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Technologies and Techniques for 

Analysis and Use of Genome Information, 1997

Summary

Thanks to successful integration of different DNA sequencing technologies 

in a most efficient process flow, large - scale genomic DNA sequencing has 

been under way. The complete genomic DNA sequences of some bacteria 

such as Escherichia coli and Bacillus subtilis, as well as baker’s yeast, have 

already been determined. By the summer of 1998, the complete DNA 

sequence of the nematode genome will have also been determined. The 

Human Genome Project is making satisfactory progress and genome biology 

that elucidates the phenomena of life on the basis of genomic information 

is developing. Under the circumstances, our team conducted a comprehensive 

review of international trends of the state — of — the — art hardware and 

software technologies for efficiently and effectively extracting target 

genome function data from enormous amount of genomic DNA sequence 

data. Special emphasis was placed on the fields of comparative genome, gene 

expression profile and gene - gene (or protein — protein) interaction 

analyses. It is the purpose of this study to provide an important input for 

the efforts to improve and maintain Japan’s competitiveness in this area.

Chapter 1 : Now that the international efforts of genomic DNA sequencing 

are picking up speed, faster DNA sequencing and more efficient functional 

analysis of sequenced genes through computer data processing have become 

more and more important. Also needed is the acceleration of biological 

analysis of genomic DNA sequences by linking them to phenotypes and 

functions that are expressed. To this end, Chapter 1 calls for the 

development of: (1) the resources required for analysis and the techniques



to prepare a variety of species samples ; (2) the tools to analyze the

differences in DNA sequences and in the kinetics of their expressions; and 

(3) large - scale DNA database that accommodate a rapidly increasing 

number of DNA information and data processing technologies. Chapter 1 

also calls for the development of advanced analytical techniques that ensure 

the quality and quantity of genome information, the compilation of useful 

information according to the objectives of use, and development of computer 

and information science technologies to make use of such genome 

information in order to improve and maintain the competitiveness of Japan’ 

s bioindustry.

Chapter 2 reviews the technologies for detecting and extracting the 

mutation and polymorphic sites on genome. These technologies are expected 

to be used in gene diagnosis and gene function analysis. Chapter 2 

discusses there technologies in the three major areas, DNA chips, 

comparative analysis of genome as a whole, and comparative analysis of 

genes in particular regions.

(1) A DNA chip has a variety of oligonucleotides integrated on it. Each 

of them hybridizes a particular DNA sequence. The pattern of 

hybridization is analyzed to detect a particular mutation or polymorphic 

site. Thus, the trends in manufacturing, pattern analysis and 

microfabrication technologies were reviewed. Also reviewed were the latest 

information about the technologies developed by Affimertrix and other 

organizations who are the technology leaders in this field. The results 

were compiled in a technology map. This section also discussed such 

issues as cost reduction and automation of microtechnologies.

(2) As a possible approach toward comparative analysis of entire 

genomes, we selected the separation of particular DNA fragments by gel



electrophoresis. Among those applicable even the genomic DNA sequence 

is unknown, this section discusses the restriction landmark genomic 

scanning (RLGS) and the arbitrarily primed PCR (AP — PCR) methods 

that analyze genomic DNA sequences as fingerprints, the representational 

difference analysis (RDA) and the in - gel competitive reassociation 

(IGCR) methods that detect a particular DNA by subtracting one set of 

genome from another, as well as those based on a mismatch repair 

enzyme (MutS) . Their developmental stages, principles, possible 

applications, trends and related technologies, and challenges are reported.

(3) Four methods for comparative analysis of genes in particular 

regions were selected : the single strand conformation polymorphism 

(SSCP) ; the denaturing gradient gel electrophoresis (DGGE) ; the 

restriction fragment length polymorphism (RFLP) ; and the cleavase 

fragment length polymorphism (GFLP) methods. They are all based on 

the PCR amplification of target genes and the analysis of gel 

electrophoresis separation patterns. They are also superior to other 

methods in terms of lower cost, easier handling, and higher productivity. 

Their outlines, prospects for automation, and reproducibility are discussed.

(4) As alternative gene amplification methods that do not infringe the 

PCR patent held by Roche and is currently used in clinical testing, four 

methods were selected and their technologies are outlined. They are the 

gap ligase chain reaction (Gap LCR) method based on DNA ligase, the 

transcription mediated amplification ( TAM) method for RNA 

amplification, the nucleic acid sequence — based amplification (NASBA) 

method, and the cycling probe technology (CPT) method which use the 

RNase degradation of chemically synthesized DNA — RNA — DNA sequences. 

Alternative technologies including non — gene amplification technologies 

that are available on the gene diagnosis market are compared and their

[3]



developers are positioned on the market.

Chapter 3 reviewed the technologies for analyzing specific expression 

modes that are needed to clarify the profiles of gene expressions. The 

technologies are divided into three groups : (1) DNA chip - based ; (2)

cDNA sequencing — based ; and (3) message display — based.

(1) Selected DNA chip — based technologies include the oligonucleotide 

array to analyze gene expressions that was not mentioned in Chapter 2, 

the cDNA array with synthesized cDNA placed on a chip, the one based 

on an electric field, and the atlas array of low cost and high efficiency. 

Discussed are the trends in the development activities, the moves of 

Affimetrix and other leading companies toward standardizing array 

technologies, the attempts by related U.S. firms of controlling the genome 

industry through M & A and business tie — ups and the need for Japan’s 

original technologies, the trends of protein chip developments.

(2) Concerning cDNA sequencing - based technologies, and as an 

example of research activities aimed at analyzing the profiles of gene 

expressions through identification of the sequence of expressed mRNA 

molecules and the analysis of appearance frequency, the research project 

of Osaka University to build a database of mRNA expressed in human 

organs (body map). Also discussed in terms of technical outlines and 

future prospects are : the serial analysis of gene expression (SAGE) 

method that improves determination of gene expression profile and 

identification of mRNA molecules by modifying a technique of cDNA 

sequence analysis ; the mini — fragment analysis of gene expression 

(MAGE) method which is an improved version of the SAGE method; and 

the massive parallel signature sequencing (MPSS) method which is a new 

technique to elucidate mRNA profiles on the basis of rapid base sequence



analysis.

(3) As examples of message display - based approaches, the differential 

display (DD) method are presented together with its improved version 

developed by the author team. These methods analyze specific mRNA 

messages through simultaneous comparison of multiple and comparative 

mRNA molecules. The molecular index (MI) method is outlined as a 

promising method to identify entire genes that are expressed in a 

particular tissue or cell.

Chapter 4 discusses, in detail ,the techniques to analyze expression 

regulation networks, dividing them into two groups : (1) the techniques

to search and analyze transcription regulatory signals ; and (2) the 

techniques to search and analyze transcription regulatory factors. These 

techniques are required to elucidate the mechanism of transcription 

regulation, which is the basic foundation of gene expression regulation, at 

the molecular level.

(1) Concerning the techniques to search and analyze transcription 

regulatory signals, a method to search promoter regions based on the 

prediction of structural gene region (gene finding) and on the 

oligocapping method for cloning 5’ — terminal, as an example of techniques 

to compare and analyze sequences. Collecting basic information about the 

detailed recognition regions and regulatory functions for each 

transcription regulatory factor is critical in order to establish a method 

to predict the structural gene regions on the basis of base sequence data. 

The features of representative reporter gene methods, as an experimental 

technology to analyze transcription regulatory regions, are tabulated. 

Representative in vitro analytical methods that use the property of 

transcription factors to bind specifically the transcription regulatory



regions, are presented. As techniques to separate and analyze the 

regulatory region for a particular transcription regulatory factor, the 

genomic binding site cloning technique, which is based on filter — 

separation of factor — DNA complex, and the casting method, which 

separates the complex using the gel shift or immune precipitation.

(2) Among the techniques to search and analyze transcription 

regulatory factors, the southwestern method based on lambda phages, the 

one —hybrid method based on yeasts, and the phage display method which 

can obtain both a protein and its coding gene at the same time, are 

outlined as examples of analytical techniques based on the DNA —protein 

interactions. These methods are also discussed in terms of their future 

prospects as techniques to acquire transcription regulatory factors. 

Another group of analytical techniques based on the protein — protein 

interactions are also discussed in terms of their principles and pitfalls. 

They are the far western method that replaces the probe DNA with a 

labeled protein, the protein — immobilized column method which is an 

affinity chromatography that uses transcription regulatory factors 

immobilized on beads as ligands, and the tagged protein techniques based 

on the transcription regulatory factors to which affinity — bonding tag 

sequences are bound. Furthermore, in the discussion of other techniques 

to search transcription regulatory factors, this section calls for the need 

to clarify the relationship between the transcription regulation of cell — 

specific genes (differentiation marker genes) and the cell functions in 

the manner of multivariate analysis including time and space axes, taking 

the transcription factor cascades in the cell differentiation of the 

mesodermal system. This section also emphasize the importance of 

modifying reactions such as phosphorylation, transcription — mediating 

factors (cofactors), as well as selective splicing which also regulates gene 

expression in multicellular organisms outside the transcription process.



Chapter 5 focuses on the computer-based model analysis techniques that 

predicts particular gene regions and functions, and even gene networks 

based exclusively on base sequence data and without relying on 

experiments. It reviews the current status of techniques for (1) gene region 

/function prediction, (2) the computer simulation of gene expression 

regulation, and (3) database clustering. Pending problems of this post - 

genome sequence technologies are also discussed.

(1) Gene region/function prediction : As techniques to predict the 

gene regions of prokaryotes, GeneMark.hmm and GeneMark — Genesis 

which use the framework of the hidden Markov model (HMM) to resolve 

the problems that conventional techniques have faced, GeneHacker which 

incorporates the profile of the ribosomal binding site (RBS), and 

GLMMER which features high speed processing due to use of the Markov 

model with unspecified order, are presented. GENSCAN which applies 

generalized hidden Markov model (GHMM) has been used to predict the 

gene regions of eukaryotes. VEIL, HMMgene and GeneDecoder are based 

on the HMM. A new method is intended to predict the promoter regions 

of eukaryotes. Improvements are proposed for such conventional 

techniques as MORGAN based on the decision tree, Genie based on GHMM, 

GRAIL which applies the artificial neural network (ANN), and FGENEH 

based on linear discrimination. Future potential of a new prediction 

method called AMELIE is examined. This method does not rely on coding 

potential data such as the bias in frequencies of codon appearance or the 

periodicity of particular bases that appear in coding regions. The third 

group of techniques are intended to predict gene functions based on the 

DNA sequence data in the coding regions. Presented as a new technique 

of this group that does not rely on homology search, was the one that 

predicts the sites where particular proteins are localized based on the

(7)



information about the amino acid sequence within a signal peptide using 

an intelligent classifier that learns. It also predicts the enzymatic 

functions of proteins based on the physical, chemical and statistic values 

calculated from amino acid sequences. Additionally, the techniques to 

predict gene functions based on the information about the DNA sequence 

within the regulatory region, is presented. These techniques predict the 

expression conditions for downstream genes based on the combination of 

sigma factor dependencies of the promoter sequences from prokaryotic 

microorganisms and the preserved sequence fragments from eukaryote 

promoter. The results of the validity tests of these techniques conducted 

on computers is presented.

(2) Computer simulation of gene expression regulation: Even if a huge 

amount of information about gene functions and expressions is 

accumulated in the near future through proteome analysis and others, one 

has to take into account the interactions between thousands of genes in 

order to understand the network of gene functions as a system. This 

means that cell models must be developed on computers. Thus, we 

examined the experience of modeling and simulation on computers of fruit 

fly’s segment formation and nematode’s development process, as well as 

the expression of mycoplasma’s entire genes. Although there are some 

problems with modeling and computation time, we tried to predict the 

possibility of establishing the cell simulation technology and hypothetical 

in silico experiment.

(3) Database clustering: The current status and pending problems of 

clustering techniques are discussed here. These techniques are intended to 

bring about, on a certain criteria, useful information from the databases 

and accumulated information that use the technologies and techniques we 

already mentioned in Chaper 2-4.



As a database on genetic mutation sites, we presented the Human Gene 

Mutation Database (HGMD) that integrates a variety of mutation databases 

for individual locus. As examples of the databases for the analysis of 

specific expression modes, we included the BodyMap and the Expressed Gene 

Anatomy Database (EGAD). These mRNA expression frequency databases 

were derived from large - scale human EST analysis. Also included is a 

database derived from the analysis of mRNA expression profiles by DNA 

chips. Among the databases on expression regulation networks, a database 

on expression regulatory factors called the Eukaryotic Promoter Database 

that holds the information about the promoters that are recognized by the 

RNA polymerase II of higher eukaryotes.

Other examples of expression regulatory factor databases are the 

Transcription Factor Database (TFD) which retains the data on the 

sequence and interrelations concerning the transcription of many 

eukaryotes, and TRANSFAC which is a database of eukaryote DNA elements 

and factors. As the database on gene networks, the Kyoto Encyclopedia of 

Genes and Genomes (KEGG) and the Encyclopedia of E. coli Genes and 

Metabolism (EcoCye) which specialize in metabolic systems, and the 

Signaling Pathway Database (SPAD) which specialize in signal 

transformation paths.

As examples of the clustering databases based on the sequence 

information, we included the BodyMap and EGAD which compile information 

about mRNA expression frequencies according to individual tissues after 

clustering the EST sequences that are from the same genes but are 

registered in the different parts of the databases. Also presented is the 

UniGene database which offers unique sets of genes after clustering the 

human mRNA sequences and the EST sequences that are registered in the 

latest GenBank and dbEST.

[93



Comparison of genome sequence between different organisms necessary to 

elucidate the phenomena of life, is mainly performed by homology — based 

clustering at present. Thus, the MicroBial Genome Database for comparative 

analysis (MBGD) is discussed in detail. This is a database workbench 

system operated by the Human Genome Center Institute of Medical Science, 

University of Tokyo, for mutual comparison of all genome sequences that 

have been determined by the institute.

Chapter 6 reviews the international trends in genome research activities. 

It reports the discussions at international symposiums held as part of 

leading study “Technologies and Techniques for Analysis and Use of 

Genome Information.” Chapter 6 also review the U.S. and European trends 

in the analysis of genomic information and structural analysis on 

computers.

At the symposium, nine domestic and foreign scientists gave lectures on 

the current status of genome interpretation, and techniques for efficient 

sequencing, and analyzing gene networks and genome information under a 

title “ Genome Research Opens a New World to Bioindustry ? New 

Developments in Genome Informatics Technologies.” The outlines of their 

lectures are presented.

In the review of international trends, the report points out that the U.S. 

and European decision — makers, academia and other research organizations 

recognize the effectiveness of computers in the analysis of three — 

dimensional structures and prediction involving an enormous amount 

genome information. More protein analysts are entering the field of genome 

information analysis, more conventional protein analyzing systems are 

automated, and researchers are applying computer technologies to its full 

to build databases for an increasing amount of genomic DNA information.



A new focus is placed on “comparative genomics” which compares the 

genomes from different species and it is already yielding results. Charts 

illustrate the flow of computer screening of genome data and 

interrelationship among genome information analysis, structural biology and 

bioinformatics.
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s#{Rmxy ? < 7 7/o@^#^m

^7. hYV A7-y7XO^g#6LTOR9@A^%@l/

tZo

m#A#ome?#%?#iK&6 u-r. j##mk0/=
ibfc^ |Btl 77l/n 7 (hidden Markov model : HMM) ©##A^% 0 Atlfc

GeneMark.hmm ■p GeneMark - Genesis^ ribosomal binding site (RBS) 07° D7 

r d' 71/^-IS.^jAAjftGeneHackerA l/X£ L' Markov model |C%"7 < illMl

(15]



A##0GLMMER&*&fhL/=o
frl^jl/Zi 7 -t-rJU (generalized hidden Markov model : GHMM) L /c

GENSCAN. EMML/cVEILPHMMgenePGeneDecoder9°P t—

L/c MORGAN PGHMM Ltz

Genie. — — v )\s% "j h 9 — ^ (artificial neural network : ANN) L/C

grail, mmmmzm^h \/c fgenehl. p K>©tm

#mL/a'#T@%AMELIE0m^#^mL/:o 3-Fm#0EmmH:gc%'

f Key; y^/c%;
a. p

#m#6LT. ^/cm#A#(i^D

#+$K#m#C ck 6 c L/c.

