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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 biclogy
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 ah 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
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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 wuse 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




electr_ophoresis. 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 subfracting 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
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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 c¢DNA 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
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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
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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 wuses 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.
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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
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information about the amino acid sequence within a signal peptide using
an intelligent élassifier 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.
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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 Dafabase
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
Metaboliém (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.
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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 conventicnal 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 vyielding 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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BEEBEN LI ATy FEEER MutS) ZHVSAHEIIONTHERL,

R EIER BT OHBRTETIY, PCRICE B ) A 6D 5 =4y MBIZETDOHIEL
FIVEIKENC L 50837 — VICE SO L LT, 2 X b, B, AEENI
Bhi4FE, Single Strand Conformation Polymorphism (SSCP) #.
Denaturing Gradient Gel Electrophoresis (DGGE) #. Restriction Fragment
Length Polymorphism (RFLP) #. Cleavase Fragment Length Polymorphism
(GFLP) ERIZDOWTHEZEEN L. L CHEREEORRFREII DWW TER U,

DB=THEEERDOEZRE T3, Rochett O PCRE: & EErHICIEAlE 3", BRKRESE TR
SNTVEBETHM - RiiEE LT, DNA ligase 215 Gap Ligase Chain
Reaction (Gap LCR) # . RNA ¥ % ¥ T & % Transcription Mediated
Amplification (TAM) B KR U Nucleic Acid Sequence Based Amplification
(NASBA) . {t3#&mK 70 —7TH % DNA — RNA — DNAEZI® RNase HREFIR 3
% Cycling Probe Technology (CPT) HEOEHIIEZEN L. B FLiiBlmmBic
B HIEHIRE S ED B FEROMNE ST EFRARE L & BITRITE &7,

BEIETR, BEFHERT 0T 7 1 VEH S I OITHE S RIFET BT BIFIC DU
THEZITO ODNAF v 7L B D, @cDNA sequencingic k35D, @A vt —
CF4RTUVLICEB D, ITHE U THIFEME E EoT,

DODNAF v FI2kBbDTR, "M TVFALE¥—Va vEEEREULEBNHF LN
microarray Hifff & U T, E2E TRENEH - 2 BEFREBITA Oligonucleotide




array. &L cDNA%ZF v 7 EIZXRy b UF2cDNA array, BHEFHA UL v T
PLEARTHRD ki Atlas arrayF, OBIREIE 2N U, Affimetrix HHEDETALZIC
& % array B OB OKE OBEEN U F ¥ —LEBOBRNEDF. EHREICLET/
LEXFR & AXMBOENAROLEM, Protein Chip ROBEFLS5ROBREL
LTE LD,

@cDNA Sequencing it k3D Tid, ERUTVSmRNAZRFED Y —F Y RITLD
B HESEERIT NS RE T 07 7 A VERD B HEDORKZ L UT, £ FOREREIC
%1% mRNA BB F— 7 X~ ROERE BN & LIRRKINV—FDRT 4 < v THEE,
cDNA ¥ —4 Y ZABNFHEOTRICEL D RRT 17 7 A VRE &L mRNA 2 THEREER)
#{k L7z Serial Analysis of Gene Expression (SAGE) & Z0OHBR® Mini —
fragment Analysis of Gene Expression (MAGE) . SEEiEEEFIBTIcE S
7zmRNA 71 7 » £ JVOFRITFH TH % Massive Parallel Signature Sequencing
(MPSS) #. WOWTBELEREZ T Lo/,

@A vE—VFT 4 AT VAIZL B DT, HHO mRNA BFESFREORBHEIZLD
mRNA ORI A v & — V%79 5 Differential Display (DD) E28&EE /N —T
L L BHREEEDTHE L. mRNA 025£M1% 576 D7)V — iz 8 UTPCREY %
EXPREENTS 5 Molecular Index (MI) B2FEDOHMBD 2 W MBI 22
BT ORIEERERBINTITA 2B E A E LT Ui,

EAETH, BETFRERGHEOERTH 2EEHEBEEZS TV NUVTRAT LD
B RFERAES R v M7 — 7BV T, OREHIE S 7'V OREk « BRITEN.
QEEHIEET OHSR - BTEIR. T80 TEMICHER L7,

BRI > 7 F VDR « BER TR, v— 720 XUBRIFEIR & UT, Bz
FHEROFR (O—v T 74T 400 E5 KO/ 0—= v FETHEAY T v v
By 7BicE 3L S o' —F —EROEREEEN U, BEEHER T80 25ES
EHIBARIC BT 2 BB O INESEER T IEHRD S OBIEEREEICIIRRTH
B NI, Fio, BEGERBOERRIBTENE UT, VA—7—BEBETZHL




BER S LB ERS LU TRICE L. BEHEERICETIRRNICEBERTIEET
AZWEEFE UCEBRENBITETH S 7 v MY v MEFICOWTERNT, S50, &
EEEHHRT OIEERS B B & UT. BF - DNAKSEE T 1 VY —THEE
35 Genomic ‘Binding Site 7 n—= V7Bl &NV Y T M E I IBRENNRTHBET S
Casting E=OBIEZHN L7z,

QEEHIER T DBER - BT E T3, DNA — & ) 7 BRIFEEER 2B O I i &

LT A7 7—U%F|H Uiz South Western s, B %FIH L72One — hybrid#, 7~
Ry BEEENE D N HBIET &2 FRICAF TE 5 Phage Display %85 L. &
EHEARTIEEN E LTOBEERDRN, Eie, ¥ 0B -5 ) BRMEEER %
FIE U8B & U T, South WesternZkd /0 —7DNA %S NWbLE N F %)
BicB&#WZ /cFar Western#:, E—XICEE UEEHHETE2 VA FET5T 7
42T 4 =00 NTS5T 4 —TH35 I BEEEIAS LE TT 4 =74 — &
BEL 5 TS SEEERHRTZRE T N & S 3V BN ORER
UHBRZH Ul 510, TOMOEEFBRTOEREIRICHL TR, DREROM
ks bicb i 2EERTA X7 — F2AC, MlERRNBRET M-~ —8EF)
B OEEFIE & ARRIRERE & ORIR T R L= £ S O TS E BRI T 2402
¥, ) VEBLFOBMIRIGPEENERTF (27 774 —) OEEM. SHlaEYEY
HEEBRRUN TORBETFRRHFIEH TH 23BN TS A ¥V FOEREEH Ul

FE5ETIL. BEEFOBRIZYI S, FRICK S TBETFOFHROBIES S iCilB8ET
Xy b= EFRTEIEEBE LT VE 2 — 7 EFMERERIZOWT, OfRT
PEIR - BRRET RN, OBETRIWH 2 IL—var, @F—FIR—Z+ 7525
VIBRORRER/EL, RA M LAY —r 2A0hgEH & UTORBEAEIEEL
720

OEETHRE - BETREN TR, EREYORETHERTHEITE UT, BEE/Lo7
DIz, Bh<wia7 €5/ (hidden Markov model : HMM) O#s#HA S B D A7z
GeneMark.hmm %° GeneMark — Genesis, ribosomal binding site (RBS) &7 o7
7 A W AAA T GeneHacker, WECEERE LU Markov model ICES L S

(15])




DS D GLMMER 248 Ufc, 7o, BERAYOBETHEERTIENRE UT, —RLER
h</a7EF I (generalized hidden Markov model : GHMM) % i5H U7
GENSCAN, HMM #%J&H U7z VEIL ® HMMgene % GeneDecoder DA, 7o E—
7 —RBETRT HHFE. RUBREARZEH L7 MORGAN  GHMM % IEH U7
Genie, =a2—35 VX v b7 —7 (artificial neural network : ANN) %2GH U7z
GRAIL. #Z¥IRIEICE S e FGENEH S0 T AEREEHm 8 L. I FOHE
BEOR D3 — FERICEY 3 HBEEO RSSO 0 —F 4 VIR VY o VR
fEH L7 WF PRl AMELIE OFERE 25 Ulc, RIZ, I — FEEKOEFHERICE SV
FEETBETRENR S UT, BRETIC L > TBEIN EHBICLD, YIRS
FFOT I ) BEIEERNS 7 LV BOREEAE. £727 I /BRI SEHH S
SYBE{LERPHETRICESOTY U BEOBRBIECTRIT 5. HE0 P — BRI
SV LOTFRIBMZHE Ulc, 351, FIEERORFIFRICE SO BETHRET
R & LT BEEMEDR T E—SRFO Y F<RTEFE, $LEREYR S o
E—7ORFEIMH Oty Fho. ThThTHRAGTFHORARGETHTAFEE
AEBERICEL S I h S ORHMOFMRER MR Ui,

QBETRABE Y I 2 L— Y a VTR, 70574 — ARITEIC & 0BV ETHEE
PEEFRRICETIERLET I NEREIN TS, BETFREOR Y b 7—0 2V RF
LE UTERET 20T, ¥ B ORETOHEEREZER LGNS F, 2
YE2— Il AMEDETIVEDNBERTIRTH S LOBENS, Y a U VaunTo
BERRCBBOREBE, <1 275 XvDLBEFRRADEFIMEE Y I ab—V g
YOEFIEBEEL, TFVEECHERBSOMBIRS 20D 3 2 -V a VEil
DOWELITE VETEHE (in silico) TOREEBNREICINS I &2 TFRILIS

@F =FIR=R+7 3527V Y IEHM TR, B2EISHBAEE TOZE THRE SN BT
ICBIE T 57— 4 X—R (DB) RUEBRUIcT — 7 %i5H UTERIEHREM S0 0iEE
ZRITHEHIDDI S5 Y v TEROBIR EFEE T LT,

B TFZERIBAICETSDB & LT, % OfEFEIEOERDBA#E L/2DBTH
% HGMD (The Human Gene Mutation Database) %, $&REZRIERE T ICET

(18]




% DB & LT, b b EST OABBERRNTIC & 5 mRNA #F4HE DB Tdh % BodyMap &

EGAD (The Expressed Gene Anatomy Database) RU'DNA F v 7 ZH I BEEE
mRNA ORS00 7 7 4 VBN DB Z#BN Uiz, REEAH Ry b7 —71CB9T5DBOD S

BREFHEFICE DB & LT, BEEREYRNARY XA S-FILITLVFEHS N
270~ 7 BEEIBEINTWASEPD (Eukaryotic Promotor Database) %< @
ERAEYERICET 3 EFIERCHEBERAE®EN T3 TFD (Transcription
Factor Database), EAYDODNA L X v + EFEFIZB9 %5 DB T 5 TRANSFAC
. $RBETFRy b7—7iCBT5DB & LTI, RERERHRE LIZKEGG (Kyoto
Encyclopedia of Genes and Genomes) ®*EcoCyc (Encyclopedia of E.Coli Genes
and Metabolism), ¥ 7 FVZEBREE AR & UI2SPAD (The Signaling Pathway
Database) ZHXY_EF TR L7,

