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To Students of the School of Agriculture and
Graduate School of Agriculture at Hokkaido University

A new path towards your future!

Hirokazu Matsui
Dean of School of Agriculture and
Graduate School of Agriculture,
Hokkaido University

Advanced, hands-on study in the Hokkaido University School of Agriculture and Graduate School of Agri-

culture

A brief history of Hokkaido University from its
beginning as Sapporo Agricultural College

Hokkaido University was established in 1876
as Sapporo Agricultural College and became the
first educational institution in Japan to confer a
Bachelors degree. Sapporo Agricultural College
was based on the provisional school of the Devel-
opment Commission established earlier in Zojo-ji
Temple in Tokyo (1872), with the expectation that
it would take the lead in the reclamation of Hok-
kaido. The Sapporo Clock Tower, a popular tourist
attraction, was built in 1878 as part of a gymnasi-
um for Sapporo Agricultural College. In 1907,
Sapporo Agricultural College became Tohoku Im-
perial University Agricultural College. It was sub-
sequently renamed as Hokkaido Imperial Univer-
sity in 1918 where the School of Agriculture was
particularly helpful in the scientific development
of agriculture, forestry and fisheries in East Asia.
In 1947, the University became Hokkaido Univer-
sity and included the newly established School of
Law and Literature.

During the College’s early period, many of the
teachers were from the USA and agricultural lec-
tures placed emphasis on British and Ameri-
can-style large-scale farming and upland farming.
One of the first graduates was Dr. Shosuke Sato,
who later became a professor of the College and
then president of Hokkaido Imperial University. Dr.
Sato also spent time at Johns Hopkins University
(USA) under the instruction of Professor R.T. Eley,
where he developed an interest in the study of
German agriculture and was influenced by the his-
torical school of economics. As a result of Dr.
Sato’s guidance, the educational emphasis in the
College shifted in the mid-1890s to small and me-
dium-scale farming and rice farming. This led to
the development of new land management tech-
niques for transforming land into a manageable
resource-producing system. It was the beginning of
our tradition of practical scientific creativity and
exemplifies the academic culture that strives to
understand natural laws, topography and the envi-

ronment for improving agricultural strategies.

The Clark Spirit

It has been said that the young Sapporo Agri-
cultural College was the origin of the modern spirit
of Japan. This claim is supported by the words of
Dr. Tadao Yanaihara, who was a disciple of Pro-

Prof. William S. Clark

Dr. Shosuke Sato

fessor Inazo Nitobe and who became the second
president of the University of Tokyo after World
War Two. He said that the college “undertook lib-
eral education to nurture an entire human” in Sap-
poro, which at the time had a population of less
than 2,000. To this background came Professor
William Smith Clark who, despite only being at
the College for eight months, had a profound in-
fluence that can still be felt today. The following
words are from a brief history of the College, made
public at the San Francisco World Exposition in
1915:

“Boys, be ambitious!” It has become proverbial
in the school. "Boys, be ambitious!" Be ambi-
tious not for money or for selfish aggrandize-
ment, nor for that evanescent thing which men
call fame. Be ambitious for knowledge, for
righteousness, and for the uplift of your people.
Be ambitious for the attainment of all that a man
ought to be. This was the message of Professor
William Smith Clark (from Paul Rouland).
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Furthermore, there was only one school regula-
tion in Sapporo Agricultural College: Be gentle-
men! You should know that your action involves
responsibility. This is part of our heritage that we
now refer to as the Clark Spirit. It is to seek for
freedom, equality and philanthropy, to look at
things from the viewpoint of the weak, with un-
conquerable spirit that insists on justice. This is the
spirit of our campus.

A verse from the dormitory song Miyakozo
Yayoi, which we are fond of singing, runs: “Hito
no yo no Kiyoki Kuni zo to Akogare nu (We long
for the northern place as a pure place in the human
world.)” This reminds us of the ideals of the Clark
Spirit.

Philosophy of the School of Agriculture and
Graduate School of Agriculture

The attitude toward study taken at the School
of Agriculture and Graduate School of Agriculture
of Hokkaido University comes from the words of
instructors who were in Sapporo with Prof. W.F.
Clark in those early days.

Thomas Antisell once said that lectures at
school and books are only knowledge about past
inventions. He stated that “those who want to be
scholars must make it fundamental to ask questions,
study ways to solve them, invent, and make pro-
gress, and that they must not believe that lectures
and books are perfect.”

William Wheeler preached the necessity of
education in developing an understanding of theo-
ries and developing skill in applied practices. He
said that “knowledge without thought goes no-
where, and that knowledge with thoughts can be a
resource that never runs out.” He aimed to control
and stabilize land in a catchment, summarizing his
philosophy in the words “Learn from nature.”

William Penn Brooks said that “a person who
can consider, from his knowledge and theories,
what the cause of newly observed phenomenon is
and clarify the causation, is a far more valuable
and precious talent than those who are merely
knowledgeable.”

One of the early graduates, Professor Inazo
Nitobe, who studied agricultural economics and
believed in pacifism, wrote, “With malice toward
none, with charity for all”. He wrote the book
“Bushido: The Soul of Japan” and introduced Jap-
anese spirituality and identity to the wider world.
He studied English, stating his motivation that “I
wish to be a bridge across the pacific.”

Another early graduate, Kanzou Uchimura,
concluded his book titled “The Greatest Relic for
Posterity” with the words, “..what is the true
greatest relic which can be left for however many
people? It is a life of brave dignity.”

Prof. Inazo Nitobe. The portrait with his statement

Our goal

Let me remind you of the four basic philoso-
phies of Hokkaido University: “The Frontier Spirit,”
“Global Perspectives,” “Humanity Education” and
“Practical Learning.” For more than 130 years now,
we have advocated these words as our philosophy
of education and study.