<m.fci-mmmi' 5 ^l-->3 >t«. y o x*-a mm ic^aiao

A6LT@#^6/c6l:li. ^ mi0ae?0#Sf#m^#fRL/n^fUf%g,'f. p

> IfaI:j: ;HWy:'#/F5r^T&5 ^/ a^ a *X:uz)

74" py7;HI:6y ^ ^ L-^ a
>0mfM|^#EL. al/-ya >R#
<Dminz£<oimm±. an smco) 6^t%tml/c.

U #2^\g,#4^$TO^T#e$^/cR%
(db> &u%*L/c'f-f&#m L-cwm %##<&# ^ mm

db t ltia. m * ©«&« r- <h ©sit db l/c db -e&
S HGMD (The Human Gene Mutation Database) £.



£ DB t UTii, t h ESTJ: 6 mRNAMlDB V£>6 BodyMap t 

EGAD (The Expressed Gene Anatomy Database) RO'DNA f" y

mRNA0%myo7 7T;W#fDB^im^l//:o H9-^I:^5DB0 9

t u-m, m#m#aRNA^ v y y—v n
6"/n ^6—EPD (Eukaryotic Promotor Database) < ©

TED (Transcription

Factor Database) , DNA %. 1/ / y h thBFR^ISlh 6 DB T& 5 TRANSFAC

H9-^ClNf5DB6UT(^ fW^*m<kU/:KEGG (Kyoto 

Encyclopedia of Genes and Genomes) ^EcoCyc (Encyclopedia of E.Coli Genes 

and Metabolism), v h. Lti SPAD (The Signaling Pathway

Database) MM DA0

XI: W= f y xf V y6 LT, 3^ 1:#^ 
?A^0ESTE^IJ^7 yXT' V yy 1^6 mRNA

L/c BodyMap i> EGAD, M§T® GenBank R £/ dbEST t h mRNA SB

?IJ#<h ESTy y X ^ V y ^ LTZL-- ^ y h LTUS UniGene

l:j:a7yX^U hyy Amrty^-0AE
♦ 9-^^yf^XfAMBGD (MicroBial 

Genome Database for comparative analysis) L/Zo

<D-m <hbTMs$ n/cBE *> y # ? v mw j A#### mmffiiz

±Eyydi7^ATij:, r/<T^Tyyx h v-ic#rLi\##^<yy ABf^-yy A 
< y 7 f 7-f < ^ am UT, y y m

ft^ ;£.•* > \A +~

(17)
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-kaemiamg?#, m±^y y A##omf>tf

#^#®yv A##mf^0^A, m#o^>/^w#$f^zyA0@#<i:^icj:a* 

f6, < a#&gm<Dyy Ay-^<-z^0*T#j#&0mm%mm^

mATjo^^gm^o rimy/; y^zjA#/:%^6L'c^D-XTvy^^'#- 

Tiu^M&c t£B/rv^o tt^ yy A1##&3 z/ifa-f z? v-—> 

y om^&cf y y 6##A## 6/ w ^-oz^-^y^^za 6 u
Ttt&fro

[18]





liDSblc

yy b'f <0,

am^y y A ^
yyAmfom^.kLT^mtk 

hyy %A#gc# LTEtf bti£T&6 -50

/e LT c o j: 91: Am^- ^ ^ ^6 <k I:, ^ c

mtciaf u-rmsicRimu^A^B^f 5#mw

#0^v h9-^0#%^^^36g,^T^6o

me?> h 6<c6o 

mA6i:;^ $^m#y-^0ii#*mwmLT^60A<m^T&6o %^-c, ^@i±y 

y ^##^#^-#-3^a c 6A<A^c%&. y y 
AE^j c*e?)

.ko-amcia, cm# 6

&&wa#mT0yy AE^j0mm0Jm#eA#g<k^ 

3o aaMm^-^boamo^aA:

$>##?&6. c%&&# u-c

< s u%#4 %4=#s#&B% % &%-&%^

-r, yyA@a3##&mi:gm-si;:u\ #m^p omsf#

yyA6i'9WEl&aLT&#&;/xyA

2:l/Tm#l/T^< C6:6<^g(:%5o

co^^^^xh^-^^^xoyyAomm^eommcii. D t^5/L^^0g

UWa'JV-X, tt£6^ltt>^II



vWDUm, 3) Ii:^tLf>©7-;l/^t'T*i«f$W:f-^®»f-^^- 

Mtt, f c&&g£w 

^$^60 y/A##TU\ 

ftr&5o

X^©7 ? UTC '51 mt>tlTl'%0 ®gl(

£0t-0#l:fGDfc&-51 \|±#(c^:^zLjz-^7-^0##6

3ff9 c 6A\

S$T£>30
:$##W22Tli C 0 j; 9 *°X h ^-^yxB^fticSpfc&tlS^V A

^#^09^/1##, ##?fm
csars) tmftmmvTim?z>''- mw?

/=„ c c amo
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Recent Progress of Sequencing of Small Genomes (Feb, 1998)
Name | Japanese Name | Genome Size(Mb) State Presenter or Institute
Eubacteria
Staphylococcus epidermidis Bka&wxm 2.30 N William J. Kimmeriy 

(Glaxo Wellcome Inc.)
Staphylococcus aureus 2.80 N GTC
Streptococcus pyoaens 1.92 N Bruce A. Roe(U Oklahoma)
Streptococcus pneumoniae 2.05 N Brian A. DouahertvfTIGR)
Enterococcus faecalis w*w 3.00 C TIGR.HGSInc
Neisseria aonorrhoeae V/uE 2.05 N Bruce A. Roe(U Oklahoma)
Neisseria meningitidis EE&E 2.30 P TIGR & Oxford U
Pseudomonas aeruginosa «mw 5.80 P GTC
Legionella pneumophila 4.10 P TIGR
Escherichia coli *»s 4.64 C H. Mori(Nara Ins ST) et al

Fred Blattner(U Wisconsin)
Caulobacter crescentus 3.80 P TIGR
Rhodobacter capsulatus 4.00 P Chicaoo
Rhodobacter sphaeroides 3.80 P Texas
Sphingomonas aromaticivorans - P PNL
Ehrlichia sp. 1.40 P TIGR
Salmonella typhimurium 4.50 P TIGR
Helicobacter pylori tfnUH 1.67 C Jean-Francois Tomb(TIGR)
Vibrio choleras 3U5E 2.50 P TIGR
Haemophilus influenzae W>7;ux>-9=H 1.80 c TIGR
Clostridium acetobutylicum 4.10 P Douglas R. Smith 

(Genome Therapeutics Core.)
Bacillus subtilis tSSB 4.20 c N. Ogasawara(Nara Ins ST) &

EU sequencing groups
Mycobacterium

tuberculosis
B«B 4.40 N

C
Robert D. Fleischmann(TIGR)
Bart BarrelKSanqer Center)

Mycobacterium avium 4.70 P TIGR
Mycobacterium leprae 5>UB 2.80 P Sanger Center,GTC
Actinobacillus
actinomycetemcomitans

2.20 P U Oklahoma

Aquifex aeoiicus (ESSttB) 1.55 N Ronald V. Swanson 
(Reconbinant Biocatalvsis Inc.)

Deinococcus radiodurans 1.05 P TIGR
Porphyromonas ginaivalis 2.20 P TIGR
Shewanella putrefaciens 4.50 P TIGR
Thermotoaa maritima 1.80 P TIGR
Treponema pallidum 1.05 C Claile FraserfTIGR)
Treponema denticola (XtfOA-*) 3.00 P TIGR &U Texas
Borrelia burgdorferi ( 1.30 c Claile FraserfTIGR)
Rickettia orowazekii 1.10 N Siv G. E. AndersondJppsala U)
Chlamydia trachomatis 1.05 C UC Berkeley & Stanford, GENSET
Chlamydia pneuminiae 1.23 c GENSET
Mycoplasma capricolum 1.10 p Georqe Mason
Mycoplasma oenitalium (7/3X5X7) 0.58 c Claile FraserfTIGR)
Mycoplasma pneumoniae »5S7>f 3X5X7 0.80 c R. HimmelreichOJ Heidelberg)
Ureaplasma urealyticum (7< 3X5X7) 0.76 N Elliot J. LefkowitzdJ Alabama)
Synechocystis sp. (B/U^b) 3.57 C S. Tabata(KDRI)

Archaea
Halobacterium salinarium (SEE) 4.00 P MPI(Germanv)
Halobacterium halobium (SEE) — P Massachusetts
Methanococcus iannascii <**>E£B) 1.66 C C.J. BultfU Illinois)
Methamobacterium

thermoautatroohicum
(yf >EtE) 1.70 c Douglas R. Smith 

(Genome Therapeutics Coro.)
Archaenglobus fulgidus 2.20 c Hans-Peter KlenkfTIGR)
Pyrobaculum aeroohilum WIRE) 1.80 N Sorel Fitz-Gibbon(U California)
Pyrococcus furiosus (SIRE) 2.10 P Robert B. Weiss(L) Utah)
Pvrococcus horikoshn (SIRE) 2.00 P MITI & U Tokyo
Sulfolobus solfataricus 3.00 P Christoph W. Sensenflnstitute 

for Marine Bioscienses. Canada)
Thermoplasma acidophilum 1.70 P Max-Planck-lns. for Biochemistry

— 3



Eucaryotes
Saccharomvces cerevisiae 12 C RIKEN & EU sequencing croups
Shizosaccharomvces Dombe 14 P Sanaer Center
Aspergillus nidulans 31 P Oklahoma
Neurospora crassa 47 P New Mexico
Plasmodium falciparum 30 P S. L. Hoffmann(Naval Medical

Res. Institute)
Caenorfiabditis elegans 100 N Steven j.M. jones(Sanger Center)

& Washington U
Caenorhabditis briqgsae — P Washington U
Drosophila melanoaaster 100 P Berkeley
Arabdopsis thaliana 100 P W. R. McCombie(Washington U),

EU & Japanese sequencing groups
Orvza sativa 450 P MAFF JAPAN
Fugu rubripes -?y 400 P MRC
C; Complete, N; Nealy Complete, P; in Progress

— 4



m 2* es • • mmm

2-1 DNA^y^

2-1-1 BMt'&m

DNA^yy6(i, 3>Xli#7X&RJ:l:^#.^0DNA^V

60T&>), 4##0 v v7 ^ ? n r y

DNAf y^U^K k H:jo(,\TDNA^-^J:7^7Y0^7

-f * dbximztitio l^u f-yy±imm-rz* v =r^ 7 u* 

Y 1^- hE#Dmf#@#T&ac<!x

^tr-73>^#0^*#Li\&&e^6 

u/:^mg%^6mA*#^T#TL'ao

2-1-2 mma
DNA^yy^L^me?#g^XTA0R#mmi:^l\T (1) DNAf y

(2) 0) 7^^D77y;y->/3>K#03"7A^#%^migB6

UT±(fg>^l6o

(1) DNAf yyfgmwi?

Affymetrix £ 7 * h V V 7"5 7 4 -K#^$W UTf y ^±T'^ V 7'7 7

l/#-^ F^mgA^cU/c “GeneChip” £!E6U 1.28cm2 0 Y y Yl:% 1O7]#0^ V 

=T7-^@^UT c 6#W#T&5o co^l^Yy

[Sj^T^S^ 30mer£Ex3§Mt V 3V-©ElStiBtA\, £>#>

DAA5&L/:^ V nV-^dtcDNA U/: DNA Y y Y

2%;c0f y y#mA</^7'vy<
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(2) /<7->##&#
/]#-?< 7 Of y 7±iZ&lj-&j- V o"T —V o"-7—^©^-##^

/\f -if-c/a

^a\t)©6^5o iESS^ti->xf A<hUTit7;vyyf yy±-ex

yv^f-^-^3 >©il###g,fi3m^:^m%3y7^-^;l/

$ ^c^xy AA#:©?^ 7 o^mtr^T

Genometrix#^^^tTO' 5CCDK

<£ 5 fiS^titiTf'iiii^f© WtQfo'bo

(3) vf ^07tyvy-■>a >K#

DNAf y»©^ V y b 5ftlt y:fcr.l^ f yZf

g#©/j#il:©^^y^m#^©7< 7 oikat&g<k%&o h-7;i/7 y 
yxfAiU, yyy;Vj«lBE, iiE^itlgEE, DNAf yf #m^^©# 

#{k (// TAS : //Total Analysis System&5WiLab On A Chip) ASSIST

ita6£trct^&0 c©j:9K##yyy;i/#*y%f-A^g#4(:$ti3c6(C#

&ox h©#T^(km##©K±^##T#5o

2-1-3 AS-#M##

m%DNA f y yR#io =fcV - FLTU5 Affymetrix*±£(iC©,

A# - 6o

Affymetrix£fc (http : /www.affymetrix.com/) Tli71 h V 7 7 5 7 -Y —

I'Tf y y±T'©y U 7'7 7 t/3ff F©@$WA^^mmU (GeneChip 102-1), 

BRCA12) tz ^©^SmTliSEAl:-15 - 20 merfM©^V rf7-£A/&U 1.28 

cm2 ©f yyniI07:#©yV =f7-2#EU7UT(a50 

7 * h u v 75 7 ^ bfc4* v yv-f y y©#i$Tii, s®±i^fct ^xf

>yc j: «t t) c ac

J; 0 W 7 o 7 7-^M^tl-B3) (02-2). ftfflfSEJiHewlett PackardAH] 18 

4mW7vl/y71/-y-(:j:t)f yy±TXf 

(j:GeiieChip V7h7^7l:j:f)/<7-7mf^fl6U<^l:%r)T^5 (02-3).
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High-density oligonucleotide probe 
array package.

Mask
■ ■ ■ I I I I II I I

T T O O O0 0 0 0 0 HO HO O O 0
T-e

Substrate

hv
Mask

A G C T GI I I I I
T T O O 0 T T C C O

Substrate REPEAT

High-density oligonucleotide probe array synthesis.

E 2 - 1 Affymetrix *±|§fg% GeneChip E 2 - 2 f y 7±V(D* V

Fluorescence Detection

Dichroic mirror

1> Collection lens

Matrix

.Temperature controlled 
flow cell

Reservoir-

Detection format. Probe-target hybridization is detected by epi-fluorescence confocal
scanning.

E2-3



& if £ B Affymetrix fch littfcjfeS • 

a&Tt'So 97StmatmmGlaxo Wellcomefcfct HIVitfe-f-r — $K—Z>%Wt

&U Oncormed%6(i

BRCA 1,2'> X ir A &SI=1 U r' < SS (97S11J3) Tli Hewlett -

Packardti:<h cytochromeP450v'Xf 0 till"C <h$tlfc0

$ £>(C^ Affymetrix 7 n 7 y 7" V *" — v a Microfluidic

Biochemical Analysis System0 DNAfStij^ b DNA f- y 7‘‘_h7:'CD/W 7 V 7 V 

-tf-7a y^/JxS*- b V y Cii^hJtg^bfc (02-4- 1,2)0

UT hiv 5 >r ;i/X0^m#&T(i 10 // L ©Mt >7;W;Tllt a btz04)

h

Hydrophobic
MembranePneumatic Pi

Flexible Diaphragm

Valve Reaction Chamber

Cross section diagram of chamber with diaphragm 
valves and porous hydrophobic vents for sensorless fluid 
positioning. The lower wall of the reaction chamber is 40 to 
250 pM thick for thermal addressing.

02 — 4 — 1 Microfluidic Biochemical
Analysis System f- x >^s' —®f®0

Top view of integrated cartridge system measuring 
8.5 x 40 x 70 mm. Elements include a) GeneChip and 
hybridization chamber, b) auxiliary hybridization chamber, c) 
diaphragm valves, d) chambers for reagent storage, metering, 
and reactions, e) hydrophobic vents, f) linking chamber, g) 
extraction chamber with glass ceiling, and h) fluidic ports. 
Reaction chambers are 1.5 mm wide by 13 mm long by 500 
pm deep with 10 pL volume

02-4-2 SB*- b V y 77X^A±M0

Affymetrixy ~f AzXX V 7"7 7 Is'Xf' %><DiZjtf L*£\ £> b*N D

\jfzHr V 7'V-i,3HicDNA OT LtzDNA f y^6

!S^§£tlTtx5o Synteni# (http://www.synteni.com/) 7

— 8 —



©Dr.Schena^^ t >X9 pT 1000

itfe^P■£•$$'<:'£ 6 DNA v^f {7X27 l/'-fSir (GEM : Gene Expression Micro 

- array) ©&8&&iii6’0'<5o El2 - 5 iiSiM£tlti DNA f- >y -fX'fo%0 

^©7 y t4"T(i2@^7/<;l/mRNA^^-y v H-U J -’?J\'ttkWbXM& 

/s4 -?»; 94 -if- i/ 3 y* ©#%&/<

(E2-6)o

12-5 Synteni DNA f - -y 7°

.: .:,... . . .-.

