Preface
Genome Science: today and tomorrow
A special research project “Genome Science from now on™

This is the collection of papers presented at the Uehara Memorial Symposinm 20072, “Cienome: Science: towards a
new paradigm ™

The aim of the symposium was primarily to make a progress repart of the special research project carried out by 21
groups of researchers supported by the Uehara Memorial Foundation for the years 2000- 2002, The project is named
s “Genome Science from now on” (Korekarano Genomu Kakogu, in Japanese). The aim of the project was (o pro-
maote the biological research of various organisms from bacteria to human and al various levels, from cells, tissues o
whale body, based on the whole genome information that is becoming available rapidly. The experimental and the-
oretical technology developed For the Tunctional analysis of a vast amount of genome information has made L s
sible 1o study both cellular and multi-cellular functions in terms of genome wide expression of genes, Through these
studies we expect Lo develop a new concept of life based not on genes but on the whole genome. In ather wiomds,
“gene as the wnit of life (the basic concept of molecular hiology]™ will change 1o genome as the unit of life (the basic
concept of penome science)”. This is what 1 cull a paradigm shift. There were serious and intriguing discussions ul
the symposium on whether the future Genome Science brings aboul o new paradigm or just is the old paradigm with
a new technology, Obviously it was too prematuee to draw any conclusion on this importunt subject by the end of the
symposium, but all participants agreed that it was the first of many efforts to seck for a new parndigm of biology that
encourages the students of next generution o join in the study of life science.

Uehara memorial sympasiom 2002

The symposium consisted of four themes. The st was “Genomic view of the cell” where we dealt with the
progress made in understanding the universality andl diversity of cellular functions hased on genomic informaticn.
Teanscriptome, proteome and metabolome of bacteria, yeast. organclle of cukaryoles and [ymphocytes were of pri-
mary interest, The second “Genomic view of development™ dealt with characteristic features of multi-cellular organ
isms, In particular we focused on developmental biology that is by far the most quickly advancing tield following the
complete sequencing of genomes of the nematode and fruit fly. The current aim is to construct a comprehensive data-
base for temporal and spatial genome expressions during the early stage of development, The third theme was
“Evolution and genome diversily” where we adopted theories and experiments concerning genuime rearrangement,
miutation and diversity that are involved in specific geneme functions. In addition, new aspects of evolution hused on
compurative genomics were discussed. The last was “Functional anulysis of human genome” whene we explored
technologies both for experimental and computational analyses of polymaorphism and genomg imprinting in order to
apply the knowledge of humun genome 1o the fumre medicine and pharmacology, Bach session boasted o presenta-
tion by one or more leading scientists in esch feld who had been invited from home and abroad in order o help
unclerstang the current stare and future trends of Genome Science in the world and to make critical discussion on the
papers presented by researchers of this project. Many of the invited speukers buve kindly contributed their papers 1o
this proceeding.

Genome is replacing gene: from molecular biology to genome scicnee

The symposium dealt with a variety of wopics, differing in organisms {from bacteria to human}, in levels {from
arganelle to whole body) and in biological phenomena (metabolism, cell cycle, development, neuran function, evo-
Tution, ete.). One may wonder how such a varied sympoesium can possibly alliact expents on various fields of bio-
logical seiences, We once experienced a similar situation in 1980- 1970 at the beginning of molecular binlogy when
strocture and function of DNA and genes attracted the interests of biologists in many fields, Later the sty of penes
has deeply permeated into many fields of life science, and as the study became more specific and more in detail, the
malecular biologists are separated into many meetings comman in either organisms (i.e. E, coli, Droshophila ete.) or
in phenomens (ie. replication, immunology etc.). Mow history is repeating itself us “Genome™ is replacing Gene",
Rescarchers assembled in this symposium shared many commaon interests in spite of differences in topics they stdy,

First, they shared technology, experimental, theoretical and computational, for the analysis of structure and fune-
tion of numerous genes in Genomes. The technology developed in the study of small genomes, hacterial and yeast
penomes, is applicable for the analysis of nematode, Ay and human genomes.  Furthermaore, the comparative
genomics is the most powerful method to identify strocture and function of genes of your interest. The concept of
homelogs, paralogs, and invader genes by horizontal transfer, is established by the comparative siudy of many micro-
hial genomes. This concept 35 now expanded to higher eukaryotes and is used as a ool for identifying new genes
including their regulatory regions for transeription and ranslaticn.

