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iR DY (Foreword)
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In accordance with the reorganization of the "Research
Institute for Agricultural Biology" to the "Research
Institute for Bioresources (RIB)" in 1989, the two
Instifute's bulletins for original papers, "Berichte des
Ohara Instituts fur Landwirtschaftliche Biologie,
Okayama University" in European languages and
"Nogaku Kenkyu" in Japanese were combined into a
bullétin, "Bulletin of Research Institute for
Bioresources, Okayama University". Six volumes of the
new bulletin have been issued since 1991.

In recent years, however, the members of the staff
have been conscious of the importance of publishing
their original papers in qualified international journals.
In consequence, the number of contributions to the
bulletin has been decreasing in the recent issues.
Confronted with such a problem, we have been dis-
cussing whether the publication should be discontin-
ued, or how the style of the bulletin could be changed.

On the other hand, we have published three issues
of the "Annual Report of Research Institute for
Bioresources, Okayama University" since 1993. The
first Annual Report was edited as a self-evaluation
report of RIB, and included a wide range of items
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besides but the research activities. The contents of
the second and the third issues followed the first
issue., but self-evaluation reports have been indepen-
dently edited, and the contents of the Annual Reports
should be changed to be more attractive.

As a medium for provinding information of our sci-
entific achievements to the public, publication of annu-
al report is necessary. We have thus decided to com-
bine the annual report and the bulletin to include
reports of recent research activities, review articles,
monographs etc. besides original papers, and renamed
the publication, "Report of Research Institute for
Bioresources, Okayama University".

This issue forcus the research activities of every
laboratory of this Institute in the last three years. We
hope that this report will increase your understanding
of the significance of our research activities.

(Director, Fusao Motoyoshi)



W DRER (History of the Institute)
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The Institute was founded in 1914 as the "Oohara
Institute for Agricultural Research" by Magosaburo
Oohara, a leading citizen of Kurashiki City, with the
purpose of advancing agricultural sciences.

After the Second World War, the Institute became
affiliated to the School of Agricultural Science of
Okayama University founded in 1951, and became
the"Institute for Agricultural Biology'under the direct
supervision of the University in 1953. Initially five
research divisions were organized; Plant Pathology,
Biochemistry, Applied Entomology, Plant Physiology
and Plant Genetics. Later new divisions were added,
Micrometeorology in 1960, Biological Water Quality in
1966 (the name of this division was changed to Water
Quality in 1975), Weed Science in 1970 and the Barley
Germplasm Center in 1979.

The Institute has carried out research on biore-
sources from the wide viewpoints for 70 years. The
English name of the Institute was officially changed to
the "Institute for Agricultural and Biological Sciences,
Okayama University" in 1970.

In order to meet the new scientific and social
demands, the Institute is reorganized and renamed"
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FhBEMER (B1LAR) RUBAREMER (E LR
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The Research Institute for Bioresources, Okayama
University" in 1988. The new Institute was composed
of three divisions including nine laboratories, a division
for a Foreign Visiting Professor and the Barley
Germplasm Center. The last division and the center
were unified to establish the Barley and Wild Plant
Resource Center in 1997.

The Institute contributes to the education of stu-
dents in the Graduate School of Agriculture
(Master's Degree Course) and the Graduate School of
Natural Science and Technology (Doctor's Degree
Course of Okayama University).
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WEFEIEEY (Research Activity)

BIGERAIRSEPY (Division of Genetics)
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EMS-induced variegated mutant plants.
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Laser micro-dissection system.
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Y4 R X+ EEOREGEE T EMER
Electron micrograph of a chroloplast in a rosette leaf of
Arabidopsis.
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Green fluorescent protein (GFP) BfzF2HA LA T ¥R
Vrmwzivusf XFX+
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Green fluorescent protein (GFP)-introduced transgenic
Araljidopsis. The cotyledons of the transgenic plant emits
green fluorescence as shown in the lower photograph.
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6. VIV HRREBICBYBEY—3F V7571 (TFL)BBIET

TFLIORKERIICEILS TSI -2 BT,
Brassica napus(% 7 51¥ % . AACC). B. rapa(AA)B
& U B oleracea(CC) %" ADNAD*H, PCRICE - T
TELIRBIZFORBEZRAAN L T A, B napushH3
2, B. rapa®* 522, B. oleracea} 522 DEF| & M

$hin sitund TN AL~V a yERZHWIEFICBITS
BIZTFREOBRIT, ERZ T2 /¥y FEZHAWTERL
720 HROBLTRIZEFVRIAL TS,

In situ hybridization figure of an expressing gene in a flo-
rescence of Arabidopsis. The specimen was prspared using
Technovit resin. The gene expression is visualized by red
fluorescence.

L7 B napus 5D 3208MND ) H12id. B rapa
(AA) H S5 D200, D 2213, B. oleraceah
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&, #H%HEB. rapak B. oleracealZ B OEEX 0D
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FovAYV 2wy yudf A+ X FICEALLATCRIEFO
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Morphological alteration of inflorescence caused by ectopic
expression of an ATC transgene in a transgenic
Arabidopsis plant.
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Laboratory of Molecular Genetics

Laboratory of Molecular Genetics aims at elucidating
the structure and function of chromosomes and genes
in plants. During the recent three years, there has
been some progress in studies on the centromere
structure of chromosomes and on the genetic interac-
tion between nuclear and organellar genes in
Arabidopsis thaliana. In addition, a few novel genes
cloned from A. thaliana and their tissue specific
expression were characterized. Mapping studies of
the tomato mosaic virus resistance gene Tm-2 with
random amplified polymorphic DNA (RAPD) or
sequence characterized amplified region (SCAR)
markers in tomato have been almost completed.

(1) Molecular analysis of centromere structure and
function in Arabidopsis thaliana

Previously, we succeeded in differentiating all the -

Arabidopsis chromosomes from one another by an
improved multi-color fluorescence in situ hybridization
technique with cosmid clones (5).

Centromeric regions of all chromosomes in A.
thaligna are occupied by tandem repeat sequences
called the 180-bp or pALIl family. The organization of
this family is similar to that of human a -satellite. We
found that the DNA sequences of the 180-bp repeat
units are highly conserved, and have a site similar to
human CENP-B DNA binding motif(21). This sug-
gests that this 180-bp family plays an important role in
Arabidopsis centromere organization and function.
We have been screening for Arabidopsis homologues
to the CENP-B gene.

(2) Molecular structure of a minichromosome in
Arabidopsis thaliana

A very small chromosome was found in the progeny
of a telotrisomic plant (TrlA) of A. thaliana.
Fluorescence in situ hybridization (FISH) studies
revealed that this chromosome had been derived from
a short arm of chromosome 4(4S), and carries only a
limited part of the 180-bp cluster in the centromeric
region. Analyses by pulsed field gel electrophoresis
and Southern blot hybridization revealed that the size
of the telocentric chromosome 4S is about 6 Mb, and
the 180-bp cluster in the centromeric region is 40-60
kb in length. This suggests that a quite short cluster
of the repeats are functional as a centromere in A.
thaliana, compared with those in other higher eukary-

otes.

(3) Nuclear genes controlling organellar function in
higher plants

The function of chloroplasts and mitochondria is large-
ly dependent upon the expression of nuclear genes,
although they possess their own transcription/transla-
tion machinery. We have isolated AtOXAI and
AtABC1 genes from Arabidopsis involved in the
assembly of respiratory complex formation (3, 9, 10,
16), and functional analysis of these genes is under-
way.

(4) Visualizing mitochondria in transgenic plants

A chimeric gene construct has been made from a
mitochondrial targeting sequence derived from the
delta subunit of Arabidopsis F1ATPase and a green
fluorescent protein (GFP). The chimeric GFP protein
has been shown to be targeted to mitochondria in
transgenic plants. Characterization of mitochondria in
these plants will now make it possible to observe
"dynamics of mitochondria" in living cells. We are cur-
rently examining how they look, move, and alter their
shape in response to environmental stresses.

(5) Novel genes isolated in Arabidopsis thaliana

A gene structurally more resembling centroradialis
(cen) gene of Antirrhinum majus than Terminal
Flower 1 (TFL1) of A. thaliana (6) was isolated
from A. thaliana, and was given a name ATC
(Arabidopsis thaliana centroradialis). Unlike TFLI in
A. thaliana and cen in A. majus, however, ATC does
not control the identity of the apical meristem of inflo-
rescence. We are looking for atc mutants to analyze
the function of this gene.

Another novel gene we isolated encodes a mirosi-
nase-binding protein (MBP), but expressed preferen-
tially in the flower of A. thaliana where other MBP
genes are not expressed. The new gene was named f-
AtMBP. The fAtMBP does not respond to wounding
or application of certain signal molecules by which
other MBP genes are usually inducible, suggesting this
gene is a novel type specific to floral organs.

In order to analyze the tissue-specific expression of
newly Isolated genes In detail. We established an in
situ hybridization technique using Technovit resin (22).



(6) Terminal flower I-like genes in Brassica species
Terminal Flower 1 (TFL1)-like genes were cloned by
PCR from the genomic DNAs of Brassica napus
(genomic construction: AACC), B. rapa (AA) and B.
oleracea (CC) using primers designed based on cer-
tain domains in the TFLI sequence. Three TFLIlike
sequences were found in B. napus, two in B. rapa and
two in B. oleracea. From the detailed analysis, it was
known that one of the three B. napus sequences is
more similar to TFLIlike sequences in B. rapa (AA)
than those in B. oleracea (CC), while two are struc-
turally more close to those in B. oleracea (CC), sug-
gesting that the TFLIlike sequences in B. napus have
differently originated from its two ancestoral species,
B. rapa and B. oleracea.

(7) Molecular analysis of transposons in tomato To
search for new active transposable elements in tomato,
we isolated new transposon-like elements of Lyt] fami-
ly. Among them, Lyt2-2 has an ORF encoding a pro-
tein which shows sequence similarity to MURA trans-
posase, encoded by maize autonomous element MuDR.
Lyt2-2 also has an insertion of another transposon-like
element, TAPIR.

(8) DNA markers nearest the Tm-2 locus in tomato
The gene Tm-2 is derived from Lycopersicon peru-
vianum, and is located in the heterochromatic region
near the centromere of chromosome 9 of tomato. Six
of the previously identified ten RAPD markers have
not segregated from Tm-2 and from each other in an
F2 population from a hybrid between near-isogenic
lines GCR26 (+/+) and GCR236 (Tm-2/Tm-2), but
out of them, only three markers, N131000, E16900
andG09700, were detected also in the tomato lines
GCR267, TMJ54-28 and Perou 2 which have Tm-Zlike
genes allelic to Tm-2, suggesting that these three
markers are more close to the Tm-2 locus than others.
By the method previously described (1), these three
RAPD markers were converted into SCAR markers
which show more distinct bands than those of the
RAPD markers(2).