Today we face serious global resource issues,
specifically “food problems,” “environmental
problems” and “energy problems.” Each of us must
act properly as a global citizen. Agricultural stud-
ies have developed by continuous scientific re-
search into primary production in agriculture, for-
estry and fisheries. Today its domain has widened
into the fields of environment and life sciences. In
2011 the world population exceeded 7 billion. On
the other hand, the world’s total cultivated area
was 1,400 million hectares and the total world food
production was 2,200 million tons, values which
have scarcely increased over the last 4 decades.
This discrepancy will be a critical issue for human-
ity in the 21st century.

Having been involved in developing Hokkaido
prefectural regulations regarding genetic modifica-
tion since 2004 as chairperson of the relevant body,
I am particularly interested in food safety and se-
curity. It derives from the stable maintenance and
improvement of resource production systems based



To Students of the School of Agriculture and Graduate School of Agriculture at Hokkaido University 3

on primary production, and maintaining environ-
mental conditions for human existence. Without
adequate food there is no food safety or security.

The tasks that we should tackle now are these:
preparation of the production environment and
well-balanced development of areas including
farming and mountain villages, forest and coastal
areas; promotion of labor-saving technologies; de-
velopment and establishment of new breeds that
can be grown regardless of rapid changes in the
production environment; development of pest pre-
ventive measures; creation of functional ingredi-
ents from animals and plants; further utilization of
microbes; utilization and application of biomass;
and scientific analysis and promotion of organic
farming. Nature is still rich in Hokkaido. Let us
cherish stirring dreams of this land, and promote
sound, down-to-earth studies. We can make a con-
tribution to the betterment of human life with our
own hands.

Our mission
The mission of the School of Agriculture and
the Graduate School of Agriculture of Hokkaido

University is not limited to agriculture in Hokkaido.

Hokkaido falls between the northerly latitudes of
42 and 45 degrees, a similar region to many other
cities of advanced nations. This zone is where hu-

man activity has influenced nature over a long time.

We have much in common with the world’s agri-
culture research areas. Today, when the entire
world has no choice but to coexist as a community
bound together by a common fate, we must not
forget that our predecessors have worked hard and
made great contributions to the development of
agricultural techniques and to environmental con-
servation in East Asia, in cold areas, and around
the world. Also, as a graduate university that puts
emphasis on research, we must keep our eyes on
what happens abroad.

Our research is partly driven by curiosity. Of
course, that is not the only purpose of those who
study agriculture. The goal is to pursue human
welfare and create a world in which everybody can
live happily. To that end, we study the rich nature
of Hokkaido, and make use of what natural re-
sources we have acquired. We seek to bring about
stable environmental conditions for human exist-
ence and stable resources of air, water, food and
wood. We intend to address the fundamental issues
in order to create a sustainable society. We shall
not become over-enthused or despair at immediate
matters. Instead, we shall imagine what we wish to
be like in 5 or 10 years and endeavor to achieve
that goal. Let us — the students and faculty
member of the School of Agriculture, Graduate
School of Agriculture, and the Research Faculty of

The symbolic building of Graduate School of
Agriculture, Hokkaido University

Agriculture at Hokkaido University — work to-
gether to solve pressing problems for people in all
parts of the world and for all future global citizens.

References in Japanese

1) Ebina K. (2007) The father of Hokkaido University -
Shosuke Sato, Nishida Shoten, 221pp.

2) Fujita S. (2011) Education spirit of Sapporo Agricultur-
al College where Dr. Inazo Nitobe had been studying.
Sapporo Alumni Magazine, 20, 5-41.

3) Kuromatsunai-Education Bureau. (1993) Palm trees in
the north, Gyosei Publisher, 71pp.

4) Matsui H. (2011) Toward 22nd century. Sapporo Alum-
ni Magazine, 20, 1-4.

5) Tajima K. (2007) Proposal of opening the lecture on
Clarkii Spirit in Agricultural School of Hokkaido Uni-
versity. Sapporo Alumni Magazine, 18, 71-74.

6) Uchimura K. (1946) Commented by Norihisa Suzuki
(2011), Best heritage for younger generation: From the
experience of Denmark, Iwanami-shoten, Tokyo.



ZOTLEI—TCRERINGVLELDVET,



Contents

To Students of the School of Agriculture and Graduate School of Agriculture at Hokkaido University - 1

A Brief History of the Special Postgraduate Program in the Graduate School of Agriculture: -+ 7
Part I. Agrochemical and Molecular Approach — from globe to molecule —— «sxereereereeresssssssiensine 9
1' Balancing Agricultural Load and Environmental Capacity ................................................... 10
2. Plant Nutrition ...................................................................................................................... 14
3. Apphed Microbiology .......................................................................................................... 16
4. VirUS-Plant TtEIraCtionS ++«++++++++++s+sssseesssresssrnssresisrassesssiessssesssasssessssesssasssessseessssesssassessses 20
5. Natural PrOduCt Chemlstry ................................................................................................... 22
6' ECOlOgical Chemlstry ........................................................................................................... 26
7. FOOd Nutrition ...................................................................................................................... 30
8. Search for a-Glucosidase Inhibitors from Southeast Asian Plantg:«-«:-soeseeeseresesssecsennee 32
9. Dietary Modulation of Host-Bacterial Mutualism in the Gut:««:sereeereressmsne. 34
10 MlCrOblal PhySIOIOgy ........................................................................................................... 36
11 MyCOrrhiZal SymbiOSiS ........................................................................................................ 40
12. Molecular Mechanism of Carbohydrate-Active Enzymes and Their Application --«+««-=+++-- 42
13. Biosynthesis of Saccharides and Their Engineering with Enzymes «-+-:+-sseoeeeeseeseesescnee 46
14. Studies using Arabidopsis, a Toolbox to Know the Unknowns «««««sseereseeesenssenneenene 48
15 App]led Molecular Entomology ........................................................................................... 52
16. Microbial Genetic Resources and Functional Protein Manufacturing-««--««-««-=essesseesreseeneees 56
17 LeSSOnS from BlOlOglcally ACtiVe Small Molecules ............................................................. 58
18 Bioreﬁnery OfWOOdy Biomass ............................................................................................ 62
19 Chemlcal BlOlOgy ................................................................................................................ 65
Part II. Sustainable Crop Production and Land Use — from global to local ——«--«eseeerereerneeseemneenecenee 69
SeCtiOn 1 Agricult—ural and Resource ECOnOmiCS ............................................................................. 70
1. Economic Analysis of Agricultural and Environmental Policy «-«««--«ssoseeseeeseseseeseeeneennneen 70
2. Farm Business Development under Agricultural Policy Reform «««--«eeeeerereerreesreeneeenneennns 73
3. Diffusion of New Agricultural Technology and Common Property Resource Management - 75