Second, they shared the concept of the gene set and its net work that perlform reactions (sequential, eyclic or of cas
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cade) to give rise (o complex phenomena such as metabolism, cell cycle, signal transduction and embryonic devel-
opment. The technology involved in the analysis of multiple gene functions is under developing to solve various bio-
logically important phenemena characteristic for each organism, A new technology developed in a given pheneime-
non of a given genome can be directly applicable w any other phenomena of any other genomes, The theoretical and
coamputational analyses are particularly important in understanding complex features of interactions among multiple
genes. A proper simolation of gene net works by computation may be able to predict appropriate experiments to per-
form. At present such an attenpt is limited with simulation of a simple cell function such as metabolic pathways, but
will eventually develop many model cells (Electronic cells) that perform more complex functions. The present
resesrch project and hence the symposium was one of the first attempts to-stimulate close interaction between the
experimental biologists and information/computation scientists.

Crenomie view of diversity and evolution was the thicd lopic that was shared by all participants, as it is the funda-
mental issue of Genome Science. Although diversity is the most imponant principle of the biclogy, it has never been
studied seriously in melecular level due to the lack of technology. Similarly, sady of molecular evelution has been
limited to phylogenic analysis by using specific homolog such as rRMNA genes. The theory proposed by 5. Ohno on
the evolution and diversificaticn of genetic information by gene duplication was one of a few contributions by molec-
ular binlogy to the evolution. Ohne's theory is now extensively studicd in many microbial genomes whose entire
seguences hove become available. Not only the evolution of genes and gene systems but also evolution and diversi-
fication of organisms are emerging by genome scale companison of closely related species. For example, origin and
diversity of microbial pathogenesis are becoming clear by comparative study of pathogens with hurmless close rela-
tives, Similar studies are now extending 10 higher organisms, nematodes and flies to clarify specification of these
groups of organisms. The ultimate goal of such swdies would be o understand how humans have evolved from the
commoen ancestor of primates. Worldwide consortia including lapanese groups have initiated the comparative stud-
ies between human genome with those of close relatives, chunpanzes and otwer primites,

A paradigm shift?

The symposium, hence this proceeding covers most of the important issues of the woday™s Genome Science, thanks
o the contributions by the guest speakers as well as project leaders, Is there any paradigm shift in Genome Science
today? Or is there still the old paradigm of Molecular Biology equipped with new technologies? The mere fact that
a new lype of assembly of researchers differing from previous biological meetings could have held an active three
duys meeting seems w0 be o good indication of a paradigm shift. What is then Genome Science tomorrow? The major
change will be the role of information/computation sciences (in silico science) compared with experimental biology
in the structure/function analysiz of genomes, Al present the weight of experiment is heavier than (e “in silico sci-
ence” that supports the analysis of numerous data produced by the experiments. In future the weight will reverse m
render the experiments w a supporting role for *in silice science” thal predicts proper experiments w pecfonm in onder
1o prove of disprove the models or simulations proposed by “in silico” analysis. The meetings of the Genome Science
fomorrow may constitute mostly of informationfcomputation scientists, and the experimental biologists will go back
o their own felds o do mare practical work on medicine, agriculture, environmental biology ete.

Human genome

Finally 1 should mention the human gencme, Undowbtedly, understanding of human is an ultimate goal of Genome
Science tomaorrow. Comparative genomics between human and chimpanzes (and other primates) would describe
from where humans hove come, what are humans and where will they go, The entire human genome sequence will
be read within a couple of yvears, but understanding the instruction written in the sequence would require decades of
functional analysis. There is so much to do untl the differences in brain function between human and chimpanzee
will be revealed by the differences in genomic informution that have acoumulated during several million years of evo-
lution. For the time being, human genome research will focus on the gene hunting of multifactor diseases that have
hecome the most serious problem in developing countries as life-style related diseases. The genome wide analysis of
sequence polymorphism in world scale not only helps idenity disease sensitive genes but also detects characteristic
features for cach individual as o the sensitivity 10 various multifactor diseases. Furthermore, studies on muolii-gene
functions, net works and gene svstems, incell, tissue and organs will reveal the mechanism of the occurrence of mul-
tifactor diseases and their pathogenesis. Consequently, we expect that the medicine {reatment and preventionp tomaor-
row will be based cn logical assessment of genome function depending on individual s gencmic polymorphism, You
may find reports of the initial phase of genome bused medical researches in this proceeding.

Prof. Hiroshi Yoshikawa
Chairman of the organizing committes