(9) Molecular genetic analysis of the midget chromo-
some from rye

Occurrence of the midget chromosome in a common
wheat with rye cytoplasm indicates that the chromo-
some carries the gene(s) essential for maintaining the

function of rye cytoplasm. To elucidate the interaction
between the midget chromosome and rye cytoplasm,
the midget chromosomes were microdissected with a
UV-laser, and the DNA was amplified by using degen-
erate oligonucleotide-primed (DOP) PCR. Clones from
the amplified DNA contained various kinds of
sequences, some of which were homologous to those of
EST clones in wheat, maize and rice.

Prospect

Studies on the structure and function of centromeres
of plant chromosomes have been much delayed com-
pared with those of Saccharomyces cereviciae and
human chromosomes. Qur joint research with a group
at the John Innes Centre have demonstrated that the
structure of the A. thaliana cenromeres resembles that
of the centromeres of the human chromosomes. The
very small chromosome that we found in A. thaliana
may be a useful material for future studies.

As shown about TFLI-like sequences in Brassica
species, most findings in molecular genetic research in
A. thaliana may be directly useful for molecular genet-
ic approaches in important plant bioresources. In this
viewpoint, we will continue to study the structure and
function of various Arabidopsis genes in the nucleus
and organella, and to make use of the results for
advancement of molecular genetics of important crop
species.
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World Distribution of Acid Soils

MURELRTEEL®, BECBH I -2 RESIT
WA, F=7HEHFA u R,

Acidl soil showing strong red color in suburban area in
Nairobi, Kenya. Coffee trees tolerant to acid soil are grown.
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World distribution of acid soils
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Al HE 2 & ¥ (Atlas) & B2 A ¥ (Scout) Z AJLFE L,
ROAIZEMm L7, BEEITAIZBEEL 20, RSt
WL TWBEDYRGN5E,

Staining of Al in the root of Al tolerant (Atlas) and sensi-
tive (Scout) wheat roots treated with different concentra-
tion of AlCls.
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|« Caffeic ~|<— Putrescine — |
acid

Aligtk & 73 2 B M8 12 F 4 L T v A Caffeoylputrescine®
{b%H &, CaffeoylputrescineiZid, HEBEALICH T 55
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Chemical structure of caffeoylputrescine accumulated in Al
-tolerant tobacco cells. Caffeoylputrescine has an antioxi-
dant activity.
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Apoptosis-like cell death caused by Al in cultured tobacco
cells. Al enhances iron-mediated peroxidation of lipids
which causes cell death. Cell death process (left) includes
internucleosomal DNA breakage (right).
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Al sensitivity of the yeast transformants.

Log-phase cells grown on LPM mediumu conttaining 2%
glucose at 30C were diluted to 1/5, 1/25, 1/125, 1/625 and
1/3125 and spottted on LPM agarose (1%) plates (pH 4.0)

containing various concentrations of Al and either 2%
galactose or glucose. These plates were incubated at 30T
for 3 to 4 d. Since the tested genes were place downstream
of the GAL 1 promoter of pYES3, mRNA level of each gene
was higher when cells were grown in galactose than in glu-
cose. Al resistant phenotype of these two transformants
therefore can be only seen under the galactose condition.
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Laboratory of Cell Genetics

The laboratory of cell genetics has pursued the
research on aluminium (Al) stress continuously and
successfully. Al stress is one of the major stresses in
acid soil and inhibits the elongation of roots. Based on
the vast knowledge obtained in our laboratory, we
published experimental results in 33 reports in inter-
natianal journals including Nature in the past 3 years.
Based on these fruits, our project regarding plant
response to Al stress has been supported by a big sci-
entific 5-year grant Program for Promotion of Basic
Resdarch Activities for Innovetive Bioresources
(PROBRAIN) from the Ministry of Agriculture,
Forestry and Fisheries. The grant supports the per-
sonal expenses of 5 postdoctorals as well as research
expenses and we expect the further advancement for
the solution of Al stress in acid soil.

In the following, the results of our research are sum-
marized.

1. The mechanism of Al tolerance

Buckwheat which can grow in acid soil excluded oxal-
ic acid immediately after subjected to Al stress. The
amount of excluded oxalic acid increased with the
increasing concentration of Al, but the treatment with
lanthanum and phosphate deficiency were not effec-
tive on the exclusion. The location of the root where
oxalic acid excluded was 0-10mm from the root-tip
which corresponded to the same portion of the root
injured by Al and its accumulation. Thus the location
of Al exclusion could be very reasonable from the
point of view of tolerance. When Al alone or with
oxalic acid at a molar ratioof 1:1,1:2and 1: 3 was
given to corn roots, inhibition of root elongation by Al
was not observed with Al : oxalate at 1:2o0r 1:3. In
the leaves of buckwheat subjected to Al, a large
amount of Al existed as the complex with an oxalic
acid at a molecular ratio of 1:3. These results indi-
cated that buckwheat has a skilled strategy for Al tol-
erance by making a chelate complex with Al and
oxalate in both the rhizosphere and cell, thereby the
toxicity of AI¥* is extremely reduced (Ref,18, 19, 30,
35).

2. A mechanism of Al toxicity

Mechanisms of Al cytotoxicity have been investigated
in cultured tobacco cells. Al ephanced the iron (Fe?",
Fe¥*} - mediated peroxidation of lipids which directly
caused cell death. The cell death process required

extracellular calcium ion and endogenous protease,
and caused Elternucleosomal DNA breakage, suggert-
ing apoptosisdike cell death process. An Al tolerant
cell line isolated from tobacco cells seemed to acquire
a tolerance mechanism specific for the peroxidation of
lipids. This cell line accumulated an antioxidant mole-
cule against the peroxidation of lipids, which was iden-
tified as caffeoyl putrescine (10, 11, 27, 33, 53).

3. Malecular genetical analyses of Al-induced genes
The NtGDI1, HSP150 and SEDI genes were newly iso-
lated from tobacco culture cells and yeast cells as Al-
induced genes. From the experiment using the
HSPI150 null mutant of yeast, it is suggested that this
gene functions for Al resistance in yeast. To deter-
mine whether the Al-induced genes derived from
plants (11 genes) act as Al-tolerant genes or not in
yeast, all of these genes were indepently introduced to
yeast cells. Al sensitivity test of these constructs indi-
cated that over-expressed AtBCB or NtGDII genes
can confer Al tolerance to yeast cells, suggesting the
possibility that these two genes are resistant genes in
plants. We are now constructing Arabidopsis trans-
formants carrying the AtBCB, NtGDII gene or other
seven of Al-induced genes. These 9 transformants will
show which genes are Al-resistant genes in plants (26,
36).

Future scopes

Our final goal is to promote the plant productivity in
acid soil. In order to elucidate the molecular mecha-
nisms of Al toxicity, we will use both cultured plant
cells and whole plants and analyze the symptoms and
the molecules related to Al cytotoxicity.

At the same time, we need further information on the
physiological and molecular biological mechanism of Al
tolerance under a condition close to natural environ-
ment as much as possible, and we would like to pro-
duce the transgenic plants which can properly express
genes involved in Al tolerance.

11



ARG 5 B

AR BETR, TEMEWTHE2aL6FE L 2 2H
BHRELTWE, ALAFEEICBILEIOMED
=2, BFREOET? S5, BEIVEICALNS
ARELRRE, HICHETRENON, 2XOMHICE
HZHEEBHMORRE, &5»IERAS, DEERTICHE T
BFETH[HRF | MEH L VIR BIEEE ¢ -amy-
lasel&iEDBVETOEELZFEL TWE, ZOHXK
METE T, ELETFRFLAREOBBICONT
MELTwE, 2, £ X220 TiE, 4 ¥ FRIAL A
DERBEYHARA ACEBEATIRICEEL 25
BARRER A 2 OREMEICOWTHN 21T o TW5,

[t ][ —=racanma

"
LN

n 1000 n 3 100
—~ &0
2 : an g E o} g y - §
E al A \ w B E “ 60 ﬁ
x ow %7 nax w W
- - " \i«,_ahc/"w E’
10 10 0 p
]

Q

AR (nm)
cuBaBuEHe
g o
" i
»
.
RER (um)
cuSEERER.

MEPBAORE, HTAFSR. acamylaselfitd, MRF
# M4k (Relationship between rain fall during seed develop-
ment of wheat, water content of seeds, g-amylase acitvity,
and pre-harvest sprouting)

1. aAFETOREYE

IAFHETOKEEE, BTREHICETNTER
SNEZHPAINEYTHET 7YY YBABA) IZHEL
BboTwad, £/, BET7 Y F7Y A% TKRIRIC
BbaBETHEEENTETWE, BEOETFKIR
LT REDO L a—%FT-72(1). T/, HFHKIE
ik, BTREMPORBICIVKRESHEEBING, B
I, LHEECHREIBELEOHTRERORRZEZ
AFTHHEICLY, BFRIRRICHEDEZRBEERE S
WrL7zo NEHOBRRUMIETRENORER: &8
B, KIRORBELZHHTLZILEHLMILE
(14, 15),

BT AR, BFEOABARSMEE{EboT
V> % H% Arabidopsis, maize., wheat®DRFEh LS B
ChoTwd, IAFOIHKRIREREREEZED, &
TFREHMDABAGR, BOABARZH 24T L1 =
DRARERETIE, BFRERHICBY 2ABAGH A
ETL, L2bEDABARZEUMFMETLTWSE, 20
Zenb, MOABARSZMI, BOABASHAMEL
TVWAIEEERLZW@W. F, AFHETIE, B)E
RICWICHE) L RBEBTRFE T2, BTRERICR
ITBABARHERREL-L A, RRMETRFLT
HHOETRIZ, B2 BOABANHKMT 25E% 8
LM L720 BASLDABATHM A RBBEFREF L,
baEERLZAT),

12

INEDOBERFE (Pre-Harvest Sprouting of wheat)
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Laboratory of Plant Genetics

In this laboratory we are using mainly wheat and rice
as the research materials in relation to plant breeding.
One of the latest problems in wheat production is low
qualfty of wheat seeds. Unstable weather in the
whe?t production area of Japan for the recent 10
yearp, especially frequent rain falls, shortage of sun-
shin¢ by continuous cloudy weather, and low tempera-
ture during seed development, induced 'Pre-Harvest
Sprouting' and production of seeds with high a-amy-
lase activity that resulted in the production of low
quality wheat. One of our studies focused on the
mechanism of seed germination and dormancy. In
rice, hybrid sterility between Japonica and Indica rices
has been one of the major obstacles for transferring
good agronomic characteristics of Indica rice to
Japohica rice. We are now studying the mechanism of
hybrid sterility and genetic diversity of the Oryza
group.