EFIRMENR - LIc 7 SR Y YT OREF L LT, Fle BRI NTO SR8
THRDESTEFE 7 5 X7 Y v 7 UTEEERICH ) 5 mRNA ORFHFIFHZEE
L7z BodyMap ® EGAD, ##H D GenBank B IFdbEST icBF I N T 5 £ F mRNAK
FELESTEF%E7 S X5 Y 7L Ta=— 7@ EFEy MRS LTS UniGene
LxR Ui, Fio, EHBHRORERE FWEOEYEBROS ) LEFIHRIIRED O~
WCRBISRZY VITREXENRLT NS, BRERPE M) LRV 5 —D2R
FIRES ) LAOHERBRET—FI X=X « 97— X UF Y 25 5MBGD (MicroBial
Genome Database for comparative analysis) OHEEESZEMIZAES: L1z,

BEETI, 7/ AREFECEREIF OB LN O B [/ LSRR A B
O—RE U SN/EE Y Y RY Y LR ) LG &0 0 € o — ZBEigc
B9 BRCKOBIR S Ui,

ERYYRITLTES [N VTP —H UOERERS Y LK -7/ A
AT xT 4 7 ABAROFER] LEUT, 7/ LEFEOTUR, SRAOEFIHRE A #
EFRy MU JRITBIN. & AEEREITBIRFICE L TR DR ITIC L D RE S hit
B OTSEER OB DEEZ E LT,

(173




HEEMBEE T, BCRORER - 22 - TIFERERR. BXLY ) AMEHOBICIZa v E
2 —ZIT K BIAFHEERENT - FRIENIERICENTH S LOREI S, 7 /37 BREF
WFEEDT ) LERBIT~NDEA, BERO S /R BER VY X7 AOBHBEFIC L B3¢
5. Rue EBRENTL BREYEDY ) LT — 7 R—=ZAOETFRFEORENEH %
EDHTEY EYBEO BT/ v 7 A IWFHIBFELTI/ - XT vy TN T
TR OHIBD TS I &AM Ui, 72, 7/ AERO2I Vv E2—F X7 Y -2V
FORNKRGY ) LERBT EBEEYZEENA AL VT +2 T4 7 R EOHBEREL
TE &,
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FE1E ILHIC

) LRFFFRIIDNA v — 7 20 v v TR DV R F LME. 54 ALDRBINZ X D
KRBT ) LY — 7 T AREBRIZEA L, %1 - LITRT &S ICKBE, MERLE
OEEL D757V T, RUBHKEEBEY TH 5/ VBROLY ) LY — 7 TV AR
FAh, FOTSHBEREY TS BBEY ) ASSERRBLY -/ TV APEIMKRT T
B, CDOEINKRBY—I VAT FEEORNI. 7/ LRITOERE LTS bE
4 LEBRNCEE A2 TSEYIIH UTRIT OB THS D,

ZUCIDEINBRBY I I VAT—7%2b LI, TIIESRATNHEREER
BRADY—I T VAFFE, $HDLEY ) LY -7 T ADLRREINIAEOTRER
T OBEOREP, BiiiThoBETREEE UTHERBEEUEROERT 2 8EE
H{ORy b7 — 7 OIBIAIE EIRD SN TINS, 22 TIRa B a—2ICk 2 EHRNENRN
EhHTEERFEEET S I LIIRENTD, 22T, BREEL E2 b & icBiERm
BT EOBEM 2 EHET S ENEELRS U &S, UL ZORBIFE KL
HH BT, FIERET -5 DEABRITEL TV EDO0BRTH 5, HE- T, HEizs
J LBEEERRENT S B DICENRL T — 7 OB TTEE 280 5 2 WD EIZL D, 7/
LS GBEET) &EYORTEEROEIES OIS 2TIICIBL LT T o—F R
HBEM, OEDOFNRFERIIBEFNEETH S, BHTEBERERTr— X TidE
SRS EDENTH B0, L D—Bizi3, VRS 3 REM LR EER (BEL
BEL BRREBARE ). b2V REHTOY ) LEFIOHEEDO BRI NEE LS
Bo Eio, BETHERO &S LBEFROE, b 5UNIFRE - SMEOBRO & 5754
B OIS L B E T REOL L OB IR b BE TS 5. TNSEBELT
ZRB BT EOBEENMAOMIINS EREN S, bDAHA. BETREMTIRL
{BEFHSAVEIBEAMOBEER 2B L T2 BERRISER D L8 TV S, -
T ¥/ LAOBE D BEEZEICERT 51213, BBET (TOEYD S /30 E) OHEELE
BARPZNoDESHI/NAT 24 ZBIL. 7 LV IR EBLUTEYE VAT A
EUTERLUTYL I EHWEIILS,

CDEIBRAM—F T UVRDY ) LOBEERBITOHHIZIZ. 1) 55484 0DH
HPEEDRE L ZNUCREIRY Y — R, THbBEEY U IUPERE (BRIESH
12— RPSIT, BEFBIESICL > TABRWIHER SN b DL EL) RUESHITEY




BOY Vv TVOBENRRRRTHS, 2) ZLTENSEZRIFTE Y-, $Hbb4 )/
LEFIOHEPBETFRROHELRKBI DV AT IF 4 v 7 ICHEBIRIRT 50Dy —
NVOB%, 3) BIZZzh o0V —VERWTKEICEBIN T — 7 OBYRT— 5 X—
ZEE IS EWICE UcEBREHRERET 5 7o » OB ORFES E0E
KENB, 7/ LAABHTIE. ThdhsRBYRET TR ERMER I SR &7 5
RTH B, R->T, BRNICRBEINAT—IOE LBOEERZHETBR U TELE
DB 5, WHOEDHBERIEDDILH ST, BNV F v —PHBICBR LT — X —
ANDT 72 AR BHEIA->THBLTHWEEEDNTNS, TOKINTF—7 DK
KIEFEEPORAT B ENEE LS, SBREISELHRFFTEOMRE L EbIC, Th
ZRAV, BRIZE U3 0Bt a—— 7 RERT— S 0&EB E 2 h e ERIcH
B3 3 EHBERERORAEEZEH ST 2 &2\ BOEO NS AEEOFFEEHS LT
. EETH5,
RIEHFETRIOLIUBERLESHIC, RA M-/ RBRICERSINSE S/ L
HH OIS & T DNEDFHEIN ., FICTHEY ) LT, R 07 1 Vg, BIEETHE
(BB HEERBITCET 2/ — FRUY 7 FEIIIZ 2O TOEBRY L EIE O FBEW
HEIT-1. JOREBWEIRIED 2 OAFICH T 2EBRNESNORILEEZ SBOD
—BNCIEhIEENTH B,




#1—1 Recent Progress of Sequencing of Small Genomes (Feb, 1998)

Name | Japanese Name | Genome Size(Mb) | State | Presenter or Institute
Eubacteria
Staphylococcus epidermidis BRT R ORK 2.30 N |William J. Kimmerly
{Glaxo Wellcome Inc.)
Staphylococcus aureus BT EoRR 2.80 N IGTC
Streptococcus pyogens BIENER R 1.92 N [Bruce A. Roe(U Oklahoma)
Streptococcus pneurnoniae B SR 2.05 N _|Brian A. Dougherty(TIGR})
Enterococcus faecalis 3] 3.00 C_|TIGR,HGSInc
Neisseria gonorrhoeag R | 2.08 N [Bruce A. Roe(U Okiahoma)
Neisseria meningitidis 1 BT ] -2.30 P |TIGR & Oxford U
Pseudomonas aeruginosa SRN 5.80 P_IGTC
Legionella pneumophila VAR 4.10 P_|TIGR
Escherichia coli KA 4.64 C |H. Mori(Nara Ins ST) et al
Fred Blattner(U Wisconsin)
Caulobacter crescentus 3.80 P _ITIGR
Rhodobacter capsulatus 4.00 P__|Chicago
Rhodobacter sphaeroides 3.80 P _iTexas
Sphingomonas aromaticivorans - P {PNL
Ehrlichia sp. 1.40 P _ITIGR
Salmonella typhimurium XXIF 7R 4.50 P_ITIGR
Helicobacter pylori YoOUN 1.67 C _{Jean-Francois Tomb(TIGR)
Vibrio cholerae =Rvd | 2.50 P ITIGR
Haemophilus influenzae AT ¥R 1.80 C [TIGR
Clostridium acetobutylicum 4.10 P |Douglas R. Smith_
{Genome Therapeutics Corp.)
Bacillus subtilis HER 4.20 C |N. Ogasawara(Nara Ins ST) &
EU sequencing groups
Mycobacterium S£ER 4.40 N {Robert D, Fieischmann(TIGR)
tuberculosis C _|Bart Barreli{Sanger Center)
Mycobacterium avium 4,70 P _|TIGR
Mycobacterium leprae A -] 2.80 P |Sanger Center,GTC
Actinobacillus 2.20 P |U Okiahoma
actinomycetemcomitans
Aquifex aeoficus (s Es) 1.55 N {Ronald V. Swanson
(Reconbinant Biocatalysis Inc.)
Deinococcus radiodurans 1.05 P_ITIGR
Porphyromonas gingivalis 2.20 P _ITIGR
Shewanella putrefaciens 4.50 P_ITIGR
Thermotoga maritima 1.80 P _{TIGR
Treponema pallidum wyZOA=F 1.05 C _|Claile Fraser(TIGR)
Treponema denticola (Agan-#%) 3.00 P [TIGR & UTexas
Borrelia burgdorferi (AEgA—%) 1.30 C _iClaile Fraser(TIGR)
| Rickettia prowazeki RBFIRYTYFT 1.10 N [Siv G. £. Anderson(Uppsala U)
Chlamydia trachomatis MNA—-RHLSET7 1.08 C _|UC Berkeley & Stanford, GENSET
Chlamydia pneuminiae 1.23 C IGENSET
Mycoplasma capricolum 1.10 P |George Mason
|Mycoplasma genitalium RALATIS5X) 0.58 C__{Claile Fraser(TIGR)
Mycoplasma pneumoniae BRI/ ATSX= 0.80 C__|R. Himmeireich(U Heidelberg)
Ureaplasma urealyticum (R42ATS5X) 0.76 N _}Eliot J. Lefkowitz{U Alabama)
Synechocystis sp. (BAED) 3.57 C |S. Tabata(KDRI)
Archaea
Halobacterium salinarium GHEW) 4.00 P__|MPI(Germany)
Halobacterium halobium GHER) - P__[Massachusetts
Methanococcus jannascii (X5 VEBER) 1.66 C |C.J. Buit(U lHiinois)
Methamobacterium (AT EEN) 1.70 C |Douglas R. Smith
thermoautatrophicum (Genome Therapeutics Corp.)
Archaenglobus fulgidus 2.20 C |Hans-Peter Klenk(TIGR)
Pyrobaculum aerophilum (GFAE) 1.80 N_|Sorel Fitz-Gibbon(U California)
Pyrococcus furiosus (SFRAN) 2.10 P __{Robert B. Weiss{U Utah)
Pyrococcus horikoshii (€55 )] 2.00 P |MITI & U Tokyo
Sulfolobus solfataricus 3.00 P |Christoph W. Sensen(institute
for Marine Bioscienses, Canada)
Thermoplasma acidophilum 1.70 P |Max-Planck-Ins. for Biochemistry