4. Socio-Economic Approaches for Cooperative Associations, Farmer’s Organizations
aNd RUTA] DEVEIOPIMIEIIE -+ +eessesses e eeses et 78
5. Study of Marketing and Distribution of Food and Agriculture ««--««--«sseeseereereenersneneenennes 81
6. Study of Fisheries Management and Fisheries Household Economics:-««-«+-«+sxseoeereeeseeenenes 83
Section 2. Gene Engineering of Crop and Animal Production -« s 85
L. Plant Bro@dinge -+« +tseeesessesstetsememsentti ettt 85
2. Horticultural SCience ............................................................................................................ 87
3. COld Hardiness Of Trees ....................................................................................................... 89
4, Plant Cell BNgInEering « -+ +--+wtseseserseststsesessiniti ittt 90
5' Structure and Function Of the Plant Nuclear Envelope ......................................................... 94
6. Horizontal Gene Transfer to the Plant Mitochondrial Genome ««+««-«ssseeereereenereeneennennes 96
7. The Mechanisms of Occurrence and Control of Soilborne Diseases of Crops ««+-«+-++=+=xe+x+ 98
8. Potential of Polar Lipids from Bovine Milk to Regulate Rodent Dorsal Hair Cycle -+ 99
9. Animal Nutrition and Gut Microbiology «++«++s+ssssesessessessessismssintinmssisitisi e 100
10. Studying Biological Phenomena Expressed at the Individual Level --«+--ceseeeseerseesseeeneeees 102



6 Contents

Section 3. Bio-Resources Production and Sustainable Land-Usge ««+«+-ssereereemereeneenenneneeene 104

1' SOll Physical Phenomena ................................................................................................... 104

2. Control and New Design of Agricultural Machinery for Biomass Production ««+-««+-««+s++++ 106

3. Vehicle RObOtiCS ................................................................................................................ 108

4. Postharvest Engineering and Food Process Engineering -+« ++swseeuseesmseueinsinienniines 110

5. Creation and Planning of Landscape Harmonizing with Nature and Human Activity------ 112

6. FOT@St POLICY «+esvesesseressesesesses ettt 114

7. Human Impact on Erosion and Water RESOUICes -+« -+-+++ssssrersrsusssssimsimiiiiis 116

8. Planted Forests and Biodiversity -+ -tsesseseustismisieiiiiniiitiiii i 118

9. Carbon Dioxide Exchange between the Atmosphere and Terrestrial Ecosystems -+« 120

10. Silviculture and Forest Ecology in a Changing Environment -««-««--«eseeererseereesnereeneennenees 121

11. ReStOration Biology -+« + s+ tsseststssestussstismts ittt 123

12 Anatomical Studies Of WO()dy Plants ................................................................................. 125

13. Utilization of Wood as an Environment-Compatible Material --+-«+-«eseeeeereereesneeeeneesneenes 127

Keyword IndeX .................................................................................................................................... 1 29

LlSt OfAuthOrS ..................................................................................................................................... 13 1

Postface ............................................................................................................................................... 1 33

ACkHOWledgmentS ............................................................................................................................... 1 3 3

ZEEEMNS D A vt — (Message from Dean):w -« 135
Columns:

Magnaporthe oryzae, the Fungal Pathogen Responsible for Rice Blast ««--««er-reeseeesrrersneesiereneeeneees 19

Genomic Resources from MiCrOOrganiSmS ...................................................................................... 35

Molecular and BiO]Ogical Technology ............................................................................................. 55

EXplOratiOn and UtlllZathn Of Energy CrOpS ................................................................................... 86

MaShrOOm Cultivation Wlth Agroforestrial VVASEES v rereereenretnrtn ettt 93

Symblotlc and Parasitic Mushrooms ................................................................................................ 97

HOrtiCultural CrOpS Wlth Molecular Breeding ................................................................................ 103

Sustainable Crop Production System .............................................................................................. 111

Green Manure and its Nutrient AVallablllty .................................................................................... 117



A Brief History of the Special Postgraduate Program
in the Graduate School of Agriculture

This chapter briefly reviews the history of the
Special Postgraduate Program and describes the
programs that have been conducted up to present.

1. Historical aspect

The Special Postgraduate Program for foreign
students in the Graduate School of Agriculture has
a fairly long history of 15 years. The first version
of the program, “The Special Postgraduate Pro-
gram in Agricultural Chemistry”, was started in
October 1997 as the first special program at Hok-
kaido University. A total of 10 laboratories within
the Division of Agricultural Chemistry participated
in the program. The second phase of this special
program followed from April 2002 until March
2007, during which time 5 more laboratories
joined to bring the number of participating labora-
tories to 15. The current program, “The Special
Postgraduate Program in Bio-systems Sustainabil-
ity”, is the third-phase program, initially estab-
lished for 5 years in April 2007 but extended 1
more year to 2012. These programs consisted of a
master's course of study and a doctoral course with
the special allocation of 5 research students re-
ceiving scholarships from the Japanese Govern-
ment for each course (10 scholarship students in
total) each year, together with a few personally
funded students.

2. Concept

The current program provides a unique combi-
nation of classes from diverse fields, such as food
production, health and environmental sciences, to
educate students in areas urgently needed to ad-
vance to preserve and sustainably utilize our lim-
ited global resources to ensure our future quality of
life. Toward this goal, we enroll students from
Southeast Asian countries, China and Korea, train
them in bioscience and environmental science,
after which, they return to their countries as ex-
perts who serve in their countries' development.
Due to the nature of the program, the language to
be used in all educational and research activities is
English.