1. Sepd dormancy of wheat seeds

Absdisic acid (ABA), plant hormone, has been indicat-
ed t9 be involved in the development of seed dorman-
cy. Recently, many papers on seed dormancy have
been published and several genes related to seed dor-
mang¢y and responsive to ABA have been isolated in
Arabidopsis, maize and so on. We have reviewed the
recent findings on the mechanism of seed dormancy
espetially from the view point of ABA signal transduc-
tion (1). Seed dormancy is affected by environmental
condjtions , especially weather condition during seed
development. Analysis of weather during seed devel-
opment indicated that high humidity and low tempera-
ture during middle-seed development hampered the
development of dormancy (14, 15). High water con-
tent of seeds appears to prevent ABA synthesis that
is induced by drying seeds. To elucidate the relation-
ship between dormancy and ABA, we produced non-
dormant mutants of wheat and measured the ABA
level in the embryos and embryo sensitivity to ABA
during seed development, which has been known to
be a key factor in the mechanism of dormancy. This
study showed that the ABA level during the middle-
stage of seed development decreased and embryo sen-
sitivity to ABA was reduced in the mutant lines (4).
Devllopment of embryo sensitivity to ABA might be
related to ABA synthesis during early- middle stage of
seed, development. Unfavorable weather condition
during seed development induced germination of pre-

mature seeds that is different from pre-harvest sprout-
ing induced by frequent rain falls at harvesting time.
ABA level of developing embryos incubated in water
showed that embryos in the middle-stage of seed
development leaked more ABA than embryos at any
other development stages (17). One of the factors
that induces premature germination probably is due to
ABA leakage from embryos.

2. Mapping ISSR and RAPD markers in Einkorn
wheat The potential of PCR-based markers was inves-
tigated for construction of a genetic linkage map in
Einkorn wheat. In 66 F: population between T. mono-
coccum and T. boeoticum , we obtained 49 polymor-
phic bands produced by 33 primers for inter-simple
sequence repeat (ISSR) and 36 polymorphic bands by
25 combinations of random amplified polymorphic
DNA (RAPD) primers. Some of these markers were
mapped on the RFLP linkage map of Einkorn. The
marker orders of Einkorn wheat and common wheat
coincided except chromosome 4A in which multiple
translocations occurred in evolution (6).

3. Studies on hybrid sterility in rice

F1 hybrid sterility between Silewah (an Indonesian
native variety) and Hayakogane (a Japanese variety
adapted to the northern island, Hokkaido) was ana-
lyzed. Hybrid sterility was controlled by three com-
plementary dominant genes. One of the three genes
was carried by Silewah and the others were by
Hayakogane. Two genes of Hayakogane appeared to
be derived from a variety, Aikoku, based on crossing
experiments between Silewah and progenitors of
Hayakogane (5). In studies of hybrid sterility
between Gamadi (a Nepalese variety) and Yukihikari
(a variety adapted to Hokkaido), many progenitors of
Yukihikari were crossed with Gamadi. Most of the
Fis between Gamadi and varieties bred in Hokkaido
were extremely sterile, while Fis between Gamadi and
varieties bred in districts except Hokkaido showed
moderate sterility. Sterility gene(s) of Yukihikari
might be linked with the characteristics adaptive for
northern climate of Japan (11).

4. Cytological relationships among Eumelilotus species
in the genus Melilotus

Interspecific hybrids between M. altissima and the
other species belonged to the subgenus Eumelilotus of
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the genus Melilotus were produced by in vitro culture.
Chromosome pairing at meiosis of the Fis showed that
there was one translocation between M. altissima and
M. alba , while no translocation was observed between
M. altissima and M. taurica. The results suggest that
M. alba differs from the other Eumelilotus species by a
reciprocal translocation (7).

5. Studies on characteristics of O. longistaminata , a
wild species of rice

Rhizomes of O longistaminata is one of the character-
istics of wild species of rice and can be utilized in rice
breeding. Analysis of F2 segregation between C105204
(an IRRI's accession of O. longistaminata) and a rice
cultivar showed that rhizomatous trait was controlled
by a dominant gene on chromosome 4 (9). Genomic
DNA structures of the catalase gene were studied in
six plant species. Consecutive duplication of the pri-
mordial gene and the differential loss of introns
occurred in the evolution of monocot plants. In rice,
Cat A gene had an entirely new intron which was not
found in any other plants. There were three types of
introns in O. longistaminata accessions which might
have originated by insertion of a retroposon (8).

6. Genetic regulation of mutability in rice

Ion beams of carbon and helium are used for induction
of mutations. A mutation was evaluated in the chloro-
phyll mutant line (yl) that was derived from a cross
of distantly related rice varieties and had a potential
for variegation in leaves. No somatic mutations were
observed in the M: populations (10). At present,
mutations by other ion beams are being studied.
Genetic analysis of variegated albino mutant (al-v)
which was derived from a cross between the chloro-
phyll mutant (yl) and a marker line was conducted.
The albino gene was found to be linked with the
liguleless gene (lg) on chromosome 4 (12).

7. Genetic transformation in callus derived from barley
immature embryos

We cultured immature embryos of more than 180 bar-
ley lines and found a barley variety 'Lenins' of which
embryos had an extremely high shoot regeneration
ability. Using a particle bombardment technique and
DNA with actin promoter-GUS construction, we could
produce efficiently plants with genetic transformation
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(2). Recently, we are developing a transformation
technique mediated by Agrobacterium in calli from
immature embryos of Lenins. So far, preliminary
results suggest that the treatment with a high concen-
tration of sugar to Agrobacterium improve the effi-
ciency of transformation and regeneration of shoots
from callus.

8. Molecular biological analysis on flower-specific genes
in Arabidopsis thaliana

Various genes concerning organogenesis and signal
transduction were cloned in Arabidopsis thaliana and
their functions have been analyzed. We cloned some
cDNA clones of genes corresponding to mRNAs
expressed preferentially in floral organs of A. thaliana,
which encode vegetative storage proteins (VSPs) and
transmembrane proteins, by differential screening of a
flower bud cDNA library (3). Two genes encoding to
VSPs (Vspl and Vsp2) were organized in a tandem
array with an interval of 6 kb on the L arm of chromo-
some 5 and the sequences were similar to each other
(87% identity). The expression patterns of Vspl and
Vsp2 were examined using transgenic A. thaliana
plants carrying a promoter from Vspl or Vsp2 fused
to a bacterial B-glucuronidase (GUS) reporter gene.
These results suggest that expression of Vspl and
Vsp2 may be developmentally regulated and that they
are wound-inducible genes (13).

Prospect

Less than 10% of the total wheat consumed in Japan is
produced in Japan, and a large amount of high quality
wheat is imported at low cost from foreign countries.
This condition has set high obstacles in wheat produc-
tion in Japan. The unfavorable weather conditions
during seed development in the recent 10 years has
further set back wheat production. Among the factors
responsible for low wheat quality, seed germination
and dormancy are critical for the low seed quality. At
present, we cloned several genes related to dormancy
and germination. In future, we would like to increase
the number of genes cloned and analyze the contribu-
tion of these genes to germination and dormancy.
Also, we are continuing studies on the mechanism of
sterility between Japonica and Indica rice and are
searching for gene(s) responsible for hybrid sterility.
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(Mdbping of resistance to cereal aphids in barley. Aphid res: aphid resistance gene, Gramine: gramine synthesis gene)
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(Thrips rearing containers)
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(TSWYV infected tomato and Frankliniella occidentalis,)
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(Thrips parasitoid Ceranisus menes ovipositing thrips larva)
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binding of PG and PGRP
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activation of serine
enzymes \ l

defense reactions 4—’
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PGRP (a protein which recognizes peptidoglycan, a compo-
nent of bacterial cell wall) in the defense mechanisms of
insects

h4aADMBEHICH APGRPIZMIBMER OO DT
FFXU AP ERAL. &) VEEROIFHEILES &k
Y. TORRE, 7 =/ — VBB ORI E (proPO) AR
EMATBEZT, BB 7 ) — VER{LEEE (PO) & %2
D EGEBERIDEZS SR T, PGRPEPGOK DA it t
z;gfaﬂﬁﬁﬂ:tﬁﬁﬁ. PitlR S E 5| &R TS LE
When PGRPs bind peptidoglycan(PG) in the haemolymph
of silkworm, they trigger the activation of serine enzymes.
As a result, prophenoloxidase (proPQ) is activated into phe-
noloxidase (PO) by limmited proteolysis. The PO elicits
defense reactions. The binding of PGRPs and PG or the
activation of serine enzymes may directly trigger defense
reactions.

?/, immune reactions
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Laboratory of Biological Communication

Insects utilize information for their survival, and pro-
duce their own signals which influence other living
organisms. In this laboratory the mechanisms of the
signal production and its recognition and the mutual
reaction between signal sender and receiver are being
studied for the protection from the damage by insect
pests.

1. Barley resistance to cereal aphids

Using four marker genotypes of Fz hybrids derived
from crosses between aphid resistant and susceptible
barley lines, we studied the effects of leaf color, epicu-
ticular wax and gramine indole alkaloid on aphid infes-
tation. In the F2 populations of QUL 117 (susceptible
line, yellow warless type with lower content of
gramine) x OUH 603 (resistant line, normal type with
high content of gramine) , the aphid densities on the
marker genotypes were low in the normal type and
high in the yellow waxless type. The gramine content
was low and did not differ significantly among the
genotypes. These results showed that the genes con-
trolling color and wax types had additive effects on
normal plant genotype resistance to aphids, but did
not affect gramine content (13, 14).

A set of doubled-haploid(DH) barley lines derived
from the cross between Harrington and TR306 was
used to determine the quantitative trait loci (QTLs)
controlling resistance to cereal aphids. Simple interval
mapping and simplified composite interval mapping
revealed that the principal QTL determining cereal
aphid resistance is on the distal region of the short
arm of chromosome 1. The QTL is linked with a
heading-date QTL. This QTL accounted for 31% of the
total variance of aphid density. A QTL on chromo-
some 5 was also detected only by simplified composite
interval mapping. This QTL was not linked to the
locus of a gene for synthesis of gramine, an indole
alkaloid and known to be a resistant factor to cereal
aphids (12, 15).