A.
-Heat Shock

—' " i i
.?• '.t' - t* -v • -s >Qx ta ?■■;*■- z >
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- \3 ; T ^C-.: m - -O' :';: • '? ? T ." " ••-
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, ^ 9 - ° S © " =»' ' i .• --- V • - ’•• ? -;- »
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• jr S> > # J " 3- " .. -r ~ " ■?■■-■ ' ■ - • t jlwj
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- :• ■ • .' j ' ^(5 * 1 • 5 ’••
1 . .'•»?«.:•■ 7- • -. j; -- : - r

• ■ :: ^ y .3 - 3 . <3 ' ■ v

[~~j * v .-• ■*'-*»'• i : •
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. - s • ■ | | « •• 1 ..-••• ^9 -
•7 9 -' » > 6 m -
. o.*- <9 3|5j » - «■ v -. • ■» . 3 "
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+Heat Shock
B.l

1 mm

■ •-*^ ioj:
- v; 3 "■ > ^(3 r- -• •* ; i

■<:;>■ .-„• 7 ' .7- 3 ' c ;•• .> ' .-

-■ ■m/V - •" • ■* - ’ -V ' •' (V
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r - / './o : T- \ r: ,
; &).■ '*’• '•'. - ‘O • 0 9 : A ' . •> - •' < : .7- O *> < '
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. > c j, 7 ^ ^ . ”■ 3 ^ u > , a
> " o ‘ > • _• <* » 1 3 • ->

. j a 1 ^ * :-*»»-•••-©.- - - a
A a f» ■ ■ * ^r>3*e> ^ .•■••*• »• —

. ■ *» ; ••• • "
.. ' . .1 jje - .»•", »£» -- .' •» V

.; o A «5» «?• '> •" J " '• .: • < -V ulz< <9 - •w-' -J ' • ' 3 -•

......M■
Fig. 1. Human gene expression monitored on a microarray. Fluorescent scans represented in a pseudocolor scale correspond to expression levels. 

The array contains 10 Ambidopsis controls (upper left corner, elements 1-10) and 1046 human peripheral blood cDNAs. Fluorescent probes were 
prepared by labeling mRNA from Jurkat cells grown at 37°C (-Heat Shock, A) or 43°C ( + Heat Shock. B). Array elements that display altered 
fluorescence intensity (white boxes) corresponded to genes activated (red boxes) or repressed (green boxes) by heat shock. The color bar was 
calibrated in separate experiments using known quantities (wt/wt) of Ambidopsis control mRNAs added to the labeling reaction. Microarray rows 
(at left) and columns (at the top) are demarcated at HI element increments (white circles). (Bar = 1 mm.)

02-6 cDNA f v
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HyseqttliEftl© DMA EWS'dl Vc DNA o T##E7'i^^-f5K

# (SBH : Sequencing by Hybridization) b>, UTlNS0 Ctl

KJ: 0 Hyseqttlt 10i£$O:/D-7"£-> V n y^mi:#A$-Wr

nc dna y 7 u ‘973r \zi$ 1 j&s©y □ -y-e177 goodmm&wf-e# 5 c

UT^So LTHivyy AA#^-glcm^ HlV©EWE?iJ

5 c L-ci

Vysisfcfc (http://www.vysis.com/) 13 TV &tlbb(DDNA 7°□ — 7'^S

#(CFISH i^CGH (Comparative Genomic Hybridization)7 /£ L/c###

#i5TI3CGH^m:^LT, 2 cm^ 0/7

xf-2 Am±DNA0#A/^y U 3 y& (GCGH :

Genosensor — based CGH) L/TV''^>0

yyf-7<-x0#

Htt#S1S$ $ tl & cfb Incyte Pharmaceuticals # (http ://www.incyte.com/) 13 y

7 v - K^-syy A. /oy t--?& !x yy Ai##^y-7^<-xii:

L/c FLifeSeqJ ^0773rX#^##A#/i:2:LTL'5. Affymetrix 

#^13 DNA y v jo t),

rcifechipj a#LT#]im#>, mm#,

Molecular Dynamicsfcfc (http : //www.mdyn.com/) 13 L—!f—X4^ t >— y 7"7

xyAcj:DNA7^70 • Tb-eiiaf),

Amersham Pharmacia Biotech # <b A l»l 7—71/ 0f6fB l#0& i# #> T

l'5„ #*13 10,000 spots/slide 0 DNA f- y :/!HB£St@ LTl 97^10^1: (3

DuPont a am# LTBm#® Lt.

dna y y y^#46^aas©/jNS-ft«^©nfflttcDii*g-3Ti'« £js=bftsa<.
Nanogen (http ://www.nanogen.com/) 13^7 y 7 D V V 77 7 -f i:'7d' )P7yy

i/y/vi/m^, /^/v/yy-^ay, %m, f- 
7mr^^0%T VL, #^^3^7 s/ a 7 C

— 10



(APEM: Automated Programmable Electronic Matrix) g)

2 - 7 v 3 y u/: „

A B

Fig. 1. Silicon chip with an array of electrodes. (A) Overview of the microfabricated device. Chip dimension was 1 cm square. Light squares 
along the perimeter are exposed platinum contact electrodes for connections to power supply. Light lines are platinum leads insulated with dielectric, 
connecting contact electrodes to the exposed platinum electrodes. (6) Electrode array region of the chip. The central lxl mm test site array region 
consists of 4 large (160-jum diameter) corner electrodes and 25 central 80-yu.m electrodes. Pt, exposed Pt test sites; SijN*, dielectric; ShNj over Pt, 
Pt insulated by SijNa. (C) Cross section of an electrode test site. Location of section is indicated by lines extending from B. Pt, ShN-i, Pt insulated 
by Si,N4; SiO:, dielectric layer; Si substrate, wafer material: Permeation Layer, agarose layer containing streptavidin; DNA, biotinylated 
oligonucleotides bound to streptavidin. DNA binding was not limited to the surface.

Ill 2 - 7 Nanogen is ') => > y
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DNA #<?#*&%># a c 6 ^ »rm& UTi ^a 0mr%T& a„
97^5^^b*BBecton Dickinsonfcfc© DNAififg->XxA^-7^

O % T A ^ %T UTL' a

GenometrixX<- t"a tMz.^ >f >3 v?x y

m $ ntz dna f - y y©Tioegisfi $ ntz ccd ^/N^r y v y< -if- -> 3

(02-8-1,2).
Pre-HYBRIDIZATION Post-HYBRIDIZATION

1

SYNTHETIC DNA PROBES SYNTHETIC DNA PROBES 
with hybridized partial DNA 
sequence

Molecular binding assay A) before and B) after probe/target hybridization.

12-8-1 f y -f±K$S 7' U yx -if- *> a

FLUORESCENT LABELING

Y V V Y

PARALLEL
ILLUMINATION

^ • * '» » • 1 ■ PIXELS -

V V Y Y V

Z + AA

CHEMILUMINESCENT OR RADIOISOTOPE 
LABELING

\l 1 /t \ / l •PIXELS-

Modes of direct CCD molecule detection.

02-8-2 Direct CCDyXf Af y 7iI0

— 12 —



Molecular Tool###'; =f%? 1/^f FOgWm&ffoT#/:#, GBA (Genetic 

Bit Analysis) 6$fcl/t95^l;:£BttBRCAl f

L/=o

Caliper Technologiesfch (http://www.calipertech.com/) iC&l'T & “Lab On 

A Chip" h-^/1/

?D7 77vy-;/a >a#Dm#(a#ix,

DNA f- >y -f^W. <0 TAS (or Lab On A Chip) ©P^^tuSM#) htlXh'

%>o
Berkeley O Mathies b (iCAE (Capillary Array Electrophoresis) ^yZfJiKX

usekj;anmmzm'dnau oxzyyt-x
-B vXt" LfCo $ 6 (C Lawrence Livermore National

Laboratory 6 University of California, Berkeley 60##PCRSP//^^
photomultiplier tube -
confocal pinhole -----
focusing lens ---------
bandpass filter -------
dichroic beam splitter

488 nm laser

32 x objective 
PCR/CEchip-

i power r 
1 supply j.

thermocouple

computer'
11/0 board aX

polypropylene 
insert A

polysilicon
heaters
epoxy-------

Au leads insert

iQlysilicon
bater

drilled hole

CE chip

Schematic of the integrated PCR-CE microdevice. (A) 
Laser-excited confocal fluorescence detection apparatus and an 
integrated PCR-CE microdevice. (B) Expanded view of the micro- 
fabricated PCR chamber. (C) Expanded cross-sectional view of the 
junction between the PCR and CE devices. The size of the epoxy- 
filled gaps is exaggerated for viewing clarity.

n 2 - 9 PCR-4- f hc7'J iv-r 9 DxSi#El
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-f ? n? y7V7-^3 ^ (g|2-9)o

$ tz^ University of Pennsylvania Tii '>') n y-jjyX^y 'flZj&ffc btz PCR 5lS

, RULCR (Ligase Chain Reaction) ^©jUffl14)

o ztibommt DNA f v nmt

Patric Brown’s Laboratory (http ://cmgm.stanford.edu/pbrown/)

*eit> EI2- hn-yV&tiS V— TL/-;l/r—7;U

£MtU 7 V > h f v 7f: j; 0 DNA ^@#^6 “Tb->XfA" 

f v 70±#AmcfS)(j-/:K#^%/&em u-cua.

El 2 — 10 Patric Brown’s Laboratory Iff ^17 U — 7 X t A

— 14 —



DNA f v 7##? v ^
a«-*piBa*8» mt(l998.1.6SS)

Affymetrw, Inc. Gene Chip (jtf&£)

■ 7-f^nyr^'J'r—

• P -AP450 $ igtttittii < Nov.’97)

• BRCAU 5-ftf>y(OcV97)

• p63S<$**8itti->XTA(July.'97)

• ae?*at%'9-#M(j.n.g7)

• HIV ae^T-i'^-X.SK' 97)

- *m®ae?*aa#m (' @«)

- BRCA1l6*atiiai('96)

• ®14»eH**fflX7t(-VbcDNAC96)

■ seae^T-^-xt • se)

• amm**#*aea('96)

• DNAammf'Wxt 94)

- DNA#«T->X-rAC94)

• tKae^ro«ft»#iftt»C94)

Hewlett-Packard#

Oncormed#

Roche#

MS Glaxo WeHoome#

Roche#

*S NIH

Genetics Institute#* Stanford Jk 9*

$5 incyte Pharmaceuticals#

Roche#

^SMolecular Dynamics# 

Hewlett-Packard#

^cfflGenetios Institute#

tiHetta:AffymaxttA'b49«:.

Affymetrix&A'f,5tt®tt54ft,J

me

■SBH$fcj;6v-'7'-'vy-y

->X71A(t®fc»ffiV-fi7a/\'7U^9r

Synteni ‘ GEM (Gene Expression Micro-array)

• Stanford^ytDr.Schenaib)

• cDNA3fD-^^-y^lC@fi

• 2S9i3fc7'<;izmRNA£5'—y-yh

Hyseq, Inc. HyChip (Super Chip)

• SBH(Sequeoing by Hybridization)

■ HIV yvAEMMUH 97)

#K »±«!DNA«SaC97) •SBHatck ■6->-'rV-»'7 

* AffymetrixtilcTfLTlSIS

Vysls, Inc. • GCGH (Genosensor*based Comparative "Genomic 

Hybridization)

Incyte Pharmaceuticals. Inc. LifeChip

LifoSeq: oDNA^

-aef*m*#C96j:V) Aflymetrix# ttSIt#: DNA^fcKILTttttU

Molecular Dinamics, Inc. • aae©a6^«s^®i5ffl«sttC97)

• ae^#tts#f-y-7b®i$fflBaa

• DNA#*m?/WX|*|*

DuPont#

Amersham Pharmacia Biotech 

Asymetrix#

snetm DNA^-y^iceevcitou

Nanogen. Inc. APEM (Automated Programmable Electronic Matrix)

Tv-tr-cero*

• e*ffieK->xxAC97)

• *««'>XxAM*C97)

Beoton Dickinson#

$S PmBnxttSW

Qenometrix, Ino.

>3>8*l±:f^TlcgxfcCCD

ic*ya»8iai.

Molecular Tool Inc. GBA (Genetic Bit Analysis) Bioohip

12-30mer *-'J:f£96^X;u:fU—MclSffi 

$^^s(AnalBiochem.1995)

• Se#BRCA1->-»I>X->XTA( ’95) m«fr#:3fr

•!KUX7UV, Wfcli»5X$S-x®* 

UdX»ly*7K®Effl(t*aW.

Caliper Technologies *Vtf7UaS£*»aab On A Chip) aU»H=»:Oft

Lawrence Livermore National Laboratory >3>BeW (PCRS5») •7^»aPCRIC*5S$EB«->XTA

•PCRi*Ytf5';«*!**!l£«*£frthfc

UC Berkeley ®BF%#A<LLNL'x;|m Bi)K#a:4fr(UC BerkeleyA'bttlil) 

•T^PPCR®««

University of California at Berkeley CAE (Capillary Array Electrophoresis)

University of Pennsylvania 7-f9PPCR aV LCR • ?K-f > h Z.SLTV 3 I/O) & Mj aDWfr»:2fr

•pcR®«a

Patric Brown’s Laboratory 7b-v^fA •T-fyP^-vd® *ttftvXfA
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2-1-4 DNA^yT"©#

DNAf - y • B'ffiK'&iL-?& © <b’i$ g S ftT t,' -6 —^ ##AT

USEicm©ii^fcl 'T

A < 71:% 6 Id < ©m@^$^T^6o

DNA f y y5.^©^|:"7^T©#g@^m ^ „

^mbxw±i-f^tix^6mmmmtbx^ ti«fyy©37 h^wicTifbn

o -eo/z&idif yy^-© ^©©##%M^ii^yyy 

D-y©%^m@#&©^ ^yym&0gm^^A<3%

ti6o 3X ^t/:6U, $bidiJ3

m##50/J#{b6 6^C^y K-9--T KtfclE* Point of Care ->X7 A <h LT*l 'M©&

DNA©EiaM^Oi, xTIt, Affymetrix idtS£ tl3 7 y y±T©;f V =7V-g|S£ 

^C)6^L/:^" V zPr-^/dicDNA^#^&:%02i@ W&S, ## 

0^%TI±fP5Kl:$)L\'C'E'0#5l@AD3:6^#A#ldi|D|^T^6*<30 merJ^±Og;||4* 

V yyn -7'<D£)%ltBM'V'£, 60 —^ ##©^&T(ia#^ V dy-OSti^ST 

£> a d cb^ e» i *&©IfiSlr 'f - y y^Mtti*3K %A6 LTIi%0 < 0 DNAb 

5^^5f:AI:m$gl:^5#^63X hA#@6^3o 

ttz^ ^ y ’f±’C(D^U’fo-y'(D^M^iW}t ^hz-DtiX-^tiKy^J^Ltz^^ y}) ?

y v a 5±?^^@myD-y©EB^a[©#m^T&

7D-S©7 y y£Wf£tlT&frX Nanogen #©/<T> f X\t7 D - -> X 7 A±T1f 

>y;i/^-#yc<hl:V^'V-tf-^a y©M£±ifTi'30 

^6i:^ yo-yg#©s&#f^$x^y^a#<'@#%77f ^<y vy

d' -tf- -> 3 >^/L/:7 y -W %®%m tsM'mmmxfo £0 Heinrich17) £> It DNA ©ft 

&0CPNA (Peptide Nucleic Acid) ^7y7±iC@fBU /W7V tf- v 3 >L

iz9->fv y DNA©^i^^n^ v yMmzMfe-t&m&m&u ^©m'mid^mmm

© SIRIMP / SIMS (Sputter Initiated Resonance Ionization Microprobe / 

Secondary Ion Mass Spectrometry) LTlx50

##y >y ;P©##(di DNA f- y y©^.^ 3yMa#^©/J#iW^© $ b I:
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^yfmmo ^3 ?&&„ f v y±-c@/\^ y v
y^tr-yg f vycf->y;i/^#A-f6

t’ZOtftjUMXr-y? (-thy-fjm^ PCR^Cif) K&l'X 9 n g®?

