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1953 J. Watson and F. Crick, Discovery of double
helical structure of DNA

1972 P. Berg, Create the first recombinant DNA
1977 A. Maxam and W. Gilbert; F. Sanger,
Methods for sequencing DNA

1980 D. Botstein, R. Davis, M. Skolnick, R.

White, proposed method to map human genome based
on RFLP

1982 A. Wada (Japan), propose automated
sequencing by robots (Hitachi)

1984 C. Cantor and D. Schwartz, developed
pulse field electrophoresis

1985 R. Sinsheimer, discuss feasibility of
sequencing human genome; K. Mullis, Develop PCR
1986 S. Brenner, EU to map and sequence

human genome; DOE hosts meeting to discuss
sequencing human genome; R. Dulbecco, Promotes
sequencing human genome in a paper; L. Hood and L.
Smith, Announce the first automated DNA sequencing
machine

1987 W. Gilbert, resign from NRC, and start
Genome Co., to sell data for profit; D. Burke, M.
Olson, G. Carle, Develop YACs for cloning; H. Donis-
Keller, Publish the first genetic map with 403 marker;
DuPont developed rapid DNA sequencing method
(fluorescence and dideoxynucleotide); Applied
Biosystems Inc., put the first automated sequencing
machine.

1988 Fisrt annual meeting at Cold Spring
Harbor Lab; J.Watson, Head of NIH office of Human
Genome Research; NIH and DOE sign and agree to
collaborate

1989 N. Zinder, chairs the first program
advisory committee meeting for HGP; Olson, Hood,
Botstein, Cantor, outline STSs new mapping
strategy; NIH to National Center for Human
Genome Research

1990 L. Smith, B. Karger, N. Dovichi, Develop
capillary electrophoresis; NIH and DOE publish 5-
year plan; NIH begin large scale sequencing on 4
model organisms; NIH and DOE declare official
beginning of the HGP (1 Oct.); D. Lipman, E. Myers,
Publish BLAST algorithm for aligning sequences
1991 J. C. Venter (NIH) , announced a strategy
to find ESTSs, and file patent on thousands of partial
genes.; Japanese rice genome started.

1992 Watson resigned as head of NCHGR;
Venter leaved NIH to set up TIGER(non profit
institute).; Britain's Wellcome Trust entered HGP
with $95 million.; M. Simon, developed BACs for
cloning.; US and French team, complete physical
maps of chromsomes (D. Page, Y chromosome; D.
Cohen, map chromosome 21); US and French team,
complete genetic maps of mouse and human.

1993 F. Collins, named director of NCHGR,;
NIH and DOE publish a plan, competing human
genome by 2005.; Britain’s Sanger Center, became

one of the major sequencing labs.; GenBank database
moved from Los Alamos to NCBI.

1994 J. Murray, and Cohen, publish a complete
genetic linkage map of human genome.
1995 R. Mathies, improved sequencing dyes.;

M. Reeve and C. Fuller, devope thermostable
polymerase.; Venter and C. Frase (TIGR), H. Smith,
published the first sequence of H. influenza (1.8 Mb).;
P. Brown, published the first paper using a printed
glass microarray of cDNA probe.; US(Whitehead
Res.) and French(Genethon), publish physical map of
human genome containg 15,000 markers.

1996 Bermuda meeting, HGP partner agree to
release sequence data into public within 24 hours.;
Affimetrix, makes DNA chips.; Complete genome
sequence of yeast.; Y. Hayashizaki(RIKEN), completed
full-length mouse cDNAs.

1997 F. Blattner, G.Plunkett, complete DNA
sequence of E.coli (5 Mb).; Molecular Dynamics,
introduced a capillary sequencing machine.

1998 NIH announced a new project to find
SNPs.; International collaboration to sequence
rice genome.; F. Green and B. Ewing, publish
program called phred and phrap, for automatic
interpreting and assembling sequence data.; PE
Biosystems Inc., PE Prism 3700 capillary sequencing
machine.; Venter announced Celera, declared to
sequence the human genome within 3 years for $300
million.; NIH and DOE, overdrive with a new goal of
creating a working draft of the human genome by 2001,
finish by 2003.; Sulston and R. Waterston, completed
sequence of C. elegans.