3. Laboratories in this program

The following 16 laboratories are participating
to educate students in 4 divisions of the Graduate
School of Agriculture (Bio-systems Sustainability,
Agrobiology, Applied Bioscience, Environmental

Head of the Program, Prof. Dr. Atsushi Yokota

Europe 4
South&Central
America 4 /_Other 3
Africa 5

Others(Asia) 9
China30 °
Malaysia 7

Fig. 1. Distribution of the home countries of the
students enrolled into the special programs during
1997 to 2011.

Resources): Plant Nutrition (including Rhizosphere
Control), Soil Science, Forest Chemistry, Patho-
gen-Plant Interactions, Applied Molecular Ento-
mology, Molecular Biology, Molecular Enzymol-
ogy, Natural Product Chemistry, Molecular Eco-
logical Chemistry, Wood Chemistry and Chemical
Biology, Biochemistry, Applied Microbiology, Mi-
crobial Physiology, Nutritional Biochemistry, Food
Biochemistry, and Molecular Environmental Mi-
crobiology.

4. Description of the programs
Enrollment

After full discussion with the host professor,
each applicant submits a set of application docu-
ments, and these are evaluated at a meeting of the
professors of the program. The final decision for
admission is made at a faculty meeting of the
Graduate School of Agriculture. In many cases,
prescreening of the candidates is conducted using a
network of alumni of this program, because many
alumni are working as university staff members
and researchers.

As of October 2011, a total of 148 students have
been enrolled in the programs (1997-2011). The
distribution of their home countries is shown in Fig.
1. The top 5 countries were China, Indonesia,
Thailand, Korea and Bangladesh. Looking at the
distribution of home countries within the current
program (newly arrived 53 students, 2007-2011),
Indonesia is most common and China is second
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1. Balancing Agricultural Load and Environmental Capacity

Ryusuke Hatano, Professor
(Laboratory of Soil Science)

Keywords: carbon cycle; environmental load; greenhouse gas; nitrogen cycle; water pollution

Introduction

Agriculture impacts material cycling in soil
through tillage, fertilization and harvest. Tillage,
which is conducted to improve soil structure, in-
corporates organic matter and oxygen into soil.
Soil structure is stabilized due to the aggregation
of soil particles by humus and is strengthened due
to coating of the aggregates by humus. Macropores
between soil aggregates enhance water drainage,
supply oxygen to plant roots, and stimulate aerobic
soil microbes, while fine capillary pores inside soil
aggregates retain water, supply water to plant roots,
and feed anaerobic soil microbes. Harvesting
plants removes nutritional elements from fields, so
fertilization by chemical fertilizers and manure is
indispensable for sustained crop production.
However, agricultural activities temporarily bare
the ground and cause high nutrient concentrations
in the soil. This may cause nutrient discharge to the
aquasphere and greenhouse gas emissions to at-
mosphere. In the Soil Science Laboratory, studies
of land use impact on environmental material load
are conducted.

1. Controlling factors of nitrogen load from
non-point sources

The pathway of water discharge in a watershed
consists of groundwater flow, surface runoff and
later, lateral flow through the soil, so it is difficult
to specify the water discharge from a certain land
area in the watershed. Therefore, nitrogen runoff in
the watershed is studied as non-point source pollu-
tion. Rainfall events when the ground is bare due
to tilling, fertilizing or harvesting causes a signifi-
cant amount of nitrogen runoff to rivers and nitrate
leaching to groundwater, resulting in eutrophica-
tion near seashores and drinking water pollution.
Soils in upland fields are aerobic and produce
NO; , which is easily leached. On the other hand,
soils in paddy fields and wetlands are anaerobic,
with reduced amounts of NOs so that the loss of N
is in the form of N, and N,O gases to the atmos-
phere. It is thought that N runoff to rivers from
wetlands and riparian zones can be decreased by
trapping and reducing the N compound runoff
from upland fields. Therefore, N runoff to rivers in
the watershed can be controlled by the N balance
between N input and N output, the water flow
pathway, and N transformation. This study aims to

clarify how to manage these controlling factors to
decrease N runoff to rivers.

There has been a significant correlation be-
tween the proportion of upland field and stream
NO; concentration in each agricultural watershed
investigated. The regression slopes were then de-
fined as an impact factor (IF), as these appeared to
be an index of impact on stream water quality. The
IF significantly correlated with the cropland sur-
plus N. However, two watersheds of grass-
land-based dairy cattle farmlands with similar
cropland surplus N showed significantly different
IF, with the IF higher in the watershed with a lower
wetland proportion (Fig. 1). Denitrification activity
was higher in the wetland and riparian zones than
in managed grassland. Wetlands in the watershed
might contribute to reduced NO;  runoff. "’ Annual
stream N runoff measured in five sub-watersheds
of the Shibetsu River watershed was significantly
correlated to net N input (NNI) in the
sub-watersheds. The regression slope showed that
the stream N runoff accounted for 27% of NNIL
Plots of published data collected in the US and EU
coincided with this correlation. Nitrogen not dis-
charged to streams might be denitrified. The peak
stream NO; runoff was narrower than the peak of

0 Akkeshi
& Shibetsu Paossible point source
3.0/ " . .
Shibetsu
y=0.0161x-0.030
- r=0.891 (p<0.01)
o Akkeshi
o 200 y=0.0123x-0.097
20 =0.777 (p=<0.01
E (excluding one possible point source) ® o
z P
- o
o ®
A 1.0 ° L
o © en i
. Vos %
o ep
2
m
P o R
0 20 40 60 80 100
Upland (%)

Fig. 1. Relationship between the proportion of
uplands in drainage basins and NO;-N con-
centration in stream water in the Akkeshi and
Shibetsu catchments. Error bars represent standard
deviation over 4 seasons.
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enzymatic and GC-MS methods.
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& Column: Magnaporthe oryzae, the Fungal Pathogen Responsible for Rice Blast

Magnaporthe oryzae, an ascomycetous fungus,
is the causal agent of rice blast that accounts for
app. 10 % of the total loss of the rice crop, and
recognized as the most devastating disease of rice.
Infection of the fungus is started by the attachment
of conidia onto the rice leaf in a dewdrop. Germi-
nation of conidia is followed by the differentiation
of appressorium, a specified cell for the penetra-
tion (Fig. 1a). Using an enormous turgor pressure
up to 8MPa, fungal cell penetrates into the rice cell,
followed by the generation of new conidia on the
surface of the infected rice cell for the next infec-
tion. Infected cells cause necrosis and forms lesion,
which is a typical symptom of the disease (Fig. 1b).
Infection at leaf of young rice plant is often fol-
lowed by infection of panicle and cause serious
loss of the rice crop.