2. Ice nuclei in larvae of the rice stem borer, Chilo sup-
pressalis Walker

Ice nucleus production of larvae of the rice stem borer,
Chilo suppressalis has been observed to be related to
diapause and cold temperature exposure. To deter-
mine the effects of insect hormones the regulate larval
diapause on ice nucleus production, non-diapausing
mature and overwintering (diapausing) larvae were
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treated with juvenile hormone (JH) and ecdysone.
When JH-I was applied, the crystallization tempera-
ture of the muscle and epidermis rose in non-diapaus-
ing mature larvae, but not in overwintering larvae,
which might have a high endogenous JH content.
However, injection of 20-hydroxyecdysone lowered the
crystallization temperature in overwintering larvae.
These results show that ice nuclei in the muscle and
epidermis are activated by JH and inactivated by
ecdysone (29)

3. Rearing method for thrips and their natural enemies
Western flower thrips, Frankliniella occidentalis, and
melon thrips, Thrips palmi, were introduced to Japan
several years ago and have seriously damaged green-
house crops. It is important to develop a rearing sys-
tem of thrips for biological studies and screening pesti-
cides. Thrips larvae could be reared on pollen and
honey solution offered through a thin membrane.
With this method the complete life cycle of species
such as F. intonsa, F. occidentalis, T. tabaci, T. hawai-
iensis and T. palmi could be studied. This rearing
method could be applied for rearing thrips parasitoid,
Ceranisus menes as well (18, 21).

4. Mechanisms of Tospovirus transmission by Thrips
Tomato spotted Wilt Virus is one of Tospovirus dis-
tributed in all over Japan with a wide spread of west-
ern flower thrips, F. occidentalis. To realize manage-
ment strategies it will be necessary to unravel the
interactions between TSWV and thrips vectors.
Sexual differences in the transmission and accumula-
tion of TSWV were investigated in adults of western
flower thrips. Both TSWV transmission rates to petu-
nia leaf disks and the triple antibody sandwich
enzyme-linked immunosorbent assay (TAS-ELISA)
positive rates showed no significant difference
between sexes. In ELISA positive thrips, however,
males transmitted TSWV to leaf disks with a signifi-
cantly higher efficiency than females. These results
suggested that TSWV may have a higher propagation
rate in females than in males, whereas the efficiency of
the virus transmission by males may be greater than
that by females if they become viruliferous adults
(20).



5. Application and evaluation of natural enemies

Mos‘p of the Hymenopterous parasitoids of thrips are
solitary endoparasitoids of eggs or larvae. Thrips par-
asitoid species of these two groups will be discussed
and characterized by their taxonomy and distribution,
their ecology, behavior and biology. This information
is used to evaluate the potential role of thrips para-
sitoids for biocontrol, related to the type of program
and the type of thrips pest involved. To use natural
enemies it will be necessary to unravel the relation-
ship between the pest and their natural enemies. The
development and reproduction of thrips parasitoid
were studied on different host thrips and the foraging
beha"ir'ior was observed (17).

6. Purification of a peptidoglycan recognition protein
from 'hemolymph of the silkworm

A method was developed for obtaining a homogeneous
silkWprm hemolymph protein (peptidoglycan recogni-
tion protein, PGRP) which has affinity for peptidogly-
can Qnd the ability to trigger the prophenoloxidase
cascgde upon its binding to peptidoglycan for the first
time. The purified PGRP bound to peptidoglycan,
whereas its binding to beta-1,3-glucan and chitin was
not detected. PGRP did not have any detectable
lysozyme activity, and its amino acid composition and
aminp-terminal sequence of 20 amino acid residues
were shown to be different from those of silkworm
lysozyme (3).

Prospects

Studies on the mechanisms of barley resistance to
ceredl aphids and cold tolerance of insects including
rice $tem borer will be continued. We will also study
the interactions between insects and microorganisms,
and the application and evaluation of natural enemies
for ipsect pest control. Furthermore, to understand
insect overwintering strategies, we will screen and
analyze genes differently expressed between diapaus-
ing and non-diapausing conditions
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Two types of vascular bundles
Ao e B

SR AT Rl

(S. virginicus leaf)

IMBL E D@ RIRAH T b A F W% K% Sporobolus vir-
ginicus DEOBMEI 2 bV A YV T N—0THets L THE
LSRG E, - oEMiIRs2ES2HENT 2480 %
ifo‘fh'f\ Bh7-BIIBREORMICEORRFKRICELD
Microscopic photograph of a leaf section stained by
Toluidine Blue O of Sporobolus virginicus, which is able to
grow at NaCl concentrations above 1 M. Since excess salt
is excluded from the leaf surface many salt crystals are
observed on the leaves on a fine day.
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Salt stress induced nuclear degradation,

Micro-section of barley root meristem was stained with
DAPI to visualize nuclei.

Upper, control; middle, 12h after salt stress; down, 24h after
salt sttress.

(A5 14 FOBRB)

KBRS LA D XFER

Barley seedlings grown in hydroponic culture
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Two ways showing the inhibitory mechanism of proton-
pumﬁing across tonoplast by chilling.

(1) Chilling affect to lipid moleclules which induced the sup-
pres$ion of proton pumping. (2) Chiling affect proton pump
moldr;ules Our results support the way of (1).
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PURMEREMNTAS5 % Oscillatoria brevis
Musty-odor producing cyanobacterium Oscillatoria brevis
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Laboratory of Metabolic Regulation

This laboratory carries out the studies on the metabol-
ic regulations related to environmental stress, growth
and morphogenesis of plants, especially focusing on
the level of biomembranes.

1. Studies on the mechanisms of water and nutrient
transport in roots of higher plants

Although water transport in roots of higher plants has
been well investigated, the detailed mechanisms have
remained unclear. Our studies aim at uncovering the
mechanisms related to nutrient transport and develop-
ment of root tissues.

The rate of transroot osmosis of isolated barley root
was first low but enhanced by two means, infiltration
of roots by pressurization and repetition of osmosis.
Both effects acted additively. The increased radial
hydraulic conductivity (Lpr) is in the same order of
magnitude as the hydraulic conductivity of epidermal
and cortical cells of barley roots obtained by Steudle
and Jeschke (1983). A high sensitivity of Lpr to
HgCl2 was observed and suggests that water channels
constitute the most conductive pathway for osmotic
radial water movement in barley roots.

Under the absence of the osmotic pressure difference
a definite water transport from the tip to the base was
observed. This non-osmotic flow was greatly
enhanced by treatment of roots with a low tempera-
ture (4-5C). This non-osmotic flow was strongly
inhibited by respiratory, water channel, and potassium
channel inhibitors,

2. Comparative Studies on salt-tolerance between
halophyte and glycophyte

Although no damage was observed in the roots of a
halophyte, Salicornia virginica L., GG{" contents
decreased. We examined the leakage of G6P from root
cells of barley and S. virginica. The leakage from bar-
ley roots increased by salinity stress, but the leakage
from S. virginica roots was rather decreased by treat-
ment with a higher concentration of NaCl. The results
were not explained by the change of membrane per-
meability.

3. Molecular and physiological studies of barley under
salt stress

To maintaining the growth under salt stress, plants
must retain their ability of water-uptake. Water per-
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meability through bio-membranes is regulated by
water channels. We identified three genes for plasma-
membrane type water channels. One of them (bpwl)
was highly expressed, especially in roots, than others.
Salt stress reduced the expression of them.

As for salt-stress-induced apoptosis-like cell death, we
demonstrated that cell death has some physiological
role, that is, degraded products during cell death was
recycled for restart of growth after removal of salt
stress.

4, The role of tonoplast proton pump on chilling.

The vacusle may be the primary cellular organelle
which respond to chilling stress in higher plants. ATP-
generated proton pumping across tonoplast vesicles
was markedly suppressed by chilling, resulting in the
loss of homeostasis in cells, and finally induces cell
death. Our experiments showed that the chilling-
induced decrease in proton-pumping across the tono-
plast is due to the decrease in the fluidity of the
hydrophilic surface region of the lipid bilayer of the
tonoplast, which is caused by the glycolipids like cere-
broside.

5. Investigation of the mechanism of iron absorption
and heavy-metal tolerance of musty-odor producing
cyanobacteria

One of the biggest of problems drinking water in the
world is the occurrence of musty odor, which is
caused by the presence of geosmin or 2-methylisobor-
neol (MIB). These secondary metabolites are pro-
duced by filamentous cyanobacteria such as Anabaena
macrospora, Oscillatoria tenuis, Phormidium tenue and
Oscillatoria brevis.

O. brevis showed an ability to utilize colloidal iron
oxides for its growth. O. brevis was also capable of
growing in the medium containing a microbial
siderophore, desferrioxamine B (DESF), but the other
three cyanobacteria did not grow.

O. brevis grew well in the presence of an excess of
highly stable chelating agents.

We isolated a cadmium-binding protein from cells of O.
brevis exposed to cadmium and characterized this
protein. This protein was found to have two isoforms
which are low in molecular weight (about 5500 Da
determined by ESI-MS) and have systeine-rich amino
acid sequence. This protein induced by exposure of O.



brevis to cadmium was suggested to protect cells from
the toxic effects of heavy metals such as cadmium.

Future prospects

Recentry, security of foodstuffs and environmental dis-
crupJon are gathering interest with the increasein the
global population. The studies on the mechanism of
chilljg stress, salt and heavy metal tolerances are
required to solve these problems., With the develop-
ment and succession of thse studies, it possible to
make a harmonized agriculture system by increasing
the food production under unusual environmental con-
ditioq or producing the stress-tolerant plants.
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Breakdown of starch granules by a -glucosidase
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Cell growth of E.coli cells harboring putative phospholipid

hydroperoxide glutathione peroxidase gene under salt
stress and expression of the gene(arrow).
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B. After burial test in soil

RYLF VY I TNV DWAEY TR
Micr]obial degradation of polyethylene capsules
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Laboratory of Biochemistry

In this laboratory, various biochemical researches have
been carried out with procaryotic and eucaryotic cells,
as described below. Not only finding novel enzymes,
but also their application to environmentally compati-
ble processes are also our important aims. Some
enzymes have been well characterized and their genes
have been cloned and expressed. These researches
will contribute to the understanding of life through the
biochemistry and molecular biology of cells and to the
welfare of human beings through bioprocesses, which
do not burden the biosphere and cause no environ-
mental issues. Also we are aiming at cleaning of envi-
ronment by bioremediation techniques.

