
findings indicate that T0901317-mediated LXR 
activation would not necessarily contribute to 
adipocyte differentiation.

In conclusion, we demonstrate herein that 
LXR(s) plays an important role in accumulation 
o f  T G i n P S PA c e l l s b u t n o t a d i p o c y t e 
dif ferentiation per se and further indicate that 
lipid accumulation occurs at least in part through 
enhanced gene expression for the ACC and 
FAS enzymes responsible for lipid biosynthesis. 
Since l ipid content in pork is one of the 
determining factors for taste and caloric content, 
fur ther studies on the polymorphism of LXR 
genes, and the relationships among the gene 
polymorphisms and the amount of endogenous 
LXR agonists, and lipid content would be very 
important in the production of better meat for 
food.

Concentration of mRNA level (ratio to the level of day 0)*
T0901317 day 1 day 2 day 5 day 10

ACC 0 μM 0.9   1.0     1.5     4.6
1 μM 1.8   2.5     5.5     8.7

FAS 0 μM 1.1   1.2     1.8     2.4
1 μM 3.5 10.0   16.7   30.0

PPARγ2  0 μM 7.4 32.7 213.0 774.0
1 μM 8.0 42.0 151.0 113.0

*mRNA level was determined by the real time RT-PCR method. The levels of gene expression are normalized 
against 18S RNA and expressed in the ratio of the level of day 0.

Table 2　Culture period-dependent changes in the gene expression levels of ACC, FAS, and PPARγ2 in PSPA 
cells treated with or without T0901317

Fig. 2　Oil Red O staining of PSPA adipocyte cells 
cultured with or without T0901317 (1 μM) for 10 days 
in a differentiation medium

Concentration of Amount of triglyceride (μg/105 cells)
T0901317 day 5 day 10

0 μM   3.0 11.1
1 μM 10.1 44.1

Table 1　Amounts of triglyceride in the PSPA cells 
cultured in a differentiation medium with or without 
T0901317 (1 μM) for 5 and 10 days
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The Reproductive Biology Research Unit is 
seeking to clarify the molecular mechanisms 
regulating development/dif ferentiation of 
germ cells and stem cells such as mammalian 
embryonic stem (ES) cells and placental cells. 
The major research topics of this year are as 
follows:

Production of blastocysts from porcine
spermatogonial cells bya combination of
xenografting and intracytoplasmic sperm
injection (ICSI)

Immature germ cells, such as primordial 
oocytes in the female and spermatogonia in the 
male, are potential resources of oocytes and 
sperm for agricultural and zoological purposes. 
Cross-species testicular grafting (testicular 
xenografting) provides a potential method for 
maturation of spermatogonia of large domestic 
animals. The aim of this study was to establish 
a new technology for utilization of immature 
male gametes by combination of testicular 
xenografting and ICSI. Testicular tissues from 5- 
to 10-day-old piglets, in which most of the germ 
cells were gonocytes or spermatogonia, were 
transplanted under the back skin of castrated 
nude mice. There was a gradual progression 
from the primitive somniferous cords into fully 

developed seminiferous tubules in the testicular 
xenografts. Sperm were first present in the 
seminiferous tubules around 120 days after 
grafting (Fig. 3A). Testicular grafts were minced 
and sperm was recovered for the subsequent 
ICSI (Fig. 3B). Out of 253 oocytes of which 
cytoplasm were injected with a single sperm, 63 
oocytes reached the blastocyst stage (Fig. 3C). 
The average total cell number of the blastocysts 
was 41.9 ± 3.9; this number is comparable to 
that of in vitro produced blastocysts after in 
vitro fer tilization with frozen-thawed sperm 
obtained from boars. The system described 
here proved to enable us to produce blastocysts 
from spermatogonial cells of domestic animals. 
This approach could potentially be applied to 
the conservation of male gametes of domestic or 
endangered species.

Identification of a full-length cDNA
sequence for two novel caprine prolactin-
related proteins (cPRP1 and cPRP6)

Identification, localization and quantitative 
expression of novel caprine prolactin-related 
proteins (cPRPs) were examined in the placenta. 
Caprine PRPs are compared with known bovine 
PRPs. We examined their evolution and role in 
the ruminant placenta. Full-length cPRP1 and 

 R eproductive Biology Research Unit

Fig. 3　A: Histological appearance of grafted tissue recovered 120 days post-grafting with elongated 
spermatid and sperm (arrows)
B: A sperm recovered from a xenograft 120 days post-grafting
C: Oocytes injected with isolated xenogenic sperm developed to the blastocyst stage

A　　　　　　　　　　　　　　　 B　　　　　　　　　C
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cPRP6 cDNA were cloned with a 717- and 720- 
nucleotide open-reading frame corresponding 
to proteins of 238 and 239 amino acids. The 
cPRP1 predicted amino acid sequence shares 
72% homology with bovine PRP1 (bPRP1). The 
cPRP6-predicted amino acid sequence shares 
74% homology with bovine PRP6 (bPRP6). The 
two cPRPs as well as bPRPs were detected only 
in the placentome by RT-PCR (Fig. 4A). Analysis 
by in situ hybridization revealed the presence 
of mRNA for both cPRPs in the trophoblast 
binucleate cells (Fig. 4B). These mRNAs were 
quantified by real-time R T-PCR analysis of 
the placentome at 30, 50, 90 and 140 days of 
pregnancy. Both new cPRP genes were able to 
translate a mature protein in a mammalian cell-
expression system. Western blotting established 
the molecular sizes of 33 kDa for cPRP1 with 
FLAG-tag and 45 kDa for cPRP6 with FLAG-
tag. The sequence proper ties and localized 
expression of cPRP1 and cPRP6 were similar 
to those of bovine. However, their expression 
profiles differed from those in bovine placenta.

We have ident i f ied the novel PRPs in 
caprine placenta. Localization and quantitative 
expression of caprine PRPs were compared with 
bovine PRPs. The data indicate that PRP genes 

in caprine placenta have coordination functions 
for gestation, as they do in bovine. This is the 
first study of PRPs function in caprine placenta.

Identification of novel factors involved the
mouse ES cell puripotency

We are interested in the mechanisms 
of embr yonic stem (ES) cell self -renewal 
and dif ferentiation. We have focused on the 
heterogeneity of mouse ES cells. Because ES 
cells dif ferentiate spontaneously even under 
adequate conditions, these cultures contain both 
the undifferentiated cells and the differentiated 
derivatives. We looked for cell surface antigens 
that divided ES cells into subpopulations at 
dif ferent status of dif ferentiation, and found 
platelet endothelial cell adhesion molecule 1 
(PECAM1) expression was positively correlated 
with the pluripotency of ES cells. We performed 
microarray analysis, and as expected, genes 
known to function in ES cells, such as Pou5f1 
(Oct3/4) and Nanog, were assessed as being 
highly expressed in PECAM1-positive cells. 
We also isolated 23 genes, named Ppet genes 
(PECAM1 positive derived transcripts), with 
previously unknown functions in stem cells and 
early development. RNA interference (RNAi)-

Fig. 4　A. Expression of cPRP1, cPRP6, bPRP1 and bPRP6 mRNA in caprine and bovine tissues 
Heart, liver, lung, spleen, kidney, and endometrium were used for RT-PCR. Caprine placentomal tissue at Day 50 of 
gestation and bovine cotyledonary tissue at Day 60 of gestation were used as placental samples. Caprine or bovine 
GAPDH expression in each tissue is presented as standard data.
B. Localization of cPRP1, cPRP6, bPRP1 and bPRP6 in the caprine and bovine placentome on Day 50 and 
60 of gestation
(1) cPRP1, (2) cPRP6, (3) bPRP1, and (4) bPRP6 mRNA were detected by in situ hybridization. Scale bar = 5μm.
Although this study demonstrated possible roles of PRPs in caprine placenta, PRPs may regulate binucleate-cell 
functions like those in bovine, but their crucial roles are still unclear.
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mediated knockdown was per formed, and 
marked ef fects on the phenotypes of ES cells 
and embryo development were observed in 6 
Ppet genes. In particular, the reduction of Ppet21 
expression decreased alkaline phosphatase-
positve (undif ferentiated) ES cell colonies 
without changing the number of colonies, 
suggesting that Ppet21 may be involved in 
maintenance of ES cell pluripotency (Fig. 5).

We have also focused on another cell surface 
marker, stage specific embr yonic antigen 
(SSEA)-1. PECAM1-positive ES cells could be 
divided into two subpopulations according to 
the expression of SSEA-1. SSEA-1-positive and 
negative cells demonstrated similar proliferation, 

entirely reciprocal repopulation in culture, and 
had quite similar gene expression profiles; 
however, SSEA-1-expressing cells predominantly 
dif ferentiated into the epiblast of chimeric 
embr yos. We speculate that the epigenetic 
competence for appropriate dif ferentiation is 
different between these two subpopulations. We 
are presently attempting to develop methods for 
monitoring epigenetic alterations in living cells.

The knowledge gained from our studies 
wi l l be useful for establ ishing protocols 
for multipotent stem cell lines of domestic 
animals, elucidation of the mechanisms of early 
development, and for regenerative medicine 
using stem cell technology.

Fig. 5　Effect of the siRNA for PPET21 on mouse ES cell pluriponecy

Evidence for the interspecies action of the
male effect pheromone between goat and 
sheep

The male effect is a well-known phenomenon 
in sheep and goat, in which exposure to sexually 
mature males induces ovulation in seasonally 
anestrous females. It is generally thought 
that a pheromone, the olfactory cue between 
conspecifics, plays the dominant role in the male 
effect. The initial event occurring upon exposure 
to the male pheromone is enhancement of 

activity of the gonadotropin-releasing hormone 
(GnRH) pulse generator in the hypothalamus, 
which in turn stimulates the pulsatile luteinizing 
hormone (LH) release from the pituitary gland 
in females. Interestingly, a previous repor t 
indicated that male goat hair stimulated pulsatile 
luteinizing hormone (LH) secretion in the ewe. 
In the present study, we addressed whether 
ram wool af fects the GnRH pulse generator 
activity in the female goat. Five female Shiba 
goats were chronically implanted with recording 

 T he Neurobiology Research Unit
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electrodes in the mediobasal hypothalamus, 
and manifestations of the GnRH pulse generator 
were monitored as characteristic increases in 
multiple-unit activity (MUA volleys). Wool or 
hair samples were collected, respectively, from 
a mature ram and ewe of the Corriedale breed, 
and male Shiba goat, and their ef fects on the 
MUA volley were examined. The exposure to 
ram wool immediately induced an MUA volley in 
the female goat, as did the exposure to male goat 
hair (Fig. 6). The ewe wool had no effect on the 
timing of an MUA volley occurrence. A statistical 
analysis revealed that the latency from the start 
of exposure to occurrence of the next MUA 
volley was significantly shortened by ram wool 
(Table 3). The present results clearly indicate 
that exposure to ram wool stimulates the GnRH 

pulse generator activity in the female goat. Since 
exposure to male goat hair enhances pulsatile 
LH secretion in the ewe, it is likely that very 
similar, if not identical, molecules are contained 
in the male effect pheromone in the sheep and 
goat.

The MUA was monitored throughout the 
experimental period. The mean inter-volley 
interval of the MUA during 4 h was calculated 
in each goat prior to the exposure, and half of 
that value (t) was calculated. A 2-min exposure 
of the sample (arrows) started t min after one 
of the normally occurring MUA volleys. MUA 
is expressed as cumulative counts of firing 
spikes per minute. (Adapted from Ichimaru et al. 
(2007), Animal Reproduction Science, in press)

Fig. 6　A schematic drawing of representative profiles of MUA in a goat exposed to ram wool (left), ewe wool 
(middle) and male goat hair (right)

Table 3　Latencies from exposure to occurrence of the next MUA volley

Control Ram wool Ewe wool Male goat hair

11.8 ± 0.88 0.6 ± 0.13* 11.4 ± 1.82 0.5 ± 0.10*

Control is half of the value of the mean inter-volley interval.
Values are expressed as mean ± SE in fi ve female goats.
*: Signifi cantly different compared to control value (P<0.05).



Annual Report 2007  93

List of Publications

　1) Western language

1 Adachi-Yamada T, Harumoto T, Okabe A et al (2006) Overgrowth-induced apoptosis by dco3, a drosophila mutant 
allele for casein kinase Iδ/ε New Developments in Cell Apoptosis Research:193-212 

2 Akai H, Shirai T, Nagashima T, Inoue S, Kobayashi I, Tamura T (2006) Functional recovering of fibroin secretion 
in transgenic silk glands from Nd-sD mutant of Bombyx mori International Journal of Wild Silkmoth and 
Silk 11:52-59 

3 Akino T (2006) Cuticular hydrocarbons of Formica truncorum (Hymenoptera: Formicidae): Description of new very 
long chained hydrocarbon components Applied Entomology and Zoology 41(4):667-677 

4 Ando S, Tsushima S, Tagiri A, Kamachi S, Konagaya K, Hagio T, Tabei Y (2006) Increase in BrAO1 gene expression 
and aldehyde oxidase activity during clubroot development in Chinese cabbage (Brassica rapa L.) Molecular Plant 
Pathology 7(4):223-234 

5 Aoyagi H, Akimoto-Tomiyama C, Tanaka H (2006) Preparation of mixed alginate elicitors with high activity for the 
efficient production of 5′-phosphodiesterase by Catharanthus roseus cells Biotechnology Letters 28(19):1567-1571 

6 Asada Y, Tokumoto M, Aihara Y, Oku M, Ishimi K, Wakayama T, Miyake J, Tomiyama M, Kohno H (2006) Hydrogen 
production by co-cultures of Lactobacillus and a photosynthetic bacterium, Rhodobacter sphaeroides 
RV International Journal of Hydrogen Energy 31(11):1509-1513 

7 Ashikawa Y, Fujimoto Z, Noguchi H, Habe H, Omori T, Yamane H, Nojir i H (2006) Electron transfer 
complex formation between oxygenase and ferredoxin components in Rieske nonheme iron oxygenase 
system Structure 14(12):1779-1789 

8 Azevedo C, Betsuyaku S, Peart J, Takahashi A, Noël L, Sadanandom A, Casais C, Parker J, Shirasu K (2006) Role 
of SGT1 in resistance protein accumulation in plant immunity The EMBO Journal 25(9):2007-2016 

9 Azhaguvel P, Vidya-Saraswathi D, Komatsuda T (2006) High-resolution linkage mapping for the non-brittle rachis 
locus btr1 in cultivated × wild barley (Hordeum vulgare) Plant Science 170(6):1087-1094 

10 Bashir K, Inoue H, Nagasaka S, Takahashi M, Nakanishi H, Mori S, Nishizawa K.N (2006) Cloning and 
characterization of deoxymugineic acid synthase genes from graminaceous plants Journal of Biological 
Chemistry 281(43):32395-32402 

11 Bautista S.N, Vaughan D, Jayasuriya A.H.M, Liyanage A.S.U, Kaga A, Tomooka N (2006) Genetic diversity AA and 
CC Genome Oryza species in southern South Asia Genetic Resources and Crop Evolution 53(3):631-640 

12 Bruskiewich R, Davenport G, Hazekamp T, Metz T, Ruiz M, Simon R, Takeya M, Lee J, Senger M, Mclaren G, 
Hintum T. V (2006) Generation Challenge Programme (GCP): Standards for Crop Data OMICS: A Journal of 
Integrative Biology 10(2):215-219 

13 Chaitieng B, Kaga A, Tomooka N, Isemura T, Kuroda Y, Vaughan A.D (2006) Development of a black gram [Vigna 
mungo (L.) Hepper] linkage map and its comparison with an azuki bean [Vigna angularis (Willd.) Ohwi and Ohashi] 
linkage map Theoretical and Applied Genetics 113(7):1261-1269 

14 Cheng C, Daigen M, Hirochika H (2006) Epigenetic regulation of the rice retrotransposon Tos17 Molecular Genetics 
and Genomics 276(4):378-390 

Original Papers



94  Annual Report 2007

15 Desaki Y, Miya A, Venkatesh B, Tsuyumu S, Yamane H, Kaku H, Minami E, Shibuya N (2006) Bacterial 
lipopolysaccharides induce defense responses associated with programmed cell death in rice cells Plant and Cell 
Physiology 47(11):1530-1540 

16 Dohi K, Nishikiori M, Tamai A, Ishikawa M, Meshi T, Mori M (2006) Inducible virus-mediated expression of a foreign 
protein in suspension-cultured plant cells Archives of Virology 151(6):1075-1084 

17 Du Z-Q, Vincent-Naulleau S, Gilbert H, Vignoles F, Créchet F, Shimogiri T, Yasue H, Leplat J-J, Bouet S, Gruand 
J, Horak V, Milan D, Le R.P, Geffrotin C (2006) Detection of novel quantitative trait loci for cutaneous melanoma by 
genome-wide scan in the MeLiM swine model International Journal of Cancer 120(2):303-320 

18 Eguchi-Ogawa T, Morozumi T, Tanaka M, Shinkai H, Okumura N, Suzuki K, Awata T, Uenishi H (2007) Analysis of the 
genomic structure of the porcine CD1 gene cluster Genomics 89(2):248-261 

19 Endo M, Ishikawa Y, Osakabe K, Nakayama S, Kaya H, Araki T, Shibahara K, Abe K, Ichikawa H, Valentine L, Hohn 
B, Toki S (2006) Increased frequency of homologous recombination and T-DNA integration in Arabidopsis CAF-1 
mutants The EMBO Journal 25(23):5579-5590 

20 Endo M, Osakabe K, Ichikawa H, Toki S (2006) Molecular Characterization of True and Ectopic Gene Targeting 
Events at the Acetolactate Synthase Gene in Arabidopsis Plant and Cell Physiology 47(3):372-379 

21 Fujii T, Tanaka N, Yokoyama T, Ninaki O, Oshiki T, Ohnuma A, Tazima Y, Banno Y, Ajimura M, Mita K, Seki M, 
Ohbayashi F, Shimada T, Abe H (2006) The female-killing chromosome of the silkworm, Bombyx mori, was 
generated by translocation between the Z and W chromosomes Genetica 127(1-3):253-265 