1999 SNPs consortium (ten companies and
Wellcome Trust); NIH launched a project to sequence
mouse genome, $130 million over 3 years.; Sequenced
chromosome 22 (Britain, Japan, US)

2000 Celera publish sequence 180 Mb genome of
the fruit fly (Drosophila melanogaster), validation of
Venter's whole-genome shot-gun method.; HGP,
published sequence chromosome 21.; (June) At a
White House ceremony, HGP and Celera jointly
announce working drafts of the human genome
sequence.; DOE and MRC, launched a project to
sequence Fugu fish genome.; Sequenced plant
genome (Arabidopsis thaliana), 125 Mb.; Paper by
Celera to Science, and by HGP to Nature. (Joint plan
collapsed)

2001 (February) HGP paper, 15 Feb., in Nature.
Celera paper, 16 Feb., in Science.

[ STS, sequence-Tagged site][YAC, yeast articial
chromosome][PCR, polymerase chain reaction]
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- Pace of disease gene duscovery (1981 to 2000). The nuiriber of dis-

- ease genes discovered so far is 1112, This number does not include at. -

©least 94 disease-related genes identified as translocation gene-fusion

‘partners in neoplastic disorders. Numbers in‘parentheses indicate dis-
easerelated genes that are polymorphisms (“susceptibility genes”).

PARADIGM SHIFTS IN BIOMEDICAL RESEARCH
Structural genomics —  Functional genomic_s

Genomics

4

Proteomics

Map-based gene discovery ~ ~>  Sequence-based gene

discovery
Monogenic disorders —  Multifactorial disorders
Specific DNA diagnosis —  Monitoring of susceptibility
Analysis of one gene —  Analysis of multiple genes
in gene families, pathways,
or systems
Gene action —  Gene regulation

Etiology (specific mutation) —  Pathogenesis (mechanism)

One species —  Several species
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Genomics Proteomics
Proteome
Proteomics
Physiome, Transcriptome Glycome
Metabolome

Protein

Proteomics
Proteomics

Protein

Identification
Quantification
Localization
Modification
Interaction
Activity
Function

Protein

RNA Protein
Alternative splicing of mMRNA transcript

Vary start and stop sites
Frame-shifting

RNA
Ribosome

Protein

® Phosphorylation

5/18

Glycosylation
Sulphation

Acetylation

Acylation

Ubiqutination

Farnesylation

Linking to glycophosphatidylinositol
anchors

Ubiquitin
Proteasome
5. Protein

Water-soluble protein

Membrane-bound
protein (insoluble in water)

Fibrous protein
Actin

filament Collagen Collagen

Protein

Protein



Genomics
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Bioinformatics

Genome Glossary
Allele Alternative versions of a gene or
other segment of a chromosome

Alternative splicing Different ways of
combining a gene's exons to make variants
of the complete protein

Annotate Identify the locations and
coding regions of genes in a genome and
determine what they do

Assembly Putting sequenced fragments
of DNA into their correct chromosomal
positions

BAC Bacterial artificial chromosome:
bacterial DNA spliced with a medium-sized
fragment of a genome (100 to 300 kb) to be
amplified in bacteria and sequenced

Bioinformatics The study of genetic and
other biological information using computer
and statistical techniques

BLAST A computer program that
identifies homologous genes in different
organisms, such as human, fruit fly, or
nematode

Centimorgan (cM) A unit of genetic
distance, determined by how frequently two
genes on the same chromosome are
inherited together

Centromere The difficult-to-sequence
central region of a chromosome

Coding DNA Sequences transcribed into
protein structures; also called exons

Contig Contiguous sequence of DNA
created by assembling overlapping
sequenced fragments of a chromosome
(whether natural or artificial, as in BACs)

Cosmid DNA from a bacterial virus
spliced with a small fragment of a genome
(45 kb or less) to be amplified and sequenced

Draft sequence Sequence with lower
accuracy than a finished sequence; some
segments are missing or in the wrong order
or orientation

EST Expressed sequence tag: a unique
stretch of DNA within a coding region of a
gene; useful for identifying full-length genes
and as a landmark for mapping

Exon Region of a gene's DNA that
encodes a portion of its protein; exons are
interspersed with noncoding introns

Finished sequence Sequence in which
bases are identified to an accuracy of no
more than 1 error in 10,000 and are placed
in the right order and orientation along a
chromosome with almost no gaps

Functional genomics The study of
genomes to determine the biological function
of all the genes and their products

Gene expression Conversion of the
information encoded in a gene first to
messenger RNA and then to a protein