In order to control the disease, fungicides and
resistant cultivars have been developed, but their
longevity was prevented by frequent mutation of
the pathogen. The breakdown of the resistant cul-
tivar has been recorded many times, typically sev-
eral years after the release of the new cultivar.
Magnaporthe genes involved in the resistant culti-
var breakdown are avirulence (AVR) genes, which
participate with corresponding resistance (R) genes
in Gene-for-Gene theory. A pathogen that carries
an AVR gene cannot invade the host plant with the
corresponding R gene. Mutaions which cause the
loss of function of AVR genes are responsible for
the breakdown of resistance and important re-
search subject for the sutainable use of resistant
rice cultivars.

Several AVR genes have been cloned from the
fungus and spontaneous mutations of them are re-

APP

Rhm51:GFP

Fig. 1. Rice blast fungus, Magnaporthe oryzae.

a) A Conidium and an appressorium formed on plastic
surface. CON = conidium, APP = Appressorium. b)
Lesions on rice leaf. ¢) DNA breaks detected during the
infection using Rhm51:GFP foci (arrows), which appear
at the DNA double strand break. Right panel shows the
infective hyphae formed in the rice leaf sheath cells, and
left panel shows GFP fluorescence of the same field.
APP = Appressorium, HI = infective hyphae. Scale bar =
10 pm.

vealed as deletion, insertion of transposons, in ad-
dition to point mutations. Interestingly, during in-
fection, DNA of the fungus suffers double strand
break, which causes recombination for the repair
(Fig. 1c). Control of DNA recombination and
transposon activity will be a novel strategy for the
disease control.

Teruo Sone, Associate Professor
(Laboratory of Applied Microbiology)
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Questions

1. Describe the advantages and disadvantages in the
production of recombinant mammalian proteins
in insect cells.

2. What are the major differences between chemical
pesticides and microbial pesticides?

&5 Column: Molecular and Biological Technology

We have been constructing a unique and pow-
erful protein expression system based on the bud-
ding yeast, S. cerevisiae at low temperatures. The
expression of proteins at a low temperature is
highly beneficial owing to its inhibitory effects on
protein degradation and insolubilization. We are
now improving our protein expression system
based on the budding yeast and constructing a
novel protein  expression  system  using
microoraganisms suitable for pharmaceutical and
industrial applications.

A bioassay using a reporter protein and
bioimaging are important technologies for visual-
izing gene expression and molecular dynamics in
living cells quantitatively and in real time, respec-
tively. We have developed a novel yeast reporter
assay suitable for high-throughput assay with a
novel secretory luciferase. Furthermore, we are
developing luminescent probes with luciferase that
can be used to monitor the metabolism and stress
response in cells.

Microarray analyses

Weast cells oxposed Lo
low temporature

b

b

Development of expression system at low temperature

Lrw-temperatune

Tormnabor , .
T eli‘dut!ls.’l.lgn ) 8
Muligle chorng sis | x
Lowstermperature inducibke promoter =~ . ‘/
w

o ,
2P carpinisa

Construction of high-level protein ex-
pression system in microorganisms using
genomic information.

Naoki Morita, Associate Professor
(Laboratory of Molecular Environmental Microbi-

ology)
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Section 1. Agricultural and Resource Economics

1. Economic Analysis of Agricultureal and Environmental Policy

Yasutaka Yamamoto, Professor
Tomoaki Nakatani, Assistant Professor

(Laboratory of Agricultural and Environmental Policy)

Keywords: agricultural policy; environmenal policy; agricultural trade; quantitative analysis

Introduction

Economic analysis of agriculture, trade and the
environment is a major discipline in modern agri-
cultural economic research. Its topics cover a wide
range of agricultural and environmental issues,
ranging from policy evaluation and measuring the
recreational value of agriculture on one hand, to
international trade analysis and nitrate pollution
studies on the other. Therefore, our laboratory’s
research area, agricultural and environmental policy,
includes a variety of subjects. Most of our discus-
sions are built upon quantitative analysis.

In what follows, we present five research
themes from our laboratory, referring to abstracts of
representative papers by our members and collabo-
rators. The subjects are agricultural trade and the
environment, analysis of nitrate pollution in Europe,
econometric analysis of agricultural policy, model-
ing demand for rural recreation, and consumers’
attitudes toward organic milk. We also list several
further research topics.

1. Agricultural trade and the environment

Yamamoto, Sawauchi and Masuda" contributed
to the debate over agricultural trade and the envi-
ronment by asking “Would a Japan-Korea Free
Trade Agreement (JKFTA) increase nitrogen pollu-
tion from agriculture?” In order to find some an-
swers, they measured the potential impact of nitro-
gen pollution from agriculture caused by agricul-
tural trade liberalization under the JKFTA using the
Global Trade Analysis Project (GTAP) model and
the OECD Nitrogen Balance Database (Fig. 1). The
scenario they model assumes the complete removal
of all import tariffs between Japan and Korea, not
only in the agricultural sector but in
non-agricultural sectors as well. Their results show
that the JKFTA is likely to lead to an overall in-
crease in the total nitrogen surplus for Japan and
Korea, suggesting that a JKFTA would likely in-
crease nitrogen pollution from agriculture.