Eucaryotes

Saccharomyces cerevisiae JaP% 1 12 C _|RIKEN & EU sequencing groups

Shizosaccharomyces pombe SRS 14 P__{Sanger Center

Aspergillus nidulans 31 P__{Oklahoma

Neurospora crassa 47 P |New Mexico

Plasmodium faiciparum TSUTRR 30 P |S.L. Hoffmann(Naval Medicat
Res. Institute)

Caenorhabditis elegans - L] 100 N |Steven j.M. jones(Sanger Center)
& Washington U

Caenorhabditis briggsae = P__{Washington U

Drosophila melanogaster 100 P |Berkeley

Arabdopsis thaliana OARFTXF 100 P |W.R. McCombie(Washington U),
EU & Japanese sequencing groups

Oryza sativa 4% 450 P |MAFF JAPAN

Fugu rubripes 27 400 P [MRC

C; Compiete, N; Nealy Complete, P; in Progress




EoE BR - SHMEOBKH - TSR
2—1 DNAFv

2-1-1 BHEEE

DNA F v 7 &3, FBESI/NID VY a0 I3H S ZBER EicefE - SO DNA A Y
TEHERS NI SO TH D, FBKDY Y 7’5 7 4 —BiR<A 70 Ko 54 ¥ 7l
ZEHRE LTS AIERND S, ICHELTIE, EEROBMAE. BEYOEEL EOEL
VABITIA T, BRICEY ARETHRE, BIOEORME, BETRES SO - ¥

LI BIICBRASED ST B, BHETIRR ) ATH SRETRIEENR~O
ERARI SN TH D, BlBED NI SR OEROBIT B TR S TEEEY
BEINTWH3,

DNAF o F134¥)., E b AT 27 MZBWTDNAY - 20 Y U DE#ER
£ 7 oL EERT BEIE LTS ic, UL, Fo 7 LIBT3+ ) T3 7 Lt
F ROESHEES B &Y U~ MEFIORITAEBTE S &, AN TY S
A= a YEBEORENVE LRI S, RETRBE TS CRABCTREITEEN &
U RSAIBIR~ & EADH > TE TV B,

2-1-2 R
DNA v 7BV BERTHRE Y 25 AOKRBARICENT (1) DNA F v TR,
@) 77— VBB, Q) =4 70777V r—ya VEIRD 3Ok EARIEE &
LTkiFohs,
(1) DNA 7 v 78IgHEiT
Affymetrix #HI3IERIEET + MY VIS 7 4 —BizFIBLTF vy S LTHY TR S
LAF FEBERAR LT “GeneChip” £Bi% L. 1.28cm? OF » 71k 10 FEDAY
Te—%zBELT V—%2BHT 5 ENAETH B, ZOFKRF v FTORBEREICIE
BT AH, 30mer 28X AE$EA Y T —OBERIEIH L, 22 TEETRA SO
CoOBHUIcA Y Tv—F /213 cDNA 2 ER LicER$ 3 55E%2FIA L7ZDNAF v
PR BZRBETHROTHREINTNS, 35T, 2RTODF v THEINA T Y ¥4
TV a VRUEDEEXFEIZL TSI 056, HIRBORIEEITEIEF v .




AU de—0BEHEAE, IRy FOLRNT v A HEOHBOEDHOLNTIS,
(2) 735 — UIRATER

IN=A 7 aF v itk 34 ) T —BEiEEORENESA Y T —HOSERE
DI ONT, N TYFAE—Y a YRIGNY — U 2RARBBEIROHES SR
HObD LD, BRERHYZAFLAE LTRI AT Y U—F—FiEEF v 7 ETR
FrovZERTUONM TV T4 Y-V a VORRBONSEREBRE IV T + — AV
BMSE TR AHMA RN TH B, EHILY AT L2MEDOTA 7 ofbbELHT
BRHBEEO/NEYL S EELRER £ 750, Genometrix #12BEH LT A CCDIC
L HEERBAFERZO—FITH S,
@) =AM 7u77 74— a yEil

DNAF v TERD A Y v b THAMEY v FIVLBEBIITI ediciE, F9 7
BEO/NEUED A5 O T RIBRD T A 7 LB EENL S, BT —F VT v &A1
VAT LELUT, U VEIRERER., BETHIERE, DNAF » 7| REGLELEDOR
i1t (u TAS: p Total Analysis System & 3. M3iLab On A Chip) 23&#BEIT
EDHOENTNE, TOXIICHEBEY Y TVREY AT LNEBEENE I LickD, &
EIX MOETELUTHIBOEARNFTE 5,

2—-1—-3 4% #EER
B&EDNA F v TEbB LUREAE Y — FLTW3 Affymetrix #2213 U, REHL
A% - BEOBEFHRERY 28575,

Affymetrixtt (http :/www.affymetrix.com/) TlR7+ VUV 7S T 4 —FikxH
WCF v T ETOFYITXIUAF FOBEHEKREZERL (GeneChip : K2 — 1),
BRCA1? 73 D SERRE CHER L T15 - 20 merBEOLY) Tv— 4285 L. 1.28
cm’ OF v LK I0FEDA Y T —2FEE LT V-2 ULz bDOAEHER LT3,

T4 MIVIST4—ERRE LAY Io—F v FTORIETIE, BER it TeXF
YLK DBESNITANTRBHEICI D BNOEREZRICSEABEE B ORI &iT
to=A a7 L-dRaNn3Y (M2-2), #iTEE I Hewlett Packard it & 2LE]RY
FELTHED, mMWT I T L—F—t&DF v ETRXF+ VRIESh, Bo5hicdbt
{3GeneChip V7 bV ITIZED /NI~ VBT ENA L AL ->THWAE (H2 - 3),
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Substrate

High-density oligonucleotide probe array synthesis.

High-density oligonucleotide probe
array package.

2—1 Affymetrix #5i%. GeneChip 2-2 FyTFETOA) Iv—-4RE

Fluorescence Detection

Dichroic mirror

Collection lens

Matrix

. >
R0 RAARKRD
70%% %% %6 % %% 6% % %% %% %%

Reservoir—1

Temperature controlled
flow cell

Detection format. Probe-target hybridization is detected by epi-fluorescence confocal
scanning.
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BEPRIC 1) A5 = B Affymetrix tHidhaZE - (8 S BB LRI % &
BDTNE, B TH, I7EEIZI3EE Glaxo Wellcomett & HIV BIFF— I N— 2 %25%
37 U. Roche#t & HREITHEETHRREE= S — Y X7 LD Z#S. Oncormed 1t & 13
BRCAL2 SZERHRH VAT LEZHKEFRFE L. T{H&E (97411 §) Tl Hewlett —
Packard#t & cytochromeP450 B8R & X 7 ADBRICE Y H$ 2 S8 S hic,

X5z, Affymetrix T4 707 » 7Yy — a3 VERZBW T, Microfluidic
Biochemical Analysis System D% ) DNAHIHMNSDNA F v S ETONA T Y F4
Y= avB/NBIA—- M)y DRIZTITI 2 &&FRRIC L. (B2 -4 - 1,2), IGHAAE

UCTHIV Y A VADERKRETIZ 10 ¢ LOVEY v FINCTERYT B2 &R LY

Hydrophobic
Membrane

Flexible Diaphragm

Top view of integrated cartridge system measuring

85 x 40 x 70 mm. Elements include a) GeneChip and

Reaction Chamber Vent hybridization chamber, b} auxiliary hybridization chamber, c)

diaphragm valves, d) chambers for reagent storage, metering,

Cross section diagram of chamber with diaphragm and reactions, e) hydrophobic vents, f) linking chamber, g)

valves and porous hydrophobic vents for sensorless fluid extraction chamber with glass ceiling, and h) fluidic poris.

positioning. The lower wall of the reaction chamber is 40 to Reaction chambers are 1.5 mm wide by 13 mm long by 500
250 pM thick for thermal addressing. o deep with 10 ul. volume

2—4-1 Microfluidic Biochemical 2-4-2 HEBEH— MY v UL RFLLER
Analysis System ¥ = /N —¥HEEK

Affymetrix N F « L ETAHYITX 7 UAF FRZEHERT DI LT, 5L
OHERUTA Y T —H B IcDNA 2ER HICEET 2 HE2FBELUIZDNAF v 7
BAR XN TU 3, Syntenit: (http ://www.synteni.com/) IZHKE R Y 7 +— NK3




D Dr.Schenah b5 A ¥ Vv AEEEB L, w4707 V—8WER o Ry bEENTE 1000
BEFOREARETEADNATA 707 LA Bl (GEM : Gene Expression Micro
— array) OBEFEEDTNS, K2 - 5138RLXN/DNAF v/ TH S,

EEDT v A TH2EIES NIVmRNA %2 7 —4'y MU, / =<V ek & THE
NATY A ¥ =Y a VETOETEDRDER Y — v ERIT B I &k, TS
g—vEKBLTNES® (M2 -6),

25 SyntenitB§%. DNA # v 7

-Heat Shock

i mm

10 100
Expression Level (per 100,000)

Fic.1. Human gene expression monitored on a microarray. Fluorescent scans represented in a pseudocolor scale correspond 10 expression levels.
The array contains 10 Arabidopsis controls (upper lefi 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, 4) or 43°C (+Heat Shock. B). Array elements that display altered
fluorescence intensity (white boxes) corresponded 1o genes activated (red boxes) or repressed (green boxes) by heat shock. The color bar was
calibrated in separate experiments using known quantities (wi/wt) of Arabidopsis conirol mRNAs added 1o the labeling reaction. Microarray rows
{at lef1) and columns (at the top) are demarcated at 10 element increments (white circles). (Bar =.1 mm.)