ikA^g(h%60 C0^361:7^^o^y^vy-^a 6ii

TL'6o

DNA 7 v t: > /i- %###(: jol5 &0 6
4ecme?^#^g0fE:mTU, BRCAi^-^pss^^^^##^ 

;/XTA*$8;eafn:t'3a\ ^g,i:^<0*ef^m*#&^B6LT@!R$^
DNA f- v <k#^.g,^6o

m%, k hy/Ayo^j:?

i'%&&?#;&#-m&&mfu .
C 0 j: 3 %gmTDNA f v V-/I/6 LT &-e0%#W%#afrC
(,\6o ^0/:)6l:(imRNAI:^6ycr-y^a%U/:f
mm*ma^&±x'imwmLZii2> -w -?v fx-e-•> 3 >©s$Ett, f

£1*

1) 97/98#^0/<-r^A#22OO%,

2) Hacia,J.G„ Brody,L.C., Chee.M.S., Fodor.S.P.A. and Collins,F.S. : Nature 

Genetics, 14, December, 441 — 447 (1996)

3) Lipshutz,R.J., Morris,D., Chee,M., Hubblell,E., Kozal,M.J., Shah,N., Shen,N., 

Yang,R. and Fodor,S.P.A. : BioTechniques, 19, 3, 442 - 447 (1995)

4) Anderson,R.C., Bogdan,G.J., Barniv.Z., Dawes,T.D., Winkler,J. and Roy,K.: 

International Conference on Solid — State Sensors and Actuators, 

Chicago, June 16 — 19 (1997)

5) Schena.M., Shalon.D., Heller,R., Chai.A., Brown,P.O. and Davis,R.W. : 

Proc.Natl.Acad.ScL, 93, 10614 - 10619 (1996)
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6) Heller,R., Schena, M., Chai, A., Shalon, D., Bedilion, T., Gilmore, J., 

Woolley, D. and Davis, R. : Proc.Natl.Acad.ScL, 94, 2150 — 2155 (1997)

7) Morrison,L.E. and Legator,M.S. : Cytometry, 1, 27 (4), 314-326 (1997)

8) Sosnowski.R.G., Tu,E., Butler,W.F., O’Connell,J.P. and Heller,M.J. : Proc. 

Natl.Acad.Sci., 18, 94 (4), 1119- 1123 (1997)

9) Eggers.M., Hogan,M., Reich,R.K., Lamture.J., Ehrlich,D., Hollis,M., 

Kosicki.B., Powdrill,T„ Beattie,K., Smith,S., Varma.R., Gangadharan,R., 

Mallik.A., Burke,B. and Wallace,D. : BioTechniques, 17, 3, 516 - 524 

(1994)
10) Woolley,A.T.,Hadley,D.,Landre,P.,deMello,A.J„ Mathies,R.A. and Northrup, 

M.A. : Analytical Chemistry, 68, 23, 4081 - 4086 (1996)

11) Woolley,A.T., Sensabaugh.G.F. and Mathies.RA. : Analytical Chemistry, 

69, 11, 2181 -2186 (1997)

12) Colyer,C.,Tang,T.,Cheim,N. and Harrison, J.: Electrophoresis, 18, 1733 - 

1741 (1997)

13) Shoffner,M.,Cheng,J.,Hvichina,G.,Kricka,L. and Wilding,P.: Nucleic Acids 

Research, 24, 2, 375 - 379 (1996)

14) Cheng,J.,Shoffner,M., Mitchelson,K.,Kricka,L. and Wilding,P.: Journal of 

Chromatography A, 732, 151 - 158 (1996)

15) Castellino,A.M. : Genome Research, 7, 943 - 946 (1997)

16) The Genesis Report/Dx, 6, 1, 1 -6 (1996)

17) Arlinghaus.,H.F., Kwoka,M.N. and Jacobson,K.B. : Analytical Chemistry, 

69,18, 3747 - 3753 (1997)

18) Okubo.K. and Matsubara,K. : FEES Lett., 24, 403 (3), 225-229 (1997)
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2-2 TV A£ft©J

#5% L/T^) < «k 9fft»^TUt^ JE%%A&0^j3ckCf^0E9ij0^l:
s e ^ re 6 u% a to ##2*m 6 % a^#0AYy Ag^j^^ $

nri'tu^ cii^ME^J^: uryy ADNA±i^wSic^Lt^-t-E^ij0W

s-6*<@#±^#6%6o u^u-eotAcmmE

1 - yyy-;p^# wm-f 6160 DNA f y yik#0#^

yyADNA^0m%6w^#m%i:
#A L#gfT# 3 1' < o^©^-j£»^S£tlXl'3K L '-f tl<ht£6^CDY J A

DNA omgEW;#%]T& -o T %k bhOj:9l=yy AE^iJ^^T#
itRyy A#R##]%#m6%^Ti'&o c cTd, yy ADNA

6 7 4 yfS—~f V y h bXMtfr'T 5 Restriction Landmark Genomic Scanning 

(RLGS) &&Arbitrarily Primed PCR (AP - PCR) & 6, YJ J*m<W7 h

7 y '> a yi^ck D DNA -$-#|ij^'5 Representational Difference Analysis

(RDA) ££ jo<kCXIn — Gel Competitive Reassociation (IGCR) ,'TiEz<-Bo C

(MntS)

2-2-1 Restriction Landmark Genomic Scanning (RLGS) i£

a ^jo«kCfm@ RLGS&liyy A%4r + -y/-#-^t>^yy ADNA±0^0A 

W0-> X yf 0 6 LT1991 #m

o yyADNA±®%^ (Noti^^ommMm*^) 

h&5y K7-y6L,T,
y-y^ik$a!'#-5^&'C66 (E2-ll)o ?y F7-y6^-6f'd' HX#<Z)m 

^ ^^(m#^tttyyADNA#:0zLyy^##mm^»r^A\ 
^<-t)6yny+yy^9o yyADNA^7yF7-y(k-#-6$im#
^TmikU^mmuto^^MNcmi-So c^LT-%x:%(:^M$j%tDNA

9 m u, y 7 % c 6 c
j;9, coy^M-^tcrnKut^vy

?A^*6o #^ftt%=pox^y h/<y-y^im#i:m@LT#t#m0/<y-y

—19 —



DNA^PCRTjefgUT^D-Xk^S^&^^fie^ X^y Hom'###-#- 

% $ T, -#-/! t) PCR 6^9 AT#0^i& 6#BIJ

fcv%‘So T, B%6f"5

^ o*# ^ W (, 6 *3 # S o

XI
|(2)

X2

««$*»
(UfcTCi)

X2 ^^Igj^ggg ☆=

1
XI

r
■Xaasij^ (3)

(4)
V

XI X2
i i
1 11 11 1

ii
"*Y1

■”Y2

(2Jfc5cl)

(1) ^Py + >^LfcDNA*«||tt»*A-C«iy» S****^^**. 
«>*©ffl/J'fctfi&*T*ntfWR**BT«J*.

(2) 7#a-xyA%SU*»)%&C:%:3.
(3) -/;usjaffl«ic«ywu. iMRifXCTtt)*.
(4) ^U7^'JJU7S K^T2 2fc5ciO««5lc*ftoa. t-h7'/^77^-^5.

@2-11 RLGS&

— 20



b radnakjs

fflnJSET&So -&CX4 + y-y^T# restriction

pattern #%5$imB^ap&^5yK7-^6'f%C6T, %4^+y

vwbssttws (Noti. BssH n%a i^^dna©y

-#-%c 6(RLGS-M&)o

< %l\> j: 0 human glioma ^#3%##% if©EStoflSTit

E?0^.j##fDNA0y^WW#m$^Tl'6^3^ o /<^TVT0yy

Fujimnra g,(i*&i=j:*)yfyVyi##©j#^U/: 

Staphylococcus aureus —

mmu-c^a^o
C ccD^j$g^5^id;c©^i^lE3iU%#FpiifcB^tL"aVj:i,x0

d ^E 7^y#-yvyh0^mi:y^7<yh-y^m^5c6(i#^%^

tt©^Tf=1E^%^o &c 61: <t (p

-̂5T&69o copy number reference £6

%b%t^###%y<6 9 false positive-$-%^#1 \%6"©^EA^#(f btl

3„

2-2-2 Arbitrarily Primed PGR (AP - PGR) ;£

a ^(iiggo^cweish^c^^-c^^^^oemomme

^i^#^-s^7d''7-^mi''ce^%7--vyy##T (4o°cj^T) -e#4em%
%PCR&m\ gE#^V7^V;l/7a F%MNc#TM^L'C#PCRm%&jt#'76

c 6i: =k <9 yy ADNA ®X$z • WM&$Zd]'?6fr&?&6 (02- 12)0

— 21 —



SOTNA WR0DNA

B

pc R£fre>

T
#mONA ##DNA

e*U*S&fc,J:&gM

1112 - 12 AP-PCR#

b j£M ^ -f V T 0 strain CM & flT (A 6

tr&6^6yyADNAI:fSfBW#T$>6o 

##DNAa#6b#Tf

AP - PCR&CDjga&RT - PCR&CM bfzOt< Diffrential

— 22 —



Display (DD) &9) C © DD m±mi' < f - >^%#C 9 n —

c mn • mmK* ap - pcr u/^w© cstratagene

tt) ^m#mm©l5]^m (CALIFORNIA inst. biological res.) #

fcadlZit^ft 0 ^E©y7 £6<k?'C£>6o t

2-2-3 in - Gel Competitive Reassociation (IGCR) ;£

a y/A-D-yh^^S/ay^li, 2-P©yyADNA^#A, ^
#. #AA LT, m-^ic©a.#&^-5DNA»T^^mmi-3#&^ mmmciicDNA 

>&(h|S)#T&5o 1987#(:#>)% hny^-©--OT&6DMDC 

Kim Lfz X5&6#_k©DNA^*<#%!?&ao c©

^&(iDNA»f^-©#ie%^@<yy ADNA©-^y h?^S/a 

L'<kl'9AA^WLTL\/:o PCR^fGmLfzlGCR#^

Representational Difference Analysis (RDA) '<$& £'£ titzD 

IGCR1990 # l:#B3 ^ J: 0 "C, ^©#Ailj31: «k 0 ^

^ immew / Amfcmm ow < % r,, Biotin##u/z^©y 

v ADNAmt6Am#i©##©mv >mikL^*##yy ADNA^M-^mA#, #- 

DNA»fM-om%#a<&±if6/:^ mmwm:a %#*0DNA#fK-&^tMX#m"^ 

ao yyl/^TDNA^^#^^:#, RAA^-d-CDNA^BHRU 7XX^-^ 

###L avidin - trap-CBti ^f^DNAirfr^SlILT, ##mCPCR 

6 (EI2-13)o
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DNA ME DNA

SiJI$g@Sy]E
biotin i

■------- P I
HO-

-OH

▼
HO

sjmsyiE

• OH

i MEDNA&iamcmau %m%wi
StSfc/reassociation

OH

1
PCR

l— i
I i

i
& jb&fciz? n-:

02-13 IGCR&
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0## ' #mi=##rfl: h jo V

L/Z ^ ^ / f"/Hbn|5ii[©S^^&§ Ufc subtraction y'f'fy

C #|6]'MmR# c(D-fi'&UWfo5 Hi c(D^m^MML£:#WliEti$tm v&i,v

d mm-m# %MN#i:j:6^mTDNA»r^©^#mg^mA6ac5^*m
o##T&3o U/z^-oT, RLGS^6im#l:,

m@%i:^m0%7"vyT&50Tmiii&ii:ii#i/L\ DNAg?
< ft t> ^ tz & |C cetyltrimethylammonium bromide

(CTAB)

2 — 2 — 4 Representational Difference Analysis (RDA) i£

a HBS&fc*&(i 1993 ify Lisitsyn £>15) lz£ *) ^|g$ title YV A

dnaommmmmmz.T?'??-%mm u m,2-<Dmmsmv penzn 
OZtKX*), 200~2000bp{f^©1i-'<X©DNA»rit©^ii1iUTT>y>; 3 y 

o c©=k9^Ty^U zyit&rs A© 1/10- 1/100 ©IIm&v&O,

7yyV3y^M^6c<k(:j;f)%A^\M'yvy4''(f-y3

fitz^wcry~?v 3yLtz'^ Ettvy-f-tf-y3 y • pcr&if9c

6?, (#m#m
toiCitHU^tbl-5 ®2-14)0
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V J ADNA ( tester )
| (1)

rmaczzzZZZ3D
t (2)

□ □
| (3)

□ Q

(4)

(5) i
□

cn
□

Q
B
B
B

>f J ADNA ( driver )
I a)

I (2)

□

□

(D Gmea-ctm-fa.
(2) -^###PCR&-fT3Tampl icon&m#

(3) tester DNA0^(C|ff
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2-2

c p t j£<dmm
B

10,000

# cell equivalents

FIG. 6. (A) Sensitivity of the cycling probe reaction. Lines 2,4,6, 8, 10. 12.14,16, and 18 show cycling reactions performed with DNA isolated from Sf. tuberculosa 
cells and diluted to the number of cell equivalents indicated. Lanes 3, 5, 7, 9. 11, 13, 15, 17, and 19 similarly show reactions with M. gordonae DNA. Lane 1 shows a 
control reaction with probe and RNasc H. but no target DNA. The upper band represents intact probe, and the lower band represents cleaved probe fragments. (B) 
Linearity of the cycling probe reaction. The percent probe cleaved at each of the number of cell equivalents for M. tuberculosis in panel A was corrected for the 
background cleavage in reactions containing the same amounts of M. gordonae DNA to give the net percentage cleaved of cut probe. The average of seven independent 
experiments is plotted, and the standard deviation between experiments is indicated bv the error bars.

J. Clin. Microbiology. 34. 12. 2985. <t V 31 %
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lysine<& 3 — b L/c X X K X 5 X (C#SnlX zM y bX5C6(Cj;() cDNA array 

&mt6o ^©EE^ck0,1?vyj:lc6000®E©cDNA^@^bL> ##©A*a 

?©;em&mfL/:#j&&a (#mi:"xi\T##2^#m)^o 

cto, t hMfc?mMmtfr^®lfcHi>*fmiZti;6£nx.Zn5o Synteniti:t>mil©ra:

ikR#(C j; 0 L/ccDNA array (Gene Expression Micro - array;

GEM) ©§§^£1foTl'^o Molecular DynamicstUiX?^ y

hi-6^t^SmbX^6 (03-2#E)7) o cDNA array©###.

'tiiLT©ac6. 7"d—xmei\©?/\^yv

L^L. X^-bUvX^X^-T#^

L/c Oligonucleotide array 1 X n — X©@##%< /C6/cA^ f-y

# tz%&$>&2>o
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03-2 Molecular Dynamics LTl'i-2>S2tti:ftT L'f -y 7 CL) <L 7 L

+ CF)

3—1—3 ■^■0‘ftfe© microarray

Wfc, cl—— 7 tl microarray t L/T it Nano gen LL/c7 v 7s

V f &o 6mm x 6mm©f v 7 (APEX)

CDtpikteIt 100fBi©^ V rf5 7 U^f- F7pP-7^|i§|$4k£;ftTfc *), d^p—

(03-3##^ . c©f y7^tr*-FV y7^03 

- 4 K# btz o ft - h U y 7(Cit, f* v v7y ~©M, Mi&#

titiSs, 1M%E^©p * 7 7^#6LTfc 0 ,

Nanogenti:(tS?S^EE-9-7 7;I/*d£DNAU /W 7>j 7V-!?-'> a J;5ii

h-7;i/7XTA©^^gmLTt,o. c©#mit^ 

& ©T’£> 6o 516 It 100 S&oT’p -7 5 C 6 (tT#% l '*<,

1998 mz It 1,000, 1999 It 10,000 @^©7P-7^@^kT#

A^SSt*5C ^^gST%60
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CLONTECHftii, Atlas Array £$g%UT (AS 10)o WgO/ >7"
L/xcyD-y&Bj&fki^ 7^7-rv h-y^T##i/^DNA^/\^yuy^xu,

60 0 3-5lZli Atlas 03~61Citt h Blioblastoma *1- BCNU

T#eA<T# aa\ m 9 % a &#&& ^%T Ar$> 6.