1. Enzymatic transformation of bioactive compounds
(1-5, 1315, 17, 26).

We succeeded in enzymatic transglycosylation and
phosphatidylation of several bioactive compounds,
such as Vitamins B1 and Bs, antibiotics, aromatic alco-
hol, monoterpenoid alcohol, and ginseng. The chemical
properties and physiological activities of these deriva-
tives were confirmed, to show better stability and per-
formance.

2. Biochemical and molecular biological studies ona -
glucosidases (6, 7, 9, 12, 18, 21, 22, 24, 27).

a -Glucosidases of Mucor javanicuss and spinach have
been purified and characterized. The genes for both
a -glucosidases were cloned and sequenced. Although
we purified several isoforms of a -glucosidase from
spinach, only one gene was responsible for them,
showing that isoforms are formed by post-translational
modification,

a -Glucosidase of millet seeds was purified and char-
acterized. It seemed to play an important role in ger-
mination, because it increased at an early stage of ger-
mination and hydrolyzed soluble starch faster than
maltose.

3. Molecular cloning and characterization of a gene
induced by oxidative stress

Putative phospholipid hydroperoxide glutathione per-
oxidase genes were cloned and characterized from
spinach and Arabidopsis thaliana. The genes were
expressed in plants and induced by oxidative stress,
showing that the genes are components of antioxidant
systems in plants.
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4. Microbial degradation of xenobiotic polymers(23, 29-
31).

Among the three enzymes involved in the metabolism
of water-soluble polyethylene glycol(PEG), we cloned
and sequenced the PEG dehydrogenase gene, and
expressed it in E. coll. The expressed enzyme was
purified and characterized in detail. On the other
hand, an ether bond-cleaving enzyme was purified and
its amino acid sequence was analyzed for future
cloning. These studies will lead to the clarification of
operons and regulatory sequence of these genes. The
characterization of the outer membrane of PEG-utiliz-
ing Sphingomonas species suggested that they work
as a permeability barrier for xenobiotic polymers.

The photodegradation mechanism of polyolefins has
previously been characterized in detail. We examined
the biodegradability of polyethylene(PE)wax with PE
wazx-utilizing bacteria, and found faster degradation of
PE with a molecular weight lower than 2,000. The
photodegradation and biodegradation studies showed
that PE can be easly mineralized in nature.

Prospect

Sequencing of enzymes leads to the clarification of the
homology and the origin of genes and their regulatory
sequence. Expressed genes result in the better yield
and the simpler purification of enzymes, which enable
the three dimensional analysis and detailed characteri-
zation of enzymes. Relationship between protein
structure and enzymatic function should be clarified
by protein engineering. Response of the outer bacteri-
al membrane to the environmental stress will be stud-
ied for the better understanding of its physiological
role in the biodegradation of xenobiotics. The sugar
content of a -glucosidase of Mucor javanicus decreased
when grown with an inhibitor for biosynthesis of
sugar chains included in glycoproteins. The roles of
sugar chains in the stability of the enzyme remain to
be studied.
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Rhizomania disease of sugar beet caused by beet necrotic
vellivw vein virus.
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Heet necrotic yellow vein virus® ™ £ v AR+
Rod-shaped particles of beet necrotic yellow vein virus,
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Genome organization of beet necrotic yellow vein virus.
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Resting spores of Polymyxa betae, vector of beet necrotic

yellow vein virus.
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Tulip breaking virusiZ & 2 F 29 v 7DEH L 7 i
Mosaic disease of tulip caused by tulip breaking virus.
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Orchid fleck virus% #4454 ¥ ¥ 7 ¥ A ¥ = Brevipalpus
californicus
Brevipalpus californicus, vector of orchid fleck virus.
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Orchid fleck virus® 7 4 W AR F
Bacilliform particles of orchid fleck virus.
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Odondoglossum ringspot virusiZ & o> CT&HE U2 H b L7 O¥EOH
A B EER

Flower breaking of cattleya caused by odondoglossum
ringspot virus.
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Laboratry of Plant Pathology

Most major crops are damaged by the diseases which
are caused by plant pathogens such as viruses, bacte-
ria and fungi. This Laboratory is undertaking studies
on the viruses in agricultural and horticultural crops.
Major research programs are focused on molecular
biology of beet necrotic yellow vein virus which caus-
es rhizomania of sugar beet. Research also includes
characterization and diagnosis of viruses of ornamen-
tal plants.

1. Molecular biology of beet necrotic yellow vein virus
Beet necrotic yellow vein virus (BNYVV) is transmit-
ted by the soil-borne fungus Polymyxa betae and has
been widely spread in the sugar beet growing area in
the world. The following results were obtained: The
complete nucleotide sequences of five RNA genomes
(RNAs 12.345) of the Japanese BNYVYV isolate were
determined (2, 3). Tests with isolates containing com-
binations of deletion mutants of RNAs 3, 4 and 5
showed that RNA 3 and 5 is involved in symptom
expression. The 25 kDa protein encoded by RNA 3 is
responsible for rhizomania of sugar beet (42). When
RNA 5, encoding the 26 kDa protein, was present, the
root symptoms were more intense. RNA 5 causes
scab-like symptoms in roots (4). The coat protein is
encoded by the 5 proximal ORF of RNA 2, and the
terminal codon of this ORF can be suppressed, which
results in the production of a 75 kDa readthrough
(RT) protein. Mutagenic analysis revealed that a
region within the N-terminal half of the RT domain is
involved in virus assembly, whereas the C-terminal
protein contains sequences important for fungus trans-
mission (1, 5). Alanine scanning mutagenesis of the C-
terminal region showed a KTER motif to be important
for fungus transmission (1, 5). Nucleotide sequences of
RNA 5 of 25 BNYVYV isolates in Japan, China and
France were compared (40). There are up to 8%
sequence differences and RNA 5 variants fall into
three groups, and group 1 isolates fall further into
three clusters. The results suggest evolution of RNA
5 and the route of spread of BNYVV into Japan (40).

2. Genome organization and transmission of orchid
fleck virus

Orchid fleck virus (OFV) consists of non-enveloped
and bacilliform particles which are similar to
Rhabdoviruses (7, 11). Complete nucleotide sequence
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of OFV genome indicates that OFV is a unique virus
in having a bipartite genome (two single-stranded
RNA) (presented in ICPP 98). We also found that
OFV is transmitted by the mite Brevipalpus californi-
cus (presented in ICPP 98).

3. Characterization of viruses of ornamental plants (6,
7,8, 9, 13, 15, 24, 25, 32, 39).

Host range, biological and serological properties and 3'
terminal nucleotide sequence (including coat protein)
on five Potyviruses isolated from orchids were exam-
ined. Four viruses of them were identified as new
species and reported as Calanthe mild mosaic (33),
Dendrobium mosaic, Dendrobium severe mosaic and
Habenaria mosaic viruses. The other was a strain of
Watermelon mosaic virus 2 (23). A virus isolated
from lily was identified as a new species of the
Carlavirus.

4. Genetic transformation in Xanthomonas

Some strains of two xanthomonad species, which
cause bacterial blight of rice and bacterial rot of cruci-
fiers, develop competence naturally on minimal agar
and transformed with heterospecific DNAs from other
xanthomonads. Mechanisms of the phenomenon are
our current concern.

Future studies

We have obtained some new evidence on biological
properties, genome structure, genome functions of
plant viruses: BNYVV, OFV and several ornamental
viruses. In future, we will continue to study important
mechanisms of the interaction between viruses and
plants, as well as between viruses and their vectors.
To elucidate the resistance mechanism for reducing
the damage of plants by viruses, we want to focus on
the molecular interaction between viral and host
genes involved in the pathogenicity and resistance of
BNYVV. We are studying the structure and function
of OFV genome and mechanism of mite transmission.
Virus variation and evolution are included in future
studies.
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Laboratory of Ecological Chemistry and Analysis

In addition to various global environmental convul-
sions which have been international political matters
of concern in the recent decade, new environmental
pollution by endocrine-disrupting chemicals has
become a big international problem. These chemicals
are generally known as "environmental hormones" and
may hazardously affect all forms of life including
human beings.

The aim of our laboratory is to serve for advancement
of bioresource sciences, which will contribute to the
welfare and health of mankind, through analysis of
chemical and physical effects on and information from
ecosystems. The recent research programs of our lab-
oratory are as follows.

1. Study on the fate of toxic chemicals in aquatic envi-
ronments. (1, 3, 4, 23, 32)

The various chemicals with domestic and industrial
origins from human activities are finally released into
the oceans through rivers and channels. The freshwa-
ter is utilized as irrigation for agriculture and as our
drinking water. Our laboratory has been dealing with
pesticides, heavy metals, surface-active agents, nutri-
ents, and the other industrial chemicals as target com-
pounds of researches. The compounds released into
the aquatic environment will suffer physical, chemical,
and biological actions in the ecosystem. They will be
re-distributed in the compartments among water, sus-
pended solids, sediments, and organisms due to the
mechanisms such as adsorption, desorption, photo- and
bio-degradation, and physical and bio-chemical trans-
formation. For example, according to our investiga-
tions, the results of residue analysis of seawaters in
the Seto Inland Sea revealed that the new antifouling
compound Irgaroll051 was used as ship bottom paint.
As the first report on Irgaroll051 pollution in Japan,
we published these results, and indicated the possibili-
ty that a serious problem would be caused by this
new type of sea water pollution in the near future.

2. Study on the evaluation of ecotoxicity by toxic
chemicals. (5, 7, 10, 13, 14, 17, 21, 23, 24, 28, 37)

The bioassay using ecological relevant species such as
bacteria, yeast, phytoplankton, zooplankton, and higher
plants has been performed to assess the ecotoxicity of
the toxic chemicals as well as the polluted environ-
mental samples. A novel approach using Daphnia
mobility analysis with a CCD camera was successfully
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developed for the toxicity assessment of polluted
water as well as toxic chemicals. The new method
revealed higher sensitivity and rapidity compared
with the conventional method using Daphnia. A bat-
tery of bioassay found that both Irgarol 1051 and its
degradation product had severe toxic effects on the
phytoplankton and moderate toxicity on crustaceans.
The histological observation using an electron micro-
scope revealed that the aluminum used as a coagulant
in water treatment caused brain disorders in fish.

3. Study on restoration of contaminated environment
by bioremediation/bioprevention.

It is very difficult to restore the environment once it
has been contaminated by persistent contaminants
and takes a long-time and huge cost for restoration.
We are focusing on the environmental restoration
using higher plants and microorganisms.