K2—-6 cDNAF vy FIZHiF BRI S5 — o0l

— 9 —




Hyseq #13BEA1D DNA BEFIcE S0 e DNA o — 7% - THERFI28ET 58
# (SBH: Sequencing by Hybridization) #Bi% L. E&EHE+HE LT3, h
ik ) Hyseq i3 108ED S 0 — 7% 2 Y I VREICKA &4 100 THEEORITHITEE
3DNAF v F2BER L, TEIB IR TEREDO o -7 T1H6000EE 2T T& 52
EERPOMILTNS, ThEFBUTHIVY ) A2kE—EIZH~ HIV OB OS]
EZRHTES I EARERE LTINS,

Vysistt (http ://www.vysis.com/) 1347/ LT 520D DNA Fo—7 %%
Bz FISH % CGH (Comparative Genomic Hybridization)” 75 &%F|H U7-2irX
SRBOMTE, AT > TV BB TH B, BETHCCHAIIELT, 2 om? 053
AF v T REIZBIB2BBHNXDNADOEEANNA TV VL E¥—Ya v (GCGH :
Genosensor — based CGH) %BAF LT\ 3,

5 ) LEBOTANSN TV ITDhEDF — S BB b BEL L. F— I R—XDE
EHHE SN 5%, Incyte Pharmaceuticalstt (http ://www.incyte.com/) (3%
J LEROBEE) — K35 ) L - RUF+—Th Y, 7 ) MEREF— 5 _— 2L
Uz [LifeSeq ) ~D7T 7 & A 2 BIBAZEL SIcIE S RSE LT 5, Affymetrix
#HERBDNAFy T2 K BETREBITOOOXERFEELEDTH D
[LifeChip | &7 UCRIIZIRA ¥\ 577 v\ RERE, GEERGZEBONTIERA L
BTN 5B,

Molecular Dynamics#t (http ://www.mdyn.com/) 3IV—H¥—XF+ =y
AT LIV BRICEETRREEKRHTADNATA 70 - TLU—HlficL Dy,
Amersham Pharmacia Biotech tt & H[E THEIFHEERRIT Y — LV OIGHBR Z # DT
W5, F$R1210,000 spots/slide ® DNA F v FBAFZEE LT 5, 9THE 10 BiTid
DuPont 4 & i U T BB OMET REAOIGRRE £BIA L, |

DNA F v 72 &7 BUBEO/NE LI EROZERAKOREZE » TS LEDI S,
Nanogentt (http://www.nanogen.com/) (3w 70y rsy4éwf7ac v
BB W TN RBERICE D, o TNVEEL, N TV SAL -V a v, B, F—
T EDRT v T2ERL, BRPAIXI Va VERALEED<A /7 n HERE




Y A7 (APEM: Automated Programmable Electronic Matrix) 228 L7z, X
2-TRYY IVF 9 7TORBERR U bOTHBY

//

Permeation

SidZ Si substrate

Fic. 1. Silicon chip with an array of electrodes. (4) Overview of the microfabricated device. Chip dimension was 1 ¢m 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. (B) Electrode array region of the chip. The central 1 X 1 mm test site array region
consists of 4 large (160-um diameter) corner electrodes and 25 central 80-um electrodes. Pt, exposed Pt test sites; SisNa, dielectric; SisNs over Pt,
Pt insulated by Si3Na. (C) Cross section of an electrode test site. Location of section is indicated by lines extending from B. Pt, SiaNa, Pt insulated
by Si3Ni; 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.
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XOIBBRICTINA TV TAE—V 3 YE2ITH T EITE D, NI DNA OBEIP
B, JEEA DNATOREZITHOEE I EEMEEE LTH A0 TH 5,
BEERIGH & LT3, 974E5 A 5¥E Becton Dickinson t1® DNA #ig X F L% <7 A
709 AT MTHBIAATRYSE DL v A7 LR HERFE LT3

Genometrix # THBHIRD AR— 22 B/NBITT A, 17V 2y VAR TH
MENIZDNAF v TOTICEERBEINZCCDINA T FALE~Y 3 VORREHRH
LRI T& 5 v X7 A %B% LY (M2 -8-1,2),

Pre-HYBRIDIZATION Post-HYBRIDIZATION

Vi Y

SYNTHETIC DNA PROBES SYNTHETIC DNA PROBES
with hybridized partial DNA
sequence

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

M2-8-1 FyFricB3a A7) FA¥—a VHEORISERR

FLUORESCENT LABELING -

~— PIXELS —

iy -~ P

SILICON WAFER

CHEMILUMINESCENT OR RADIOISOTOPE
LABELING

l! L HHI-—-meLs-—lb g;ﬁ{l by

/= = IRy

Modes of direct CCD molecule detection.

K2 —-8—-2 Direct CCD ¥ Z2F AF v THHEK




Molecular Tool#tidA Y TR 7 LA F FOBEMEAREZIT » TE 7, GBA (Genetic
Bit Analysis) &FFLTISEICLBHBRCAL Y — 7 VAV AT AR L. Fv 7L
TOYRF LMLETREE Uiz,

Caliper Technologies tt (httpl :// www.calipertech.com/) ZH\ T3d “Lab On
A Chip” 2$BUL., w4 70F v 7 LXTA 707 VA F v 7 REMicLD b—% 1
VAT LERFELTNS,

—FH REPHIEBBICENTOSI 7077V r—v a EIRO#ESRELL .
DNA F v 7% YiAA7Z 1 TAS (or Lab On A Chip) OBREMEEITED ST
5 _

Berkeley @ Mathies 52 CAE (Capillary Array Electrophoresis) F v 7/ EiZT
BEEICL BRI ZTODNAKAZOM L, V-V —ELTa Y7+ —Alapk
AP TR T 5 VY X T LXBFE L7z, & 51 Lawrence Livermore National
Laboratory & University of California, Berkeley & O#:EHFE T3, PCRER %<

A photomultiplier tube

confocal pinhole
focusing lens

bandpass filter

dichroic beam splitter

488 nm laser

32 x objective
PCRJ/CE chip

drilled hole

0
¢

CE chip

Schematic of the integrated PCR—CE microdevice. (A)
Laser-excited confocal fiuorescence 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.
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4207 7T ) r—v 3 YEIRIC L DBRERR UEBIBR ShO 2 (R2-9),
¥ 72, University of Pennsylvania Tl V) 2 —H4 S5 XF w A2k L2 PCR Kt
BROFHLE & RGHROBRE'P . RULCR (Ligase Chain Reaction) ~DHY
ERAI. THODHFEIR DNA F v 7k 3 RIGOFILERE DO <1 7 vik, B84t
E LT b e 5,

Z DOfh, Patric Brown's Laboratory (http ://cmgm.stanford.edu/ pbrown/)
T H2-10D&HIL320H%—KRE—FTav ba—-VENBY=FTL—-NVF—TI
ZRETUL Y M F oy AL ODNAZEIET S “TU—V AT L” 2B% L. <170
F v TORBEEICHT ICBRERZRE LT3,

2 — 10 Patric Brown’s Laboratory &7 L — ¥ A F A




#2 -1 DNAF» i<y

X HRNE HRNE ER:) R REmR AN w0901 6RE) |
Affymetrix, Inc. GeneChip (W& &) © FrOD~-LP4S0BTUERHI (Nov.97)  |Hewlett- Packardt MR Affymax B VS A9,
» DRI ST —H * BRCA12 A4 (0ct.97) Oncormedit Affymetrixtt LS HFOREAR,
© RAYOTF I —S Bl - pEIRMERIBHS AT A (July,97) Rochet ’
- REFRBT=5—RE (Jan97) BB Glawo Welloome$t nE
- HV REFF—HX— AR 9T) Rochett ~SBHEIC KB LT
- BROREFRRABBH( 96) KB NIH ARV DA K ST TN AE
- BRCATMESRIRH (' 96) Genetios Institute$t. Stanford X% <R
- BEROWBROZAKIMDNAC'96) [ incyte Pharmaceuticalstt AT AEDE=HOTAI0RNTE
- RBRETFT—8A—A(96) Roohett
- R RMETRIBE (' 96) S EMolecular Dynamicstt
- DNABMRF /31 Z (' 93) Sk EHewlott~Packardit
- DNARRHTS AT L(’94) B Gonetios Institutet
- ERRIEFOWERIFEH()
Synteni * GEM (Gene Expression Micro-array) SREFREAS-UEH S o
* Stanford X%(Dr.Schenas) VST 2 A %
- cDNATO—TE 7y I-E8
-+ 2HEETVmRNAE Z—Swh
Hyseq, Inc. HyChip (Super Chip) s HIV S/ LRNRE (9T AR RR 3¢
- SBH(Sequecing by Hybridization) Y. MEMDNARE('97) *SBHERIC K B —ri T
- Affymetrixit I=NU TIREE
Vysis, Inc.

* GCGH (Genosensor-based Comparative Genomic »
Hybridization}

AR 2
S kREAITn—7

Inoyte Pharmaceuticals, Inc. L ifeChip SREET BRI (965Y) Affymetrixt HRHS: DNAT YT IZBIL TIX AL,
LifeSeq: oDNAY / Ll T — 2 —Z
Molecular Dinamics, Inc. DNABIRI T /31 R © REVORETFRE~OERRHC97) [DuPontdt - ONAF v ICBRL TR L.
SREFRERIEY— N O BIER Amersham Ph ia Biotech
- DNABBNA T/ A% Affymetrixtt
Nanogen, Inc. APEM (Automated Prog ble Ei ic Matrix) - BNEBHERTL(97) Beoton Dickinsont HMRER 3
s RAUAILIMRZIABREBNTRERN/ (T |- KRES AT LM 97) RE Profimtt R MARET LIS DRENEE,
Fob1EMR
Ganometrix, Ino.