22 Fujino Y, Nakamura Y, Kobayashi H, Kikuchi K (2006) Relationship between time elapsed after human chronic 
gonadotropin administration and developmental stage in porcine embryos collected from prepubertal gilts Journal of 
Reproduction and Development 52(2):267-275 

23 Fujino Y, Kikuchi K, Nakamura Y, Kobayashi H, Yonemura I, Suzuki M, Misumi K, Nagai T (2007) Batchwise 
assessment of porcine embryos for cryotolerance Theriogenology 67(2):413-422 

24 Fujisaki K, Ravelo G. B, Naito S, Ishikawa M (2006) Involvement of THH1, an Arabidopsis thaliana homologue of the 
TOM1 gene, in tobamovirus multiplication Journal of General Virology 87(8):2397-2401 

25 Fujisawa M, Yamagata H, Kamiya K, Nakamura M, Saji S, Kanamori H, Wu J, Matsumoto T, Sasaki 
T (2006) Sequence comparison of distal and proximal ribosomal DNA arrays in rice (Oryza sativa L.) chromosome 
9S and analysis of their flanking regions Theoretical and Applied Genetics 113(3):419-428 

26 Fujita M, Sugama S, Nakai M, Takenouchi T, Wei J, Urano T, Inoue S, Hashimoto M (2007) α-synuclein stimulates 
differentiation of osteosarcoma cells: Relevance to down-regulation of proteasome activity Journal of Biological 
Chemistry 282(8):5736-5748 

27 Fujita N, Yoshida M, Asakura N, Ohdan T, Miyao A, Hirochika H, Nakamura Y (2006) Function and characterization of 
starch synthase I using mutants in rice Plant Physiology 140(3):1070-1084 

28 Fujiwara S, Saito T, Tian F, Yamaguchi T (2006) Firing patterns of rat vestibulospinal neurons during quadrupedal 
standing on a pitching platform Journal of Physiological Sciences 56(5):389-392 

29 Fujiwara Y, Tanaka Y, Iwata K, Rubio O R, Yaginuma T, Yamashita O, Shiomi K (2006) ERK/MAPK regulates 
ecdysteroid and sorbitol metabolism for embryonic diapause termination in the silkworm, Bombyx mori Journal of 
Insect Physiology 52(6):569-575 

30 Fukamoto K, Shimura S, Shirai K, Kanekatsu R, Kiguchi K, Sakashita T, Funayama T, Kobayashi Y (2006) Effects 
of heavy-ion irradiation on the differentiation of epidermal cells in the silkworm, Bombyx mori Journal of Insect 
Biotechnology and Sericology 75(3):107-114 

31 Fukayama H, Tamai T, Taniguchi Y, Sullivan S, Miyao M, Nimmo H (2006) Characterization and functional analysis of 
phosphoenolpyruvate carboxylase kinase genes in rice The Plant Journal 47(2):258-268 

32 Fukuda A, Tanaka Y (2006) Effects of ABA, auxin, and gibberellin on the expression of genes for vacuolar 
H+-inorganic pyrophosphatase, H+-ATPase subunit A, and Na+/H+ antiporter in barley Plant Physiology and 
Biochemistry 44(5-6):351-358 



Annual Report 2007  95

33 Fukunaga K, Ichitani K, Kawase M (2006) Phylogenetic analysis of the rDNA intergenic spacer subrepeats 
and its implication for the domestication history of foxtail millet, Setaria italica Theoretical and Applied 
Genetics 113(2):261-269 

34 Fukuoka S, Suu T, Ebana K, Trinh L, Nagamine T, Okuno K (2006) Diversity in phenotypic profiles in landrace 
populations of Vietnamese rice: a case study of agronomic characters for onserving crop genetic diversity on 
farm Genetic Resources and Crop Evolution 53(4):753-761 

35 Fukuoka S, Tran S, Ebana K, Luu T, Nagamine T, Okuno K (2006) Genetic organization of aromatic rice as revealed 
by RAPD markers: A case study in conserving crop genetic resources on farm Euphytica 149(1-2):61-71 

36 Furukawa S, Sagisaka A, Tanaka H, Yamakawa M (2007) Effect of nucleopolyhedrovirus infection on 
antibacterial activity and antibacterial peptide production in larvae of the silkworm,Bombyx mori (Lepidoptera: 
Bombycidae) Applied Entomology and Zoology 42(1):55-62 

37 Furusawa T, Ikeda M, Inoue F, Ohkoshi K, Hamano T, Tokunaga T (2006) Gene expression profiling of mouse 
embryonic stem cell subpopulations Biology of Reproduction 75(4):555-561 

38 Furutani A, Nakayama T, Ochiai H, Kaku H, Kubo Y, Tsuge S (2006) Identification of novel HrpXo regulons preceded 
by two cis-action elements, a plant-inducible promoter box and a -10-like sequence, from the genome database of 
Xanthomonas oryzae pv. oryzae FEMS Microbiology Letters 259(1):133-141 

39 Gao J-R, Kozaki T, Leichter C.A, Rinkevich F.D, Shono T, Scott J.G (2007) The A302S mutation in Rdl that confers 
resistance to cyclodienes and limited cross-resistance to fipronil is undetectable in field populations of house flies 
from the USA Pesticide Biochemistry and Physiology 88(1):66-70 

40 Gautam S. H, Otsuguro K, Ito S, Saito T, Habara Y (2006) Intensity of odorant stimulation affects mode of Ca2+ 
dynamics in rat olfactory receptor neurons Neuroscience Research 55(4):410-420 

41 Gautam S. H, Otsuguro K-I, Ito S, Saito T, Habara Y (2007) T-type Ca2+ channels mediate propagation of odor-
induced Ca2+ transients in rat olfactory receptor neurons Neuroscience 144(2):702-713 

42 Gautam S. H, Otsuguro K, Ito S, Saito T, Habara Y (2007) T-type Ca2+ channels contribute to IBMX/forskolin－ and 
K+-induced Ca2+ transients in porcine olfactory receptor neurons Neuroscience Research 57(1):129-139 

43 Genka H, Baba T, Tsuda M, Kanaya S, Mori H, Yoshida T, Tsujimoto Noguchi M, Tsuchiya K, Sawada 
H (2006) Comparative Analysis of argK-tox Clusters and Their Flanking Regions in Phaseolotoxin-Producing 
Pseudomonas syringae Pathovars Journal of Molecular Evolution 63(3):401-414 

44 Gopalapillai R, Kadono-Okuda K, Tsuchida K, Yamamoto K, Nohata J, Ajimura M, Mita K (2006) Lipophorin receptor 
of Bombyx mori: cDNA cloning, genomic structure, alternative splicing, and isolation of a new isoform Journal of 
Lipid Research 47(5):1005-1013 

45 Gotoh H, Matsumoto Y (2007) Cell-surface streptavidin fusion protein for rapid selection of transfected mammalian 
cells Gene 389(2):146-153 

46 Gotoh T, Noda H, I to S (2007) Cardinium symbionts cause cytoplasmic incompat ib i l i ty in spider 
mites Heredity 98(1):13-20 

47 Habu Y, Mathieu O, Tariq M, Probst A V, Smathajitt C, Zhu T, Paszkowski J (2006) Epigenetic regulation of 
transcription in intermediate heterochromatin EMBO Reports 7(12):1279-1284 

48 Handa H (2007) Investigation of the origin and transmission of linear mitochondrial plasmid based on phylogenetic 
analysis in Japanese rapeseed varieties Genome 50(2):234-240 

49 Hashizume T, Shida R, Suzuki S, Nonaka S, Yonezawa C, Yamashita T, Kasuya E, Sutoh M, Oláh M, Székács D, 
Nagy M. G (2007) Salsolinol is present in the bovine posterior pituitary gland and stimulates the release of prolactin 
both in vivo and in vitro in ruminants Domestic Animal Endocrinology (Article in Press):Corrected Proof 

50 Herath B.C, Ishiwata H, Shiojima S, Kadowaki T, Katsuma S, Ushizawa K, Imai K, Takahashi T, Hirasawa A, 
Takahashi S, Izaike Y, Tsujimoto G, Hashizume K (2006) Developmental aberrations of liver gene expression in 
bovine fetuses derived from somatic cell nuclear transplantation Cloning and Stem Cells 8(2):79-95 



96  Annual Report 2007

51 Hinomoto N, Higaki T, Noda T (2006) Genetic diversity in field and commercial populations of Orius strigicollis 
(Poppius) (Heteroptera: Anthocoridae) measured by microsatellite markers Applied Entomology and 
Zoology 41(3):499-506 

52 Hinomoto N, Tran D.P, Pham A.T, Ngoc Le T.B, Tajima R, Ohashi K, Osakabe M, Takafuji A (2007) Identification of 
spider mites (Acari: Tetranychidae) by DNA sequences: A case study in Northern Vietnam International Journal of 
Acarology 33(1):53-60

53 Hirayama C, Ono H, Tamura Y, Nakamura M (2006) C-prolinylquercetins from the yellow cocoon shell of the 
silkworm, Bombyx mori Phytochemistry 67(6):579-583

54 Hirooka Y, Kobayashi T, Natsuaki T.K, Aoki T (2006) Neonectria amamiensis and Cylindrocarpon amamiense, a new 
nectrioid fungus and its sporodochial anamorph on Pinus luchuensis from Japan Mycoscience 47(5):248-256 

55 Hirose F, Shinomura T, Tanabata T, Shimada H, Takano M (2006) Involvement of rice cryptochromes in de-etiolation 
responses and flowering Plant and Cell Physiology 47(7):915-925 

56 Hirose S, Kawahigashi H, Tagiri A, Imaishi H, Ohkawa H, Ohkawa Y (2007) Tissue-specific expression of rice 
CYP72A21 induced by auxins and herbicides Plant Biotechnology Reports 1(1):27-36 

57 Hori K, Takehara S, Nankaku N, Sato K, Sasakuma T, Takeda K (2007) Barley EST markers enhance map saturation 
and QTL mapping in diploid wheat Breeding Science 57(1):39-45 

58 Hori K, Sato K, Kobayashi T, Takeda K (2006) QTL analysis of fusarium head blight severity in recombinant inbred 
population derived from a cross between two-rowed barley varieties Breeding Science 56(1):25-30 

59 Horikawa D.D, Sakashita T, Katagiri C, Watanabe M, Kikawada T, Nakahara Y, Hamada N, Wada S, Funayama 
T, Higashi S, Kobayashi Y, Okuda T, Kuwabara M (2006) Radiation tolerance in the tardigrade Milnesium 
tardigradum International Journal of Radiation Biology 82(12):843-848 

60 Hossain Md. S, Umehara Y, Kouchi H (2006) A novel Fix－ symbiotic mutant of Lotus japonicus, Ljsym105, shows 
impaired development and premature deterioration of nodule infected cells and symbiosomes Molecular Plant-
Microbe Interactions 19(7):780-788 

61 Hunter C, Willmann M. R, Wu G, Yoshikawa M, Gutiérrez-Nava M. L, Poethig S. R (2006) Trans-acting siRNA-
mediated repression of ETTIN and ARF4 regulates heteroblasty in Arabidopsis Development 133(15):2973-2981 

62 Ichikawa A, Ono H (2006) Preparation of single-enantiomer 2-methyl-4-heptanol, a pheromone of Metamasius 
hemipterus, using (S)-2-methoxy-2-(1-naphthyl)propionic acid Journal of Chromatography A 1117(1):38-46 

63 Igarashi D, Tsuchida H, Miyao M, Ohsumi C (2006) Glutamate: Glyoxylate aminotransferase modulates amino acid 
content during photorespiration Plant Physiology 142(3):901-910 

64 Imamura M, Nakahara Y, Kanda T, Tamura T, Taniai K (2006) A transgenic silkworm expressing the immune-inducible 
cecropin B-GFP reporter gene Insect Biochemistry and Molecular Biology 36(5):429-434 

65 Imazaki I, Ishikawa K, Yasuda N, Miyasaka A, Kawasaki S, Koizumi S (2006) Incidence of thiophanate-methyl 
resistance in Cercospora kikuchii within a single lineage based on amplified fragment length polymorphisms in 
Japan Journal of General Plant Pathology 72(2):77-84 

66 Inoue T. A (2006) Morphology of foretarsal ventral surfaces of Japanese Papilio butterflies and relations between 
these morphology, phylogeny and hostplant preferring hierarchy Zoological Science 23(2):169-189 

67 Inoue F, Matsuda J, Ohkoshi K, Furusawa T, Takahashi S, Sasada H, Sato E, Tokunaga T (2006) Differences in gene 
expression patterns between somatic cell nuclear transfer embryos constructed with either rabbit granulosa cells or 
their derivatives Animal Reproduction Science 93(1-2):76-87 

68 Inoue K, Ashikawa Y, Usami Y, Noguchi H, Fujimoto Z, Yamane H, Nojiri H (2006) Crystallization and preliminary 
X-ray diffraction studies of the terminal oxygenase component of carbazole 1,9a-dioxygenase from Nocardioides 
aromaticivorans IC177 Acta Crystallographica Section F 62(12):1212-1214 



Annual Report 2007  97

69 Inukai T, Vales M.I, Hori K, Sato K, Hayes P.M (2006) RMo1 confers blast resistance in barley and is located within 
the complex of resistance genes containing Mla, a powdery mildew resistance gene Molecular Plant-Microbe 
Interactions 19(9):1034-1041 

70 Ishida N, Nishinokubi I, Shimoda M (2006) Speciation of Drosophila; A role for clock genes for the timing of species-
specific mating and locomotor behavior Formosan Entomologist 26(3):98-106 

71 Ishikawa M, Yamamura S, Takamura Y, Sode K, Tamiya E, Tomiyama M (2006) Development of a compact 
high-density microbial hydrogen reactor for portable bio-fuel cell system International Journal of Hydrogen 
Energy 31(11):1484-1489 

72 Itoh T, Tanaka T, Barrero R.A, Yamasaki C, Fujii Y, Hilton P.B, Antonio B.A, Aono H, Apweiler R, Bruskiewich R, 
Bureau T, Burr F, Oliveira A.C.de, Fuks G, Habara T, Haberer G, Han B, Harada E, Hiraki A.T, Hirochika H, Hoen D, 
Hokari H, Hosokawa S, Hsing Y, Ikawa H, Ikeo K, Imanishi T, Ito Y, Jaiswal P, Kanno M, Kawahara Y, Kawamura T, 
Kawashima H, Khurana J.P, Kikuchi S, Komatsu S, Koyanagi K.O, Kubooka H, Lieberherr D, Lin Y-C, Lonsdale D, 
Matsumoto T, Matsuya A, McCombie W.R, Messing J, Miyao A, Mulder N, Nagamura Y, Nam J, Namiki N, Numa H, 
Nurimoto S, Donovan C.O', Ohyanagi H, Okido T, Oota S, Osato N, Palmer L.E, Quetier F, Raghuvanshi S, Saichi N, 
Sakai H, Sakai Y, Sakata K, Sakurai T, Sato F, Sato Y, Schoof H, Seki M, Shibata M, Shimizu Y, Shinozaki K, Shinso 
Y, Singh N.K, Smith-White B, Takeda J-I, Tanino M, Tatusova T, Thongjuea S, Todokoro F, Tsugane M, Tyagi A.K, 
Vanavichit A, Wang A, Wing R.A, Yamaguchi K, Yamamoto M, Yamamoto N, Yu Y, Zhang H, Zhao Q, Higo K, Burr 
B, Gojobori T, Sasaki T, and for the Rice Annotation Project (2007) Curated genome annotation of Oryza sativa ssp. 
japonica and comparative genome analysis with Arabidopsis thaliana Genome Research 17(2):175-183 

73 Iwai T, Miyasaka A, Seo S, Ohashi Y (2006) Contribution of ethylene biosynthesis for resistance to blast fungus 
infection in young rice plants Plant Physiology 142(3):1202-1215 

74 Iwamaru Y, Takenouchi T, Ogihara K, Hoshino M, Takata M, Imamura M, Tagawa Y, Hayashi-Kato H, Ushiki-Kaku Y, 
Shimizu Y, Okada H, Shinagawa M, Kitani H, Yokoyama T (2007) Microglial cell line established from prion protein-
overexpressing mice is susceptible to various murine prion strains Journal of Virology 81(3):1524-1527 

75 Iwamoto M, Higo K (2006) Accumulation of sense-antisense transcripts of the rice catalase gene CatB under dark 
conditions requires signals from shoots Gene 377:186-194 

76 Iwasaki T, Saido-Sakanaka H, Sagisaka A, Asaoka A, Talor D, Yamakawa M (2006) A short peptide synthesized on 
the basis of Coleoptericin A from Allomyrina dichotoma shows similar anti-Escherichia coli action Journal of Insect 
Biotechnology and Sericology 75(3):135-139 

77 Iwasaki T, Saido-Sakanaka H, Asaoka A, Taylor D, Ishibashi J, Yamakawa M (2007) In vitro activity of diastereomeric 
antimicrobial peptides alone and in combination with antibiotics against methicillin-resistant Staphylococcus aureus 
and Pseudomonas aeruginosa Journal of Insect Biotechnology and Sericology 76(1):25-29 

78 Iwata H, Uga Y, Yoshioka Y, Ebana K, Hayashi T (2007) Bayesian association mapping of multiple quantitative trait 
loci and its application to the analysis of genetic variation among Oryza sativa L. germplasms Theoretical and 
Applied Genetics 114(8):1437-1449 

79 Jabeen R, Yamada K, Hasegawa T, Minami E, Shigemori H, Hasegawa K (2007) Direct involvement 
o f  b e n z o x a z i n o i d s i n t h e g r o w t h s u p p r e s s i o n i n d u c e d b y p h o t o t r o p i c s t i m u l a t i o n i n m a i z e 
coleoptiles Heterocycles 71(3):523-529 

80 Jan A, Nakamura H, Handa H, Ichikawa H, Matsumoto H, Komatsu S (2006) Gibberellin regulates mitochondrial 
pyruvate dehydrogenase activity in rice Plant and Cell Physiology 47(2):244-253 