3-1. Restoration of eutrophicated aquatic zone using
higher plants (29)

Plants are grown by absorbing nutrients such as nitro-
gen and phosphorus in the eutrophicated waters. We
tried to purify the water polluted by nitrogen and
phosphorus using water hyacinth and Cyperus and we
obtained good results for purifying the contaminated
water. A new trial using some species of paddy rice
has been started as a joint research with the Chinese
Rice Research Institute since 1995.

Absorption of nitrogen and phosphorus by the rice
plants cultivated on the contaminated water surface
will be evaluated, and the effects of the heavy metals
such as cadmium and mercury on the germination /
growth of the plants as well as on the nutrient absorp-
tion will be investigated.

3-2. Study on the characteristics of degradation of
dioxins by the Basidiomycete Phanerochaete crysospo-
rium and effect of factors on biodegradation (13, 30, 31)
Dioxins are mainly released from garbage incinerators
in to the atmosphere and are well known as the most
toxic and endocrine-disrupting chemicals. In this
research, we tried to degrade dioxins in the soils using
wood rotting fungi. We investigated the effects of
heavy metals present in soils on the growth of the
fungi. We found that cadmium, copper, and chromium
clearly inhibited the fungal growth, and zinc showed a
less toxic effect.
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Laboratory of Environment and Ecological Adaptation

Our research activities are on the meteorological envi-
ronment of plants and on the plant's response to these
environmental factors. We aim to analyze the phe-
nomenon of weatherability and adaptation of plants.

1. Studies on plant response to wetting by rainfall.
Wetting by rainfall causes several effects on plant
physjological responses. We have used isogenic barley
lines with different leaf wax content to examine the
effect of rainfall on leaf wettability. In the line with a
low wax content, the contact angel of water drops on
the leaf surface is smaller, the water retention is more
prolonged, and the reduction rate of the epicuticular
wax amount by exposure to rainfall is higher.

2. Crop production and precipitation

Crop production is affected by rainfall. We have ana-
lyzed the relationship between crop production and
several climatic factors. The crop situation index of
barley in Okayama had a high negative correlation to
the precipitation amount on pre-harvesting period.
High negative correlations was obtained between the
crop situation index of rice yield and precipitation
amount and days of rainfall in the period of maturity.

3. Studies on phyotosynthesis and transpiration of
plant under flooding

Flooding damage crop production. We examined pho-
tosynthesis and transpiration response of soybean and
barley under flooding to examine the effects of flood-
ing on growth. Prolonged flooding rapidly decreases
the rate of photosynthesis in both crops. Barley was
more sensitive than soybean.

4, Observation of acid rain and plant injury

We :Iave been continuing a measurement of rain acidi-
ty since 1972. Effects of simulated acid rain on visible
injury in leaf and petal of plants were observed.
Expasure of acid solution under pH 2.5 caused leaf
injury. Acid solution of pH2.074.5 caused injury of
petals. Dark-colored petals were more sensitive than
bright-colored ones.

5; Tpe relations between CO: transfer conductance
and leaf anatomical, physiological characteristics

The CO: transfer conductance inside leaves is one of
the most important factors that affect the leaf assimila-

tion rate. However, few researches have been done
about the CO: transfer conductance because of the
technical difficulties of the measurement. We have
constructed a on-line system to measure the CO:
transfer conductance, and investigate the relations
between CO: transfer conductance and leaf character-
istics such as shade tolerance and age of the leaves.

Future perspectives:

Our research project will be as follows:

1. Analysis on after-effects of rainfall on photosynthesis
rate of bean leaves.

2. Anatomical analysis of rainfall-injured leaf.

3. Development of remote sensing method for wet
damaged leaves.

4. Mechanism of flooding damage and seed germina-
tion under a low oxygen condition.

5. Measurement of CO: transfer conductance inside
leaves of various plants.

These studies are expected to provide the important
results to estimate the plant's response to global cli-
mate changes in the near future.
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X¥E - BEEYERAREZYY— (Barley and Wild Plant Resource Center)
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Location of QTL for deep-seeding tolerance (DT), coleoptile
length (CO) and first internode length (FI) 1,000 kernels
weight (KW) in the crosses Harrington X TR306 (H/T, left)
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Laboratory of Barley and Wild Plant Resources

This center was established in 1997 by combining the
barley germplasm center and the unit for wild plant
research. As a unique Asian center of barley and wild
plant collection, we preserve a huge number of seed
samples and herbarium specimen of barley and wild
plants for the development and characterization of
new genetic resources, and phylogenetic studies of the
plants, Detailed activities are as follows:

A. Barley

Using ca. 10,000 barley accessions including ca. 8,000
landraces, mutants and wild relatives, we are studying
the phylogeny and stress tolerance of barley.

1. Phylogeny of barley

We are studying the dissemination of barley based on
the distribution of major genes (1, 2). We are also
analyzing the crossability between barley and wheat
(13, 26, 28, 29, 30, 42, 45), and genomic composition of
the wild relatives (48, 49).

2. Genetic analysis of stress tolerance

This is the main theme of the laboratory and many
reports have been presented on salt tolerance (6, 14,
16, 17, 18, 41), deep-seeding tolerance (46, 47), flooding
tolerance, and disease resistance etc. (3, 10, 22, 24, 33).

3. QTL analysis of the agronomically important charac-
ters

In relation with the genetics of stress tolerance, we
are promoting the QTL analysis of agronomically
important genes using doubled haploid lines with mol-
ecular markers (5, 9, 10, 16, 21, 33, 39).

4, Polymorphism of f-amylase

A cooperative study with Plant Bioeng. Res. Lab.,,
Sapporo Brew. Ltd. revealed the following. The ther-
mostability of f-amylase can be grouped into three
types A (high), B (medium) and C (low). These type
show a clear geographic cline in the world. We found
a f-amylase-less mutant of barley.

5. Collection and distribution of genetic resources and
database release

We are working on the collection of barley accessions.
During 1994-1998, 3,177 accessions were introduced
and were evaluated for distribution. We distributed
9,935 accessions at the same time to contribute to the
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world barley research network. We are also working
as the Asian Center of Barley Core Collection (23).
The barley germplasm database is released on the
Internet with a search engine.

B. Wild plants

The laboratory preserves ca. 40,000 plants and 20,000
seed samples for the taxonomic study of wild plants.
Preserving living seeds of wild plants is a unique
activity of this laboratory. As a Japanese wild plant
research center we are contributing to the taxonomy
and other aspects.

Prospects

Bio-diversity and genetic resources are important sub-
jects of the center. We will be continuously expanding
and developing this field. A comprehensive barley
genome analysis including a DNA chip system and a
genome wide library is being planned.

We only have one staff working in the wild plant lab.
Increasing research staff in this field is essential.
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Laboratory of Environmental Stres

Plants always experience a great variety of stresses
tending to restrict their chances of development and
survival under the changing environmental conditions.
In this laboratory, the characteristics of physical and
chemical stresses and plant responses to them are
studied at various levels from ecosystems to individu-
als, cells and molecules.

Current research themes are;

1. Studies on photosynthesis and transpiration of plant
leaves under stress conditions. ,

The rates of photosynthesis and transpiration of plant
leaves such as barley, wheat and rice were measured
under various conditions, especially stress conditions,
with open system porometers. Local varieties of
wheat such as Hongmaimai, found in Loess plateau of
China, are known to possess various mechanisms for
avoidance of drought stress. The rates of photosyn-
thesis and transpiration and morphological properties
such as chlorophyll contents were studied for different
species of these varieties grown under different soil
water conditions, Hongmaimai had large photosyn-
thetic rate and small transpiration ability under dry
soil conditions. These findings confirm that this vari-
ety has a prominent drought stress tolerance (4).

2. Studies on interaction between vegetation and
atmosphere under stress conditions.

To study the interaction between vegetation and
atmosphere under stress conditions, simultaneous mea-
surements of turbulent fluxes of sensible heat, water
vapor and carbon dioxide were made within and
above rice plant canopies (17). The diurnal variation
of turbulent fluxes changed slightly before and after
the irrigation, but standard deviations of carbon diox-
ide were high at night over drained soil. Simultaneous
measurements of canopy surface temperature, photo-
synthesis and transpiration rates and turbulent fluxes
illustrated that plant canopies responded to intermit-
tent radiation caused by passing clouds.

3. Studies on protection and preservation of wild
plants in Rasyomon doline.

Micrometeorological factors and physiological factors
of wild plants were measured in Rasyomon doline.
The bottom in the depression was characterized by
daytime summer temperatures below about 15°C.
Throughout warm seasons, a very stable thermal
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layer was formed in the doline and it maintained a
perhumid climate, which is an environment favored by
mosses (10). Most of the plants growing at the bot-
tom of the doline had physiological characteristics of
shade plant, adopting to the specific environment of
doline. To clarify how the air flow from the cave
related to the drying in the doline, we artificially
closed the narrowest section of the cave in the sum-
mer of 1997 and 1998. Air temperature and soil tem-
perature were higher by 3-4°C in the closed period
than in the opened period of cave. However, water
vapor increased by 4-5 hPa in the closed period than
in the opened period. The CO: concentration was
about 700 ppm in the opened period and increased to
the high levels above 1000 ppm in the closed period of
the cave. These results demonstrate quantitatively
that the strengthened air with a cool but dehumified
air was closely related to drying of the doline (15).
The closure of the cave also induced a significant rise
of CO: concentration at the bottom of the doline, which
was an environment favorable for moss growth.
Considering these results, we are now planning to
reduce the air flow through the cave to prevent the
cave from drying and to renew the moss forest.

4. Biochemical analyses of plant response to the chang-
ing environmental conditions

Calcium is an essential nutrient for plant growth and
plays a crucial role in regulating many physiological
functions. To elucidate the role of calcium for cell
growth, suspension-cultured carrot cells have been
grown in a calcium-deficient liquid medium. Cell
growth was clearly limited in response to calcium defi-
ciency. Pectic fractions extracted from cell walls
appeared in similar amounts in control and calcium-
deprived cells. Analysis of carbohydrate composition
revealed that calcium deprivation caused a substantial
reduction in galacturonic acid in pectic fractions of cell
walls. Calcium-deprived cells also released higher
amounts of protein, containing many glycan-hydrolytic
enzymes, and extracellular galacturonic acid-rich poly-
saccharides into the growth medium (14). The intra-
cellular glycan-hydrolytic enzymes found in calcium-
deprived cells are currently being characterized.