AVYT b BRI L DA YTONAT BT EHE
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-] 2 H
TV BRI F T TR 100D
XY R,
Moalecutar Tool, Inc. GBA (Genetic Bit Analysis) Bioohip - BMBRCAIS—VL A XF L(95) MR 3¢
12-30mer A)TE96 TN TL—MBHE TRURFLL, EREHSAEEB~DF
9 57 % (AnalBiochem.1995) NIAROUAFROBBLE SRS,
Caliper Technologies Fot SRR KR (Lab On A Chip) PR o8
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2—1—-4 DNAFyTOiRE

DNA ¥y 7REZXMROBLETFRE -SWITRIUSBDOEFHIN TS —F, HRRT
OEMIRAZEMR U2 BEORES LI LTINS, U LERBIZEROBIZENT
B —BICFIR SN B &5 I8 Bl E 25  ORBHIBRINTI B,

DNA # y 7RUZDIERIC OV T ORELH U BBV OhRSh B8 1
5B LTIY L SIS EEREE LTI, PROF 5 703X M Ty Sh
ENENITETHA), ZDRHILRF v TZDHDOOMERREZII LD, AV TS
0 — 7 OWRYEEEOMFE. T v TREOBEMLE ER I X METICDURE EEZS
N3, IR METRHESEN SERREICHITHOENRDE LS L, E5ITEA
B O/NEYEE & B2 Xy P4 FRE- Point of Care ¥ X7 L& LTARWNTZDHR
gEWMTLOLHZIN S,

DNA OBEHEEFIZ DV T, AffymetrixizfEFEIN B F v L ETOXY T —FEHES
BEEH SN UDAR UIcAY T —F/2I3cDNA ZBEHRT 3 HED2B O NH 3, B
DHETRIERICE N TZDOHMM T & RBEREIZBRN TN 5530 mer 2l EOREA
VIS —-TDEREBEETHS, —F. REDHAETRREEA Y I —DBEENEET
HBEIEOOEHEDEHNT v FIMERHRS . REELUTRBESSDDNA#HEZH S
D UDEMST LHLENDH 5 -OICRAMICET SREE X MARIEL L5,

£z, Fo 7 LETOZE S 0—TOSRENSE SO TEHIIHIE Uienng TY 5
A=Y a VRUDOEENERE LS, I X7y FERNRICHZ A72DICb. BN
ATVFAE—~Y a VEERT S LTHEREEY 0 -7 OEEPEE ORI IMNETH
D, ZOIHITBYREREROT A FTRELEENS, AIELT. F+ESY-HID
7u—HBOF v FHBEENTHY, NanogenttD/¥57 » FTR I B — VY XF L LTY
YTNVERTIEILONA TV TS - a v OHRE LT TS,

oI, To—THHEDORHOI ATy FEBCERENR T 775 —EBY NI TV ST
A¥—Y a VEBAKT v A ROBH SEEFETH %, Heinrich' 513 DNA R
HDIZPNA (Peptide Nucleic Acid) %2F v 7 LICEBL, "M TV F1E¥—-arl
727—=%y FDNADABIZEEND Y VEHEZRIET A REBAR L. TOREICIIBRE
@ SIRIMP / SIMS (Sputter Initiated Resonance Ionization Microprobe /
Secondary Ion Mass Spectrometry) ZFJH L TL 5,

WEY T IVOEITICIIDNA F v 7 DAL ST RAESEO/NE{LISRD S h, 51




ZhoEER LA 70 b= NV AT LDBFE Nanogen it 2 RF & LTHHE &
BETEDSNTH A, FXRERICRBEIINDZS>TH S, Fv T LETDONATY
TAE¥ - a VRIEEFD/NNY — ViR BRI ST, Fy WYV TNEBATS
T TORMERT v 7 (Y v FIVRE, BEFHil. PCREE) IEWTbe/ 70 g
LB LI D, ZDIDIZRA 70T 7 T Y r— a VEROEBICHHEBIMI SR
T b,

DNAF v 7OIGHEZEALBA, 2OV -7 T U AR LD bBETERRE.
DNA<Z v BV 72 UCRETRABIICEOWTHREZRETEX 360 & UTE SN
HEHONTIN S, BILBETERKREDIH TIZ. BRCALZ % p53 75 EORARZE R H
VAT LDBEREINTOAEN, R, I5IE{ DBEETFERMREEB & UTRIREN
fe8&. DNA F v 7 L COLIHERENTREL LB EEZ 6N 5,

RE, e /L70V ) MUK DBEFOT O VERVHONMNIIL D DDH 5—
F. RR M LTHLBETERERITOBERIMONTE D, b bOMEvRESE IS
WTBETORE - BEEZHET L. BETRE D7 » A VOEELRSLNTNEY,
CD&IIMEWTDNA F v FIIBETHEEDREITY — V& LT ZORENHFINT
WB, ZDTHITIMRNAICHT Ao -7 2 BB LT v 7R INBZHRENRD O,
RRBAERKRIT T2 L TCERILNERINE oI TSI E— a VOB, F
v TO¥—H, REBEREF LS AFI v 7Ly PO EVEEOFEEELL S,
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2-2 5/ L2EROLBERE

T 7 i LUVTRIHTE 28 BHORLEFEDREZEE S TEDREARE T
e LT  FERIBLIRT &L DiIThh T e, ERSEMDORES & U2 DEFIDREIT
EZETRBEREIFNELEE UTE T, HRNRELIEYOLYT ) LAEFIDRES
hTtohid, chEXMBESIE LTY ) ADNA FIBEBFICRE L~ —RBFIDE
AT LITCTHREEREEET S ENEREAEL L5, ULH LD HITERER
FIREDEEEPERD T — 71— ¥ 7 FVERMLET 57D DNA F v 7{LEDRR
TAREF LOFEEIIDEL LV, BEETIC, 7/ LADNABORZ 3 sRREZ /R
B UBIRTE SV DDOFENERIN TS, WINLHRLBBEY DT ) A
DNA OERERFINRMTH > THHEATRETH D, £ FOX I T ) ARFIBTNTHE
o> TOIEWEEITIE, &Y ) LB OB N FEER LT >TW5, T TR, 5/ LADNA
%7 4 H—7Y b UTHEITT 5 Restriction Landmark Genomic Scanning
(RLGS) #:¥ Xt Arbitrarily Primed PCR (AP—-PCR) & &, 4/ Aoy 7 b
S v a itk DR DNA 28 H 3 5 Representational Difference Analysis
(RDA) #:+H L UIn — Gel Competitive Reassociation (IGCR) HiZDWWTHR~RSE, =
DIED, I ATy FEERRE MutS) 2HVSHFEILDNT HENT 5,

.2 — 2 —1 Restriction Landmark Genomic Scanning (RLGS) &
a BIRBLUEE RLGSHRY ) AZXF vy 7 §ibb 4 ) ADNA LOSHOE
NMEKD Y FF NV E—BIlelicblcoTF 2 v 7§33 K5ED— & LT 1991 £
Hoic kDR EahiD . ) LADNA LOKE (Notl7s & OIEMHEEHIRER) OFl
BERY A bS5 v N —2 & LT, HIRERNF O ZRTTEKKENC L5598
g —VERBTEHETHS R2-11), £9. 5 Fv—7L95% 1 PUADE
. BlZ AR Ehz 7 ) LADNA D= v 7 RIS RINTIERIED, ERIh30
ZH I Ty F U ETI DWVT, '/ LDNA%RS v Fe—7 L3 55RE
RTHIEL. RGEB LD bEIKEIT 5, 29 LT—RIMicHE S N7z DNA
EELTFIVEEMRICTOH U, HONEBEREEL/Sy 7 7> —HTUES 3 2 &ic
&0, FIFRBERBILEAF 2E 51T 5, COXNTREHIICHERMLIZRY T
ZYNT I FTFNVDO—DICEESE R THOBRRB E T 7cf. A— b5 UAS
5 LERD, BONEBTFORRy b5 — L 2ERICLE U TEINRD/ $5 -2




BT B &Itk D, ¥/ LDNA LOELERET S, BEDELDLARy FO
DNA #PCRTHIEL T/ o— ALTB3FENRMENB0, ARy FOBOERET
2E T, THOLREORGHEHHIPCR ZEDIN &S A THO A &2
IbT&E 3, Lizhi->T, OFETPCROFEFRIBIBSOBELZI, HNETS
HDONE SNITVEBITIIENLFEB L DES,

X1 X2

%195 3 )
(1x7H)
X2 | Y > | Y=

xi| dete | @ |

BRkE
(2x5et8)

IR 1N b4
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P
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------ Y1

PR R

(1) 7RvyF I UINAEHBMERATIIV. XBESIINT S,
BMEOEIMESBETHNILHREBEBTNS.

(2) 7HO-A4IVEBERKbHESEILD.

(3) FirezEamikicyivE L. SIRERCTYS. _

(4) HRUZIUYNTZERINT2ZREBORBRRABNOD®E. - SOF IS 42172,

- ®2-11 RLGSH




b JEH FEEBEVNEANITUTHOBEEYICELHSWSHY / LADNA K
HEBETH B, —BILAF ¥ v =V 7 TE Y4 L OEAMIIETED restriction
pattern IZFRSNS D, RIZHHIRBERTAIES v N —2&FB2 LT, RF vV
=V AR ERE A TE 5, ARy FOMEICLDNT A N, F1 704 Fdh
BNITML EOBIBEEHET A LB TEEDSEEORMTH S, /o, A F
LB BER (Notl, BssH 1173 &) 2R HUZDNA D A FIALEAL DB 2R H
THIEHARETHS (RLGS — ME), BRIENHEHIEM TH 28NTIIFEZIGH
U7e8ig13/078 {18, AIC & D human glioma RIS & DIEEHINE T:#
ETFDRE « BIEPLDNA O A FIUEHPREENTNBENET Ny FYTOH )
LEFTICHEICAHEINTEHE D, Fujimura SE3FBEICL D AF VY UitEoRE® L7
Staphylococcus aureus IZEWTHEEBREUOEY T I — FI5RBETDOREE
RHLTW3Y,

c BE-BREEGN COFEEED BN OFRICEE LI TR,

d B8 74TV POBRBIZIOATAY =T RR VB LIIREBE%:
B, BV NIVOBETFHRIBRR T TE 2R EDH 508, BIEOK LM - Al
HORTHENRD 5, 4. RHRICEEZICA TSI LILL) ThSDRANHE
INBIHLEHE LT3 THASH, F7-. copy number reference % & 575133
TSIV RV 7 IVIZ X U false positive 2EL D) BUVE EORBEEARBIT SN
5,

2—-2-2 Arbitrarily Primed PCR (AP —PCR) ik
a BRBIVER &ER1990FICWelsh Sizk > THRINKL? , FBROEER
MNEETETSA—2BOTEPHET=—Y Y 7EZET (A0°CLT) TIERMW
SPCRZTW, BERY T 7 YIVT I FESHKII TR U TR PCREYEZLET S
J&iZ&DY /) LDNA DRSK « WIBERHT 5 HETHS (K2 -12),




EEDERRINEHBDTS17v—%
ROWTEPPERHGETPCRETS

:

RAIDNA  HEDNA

BRABICK S EM

K2-12 AP-PCRi#%

b BE EETIINZFY T Dstrain DHBBITIIEH I TH A0, BEEY =S
LHHWBY ) LADNAISHAARETH 5, ZEIIPCREAVIAETH Y, LEX
itk DNA BAVDBTT 8720, Y 7 LV OBIHII~OISA bk S T
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FIG. 6. (A) Sensitivity of the cycling probe reaction, Lanes 2,4, 6, 8, 10, 12, 14, 16, and 18 show cycling reactions performed with DNA isolated from M. berculosis
cells and dituted 10 the number of cell equivalents indicated. Lanes 3, 3, 7, 9. 11, 13, 13, 17, and 19 similarly show reactions with M. gordonae DNA, Lane | shows a '
control reaction with probe and RNase H. but no target DNA. The upper band represents intact probe, and the lower band rupresents cleaved probe fragments. (B)
Linearity of the cycling probe reaction. The percent probe cleaved at cach of the number of celt cquivalents for M. mberculosis in panel A was corrected for the
packground cleavage in reactions conlaining 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 by the error bars.
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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.

e Brief Description of BodyMap

e Gene Expression Profiles of Cells and Tissues

e Cells and Tissues Analyzed

e Expression Patterns of Selected Genes

e Library Information

e In-silico Northern Hybridization of Your Sequence
e BodyMap Entry Retrieval

e Version Information

e Further Description

o Slide Archive

e Summary Statistics

e Bibliography

e List of Contributers

® Anonymous FTP

e Summary of Human EST

This BodyMap WWW server was constructed by K.Nakai

Last update: Aug 7, 1996
kousaku@imcb.osaka-u.ac.jp
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BodyMap 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
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(2) Casting &

Z OEE. BEOEEHBEETORAET 2SR EEN O R, SRR - B84 2 H
T, Py 7 MER Y BRURBERBEY 2R—2 & Ui 2BEOE R A EIBIR
AT 3Y, ZoFENOEEIL, i) PCRAT7 Y72 —2WREIEA LIS V& A
i DNAF%] (15 — 30mer BE) %A LU, i) in vitro TEEHERT EE&E%E
BEEE, i) COBEEEESLYT N GRYTHYILT I FEQRE) 7213, BB
SR TF OPIC & BT THM - BEURL. iv) ERSh/ ALY DNA %
B Uitk v) 7477 —EFAFIA U PCR 12k D DNAZBIE L, vi) i) — v)
OITRABERDET. LVSBECL D BN T B4R AV S T4
35 DNAEFIZEE « BBIT T 5 2 &EFEEL 785, LA LI OAETEIXEM S DNA
BEFD T 4+ 4 AL, 6 — 8mer ST EPEBRIEZATIE I E b5, 20K
P SEES ) A0S —7 y MREFERET S E TICRBIDNI &, EROEE
KMHTORAET & DERIIRETH 5 ASICEELEATHS, UL UPCR AEH
95 2 & TLIBNICHABBICEEHIBR T Ok & 867 DNA 5O DAL HAES I
1o te ATHREIE LT 5 BHTH B0

4 - 2 EEHIEERFORR - BITER

EEHERTE. 2 TORBEFORRLZHAH L TEH . 7/ LDNA M SEEFIHFRN
RETHDICHEDSDTH S, JOIHEFERAHFETFEIE L, TOXRy b7 —7%
o ET B &I3Y /) LADNA OBETFHEROAIE S TEMRRORERBF LS5 LT
EHICEENL I L THD, THEEHNARTI. HTEEFETIEELONTEY. ¥
YRJBDOHTTY —DRTRIIFFICRENURL2ZLDEbDOD—DTH 5, D/ DEx
BHIEET I, RIEITRMD DR i LB EEEEIRORELIERICEENT
W3, BTEE, BEFERTIIMRO DNAKEAEERT SOENY TR L. DNAKS
HEEHERT & RNARY X5 —¥2E LT IREEEEAGOBIINEL, /08
~ 5 Uy ERREERIC L VESO LAV, B, BEESEMNCHET 59 DNA
RAUEEHHRTROFENRI 0—XT7 v TENTE, I TEHHTIIDNA -7~
SROBEMEEER ONARKSHEESIERT). 7 308 -5 o) BRMEEER GE
DNA #&HEEHBRT) 28 U EEHIERTREEMc OV THRS,




4 —2—1 DNA —% /0 BRHBEER % B BT
DNA — % 23 7 BRI E/EEA 2FE U DNAESHEEHIMER T OB R & L
TRUTOLOH»ES - FIHIh T3,

(1) South Western & ,

Z ORI, HEROEALEN T FEORENIL LD THEDNAT 741 =54 —2 1
< b ST 4 —ICHEET BEIISEN. ABROBHIESVE, BT 2EREHE
EFiciewd3in vitro BEER'™ ORAWE, SRy 7 NV BHTERNVRI
BAohaEms LTHESATEbOTHB 2, Zoillil. EEHHRTO
DNAKEGREEIEE LIt R 7 Y —= v Bl TH D . EERIEEET O b DIRIRE
BELULTWE, RERIDAVOSH TV SBEFEREM THSE A7 »—OFIA L
HRI/o—- FOBBENTH S, BFORBEUTOBY THS, i) KBEHEOX
TR 7~ (A gtll, A ZAP %) IZcDNA ##lAAATZCDNAS A 75 Y — 258U,
i) FU—FETTS—FIHCBHS 7 My —EFLORMEY VXV BRZRESH,
i) &y EERRRE LTS -5 boko—RBICEE L, iv) BWET5E
EADNABRFZEL I NIULEI N/ DNA 2S5 3E. v) DNADEA LSS/ %
T 5, ChickVRET 3V BE LT, BODNAKRKETZ 9 V0 Be %
BUTWA 7T —7%BINTE, COTS5— 70 oHEEENET S DNANE LGNS,
UL LIENS 2B T, 1) RENIIAT oS A< - LOEBED Y v/ ED
SHAEAEIIH UTRBEHTERNIE (1HEEDODNABHRDY V3V BEDRY
Y=o THBHD), i) 7 30B0EM (V VERk, Vil 7TEF/UEE) Itk
DHHTDNAKETE LY /0 BIIBUE TE LV, iii) non — specific DNA #&4&
EHEL DI VI BILEB Ny 775 FDG ) BN LT 2 EEHERT ORISR
BBOEEVAR, FRIOFETESNIEEHERTIENOLDOTHENES
DOHIEITIY, ERIZY VSV BARREIET N Y 7 MEICK D DNA KA 2R T
A2 &, FREBEHIBEEEICONTIE, cDNA 2HU 2 CAT assay . Luciferase
assay i & AEEHIEHEORHRNLETH 5,

(2) One — hybrid #
ZOE I Two — hybrid BEOZRE LTHEINWZLOT, BREXBEVTEY




DNA PSS 2 EREFERT 2% - BE - BT » 2 0. BIEEF#EETO
HERMNEEETS (F—Fy M LABRTFEHERTS) JEICHEHTIENTH
BEB . COBKOFBRIUTOBEY TH B, i) His3, LacZ SO L H—5 —#ET
OFoE—F —HBICEWDNARTZBA LI VR-7 -7 5 X3 AR UBRIC
P EEd 5. i) Gald, VP16 FOEEHIERT OEREE/LHIRIC CDNA 243
B72cDNA S A 7S5 Y — %289 3, iil) S475Y—%1) THEYUBRHNITER
# U, iv) His3, LacZ 0w —»—%ERILE i @A LiccDNAICX BRIA S ~
NOBENEEREEF S UTHNYDNARTIZ/ER L) BEREZ X7V —= 79 5,
ZOBERICE D, BE S v BERETE LT, BEXYDNARTICHES T 5 cDNA 'E
BitBohb, OEHI. L4 U7z South Western i RIS 703, 1) [HEM
IINTFaF A<= LOEBED Y LB SR AEEEISG LTIIBBH TN
& QFEEOCDNARRDY VX VBEDRI Y~V I ThHhbIeY), i) ZV/30ED
& (U UBR{L. UM, TEFIUEE) ITX DD TDNAKEESTE 52 23 BIREE
TEIWD, KEALT, ) TEATFoFAv—2ERTIEFIH-> T 384, R
TIE—2DBETFICBEUTEINCBERBICEAT 5 2 & THEZ LD UFREEHEET
BUSHTE) LTl 570, Ficil) ORPEIZBIL T, BTk 35 v 80 Bt
BB ITE S 0D 5 D TRROTRERI I H 5 EEZ 5N S, LHLAER
5. EEHEABEERE LT ACRELEENEFORMMNRKEEEL, BEE
WHRWE S, BHike & PR O TR SO > TTRIRDEBICRE N &
DS SHBROFIIICHAEMOMENEEN 5, FEWOEHEE UT., FEEEHERT
ZEAUIZBRHIIH U, 4/ ADNASA TS5 —%2 U R-F—BETFEMAIELD
DEBATHIET, BERERFOS -7y M/ LADNANME SN S &I HED
EZR - EHIhTH S,




—— —
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Yeast
[ O
cDNA  Activation
Domain
c¢DNA Library fot One-hybrid System Yeast
Yeast
( Transfected DNA )
.
OIS ON (alive)
' —
N Enhancer Region Reporter Gene
Hybrid Protein \ §
X
: -+ XK=~ OFF (dead)
'____
\ - Enhancer Region Reporter Gene )

B4 ~4 One— hybrid




(83) Phage display &

Ty—VF 4 RATVAORBII. # /30 BLThEI—- FEABETF LM 11D
B TRV AT ERRLTWA I Eicd 3, $Hbb, BOTEKLEHELET
55 N BETOBREOHEICE > THHELR, TD5 /3 BE%:23— N9 5k
FERRRFICFIZANS ZENTELZ &G, FUBERERBITT LD BIE5H
ICRIRINIC, T 0 1 RBEZBITT 5 2 EMNFEREICI B, 3512, 77—V OREH%
FRLT, 700 BLBET2RBICERBICHEIET 2 2 L0 TH 5, RIROK
BEETHERRELTUI. YA NVAPHRIC L BT 4 AT VA DRDBEZL SN S, 7
7= VB KBER EORBEYABEE UTHBET 20I1IC LT, U4 L AITERME
EEEEUTHMETAI E0S, BRANKSY L/ ENEREY IS OBRREN
2213 BAHED B B, - Ty b MEEOEREYRRD S V0 BE RIS DT
3y A NADROSHE D EEMITIE EREE SN B TEEDE . U L. KB
B COMBEIC B LT, BE L 5MROEMICERNII D, BREEEIENI &
Do, ECHVLNBIZIEE S THEY, /o, MfaRm~NORRI., BRIhis v
WRIBDRAI Y ==V T EWVWIBEPORIBE, 77—V LDIEBENIKRENLTRI
E->T, BUEBBKTRI Y -V S TEBHBRBITB->TLE D, BETIE. R
UV =LA L AFFRBETE U/ mRNA ERYRTF NEoFESEEFIRT S Z &I
LT B EBETEANTI A FOERICEFILTHED, RY YV —L4
T4 AT VA EFFINTNS, UM U ZHREEICIIHEEERII . ERENIRTF
FIZmRNARI—-FLUTWB2ETHB ERBESIEL,