2. Analysis of nitrate pollution in Europe
In the European Union during the 1980s, the
nitrate debate gained public significance and politi-

o Livestock || Other nitrogen Nitrogen
Fertilizer - = 3
manure || inputs Inputs
; Nitrogen
Agricultural Land Be
= Balance
Harvested Forage and Nitrogen
Crops Pasture | Uptake

Fig. 1. Summary of the OECD nitrogen bal-
ance mechanism. Source: Yamamoto, Sawauchi
and Masuda."” Note: Fertilizer means inorganic ferti-
lizer; livestock manure means net livestock manure;
other nitrogen inputs include biological nitrogen
fixation, atmospheric deposition, and seeds and
planting materials.

cal relevance. The spread of nitrate pollution is
responsible for its growing political importance.
However, the definitive factor making political
action necessary was the enactment of the EC
Drinking Water Directive in 1980. This Di-
rective introduced a stringent new definition of
nitrate pollution. Drinking water that would
have previously been deemed “safe” was rede-
fined as “polluted”. As a result, nitrate pollution
control and regulation became part of northern
European countries’ policy agendas in the latter
half of the 1980s. Finally, in 1991, member
states unanimously adopted the Nitrates Di-
rective, aimed at reducing and preventing water
pollution caused by nitrate runoff from agricul-
tural sources.

Izcara Palacios, Demura and Yamamoto”
analyzed the issue of nitrate pollution in Europe,
examined nitrate pollution policies, and re-
viewed shortcomings in the implementation of
the 1991 Nitrates Directive.

3. Econometric analysis of agricultural policy
A direct payment measure for hilly and
mountainous areas (HMAs) was introduced in
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Section 2. Gene Engineering of Crop and Animal Production

1. Plant Breeding

Yuji Kishima, Professor
Itsuro Takamure, Lecturer
(Laboratory of Plant Breeding)

Keywords: plant breeding; rice, genetic study; transposon; phenotypic variation; Antirrhinum

Introduction

The Laboratory of Plant Breeding was founded
in 1915. Since then, it has trained a large number
of plant breeders and researchers. This laboratory's
research aims to contribute to genetic improvement
of plants, especially rice. Recent themes in this
laboratory are: rice genetics underlying genome
dynamism and phenotypic change, and genetic
control of transposition of transposons in snap-
dragon. Most experimental materials are obtained
from artificial mating between plants every sum-
mer in the greenhouse (Fig.1). Molecular tech-
niques also have become powerful tools for the
analyses in this laboratory described below.

1. Insensitive response to low temperature in
rice

One of the major problems for rice cultivation
in Hokkaido is low summer temperature. Rice is
very sensitive to low temperature in summer, when
the florets at the boot stage develop pollen in the
anthers. Based on the idea that an insensitive re-
sponse to low temperature may confer tolerance,
this laboratory is studying cold tolerance in rice.

2. Endogenous Rice tungro bacilliform virus in
the rice genome

A number of segments of endogenous Rice
tungro bacilliform virus (RTBV)-like sequence
(ERTBYV) are in the rice genome. A possible rela-
tionship between tungro disease and ERTBV is
being investigated, as is the mechanism by which
the viruses were inserted into the genome.

3. Genetics of hybrids of rice species

Hybrids show high potential abilities superior
to the parents’ performances known as heterosis.
Different projects are examining phenotypic varia-
tion in traits of hybrids between rice species. This
laboratory's projects based on rice hybrids are
concerned with heterosis, doubled haploids
through anther culture, and stress tolerance.

Fig. 1. Rice cross works in a greenhouse. The
students carried out artificial mating between different rice
plants in a greenhouse.

4. Genetic constitution of a rice variety, the
Koshihikari population

This laboratory collected more than 80 popula-
tions of a popular japonica rice variety, Koshihikari,
from 15 prefectures in Japan and investigated their
genetic variation. In plants, insertion sites of trans-
posable elements are often good indicators of ge-
netic polymorphisms among different strains in the
same species. These materials allow study of the
genetic diversity occurring in a single rice variety.

5. Low-temperature-dependent transposition of
a transposon in Antirrhinum

One strain of snapdragon (Antirrhinum majus)
shows petal variegation when grown at low temper-
ature. The variegation is attributable to transposon
Tam3, which transposes from a gene associated with
petal pigmentation. This laboratory analyzed
low-temperature-dependent transposition of Tam3
and found that the mechanisms underlying the
transposition are associated with non-eyigenetic
relationships between host and transposon.'
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Fig. 2. Recurrence interval of new soil
development where slope had collapsed.

2. Sensitivity and connectivity

“Sensitivity” and “connectivity” are concepts to
consider in designing land use and management
systems, and to help minimize human impacts on
an existing catchment system. We know that heavy
rainfall or large earthquakes can cause significant
sediment loss from the land, but how “sensitively”
does each slope component/stream reach react to
these events? As mentioned above, deforestation
increases slope sensitivity to yield more sediment
in these events. However, once a slope collapses,
little soil may remain on the hill-slope, making the

area stable until such time as new soil develops
and accumulates there (Fig.2). Changes to sensi-
tivity in streams can also occur following land use
change. An increase in sediment stored in a stream
results in more sediment being released from the
bed in a flood event, than in the past. Connectivity
is a concept which describes how well these geo-
morphic units, which may have various temporal
and spatial sensitivities, connect to each other, to
propagate sediment downstream. Each unit will
have its own sediment transport capacity, con-
trolled by water discharge and slope (steep or gen-
tle), which is considered simultaneously when ap-
praising connectivity.

References

1) Kondolf M and Piégay H. (2011) Geomorphology and
Society. The Sage Handbook of Geomorphology,
105—117. Sage Publications, London.

2) International Tropical Timber Organization. (2011)
Status of Tropical Forest Management 2011. 418 pp.
International Tropical Timber Organization, Yokohama.

Question
What kind of human activities can impact the
sensitivity of sediment production on an entire
catchment scale?

3 Column: Green Manure and its Nutrient Availability

It is useful for economical sustainable crop
production to reduce chemicals and energy for
crop managements. For low input cropping sys-
tems, some legume cover crops are often used as
green manure and companion crops. The current
work is focused on understanding of the relation-
ship between ecological characteristics of crops
and spatio-temporal dynamics of available re-
sources, such as nutrients, water and light, due to
low-input crop production systems. Some corps,
such as wheat, rape, onion, clovers and hairy vetch,
are used for the evaluation of crop managements.