81 Kajiwara H, Itou Y, Imamaki A, Nakamura M, Mita K, Ishizaka M (2006) Proteomic analysis of silkworm fat 
body Journal of Insect Biotechnology and Sericology 75(2):47-55 

82 Kajiwara H, Nakane K, Piyang J, Imamaki A, Ito Y, Togasaki F, Kotake T, Murai H, Nakamura M, Mita K, 
Nomura R, Shimizu Y, Shimomura M, Ishizaka M (2006) Draft of silkworm proteome database Journal of 
Electrophoresis 50(3,4):39-41 

83 Kakimoto K, Inoue H, Noda T, Hinomoto N, Kashio T, Hirano K, Yamaguchi K, Okajima S (2006) Potential of 
Haplothrips brevitubus (Karny) (Thysanoptera: Phlaeothripidae) as a predator of mulberry thrips Pseudodendrothrips 
mori (Niwa) (Thysanoptera: Thripidae) Biological Control 37(3):314-319 



98  Annual Report 2007

84 Kaku H, Nishizawa Y, Ishii-Minami N, Akimoto-Tomiyama C, Dohmae N, Takio K, Minami E, Shibuya N (2006) Plant 
cells recognize chitin fragments for defense signaling through a plasma membrane receptor Proceedings of the 
National Academy of Sciences of the United States of America 103(29):11086-11091 

85 Kameda T, Tsukada M (2006) Structure and thermal analyses of MAA-grafted silk fiber using DSC and 13C solid-state 
NMR Macromolecular Materials and Engineering 291(7):877-882 

86 Kameda T, Akino T, Kojima K (2007) Wax components of larval cocoon silk of the hornet Vespa analis 
Fabricius Analytical and Bioanalytical Chemistry 387(8):2895-2902 

87 Kaneko H, Matsuzaki M, Noguchi J, Kikuchi K, Ohnuma K, Ozawa M (2006) Changes in circulating and 
testicular levels of inhibin A and B during postnatal development in bulls Journal of Reproduction and 
Development 52(6):741-749 

88 Kapoor S, Takatsuji H (2006) Silencing of an anther-specific zinc-finger gene, MEZ1, causes aberrant meiosis and 
pollen abortion in petunia Plant Molecular Biology 61(3):415-430 

89 Karja N.W.K, Kikuchi K, Fahrudin M, Ozawa M, Somfai T, Ohnuma K, Noguchi J, Kaneko H, Nagai 
T (2006) Development to the blastocyst stage, the oxidative state, and the quality of early developmental 
stage of porcine embryos cultured in alteration of glucose concentrations in vitro under different oxygen 
tensions Reproductive Biology and Endocrinology 4(54):1-12 

90 Kasa i Y, Sug io A , Sek iguch i S , Kuwahara S, Matsumoto T, Watanabe M, Ich ikawa A, Harada 
N (2007) Conformational analysis of MαNP esters, powerful chiral resolution and 1H NMR anisotropy tools - aromatic 
geometry and solvent effects on Δδ values European Journal of Organic Chemistry 2007(11):1691-1853 

91 Kashiwagi T, Madoka Y, Hirotsu N, Ishimaru K (2006) Locus prl5 improves lodging resistance of rice by delaying 
senescence and increasing carbohydrate reaccumulation Plant Physiology and Biochemistry 44(2-3):152-157 

92 Kasuya E, Kushibiki S, Sutoh M, Saito T, Ito S, Yayou K, Sakumoto R, Hodate K (2006) Effect of melatonin 
injected into the third ventricle on growth hormone secretion in holstein steers Journal of Veterinary Medical 
Science 68(10):1075-1080 

93 Kato T, Sawada H, Yamamoto T, Mase K, Nakagoshi M (2006) Pigment pattern formation in the quail mutant 
of the silkworm, Bombyx mori: parallel increase of pteridine biosynthesis and pigmentation of melanin and 
ommochromes Pigment Cell Research 19(4):337–345 

94 Katou S, Kuroda K, Seo S, Yanagawa Y, Tsuge T, Yamazaki M, Miyao A, Hirochika H, Ohashi Y (2007) A calmodulin-
binding mitogen-activated protein kinase phosphatase is induced by wounding and regulates the activities of stress-
related mitogen-activated protein kinases in rice Plant and Cell Physiology 48(2):332-344 

95 Katsuma S, Daimon T, Mita K, Shimada T (2006) Lepidopteran ortholog of Drosophila breathless is a receptor for the 
baculovirus fibroblast growth factor Journal of Virology 80(11):5474-5481 

96 Kawahigashi H, Hirose S, Ohkawa H, Ohkawa Y (2006) Broad range of herbicide tolerance of glutinous upland rice 
variety ‘Yumenohatamochi’ carrying human cytochrome P450 genes Plant Biotechnology 23(2):227-231 

97 Kawahigashi H, Hirose S, Ohkawa H, Ohkawa Y (2006) Phytoremediation of the herbicides atrazine and metolachlor 
by transgenic rice plants expressing human CYP1A1, CYP2B6 and CYP2C19 Journal of Agricultural and Food 
Chemistry 54(8):2985-2991 

98 Kawahigashi H, Hirose S, Ohkawa H, Ohkawa Y (2007) Herbicide resistance of transgenic rice plants expressing 
human CYP1A1 Biotechnology Advances 25(1):75-84 

99 Kawahigashi H, Hirose S, Iwai T, Ohashi Y, Sakamoto W, Maekawa M, Ohkawa Y (2007) Chemically induced 
expression of rice OSB2 under the control of the OsPR1.1 promoter confers increased anthocyanin accumulation in 
transgenic rice Journal of Agricultural and Food Chemistry 55(4):1241-1247 

100 Kikawada T, Nakahara Y, Kanamori Y, Iwata K, Watanabe M, McGee B, Tunnacliffe A, Okuda T (2006) Dehydration-
induced expression of LEA proteins in an anhydrobiotic chironomid Biochemical and Biophysical Research 
Communications 348(1):56-61 



Annual Report 2007  99

101 Kinjoh T, Kaneko Y, Itoyama K, Mita K, Hiruma K, Shinoda T (2007) Control of juvenile hormone biosynthesis 
in Bombyx mori: Cloning of the enzymes in the mevalonate pathway and assessment of their developmental 
expression in the corpora allata Insect Biochemistry and Molecular Biology 37(8):808-818 

102 Kitanaga Y, Jian C, Hasegawa M, Yazaki J, Kishimoto N, Kikuchi S, Nakamura H, Ichikawa H, Asami T, Yoshida S, 
Yamaguchi I, Suzuki Y (2006) Sequential regulation of gibberellin, brassinosteroid, and jasmonic acid biosynthesis 
occurs in rice coleoptiles to control the transcript levels of anti-microbial Thionin Genes Bioscience Biotechnology 
and Biochemistry 70(10):2410-2419 

103 Kiuchi S, Yamada T, Kiyokawa N, Saito T, Fujimoto J, Yasue H (2006) Genomic structure of swine taste receptor 
family 1 member 3, TAS1R3, and its expression in tissues Cytogenetic and Genome Research 115(1):51-61 

104 Kobayashi A, Ebana K, Fukuoka S, Nagamine T (2006) Microsatellite markers revealed the genetic diversity of an 
Old Japanese Rice Landrace ‘Echizen’ Genetic Resources and Crop Evolution 53(3):499-506 

105 Kobayashi T, Niino T, Kobayashi M (2006) Cryopreservation of tobacco BY-2 suspension cell cultures by vitrification 
with encapsulation Plant Biotechnology 23(3):333-337 

106 Koike T, Tobita H, Shibata T, Matsuki S, Konno K, Kitao M, Yamashita N, Maruyama Y (2006) Defense characteristics 
of seral deciduous broad-leaved tree seedlings grown under differing levels of CO2 and nitrogen Population 
Ecology 48(1):23-29 

107 Koizumi N, Takahashi N, Minezawa M, Takemura T, Okushima S (2007) Fourteen polymorphic microsatellite loci in 
the field gudgeon, Gnathopogon elongatus elongatus Molecular Ecology Notes 7(2):240–242 

108 Kojima M, Degawa M (2006) Gender-related difference in altered gene expression of a sterol regulatory element 
binding protein, SREBP-2, by lead nitrate in rats: Correlation with development of hypercholesterolemia Journal of 
Applied Toxicology 26(4):381-384 

109 Kojima M, Tagami T, Degawa M (2006) Cloning of chicken lanosterol 14α-demethylase (CYP51) cDNA: Discovery 
of a testis-specific CYP51 transcript Comparative Biochemistry and Physiology Part A: Molecular & Integrative 
Physiology 145(3):383-389 

110 Komatsu T, Itoh F, Sakumoto R, Hodate K, Obara Y, Kushibiki S (2007) Changes in the gene expression 
of adiponectin and glucose transporter 12 (GLUT12) in lactating and non-lactating cows Animal Science 
Journal 78(1):98-102 

111 Komatsuda T, Pourkheirandish M, He C, Azhaguvel P, Kanamori H, Perovic D, Stein N, Graner A, Wicker T, Tagiri A, 
Lundqvist U, Fujimura T, Matsuoka M, Matsumoto T, Yano M (2007) Six-rowed barley originated from a mutation in 
a homeodomain-leucine zipper I-class homeobox gene Proceedings of the National Academy of Sciences of the 
United States of America 104(4):1424-1429 

112 Komoda K, Mawatari N, Hagiwara-Komoda Y, Naito S, Ishikawa M (2007) Identification of a ribonucleoprotein 
intermediate of tomato mosaic virus RNA replication complex formation Journal of Virology 81(6):2584-2591 

113 Kondou H, Ooka H, Yamada H, Satoh K, Kikuchi S, Takahara Y, Yamamoto K (2006) Microarray analysis of gene 
expression at initial stages of rice seed development Breeding Science 56(3):235-242 

114 Konishi S, Izawa T, Lin S. Y, Ebana K, Fukuta Y, Sasaki T, Yano M (2006) An SNP caused loss of seed shattering 
during rice domestication Science 312(5778):1392-1396 

115 Kotaki T (2006) The fate of vitellogenin and site of protein degradation during oosorption in the brown-winged green 
bug, Plautia crossota stali Formosan Entomologist 26(2):99-108 

116 Kotaki T (2006) A strain of the brown-winged green bug, Plautia crossota stali (Heteroptera: Pentatomidae) with blue-
green body colouration: genetic control and sexual competitivity Applied Entomology and Zoology 41(4):651-657 

117 Kottapalli R.K, Kottapalli P, Agrawal K.G, Kikuchi S, Rakwal R (2007) Recessive bacterial leaf blight 
resistance in r ice: Complexity, chal lenges and strategy Biochemical and Biophysical Research 
Communications 355(2):295-301 



100  Annual Report 2007

118 Kottapalli R. K, Sarla N, Kikuchi S (2006) In silico insight into two rice chromosomal regions associated 
with submergence tolerance and resistance to bacterial leaf bl ight and gall midge Biotechnology 
Advances 24(6):561-589 

119 Koyama Y, Motobu M, Yamada M, Nakamura K, Saido-Sakanaka H, Asaoka A, Yamakawa M, Sekikawa K, Kitani H, 
Shimura K, Nakai Y, Hirota Y (2006) Protective effects of antimicrobial peptides derived from the beetle Allomyrina 
dichotoma defensin on endotoxic shock in mice International Immunopharmacology 6(2):234-240 

120 Koyama Y, Motobu M, Hikosaka K, Yamada M, Nakamura K, Saido-Sakanaka H, Asaoka A, Yamakawa 
M, Isobe T, Shimura K, Kang C-B, Hayashidani H, Nakai Y, Hirota Y (2006) Cytotoxicity and antigenicity of 
antimicrobial synthesized peptides derived from the beetle Allomyrina dichotoma defensin in mice International 
Immunopharmacology 6(11):1748-1753 

121 Koyama Y, Motobu M, Hikosaka K, Yamada M, Nakamura K, Saido-Sakanaka H, Asaoka A, Yamakawa M, Sekikawa 
K, Kitani H, Shimura K, Nakaie Y, Hirota Y (2006) Protective effects of antimicrobial peptides derived from the beetle 
Allomyrina dichotoma defensin on endotoxic shock in mice International Immunopharmacology 6(2):234-240 

122 Kubo K, Takatsuji H (2007) Transgene-dependent incompatibility induced by introduction of the SK2:ZPT2-10 
chimeric gene in petunia Transgenic Research 16(1):85-97 

123 Kubota Y, Miyao A, Hirochika H, Tozawa Y, Yasuda H, Tsunoyama Y, Niwa Y, Imamura S, Shirai M, Asayama 
M (2007) Two novel nuclear genes, OsSIG5 and OsSIG6, encoding potential plastid sigma factors of RNA 
polymerase in rice: Tissue-specific and light-responsive gene expression Plant and Cell Physiology 48(1):186-192 

124 Kumagai H, Kinoshita E, Ridge R.W, Kouchi H (2006) RNAi knock-down of ENOD40s leads to significant 
suppression of nodule formation in Lotus japonicus Plant and Cell Physiology 47(8):1102-1111 

125 Kumagai H, Hakoyama T, Umehara Y, Sato S, Kaneko T, Tabata S, Kouchi H (2007) A novel ankyrin-repeat 
membrane protein, IGN1, is required for persistence of nitrogen-fixing symbiosis in root nodules of Lotus 
japonicus Plant Physiology 143(3):1293-1305 

126 Kuroda K, Sasaki K, Iwai T, Yazaki Y, Hiraga S, Seo S, Mitsuhara I, Minami E, Ohashi Y (2007) Rapid defense 
gene expression in both resistant and susceptible rice cultivars by elicitor(s) originating from conidia of blast 
fungus—Basal resistance response before fungal penetration into host cells- Physiological and Molecular Plant 
Pathology 69(1-3):13-25 

127  Kuroda Y, Kaga A, Tomooka N, Vaughan A. D (2006) Population genetic structure of Japanese wild soybean 
(Glycine soja) based on microsatellite variation Molecular Ecology 15(4):959-974 

128 Kushibiki S, Shingu H, Kokatsu T, Itoh F, Kasuya E, Aso H, Hadate K (2006) Effect of recombinant bovine tumor 
necrosis factor-α on hormone release in lactating cows Animal Science Journal 77(6):603-612 

129 Kuwahara S, Naito J, Yamamoto Y, Kasai Y, Fujita T, Noro K, Shimanuki K, Akagi M, Watanabe M, Matsumoto T, 
Watanabe M, Ichikawa A, Harada N  (2007) Crystalline-state conformational analysis of MαNP esters, powerful 
resolution and chiral 1H NMR anisotropy tools European Journal of Organic Chemistry 2007(11):1827-1840 

130 Kuwana Y (2006) Epoxy-based multichannel microelectrode for insect biopotential recording Journal of Robotics 
and Mechatronics 18(4):499-503 

131 Kuwano M, Ohyama A, Tanaka Y, Mimura T, Takaiwa F, Yoshida K. T (2006) Molecular breeding for transgenic 
rice with low-phytic-acid phenotype through manipulating myo-inositol 3-phosphate synthase gene Molecular 
Breeding 18(3):263-272 

132 Liu D, Kobayashi T, Onishi A, Furusawa T, Iwamoto M, Suzuki S, Miwa Y, Nagasaka T, Maruyama S, 
Kadomatsu K, Uchida K, Nakao A (2007) Relation between human decay-accelerating factor (hDAF) 
expression in pig cells and inhibition of human serum anti-pig cytotoxicity: value of highly expressed hDAF for 
xenotransplantation Xenotransplantation 14(1):67-73 

133 Liu X. G, Tamada Y, Shimogiri T, Nishibori M, Hiraiwa H, Yasue H (2007) Assignment of 56 genes from HSA13q to 
the porcine IMpRH map Animal Genetics 38(2):184-186 

134 Ma J. F, Tamai K, Yamaji N, Mitani N, Konishi S, Katsuhara M, Ishiguro M, Murata Y, Yano M (2006) A silicon 
transporter in rice Nature 440(7084):688-691 



Annual Report 2007  101

135 Maeda T, Hinomoto N (2006) Effects of laboratory rearing conditions on the predatory mite Neoseiulus womersleyi 
(Schicha) (Acari: Phytoseiidae): I. Genetic diversity International Journal of Acarology 32(1):93-98 

136 Maeda T, Hinomoto N (2006) Effects of laboratory rearing conditions on the predatory mite Neoseiulus womersleyi 
(Schicha) (Acari: Phytoseiidae): II. Olfactory response International Journal of Acarology 32(1):99-102 

137 Maeda T, Liu Y (2006) Intraspecific variation in the olfactory response of the predatory mite Neoseiulus womersleyi 
Schicha (Acari: Phytoseiidae) to different amount of spider mite-infested plant volatiles Applied Entomology and 
Zoology 41(2):209-215 

138 Maeda T, Liu Y, Ishiwari H, Shimoda T (2006) Conditioned olfactory responses of a predatory mite, Neoseiulus 
womersleyi, to volatiles from prey-infested plants Entomologia Experimentalis et Applicata 121(2):167-175 

139 Maeda T (2006) Genetic variation in foraging traits and life-history traits of the predatory mite Neoseiulus womersleyi 
(Acari: Phytoseiidae) among isofemale lines Journal of Insect Behavior 19(5):573-589 

140 Maedomari M, Kikuchi K, Ozawa M, Noguchi J, Kaneko H, Ohnuma K, Nakai M, Shino M, Nagai T, Kashiwazaki 
N (2007) Cytoplasmic glutathione regulated by cumulus cells during porcine oocyte maturation affects fertilization 
and embryonic development in vitro Theriogenology 67(5):983-993 

141 Maeno K, Tanaka S (2007) Effects of hatchling body colour and rearing density on body colouration in last-stadium 
nymphs of the desert locust, Schistocerca gregaria Physiological Entomology 32(1):87–94 