T7—=VTF 4 ZATVA3. UEO LS TEHEDI S, BRTHORLAIUEER - /2X
TFRHBNEY 0 BENS, BHOYE SHRMTHEEERTERXTF PPy /8
JBEABBITERT B ORHEETH S, 51T, BFO One — hybrid #+ Two —
hybridk & I3& - T HEERICL AEAOBEZERENTITI 2 &0 o, HE/ER
DEBZHFICT L Pa—)bT 5 I ENFERET, BEMLIZHLENWTWS, UL, 7
7= VRTREIRBRENI Y V0 BILE - T, —BINIZT 7 — ¥ OB PRERERET
ICHEERITT I EVEEIN, BICTE2EDNALZFIH LIt L I BTLRn s 08
ERNEE B I ERBE TR, ol RO SELEDONTO MR T 7 —
(M13 phage)®™ ® DA, BREIND Y vV ENKBEOELESE L THW
SNBLEDRHY, ’RINBI VN EILK > TP ARATRETH - 72 0, FhEN




KNIBITET 35,

72T EETIR EEOMNCEIT B RIS SRR Biobic, WEKO/ ) 7
VAT 7= U THSB, AT 7=V B RTT7 =V ERA U, 77— UF 4 XF

VA DERDBER SN TS, ThdDT7 7 — YT, 100 kDa%@d L HBAEXDY
VR BORFOERETH D, E5I, ARDT 7 — U TIIARME OB TIRET, £
hT465 kDall bk &5 /S BORRICEIILTNET , ZORIE, 7780
B OIRNTRECIE B 2 &Itk D, RO /S0 BHE S 5 ERIHEEE KB U
FOBIRATIREL L D, X 51T, REROBEE KA 4 VB TORTICHBILT, 11300

DISNBIC L BRI R 7 )~V ORI B EEZ S5 h 5,

B, SOITKRERY VNN IBEERRELTIRRT 5100 TRP, BEEEYRIOR

REMET I DORBRENERFEINS,

F4-2 75 —VF 4 ATV A EDHE

M13 T7 A
(pJuFo) (T7-Select) (2 foo / A fooDc)
"AER KD F&E 72 kDa ca. 110 kDa 116 kDa
( £ &/ ) (465 kDa,tetramer)
" oR S F K ca. 1 0.1-1 > 05 / > 34
R F O HI L BE/FHRL~L L Ty
AEIZHVW S BET gene 3 gene 10 gene V / gene D
* (Jun-pIII,Fos-prt.) (capsid) (tail)  (capsid)
RS F D53 ik WABE REL g
2=y MEBERE AT HE AATHE Al HE

4=2-2 YUNRUH-5 Y BRMEEREFIR Uik
EEHERTICLZEEH#EII. £ODNA -7 o/ BRIEEEA2BRIEEA EH
gy E- 5 N BREEERTH D EEEAGERIETOIHTkda DEXRES




BTHAEED Y V3 BENOR>TWBEEZONTVS, JOEEHEARKIL, fc0
BETHEICRO T, TOBRETE—THR BT 5 2 LIk D BRTBETOMY
BHEIEET>TWEEEXSNTWS, ZODESHIEORy bU— 7 2MFHTSE
T, BEEHEAEOBRET IS - BF9 52 SIIERICEEN LOTH Y, 201k
HDOERHRIBREAEOBVMED LD THS, AHITIE, ThETIKHEIhTNSS
YRy B -5 v BRMEER R U EEHERERT OBUE « BirEfic o2V TRE
7L b DELITICTHERT 5,

(1) Far Western &

ZOHME. KOS R E -5 o BRI ERERH T AE S UCHERE
NeERTH 5, 2BED Y V08— 7 23 BREHEER 2B LENITRE T3
FEEUT, YRGB 0 M5 7 4 —, BEAERLSHEY , BESIC L35 v
2%y BRMEEAER OFEAEREAIL. SH81F 5N 5, Far Western #id. 50 South —
Western HDQ 7 0—7DNA % S ENI S VRV BIZBERZA 7O T, i
Western blot X V7T UVEBOEFESEELERIhTLEY, ok

South — Western &ERIBRICEERETIBICOUNIHNTE UTHRNEHELEEL
55, BEENIIEEILISouth — Western BEEFRETH BN, 7 0308 (EE&IH
EFE) £RI (%P, %S, 151%) $ LIk, EAF LPHBZIC & b 5L Ukl
WS EDDNAIZIRILWLERS T F12 2 OF A D South — Western ¥ & 0 1M CTH
LWNBIEE T > T 5, COEMOBERIE. 1) Ny 775 Fimgnhl e @i
S—0R7 V-7 DBE). i) FEEOBETEEE LN &iil) o7
DY I PETH B I DEREEDE L R T B ENBET DN B, BT iil)
B LT, TRl Western blot A V7TV VABHWEWO Y w0 BE S u—TD s
VIR EIEET ARG ERET UTE L S EWSERICEETH B, ZOHINIL. THL
TCRRERIC K O ERICEN & T3 REHIER TR oNTOINMEIE Licd, —F
HAUTALZLENIETHONEEINICL EE > TOBDDHKRTH 5,

2) 73y BEEA S L
C OEHE. FREINCIIIERICEMT, 774 25— u bS5 T4 DY N Y
FICFRIicd 2EEHEEFZREO. €OA 5 LIS V3V BBRRERL, ey




VS BAGH - EINT B L0 OTH Y, IFEORE T TERROESIC LN E
S OWEIEARE § VN EEKBIERNTE 5 X ST RELTE B TH
3, 1) BEULHEIRZIESSHBRT S v 0 BEEERS, THEEELTE—X
DEEITEE U, 1) 2 2 ITHiHE GBAITE - TIZAIN - kIR £¥ L. i)
+4Hz E— XA B Uik, iv) HBECOHSEZLE € ELTRE Lics /3
PEEBHU. V) BRKBICE 0BRSS VA EERE L, vi) BERIELTY o8
JEDT I ) BEFERE VBETEIET 5, &0 FENSEARHRTH B, L
LIRS, EESEETOMARE 7 oy BIZIEEIT aggregation DB D DT
FOREICHNT 22 EAEBONE L, MBEBROHS S L VBLEL S
VR EREFOEEICE LOET B0, U bMHIRE KRICHENT 5 2 E0AE
HBEAEET S S BRSNS T UDERIEE LR TH 5, UL, ¥
VY B UL TREENITR AT BT 2 EETE 5 IR ITB L ERTH D,
SBOBWEIEIN B,

) &y vy BISRE

OB, T 7 4 =7 4 —KEQTEEL ¥ VT EF RS S BEBEEFIART 5 %)
BRI DTHS, fREY. 7 EORFEMRGTRESE, 7 7E2HNT
ZORFEEUCHEGEESHET 5 SIIMIRE Y v/ BEE L LTUTbh TE I,
EEHARTEORNRT TREFOST B TIRHEDS 3 20U BH TIIEM M
PTREATOR/LUNID G 27 BRENIE L ODIN, NI FBELR
W FOEHEIDIZEAEHNIE, ULH UBEEIZE » T, BRMBBOHITE LTin
vitro TWRH BN I & 5 /8 ) BEFIR U EEHER TR &GOS 082
MLV TR - i Sh B Y, 2oBIFORER, ) His ¥ /1 SEEHHRT
(ZDIEATBP) 2 KBETHRE B, i) His ¥ /N SEEHHETENI -7 7
4 =F 4 = FIVCEEL, iil) TR UIBHBRERS. iv) P2 8EE L.
V) A3 =NTH I EEEHART I LB U, vi) BXREITARSY V08
EOBEL. viD) T I/ BEFIZEREL. BETFEREZTI. &I bDTHZ, o
WTRRETHSEEDO TBP &ty /3 ENREIh, 2othiz2 — 3FHEOFH
G IBENEENTOAI LN L, BETFIEBIKE->T5, o, KB
BEROTHEOBOESHERT 2R L. KRERICEMESERBRERSTE 35F




Bk & VR Z RS2 T BEEAD I AMAERRUTN S EINEES
3, ULHh L. ZOERTRIZUD)»SBOIEEHBARFICERIES LTHSETF
2. FEMIC Y A 2 EEHBRTICES LSBT aEENMEN 7 OBUENE LI Z
L. BREGEICHBIEET S N EORBENEET S, UL, 77 SEEHIE
T2y 7 Extg & Urogsl - BUSEIN ©h 5 7 EEE S . BREOEH L NV
bELBRETELILDOOSRORENRE (HH NS,

Protein
Tag

5 1 f S EESHAET

L

BEHERT

K4 -5 5 7fF& sy 30 Bic & 2 EEHIERFOFTE




4 -2 - 3 ZDIOESHIMET OB

5 ) LB OB ONESE 2 OBETO DNARFIOAIL ST, TOE—F—PIT N
S — BT BRI B LoDk B, ZOME. SROEERTAE L CEA
DRETORTFI AT > TOB. WHITRETEIR v N7 — 7 BELET S EHMBIL
DB B, kNI LY—b Y RBHBET Ly THE b AL bUObHBRET DR &
A EDEE S INTTE » 722 TlE. DNA F »v 72U 2 Micro array 73 Sic & § 28T
I DNTE DRI UHEETE B & 5 10750, MRISHLAE B ORE « 1L RE I
DNTEE A - TARETORRLNAERET S - & T, BETEA 27— FERER
22 EHHERGICE B EE RSB,