Gene prediction Predictions of possible
genes made by a computer program based
on how well a stretch of DNA sequence
matches known gene sequences

Genetic linkage map A map of the
relative positions of genes and other regions



on a chromosome, determined by how often
loci are inherited together

Genome The entire chromosomal genetic
material of an organism

Genomics The comprehensive study of
whole sets of genes and their interactions
rather than single genes or proteins

Homologous genes Genes with similar
structures and functions

Intron Region of a gene's DNA that is
not translated into a protein

Junk DNA Stretches of DNA that do not
code for genes; most of the genome consists
of so-called junk DNA

Kilobase (kb)
to 1000 bases

Unit of DNA length equal

Locus Chromosomal location of a gene or
other piece of DNA

Megabase (Mb) Unit of DNA length
equal to 1 million bases

PCR Polymerase chain reaction: a
technique for amplifying a piece of DNA
quickly and cheaply

Physical map A map of the locations of
identifiable markers spaced along the
chromosomes; a physical map may also be a
set of overlapping clones

Plasmid Loop of bacterial DNA that
replicates independently of the
chromosomes; artificial plasmids can be
inserted into bacteria to amplify DNA for
sequencing

Polymorphism A variation in DNA
sequence within a population

Proteome The full complement of
proteins produced by a particular genome

Pseudogene A sequence of DNA similar
to a gene but nonfunctional; probably the
remnant of a once-functional gene that
accumulated mutations

Regulatory region A segment of DNA
that controls whether a gene will be
expressed and to what degree

Repetitive DNA Sequences of varying
lengths that occur in multiple copies in the
genome; it represents much of the genome

Restriction enzyme An enzyme that cuts
DNA at specific sequences of base pairs

RFLP Restriction fragment length
polymorphism: genetic variation in the
length of DNA fragments produced by
restriction enzymes; useful as markers on
maps

Shotgun sequencing Breaking DNA into
many small pieces, sequencing the pieces,
and assembling the fragments

SNP Single-nucleotide polymorphism:
common, single-base-pair variations in DNA

Structural genomics The effort to
determine the 3D structures of large
numbers of proteins using both
experimental techniques and computer
simulation

STS Sequence tagged site: a unique
stretch of DNA whose location is known;
serves as a landmark for mapping and
assembly
Telomere The free end of a chromosome
Transcription factor A protein that binds

to regulatory regions and controls gene
expression

Transcriptome The full complement of
activated genes, or mRNAs or transcripts, in
a particular tissue at a particular time

YAC Yeast artificial chromosome: yeast
DNA spliced with a large fragment of a
genome (up to 1000 kb) to be amplified in
yeast cells and sequenced
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Cycleoxygenase ﬂ.w
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o Genomics Proteomics

http://www.mhlw.go.jp/topics/idenshi/index.html
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StarLink CBH351 Aventis Cry9C

Cry9C Bacillus thuringiensis, Bt

CryoC
CBH351 PCR
CBH351 (Cry9C-5"): 5'-TAC TAC ATC GAC CGC ATC GA-3'

(Wilmut etal.,1997)

GO
Gl GO S DNA
G2 M S

35

Bt



1998~2000 10 98

2~4 DNA
DNA
| No.
DNA Genbank, NCBI dbEST, EMBL, DDBJ(Japan), GSDB.
Protein SWISS-PROT, PIR, PRF/SEQDB(Japan) http://www-
mbi3.kuicr.kyoto-u.ac.jp/~kihara/biolinks.html
DNASIS
Compaq
()
Helicobacter pylori
pH
LG21 Lactobactillus gasseri OLL2716
LG21
()
MRNA
mMRNA
http://www.dior.com/beauty-dior.as/default.asp?siteactu=20
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| No.10

Medical Engineering

10 1

CT MRI PET X CT

EEG ECG H

DICOM Digital Imaging Communication in Medicine



I No.1

http://www.ipdl.jpo.go.jp/Tokujitu/tokujitu.htm
http://www.ipdl.jpo.go.jp/Tokujitu/tjkta.ipdl?N0000=108

1995 42% 2 36%
1999 45%
2010 25
DNA
PCR
1980
1981
1980
TLO 1982
CAFA
62% 26% 3%
50% 33% 11%
DNA
DNA
1991 NIH DNA 94 NIH

C.Venter NIH Celera 97~98 DNA
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2000 6