142 Matsumiya M, Arakane Y, Haga A, Muthukrishnan S, Kramer K. J (2006) Substrate specificity of chitinases from two 
species of fish, greenling, Hexagrammos otakii, and common mackerel, Scomber japonicus, and the insect, tobacco 
hornworm, Manduca sexta Bioscience Biotechnology and Biochemistry 70(4):971-979 

143 Mase K, Iizuka T, Okada E, Miyajima T, Yamamoto T (2006) A new silkworm race for sericin production, SERICIN 
HOPE and its product, VIRGIN SERICIN Journal of Insect Biotechnology and Sericology 75(2):85-88 

144 Matsukage S, Kosugi I, Kawasaki H, Miura K, Kitani H, Tsutsui Y (2006) Mouse embryonic stem cells are not 
susceptible to cytomegalovirus but acquire susceptibility during differentiation Birth Defect Research (Part A) 
Clinical and Molecular Teratology 76(2):115-125 

145 Mauchamp B, Royer C, Garel A, Jalabert A, Rocha M.D, Grenier A-M, Labas V, Vinh J, Mita K, Kadono K, Chavancy 
G (2006) Polycalin (chlorophyllid A binding protein): A novel, very large fluorescent lipocalin from the midgut of the 
domestic silkworm Bombyx mori L Insect Biochemistry and Molecular Biology 36(8):623-633 

146 Minaba M, Ichiyama S, Kojima K, Ozaki M, Kato Y (2006) Activation of nematode G protein GOA-1 by the human 
muscarinic acetylcholine receptor M2 subtype. Functional coupling of G-protein-coupled receptor and G protein 
originated from evolutionarily distant animals FEBS Journal 273(24):5508-5516 

147 Mitani N, Kobayashi S, Nishizawa Y, Kuniga T, Matsumoto R (2006) Transformation of trifoliate orange with rice 
chitinase gene and the use of the transformed plant as a rootstock Scientia Horticulturae 108(4):439-441 

148 Mitsuhashi W, Kawakita H, Murakami R, Takemoto Y, Saiki T, Miyamoto K, Wada S (2007) Spindles of an 
entomopoxvirus facilitate its infection of the host insect by disrupting the peritrophic membrane Journal of 
Virology 81(8):4235-4243 

149 Mitsuhashi W, Murakami R (2007) Scanning electron microscopic observations of the peritrophic membrane in 
silkworm (Bombyx mori) larvae Transaction of the Lepidopterological Society of Japan 58(2):172-176 

150 Miyao A, Iwasaki Y, Kitano H, Itoh J, Maekawa M, Murata K, Yatou O, Nagato Y, Hirochika H (2007) A large-scale 
collection of phenotypic data describing an insertional mutant population to facilitate functional analysis of rice 
genes Plant Molecular Biology 63(5):625-635 

151 Miyata M, Yamamoto T, Komori T, Nitta N (2007) Marker-assisted selection and evaluation of the QTL for stigma 
exsertion under japonica rice genetic background Theoretical and Applied Genetics 114(3):539-548 

152 Mizuno H, Wu J, Kanamori H, Fujisawa M, Namiki N, Saji S, Katagiri S, Katayose Y, Sasaki T, Matsumoto 
T (2006) Sequencing and characterization of telomere and subtelomere regions on rice chromosomes 1S, 2S, 2L, 
6L, 7S, 7L and 8S The Plant Journal 46(2):206-217 



102  Annual Report 2007

153 Mizuno H, Tomita T, Kasai S, Komagata O, Imanishi S, Kono Y (2006) cDNA identification and gene expression of 
two types of acetylcholinesterases in a cultured cell line of Aedes albopictus, compared to mosquito whole body 
extracts Applied Entomology and Zoology 41(3):445-453 

154 Mizuno H, Ito K, Jianzhong Wu, Tanaka T, Kanamori H, Katayose Y, Sasaki T, Matsumoto T (2007) Identification and 
Mapping of Expressed Genes, Simple Sequence Repeats and Transposable Elements in Centromeric Regions of 
Rice Chromosomes DNA Research 13(6):267-274 

155 Mogi K, Sakurai K, Ichimaru T, Ohkura S, Mori Y, Okamura H (2007) Structure and chemical organization of the 
accessory olfactory bulb in the goat The Anatomical Record 290(3):301-310 

156 Mori M, Tomita C, Sugimoto K, Hasegawa M, Hayashi N, Dubouzet J. G, Ochiai H, Sekimoto H, Hirochika H, Kikuchi 
S (2007) Isolation and molecular characterization of a Spotted leaf 18 mutant by modified activation-tagging in 
rice Plant Molecular Biology 63(6):847-860 

157 Morimoto S, Kurtti T.J, Noda H (2006) In vitro cultivation and antibiotic susceptibility of a Cytophaga-like intracellular 
symbiote isolated from the tick Ixodes scapularis Current Microbiology 52(4):324-329 

158 Morishita T, Yamaguchi H, Degi K (2007) The contribution of polyphenols to antioxidative activity in common 
buckwheat and tartary buckwheat grain Plant Production Science 10(1):99-104 

159 Murakami R, Hiradate S, Shirata A, Mitsuhashi W (2006) Detection and identification of phytotoxic substances 
from mulberry leaves inoculated with Myrothecium verrucaria，apathogen of Myrothecium leaf spot of 
mulberry Sericologia: Revue des vers à soie 45(3):257-269 

160 Murakami Y, Miwa H, Imaizumi-Anraku H, Kouchi H, Downie J. A, Kawaguchi M, Kawasaki S (2006) Positional 
cloning identifies Lotus japonicus NSP2, a putative transcription factor of the GRAS family, required for NIN and 
ENOD40 gene expression in nodule initiation  DNA Research 13(6):255-265 

161 Murayama S, Handa H (2007) Genes for alkaline/neutral invertase in rice: alkaline/neutral invertases are located in 
plant mitochondria and also in plastids Planta 225(5):1193-1203 

162 Myohara M, Niva C. C, Lee J. M (2006) Molecular approach to annelid regeneration: cDNA subtraction cloning 
reveals various novel genes that are upregulated during the large-scale regeneration of the oligochaete, Enchytraeus 
japonensis Developmental Dynamics 235(8):2051-2070 

163 Nagao H, Ezuka A, Harada Y, Sato T, Kakishima M (2006) Two new species of Exobasidium causing exobasidium 
diseases on Vaccinium spp. in Japan Mycoscience 47(5):277-283 

164 Nagayama A, Wakamura S, Taniai N, Arakaki N (2006) Reinvestigation of sex pheromone components and 
attractiveness of synthetic sex pheromone of the pink borer, Sesamia inferens Walker (Lepidoptera: Noctuidae) in 
Okinawa Applied Entomology and Zoology 41(3):399-404 

165 Nakagawa H, Harada T, Ichinose T, Takeno K, Matsumoto S, Kobayashi M, Sakai M (2007) Biomethanol production 
and CO2 emission reduction from forage grasses, trees, and crop residues Japan Agricultural Research 
Quarterly 41(2):173-180 

166 Nakai M, Kashiwazaki N, Takizawa A, Maedomari N, Ozawa M, Noguchi J, Kaneko H, Shino M, Kikuchi 
K (2006) Morphological changes in boar sperm nuclei with reduced disulfide bonds in electrostimulated porcine 
oocytes Reproduction 131(3):603-611 

167 Nakai M, Kashiwazaki N, Takizawa A, Maedomari N, Ozawa M, Noguchi J, Kaneko H, Shino M, Kikuchi 
K (2007) Effects of chelating agents during freeze-drying of boar spermatozoa on DNA fragmentation and on 
developmental ability in vitro and in vivo after intracytoplasmic sperm head injection Zygote 15(1):15-24 

168 Nakajima M, Shimada A, Takashi Y, Kim Y-C, Park S-H, Ueguchi-Tanaka M, Suzuki H, Katoh E, Iuchi S, Kobayashi 
M, Maeda T, Matsuoka M, Yamaguchi I (2006) Identification and characterization of Arabidopsis gibberellin 
receptors The Plant Journal 46(5):880-889 

169 Nakamichi H, Sano A, Harumi T, Matsubara Y, Tajima A, Kosugiyama M, Naito M (2006) Effects of soft X-ray 
irradiation to stage X blastoderm on restriction of proliferation of primordial germ cells in early chicken embryos The 
Journal of Poultry Science 43(4):394-400 



Annual Report 2007  103

170 Nakamichi K, Saiki M, Kitani H, Kuboyama Y, Morimoto K, Takayama-Ito M, Kurane I (2006) Suppressive 
effect of simvastatin on interferon-β-induced expression of CC chemokine ligand 5 in microglia Neuroscience 
Letters 407(3):205-210 

171 Nakamichi K, Saiki M, Kitani H, Kuboyama Y, Morimoto K, Takayama-Ito M, Kurane I (2007) Roles of NF-κB 
and MAPK signaling pathways in morphological and cytoskeletal responses of microglia to double-stranded 
RNA Neuroscience Letters 414(3):222-227 

172 Nakamura A, Kino K, Minezawa M, Noda K, Takahashi H (2006) A method for discriminating a japanese chicken, the 
Nagoya breed, using microsatellite markers Poultry Science 85(12):2124-2129 

173 Nakamura T, Ishikawa M (2006) Transformation of suspension cultures of bromegrass (Bromus inermis Leyss) by 
Agrobacterium tumefaciens Plant Cell, Tissue and Organ Culture 84(3):293-299 

174 Nakamura Y, Itoh T, Martin W (2007) Rate and polarity of gene fusion and fission in Oryza sativa and Arabidopsis 
thaliana Molecular Biology and Evolution 24(1):110-121 

175 Nakao H, Hatakeyama M, Lee J. M, Shimoda M, Kanda T (2006) Expression pattern of Bombyx vasa-like (BmVLG) 
protein and its implications in germ cell development Development Genes and Evolution 216(2):94-99 

176 Nakashima N, Shibuya N (2006) Multiple coding sequences for the genome-linked virus protein (VPg) in 
dicistroviruses Journal of Invertebrate Pathology 92(2):100-104 

177 Narita S, Nomura M, Kato Y, Yata O, Kageyama D (2007) Molecular phylogeography of two sibling species of 
Eurema butterflies Genetica (Online First): 

178 Nègre V, Hôtelier T, Volkoff A-N, Gimenez S, Cousserans F, Mita K, Sabau X, Rocher J, López-Ferber M, d'Alençon 
E, Audant P, Sabourault C, Bidegainberry V, Hilliou F, Fournier P (2006) SPODOBASE : an EST database for the 
lepidopteran crop pest Spodoptera BMC Bioinformatics 7(322):1-10 

179 Nii M, Hayashi T, Tani F, Niki A, Mori N, Fujishima-Kanaya N, Komatsu M, Aikawa K, Awata T, Mikawa 
S (2006) Quantitative trait loci mapping for fatty acid composition traits in perirenal and back fat using a Japanese 
wild boar × Large White intercross Animal Genetics 37(4):342-347 

180 Niimi T, Sahara K, Oshima H, Yasukochi Y, Ikeo K, Traut W (2006) Molecular cloning and chromosomal localization 
of the Bombyx Sex-lethal gene Genome 49(3):263-268 

181 Nishibori M, Hayashi T, Hiraiwa H, Shimogiri T, Yasue H (2007) Assignment of 58 genes from HSA18 to the porcine 
IMpRH maps for SSC1 and SSC6 Animal Genetics 38(2):186-188 

182 Nishikiori M, Dohi K, Mori M, Meshi T, Naito S, Ishikawa M (2006) Membrane-bound tomato mosaic virus replication 
proteins participate in RNA synthesis and are associated with host proteins in a pattern distinct from those that are 
not membrane bound Journal of Virology 80(17):8459-8468 

183 Nishimura R, Sakumoto R, Tatsukawa Y, Acosta J.T, Okuda K (2006) Oxygen concentration is an important factor for 
modulating progesterone synthesis in bovine corpus luteum Endocrinology 147(9):4273-4280 

184 Nishinokubi I, Shimoda M, Ishida N (2006) Mating rhythms of Drosophila: rescue of tim01 mutants by D. ananassae 
timeless Journal of Circadian Rhythms 4(4):1-6 

185 Nishiyama T, Yamamoto H, Uchiumi T, Nakashima N (2007) Eukaryotic ribosomal protein RPS25 interacts with the 
conserved loop region in a dicistroviral intergenic internal ribosome entry site Nucleic Acids Research 35(5):1514-1
521 

186 Nivedita S, Takabayashi C, Nakajima N, Somashekar T H (2006) Introduction of size control mechanism to multi-end 
reeling machine and its evaluation Sericologia: Revue des vers à soie 46(3):339-345 

187 Noguchi J, Ohnuma K, Ozawa M, Karja NW K, Fahrudin M, Somfai T, Kikuchi K, Kaneko H (2006) Successful long 
term culture of immature porcine Sertoli cells in the reconstructed testicular cell cord Journal of Reproduction and 
Development 52(3):383-389 

188 Nonaka S, Hashizume T, Kasuya E (2006) Effects of intracerebroventricular injections of leptin on the release of 
luteinizing hormone and growth hormone in castrated calves Animal Science Journal 77(2):196-200 



104  Annual Report 2007

189 Ogawa D, Nakajima N, Seo S, Mitsuhara I, Kamada H, Ohashi Y (2006) The phenylalanine pathway 
is the main route of salicylic acid biosynthesis in Tobacco mosaic virus-infected tobacco leaves Plant 
Biotechnology 23(4):395-398 

190 Ogo Y, Nakanishi I R, Nakanishi H, Inoue H, Kobayashi T, Suzuki M, Takahashi M, Mori S, Nishizawa 
K.N (2006) Isolation and characterization of IRO2, a novel iron-regulated bHLH transcription factor in graminaceous 
plants Journal of Experimental Botany 57(11):2867-2878 

191 Oh S-H, Kozaki T, Mizuno H, Tomita T, Kono Y (2006) Expression of Ace-paralogous acetylcholinesterase of Culex 
tritaeniorhynchus with an amino acid substitution conferring insecticide insensitivity in baculovirus-insect cell 
system Pesticide Biochemistry and Physiology 85(1):46-51 

192 Ohnuma K, Kaneko H, Noguchi J, Kikuchi K, Ozawa M, Hasegawa Y (2007) Isolation and identification of F-spondin 
in the boar testis and its production during testis growth Journal of Reproduction and Development 53(1):151-158 

193 Ohnuma K, Kaneko H, Noguchi J, Kikuchi K, Ozawa M, Hasegawa Y (2007) Production of inhibin A and inhibin B 
in boars: Changes in testicular and circulating levels of dimeric inhibins and characterization of inhibin forms during 
testis growth Domestic Animal Endocrinology (Article in Press):Corrected Proof 

194 Oishi M, Gohma H, Hashizume K, Taniguchi Y, Yasue H, Takahashi S, Yamada T, Sasaki Y (2006) Early embryonic 
death-associated changes in genome-wide gene expression profiles in the fetal placenta of the cow carrying somatic 
nuclear-derived cloned embryo Molecular Reproduction and Development 73(4):404-409 

195 Okumura N, Hayashi T, Sekikawa H, Matsumoto T, Mikawa A, Hamasima N, Awata T (2006) Sequencing, mapping 
and nucleotide variation of porcine coat colour genes EDNRB, MYO5A, KITLG, SLC45A2, RAB27A, SILV and 
MITF Animal Genetics 37(1):80-82 

196 Ono H, Rewitz F.K, Shinoda T, Itoyama K, Petryk A, Rybczynski R, Jarcho M, Warren T.J, Marqués G, Shimell 
J.M, Gilbertf I.L, O'Connor B.M (2006) Spook and Spookier code for stage-specific components of the ecdysone 
biosynthetic pathway in Diptera Developmental Biology 298(2):555-570 

197 Osakabe K, Abe K, Yoshioka T, Osakabe Y, Todoriki S, Ichikawa H, Hohn B, Toki S (2006) Isolation and 
characterization of the RAD54 gene from Arabidopsis thaliana The Plant Journal 48(6):827-842 

198 Ozawa K, Murayama S, Kobayashi-Uehara A, Handa H (2006) Overexpression of wheat mitochondrial uncoupling 
protein in rice plants confers tolerances to oxidative stresses promoted by exogenous hydrogen peroxide and low 
temperature Molecular Breeding 18(1):51-56 

199 Ozawa M, Nagai T, Fahrudin M, Karja N. W. K, Kaneko H, Noguchi J, Ohnuma K, Kikuchi K (2006) Addition of 
glutathione or thioredoxin to culture medium reduces intracellular redox status of porcine IVM/IVF embryos, resulting 
in improved development to the blastocyst stage Molecular Reproduction and Development 73(8):998-1007 

200 Rao K. S, Fukayama H, Reiskind J. B, Miyao M, Bowes G (2006) Identification of C4 responsive genes in the 
facultative C4 plant Hydrilla verticillata Photosynthesis Research 88(2):173-183 

201 Roller L, Tanaka S, Kimura K, Satake H, Tanaka Y (2006) Molecular cloning of [Thr4, His7]-corazonin (Apime-
corazonin) and its distribution in the central nervous system of the honey bee Apis mellifera (Hymenoptera: 
Apidae) Applied Entomology and Zoology 41(2):331-338 

202 Rossi C, Cuesta-Marcos A, Vales I, Gomez-Pando L, Orjeda G, Wise R, Sato K, Hori K, Capettini F, Vivar H, Chen 
X, Hayes P (2006) Mapping multiple disease resistance genes using a barley mapping population evaluated in Peru, 
Mexico, and the USA Molecular Breeding 18(4):355-366 

203 Saika H, Okamoto M, Miyoshi K, Kushiro T, Shinoda S, Jikumaru Y, Fujimoto M, Arikawa T, Takahashi H, Ando 
M, Arimura S, Miyao A, Hirochika H, Kamiya Y, Tsutsumi N, Nambara E, Nakazono M (2007) Ethylene promotes 
submergence-induced expression of OsABA8ox1, a gene that encodes ABA 8'-hydroxylase in rice Plant and Cell 
Physiology 48(2):287-298 