5. Characteristics of wild plants surviving in copper-
rich environments

The gregarious mosses such as Atrichum undulatum,
Pohlia bulbifera and Scopelophila cataractae have been
found in fhe areas of heavy metals pollution resulting
from the popular building materials. Since a large
amount of copper and zinc affects on the growth of
plants in the environments, the characteristics of
mosses growing on metal polluted areas are helpful in
studying the mechanism of metal tolerance. It is
known that the mosses accumulated these metals in
the region of cell walls, but the structure and metabo-
lism of cell walls remain obscure. Thus the metabo-
lism of cell walls of Scopelophila growing on copper-
rich medium is being studied.

Prospects

To increase the food production and to produce stress
tolerant plants, physical and chemical characteristics
of plants growing under the various environmental
stresses expected in the coming 21th century will be
investigated at various levels from ecosystems, individ-
uals, cells to molecules. We will also study the plant
response to environmental stresses to protect and pre-
serve wild plants or ecosystems in natural environ-
mental conditions.
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H16II B R Y ¥ RV N EE (Abstracts of 16th RIB Symposium)
A LAXORIBRIRL T/ LA
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¥)h¥ LTy REIF

7 hEREYEEEORZERLERT I2R8/NMTH L. 2 VY FUVOBERIORRLUE, EEFERY I 2ICET
N BREFORBALONELXRET H7-OICHEEERRICBIT2MBICE T REABROER LRI TE. Z0OH,
1970 RICHAR SN MBDNAB#RT, DNAY =7 YV Vv Z7EMICE o T, 7 A& TN ADNARMN Z BB HEAN S
CENMEEE 2D, ) A2EIIHATARETFRERET LS /AT u Yo PEREEL. X512, PCRERZH
BDNAY— 7 V¥ —0ORBICL > T, YFIREL BEbhTwiey ) AODNARY 2 EET A 70V s b HME
BEHICERE ETTwA, 72, DNAZREZAAL-BEEORE TR Rtk LICDNAKH 2 %5 L - WE#HR
DERDF L EEITLTVD, TOXHILY )AL VAL, 7 A0 TRIEFHRED L 5 12HF) - BEELTw
EhEERMICHRETZILICE-oTC EPOREHBELHWICEBE ST IH LVE2HEBRTH 2,
Y)AHALVADREFAL b -oTwAL M2 Aa7uy ey M, BETFEER EERBRL CCREBN 2 ES %
Db LT, 21 OEA DAEFLRBEICKELBEEE A2 LBFREND, —FH., MO Y ) ABTICBV TR
BEESHRICERIFTHoTE LR 270V 22 VP HROHMREOER2ED TS, FOHEMBIZA ANE
EZRAEYMTH A I, 22F, bYEDIY, AFLFLREOFELRUNE I NI/ AREBOF T L
HINEVWF )L F L X% EFTHILTH D, 277 2 EDERETORAEIE L HERESNR VD, 4 RIELHE
EFORARBEBTTLIEF VR EEZ 5N TS,

7 ) AHEONRELTOLTFLF
AFAFRERTAFHCAEROZVEELREY TH S~ HEMO FEETERRERIBRL T VWI LDy
LERMME LTIREHVORTE, HEREREK, EHBERERY. NERETOREREZF(TAVI=v7)
R, A F AFRELO T LFADOBRINAREK,. b)) VI v 2 RMR L. EREERFBHE BV 4 A FOREHNT
BHEAMICED LN TE . T2, BIEREEROERER ORBILIC L > T, BEELHE KE L TRHEEICFHES 2
CERWHLRELTEBELD, BFI—H—FHAVERIE Y I HEVIERI Y TIR—ADY ) AFENKE(ERLTE
o
BEFHHEROKEZREOV LR, REELOBETENOHEAEYS, RMEAOBEERTHEEL. YR
B OBEBRERLEIHETE LI L TH L. HAKBHI DS EEROL F A XIAHED 2L F LI12IZE CiRako
BEETAILIHLNL Bo220T, ¥ 294 XHEWHRE LK Z W (17000Mbp) 2 A Filfbo T, F 4+ A ¥
TLF, AKX, ZUNIRELAXEOY ) ABHOEFT VP E LTEEEA TS, LAL, 44 F
(5,500Mbp) C X z2 4 A (600Mbp) D#MIMED S ) LY A X2 EFTHDT, & bRA R TITbNTWAS L) REDNAES
DFMIZBELL, V=T Y AEHRL A R ICRBETE 40w, CORNIIBETFEEERVRERNSA 4 LAFIZEL
FHETA7:0THY, BEFRHOBHE S FHRRIZZN2EME AT, RIEFIEEICHFLET 58 (gene rich
region) ¥ RIS ZEDONIE, A4 LAFICBTHHENICRIETFEMTCE2LELLNS,

¥ A4 LY AOTRE

BEODEE LKy MEFOMIE - B, L—F—KRCCDAATICLZ2BRMBE IV 2 — 5 — D
BEET M AGDbET RN FEORBEIL. S 5T ALBRIZTHEROA 5 14 Vb L BicinformaticsD B % &2 &
>T, B, V) A H ALV ARHALZBEREAZ TS, FOVLOMDNAF Y 7HEM ThH b, EREFOLY
Y BSOS THHDNADHFERFIEST)ZFE LT, M HLBIZFENERTLAT— b LICEHN L, W&RE
BFUPRRL TV PBEPOEREBRICHERET 5. BMETH2HMB T LICHBL/2mRNADS5DNAT A 75 Y
—Z2fER T, DNAF v 735/ ALBIIHb 2 BRIEFRAOEREBRETE S, /2, ESTREDE I Su—7
ELTHBRAEARBMICERTLZOT, BRRETORABE EOBMN LR LTEE LHERLQTL, LORETE
MEHBRELTETHS, 5T, BACRLDEKRDNASA 75 ) —%FHTENII, ESTICEBF54 75 —D
BILADETHNBETORMNTEEL 25, BEEXhRIEZFILEGTFRBICE > TRERB A BRATE 2, 70,
DNA¥ v 7RDNAZA 75 ) —DETHHH - BRLE#REA V54 Y TDNANRY 2 H H5RFT 2 BIZFRBFHKR
RYRATLARY /757077 FEFEL, REZEHET 2 LCATROERTH ) I EERBRESET ATV 2,
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MILKZEREDHEFATCREIN TV I 4 F AXOREERIIERMES L UFRGE - RFEKS80005). BR
ERRH(W5005) . FEBEFRHEM4005) ., ERBRERMS L CHEE#I007) 2 ETH S, DNAF Y T &
DY Y AERBRIIERER AR, EHBRERHB L UCRERETRHEOET 2 8ET2EERK - AT 20108
DBl TVwA. &512, ERES L UFRME - REICIIREERS. R P LAWY E TS 77— 5 N— R
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Achievements of the North American Barley Genome Mapping Project and Future Directions

Patrick Hayes
Coordinator, NABGMP
Dept. of Crop and Soil Science
Oregon State University
Corvallis, OR 97331 USA
http://www.css.orst.edu/barley/nabgmp/nabgmp.htm

The NABGMP is a multi-institutional, multi-disciplinary project that applies contemporary genetics tools to barley
improvement. The long-term goal of the NABGMP is to identify, characterize, and manipulate genes of economic
importance to barley producers, processors, and consumers. In the broadest sense, the NABGMP is an international
consqrtium of barley researchers. Strictly speaking, the NABGMP consists of complementary groups in the U.S, and
Canaga (http://gnome.agrenv.mcgill.ca/nabgmp/cnabgmp.htm). The components of the U.S. and Canadian partner-
ship flave separate funding sources. The benefit of the NABGMP to the U.S. will be a profitable and competitive bar-
ley industry. More broadly, the NABGMP will generate genetic information that can be used by all researchers for
the improvement of barley and other cereal crops.

The focus of the NABGMP is on the quality and productivity of barley. Barley has unique quality attributes for malt-
ing and brewing, as an animal feed, and as a human food. Improvements in quality can only be achieved by under-
standing the underlying processes. Our long-term objective in the quality arena is to completely characterize the
genes and pathways determining carbohydrate deposition and hydrolysis. Crop productivity can be enhanced by
simultaneously increasing yield potential and removing yield constraints. OQur long-term objective in this area is to
completely describe the pathways leading to plant growth and development (yield potential) and abiotic/biotic stress
resistance (yield constraints).

Our poal is to use the tools of contemporary genomics to enhance the profitability and sustainability of barley pro-
duction. The measure of success will be the products of genomics translated into barley varieties. In order to accom-
plish this integration and translation, the NABGMP supports multi-institutional, collaborative research. The following
sumrary provides a general picture of NABGMP initiatives. For additional detail, please refer to current work plans
and progress reports posted at the NABGMP web site.

Structural genomics

The key reference mapping populations are Steptoe x Morex, Harrington x Morex, and Harrington x TR-306.
Phenotype and genotype data on these, and other, map populations are available via GrainGenes
(http://wheat.pw.usda.gov/) and the NABGMP web site. These genetic reference populations, together with the
BinMap (http://barleygenomics.wsu.edu/) provide researchers with a range of markers (ranging from NEPs to
SNPs) defining each barley chromosome. Our strategy for focusing on the gene-rich regions of the barley genome
will be to capitalize on the Morex BAC library, developed in the first phase of this project, and the gene-rich regions
revealed by Kuenzel et al. (http://wheat.pw.usda.gov/ggpages/Barley_physical/).

Functional genomics .

Expressed Sequence Tags: Our strategy is focused on sequencing the genes that make barley unique and different
from other crop plants. We are targeting unique tissues, processes, developmental stages, and plant responses
(http://www.css.orst.edu/barley/BREEDING/ESTproj.html).

Gené expression: Our strategy will be to develop microarray-based tools to monitor the expression of genes in tar-
geted gene-rich regions. A multi-investigator proposal to the NSF is pending.
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Gene discovery: We will use the barley transposon tagging system developed in the first phase of this project for
"reverse” genetic strategies aimed at gene discovery and functional characterization.

Genetic stocks

Mapping populations and genetic resources: We continue to expand our catalog of genetic stocks - mapping popula-
tions, near-isogenic lines, and recombinant chromosome substitution lines (RCSLs). We are currently focusing on
RCSLs developed using a selected set of Hordeum vulgare subsp. spontaneum accessions as donor parents and
Harrington as a recurrent parent. We are also developing large mapping populations for optimizing QTL detection.
Coupled with new functional and structural genomics tools, these stocks will facilitate gene discovery, mapping,
description of pathways, and conversion of genomic information into varieties. We will capitalize on the extensive
genetic resources (over 900 mutants and 30,000 accessions) available in barley to identify novel alleles.