Toshiyuki Hirata, Assistant Professor
(Agro-Ecosystem Course)
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Postface

The English program has contributed not only
to fostering foreign agricultural researchers but
also has given ample opportunities for domestic
(Japanese) students to study with foreign students.
This is a very important aspect in today’s higher
education system in Japan. The current globaliza-
tion of society requires domestic students to be
more adaptable to international society. For exam-
ple, Japanese global companies seek international-
ly competitive university graduates and they are
not necessarily Japanese.

Because of social demands, Hokkaido Univer-
sity has been encouraging graduate schools and
faculty to increase the number of foreign students
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Dr. Ichiro Uyeda, and the present dean, Prof. Dr.
Hirokazu Matsui for encouraging us to run these pro-
grams as the innovative systems in our institute.

The sustainability of our programs for the past fif-
teen years can undoubtedly be attributed not only to
the enthusiasm for education demonstrated by profes-
sors and staff members but also to the enthusiasm dis-
played by students in their coursework.

The time period allowed for manuscript preparation
was extremely short (and came during Decemeber and

to promote internationalization of educational pro-
grams. The Special Postgraduate Program in
Bio-systems Sustainability is a pioneering and
successful program and continues to contribute
significantly to internationalization.

In order for all students to understand what
globalization means, I hope all agricultural fields
will be involved in the program. The program is
expected to keep playing a key role in the educa-
tional program of the Graduate School of Agricul-
ture.

Executive and Vice President
Professor Dr. Ichiro Uyeda

January, the busiest time of the academic year.) In spite
of this, all authors made important contributions, and we
are most grateful for their efforts.

Financial support from the Sapporo Alumni Asso-
ciation was highly appreciated, for it enabled this
memorable book to be published.

Last but not least, we wish to express our heartfelt
thanks to two professors of our institute: Dr. Yasuyuki
Hashidoko (Laboratory of Molecular and Ecological
Chemistry) and Dr. Takayoshi Koike (Laboratory of
Forest Ecophysiology). Dr. Hashidoko carried out all
kinds of practical work from the soliciting of the vari-
ous manuscripts to their final editing. It was Dr. Koike
who suggested launching this project in order to com-
memorate the the Special Program’s fifteen-year mark.
These acknowledgments would not be complete with-
out drawing attention to the strong willpower and ded-
ication of the two individuals.

Finally, all of the editorial members would like to
thank Mr. Hisashi Miyauchi, president of Kaiseisha
Press (Otsu, Shiga, Japan), for kindly agreeing to
take on our project. Dr. Derek Goto (Creative Research
Institution, Hokkaido University) whose assistance in
checking the manuscript is highly appreciated. We also
wish to acknowledge the efforts of Mr. Shintaro Hara,
a graduate student in the Laboratory of Molecular and
Ecological Chemistry who spent a great deal of time
formatting the book.

March 10, 2012

Professor Dr. Atsushi Yokota
Head of the Special Postgraduate Program in
Bio-systems Sustainability
Research Faculty of Agriculture,
Hokkaido University
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EKREFE - RERTEIZLEREE

ILIRBER M SIERA

FLIRELRII AP OF LR G HEHETH D, It
HERFZDORARTH %, FLIRRFARIT, 1872 FITFHE
INHEA - B EFOBARME (the Development Com-
mission) {* & (provisional school)Z JA%I1Z, At#EE D
B2 D /= DIT 1876 FEITRE SN BNAFTTH
HHFLETRERFIEIE. ZOLIREEROWMESGE E LT

1878 ££ITH T 5 4172, 1907 T RALTE E R FRAR .

1918 FF AL HE R E RS & U T, FRCEERIIR Y &
T OBRICET 5 Uiz, T LT 1947 FEITESCF R 2 3%0E
U CIbimE RFENEFHEL /2.
BRHIHNCIE T AU DB OB Lh>/-2 D
HO. AFUR - T ABEDKEEEERE - ME
WCESZB BRI N=, Lol B 1HED
PEREENKE DY 3 > X - T F > 2 K% (Hopkins
Johns University) T 1J — (R. T. Eley : (£ 5in#&.
RAYVEBZEFITEL) OB ETREAZIENS, BT
W ERER R EIRIRR F DB 2. 1890 D
5 HUNERRE EREICE R 2 B < BEAER L 2. 4R
IC, ZHUI KR Z Y 0IRE, AMO=DD&RAEFES
AT LNEEDE Z B HEi# (land management) DBIFE
ClFFEL TWo/z, I72bB, HROBEDHIE - K%
EEL, INES E<FATLHEMmE. WO IRIUTEE
MRS A < IR DUFE TH D,

U5 — UM

P OFLIRER2ERIE T H AR OIEAKS i DIRIR 2 8
21 EENB, THUIADOEN 2000 A2 5T OFLIRIC
BNTTAMZED ENWS UNIINBBEETO . ]
EWSFEF RSN T ORNIELHE @R B OR
KR OFECEMFISNS, ZoEFITE, #Eh
8 ry HOWHETIE® /=M, 77— LD RINSD
2, VISEDY > T 52> 2 aARHTHRAINLILR
Mg, LT OBEMESN TN D,

“Boys, be ambitious!” It has become proverbial in the
school. “Boys, be ambitious!” Be ambitious not for money
or for selfish aggrandizement, nor for that evanescent thing
which men call fame. Be ambitious for knowledge, for
righteousnness, and for the uplift of your people. Be ambi-
tious for the attainment of all that a man ought to be. This
was the message of Professor William Smith Clark (from
Paul Rouland).