204 Saika H, Matsumura H, Takano T, Tsutsumi N, Nakazono M (2006) A point mutation of Adh1 gene is involved in the 
repression of coleoptile elongation under submergence in rice Breeding Science 56(1):69-74 

205 Saisho D, Myoraku E, Kawasaki S, Sato K, Takeda K (2007) Construction and characterization of a bacterial artificial 
chromosome (BAC) library from the Japanese malting barley variety ‘Haruna Nijo’ Breeding Science 57(1):29-38 



Annual Report 2007  105

206 Saito K, Su Z-H, Emi A, Mita K, Takeda M, Fujiwara Y (2006) Cloning and expression analysis of takeout/JHBP 
family genes of silkworm, Bombyx mori Insect Molecular Biology 15(3):245-251 

207 Saka N, Tsuj i T, Toyama T, Yano M, Izawa T, Sasaki T (2006) Development of c leaved ampl i f ied 
polymorphic sequence (CAPS) markers linked to a green rice leafhopper resistance gene, Grh3(t) Plant 
Breeding 125(2):140-143 

208 Sakai H, Koyanagi K.O, Imanishi T, Itoh T, Gojobori T (2007) Frequent emergence and functional resurrection of 
processed pseudogenes in the human and mouse genomes Gene 389(2):196-203 

209 Sakai H, Tanaka T, Itoh T (2007) Birth and death of genes promoted by transposable elements in Oryza 
sativa Gene 392(1-2):59-63 

210 Sakumoto R, Komatsu T, Kasuya E, Saito T, Okuda K (2006) Expression of mRNAs for interleukin-4, 
interleukin-6 and their receptors in porcine corpus luteum during the estrous cycle Domestic Animal 
Endocrinology 31(3):246-257 

211 Sakurai M, Furusawa T, Ikeda M, Hikono H, Shimizu S, Gotoh H, Kobayashi E, Momotani E (2006) Anti-bovine 
CD34 monoclonal antibody reveals polymorphisms within coding region of the CD34 gene Experimental 
Hematology 34(7):905-913 

212 Sakurai T, Watanabe S, Kimura M, Sato M (2006) Strain difference in tolerance to low-temperature treatment of 
fertilized mouse oocytes Reproductive Medicine and Biology 5(1):43-50 

213 Sameri M, Takeda K, Komatsuda T (2006) Quantitative trait loci controlling agronomic traits in recombinant inbred 
lines from a cross of oriental- and occidental-type barley cultivars Breeding Science 56(3):243-252 

214 Sasaki K, Ito H, Mitsuhara I, Hiraga S, Seo S, Matsui H, Ohashi Y (2006) A novel wound-responsive cis-element, 
VWRE, of the vascular system-specific expression of a tobacco peroxidase gene, tpoxN1 Plant Molecular 
Biology 62(4-5):753-768 

215 Sasaki K, Asaoka K (2006) Swallowing motor pattern triggered and modified by sucrose stimulation in the larvae of 
the silkworm, Bombyx mori Journal of Insect Physiology 52(5):528-537 

216 Sato S, Atsuji K, Saito N, Okitsu M, Sato S, Komatsuda A, Mitsuhashi T, Nirasawa K, Hayashi T, Sugimoto Y, 
Kobayashi E (2006) Identification of quantitative trait loci affecting corpora lutea and number of teats in a Meishan x 
Duroc F2 resource population Journal of Animal Science 84(11):2895-2901 

217 Sato Y, Shirasawa K, Takahashi Y, Nishimura M, Nishio T (2006) Mutant selection from progeny of gamma-ray-
irradiated rice by DNA heteroduplex cleavage using Brassica petiole extract Breeding Science 56(2):179-183 

218 Satoh M (2006) Comparison of genetic improvement for litter size at birth by direct and indirect selection in swine 
herd Animal Science Journal 77(6):566-573 

219 Sawada H, Yamahama Y, Yamamoto T, Mase K, Ogawa H, Iino T (2006) A novel RNA helicase-like protein 
during early embryonic development in silkworm Bombyx mori: Molecular characterization and intracellular 
localization Insect Biochemistry and Molecular Biology 36(12):911-920 

220 Sawada H, Yamahama Y, Mase K, Hirakawa H, Iino T (2007) Molecular properties and tissue distribution of 30K 
proteins as ommin-binding proteins from diapause eggs of the silkworm, Bombyx mori Comparative Biochemistry 
and Physiology Part B: Biochemistry and Molecular Biology 146(2):172-179 

221 Scofield N.G, Aoki.N, Hirose.T, Takano.M, Jenkins D.L.C, Furbank T.R (2007) The role of the sucrose transporter, 
OsSUT1, in germination and early seedling growth and development of rice plants Journal of Experimental 
Botany 58(3):483-495 

222 Seehalak W, Tomooka N, Waranyuwat A, Thipyapong P, Laosuwan P, Kaga A, Vaughan D.A (2006) Genetic diversity 
of the Vigna germplasm from Thailand and neighbouring regions revealed by AFLP analysis Genetic Resources 
and Crop Evolution 53(5):1043-1059 

223 Seino A, Kazuma T, Tan A.J, Tanaka H, Kono Y, Mita K, Shiotsuki T (2007) Analysis of two acetylcholinesterase 
genes in Bombyx mori Pesticide Biochemistry and Physiology 88(1):92-101 



106  Annual Report 2007

224 Seo S, Katou S, Seto H, Gomi K, Ohashi Y (2007) The mitogen-activated protein kinases WIPK and SIPK regulate 
the levels of jasmonic and salicylic acids in wounded tobacco plants The Plant Journal 49(5):899-909 

225 Shahab M, Sajapitak S, Tsukamura H, Kinoshita M, Matsuyama S, Ohkura S, Yamada S, Uenoyama Y, I'Anson H, 
Maeda K (2006) Acute lipoprivation suppresses pulsatile luteinizing hormone secretion without affecting food intake 
in female rats Journal of Reproduction and Development 52(6):763-772 

226 Shahinnia F, Rezai A, Sayed-Tabatabaei B.E, Komatsuda T, Mohammadi S.A (2006) QTL mapping of heading date 
and plant height in Barley cross Azumamugi Kanto Nakate Gold Iranian Journal of Biotechnology 4(2):88-94 

227 Shibuya N, Nakashima N (2006) Characterization of the 5' internal ribosome entry site of Plautia stali intestine 
virus Journal of General Virology 87(12):3679-3686 

228 Shimada N, Miyamoto K, Kanda K, Murata H (2006) Binding of Cry1Ab toxin, a Bacillus thuringiensis 
insecticidal toxin, to proteins of the bovine intestinal epithelial cell: An in vitro study Applied Entomology and 
Zoology 41(2):295-301 

229 Shimomura K, Nomura M, Taj ima S, Kouchi H (2006) L jnsRING, a novel RING f inger prote in, is 
required for symbiotic interactions between Mesorhizobium loti and Lotus japonicus Plant and Cell 
Physiology 47(11):1572-1581 

230 Shimomura S (2006) Identification of a glycosylphosphatidylinositol-anchored plasma membrane protein 
interacting with the C-terminus of auxin-binding protein 1: a photoaffinity crosslinking study Plant Molecular 
Biology 60(5):663-677 

231 Shinkai H, Tanaka M, Morozumi T, Eguchi-Ogawa T, Okumura N, Muneta Y, Awata T, Uenishi H (2006) Biased 
distribution of single nucleotide polymorphisms (SNPs) in porcine Toll-like receptor 1 (TLR1), TLR2, TLR4, TLR5, 
and TLR6 genes Immunogenetics 58(4):324-330 

232 Sineshchekov V, Loskovich A, Inagaki N, Takano M (2006) Two native pools of phytochrome a in monocots: 
Evidence from f luorescence invest igat ions of phytochrome mutants of r ice Photochemistry and 
Photobiology 82(4):1116-1122 

233 Someya N, Tsuchiya K, Yoshida T, Noguchi T.M, Sawada H (2006) Combined use of the biocontrol bacterium 
Pseudomonas fluorescens strain LRB3W1 with reduced fungicide application for the control of tomato fusarium 
wilt Biocontrol Science 11(2):75-80 

234 Someya N, Tsuchiya K, Yoshida T, Tsujimoto-Noguchi M, Sawada H (2007) Combined application of Pseudomonas 
fluorescens strain LRB3W1 with a low dosage of benomyl for control of cabbage yellows caused by Fusarium 
oxysporum f. sp. conglutinans Biocontrol Science and Technology 17(1):21-31 

235 Somfai T, Dinnyés A, Sage D, Marosán M, Carnwath J. W, Ozawa M, Kikuchi K, Niemann H (2006) Development to 
the blastocyst stage of parthenogenetically activated in vitro matured porcine oocytes after solid surface vitrification 
(SSV) Theriogenology 66(2):415-422 

236 Somfai T, Ozawa M, Noguchi J, Kaneko H, Ohnuma K, Karja N.W.K, Fahrudin M, Maedomari N, Dinnyés A, Nagai 
T, Kikuchi K (2006) Diploid porcine parthenotes produced by inhibition of first polar body extrusion during in vitro 
maturation of follicular oocytes Reproduction 132(4):559-570 

237 Sonobe H, Ohira T, Ieki K, Maeda S, Ito Y, Ajimura M, Mita K, Matsumoto H, Wilder M.N (2006) Purification, 
kinetic characterization, and molecular cloning of a novel enzyme, ecdysteroid 22-kinase Journal of Biological 
Chemistry 281(40):29513-29524 

238 Sugita T, Yamaguchi K, Kinoshita T, Yuji K, Sugimura Y, Nagata R, Kawasaki S, Todoroki A (2006) QTL analysis for 
resistance to phytophthora blight (Phytophthora capsici leon.) using an intraspecific doubled-haploid population of 
Capsicum annuum Breeding Science 56(2):137-145 

239 Sugiyama S, Yoshino T, Tsukamoto K, Sasou M, Kuwazaki S, Takahashi H, Suetsugu Y, Narukawa J, Yamamoto 
K, Ohtani T (2006) Application of scanning probe microscopy to genetic analysis Japanese Journal of Applied 
Physics 45(3B):2305-2309 

240 Suto J (2006) Characterization of Cq3, a quantitative trait locus that controls plasma cholesterol and phospholipid 
levels in mice Journal of Veterinary Medical Science 68(4):303-309 



Annual Report 2007  107

241 Suto J (2006) Confirmation of sable QTL that modifies the effects of the Ay allele on yellow coat color on mouse 
chromosome 1 Proceedings of the Japanese Academy, Ser B 82(4):165-173 

242 Suto J (2006) Identification of mutation in the growth differentiation factor 5 (Gdf5) gene in NC-brp/brp mice Journal 
of Veterinary Medical Science 68(10):1121-1124 

243 Suzuki M, Ishikawa M, Okuda H, Noda K, Kishimoto T, Nakamura T, Ogiwara I, Shimura I, Akihama 
T (2006) Physiological changes in gentian axillary buds during two-step preculturing with sucrose that conferred high 
levels of tolerance to desiccation and cryopreservation Annals of Botany 97(6):1073-1081 

244 Suzuki M, Takahashi M, Tsukamoto T, Watanabe S, Matsuhashi S, Yazaki J, Kishimoto N, Kikuchi S, Nakanishi H, 
Mori S, Nishizawa K.N (2006) Biosynthesis and secretion of mugineic acid family phytosiderophores in zinc-deficient 
barley The Plant Journal 48(1):85-97 

245 Taddei P, Arai T, Boschi A, Monti P, Tsukada M, Freddi G (2005) In vitro study of the proteolytic degradation of 
Antheraea pernyi silk fibroin Biomacromolecules 7(1):259-267 

246 Tagami T, Kagami H, Matsubara Y, Harumi T, Naito M, Takeda K, Hanada H, Nirasawa K (2007) Differentiation of 
female primordial germ cells in the male testes of chicken (Gallus gallus domesticus) Molecular Reproduction and 
Development 74(1):72-80 

247 Tago K, Sekiya E, Kiho A, Katsuyama C, Hoshito Y, Yamada N, Hirano K, Sawada H, Hayatsu M (2006) Diversity of 
fenitrothion-degrading bacteria in soils from distant geographical areas Microbes and Environments 21(1):58-64 

248 Taguchi F, Takeuchi K, Katoh E, Murata K, Suzuki T, Marutani M, Kawasaki T, Eguchi M, Katoh S, Kaku H, Yasuda C, 
Inagaki Y, Toyoda K, Shiraishi T, Ichinose Y (2006) Identification of glycosylation genes and glycosylated amino acids 
of flagellin in Pseudomonas syringae pv. tabaci Cellular Microbiology 8(6):923-938 

249 Taguchi F, Ogawa Y, Takeuchi K, Suzuki T, Toyoda K, Shiraishi T, Ichinose Y (2006) A homologue of the 
3-oxoacyl-(acyl carrier protein) synthase III gene located in the glycosylation island of Pseudomonas syringae 
pv. tabaci regulates virulence factors via N-acyl homoserine lactone and fatty acid synthesis Journal of 
Bacteriology 188(24):8376-8384 

250 Taguchi-Shiobara F, Yazaki J, Ishikawa M, Fujii F, Shimbo K, Shimatani Z, Nagata Y, Hashimoto A, Ohta T, 
Sato Y, Honda S, Yamamoto K, Sakata K, Sasaki T, Kishimoto N, Kikuchi S (2006) A microarray analysis of 
rice near-isogenic lines that cover QTLs associated with callus proliferation Japan Agricultural Research 
Quarterly 40(3):243-249 

251 Takabatake R, Seo S, Ito N, Gotoh Y, Mitsuhara I, Ohashi Y (2006) Involvement of wound-induced receptor-like 
protein kinase in wound signal transduction in tobacco plants The Plant Journal 47(2):249-257 

252 Takabatake R, Karita E, Seo S, Mitsuhara I, Kuchitsu K, Ohashi Y (2007) Pathogen-induced calmodulin isoforms in 
basal resistance against bacterial and fungal pathogens in tobacco Plant and Cell Physiology 48(3):414-423 

253 Takabatake R, Ando Y, Seo S, Katou S, Tsuda S, Ohashi Y, Mitsuhara (2007) MAP kinases function downstream of 
HSP90 and upstream of mitochondria in TMV resistance gene N-mediated hypersensitive cell death Plant and Cell 
Physiology 48(3):498-510 

254 Takagi H, Hirose S, Yasuda H, Takaiwa F (2006) Biochemical safety evaluation of transgenic rice seeds expressing T 
cell epitopes of Japanese cedar pollen allergens Journal of Agricultural and Food Chemistry 54(26):9901-9905 

255 Takagishi Y, Kawakami T, Hara Y, Shinkai M, Takezawa T, Nagamune T (2006) Bone-like tissue formation by three-
dimensional culture of MG63 osteosarcoma cells in gelatin hydrogels using calcium-enriched medium Tissue 
Engineering 12(4):927-937 

256 Takahashi T, Murakami H, Imanishi S, Miyazaki M, Kamiie K, Suzuki K, Taira H, Yamashita T (2006) Calreticulin 
is transiently induced after immunogen treatment in the fat body of the silkworm Bombyx mori Journal of Insect 
Biotechnology and Sericology 75(2):79-84 

257 Takaiwa F, Takagi H, Hirose S, Wakasa Y (2006) Endosperm tissue is good production platform for artificial 
recombinant proteins in transgenic rice Plant Biotechnology Journal 5(1):84-92 



108  Annual Report 2007

258 Takamiya T, Hosobuchi S, Asai K, Nakamura E, Tomioka K, Kawase M, Kakutani T, Paterson H. A, Murakami Y, 
Okuizumi H (2006) Restriction landmark genome scanning method using isoschizomers (MspI/HpaII) for DNA 
methylation analysis Electrophoresis 27(14):2846-2856 

259 Takeda K, Hor i K (2007)  Geographica l d i f ferent ia t ion and d ia l le l analys is o f seed dormancy in 
barley Euphytica 153(1-2):249-256 

260 Takehisa H, Ueda T, Fukuta Y, Obara M, Abe T, Yano M, Yamaya T, Kameya T, Higashitani A, Sato T (2006) Epistatic 
interaction of QTLs controlling leaf bronzing in rice (Oryza sativa L.) grown in a saline paddy field Breeding 
Science 56(3):287-293 

261 Takenouchi T, Iwamaru Y, Sato M, Yokoyama T, Shinagawa M, Kitani H (2007) Establishment and characterization 
of SV40 large T antigen-immortalized cell lines derived from fetal bovine brain tissues after prolonged 
cryopreservation Cell Biology International 31(1):57-64 

262 Takenouchi T, Sato M, Kitani H (2007) Lysophosphatidylcholine potentiates Ca2+ influx, pore formation and 
p44/42 MAP kinase phosphorylation mediated by P2X7 receptor activation in mouse microglial cells Journal of 
Neurochemistry (OnlineEarly Articles): 

263 Takeuchi Y, Ebitani T, Yamamoto T, Sato H, Ohta H, Hirabayashi H, Kato H, Ando I, Nemoto H, Imbe T, Yano 
M (2006) Development of isogenic lines of rice cultivar Koshihikari with early and late heading by marker-assisted 
selection Breeding Science 56(4):405-413 

264 Takeya M, Matsuda T, Iwamoto M, Tsumura N, Nakaguchi T, Miyake Y (2007) Noise analysis of duplicated data on 
microarrays using mixture distribution modeling Optical Review 14(2):75-104 

265 Tanabe S, Okada M, Jikumaru Y, Yamane H, Kaku H, Shibuya N, Minami E (2006) Induction of resistance against 
rice blast fungus in rice plants treated with a potent elicitor, N-acetylchitooligosaccharide Bioscience Biotechnology 
and Biochemistry 70(7):1599-1605 

266 Tanaka K, Urbanczyk H, Matsui H, Sawada H, Suzuki K (2006) Construction of physical map and mapping of 
chromosomal virulence genes of the biovar 3 Agrobacterium (Rhizobium vitis) strain K-Ag-1 Genes & Genetic 
Systems 81(6):373-380 