Applications

We target the application of genomics tools to variety development by directly supporting integrated variety devel-
opment efforts addressing barley quality and productivity. Key areas requiring immediate attention are disease
resistance, specifically Fusarium Head Blight in the Midwest and barley stripe rust in the West. We have mapped
genetic determinants of a spectrum of qualitatively and quantitatively inherited phenotypes that determine the quali-
ty and productivity of barley.

Bioinformatics
We are expanding and improving our data collection, management, distribution, and analysis procedures and directly
integrating these with national and international efforts, such as the GrainGenes network.

Education

We support activities that heighten public awareness and appreciation of agricultural genomics, germplasm conser-
vation, and variety development efforts. For example, the Oregon Wolfe Barleys (http://www.css.orst.edu/barl-
ey/wolfebar/wolfnew.htm) are used throughout the world for genetics instruction and research.

Linkages
Our mapping populations, and supporting data, are key resources for international public and private sector mapping
and gene isolation efforts. Collaborative international partnerships are of key importance, including those established
with the Barley Germplasm Center at the Research Institute for Bioresources, Okayama University; European Union
Barley Initiatives; the National Barley Molecular Marker Program (Australia); and the Scottish Crop Research
Institute,
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@Eﬂﬁll"i — Y HC. elegansé IZEZ L B o TV AL Db TRIBRAMUMEORA - BRBIXC. eegansk 3EAL
[f U"Cd %o Pristlonchus pacificus® 9 #Hid, BRAEROBENC. eeganst BEL BLZ2123H»boT. T
Pol:BFMOBRBRRLTHE, EMITEMHITHY (L2221 THE. 5 BEL O N ET A H =X LM
bUEDTIREV, ELOBBRTML2OBHTIBERIFEESNTILRIEE-72BbhdAt HIHFLE, &
DL R WY LAORBEZEDTWITE, BEY) REDEENFSRYZEINDLDOTREVES ) Do
BBUIC elegansiCBF A7) AP LEBERI DA D ZXLADLHROWRE., SHLBREORBY ) A 2E2EL
[EFBRBOSHRE]OBRL VI, RAMJAOKMBIZLy T2 EoTREALTE L, EEFORICDOZ L

PHIRBEVL T REWTH LD, EICKELTREEXBOTWVS,
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FEHAE (BW)

(Summary of the accounts)

199 84FEEDETH

Expenditure for the year ended 31 March 1999

(8%)
7
(8%) 8,523
75,884 71,363 (7%)

589,856
(62%)

21,986 (2%)

Bf7. +M

OAHEZ DM
DX BEMEEE
WEEY - BRfEE
BRFEREEHEIE
mZFEMEE
BEFFFE

785,230 (8%)

(8%) 758,840 713,630 (7%)

219,860 (2%)

1,286,300 7
(13%) "‘

5,898,560
(62%)

Currency, US$1=100 yen
OStaff cost & etc.

@Research fund from
Government

M Fund for
Instruments

@ Fund from JSPS

@ Trust aid from
Comp.

M Gift aid from Co.
and Foundations




Post Dr. & K&BeA: (19994E ) (Post Dr. and Graduate student in 1999)

?WEUH%E (Post Doctral Fellow) (144)

EREE

B %fﬁ?ﬁf%ﬂ(Doctor course) (1644)

KEWE, e, B M. REEE, R Bk, UOeAE, AL, FHEM, kRET
JVY—ENAN N7, RE#B— BEG FARE. $REET. HBEHZ, E #&  HE

B2 (Master course) (334)

JCHBAR. BIRMEE, RMEB, RiUEH, BARRT, BERE, FLEE. BLXA, FHA
BAXERE, MK R, REAA® &, MHAXET. MBS T, BEER, FEE— AH O, IR
fAME. FEER. KH R HEXYT. itHRE. BELF. TIEAR, S8
AT NRIRATYTF4 7%, ARSEA. BARK. & B, FRET. FHRHZ. HARE

#%E4: (Temporary student) (3%)




WE %8 (Staff lisy)

Director

Professor

Division of Genetics
Molecular Genetics
Professor

Associate Professor
Assistant Professor
Assistant Professor
Technician

Cell Genetics
Professor

Associate Professor
Assistant Professor
Technician
Technical Assistant
Plant Genetics
Professor

Associate Professor
Assistant Professor
Assistant Professor
Technician

(Frk124E3 8 1H BAE, as at 1st March 2000)

Fusao Motoyoshi,Dr.Agr.

Fusao MotoyoshiDr.Agr.
Minoru Murata,Ph.D.
Yutaka Ogura,Dr.Agr.
Wataru Sakamoto,Dr.Agr.
Hideo Uno

Hideaki Matsumoto,Dr.Agr.
Yoko Yamamoto,Dr.Sci.
Bunichi EzakiDr.Med.
Sanae Rikiishi

Masako Kawamura

Kazuhiko Noda,Ph.D.
Masahiko Maekawa,Dr.Agr.
Kazuhide Rikiishi,Dr.Agr.
Shigeko Utsugi,Dr.Agr.
Takakazu Matsuura

Division of Functional Biology
Biological Communication

B3
# B EAERE
RIZEWRBHEM
BAG T RT3 8
# B AERE
B & B H H #%
B F MR B
2 ® & B
¥ B FHE®
R REBR S5
# B OBEEH
B & B LFETF
B F OO —
53 E haRH
HEMHER WHEF
BB 55
¥ B HTHAOB
B &% & Wi OH B
Bh F hAEME
” FHA %TF
5 CRE A
H By B8 RE SR AT SR P
Ay B 1 SRR R S B
# B RAAMH
B & B H # #R
Bh F OHEHER
53 E B # *
A Kb it
# B % £ B
B & B v B #
B F R ZRE
» HEHEX
BmwikcE BE MK
PEREYD ESRAT 4
5 ¥ W& BT
B % 8 Lg R #
B F B KX %
53 T R EF
AR UL ER M
FRIEIRAT 5755
# B ETHE B
B # 8 wmHZE®
Bh F RABLE &
# il ]
= E kmRE =
EmwcE W BORT

Professor

Associate Professor
Assistant Professor
Technician
Metabolic Regulation
Professor

Associate Professor
Assistant Professor
Assistant Professor
Technical Assistant
Biochemistry
Professor

Associate Professor
Assistant Professor
Technician

Hisaaki TsumukiDr.Agr.
Tamotsu Murai,Dr.Agr.
Hideya Yoshida,Dr.Sci.
Takashi Shiraga

Kunihiro Kasamo,Dr.Sci.
Susumu Nakashima,Dr.Sci.
Mineo Shibasaka,Dr.Sci
Maki Katsuhara,Dr.Sci.
Kazue Akiyoshi

Fusako KawaiDr.Agr.
Yoshiki Yamasaki,Dr.Agr.
Manabu Sugimoto,Dr.Agr.
Aiko Mino

Division of Environmental Biology

Plant Pathology
Professor

Associate Professor
Assistant Professor
Assistant Professor
Technician
Technical Assistant

Tetsuo Tamada,Dr.Agr.
Takanori Maeda,Dr.Agr.
Masayoshi Asatani
Hideki Kondo

Koji Mitsuhata

Yoshie Okano



H REAL 2R AT 9 B Ecological Chemistry and Analysis

# # #F W1 B Professor Isao Aoyama,Dr.Eng.
B # # K & X #  Associate Professor Shigeki Muramoto,Dr.Agr.
Bh F M M % M Assistant Professor Hideo Okamura,Ph.D.
” 4 %  Assistant Professor Rong Luo,Ph.D,
t5 B ValiF H4EXR  Technician Hisao Nishizaki
BRI I IR 4B Environment and Ecological Adaptation
# ¥ KA M # Professor Kazuyoshi KimuraDr.Agr.
By # ¥ MW+ EHE  Associate Professor Shigemi Tanakamaru,Dr.Agr.
Bl F E W # F Assistant Professor Yuko Tomita,Dr.Sci.
B B ¥ M B F Technician Naoko Hiraoka

KFE - BAWYEEWEYE ¥ —  Barley and Wild Plant Resource Center
SRR (KERUESA4HY) Barley and Wild Plant Resources

t-R#E K H M # Professor Kazuyoshi Takeda,Dr.Agr.
By #% #& 14k % 1 J&  Associate Professor Kazuhiro Sato,Dr.Agr.
By F # & B Assistant Professor Takashi Enomoto

” B M K 8  Assistant Professor Daisuke Saisho
H B A # #, Technician Makoto Ishii
FRE#MER M H ¥ F Technical Assistant Yasuko Murata

” WFJIl 3%  Technical Assistant Kiyomi Setogawa

» i # T B Technical Assistant Chika Sakai

BEAMLA Environmental Stress

H ¥ k@B #®E Professor Toshihiko Maitani,Dr.Sci.
By & ® 4 B B #& Associate Professor Haruyoshi Konno,Dr.Sci.

H#W#ER W F # F  Technical Assistant Takako Nakato
EEiEiRmE AEA%ZE) Global Plant Resource Development

% B % ¥ Vvifv 1771 Visiting Professor Rengel Zdenko
HBER Administration Division
H % E & L W Secretary Isao Oomi
i General Affairs Unit
B4R K WL EAE ¥ Chief Masahiro Yamasaki
E %K B #AWB = Clrk Youji Watanabe
HEHMHER =L HAF  Technical Assistant Yuriko Muroyama
” Bl E BASE v Hiromi Abe
£ B & Accountant Unit
& E MR E WO KT Chief Futoshi Yamaguchi
B B E B ¥ — C(Clerk Syouichi Kabuto
” kB EKE » Maki Nagakura
HEWKEER MM BEE  Technical Assistant Yukimi Takeoka
” MR kT ” Mitsue Yanaisawa
=% Experiment Farm
BEEM) ® H M # Head Kazuyoshi TakedaDr.Agr.
BETHMG) 8 JIl B Z  Chief Masahiko Maekawa,Dr.Agr.
FiHE X 2 E A WAL R e 488 Research Institute for Bioresources Branch Library
SR M) B K E B Head Hideaki Matsumoto,Dr.Agr.
EHEERR =# #EF Chief Yoko Miura
B B E K H Clerk Hiroshi Mizuta

H¥#MER F H ¥ F  Technical Assistant Yosiko Aoi
ER S8 F ” Masako Kurohara

4



WEEH
(Editorial Members)

HHMEZE (Kazuhiko Noda)

HAES (Shigeki Muramoto)
R =M% (Mineo Shibasaka)