Isolate poly A+ RNA
▼ T

Prepare cDNA probe
T Y

Hybridize and wash
▼ T

Autoradiography or phosphorimaging

Analyze differential expression

m-5 CLONTECHaA<#3GLTuaAtlas(:cka/^x;l/-7';,

&
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Untreated

'3

— -

BCNU-treated

low high
Expression

03-6 t h Glioblastoma$0Bl:fc Uf- 6 BCNUe-f A(: LAtlas#

mm

^ - y®m:& READS U/: Gene Logic tilt, array

Tf y c 6(tT# 9ELkarray#^0@#^/J\$

< ^3 C <hltT£t£l'&<£•)T'£>5o Protogenetilty; y^-O^T '^x-y ht$B 

bTDNAV

3-1-4 ^©JgM

Ei±, M#|Cmicroarray4"#0#@6 bTIt,

y v if- ^ a y^#Ai=^3Nr^^m < f 6 c 6 ##^^^6),

&mv=#am<Dy^;h; y^yys;*\

AffymetrixtiTIt 103 ~104

m#A<me,fi66oc6T*6o ^6ic, /^yvy^if-yayicit##mm^^L'
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Affymetrix # t Molecular Dynamics

(GATO array##K

&fkLTl'< &(Dt!&t>tl6o array8?#f£££—1%>

mfvx h^*mT#ay:^ #%#©m@A<@m$ft5o yy
Ag####A#© Incyte 1± t» f-1 — A#© Synteni #©#4XA#3r:%# WCo

IncytemiCtl^Tk h, %#. WK %A#©m&?E^j, ^#1##. ^>^1##

@# V 7 h A $$18 Hu Affymetrix ti: © t$ #r -£• # A U fz. oligonucleotide 

microarray (LifeChip) ©IEtE^ UT§ A0 $ btA Synteni £fc®cDNA microarray

K^6Incyte%^Wf&(: b hA*

ef ©^mrnfy v t>©
C©#C\ Ty V * © microarray US © A > f - -f — ASHE T#4%^ ######§

J: -5 iute 0 0'o£> -5= c ^KiA $ ^ T ^

##©##^^ &c#3ma#s ^ 1c. y y ^ < mK&mmxf:a
#(:. mLfomLbizmks m#Tim^#^©3>^x^#6W##©m#ic# 

mA#b6 6#^./:/:36'r&59o microarray^^t^^yyAlWee
A#, #4^C©^TA$m6C^W$6 6ffi 

K A < # ui&w©*'5SEt\ &yy y #©
% © &#&##&<& & & & ua%% i \

DNA y V >, d\ yy V *T(j:Proteomicsm^:©^#%&6^t)^

|j:b)6TL\6o A#(d:,%^©2%5c%^m^MS)ge/f^T(^<, Protein Chip®

3M
1) Lipshutz, R.J. et al. : BioTechniques, 19, 442 - 447 (1995)

2) McCall, G. et al. : Proc.Natl.Acad.Sci.USA, 93, 13555 - 13560 (1996)

3) Kozal, M. J. et al. : Nature Medicine, 2, 753-759 (1996)

4) Hacia, J.G. et al. : Nature Genetics, 14, 441 -447 (1996)

5) Shalon, D. et al. : Genome Res., 6, 639 — 645 (1996)
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6) DeRisi, J.L. et al. : Science, 278, 680 - 686 (1997)

7) Barker, D.L. : Fifth annual Human Genome Project ###!## (1998)

8) Ronald, G. et al. : Proc.Natl.Acad.Sci.USA, 94, 1119- 1123 (1997)

9) Heller, M.J. : Fifth annual Human Genome Project St'SHSaS (1998)

10) Siebert, P.D. : Fifth annual Human Genome Project H'/SHil1# (1998)

3-2 cDNA Sequencing lCefc-5 fc©

& a i ^© a f

UT ^ 6 & c a -e a % s „

mRNA ©117 o774 £ © =k7#f UTtA-6©^£il^
yy hiHfc^T^^tlfcOpen reading

frame (ORF) ^ flT^ 63 ^ ^ 7 5 7:^6©## 6 %

&o 77A7d-7x7 H: =k t) AT©ORF^1E G < ft/: 61 \ 7#^©TT(

mRNA ©ii/o 77f C biz cDNA t uT UJ t&£

^ < ©^#TI f C © j: 7 t \ ttz^ yy A-/n-Xi y h

:: ©<k 7 Mto©i£SK?iJttW£fOT UM^n774A

?c©j:9^/\d'yvfd'-tf-y3amuTi'a 

mRNA^aoJSSEjnj%W&< ->-^r>XbT^©|SI^fl\ *ft*'fl©mRNA# 

r 6 c o > h G-camy 0774- a & ft% (A & 0

%%-€"© ft ^ 6/Z -3"CL\5©^df'T/r 7 7 yt SAGE (Serial analysis of gene 

expressionSerial analysis of gene expression) &T&60 CL it £> ©^'Sli^D©it

6?GTl ^ mRNA5 61'7 *@©##^#"^6-

a /= Aw%m^©#r^/j\ ^ t mi $ fw: < i ^ a i ^ 7

$>if£>tiTi'&o c©=k7tz^&te<k<0cfi£©^^A<;i/- =pytfiti%#x°□

7 7 y 1 wmmimi mmyn x 7 y vwc^ GT##^ta

©##fK*6^^. 6 ft 6 o #^%(:MPSS
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(Massively parallel signature sequencing) '&tZ £'©<£?{£££>

tl60

3 — 2—1 7f \ 5s 'f ~7

£ gt/T> mmoj&Mxm#>$>n-a'Se%t&s0 

#^©m#%^©mRNAA^^L'/:cDNA^f#%l:<-©W^©L^  ̂j:!) i>- 

y>X^SC6l:j:^T. ^mLTL\SmRNA^f@©^E^J©f-^^##^^So
C© <£ o K L/TH^tlfcSE^iJ-r—WISEST (expressed sequence tag)® (ftlT^ 

So DNA
f-^^-xo-offl*fdiJ (dbEST) \zWtflz-y h V -^SESftTl'So WnL

1//:-!)- L 'T# g>#/= 6 ©T* S /=&(=, PI LT^ < ©^ > h
V-W6U £ M(DEST E^IJ t> cDNA *©£££'£ ME^Et]* UTt'So COfc 

*x ESTE^iJf-^A^Ii, *sm^l:iol\T'e©^?@^mLT^SC«k(i^'3^6 

7zs*\ *sm^i:^^s#/r^e?@©^mm©jti:im-#-s##(m^^L\
T\ cDNA %Mbo IT* UT#£;hS6& 3’ 5fc©

cDNAE/h^l'T^Mbo I*m^b3’ ;£mtfT©i&XE?iJ£jW#rt-S£(,'•?X h 

7Ty-&#mUT(,'6o ^©J:a<£ -? TPI bcDNA^£ liPlb±£SK 

^ijx— ^ (^=h-€='tl©#?@4HN&3liT#S 6^p#$kTgene signature (GS) <b^2i£

©#?#&&#$?-s f - ^, f ^ 6 ^ mmy a x 7 g,%

So
1996#^^ Tc b h ©#^ %ma§ - ^47,727 ^ o - >##f - ^ ^ o

12,984@m©GS^7%f-A<&^$flTl'S®o ^^d^v^©
World Wide Web page (http://www.imcb.osaka-u.ac.jp/bodymap/welcome. 

html) |:|j\ 1995 T’MS$ tltz 39S©*fi5fc© 10,896 S© GS fr&m £ tlX

t^S J: PT&S (03 — 7, 3-8)0 IWWWW siteTti> In - silico Northern ^d1 7" V

yd'-tf-v'a g^t^-sE^j^wi-smRNA^b b©#m^'mm
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BodyMap: Anatomical Expression Database of Human Genes

BodyMap is a data bank of expression information of human genes, novel or known, in various tissues or cell types. It is created by 
random sequencing of clones in 3'-directed cDNA libraries. Since these libraries were made so as to faithfully represent the composition of 
material RNA, redundancy of the same sequence reflects the quantitative aspect of gene expression in various tissues. This project has 
been conducted by Kousaku Okubo and Kenichi Matsubara since 1991.

Note: This server utilizes some features of HTML3.0 (e.g., tables, background coloring). Use appropriate browsers such as Netscape 
1.1N or lator.

• Brief Description of BodyMap
• Gene Expression Profiles of Cells and Tissues
• Cells and Tissues Analyzed
• Expression Patterns of Selected Genes
• Library Information
• In-silico Northern Hybridization of Your Sequence
• BodyMap Entry Retrieval

• Version Information
• Further Description
• Slide Archive
• Summary Statistics
• Bibliography
• List of Contributors
• Anonymous FTP
• Summary of Human EST

This BodyMap WWW server was constructed by K.Nakai

Last update: Aug 7, 1996 
kousaku@imcb.osaka-u.ac.jp

|g3-7
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Body Map Gallery

This is a clickable map. Clinking any blue rectangle leads you the graphical page of anatomical explanation for the cell types whose 
expression profile has been obtained. If you continue to click the picture you encounter, you will finally get to the page of its expression 
profile.

This image was created by K. Okubo based on a figure ...

Go to "Gene Expression Profiles of Cells and Tissues" 
Go to "BodyMap Library Information"
Go to "BodyMap Home Page"

Last update: April 7,1996 
kousaku@imcb.osaka-u.ac.jp

03-8
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7 v L z 77^ ^ga^a

±T^©mRNA;5HL8^©&©£—'< &©T£>9x L/c^o

ti'5 #A& g m a tmmfrb 0, $ /:#© EST##%&it-<a <h mm^mk t> a
±T©a#K#tiao a©^,

WF8tt^&’c& &£%*.£ tiZo u^L-^-e, %my o 7 7 -r ;i/^#a $ ?*=

Momm.'fv? 7'Ol'%nZ>tz#><Z)^&t UTti, ##©/:36©#^<h^6^9±^^ 

M^^.T^a0 m^o77'f;i/£^afca6©

#©m#m*#^fi'CL\a/=)6K, a#Ai:^jma fia 6
^btiaD $/:, %(:##$7V&##LT, SftomttZtt

?@©mm##^#a 6^9 macmBTa a

3-2-2 SAGE a

SAGE#(d\ 1995#(: Velculescu b7> lZ£->9, S*!^EST 

^*7^ T -y T^chln] bi 9 i-f* XTA^OcDNA '> —^ >X UTlnl^ • %%&

m\ -e©mm^m:i:j:-p'c%myn7 7<;i/^^a^&?*ao sage^-c^, 

cDNA^^fa/zAO^/^g bp©m(,'E3%j6U,
-> - y y x-r a a <h fc J; o T-H10 - y >xtf+ 7 o - >*<—%(:##?#. flltirS
^^Ii-[S]±$#T^ao ###& @3-9) iUTii, AmRNA&CDNA

t:-xi;s$u bpmm©$##m avzs tmu #ts' #]©®rM-
^##^6o c^2"D©7x^y3 y(:^(^ #(:PCRI:cka#$g^ff9^2607^7°
7- (giJ *©£>©) ###DNA##f^7a^ ?xns$##m

(BsmF VI £) iaoTmRNA^09 bp 7 7"&#, 2offl77)y3 >^T7X x- 

£B)&£-tir^ll:^PCRTiiSU $bl^>*77- ©3IS1Cj:-^Tl#ao

c^y-yyxu ^m^CAm^as bp 77'©Efj&B5&6 9, -E-©m#^%aa 
6CJ: otmRNAMO^D 774 7l/£#ao C0j:9l: UT^btL/cmRNA^S 

yn7 7'1,yHc-olNTI^ f'Hr-i'a XZj:^rmt>tl6&m£a a <h

»^-S© CDNA \Z-DK 'XliM'*£n7) . X*6Wi£m^SE»©iElxrnRNA OTWo

Z<DtZ#>£;ffitbX\t. (1) MyD77^M®i 

(krnRNA^P@0|5|^^imiWM:m^a, (2) (3)
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-7k&\dc{st-ni(2) ^

^mRNAIi^tB*e§tU\ (3) |pj—©9 bp f ^#^.5 mRNA^?#[s|±(iKglJ'r#

A Av /////// / /-rs

V V
tf - XCm^ik $ tl TtcDNA

i—

I

PCR^ctaiiiii

S-cDNA6S(7)9bp7 z? 7* > h(7)*^

03-9 SAGE#®##
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cwrcb MB#" (p53%#mmyo77d';i/o^i:)^ ,#

# , b & h^m&zcfmm

*m^o^T, SAGEmK&t) mRNA#7®07 P 7 7 ^ JWBtir£ ftT t,' 3 c #C,
y/Ayo^%^ ho^7bf:##o#&^ T(i,

U&tl&ZSM? y/^gO—FproteomeJ12,x 13) CO

SAGE£feiC<£ -o T#$Lfc^iEniRNA O—FtranscriptomeJ t$r%3 UTC X-B0 $

sage&t®*ic@£six u ^o%mc=k (p ^

£ [SUh£-£;fc mini - fragment analysis of gene expression (MAGE) j$14) ;^%5C

mTtiffflofimitkz *>©©, sAGE&i±, mRNA^-7#

07” 07/^ subtraction differential

display2D PAGE&tt£{d£«LT#ftT^3o ttyVA^n^x^

MTfc6tzi&lzij&j]tj:'y-jls£t£6t35Z.t>ti&o

3~2~3 MPSS Ok
7/ V* SO LYNX THERAPEUTICS %(:j: 0 mRNA 7 o 7y Y 

0#bl^&, Massively parallel signature sequencing (MPSS) S

&DNAI:#A&-df:#, ^/##ODNA^7^MI:b (C06#CB^DNA0a}0

xtkfttZo :o*i:!) DNA^*^ 1 h5iy 

y;p^#AT#6o wmi$xmxkz>i)\ Mpssmrii, nseiJiwsiMK^ 

w-rs f ymm u ±EmmmmEy##&Tgm dna oamrn^## b/:#, ^

5% ns#^T#»f^a (coa#,

6 «k ^ ^ y*f-9V y bT t6)o cO-5 0 A# b^# D

B^oDNA^m^m^mc^-e^^o
dna(Dnmmm^m^mxh %, sagemtssmsk^#®*

y o 7 7 d" ;i/omf s „
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3-3 — 1 Differential Display

Differential Display (DD) mi4mRNA###^^-#^5T%/D—L"C(±^ J£’45

tu<9-3-p$>ht\ W S t31
1992#8^, Liang t Pardee0 1:4:9 if d" C

C LT# < ®W^2f^-y(:4: 9 ^ < ®J&

M££>lf*t#tzo medline 1:4:9l?:6C5. »5

19924UX#,

E*@|tim*S^tilWFB^iS^TinRNA y -> -t?- iKDmtfjmt® , h
#sms?®y v-t-nomm® , &aidamm®^b, *