I 51T, FLRERFROKANL/E 1 D, Be gentle-
man | THo/. HSDOITETIE, BEENES &%
DEFZDLIEMRDENTVS, ZHUIEICT T—
kM (Clark Spirit) & LT, THH « ¥4 - [HEF DN
M ZRe. T5FEOMNICIDEM). 2L T NEEE
FIRT D AEOREM] Z2FREL. FITEDS. BA
FEORME, JHD, WxDOBETDEE [#H
ZoEk ) o—fi, TAoto BEEZEEH NNk
(Hito no Yo no Kiyoki Kuni zo to Akogare nu)| . 7 5
— VRO EHE S TWd &N,

BEE - BEMAROERE

75— TN OSEOHEZEDSEIC, LK
BEETR - BB CHRREBWN D D, ThbE, RO
HECEMIBEOKIICEAT AHFICEE N, #
FETHADET2HEIF. SlEBI L. RILOEE
FL. BHES T E2HAITTAL, ERCEYD
B L EUTIEWIT 2, | (Thomas Antisell)

MAEARHAFIFNLLEE AT, B
DEES FZHFIIRED ZEDBVWERZVES. ) (=
MmO E T DINHERDOENEES BENNBLET
H3). LT THRITHER] ENWS—FTEHEBKLTY
D, IS Z2E L TEHEANEE SRR AT
LWL 7 B U7, (William Wheeler)

IR INZEEN, EOLOBERICES D
DO, A RN SERL, WEBEBEHSNTT
SHENDBHZHHDIE. HICH#HETHZ2HDLD, &N
BN EEBAMTH %, ] (William Penn Brooks)
I5IT, 2 M4, FrEF RS RERE 2 AU, SR

AR
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FFZE &, [With malice toward none, with charity for
all] £52L 7=, & 512, “Bushido: The Soul of Japan” %
ELTCHRDEMELE T AT 2T« T+ — 2/ L.
R A B & LT T wish to be a bridge across the
Pacific.| Zii~, FEEL 2. FU< 2 HEONFE=
13, 20EE BEAORRKOEY ] O/MNT, T--A1
ANCZBOET I EDTEDLERLORERNDEY LT, (7T
HBMm. TNFBERLWEH (dignity) 72 5EETDH
Bo] LHEATNS,

F2DEHIETHOD

ZZT, BAMEKEDODEEZHNWEILTHS
WV, “TO2 T THEMT, “EBREOER, “eA
BE", “BEOEE ThHs., AFF. 130 BEOK
HORMNT, TNSOSEEHBEVNROHEREL TH
FTER,

4, FEIIHERREO KR ZZME, Ihbt B
FfE ) TEREERRE) T )L ¥ —E) 2 EWCEmRLT
W3, ~AOEDNHERTR E L TIEL <fr#itdaid
R5TRV, BEIIRMOKIE D RGN — KA PE DR E %
fTOZEZFHMIIREL TER, IHICSHTIIR
BoEmilEAD, TOHEBMNLN > Tnd, il d
2011 FRIIIHARAOIX 70 F2HE Az, —H T, R
DREHIEAET 14 {8 ha, BREOAFERIZ 22/ &,
ZD 40 FERTIHIZEAEEZ TN,

FLH BV, 2004 £k, bl O TR 2 4051
REWCEEELTEHOD>TBD, BORE - WA
—EBILD D D, UL, FOHARIT—RAFE 2
W UEBRARES AT A& NEEGFRE DR EHER
LM ETHd, 2L T, BEMNHBREDTZIZED, &
DRE - BLTH B,

W, WOMONESHEEENICHS & BN
SRR O EFERE OBy SO E N AN
{LOHERE, EFERBEOMAICH> THEBT TE2HM
FOBTE EFI AL O, EYOFRERN S OB#HE
DOBIFE. BIREY OREEME RS OIEH. MEHD I 5
BFIH. NA A ZXOFNEH. AHEEEORZNSHT
DR, BENKT S NS, JtHEEICITE N T
MELBREINTRY, ZORMICBWTH KRS
FH DD, TR DA WZIE S 2 L 7s N5,
Frx O TNEICKREREHREZL XD,

Fx DfES

JCHEE KPR & ALl K F R B B2 B O i dy
X, AL O EMOKEESICH Z2ET 5 D TR
W, JeiEE AR 42~45 BITALE ST D, T OREER
WA DL < DIEEOEEHNIET 25T TH 5.
ZFZIFE <05 NMIEEINHREREL TEESHHIT
HH D, /o T FHAITLRENTH TR O EEEYFIE 5 B
LRpZe R L TWS, RBIT, HREENTIICTH
M EAR EHE L TUhRIER S BWREIZBNT
IE BENET DT 0. BGHICRE S THA DR E
ECERERMORE L BRERESICINL. BRERL
TERZEERZBIRBITRETH D, HEFEHENIC
M5 Z &, ZHUd, IEESERFRARFEELTO
BB THDH D,

REDOWTEIT. SR, HFAICE > TRE#ED, L

EROITK (REBAELER—INDOL v FVT)

ML, A BEZEIEOEMWIE, BIZHFTLRETT
372 <. NEOEMEZBER L, FRTRL <FEERRA
LEENED I LOTESMAZRID I LICHD, £
DD, ILHHE D SN RERDN S EO, ENEE
NYIETHD, K& - KER, BRER KEER
ENHOEGEREZRE 2D E L, Frlth/a G
2 DR OIRAREZENFRT DD THS. B
AIOEMIC—E—#T 20T <, SHEE 10 £5%
DHBZEMNT, ZNITHFNDDTH 5.
JEHRE R AR - BEb - REMIERi e L
T, HEROES A LHERTTRORDOZDITH, K&
ISR T B 7201z, FHITHO B S,

FAH-{EFD
JeitmE RFRER BB b
SE 30K
WAEE (2007) JLHEERFEDOR EEENME: Hat
FEENTITTS © FHEHENE pp. 221
FBRHIE— (2011) #HriEF o2& ALALIREZER D
EAEMR, FLIRAIASGE 205, pp. 5-41
BHANET (1993) ItV Ok: BF 7 FHkEHEE
[EX2L7E:
AHERERD (2011) 22 RSN T ALIRFEIZRSEE 20
5, pp. 1-4.

HIESZE = (2007) BEZEERIC 7 S5 — iR 2HRET
Siex. LRAASE 185, pp. 71-74.
IAHE= (1946) 7% - fiRdn : $AREIA (2011), f41H
ANDOBREY - TV EDE. HilkSUE
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