267 Tanaka S, Maeno K (2006) Phase-related body-color polyphenism in hatchlings of the desert locust, Schistocerca 
gregaria: Re-examination of the maternal and crowding effects Journal of Insect Physiology 52(10):1054-1061 

268 Tanaka S, Yukuhiro F, Wakamura S (2006) Sexual dimorphism in body dimensions and antennal sensilla 
in the white grub beetle, Dasylepida ishigakiensis (Coleoptera: Scarabaeidae) Applied Entomology and 
Zoology 41(3):455-461 

269 Tanaka S (2007) Albino corpus cardiacum extracts induce morphometric gregarization in isolated albino locusts, 
Locusta migratoria, that are deficient in corazonin Physiological Entomology 32(1):95–98 

270 Tanaka T, Sawano M, Ogasahara K, Sakaguchi Y, Bagautdinov B, Katoh E, Kuroishi C, Shinkai A, Yokoyama S, 
Yutani K (2006) Hyper-thermostability of CutA1 protein, with a denaturation temperature of nearly 150 °C FEBS 
Letters 580(17):4224-4230 

271 Taniai K, Lee J. H, Lee I. H (2006) Bombyx mori cell line as a model of immune-system organs Insect Molecular 
Biology 15(3):269-279 

272 Teramoto H, Kakazu A, Yamauchi K, Asakura T (2007) Role of hydroxyl side chains in Bombyx mori silk sericin in 
stabilizing its solid structure Macromolecules 40(5):1562-1569 

273 Terashima K, Matsumoto T, Hayashi E, Kawasaki S, Fukumasa-Nakai Y (2006) Construction of a linkage map of 
Lentinula edodes (shiitake) with the HEGS (high-efficiency genome scanning) system: use of versatile AFLP and 
PCR-based gene markers Mycoscience 47(6):336-346 

274 Thadtha P, Uenishi H, Urata H, Ishikawa M, Wada Y (2006) Transcript variant of the porcine liver X receptor 
alpha(LXRα) expressed in the thymus and spleen Research of Animal Breeding and Genetics 34(2):3-9 



Annual Report 2007  109

275 Tirichine L, Imaizumi-Anraku H, Yoshida S, Murakami Y, Madsen L. H, Miwa H, Nakagawa T, Sandal 
N, Albrektsen A.S, Kawaguchi M, Downie A, Sato S, Tabata S, Kouchi H, Parniske M, Kawasaki S, 
Stougaard J (2006) Deregulation of a Ca2+/calmodulin-dependent kinase leads to spontaneous nodule 
development Nature 441(7097):1153-1156 

276 Toki S, Hara N, Ono K, Onodera H, Tagiri A, Oka S, Tanaka H (2006) Early infection of scutellum tissue with 
Agrobacterium allows high-speed transformation of rice The Plant Journal 47(6):969-976 

277 Tokuda G, Watanabe H (2007) Hidden cellulases in termites: revision of an old hypothesis Biology 
Letters 3(3):336-339 

278 Trang L.T.D, Sehadova H, Ichihara N, Iwai S, Mita K, Takeda M (2006) Casein kinases I of the silkworm, 
Bombyx mori: Their possible roles in circadian timing and developmental determination Journal of Biological 
Rhythms 21(5):335-349 

279 Tsuda S, Kubota K, Kanda A, Ohki T, Meshi T (2007) Pathogenic i ty of Pepper mi ld mott le v i rus 
is control led by the RNA si lencing suppression act iv i ty of i ts repl icat ion protein but not the viral 
accumulation. Phytopathology 97(4):412-420 

280 Tsuge S, Nakayama T, Terashima S, Ochiai H, Furutani A, Oku T, Tsuno K, Kubo Y, Kaku H (2006) Gene involved 
in transcriptional activation of the hrp regulatory gene hrpG in Xanthomonas oryzae pv. oryzae Journal of 
Bacteriology 188(11):4158-4162 

281 Tsuji H, Saika H, Tsutsumi N, Hirai A, Nakazono M (2006) Dynamic and reversible changes in histone 
H3-Lys4 methylation and H3 acetylation occurring at submergence-inducible genes in rice Plant and Cell 
Physiology 47(7):995-1003 

282 Tsukamoto K, Kuwazaki S, Yamamoto K, Shichiri M, Yoshino T, Ohtani T, Sugiyama S (2006) Nanometer-scale 
dissection of chromosomes by atomic force microscopy combine with heat-denaturing treatment Japanese Journal 
of Applied Physics 45(3B):2337-2340 

283 Tsukioka H, Takahashi M, Mon H, Okano K, Mita K, Shimada T, Lee J. M, Kawaguchi Y, Koga K, Kusakabe 
T (2006) Role of the silkworm argonaute2 homolog gene in double-strand break repair of extrachromosomal 
DNA Nucleic Acids Research 34(4):1092-1101 

284 Tsushima S, Shinohara H, Nakazato T, Ando S, Sugisawa T, Tabei Y (2006) Phylogenetic analysis of Xanthomonas 
albilineans strains from Okinawa, Japan, through a comparison of the gyrB and rpoD genes in geographically distinct 
strains Journal of Phytopathology 154(11-12):683-687 

285 Tsutsui T, Morita-Yamamuro C, Asada Y, Minami E, Shibuya N, Ikeda A, Yamaguchi J (2006) Salicylic acid and a 
chitin elicitor both control expression of the CAD1 gene involved in the plant immunity of Arabidopsis Bioscience 
Biotechnology and Biochemistry 70(9):2042-2048 

286 Tun Y. T, Irie K, Sein T, Shirata K, Toyohara H, Kikuchi F, Fujimaki H (2006) Diverse utilization of Myanmar rice with 
varied amylose contents Tropical Agri 50(1):42-50 

287 Uchino K, Imamura M, Sezutsu H, Kobayashi I, Kojima K, Kanda T, Tamura T (2006) Evaluating promoter 
sequences for trapping an enhancer activity in the silkworm Bombyx mori Journal of Insect Biotechnology and 
Sericology 75(2):89-97 

288 Uchino K, Imamura M, Shimizu K, Kanda and T, Tamura T (2007) Germ line transformation of the silkworm, Bombyx 
mori, using the transposable element Minos Molecular Genetics and Genomics 277(3):213-220 

289 Ueda M, Arimura S, Yamamoto M. P, Takaiwa F, Tsutsumi N, Kadowaki K (2006) Promoter shuffling at a 
nuclear gene for mitochondrial RPL27. involvement of interchromosome and subsequent intrachromosome 
recombinations Plant Physiology 141(2):702-710 

290 Uenishi H , Eguchi-Ogawa T, Shinkai H, Okumura N, Suzuki K, Toki D, Hamasima N, Awata T (2007) PEDE (Pig EST 
Data Explorer) has been expanded into Pig Expression Data Explorer, including 10 147 porcine full-length cDNA 
sequences Nucleic Acids Research 35(Database issue):D650-D653 

291 Ueno O, Wada Y, Wakai M, Bang S.W (2006) Evidence from photosynthetic characteristics for the hybrid origin of 
Diplotaxis muralis from a C3-C4 intermediate and a C3 species Plant Biology 8(2):253-259 



110  Annual Report 2007

292 Ueno O, Kawano Y, Wakayama M, Takeda T (2006) Leaf vascular systems in C3 and C4 grasses: A two-dimensional 
analysis Annals of Botany 97(4):611-621 

293 Ueno O, Bang S W, Wada Y, Kobayashi N, Kaneko R, Kaneko Y, Matsuzawa Y (2007) Inheritance of C3-C4 
Intermediate Photosynthesis in Reciprocal Hybrids between Moricandia arvensis (C3-C4) and Brassica oleracea (C3) 
that Differ in their Genome Constitution Plant Production Science 10(1):68-79 

294 Ushizawa K, Takahashi T, Kaneyama K, Hosoe M, Hashizume K (2006) Cloning of the bovine antiapoptotic 
regulator, BCL2-related protein A1, and its expression in trophoblastic binucleate cells of bovine placenta Biology of 
Reproduction 74(2):344-351 

295 Ushizawa K, Takahashi T, Hosoe M, Kizaki K, Abe Y, Sasada H, Sato E, Hashizume K (2007) Gene expression 
profiles of novel caprine placental prolactin-related proteins similar to bovine placental prolactin-related 
proteins BMC Developmental Biology 7(16):1-13 

296 Vidya Saraswathi D, Azhaguvel P, Senthil N, Koba T, Komatsuda T (2006) Molecular Mapping of Non-Brittle Rachis 
Genes btr1 and btr2 using STS Markers in Barley Japan Agricultural Research Quarterly 40(3):239–242 

297 Wakasa Y, Yasuda H, Takaiwa F (2006) High accumulation of bioactive peptide in transgenic rice seeds by 
expression of introduced multiple genes Plant Biotechnology Journal 4(5):499-510 

298 Wakayama M, Ohnishi J, Ueno O (2006) Structure and enzyme expression in photosynthetic organs of the atypical 
C4 grass Arundinella hirta Planta 223(6):1243-1255 

299 Wang H, Taketa S, Miyao A, Hirochika H, Ichii M (2006) Isolation of a novel lateral-rootless mutant in rice (Oryza 
sativa L.) with reduced sensitivity to auxin Plant Science 170(1):70-77 

300 Wasaki J , Shinano T, Onishi K, Yonetani R, Yazaki J, Fujii F, Shimbo K, Ishikawa M, Shimatani Z, Nagata 
Y, Hashimoto A, Ohta T, Sato Y, Miyamoto C, Honda S, Kojima K, Sasaki T, Kishimoto N, Kikuchi S, Osaki 
M (2006) Transcriptomic analysis indicates putative metabolic changes caused by manipulation of phosphorus 
availability in rice leaves Journal of Experimental Botany 57(9):2049-2059 

301 Watanabe H, Takase A, Tokuda G, Yamada A, Lo N (2006) Symbiotic Archaezoa of the primitive termite Mastotermes 
darwiniensis still play a role in cellulase production Eukaryotic Cell 5(9):1571-1576 

302 Watanabe M, Sakashita T, Fujita A, Kikawada T, Horikawa D.D, Nakahara Y, Wada S, Funayama T, Hamada N, 
Kobayashi Y, Okuda T (2006) Biological effects of anhydrobiosis in an African chironomid, Polypedilum vanderplanki 
on radiation tolerance International Journal of Radiation Biology 82(8):587-592 

303 Watanabe M, Sakashita T, Fujita A, Kikawada T, Nakahara Y, Hamada N, Horikawa D.D, Wada S, Funayama T, 
Kobayashi Y, Okuda T (2006) Estimation of radiation tolerance to high LET heavy ions in an anhydrobiotic insect, 
Polypedilum vanderplanki International Journal of Radiation Biology 82(12):835-842 

304 Watanabe M, Nakahara Y, Sakashita T, Kikawada T, Fujita A, Hamada N, Horikawa D.D, Wada S, Kobayashi 
Y, Okuda T (2007) Physiological changes leading to anhydrobiosis improve radiation tolerance in Polypedilum 
vanderplanki larvae Journal of Insect Physiology 53(6):573-579 

305 Watanabe S, Honma D, Furusawa T, Sakurai T, Sato M (2006) Preparation of enzymatically active human Myc-
tagged-NCre recombinase exhibiting immunoreactivity with anti-Myc antibody Molecular Reproduction and 
Development 73(11):1345-1352 

306 Watanabe S, Watanabe S, Sakamoto N, Sato M, Akasaka K (2006) Functional analysis of the sea urchin-derived 
arylsulfatase (Ars)-element in mammalian cells Genes to Cells 11(9):1009-1021 

307  Windsor-Engnell M. B, Kasuya E, Mizuno M, Keen L. K, Terasawa E (2007) An increase in in vivo release of LHRH 
and precocious puberty by posterior hypothalamic lesions in female rhesus monkeys (Macaca Mulatta) American 
Journal of Physiology: Endocrinology and Metabolism 292(4):E1000-E1009 

308 Xie X, Shinomura T, Inagaki N, Kiyota S, Takano M (2007) Phytochrome-mediated inhibition of coleoptile growth in 
rice: age dependency and action spectra Photochemistry and Photobiology 83(1):131-138 

309 Yabe R, Suzuki R, Kuno A, Fujimoto Z, Jigami Y, Hirabayashi J (2007) Tailoring a novel sialic acid-binding lectin from 
a ricin-b chain-like galactose-binding protein by natural evolution-mimicry  Journal of Biochemistry 141(3):389-399 



Annual Report 2007  111

310 Yamaguchi H, Morishita T, Degi K, Tanaka A, Shikazono N, Hase Y (2006) Effect of carbon-ion beams irradiation on 
mutation induction in rice Plant Mutation Reports 1(1):25-27 

311 Yamamoto H, Nakashima N, Ikeda Y, Uchiumi T (2007) Binding mode of the first aminoacyl-tRNA in 
translation initiation mediated by Plautia stali intestine virus internal ribosome entry site Journal of Biological 
Chemistry 282(11):7770-7776 

312 Yamamoto J, Naemura A, Ura M, Ijiri Y, Yamashita T, Kurioka A, Koyama A (2006) Testing various fruits for anti-
thrombotic effect: I. Mulberries Platelets 17(8):555-564 

313 Yamamoto K, Narukawa J, Kadono-Okuda K, Nohata J, Sasanuma M, Suetsugu Y, Banno Y, Fujii H, Goldsmith M. R, 
Mita K (2006) Construction of a single nucleotide polymorphism linkage map for the silkworm, Bombyx mori, based 
on bacterial artificial chromosome end sequences Genetics 173(1):151-161 

314 Yamamoto M. P, Onodera Y, Touno S. M, Takaiwa F (2006) Synergism between RPBF Dof and RISBZ1 bZIP 
activators in the regulation of rice seed expression genes Plant Physiology 141(4):1694-1707 

315 Yamamoto R, Uenishi H, Yasue H, Takagaki Y, Sato E (2007) The genomic structure and a novel alternatively spliced 
form of porcine pTα chain Molecular Immunology 44(4):591-597 

316 Yamanaka N, Zitnan D, Kim Y-J, Adams M. E, Hua Y-J, Suzuki Y, Suzumi M, Suzuki A, Satake H, Mizoguchi A, 
Asaoka K, Tanaka Y, Kataoka H (2006) Regulation of insect steroid hormone biosynthesis by innervating peptidergic 
neurons Proceedings of the National Academy of Sciences of the United States of America 103(23):8622-8627 

317 Yamasaki C, Kawashima H, Todokoro F, Imaizumi Y, Ogawa M, Tanino M, Itoh T, Gojobori T, Imanishi T (2006) TACT: 
Transcriptome auto-annotation conducting tool of H-InvDB Nucleic Acids Research 34(Web Server issue):
W345-349 

318 Yamato K.T, Ishizaki K, Fujisawa M, Okada S, Nakayama S, Fujishita M, Bando H, Yodoya K, Hayashi K, Bando T, 
Hasumi A, Nishio T, Sakata R, Yamamoto M, Yamaki A, Kajikawa M, Yamano T, Nishide T, Choi S, Shimizu-Ueda 
Y, Hanajiri T, Sakaida M, Kono K, Takenaka M, Yamaoka S, Kuriyama C, Kohzu Y, Nishida H, Brennicke A, Shin-i 
T, Kohara Y, Kohchi T, Fukuzawa H, Ohyama K (2007) Gene organization of the liverwort Y chromosome reveals 
distinct sex chromosome evolution in a haploid system Proceedings of the National Academy of Sciences of the 
United States of America 104(15):6472-6477 

319 Yamazaki T, Furuya H, Watanabe T, Nishiuchi Y, Nishio H, Abe A (2006) Negatively charged residue block attached 
to either the N- or C-terminus of α-helical alanine block has different effects on the helix-coil transition Chimica 
Oggi 24(4):55-58 

320 Yanagisawa T, Domon E, Fujita M, Kiribuchi-Otobe C, Takayama T (2006) Starch Pasting Properties and Amylose 
Content from 17 Waxy Barley Lines Cereal Chemistry 83(4):354-357 

321 Yang G, Nakamura H, Ichikawa H, Kitano H, Komatsu S (2006) OsBLE3, a brassinolide-enhanced gene, is involved 
in the growth of rice Phytochemistry 67(14):1442-1454 

322 Yang L, Tada Y, Yamamoto M. P, Zhao H, Yoshikawa M, Takaiwa F (2006) A transgenic rice seed accumulating 
an anti-hypertensive peptide reduces the blood pressure of spontaneously hypertensive rats FEBS 
Letters 580(13):3315-3320 

323 Yano K, Tansengco M.L, Hio T, Higashi K, Murooka Y, Imaizumi-Anraku H, Kawaguchi M, Hayashi. M (2006) New 
nodulation mutants responsible for infection thread development in Lotus japonicus Molecular Plant-Microbe 
Interactions 19(7):801-810 

324 Yasuda H, Hayashi Y, Jomori T, Takaiwa F (2006) The correlation between expression and localization of a foreign 
gene product in rice endosperm Plant and Cell Physiology 47(6):756-763 

325 Yasui H, Wakamura S, Arakaki N, Yasuda T, Akino T, Fukaya M (2007) Collection and quantification of airborne 
pheromone from individual females of the black chafer Holotrichia loochooana loochooana (Coleoptera: 
Scarabaeidae): Heterogeneity of feral females in respect to pheromone release Applied Entomology and 
Zoology 42(1):143-150 
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326 Yasui H, Akino T, Yasuda T, Fukaya M, Wakamura S, Ono H (2007) Gomadalactones A, B, and C: novel 3-oxabi
cyclo[3.3.0]octane compounds in the contact sex pheromone of the white-spotted longicorn beetle, Anoplophora 
malasiaca Tetrahedron Letters 48(13):2395-2400 

327 Yasukochi Y, Ashakumary L. A, Baba K, Yoshido A, Sahara K (2006) A second generation integrated map of the 
silkworm reveals synteny and conserved gene order between lepidopteran insects Genetics 173(3):1319-1328 

328 Yayou K, Seo T, Uetake K, Ito S, Nakamura M (2007) Effects of intracerebroventricular infusions of arginine 
vasopressin in sheep Physiology & Behavior 90(2-3):376-381 