##*#&#? (#1:, 8f#zWm

?#®t>®) mm?m#®?y

?®-%6LT#m*%mm?®#A%)u<

me?#®4:ttz^ SST

(#]&#, ^^$^-3-3*9, #

i:. lui§©*SI§fge*i: feES^nn^eSb©#&(* S’ - anchored primer 0 5’ 

fluorescein isothiocyanate ®%)t#@?#A U/:?l$'CSS> ifiiSttCfct NT# 

ISKWntz-fi'&X'lb 56,7) 0

%tzt><D?'j[s--7\zt5\,'xt>-ESEB$>61^(tigmme?^^wt:Mu mm?®

#*#4:9### (M-ODisplay DNAgr

#^#m?#a^) a mm# (Display dna -?>®#ma-m

ma^) (%mm©@ucDNA^^mT#a^) ©A-c%m^m^Tx

^ „ Lh®mm?imio77

< ©mm?a<;e####m#&

c®im, m#
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<, -e©«t9

a/=, mm##mmef©m

ffl@$x\tJ >yX7^ m9E#&@C U:<

at, m##m%*^f©yD

e - ^ -#©^##%©##^ 6 &&?### ©< ^ ^ - «k T ^ c ©7 y o -

&©£#£-o'*0

148S© fc HISmRNA & 0 , M&^&mtS’ - anchored primer (GT1S 

MA £>6l'ti; GT15 MC &&W3 GT15 MG £3Hi GT15 MT; M: A,C,G©; -y ^ 

X) £ti§©TcDNA££j&Ufc^33 PT'SSU/c3’ - anchored primer fc'itflO&g 

i)'£>+£%> 5’ - arbitrary primer K0 30—40 71/® PCR ^fr~otz0 ##$ tltz

mRNA©3'^@^# (100-500mS) ©PCR^#^^ X XY7l/T#m#(#U, Y

tzo KJ^ffltilUfcDNA^ Rjg, M-PCR^#TTf-< < LX 2nd

pcR&m\ mMNcmm, m&©/<> K^Amfs#Aimmi:i=iG<6g©/<> K&#o

fctiU puc^^ □--y^'UEWS^T-^fCo 2nd PCR^ff9C6l:

ckOB^©/<> F<&^ck<##f-6C6)5<W#6%^/=o C©i/X7AT(j:l(El©gm 

N(#T^ 10 ^ n - A^PKfM-^# 6 C 6 A<T#, i-fl g, © DNA

n-y<hl/Ty-1f>yc!y hTimi//:6C:5, 90%^±©DNA»f^"Cmm#mW<

mmx^fZo 03 - 10 - Aim9@@©m;i$£M^Tff-?:fcDisplay ©-#|<h03 -9-

Biam^a^LZ/b^mm^^ojzo-fum^^^o^ztuboDNAmfA^-f^-

y6i/Ti6@m©mm^mu-cy—f>yoy h#e^-9^o 

m^cDNA^Yy^v-ioo^pfu^a#, ^

moooi%j^t©&© mwooi-o.ooi%) £

4-#©7yo-f Display DNA»f%- j: % ^cDNA©## 6 #

/v?7o h70x^i^##i/<;p©mf6m^maw^ 

j:*) meme?©ioi^6
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A. Differential Display B. Northern analysis

lane! 2 3 4 5 6 7 89

*!#:####
• '

a
lane! 2 3 4 5 6 7 8 9 101112 13 14 15 16

I

b
lanel 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ft«
b
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3-3-2 Molecular Index

1995 Kato XWm £ flfz Molecular Index ^

ii3mm®ciassiisejEss, 64##®%^^-, 3mm®7y*j 

mRNA©£SEI£576<DUPCRDifferential 

Display RNA Arbitrary - Primed PCR i:lt^ (1) PCRCD7—~V

(2)
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F©#m<-e©aa^A^?©^m 
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1) Kato, K. : Nucleic Acids Res., 23, 3685 - 3690 (1995)

2) Kato, K. : Nucleic Acids Res., 24, 394 - 395 (1996)
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a 9 y A®$fk -efi&A<msc ^o9 u
TL'a0*\ A«kL/TS#f6^#^6o

me?om%6m^-ela, ^ <t cf ^ o^m#o#% 6 -e fi ^ o * ^

mu/:. (f >/<?m

T7TY

#m#l=##r#-3, Xutt-JJffixk&ttem&t^ XJ AE^tjo^-^^-^b^ 

DNA f-y -ftz £©/\^y; -if- '> 3 >#%%##%## \z <£ *) W# tte^tz0 i~X 

(:. W rzy^XVSitTy V Ji' B6®it3-n -y^^T^W/xyn^^-AStlf^A
^-hUTio*),

#e?0#^#A<A^6UT^0

e>?\ ^yfa-^asifio^f/HWi^T^So -eoj^atf/HkCct

tzCDJzotmmt'ZtZi', ^u-i/3 y\zX^XTMT6z.ti)^ti

(i, (in silico)

<h<c3" o

a k-->a y&ntio ->x^A^-^b/c2) 0 ;o->xfAti a. m&\z& 

-oxmt'#> ^fifzm. = a u- ■> a y\z£^xmm.$ti6 «k 9
CToffifti® giWi«-et a c turn* fitzo
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V--bc. elegansv^mutt,

Em^©yyx-/i/^

itEmx^r- K©^rVWI:£gmi/T^a3) o ttz, A a 0 ^ a 0/<%-©%##(:

ixa^m^E©###^ mmm^ human

fibroblast <0 ffi/LT'l^o

ESvW©SEBB£ti> ESSf*! ©SilE^©®!!©3 y t°3.-^_hT©*--r ;Hb £ v x

xT^f^^ft\ A DMA LT l \ 6 7 <" n^yX^iT-/ ; a. lv-'> a

7-f ^g,^T^aE#©%A^T&/J\©yyA

(0.58Mb) 6#/J\©mE?ty h (^470) y%E7T^ y^%#E?m#l:J:5

’/nrt-i.mmm&^mTiGRmizffiKts^TmfttpT'kZo -©e^tix, ess© 
mm^^m-t^z.t^mmt u ebis^

ESSft#©^#^XT^<, AAE?©C/^a.l/-^a>^f%r,T^6^ 

EBSti-Bo fztiU ##%x; ai/-ya yra^TtiSEft©^ gW<£■>5 ^ y- 

y a y(:#^^-?T^5o

:©J;^i->^u->a y^±m#KEE9:<hE e^i/##©## • fflE£, It

;±, oe^c^aDNAeamcj;

ASBWIn|^$tl> LT@^%tf/l/A#T&6^7X/<^f V
t\ 96 #i:Ayx AEWiw^ft-m^ dna ?ti ^^m©/:±m#^mE?# 

W3-D7/^^i:|Tt£^ hA^'©m#E#©tEU y^x©M

A6LT, mgA:ta##@^(f 6^i6o c©J:-5^E^ir J:^

TEss©y s a^-y a y#m<m&atia,!x #t##±©Em^#Mmic^*),

>t°^-?±TMMte'> 5 O. u-->a yEac6X##T#6o

3t#

1) Galper, A. and Brutlag, D. : ” Computational Simulations of Viological 

Systems,” In Smith, D., ed., Biocomputing : Informatics and Genome 

Projects. San Diego, CA : Academic Press (1993).
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2) Arita, M., Hagiya, M. and Shiratori, T. : ’’GEISHA SYSTEM : An 

Environment for Simulating Protein Interaction”, Genome Informatics 

1994, Vol. 5, pp.81 -89 (1994).

3) Kitano, H. and Imai, S. : "The Virtual Cell Laboratory Predicts The 

Molecular Mechanism of Cellular Senescence — A Computer — Aided 

Approach to Biology of Aging,” Molecular Biology of the Cell, Vol. 7, 

Supplement 533a (1996).

4) Tomita, M. et al. : ”E — CELL : Software Environment for Whole Cell 

Simulation,” Genome Informatics 1997, Vol. 8, pp.147 — 155 (1997).

5-3

5 — 3—1 7*—

2 4 ea T0&e?##a f

(i) /<-%

1£#0ftS<h &0 5 &©K ^

X'7^© Krawczak t Cooper 5^ HGMDTM (The Human

Gene MutationDatabase ; http://www.cf.ac.uk/uwcm/mg/hgmdO.html) T

6 10T15 4 B f - ^ % <k UT 0#

h0#mme?cD

250@

btotiti S nr ^ao 1998^ l^ES, 681011(57^157<5 12,380 0^ 
^-0A#R0—M^5 - 1 l:^7o

^ D , #e7m0@%^#AT 60 @#@#0-7- ^ X^X07 ^ t6 

ms-2#m)o #^0Ae7#0ckt)#m^mm#
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■5-1 HGMDT

Mutation type Ho. of entries

Micro-lesions -
Mis S'ians e/no 7882
Splicing 1186
Regulatory 106
Small deletions 2053
Small insertions 723
Small indels 95
Gross lesions -
Repeat expansions 15
Gross insertions & duplications 71
Complex rearrangements (including inversions) 83
Gross deletions 166
Total 12380
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5-2
Gene(3) Database Institution

ALDOB Hereditary Fructose Intolerant
APC Adenomatous polyposis coli
AR Androgen receptor
AIM Ataxia-Telangiectasia
AIM Ataxia-Telangiectasia
BRCA1 Breast cancer
BTK X-linked agammaglobulinaemia
CDKN2A Cyclin-dependent kinase inhibitor 2A
CD40LG CD40L defect database
CFTR Cystic fibrosis
C0L1A1,
C0L1A2, C0L3A1 Collagen (type I)
CYBB X-linked chronic granulomatous disease
DMD Duchenne/Bepk-ef muscular dystrophy
HMD Bmery-Dreifuss muscular dystrophy
FACA, FACC Fanconi anaemia mutations 
FBN1 Marfan database
F7 Factor VII
F8C Haemophilia A
F9 Haemophilia B
G6PD Favism research papers
GAA Acid alpha-glucosidase
GCH1 GIP cyclohydrolase I deficiency
GRL Glucocorticoid receptor resource db
HEXA Hexosaminidase A
HPRT1 Lesch-Nyhan syndrome
IL2RG IL2RGbase
LICAM LI cell adhesion molecule
LDLR Familial hypercholesterolaemia
LDLR Familial hypercholesterolaemia
MLH1 International Group on Hereditary

Son-Polyposis Colorectal Cancer 
MSH2 International Group on Hereditary

Son-Polyposis Colorectal Cancer 
HF1 Neurofibromatosis type I consortium
QIC Ornithine transcarbamylase deficiency
PAH Phenylketonuria
PAX6 PAX6
PCBD Pterin-4a-carbinolamine dehydratase

deficiency
PKD1 Polycystic kidney research foundation
PIS 6-Pyruvoyl-tetrahydropterin synthase

deficiency .
QDPR dihydropteridine reductase deficiency
RDS Retinal degeneration, slow database
RHO Rhodopsin
TP 5 3 p5 3
TP53 p5 3
TP 5 3 p5 3
TSC2 Tuberous Sclerosis mutation database
VWF Von Willebrand disease
VHL Von Hippel-Lindau disease
Nil Wilms Tumour database

Globin gene server 
M6P/IGF2R 
Mitochondrial
Skin disease mutation Database 
G-Protein coupled receptors 
C-Protein coupled receptors 
G-Protein coupled receptors 
Mutation spectra database for bacterial 

and mammalian genes 
Mucopolysaccharidosis disorders 
Ion channel mutations 
Thalassemia database 
Chaperonin (GroBS, GroEL)

Boston University, USA 
Mayo Clinic, USA
McGill University (Quebec), Canada
Virginia Mason Research Center (Seattle), USA.
A-T Project (Florida), USA
National Human Genome Research Inst., USA
University of Helsinki, Finland
University of Oslo, Norway
University of Geneva, Switzerland
Toronto Hospital for Sick Children, Canada

Leeds University, UK
University of Helsinki, Finland
Leiden University, Holland
Cambridge University, UK
Rockefeller University (New York), USA
Hdpital Necker-Bnfants Malades (Paris), France
Hammersmith Hospital (London), UK
Hammersmith Hospital (London), UK
Guy's Hospital (London), UK
Scripps Research Institute (California), USA
Erasmus University (Rotterdam), Holland
University Children's Hospital (Zurich), Switzerland
Georgetown University (Washington), USA
McGill University (Quebec), Canada
University of North Carolina, USA
National Human Genome Research Inst., USA
Antwerp University, Belgium
University College London, UK
Hdpital Necker-Bnfants Malades (Paris), France 
Amsterdam, Holland

Amsterdam, Holland

NF1 Consortium, USA 
University of Minnesota, USA 
McGill University (Quebec), Canada 
MRC Unit (Edinburgh), UK
University Children's Hospital (Zurich), Switzerland 

Genome Database, USA
University Children's Hospital (Zurich), Switzerland

University Children's Hospital (Zurich), Switzerland 
University of Iowa, USA 
University of Iowa, USA 
Mayo Clinic, USA
Human Genome Center (Tokyo), Japan 
Institut Curie (Paris), France
University of Wales College of Medicine (Cardiff), UK 
University of Michigan, USA
Hdpital Necker-Bnfants Malades (Paris), France
Hdpital Necker-Bnfants Malades (Paris), France
Pennsylvania University, USA
Duke University (North Carolina), USA
Emory University (Atlanta), USA
University of North Carolina, USA
Tromso, Norway
National Institute of Health (Bethesda), USA
EMBL (Heidelberg), Germany
Yale University (Connecticut), USA

University of Minnesota, USA 
Iowa University, USA
Prince of Songkla University, Thailand 
University of Texas (San Antonio), USA



t tZom&itK&tZ HUGO®MDE^£

HUGO Mutation Database Website (http://ariel.ucs.unimelb.edu. 

au: 80/~"cotton/mut_database.htm) Z"b

LTl'Ztl'Omi#T\ f

% ©E^/k^S'Cti££ tcB**: x ■- * &# o

(2)

b hEST©^m###l:j:3, rnRNAmmmm:imf&x-f'<-X6l,TW\

Okubo b Matsubara K<k%> BodyMap (http :// www.imcb.Osaka — u.ac.jp/ 

bodymap/)2) b TIGR \Z&%> EGAD (The Expressed Gene Anatomy Database ; 

http ://www.tigr.org/tdb/egad/egad.html) 50 BodyMap *Ci^

mRNA © 3’ V A r—Jlsfr bWBSMbol

6 UT, mRNA©*9 n \ E#&61 'te-b;l/^T Y#© 1000 ^ p- >ES

©i/-YWeb^ 
©E#^^l:#^^y=, h-^;l/42,122^P->©E^jmf#m6^ 10,896©ZLJL-

-#-0 CCTI^ X:Rmuy:7@m©mef©#-E#l:^^6^m©#f^B

a:Tm5c6A<T#6o
act in

blood cells liver connective ti ssue

ij
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i nun I Total #lib| ii !m || pm; npi gr fr| et| ti| a j n 'if | al “! fc|

[ij ID IDim\ 7 8j •1 D * \ 1 ♦ : • i * j • • 2}
2112 15 7} •1 -1 • * i * : • • * j • Jj Jj • ■; 11 • ; ?
ml 68 23 | ..rjliii 4 * = • : 3} 2 • • : • ..ij ...1.1 2! .Jj • ..lj 2 • i
m\ 62 23 |i ubi • jj 1 1 . i lj 8i j) 4| • jj * 5}

1688 1 13 8 j 1} • • i • ! • = * • • i * • |n □ * . j 3
lj

2221} 1 1} ♦ i 1 • ! • 1 * • * : • • : • i 1 . j * • i

05-2 BodyMap (: t U ©^%^^ - >©^
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EGAD Tit, GenBankfr&fl&tfJbfc, n^fcb

5 EST x- f t1a x / 7 7 V -0##A W^ ^.TL \ a.

$%, bh^0tx;l/A#T6, fOAyyAKm#^$^/=##^##KC,

DNA f- y zr^m l Vr mRNAOFIE^n 7 7 T ; £ tlT<7 a ^3) , T©%#

x-^^x-^<-X<L^^, hT7^tXoT#6%-3T^6 (http://

cmgm. Stanford, edu/pbrown/explore/ index.html)0

4-m, y v-h-^T/fXyi/d'&^DNAf mRNA#myn77d';l/
f-^©^#(t, m%, ^<©

-e©#%#^$aT©a^m^mT, m^^icit, m^a# 
#T#&fL/=m&f- ^a x - ^x#m®#t #,&#T& a* $

t; < mf T# a####m%©^#^m#T* a.