329 Yokoyama T, Tomooka N, Okabayashi M, Kaga A, Boonkerd N, Vaughan D. A (2006) Variation in the nod gene 
RFLPs, nucleotide sequences of 16S rRNA genes, Nod factors, and nodulation abilities of Bradyrhizobium strains 
isolated from Thai Vigna plants Canadian Journal of Microbiology 52(1):31-46 

330 Yonemura N, Sehnal F (2006) The design of silk fiber composition in moths has been conserved for more than 150 
million years Journal of Molecular Evolution 63(1):42-53 

331 Yonemura N, Sehnal F, Mita K, Tamura T (2006) Protein composition of silk filaments spun under water by caddisfly 
larvae Biomacromolecules 7(12):3370-3378 

332 Yoshida K, Imaizumi N, Kaneko S, Kawagoe Y, Tagiri A, Tanaka H, Nishitani K, Komae K (2006) Carbohydrate-
binding module of a rice endo-β-1,4-glycanase, OsCel9A, expressed in auxin-induced lateral root primordia, is post-
translationally truncated Plant and Cell Physiology 47(11):1555-1571 

333 Yoshida T, Kanzaki T, Iizuka R, Komada T, Zako T, Suzuki R, Maruyama T, Yohda M (2006) Contribution of 
the C-terminal region to the thermostability of the archaeal group II chaperonin from Thermococcus sp. strain 
KS-1 Extremophiles 10(5):451-459 

334 Yoshido A, Yasukochi Y, Marec F, Abe H, Sahara K (2007) FISH analysis of the W chromosome in Bombyx 
mandarina and severa other species of lepidoptera by means of B. mori W-BAC probes Journal of Insect 
Biotechnology and Sericology 76(1):1-7 

335 Yoshiyama T, Namiki T, Mita K, Kataoka H, Niwa R (2006) Neverland is an evolutionally conserved Rieske-domain 
protein that is essential for ecdysone synthesis and insect growth Development 133(13):2565-2574 

336 Yura K, Shionyu M, Hagino K, Hijikata A, Hirashima Y, Nakahara T, Eguchi T, Shinoda K, Yamaguchi A, Takahashi 
K, Itoh T, Imanishi T, Gojobori T, Go M (2006) Alternative splicing in human transcriptome: Functional and structural 
influence on proteins Gene 380(2):63-71 

337  Zhong Y-S, Mita K, Shimada T, Kawasaki H (2006) Glycine-rich protein genes, which encode a major component 
of the cuticle, have different developmental profiles from other cuticle protein genes in Bombyx mori Insect 
Biochemistry and Molecular Biology 36(2):99-110 

　2) Japanese language with English Summary

1 Fukui K (2006) Analysis of dry matter production in field mulberry pruned at various heights 1.The relationship 
between the amount of intercepted solar radiation and the dry matter increment Sanshi-Konchu Biotec 
75(3):199-205

2 Fukui K (2006) Analysis of dry matter production in field mulberry pruned at various heights 2.Modeling dry matter 
production and dry matter division Sanshi-Konchu Biotec 75(3):207-213

3 Iizuka H, Kato A, Uchida S, Hosobuchi S, Takamiya T, Murakami Y, Yamashita H, Okuizum H (2006) Development 
of the cultivar-discrimination markers based on RLGS(Restriction Landmark Genome Scanning) method in konjak, 
Amorphophallus konjac, DNA Polymorphism 14:15-153

4 Imanishi S, Chun Y Y, Kimura H (2006) Development of baculovirus gene expression system using Bombyx mori 
culture cell line (NIAS-Bm-Ke1) that adjusted to serum-free media Sanshi-Konchu Biotec 75(1):45-51

5 Inouchi J (2006) Olfactory information processing in populations of neurons in the insect brain Aroma Research 
7(3):2-5
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6 Ito S, Yayou K, Matsuyama S, Moriyama R, Suto M, Kasuya E, Ohkura S, Okamura H (2006) Effect of familiar peers 
or own videos on behavioral and physiological response in isolated calves Animal Behaviour and Management 
42(4):203-208

7 Kinoshita H, Watase H, Iizuka M, Nagayasu K, Kosegawa E (2006) On the Cocoon Characteristics of European 
Races Maintained as Genetic Resource J. Silk Sci.Tech. Jpn. 15: 7-14

8 Kobayashi M, Ebina M, Tsuruta S, Takahara M, Inafuku M, Nakagawa H (2006) Inexpensive development of turf 
ground by combination of Japanese lawngrass and temperate grass J. Jpn. Soc. Turfgrass Sci. 35(1):28-34

9 Morishita T, Yamaguchi H, Degi K, Tetsuka T (2006) Agronomic Characters and Chemical Component of Grains of 
Tartary Buckwheat Jpn. J. Crop Sci. 75(3):335-344

10 Nii M, Hayashi T, Mikawa S (2006) Genetic evaluation of meat characteristics of Japanese wild boar through QTL 
analysis with a Japanese wild boar × Large White cross Animal Breeding Res. 34(2):23-31

11 Satoh M (2006) Genetic Improvement of Litter Size in Swine Selected for Total Number Born or Number Born Alive 
Jpn. J. Swine Sci. 43(1):16-19

12 Satoh M (2006) Genetic Improvement of Litter Size at Weaning in Swine Selected at Random Jpn. J. Swine Sci. 
43(3):168-173

13 Satoh M, Ishii K (2006) Estimation of Genetic Parameters for Litter Size at Weaning in Syrian Hamsters 
Experimental Hervivora 30:13-18

14 Shimizu K, Hirokawa M, Tatematsu K, Kosegawa E (2006) Genetic analysis of the new mutant, translucent 
Hime'nichi, in the silkworm, Bombyx mori Sanshi-Konchu Biotec 75(1):33-36

15 Takamiya T, Okada T, Hosobuchi S, Okamoto H, Murakami Y, Okuizumi H (2006) Detection of DNA polymorphisms 
among ecotypes of Arobidopsis thaliana using RLSG DNA Polymorphism 14:134-137

16 Takasu Y, Yamada H, Tsubouchi K (2006) The silk sericin component with low crystallinity Sanshi-Konchu Biotec 
75(2):133-139

17 Takezaki A, Tomioka K, Yamanaka M, Fukumoto Y, Naka T (2006) Suppression of Fusarium  wilt of carnation by 
chitosan Chitin and Chitosan Research 12(2):56-60

18 Tanaka I, Kobayashi A, Tomita K, Takeuchi Y, Yamagishi M, Yano M, Sasaki T, Horiuchi H (2006)  Detection of 
Quantitative Trait Loci for Stickiness and Appearance Based on Eating Quality Test in japonica Rice Cultivar 
Breeding Research 8:39-47

19 Tayama T, Suzuki K, Mikawa S, Awata T, Uenishi H, Hayashi T, Maeda K, Kachi T, Uemoto Y, Kano H, Shibata T, 
Kojima C, Nishida A (2006) Identification of Quantitative Trait Loci for Immune Traits in Landrace Purebred Swine 
Jpn. J. Swine Science 43(4):187-194

20 Yamashita H, Sakumura T, Honda D, Iizuka H, Okuizumi H (2006) Detection of DNA polymorphisms in konjack 
(Amorphophallus konjac)using Fluorescence Representational Genomic Profiling method DNA Polymorphism 
14:141-143

21 Yano K, Kawada Y, Sato T (2005) Methods for detecting intermediately benzimidazole-resistant strains of 
Colletotrichum gloeosporioides using the characteristics of fungicide sensitivity Phoc. Assoc.Pl. Protec. Shikoku 
40:1-4
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　1) Reviews

1 Hashizume K, Ushizawa K, Patel V. O, Kizaki K, Imai K, Yamada O, Nakano H, Takahashi T (2007) Gene expression 
and maintenance of pregnancy in bovine: roles of trophoblastic binucleate cell-specific molecules Reproduction, 
Fertility and Development 19(1):79-90 

2 Hiroi T, Takaiwa F (2006) Peptide immunotherapy for allergic diseases using a rice-based edible vaccine Current 
Opinion in Allergy and Clinical Immunology 6(6):455-460 

3 Ishibashi K, Kodama K, Ishikawa M (2006) In vitro translation and replication of tobamovirus RNA in a cell-free 
extract of evacuolated Tobacco BY-2 protoplasts Biotechnology in Agriculture and Forestry, vol 58 Tobacco 
BY-2 Cells: From Cellular Dynamics to Omics 58:183-194 

4 Izawa T (2007) Daylength measurements by rice plants in photoperiodic short-day flowering International Review 
of Cytology 256:191-222 

5 Kaneko H, Hasegawa Y (2007) Application of time-resolved fluorometry to immunoassays for bovine reproductive 
hormones Animal Science Journal 78(1):7–15 

6 Kikuchi K, Nakai M, Shimada A, Kashiwazaki N (2006) Production of viable porcine embryos by in vitro fertilization 
(IVF) and intracytoplasmic sperm injection (ICSI) Journal of Mammalian Ova Research 23(3):96-106 

7 Maeda K, Adachi S, Inoue K, Ohkura S, Tsukamura H (2007) Metastin/Kisspeptin and control of estrous cycle in 
rats Reviews in Endocrine & Metabolic Disorders 8(1):21-29 

8 Matsumoto T, Wu J, Namiki N, Kanamori H, Fujisawa M, Sasaki T (2006) Completion of rice genome sequencing-a 
paradigm shift of rice biology- Japan Agricultural Research Quarterly 40(2):99-105 

9 Morita R, Morishita T, Nakagawa H, Nishimura M, Yamaguchi H, Yokota Y, Hase Y, Tanaka A (2007) Comparison of 
the mutation inducing effect between Ion beams and Gamma ray Takasaki Annual Report 2005:78 

10 Nagai T, Funahashi H, Yoshioka K, Kikuchi K (2006) Up date of in vitro production of porcine embryos Frontiers in 
Bioscience 11(3):2565-2573 

11 Nakai M, Kikuchi K, Kashiwazaki N (2006) The importance of intact sperm DNA in development of oocytes injected 
with sperm heads in rats and pigs Journal of Reproduction Engineering 9(supplement):367-373 

12 Okamura H, Ohkura S (2007) Neuroendocrine control of reproductive function in ruminants Animal Science 
Journal 78(2):105-111 

13 Okuda K, Sakumoto R (2006) Regulation of uterine function by cytokines in cows: Possible actions of tumor necrosis 
factor-α, interleukin-1α and interferon-τ Animal Science Journal 77(3):266-274 

14 Sasaki T (2006) Rice in deep water Nature 442:635-636 

15 Sasaki T (2007) Impact of the complete rice genome sequence information on future basic and applied plant science 
research Gamma Field Symposia 44:1-14 

16 Satoh M (2006) Recent advances in animal breeding theory Journal of Integrated Field Science 3:45-52 

17 Subudhi P.K, Sasaki T, Khush G.S (2006) Rice Genome Mapping and Molecular Breeding in Plants, Volume 1: 
Cereals and Millets:1-78 

18 Takahashi T (2006) Biology of the prolactin family in bovine placenta. I. Bovine placental lactogen: Expression, 
structure and proposed roles Animal Science Journal 77(1):10-17 

19 Takaiwa F (2006) Development of rice seed based edible vaccine for allergic immunotherapy ISB News 
Report (3):1-4 

Reviews and Monograph (In English)
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20 Takaiwa F (2007) A rice-based edible vaccine expressing multiple T-Cell epitopes to induce oral tolerance and inhibit 
allergy Immunology and Allergy Clinics 27(1):129-139 

21 Takayama Y, Takezawa T (2006) Lactoferrin promotes collagen gel contractile activity of fibroblasts mediated by 
lipoprotein receptors Biochemistry and Cell Biology 84(3):268-274 

22 Tanaka S (2006) Corazonin and locust phase polyphenism Applied Entomology and Zoology 41(2):179-193 

23 Tomooka N, Kaga A, Vaughan D.A (2006) The Asian Vigna (Vigna Subgenus Ceratotropis) Biodiversity and 
Evolution Plant Genome 1(Part C):87-126 

24 Ushizawa K, Hashizume K (2006) Biology of the prolactin family in bovine placenta. II. Bovine prolactin-related 
proteins: Their expression, structure and proposed roles Animal Science Journal 77(1):18-27 

　2) Monograph

1 Antonio A.B, Sasaki T (2006) Characterization of the completed rice genome sequence and scope of its utilization in 
cereal improvement Model Plants and Crop Improvement :71-90 

2 Kagami H, Myshika T, Noguchi T, Yamamoto Y, Fujiwara A, Yamakawa N, Okuizumi H, Ono T (2006) Pluripotent 
cell culture engineering and the application for avian biotechnology Animal Cell Technology: Basic & Applied 
Aspects 14:135-141 

3 Kawagoe Y (2006) Thermodynamics in cellulose biosynthesis: Entropy-driven synthesis of cellulose microfibrils The 
Science and Lore of the Plant Cell Wall: Biosynthesis, Structure and Function :106-113 

4 Mitsuhashi W (2006) Enhancement of the infectivity of insect viruses: a protein produced by entomopoxviruses is a 
potential synergist of viral pesticides Recent Research Developments in Entomology, Vol. 5 :147-159 

5 Murakami Y, Miwa H, Imaizumi-Anraku H, Wang X, Downie J. A, Kawaguchi M, Kouchi H, Kawasaki 
S (2006) Cloning and characterization of a novel component of nodulation-specific signal transduction, TINod 
(Transcription Initiator for Nodulation), in lotus japonicus Biology of Plant Microbe Interactions 5:60-64 

6 Ozoe Y, Ishikawa S, Tomiyama S, Ozoe F, Kozaki T, Scott J.G (2007) Antagonism of the GABA receptor or dieldrin-
resistant housefies by fipronil and its analogues Synthesis and Chemistry of Agrochemicals Series VII :39-53 

7 Saito Y, Terada S, Takezawa T (2006) Culture of insulinoma cells on pancreas sections Animal Cell Technology: 
Basic & Applied Aspects 14 :271-276 

8 Tanaka Y, Kataoka H (2006) Neuropeptides and their functions in lepidopteran insects Invertebrate neuropeptides 
and hormones: Basic knowledge and recent advances :157-177 

　3) Others

1 Banba M, Kouchi H, Imaizumi-Anraku H (2006) Analysis of host genes governing rhizobial and mycorrhizal 
symbioses JSPS/NSF Joint Seminar :22 

2 Caikovski M, Chotika S, Habu Y, Jerzy P (2006) Arabidopsis MOM1 protein is severely degenerated homolog of 
CHD3 protein 71st Cold Spring Harbor Laboratory Symposium: Regulatory RNAs

3 Fukuoka S, Ebana K, Uga Y, Kawase M (2007) Natural variationation and the study for enhancing genetic diversity in 
rice Gamma Field Symposia 44:45-53 

4 Habu Y, Ando T, Ito S, Taguchi-Shiobarai F, Yanoi M (2007) Changes in chromatin modification alter segregation 
distortion in a rice inter-subspecific hybrid 24th Symposium in Plant Biology, Gene Silencing: The Biology of 
Small RNA and the Epigenome. Abstracts

5 Hossain Md.S, Umehara Y, Sato S, Kaneko T, Tabata S, Kouchi H (2006) A novel Fix－ symbiotic mutant of Lotus 
japonicus, Ljsym105, shows impaired development and premature deterioration of nodule infected cells and 
symbiosomes JSPS/NSF Joint Seminar :42 
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6 Ichikawa A, Ono H (2006) Preparation of single-enantiomer semiochemicals using 2-methoxy-2-(1-
naphthyl)propionic acid and 2-methoxy-2-(9-phenanthryl)propionic acid Abstract Book of Seventh Tetrahedron 
Symposium :134 

7 Kaga A, Kuroda Y, Tomooka N, Vaughan D (2006) Gene dispersal from soybean to wild soybean growing 
in their natural habitat in Japan NIAES International Symposium 2006, Evaluation and Effective Use of 
Environmental Resources for Sustainable Agriculture in Monsoon Asia - Toward International Research 
Collaboration:212-214 

8 Kojima M, Degawa M (2006) Age-related gene expressions of heptatic CYP3A subfamily enzymes in Landrace 
pigs 20th IUBMB International Congress of Biochemistry and Molecular Biology and 11th FAOBMB Congress 
ABSTRACT:163 

9 Kumagai H, Umehara Y, Sato S, Kaneko T, Tabata S, Kouchi H (2006) A novel ankyrin-repeat protein IGN1 is 
required for functional nitrogen-fixation in root nodules of Lotus japonicus JSPS/NSF Joint Seminar:43 

10 Noda H (2007) Toward planthopper gene functional studies Division Seminar at International Rice Research 
Institute

11 Okamura H (2006) Male effect pheromones in goats International Symposium on Evolutionary Aspects of 
Chemical Communication and Animal Behavior 

12 Saito K, Yoshikawa M, Yano K, Miwa H, Awamizu E, Sato S, Tabata S, Imaizumi-Anrakul H, Umeharal Y, Kochil H, 
Murooka Y, Nagata T, Szczyglowski K, Downie A, Parniske M, Hayashi M, Masayoshi Kawaguchi M (2006) Lotus 
japonicus nucleoporin required for both mycorrhization and nodulation JSPS/NSF Joint Seminar :49 

13 Shibata S, Chen W, Sato S, Kaneko T, Sandal N, Stougaard J , Tabata S, Umehara Y, Kouch i 
H (2006) Characterization of LjSym101 that is required for rhizobial infection and nodule organogenesis JSPS/NSF 
Joint Seminar :41 

14 Shiotsuki T, Tan Y, Tamura T(2006) Developmental characteristics of transgenic silkworm with overexpression 
of juvenile hormone esterase 7th International workshop on the molecular biology and genetics of the 
Lepidoptera

15 Shirata K, Kawase M (2006) Plant genetic resources status and progress of activities in Japan Proceedings of the 
APEC workshop on effective genebank management in APEC member economies :467-473 

16 Uga Y, Okuno K (2006) QTL mapping of vascular system of root in rice (Oryza sativa L.) 2nd International Rice 
Congress 2006 Abstracts:157 

17 Umehara Y, Shibata S, Kumagai H, Hossain Md. S, Chen W, Kouchi H (2006) Genetic mapping and characterization 
of Fix- mutants of Lotus japonicus JSPS/NSF Joint Seminar:27 
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Main Meetings related NIAS

International Workshop on Domestication, super-domestication and 
gigantism : Human manipulation of plant genomes for increasing yield 
 International workshop on Domestication, super-domestication and gigantism was 
held on Oct 2-4, 2006 in Tsukuba sponsored by OECD and NIAS, and supported by Annals 
of Botany. The objectives of this workshop was to look at the domestication process and new 
insights from genome studies in various crops such as cereals, legumes, root crops, fruits 
and fi bers. Twenty one oral presentations, 14 from overseas and 7 from Japan, were given. 