0) h^-^c^ax-^^-x

/:©T, ccT(t^f-^<-%0@Em&K"DL\T0a-#e-#-ao h&
@GT7^tXor#%^*x-^<-x(:(t, #/r

% & Cf C DNA 0 ^/f
Eukaryotic Promotor Database (EPD)4) it Weizmann Institute of Science 

in Rehovot (XXy^-JU) T|&f+, l*IE£tl, #&, ISREC (X-fX) T—o©7 7^ 

J\/ (303kB, Release 48, 1996 ^ 10 £1) <h UT#@^tlT©5 (ftp : // expasy. 

hcuge.ch/ databases/ epd) 0 EPD it EMBL x — /7/7"7 V © #% % &%Rx— 7

<-xT, EMBLA^A^^^mA^ynt-^cM^a^m^m^ao EPD

i:(m#m#A#RNA^v^7—tfni:j;»)mm$^a yo

Transcription Factor Database (TFD)5) it, 0 <

Jctlt>mm.m<vmmr$\ilz£t)Mf&£tlX^Z>o David Ghosh (ghoshd 

@rockvax.rockfeller.edu) \Z^^X^m^tlX^60 a M & ti"
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cm-am# am®#R*\ i ## i a wa i #=*%% 
#0^T^m^(a^^n:^ao a##®±
/=a^ 7%^A-c^tr«k9 imAWamslcMm-f aT-7;W:##6:h
T^ao

1993#^ 6Mizushima 6#TFD^5cK%^0?w- ^X:-% (TFDB) &m#U&

#>tz0 st&. xm?- ^ x medline £$s-r a ;: <h i; <h ^ he s tn: t,' a6) 0
TRANSFACIa» %#A#® cis - acting#1]® DNA ml/y y h <h trans - acting 0

?KM'a-a^-f/<-%?& o, mmfrz t aG

TRANSFAC(i 1988#^6EPM# £LTX?-h U 1990#(:#?4k$^/: (http: 

//transfacv. gbfbraun - schweig.de) 0 TRANSFAC -r—^ <t b

a y - ^ % ;a ^ a. 4#, mRNA#m#&
v-/wyv v

yvhyy

LTlX 6|B)B#C#6?^®^y V ^ C##f LTl \ < f:a6®#

###%% o -? z gX l' a o
itfeiW* y 3&fcftWTK!38*®KEGG

(Kyoto Encyclopedia of Genes and Genomes ; http ;// www.genome.ad.jp/ 

kegg/).» SRI © EcoCyc (Encyclopedia of E. Coli Genes and Metabolism ; 

http ://'www.ai.sri.com/ ecocyc/ecocyc.html) ^ fl’XCD SPAD (The Signaling 

Pathway Database ; http : //kintaro. grt.kyushu — u.ac.jp/ eny — doc/ spad. 

htmi) /<£ &©•?$>ac iu—u/c t>©T\ a#®

spAD^mmaf^yd' la

T\ KEGG^iJizmfttZo

KEGcyo^j:^ h®^-yy Ha,
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KEGG <D^m\*m 5-3 1Z^to *@ti V V XD^fmimt^t^CD^m^ n

cM:###a sc###s#^^-ci'5o m<p®mn®v sws^'v-© &o 
(*, ^mmoyy A^6m^m^#%/:m6?K^L'T^ao /<%*<#

-c^c 6 ;c<t o, T#
6o $/:, yyAl:*6*e?^m^6LTl'6

tau(i9ijo#^cj:a^mmA%fa^##*<?'c<ao KECGTiie^g, 
<k o^a - 6*<T# a j; 9 r,TL \a«

#K KEGG X:'£F1 ^ tLT ^ a © tiftSS WvC'T& a K

t&&m§$nxi'<o-a'ao me?^o$g2#mf-^0^ta-^

Amf#ft0±#%m@0—36%ao

LYSINE BIOSYNTHESIS

OtyetM,aeti« end

2 ^♦DttydTQdipicollneie
12.6.1,17 3.5.1.471

H-Soc clttyt-2-unlaD-

2,6-Dtaminoptnieke

UDP-N-aretybnmamoyi- L-alenyi-D-jlutamyi- E&830-2 6-dlamlnoptmfl to5fr D-eiesyl-D-elanlne
m»ao-2jS-Dkmino-ptineto®1.4.1.16

* UDP-N-icetyimunmoyl* L-eknyt-D-gluiamyl- meao-2j6-4lajnlnopimekte
S-Adenyt-2- L-2-Amt need lpet»-6-
emiaoedipa® eemialdehydeo-»fnni}*o^ t.2.i .at i 

4 S-AdenyW-ftmxno-| i^.i,3i| edipeie-aenUaldehyde

1.5.1.7 5.1.1511.5.1.10 5.1.1.9L-SecclaiopineL———i.

2.6.1.391
2- Amino-3- o%ohe%nnoa®Oxaloglueme 2-Oxoedipa®

2-Oxo-6-emtaoceproa®

00300 10/18/97

#5-3 KEGG(:jo(j-aft##7vyo^J

— 103



5-3-2 U >9%#

btzM* Or-9/<-J:o —##%DNAh%\'\t$y^>7M©E?i]
m%%0<0yyAg##of-^/<-xA#

6mia, 4'#6tmimi:K±L'CL\<t)06?#j$^6o

©m#f-f Kjz&m^ ^ # o, muf-^^x^tmm^i $tix^

5wcw%(,\, 4-m, wmbt^-t&mhx^mimmtk^&LxftitMz

It, #.@7=-^ X©# ^ ©#- f^©lt#^# 6^©^#^^-%Kif(,\ 7s-*m
©M#^#mL/T, Blcm^.5BI:LTU<^^5o ^©y=A©&#6%6©^^7 
X^ V J^T, E^H##^-X(CL/:^xX^ V >/©ftmf!)K"D^T

#e^-5o

(1) |5)—ity?

*16, GenBank£&?#> ft6DNAE?iJ©&^-r-k hitfe^S*©

#l=ESTE^J(i, h

#®70%, iM$l$rClWb< 40%££*bTt,'5o cfi6©#l:(i|o|-me?l:A^#3

(2) "C^U/:, BodyMap^ 

EGAD ^ ? x ^ U 5C6(:j:C, &mmiz&if 6

mRNA<DMMMlgfcffli-Z‘MW£MmLX<,'60 NCBI (National Center for 

Biotechnology Information) ©UniGene (http://www.ncbi. nlm.nih.gov/ 

UniGene /index.html) Tit, $fr© GenBank RC/dbEST K^M $ tlX 1£ k h© 

mRNAg^iJ&^teitfci^- KE?iJ£ ESTE?iJ £ ? x X ^ V >/UT, 

#e?©-kv h£iS#Uxa^o 1998# 1 ^m%, 603,307E^j^639,472© f x X f 

UniGeneC^LTId:, +-9- K, %&#, x-f^xU^^C^a##^

(2) *toy-/<-X©?5XfV:/y

Wc^X'y A'fu'Jz.9 h©#j#(:j;^, S1ESBB, *M,

#-?%, zo&'f; Amw&iz&tixh'&o cn^©yyAE^j^s5i-Jt^-r^c<h 

c, ###©A#e^*em#©4m^g,##m^6^©gAUc%s^^?%<, *git 

1 ^^mm©mmc& & #a# <h ^#e©m@cm
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m^E##b hyyAmft>^-rii, AEm%&aw=y/6&#5i=&#f

^tzisbCD^r—^•r\—X ♦ 9 — MBGD (MicroBial Genome Database

for comparative analysis) )^®S§ £ tl8) » -f >^-^7 h c5 flX lx 5

(http :// mbgd.genome.ad.jp)o MBGD |C(i#yy Ac#|C|B)%^tt/cAORF

MBGD©M©*vDtiSS$tl^SE©^WS(u-P^T^ 5-Z.btltzt^uV-'

t-vu ^-©s^iug-d^T^ v a#c^a £

6(a y-X^#W5 ^#1: j: -3T^ik L

MBGD Thirty

MomM^'no ^ t\< -oAvD#^:a&i#^c 6^T#

%>&.0\Zfl-?Th'Z>o

MBGDI=|j\ C9 UT#g,fif:^7Xf^&mi:LTyyA0jtR##f^m66/:

61:^ K(Tg)j:9%##^5o #^^/=^?x^l:^L/T^ ^oy/Aic^&fk ^

#A%d:&GT#mL/: ^ 7 X ^ 7 yy0fp^##o ? 7 X f+-
y/A*T#

e#K jockey;

zz.—MBGD^<

m&fS ^ 7 x^m<kmiaA^3#m#T*6o

v sco?^ t ^ 5 x ^ v >

4#. b a^@^#
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6-1 gj^vV^v^A##

h yy A#^
—y/A^>7f?-f / j

10^20 8,

ryyA###BE$WK#j

mD#(i?^±05 200Am±6 C®^e0^50m^^uy=o ####3 A&"Str 

#9A0#@P (imiNnmmm CJ:()#$r0T—

(NEDOX %#$####$ (JBA) 0^#|:#L^T3-f 

g (mAg##m%m) ^>^90A(:A-?y:o K1TC$^>^^9A
(D^ome^t tisbtzo

1. m^#yv AMmommm m&mi± • *u *)

v h9-ymf, ^rn-^u6 ## u#95A<%$^-ri'

ScDtirV^-ig/r L/oo^ y xlSf U '-fi'&Wi&^Ktz o W*ico

rnmniikbci#, #

#T(i2kb(:l#0$JAT#%f6o ##(:"Di\TU%i/2^-^^r,TL\5o /\e 

9 ^ V % . -f

/:o h9-y@^#^#T&5o %$m0AE9ij(iB*^l/3

(1.3Mb) &#@U/=o

7m03/4i:-9i\T##^m/<6m^^T^^ looom^y y ?%9 h^gmcffc

t^d5oowetu/c (1997.iommo 'Tiaa&m&A&mi:

emL/Tm^wf^Uck^^UTuSo 140#^
izommmtK ^/f%A/:(f^ci'C25%o

phenotype^A^/Z^C^-r&So UTI3RNA 6E#%
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A< LT i \ 6 ^ x?- v y om?*^ a

T&59o ^m(±mm0rnRNA0#m#L/<, V#V-ARNA.35mtNA0/4'%& 

l#l6 6 f - 7 3 C 6 T^ 6 o -fua44&®#LI6 UT^ L

Xh-fzl,'i><DX'fot)Xvi?x? ht^XhhOo

2. ”dnae5iJ;*:T’ x 7 y * y y y □ - yi Vc/ w y yyv
tf-vs >m- minm%

SBH (Sequencing by hybrization) ^TiE^/Co SBH it

*') 7'7 7 ly^-f- HVn-^StoDNA (;:/W 7' V 7VXt6

j;o $)<DTy 8%

i®^p--/%mi'ai^j65oooa, lo^mxv-xxm 1007j®©yn-y>&%&f 

v y y&moBm&mi'T 1007:# y^oy o-y^-c

< sc tfrx%6o 10 i&sy □ - y Ti4E@to ic & Ykh(Dmwnm^%t^0

61 #ome? (i-i.5kb) oE^A^caT^ < -c& 

j:l^f>fflSi:^Sbfcl'gI^50t;Myp^x^ hOg^icUTl^o 
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Technology Target
1 dentification

Target
Va1idati on

Assay
Deve1opment

Preclinical 
(Toxicology)

Clinical
(Pharmaco-
genomics)

Genome mapping • •
Positiona1 cloning •
Random sequencing •
Genetics of model organisms • • •
Two-hybrid assays # •
Hybridization on a chip # • •
Differential display # •
Gene knockouts •
Cellular assays *
Massively parallel sequencing # • •
Yeast reporter array •
2-0 gel electrophoresis #
til# : H & 0 Industry Report

[6 — 2 y/
Company

Happing
Positional
Cloning

Random
Sequencing

Genetics 
of Model 
Organisms

Two-
hybrid
Assay

Hybridization 
on a Chip

Differential
Display Knockout

Cellular 
Assays

Massively- 
Paraitel 
Sequencing

Yeast
Reporter
Array

2-D gel
Electrophoresis

Acacia •
Affymetrix #
Aurora •
Cadus • •
Chirosciences • •
Curagon # e
Deltagen •
Digital Gene #
Evotec •
Exelixis •
Gene Logic • #
Gene Networks #
Gene Trace • •
Therapeutics

• •

Genset SA • • •
Hexagen •
Human Genome 
Sciences

•
Hyseq •
Incyte • • • •
Large Scale 
Biology

•
Lexicon • •
Lynx • e
Hi 1 lennium e • •
Myriad # #
Nanogen •
OncorMed #
G1ycosciences

•
Progenitor *
Proteome •
Protogene •
Rosetta #
Sequana • # •
Synteni #
ttiS : H 6 Q Industry Report
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donor
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fragmentIntron

JV Codon bigram dictionary

first codon startstop) last codon 
codon ___z-------s codon

ATGTAA
TAG
TGA J'

El 1 j;

CO#&T(^ f#&3 KX K'X K >0 bigram (2ft®7;l/37;ef
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7s- * t vxm < m ^&nti' s BursetZGuigd ©w

pposiTE c^>

^^I;ef-7r-^-X) ©933#©^ %%#©R#&

ffl©T— ̂ JBLtoaSiJtt^&o^f—7CTffl©fc0 

BursetZGuigo (Dir—9(3a 570#@©####©m&Z© DNAEytjOx-f T\ ^ 

f-7##©tf-7&3- K$MM*C97@K 51^241 H^-Cl'So d©'>Xf-A 

ii, ^0 9^167KlEL<mmW:o x*y >v d' > ho \z^ir0

m i BursetZGuigo i: =k 5####570

Program
Accuracy per nucleotide
Sn Sp AC CC Sn

Accuracy per exon
Sp Avg. ME WE

*#& 0.87 0.82 0.81 0.81 0.62 0.51 0.57 0.13 0.11
GENSCAN 0.93 0.93 0.91 0.92 0.78 0.81 0.80 0.09 0.05
HMMgene 0.88 0.94 n/a n/a 0.74 0.78 n/a 0.13 0.08
Genie 0.87 0.88 0.85 n/a 0.69 0.70 0.69 0.10 0.15
GenelD 0.63 0.81 0.67 0.65 0.44 0.46 0.45 0.28 0.24
GenLang 0.72 0.79 0.69 0.71 0.51 0.52 0.52 0.21 0.22
GeneParser2 0.66 0.79 0.67 0.65 0.35 0.40 0.37 0.34 0.17
GRAIL2 0.72 0.87 0.75 0.76 0.36 0.43 0.40 0.25 0.11
SORFIND 0.71 0.85 0.73 0.72 0.42 0.47 0.45 0.24 0.14
Xpound 0.61 0.87, 0.68 0.69 0.15 0.18 0.17 0.33 0.13
GeneID+ 0.91 0.91 0.88 0.88 0.73 0.70 0.71 0.07 0.13
GeneParserS 0.86 0.91 0.86 0.85 0.56 0.58 0.57 0.14 0.09

*e##©mmc c uf:. > h a >zx^ y >©#m^#^m#

7 5 SWSS&fr^-yit—tikK—offish V>(DtpKm\lTf£fe’$-&Ltt.Mb>

^X.? v >iplz&&$tiTmti6'*?-'>fr^ gftziziErf—ysm&ttZsm
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W.& : ftlgiWM Schizosaccharomyces pombe 

: 972h - (Mizukami Library)

am? n->%## = #ma%
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1.3 y3y

3^, i/ay 3X; K’DNA£ V-^-y 3 y U i/-*r

yxcau^y^X^y^ysy^i), yy/yyh^^yyyh^U i/-yyx. 

%<? ?-£?"? y hJLy K'y-fy-y a y^fi\ c*i£ hyyxx^-y y 3 y UT 

L^o yav h#yy-f:/y V-&m&U/=A\
4 y£r — h DNAO^f ^9^ h =! u — -£t$.2> (false
positive) #JA*<30-35 <, y^^y V -0%!#*^ < %*'-o /:.

C©/c#>, Povinelli £ GibbsH©7^7^- y "f 7- y a yx f5f-/-i:J;57-
yxy-;i/-y-y yxy-r y"y v <, WoiWiy

ya y h^yy^^y

:o^a<otW y Hi, 7y y HkUfcyyf/ y

y-yyx^^^-t^^c^Sy-fy-ya y^f^6c6i:^So
y-y yx^? ^-iipUC119£SalI cut U/c^, Tag polymerare{H J: *) 7 5 y 

(T) £ Fill inU BAPMS^f 9 y - ©t;t/7 y -f y- y 3 y^f# £

-r y-9— hDNA©M«7^V?-£M£b-a'3i:a6, ^ y-tf- hDNA|5j±On

y-ry-ya

m±0C <h^b, Si#fi9^y^y-y a y^Wt^li^iili, lffitfH yf- h DNA £

h#yy^l"/y V-0f#^W#E-C*6o
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^soneat in

sizeseteetbn 
I ty electro fores 6

s«i i

pucl 19

Sal leut

dTTPfllin

2~3kb recover

Bal31 & Klenow 
, treatment

ligate adaptors



1.3.1 KDNA0&fctb HSU

3% ; n- y® cultured7/l/#'J-SDS3X^ FDNA^ffifct} U 7 
xy_;U. ^ mik-b 7 7 j; /: 3 x ; F

DNA40 u g £ 100 u 1 © TE Buffer (:#7 by >7/1/6 b/:o

1.3.2 ES;»$l(DS5i<b

3%; FDNA^V^y-^- (##t&gUPS600) I:J: ^b2-3kbp07

3 y / y h a ck o b/=o

1.3.3 y 3 3 h ©“ y 3 7 y 3 u -©W

CD 7yy- hDNA®mm

®3%; FDNA®i@##mm (4.1'3T#M{kb^fN:«k5) 

e 2~3kb ©7 3 y/ 7 h y7 X©^g

(DDNA^O^-ft (BAL31-S Nuclease £ Klenow &#B)

®DNAW%^7yy^-^mA
(2) y-y yxffi^X-oiigg 

(DpUCllsy^X; F^SaUT^Kr

©Taq porymerase |C j: y 5’ A5ffii©7 ; 7<&#A

(3) ^D-—yy

®7 yy- hDNAi;y-yyxffl^^7-©3 7y-y3 y 
©Jiy^ FD^y-yaymc«k6A##^©Bm#A

(ampicillin) U- Hc^b# 3 —tr U7 7 a 7K«fc D 797

h 3n--®0

(4) 7 s y h y y3 7 y3 V-®7 yy-h DNA^#$©mm 

#R%$fl/:7a v h#y34"y3 V-^^100^3-y®DNA<g:#ab,

67 yt- h dna b nmmK£>) 7 yt- h dna 6e##®mm
^%^yav h#y37y3V-®^^&^m]i^ao
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1.4 □ X =. K 0 □ - > 6 mo DNA

1.3 iu j: 0 ck D 6 j@© n X 5 F* o-yKot^Ty 3 7 btfy^y

7 v -£mu jaiT©#E^ & *) -? tz0

1.4.1 #5f-?(D4%#

®3X; F^D-ylii^o^SOOjiOya 7 b^yy^yy

DNA^DNA^O'f’y b (^ y #ytiS!PI - 100 2) {C=k<9M

(DIE^y ffi] c NT y ^ y y ^ =k S y - y y y y y

®m&y? b^^7 (Sequencher)

1.4.2 □ y-fe yyx y-yyxcD;^

y-y u yf^
GCG CD Prime IZ&IQ75J y'-^ISSt U 3X; K

DNAoy-f y^> b y-y yx^T^/Co
®v yyyyxwmuTLN%#^im^i:y-^^mAD

(l^X; F^D-y*/:0 800-900 y-yyx) &'&=! 

y-byyxy-yyx^-^

1.4.3 ziy-izyyxy-yyxcDWS

j: &«&#%#/-y^ny^a-yc^oy^^y-b u/=$im#

d)n y-fery-yxy—y yx©300—400bpfc#i;:yyy-x—^x; F^d — 

yoyyy^ by-yyx^lfi\ D-y^fi^-yA-fSy-y yx£ilil

1.5 $gm

1.5.1 y s -> b *“ y y y yy u -ofM
y 3 -y b y y y y yy V ^ A: 6 C 5^ j: ^fb^c

U/=ya V byyy-ryy V-O4'yy-bDNA^^(i65-70%T*y/:*\ %&L

yiya V b#yy^yyU-0^^&l:^^TIi95%Kl±0^LN!%#^#A:o ^/=x
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y - X y x*b b 7 X'XX -KWWSirEET# Zztfrb. d'yX- h DNA©i2?f]& 

vmLtztz.^ */zmmm&i^m^tz„

1.5.2 □ X 5 K £ □ — V 6 @© DNA SSKWW 

1.3(cJ:<9E3X^ii^#iuJ:^i, 6{@©^x5 KZ o-yteo^rya 7 h#>b^7

c©Mm, 6#©nxa K^o-y*^m^

U^j^SE^ij 189,165bp%w%.btZo £tz, 3X; hy-yyxi:

=fc 0 7 >y-fe yx>£fr-^==2y-t?yxxy-xyx©Jgg&fft\ M©#i'c 6^iill 

£iifc0

1.6

4®©dnaim^**)&&&&

©#T*6ys 7 h#y^-f Xb V -©fP^&C-y^T, 95%J^±6^9##l=^#^i

7#%©i#L#&&#&L/:o £tz^ 3X; 1/f h y-Xyxi^J: ^ rz y-tryX

x y-Xyx©ES^SS tirtoto, y-X y 'T—feQffc
mtmztitzo 4#oDNA#mEme#i=+##mT#a &06mg-#-&o

mm

2.1 i£SK?iJ x-?*\6 IC^lAT

(Schizosaccharomyces pombe) ©$j40Kbp (1 3X 5 K? 

D-y) ¥/&9ipS(2, ^jl90Kbp (6=2

X; h'?D-y#) ©mSE^C^UT, ORF##, motif##, ^eoy-##&cf

OlS^Toto

2.2 itE^S®©**^
y hny£Mx=&, #mBmz&v3-# 

±3 KyRX'f y bo y 6^©##©#mm^E^J^#mL, -T y hny^SU/=itE 
9 INTRON.PLOT (Coldspring Harbor © Dr.Michael Zhang ©fW#
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W:#g#mm0Gene Finding77 h7^70 liXT r^SSSSfflS7 7 b7%-7J

©|5|SiC, fMhi K> (ATG/GTG) ^b^ihn b"> (TAA/TAG/TGA) tW 

100 7 5 7Gene Finding 77 b7^7 (21T

rw#77 b7^7j6i\9.)

(DT# g) <k r,

2.3

DNA&#f

5=-y/<-% (DDBJX GENBANK, SWISS PROT) 7-## (BlastX,

BlastN^ Smith - Waterman) 5-fr 9 C ti^X-o o /cc

2.4

2.4.1 m^^pIiSCDSS

^###^^7 7 b7J:7l:j:^T8O#0me?^W<#^$#%, %70%^m^l

ae?a<*^/=o ^#m#mm7 7 b7%.7i:j:cTm^L/:8o

2Rmm7 7 b7J:7l:j:^'C112@0*&?M#^m%$ft/:. #^#####77 b 

7 %-7 i: ^ T#^ $ fl/: 80 #0#^?## 6 0±R&?f ^ 6 ^ 0 T&

6o

(mmmmm v 7 b o %.7 c .k 6 a A < ^ uf:#%

(i30#

c^sf###mm7 7 b 7 ^7c <k

%li9#

®m-z22 m
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2.4.2

2.4.1 Tm^W:#%*&?#W:ol\TDNA&[ff (DD

BJ, GENBANK, SWISS PROT, OWL) <h©*^D 7-## (Smith - Waterman) £

$fit #&?##©(& a ^ 213, »t$ffliv7 

«My7 h7^7c =tatlt^-bk ftm&mm 

mm!v7h^JL7(cj:5 ^ i 'T##m ^ 3i t t) r, to

2.5 %m

T*s©i&SE?ij©7-7i3se>ft3 £ 9 \ztz
ot^fco c#Gene 

Finding ^-fr 9 h 5 4* 7 yl/*<17t)^LT tx 6 0

afe^iifcOJf^CfctoTli, 2oov7 h>)i7i:J:-?tK^ff^fco 

INTRON.PLOT 13, C##(b $ tltz Gene Finding 7 7 h9x7T'*B/:

&mooam?arnmkom tc

C«k 9#&fitam%CM > h D 7 h ^

3-7&1gf%LtzmM’e&Zo
L^U DNAMtirZft9ZLVvmzMi-zmiZZgLfrLt C © <£ 9 t V 7 h7^-7^ 

^C#%75t)l3TI3^V\ £fc, INTRON.PLOTJ%#©Gene Finding 77 h 7^7

±mom*E^io7-7&m##miw<tAc, #m?©#%(3c^&©m^m

c©z9tc6^6,4#, j:1Ac, ##utm

mE^jc^ u, ^ a im@0 n 7-#
#, motif ##©#m^e9 6 61C,

$ 6 C, mr*mA#C&#0^#@© DNA ^ &%&-#-& 6 61) C, A&?

SI&®m£t£V-eft < m% Lti#iK?$M#0##^|5]#C##-76 C Gene
Finding system ©##^<^g"C&Bc
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1) Christine M. Povinelli and Richard , ANALYTYCAL BIOCHEMISTRY, 

210,16 - 26 (1993)
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K K >&CfINTRON.PIXmc j:
StartStop Product INTRON. PLOT Product

orfOOl HISTONE H2A VARIANT. piOOl HISTONE H2A VARIANT
orf002 CELL DIVISION CONTROL PROTEIN 2 (EC 

2.7.1.-) (P34 PROTEIN KINASE).
pi 002

CELL DIVISION CONTROL PROTEIN 2
orfOOS
orf004

orfOOS pi 003
orf006

orf007 HYPOTHETICAL 45.0 KD PROTEIN IN 
N0T1/CDC39-HMR INTERGENIC REGION.

pi 004 HYPOTHETICAL 45.0 KD PROTEIN IN
NOT1/CDC39-HMRINTERGENIC REGION

orfOOS pi 005
orf009

orfOlO pi 006

orfOll pi 007
orf012 pi 008
orf013

orf014

orfOlS HISTIDINOL-PHOSPHATE
AMINOTRANSFERASE

Pi 009 HISTIDINOL-PHOSPHATE
AMINOTRANSFERASE

orf016 piOlO Glycosyltransferase
orf017
orfOlS GLYCOSYLTRANSFERASE ALG2 (EC

2.4. 1.-).
orf019 HYPOTHETICAL PROTEIN C23D3.15 IN 

CHROMOSOME I (FRAGMENT).
piOll HYPOTHETICAL PROTEIN C23D3.15 IN 

CHROMOSOME I
orf020

orf021

orf022 P i 012 ACT IN
orf023 Pi013 HNF-3/fork-head transcription 

factor homo log
orf024

orf025 p i 014 cdc2 kinase homo 1 ome
orf026
orf027 P i 015
orf028

orf029 HYPOTHETICAL 61.4 KD PROTEIN IN 
SGA1-THS1 INTERGENIC REGION.

p i 016 HYPOTHETICAL 61.4KD PROTEIN IN 
SGA1-THS1 INTERGENIC REGION

orfOSO Schizosaccharomyces pombe G protein
beta subunit Gpbl gene,complete 
cds.

Pi 017

G protein beta subunit
orfOSl p i 018
orf032 hypothetical protein YDR339c - 

yeast (Saccharomyces cerevisiae)
p i 019

hypothetical protein YDR339c
orf033 BEM46 PROTEIN (FRAGMENT). pi 020 BEM46 PROTEIN
orf034

orf035

orf036
orf037 p i 021

orf038

orf039
orf040

orf041
orf042 Pi 022

Pi 023

orf043
PRL1 protein - Arabidonsis thaliana

pi 024
PRL1

orf044 pi 025 HYPOTHETICAL 27.7 KD PROTEIN IN 
CPT1-SPC98 INTERGENIC REGION

orf045 TAT-BINDING HOMOLOG 7. pi026 TAT-BINDING HOMOLOG 7.
orf046 pi 027

orf047 pi 028
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orf048 hypothetical protein YPR112c pi 029 hypothetical protein YPR112c
orf049
orfOSO pi 030 HYPOTHETICAL 105.9 KD PROTEIN IN 

AAC3-RFC5 INTERGENIC REGION.
orfOSl

orf052 ATP-DEPENDENT RNA HELICASE MSS116 
PRECURSOR.

pi 031 ATP-DEPENDENT RNA HELICASE MSS116 
PRECURSOR

orf053 ALPHA-ADAPTIN pi 033 ALPHA-ADAPTIN
orf054 pi 034
orf055 pi 035

orf056 pi 036 PAS4 Protein
orf057 LIPOATE-PROTEIN LIGASE A (EC

6. -).
pi 037

LIPOATE-PROTEIN LIGASE A
pi 038 HYPOTHETICAL 47. 4KD PROTEIN IN 

SHP1-SEC17 INTERGENIC REGION
orf058 glutathione reductase (pgrl+) pi 039 glutathione reductase
orf059 pi 040 PROTEIN-TYROSINE PHOSPHATASE YVH1
orf060

orf061 pi 041 HLJ1 PROTEIN
orf062 METHIONYL-TRNA SYNTHETASE, 

CYTOPLASMIC (EC 6.1.1.10)
pi 042

methionyl-tRNA synthetase
orf063
orf064

orf065 pi 043 HYPOTHETICAL 32.8KD PROTEIN IN 
NCE3-HHT2 INTERGENIC REGION

orf066 hypothetical protein YPL063w pi 044 hypothetical protein YPL063w
orf067 pi 045 WEB1 PROTEIN
orf068 pi 046 ME I OS IS INDUCTION PROTEIN KINASE 

SME1/IME2
orf069

orf070
ADENOSYLHOMOCYSTEINASE (EC 3.3. 1.1)

pi 047
ADENOSYL HOMOCYS TEINASE

orf071
orf072 pi 048 ALPHA-1.2-GALACTOSYLTRANSFERASE
orf073 pi 049
orf074 LIPOIC ACID SYNTHETASE PRECURSOR 

(LIP-SYN).
pi 050 LIPOIC ACID SYNTHETASE

PRECURSOR(LIP-SYN)
orf075 syntax in 5 - rat P i 051 syntax in 5
orf076 pi 052 HYPOTHETICAL 59.2KD PROTEIN IN 

PFK26-SGA1 INTERGENIC REGION
orf077 pi 053 HYPOTHETICAL 31.7 KD PROTEIN IN 

VMA7-RPS31A INTERGENIC REGION
orf078 pi 054

orf079 protein arginine
N-methyltransferase (PRMTl)mRNA

pi 055 protein arginine
N-methy11 ransferase

pi 056 soliceosomal protein
orfOSO pi 057

orfOSl

orf082 ISOLEUCYL-TRNA SYNTHETASE, 
CYTOPLASMIC (EC 6.1.1.5)

pi 058 ISOLEUCYL-TRNA SYNTHETASE 
.CYTOPLASMIC

orf083
orf084 <

orf085
orf086 pi 059

orf087

orf088 pi 060 histone H3.1
orf089 HISTONE H3. 1/H3.2.
orf090 HISTONE H4. P i 061 histone H4

pi 062
pi 063 probable membrane protein Y0L129w

orf091 pi 064 note
orf092 MITOCHONDRIAL IMPORT RECEPTOR

SUBUNIT TOM40
p i 065 MITOCHONDRIAL IMPORT RECEPTOR

SUBUNIT T0M40
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orf093 MITOCHONDRIAL IMPORT RECEPTOR
SUBUNIT TOM40

pi065A MITOCHONDRIAL IMPORT RECEPTOR
SUBUNIT T0M40

orf094 probable membrane protein YOLlSOw pi 066 probable membrane protein YOLlSOw
orf095
orf096
orf097
orf098 pi 067

pi 068
orf099 MITOCHONDRIAL FAD CARRIER PROTEIN 

FLX1.
pi 069 MITOCHONDRIAL FAD CARRIER PROTEIN 

FLX1
orf100 Pi 070 HYPOTHETICAL 229.9KD PROTEIN IN

NUC1-PRP21 INTERGENIC REGION
orf101
orf102 P i 071 ORF YLLOSlc
orf103 probable membrane protein YLLOBlc Pi 072
orf104 Pi 073
orflOS Pi 074
orf106

C-5 STEROL DESATURASE (EC 1.
Pi 075

C-5 STEROL DESATURASE
orf107

orflOS Pi 076 MITOCHONDRIAL OUTER MEMBRANE
PROTEIN MMM1

orf109 Pi 077
orf 1 0 pi 078 basic transcription factor 2. 35KD 

subunit
orf111 HYPOTHETICAL 75.4 KD PROTEIN IN 

HAP2-ADE5.6 INTERGENIC REGION.
pi 079 HYPOTHETICAL 75.4KD PROTEIN IN 

HAP2-ADE 5.6 INTERGENIC REGION
orf112 CELLULAR APOPTOSIS SUSCEPTIBILITY 

PROTEIN.
Pi 080 CELLULAR APOTOSIS SUSCEPTIBILITY 

PROTEIN
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