International Workshop on Animal Genome　Analysis 2006 :　Application 
of livestock genome information to breeding technology and creating new 
demands
 International workshop on animal genome analysis 2006 was held under the title 
Application of livestock genome information to breeding technology and creating new 
demands (Animal genome industries contributing to an improved quality of life) on Nov 9, 
2006 at Jitensha Kaikan in Tokyo. Eight invited speakers (1 from overseas and 7 Japanese) 
gave presentations on animal genome research, practical application of genome information 
for livestock improvement. 

2007 Tsukuba Meeting for Animal Biotechnology： Progress in Somatic 
Cell Nuclear Transfer Technology (2007 TMAB)
 The NIAS and NILGS Sponsored International Symposium was held on Jan 
12-13, 2007, at Tsukuba International Congress Center (Epocal Tsukuba). The purpose 
of this symposium was to discuss recent progress in somatic cell nuclear transfer 
technology. Nighteen oral presentation from overseas and 22 poster presentation were 
given. Proceeding of this meeting is available on http://www.nias.affrc.go.jp/2007tmab/
2007TMAB_Proceedings.pdf.

45th Gamma-Field Sympo (Mito, July 12-13, 2006)

The Third Rice Annotation Project Meeting (RAP3) (Tsukuba, Dec 9-10, 
2006)
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Executive Members and
Research Staff Members

(as of March 31, 2007)

Executive Members
President Ishige Teruo

Vice-President Sasaki Takuji

Vice-President Natori Shinji

Auditor Horio Yoshinori

Auditor Motoi Yoshiko

Research Staff
Planning and Support Section

Research Planning and Coordination Research Director-General Shinbo Hiroshi

Research Director Kawasaki Kenjiro

Research Director Machii Hiroaki

Research Director Ohkawa Yasunobu

Research Director Nakagawa Hitoshi

Deputy Research Directors (Asaoka Kiyoshi)

Deputy Research Directors (Onishi Akira)

Deputy Research Directors (Handa Hirokazu)

Deputy Research Directors (Fukuda Atsunori)

Deputy Research Directors (Nakashima Nobuhiko)

Research Planning Section Head Noda Takashi

Obo Masahiro

(Kawahigashi Hiroyuki)

Evaluation Section Head Haga Atsunobu

Kato Mashao

Information Management Section Head Mitsuhashi Hatsuhito

Chief Researcher Kawada Masae

Library Head Nagaoka Shinichi

Public Relations Section Head Niino Takao

Chief Researcher Inoue Takashi

Kato Hiroshi

GMO Research Promotion Section Head Tabei Yutaka

(Domon Eiji)

Safety Management Section Head Watanabe Shinichiro

Technology Transfer and Research Cooperation Section Head Ohura Masanobu
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Chief Researcher Kayano Toshiaki

Chief Researcher Hirogari Yasuhiro

(Tukada Masuhiro)

(Sakurai Michiharu)

(Hagio Takashi)

Genetic Resources Management Section Head Suzuki Akira

Technical Support Section Head Kawauchi Ikuo

Head Kobayashi Toru

Research Center
QTL Genomic Research Center Director Yano Masahiro

Chief Researcher Sugimoto Kazuhiko

Chief Researcher Taguchi Fumio

Chief Researcher Yamamoto Toshio

Chief Researcher Ebana Kaworu

Chief Researcher Fukuoka Shuichi

Chief Researcher Mizobuchi Ritsuko

Chief Researcher Yamanouchi Utako

Chief Researcher Ueda Tadamasa

Researcher Yamamoto Shinichi

Researcher Uga Yusaku

Researcher Hori Kiyosumi

Transgenic Crop Research and Development Center Director Takaiwa Fumio

Chief Researcher Domon Eiji

Chief Researcher Takahashi Sakiko

Researcher Takagi Hidenori

Researcher Kawakatsu Taiji

Transgenic Silkworm Research Center Director Tamura Toshiki

Chief Researcher Yonemura Naoyuki

Researcher Iizuka Tetsuya

Researcher Tatematsu Kenichiro

Researcher Sezutsu Hideki

Researcher Kobayashi Isao

Transgenic Animal Research Center Director Kitani Hiroshi

Senior Researcher Naito Mitsuru

Senior Researcher Sakurai Michiharu

Senior Researcher Onishi Akira

Chief Researcher Matsubara Yuko

Chief Researcher Takezawa Toshiaki

Chief Researcher Takenouchi Takato

Chief Researcher Sato Mitsuru

Researcher Fuchimoto Daiichiro



120  Annual Report 2007

Researcher Akizuki Gaku

Researcher Suzuki Syunichi

Researcher Senbon Shoichiro

(Tokunaga Tomoyuki)

(Ohkoshi Katsuhiro)

Division of Genome and Biodiversity Research
Director Hirochika Hirohiko

Plant Genome Research Unit Head Matsumoto Takashi

Senior Researcher Kikuchi Shoshi

Senior Researcher Komatsuda Takao

Chief Researcher Handa Hirokazu

Chief Researcher Katayose Yuichi

Chief Researcher Ogawa Taiichi

Chief Researcher Wu Jianzhong

Chief Researcher Kawahigashi Hiroyuki

Researcher Mizuno Hiroshi

(Izawa Takeshi)

Bioinformatics Research Unit Head Ito Takeshi

Chief Researcher Maeda Miki

Researcher Numa Hisataka

Researcher Tanaka Tsuyoshi

Genome Resource Center Head Nagamura Yoshiaki

Chief Researcher Baltazar Antonio

Chief Researcher Miyao Akio

Chief Researcher Koga Yasunori

(Ichikawa Hiroaki)

Genebank Director (Ohkawa Yasunobu)

Senior Researcher Nagayasu Kenichi

Senior Researcher Umehara Masamichi

Senior Researcher Minezawa Mitsuru

Senior Researcher Shirata Kazuto

Senior Researcher Kinoshita Haruo

Senior Researcher Imanishi Shigeo

Senior Researcher Sato Toyozo

Senior Researcher Duncan Alexander Vaughan

Senior Researcher Koyama Akio

Senior Researcher Kawase Makoto

Senior Researcher Tomooka Norihiko

Senior Researcher Aoki Takayuki

Senior Researcher Sawada Hiroyuki

Chief Researcher Takeya Masaru

Chief Researcher Nagai Toshiro
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Chief Researcher Kosegawa Eiichi

Chief Researcher Okuizumi Hisato

Chief Researcher Tomioka Keisuke

Chief Researcher Kaga Akito

Chief Researcher Nishikawa Tomotaro

Chief Researcher Fukui Kuniaki

Hayasaka Shoji

Senior Researcher (Niino Takao)

Institute of Radiation Breeding Director (Nakagawa Hitoshi)

Senior Researcher Nishimura Minoru

Chief Researcher Takyu Toshio

Chief Researcher Morishita Toshikazu

Chief Researcher Shimizu Akemi

Chief Researcher Yamanouchi Hiroaki

Chief Researcher Yoshioka Terutaka

Researcher Morita Ryohei

Soybean Genome Research Team Head (Hirochika Hirohiko)

(Katayose Yuichi)

(Kaga Akito)

Division of Plant Sciences
Director Meshi Tetsuo

Chief Researcher Hagihara Kiyoshi

Environmental Stress Research Unit Head (Meshi Tetsuo)

Senior Researcher Tanaka Yoshiyuki

Senior Researcher Ogawa Masafumi

Senior Researcher Ishikawa Masaya

Chief Researcher Fukuda Atsunori

(Sugimoto Kazuhiko)

(Ueda Tadamasa)

Photobiology and Photosynthesis Research Unit Head Takano Makoto

Senior Researcher Ueno Osamu

Senior Researcher Miyao Mitsue

Chief Researcher Takeichi Tetsuo

Chief Researcher Yazaki Yoshiaki

Chief Researcher Izawa Takeshi

Chief Researcher Ichikawa Hiroaki

Chief Researcher Kiyota Seiichiro

Chief Researcher Inagaki Noritoshi

Chief Researcher Ishimaru Ken

Chief Researcher Baba Akiko

Chief Researcher Iwamoto Masao

Chief Researcher Sentoku Naoki
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Plant Disease Resistance Research Unit Head Takatsuji Hiroshi

Senior Researcher Kawasaki Shinji

Senior Researcher Hayashi Nagao

Chief Researcher Mori Masaki

Chief Researcher Jiang Cian Je

Chief Researcher Sugano Shoji

Researcher Takahashi Akira

Researcher Inoue Haruhiko

Protein Research Unit Head Yamazaki Toshimasa

Senior Researcher Shimomura Shoji

Senior Researcher Takase Kenji

Senior Researcher Momma Mitsuru

Chief Researcher Kajiwara Hideyuki

Chief Researcher Fujimoto Zui

Chief Researcher Suzuki Rintaro

Chief Researcher Wako Toshiyuki

Plant-Microbe Interactions Research Unit Head Minami Eiichi

Senior Researcher Kochi Hiroshi

Senior Researcher Ishikawa Masayuki

Chief Researcher Nakayama Yasuji

Chief Researcher Nishizawa Yoko

Chief Researcher Kato Etsuko

Chief Researcher Ochiai Hirokazu

Chief Researcher Umehara Yosuke

Chief Researcher Mitsuhara Ichiro

Chief Researcher Nishimura Marie

Chief Researcher Seo Shigemi

Chief Researcher Yoshikawa Manabu

Researcher Akimoto Chiharu

Researcher Takeuchi Kasumi

Researcher Otake Yuko

Researcher Imaizumi Haruko

Researcher Nakagawa Tomomi

Plant Genetic Engineering Research Unit Head Toki Seiichi

Chief Researcher Hagio Takashi

Chief Researcher Kishimoto Naoki

Chief Researcher Miyahara Kenzo

Chief Researcher Habu Yoshiki

Chief Researcher Nakayama Shigeki

Chief Researcher Kawagoe Yasushi

Researcher Mochizuki Atsuko

Researcher Saika Hiroaki

(Tabei Yutaka)
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Division of Insect Sciences
Director Takeda Satoshi

Insect Genome Research Unit Head Mita Kazuei

Chief Researcher Kadono Keiko

Chief Researcher Yukuhiro Kenji

Chief Researcher Yamamoto Kimiko

Chief Researcher Hirokawa Masahiko

Chief Researcher Tomita Shuichiro

Chief Researcher Yasukochi Yuji

Chief Researcher Komoto Natsuo

(Tamura Toshiki)

(Tatematsu Kenichiro)

Invertebrate Gene Function Research Unit Head Kiuchi Makoto

Senior Researcher Myohara Maroko

Chief Researcher Shinoda Tetsuro

Chief Researcher Kotaki Toyomi

Chief Researcher Shiotsuki Takahiro

Chief Researcher Asaoka Kiyoshi

Chief Researcher Taniai Kiyoko

Chief Researcher Tanaka Yoshiaki

Chief Researcher Nakao Hajime

Chief Researcher Ichikawa Akio

Chief Researcher Shimoda Masami

Chief Researcher Hatakeyama Masatsugu

Chief Researcher Kamimura Manabu

Researcher Shimura Sachiko

Researcher Kihara Mami

Researcher Kozaki Toshinori

Anhydrobiosis Research Unit Head Okuda Takashi

Chief Researcher Kikawada Takahiro

Innate Immunity Research Unit Head Yamakawa Minoru

Chief Researcher Kato Yusuke

Chief Researcher Ishibashi Jun

Chief Researcher Tanaka Hiromitsu

Insect Interaction Research Unit Head (Kawasaki Kenjiro)

Senior Researcher Wakamura Sadao

Senior Researcher Hattori Makoto

Senior Researcher Tanaka Seiji

Senior Researcher Inouchi Jun

Chief Researcher Nakamura Masatoshi

Chief Researcher Muraji Masahiko

Chief Researcher Hirayama Chikara

Chief Researcher Konno Kotaro

Chief Researcher Tateishi Ken
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Chief Researcher Hasegawa Tsuyoshi

Chief Researcher Akino Toshiharu

Chief Researcher Hinomoto Norihide

Chief Researcher Yasui Hiroe

Chief Researcher Tamura Yasumori

Researcher Maeda Taro

Insect-Microbe Research Unit Head Noda Hiroaki

Senior Researcher Hara Wajiro

Senior Researcher Miyamoto Kazuhisa

Chief Researcher Mitsuhashi Wataru

Chief Researcher Watanabe Hirofumi

Chief Researcher Nakashima Nobuhiko

Chief Researcher Arakawa Toru

Chief Researcher Watanabe Kenji

Chief Researcher Wada Sanae

Chief Researcher Murakami Ritsuko

Researcher Matsumoto Yukiko

Researcher Kageyama Daisuke

Silk-Materials Research Unit Head Tamada Yasushi

Senior Researcher Tukada Masuhiro

Chief Researcher Tomiyama Masamitsu

Chief Researcher Goto Yoko

Chief Researcher Toshima Yoshiyuki

Chief Researcher Miyazawa Mitsuhiro

Chief Researcher Hata Tamako

Chief Researcher Takasu Yoko

Chief Researcher Kameda Tsunenori

Chief Researcher Kuwana Yoshihiko

Researcher Teramoto Hidetoshi

Researcher Kojima Katsura

Silk Technology Unit Head Takabayashi Chiyuki

Chief Researcher Nakajima Kenichi

Chief Researcher Mase Keisuke

Chief Researcher Okada Eiji

Division of Animal Sciences 
Director Dohi Hiroshi

Animal Genome Research Unit Head Awata Takashi

Senior Researcher Yasue Hiroshi

Chief Researcher Hamajima Noriyuki

Senior Researcher Kojima Misaki

Senior Researcher Sato Masahiro

Chief Researcher Hayashi Takeshi

Chief Researcher Harumi Takashi

Chief Researcher Mikawa Satoshi

Chief Researcher Watanabe Satoshi
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Chief Researcher Uenishi Hirohide

Researcher Sato Shuji

Reproductive Biology Research Unit Head Tokunaga Tomoyuki

Senior Researcher Kaneko Hiroyuki

Chief Researcher Ito Yoshiyasu

Chief Researcher Goto Hideo

Chief Researcher Kikuchi Kazuhiro

Chief Researcher Noguchi Junko

Chief Researcher Takahashi Toru

Chief Researcher Suto Junichi

Chief Researcher Hurusawa Tadashi

Chief Researcher Hosoe Misa

Chief Researcher Ohkoshi Katsuhiro

Chief Researcher Miyashita Norikazu

Chief Researcher Sakumoto Ryosuke

Neurobiology Research Unit Head Okamura Hiroaki

Chief Researcher Saito Toshiyuki

Chief Researcher Ohkura Satoshi

Chief Researcher Yayo Kenichi

Chief Researcher Kasuya Etsuko

General Affairs
Management Director-General Asano Mitsuo

Management Director Hashimoto Hisashi

General Affairs Section Head Nogami Hiroshi

Accounting Section Head Ota Hideo

Management and Supply Section Head Tateno Toshitake

Audit Section Head Kurihara Teruki

(     ) additional position
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Members of NIAS Evaluation
Comittee

(as of March 31, 2007)

Ueda Ryu National Institute of Genetics

Kiguchi Kenji Shinshu University 

Kouno Tomohiro Tokyo University of Agriculture

Takeda Kazuyoshi Okayama University 

Nishimura Ikuko Kyoto University Graduate School of Science

Hirai Atsushi Meijyou University

Sakaki Yoshiyuki Riken Genomics Sciences Center

Sano Hiroshi Nara Institute of Science and Technology
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FINANCIAL OVERVIEW
Fiscal Year 2006 (April 2006 - March 2007)
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Location : How to acess to
　our National Institute of Agrobiological Sciences (NIAS)

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.

: Take the Tsukuba Express Line from Akihabara. Express train to Tsukuba (Station No. 20) Ieaves Akihabara every 
15 minutes. Only taxi is available from Tsukuba Station to NIAS. Limited Express train leaves every 30 min and stops at 
Midorino (Station No.17). Bus and taxi are available from Midorino Station to NIAS.

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.

● Headquarters 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 Institutions outsido Tsukuba
Hitachiohmiya (Inst. Radiation Breeding)
2425 Kamimurata, Hitachiohmiya, Ibaraki, 319-2293, Japan
TEL : +81-295-52-1138
Matsumoto (Sericultural 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
Hokuto (Insect Genetics Lab.)
6585 Kobuchizawa, Hokuto, Yamanashi, 408-0044, Japan
TEL : +81-551-36-2046

●Okaya (Silk Technology Unit)
●1-4-8 Gouda, Okaya, Nagano, 394-0021, Japan
●TEL : +81-266-22-3664
●Hokuto (Genebank)
●6585 Kobuchizawa, Hokuto, Yamanashi, 408-0044, Japan
●TEL : +81-551-36-2046

NIAS Institutions outside Tsukuba
●Hitachiohmiya (Inst. Radiation Breeding)
●2425 Kamimurata, Hitachiohmiya, Ibaraki, 319-2293, Japan
●TEL : +81-295-52-1138
●Matsumoto (Silk Technology Unit)
●1-10-1 Agata, Matsumoto, Nagano, 390-0812, Japan
●TEL : +81-263-32-0549
●TEL : +81-551-36-2046
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（In the fi scal year 2006）
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