(1) MEkas{ticfe ) BEETFREOZEE & < OHIHE

St Urcafaid, HEEIOBERPHREEZRIIL. ThThEBOREERT, <D
LI MREEOREORVI., BEFRROENENZENMILSHOTH D, Mk
BENIEBET (HMiv—A—8ET) HPEEOEEHIEICLVEED/ NS v X TH
R 32 L THIIBERTORELRT LEBEINTWS, FIZITHMEERlIcES &,
MyoD7 7 I ) — &R ah 5 —HOEERTH (MyoD, Myf5, Myogenin, MRF4)
2. BRBRENICHEE U, b2 {REMcHiE L T a0, s blims
HFHEENHHEBE THBICREIN/ /0 I AL O REFHIh TS &
NN - TE7z (B4 -6), 375, MyoD & Myf5 i3, SiZitlaOBREMER T HRE
LT3 EEZ 5N, BEEWIZEE LT Y, Myogenin OFEBEEEIZHIE L T3,
Myogenin i3, HERERICHEOEHEZZ L TE D, HHEENECTFORTEHEEZEL
T, GHEIEEOREE2ERT OO FLLUTEHL, £/, Th5MyoD7 7 32
) —BETHOREHEI, BEEELT « — NNy It X 351@%20, BHobicim
HEICEERT (d) oFELHLMNIENTVS, DL f&%ﬁ]ﬂ@.ﬁ}{t&:‘ﬁé’) B
iRy P77 OFER. LM LI NE B, FE, B ESF R
CENTHENFNC/EBP a, PPAR 7 2 Cbfal 75 FOBRMNEEHIART &)
2%, MIFAHMEAE LTS & E AT BNTE > T& 2, S H 5 OMIITENT, %7
MIASHE OB EESHER v b7~ TRE 513 EOBROBRIML N, FEO#
RBIZHEOZEN T oMM b2 HIE ST 2 H - REERTERNRVIZIh T L, H5
{ETHS NI SNZZD LRI UK S ICEERIER v b7 — 7 OFENHS NI - T




boLfifrEh 5, ML & BETFHRREFEOERE PIREROMEN L ZFITE~
fedd, BEAWSEESEOBESE., MBRMERE-CHEEa0st - REBEICEHTHRE
BEEZoh, He ORTEH BFORESELITENT, AERE Ay b7 —7 OHE
JEINRE - T DO EEDN S,

commitmenf GESFHT)  differentiation (43E) maturation (AXHER)

myoblast myotube myofiber
(BhF#ERR) (B5%) (4511 3]
/ preadipocyte —_ adipocyte
mesenchymal (RUB=AHAIRL) (PRRsHRRE)
stem cell ‘ ’

(E3EREHHR) osteoblast osteoblast osteocyte
(RHeREHRR) (S RIEHER) (F#ERE)
chondroblast ~—————— chondrocyte

(BxRZFHR) (WeRe#HRE)
HIBRHMLERET SEARES - EERTF

B - EOFEEF (myf 5, Myo D, E2A, Myogenin, MRF4)
HOHBET (d HEET)

BEBS#BRE4E : PPAR T 2. ADD1. C/EBP @, C/EBP 8, C/EBP &

B3F#BaMME : ADD1. Cbfal EE#ERsML : 78

K4 — 6 BERMAIEOMEMEIZE T 3ESRFH X7 — K




(2) Mbe—H—BETOFIH

HEFE X v b U — 7 OBEIEINTONT, B4 HAF CRIETFRIEIEHIFIR S
hBX3IiA5, BED, MEBEOREEE M- —#ETFORFEE= S —F
BIEICEDRAD I EDWRBH, 5 UBETFRANHE S S0EhcRET 3
PERS B, 1A VEFEERRERICE 5 &, TEBERRIC B T IENH
R~ —H —BETFORFNHIED SN B0, Ok I ML —7 —BETFD
HERICET M. BEEEHX v b U — 7 RSN BICON T, BEOERD
RRAEORBICET DL DDH5, 34bL, TINFad/ vy /7T k2w
20N A Y RY VERBEIZE DI W EWNIFEN S, ERR LA YR Y VIERER,
JERsIRIC 3513 5 TNF — o OEEAETIEIC & 5 i8S R — 7 —BETO%
BIMSICEET 3 22003, BHREOMEEETT 5 Y 7Y R ESRT
(2 AHPPAR 7 2) OV 4 Y FEITEMERREEIRE TS & T, VR Y Vil
HAKET S &0 5. YT & SEEHE TR S Y Mt —H —#EFO
RRAEHT S 2 L CRBOBRENTEETH S EAR LTV, KERSHIZET
BETRI Y — 0, FEADZNELOLIITREY, T, EDESHSBETR
BEEAEITAE, ERAORI/ Y — SESI 5 2 SR B 008 & Tz,
AR B LA EREIC L - T 3 b D EEZ S5, B, MfasHLoi
EFRBESMEEEHSMNIT S LT, BICEYPNBRROBRIEL 2T TEL
R OB &S AT TEBIICED b0 L Bbh B, BTV, Lo
BETHBSEEE LIRS I, RICEEEROERZTT. HANIAESEICK
JLRBEERS5, '

(3) HEBMRE LML

REOCEBMEROT -4 05, “WIRMUEE SOOBSEFERTLE, B—
SAREEH SR =LA HIHES” EEX 50BN, KIIERFIME S D%
Bic, —REghO—RIC, BRI EEITLIUHERE MY LR—REETHSLE
BbH B, 37hbb, MlEMLEd TEFEEESHNERRE" TRITVHEEKS
N5, 95 L7283, Mg xRie L “HERMRR" 2RB LT -7 0587
ENDDH 5, HilkE. B, EFMEECREMREZ. & bICE—oMmiaRIn
SHHMET B LS TV SN ERE, K4 - TITR Uc & 5 Bl AUV 71358 R




T, HEEAGERIRTI I EiICLD, HMEoFEEZ RS TS EZHFET S 2 &0
AhEEEZ Sh, FHE, —HBz o0 T, TIHIZIE > T35, TO& D ITEEMIERIC
BOTHRIEBETFOEH 2T/ —75 2 Lick 0., HlESEERE T 2 BEEHIHERE
OIRIANTREL 125139 TH B, BAEEHEETFIIOWTHE U R TORRZE
L. RBEL TV 3 bOETIIODWTHLBRICE T 2 RRXHZRE L. RREH%E
BET DI LICLD, RERBEOMHMLFIERFICEHTsHEHR OB LN L IITEA

Do

B LI E T 3 HIHRF
EDHBEF : myfs, MyoD, E2A, Myogenin, MRF4
BOHARTF : 1d, HEAF

ABERER pop=2 il

Se2s

Myogenin MEF-2
LERTR Y —BIEF Myogenm MLP
MRF4 -MRF4
MyoD

ﬁiil?

K4 —7 #lasbic B 3ESRFH X4 — Ko

(4) EBEHEXy bU -7 ETIVOBE

OEHIC, BERER v bU— 7 RBFET ST SICL D MlaaLs SiRgry e
HEARHETES 50 LBbNEHN, TOBIGERTNEAIL, BUclr OBEFHER
ZON/OFF DL HI2& 56X 5D TREL ., SHROBRETFRFARLZER(L L. Wi
R A ERIANKEERBIT ETNVERETIVNENSEL0NIETH S, -
T\ BEFIER v b7 —7 ORI, EROBETFREELEENICIE=S/—FHH L
W R, EEBILUIBRET -7 20NB LFIHT A0V E 2 — 7 f#IFROFE
REFBEICY V7 LTS, #LIE, BEEEZSRUTELIEEIU,




(6) BEEHHERTOBSOIRIZDONT
EEDEEFSIHEORE L LT, EEDNA KA T IEERTFUA DEES|HE
FOEBEHNI 0—XT v TE3ho25 5, FlZIE EiERFCREBPNF -kBTi3Y
VEMLIC X ABBEBHRIES. ZOFERGEICEET, Br0U VB EBR VR Y ViR
{LEERDIEM LNV 5158 b, BERER v b7 — 7 OBRICRARTIREL ST
W5, 7. CREBESEHE LT/ 0—= v 7 8NhizCBPIi, BENERT (27 >
78 —) LLTEL ODEERFIHEAE L. ERARTFHREOEABZIES EVHONE
755120 BEBENERT & LT, CBPD4hiZ, P300, P, CAF, RAc— 1, NcoR, SMRT,
SRC — 1B EZHN I n—= v a3, 29 UREENERTOZRRMED. EEHIE X
v M7=k AEEHHEOSERETZI TS O LEDLNS, 3512, BEENMER
Fida7 7 FR— 5 — LFRIN A ERCRTFOMIc, HDACL7ZE Y F Uy #— &I
N2 bOIEET L ENRHLNER 512, BIRENZ &I, IT7 7 FR—5—{CT
lFE R b T EF I LEEE (HAT) BN, IV Uy =B EX b VT £F UL
BRIEHOGEH SN, 7 0<F UEHOT v FILREZFNS 2 E0EBEHIEX v
V-2 EMEHT S L CREEN D, X5 HATHREDLZ A, EX MU AREICL
THERRONTNAED, thOBKEAD T EF VI EEHEICERETRE 2R LTS
AHER S BETERLL,, BHT ¥ FMLEIBIIER Y VBMLRIE &Rk, BETHEE
T 2 ERUMBNERENHCE UTHESY o 3RS 5,

(6) EEBELN TORETHREFIE

BB E T, “ERE=EETREHE OXI2UWFEHELTE ThI3ERE
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Mutation type

No. of entries

Micro-lesions =~

Missense/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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Gene(s) Database Institution
ALDOB Hereditary Pructose Intolerant Boston University, Usa
APC Adenomatous polyposis coli Mayo Clinic, Usa
AR Androgen receptor McGill University (Quebec), Canada
ATM Ataxia-Telangiectasia Virginia Mason Research Centar (Seattle), USA
AT Ataxia-Telangiectasia A-T Project (Florida), USA
BRCAl Breast cancer National Buman Genome Research Inst., USA
BTX X-linked agammaglobulinaemia University of Helsinki, Finland
CDKN2A  Cyclin-dependent kinase inhibitor 2a University of 0Oslo, Norway
CD40LE  CD40L defect database University of Geneva, Switzerland
CFTR Cystic fibrosis Toronto Hospital for Sick Children, Canada
COL1Al, )
COL13A2, COL3IAl Collagen (type I) Leeds University, UK
CYBB X-linked chronic granulomatous disease University of Helsinki, Finland
DMD Duchenne/Beckef muscular dystrophy Leiden University, Holland
EMD Emery-Dreifuss muscular dystrophy Cambridge University, UX
FACA, FaCC FPanconi anaemia mutations Rockefeller Univaersity (New York), USA
FBN1 Marfan database HUpital Necker-Enfants Malades (Paris), France
F7 Pactor VII Hammersmith Hospital (London), UK
F8cC Baemophilia A Hammersmith Hospital (London), UK
F9 Haemophilia B Guy's Bospital (London), UK
G6PD Favism research papers Scripps Research Institute (California), USA
GAA Acid alpha-glucosidase " Erasmus University (Rotterdam), Holland
GCH1 GTP cyclohydrolase I deficiency University Children's Hospital (Zurich), Switzerland
GRL Glucocorticoid receptor resource db Georgetown University (Washington), USA
BEXA Hexosaminidase A McGill University (Quebec), Canada
HPRT1 Lesch-Nyhan syndrome University of North Carolina, USA
IL2RG IL2RGbase National Human Genome Research Inst., USA
LicaM L1l cell adhesion molecule Antwerp University, Belgium
LDLR Familial hypercholesterolaemia University College London, UK
LDLR Familial hypercholesterolaemia HUpital Necker-Enfants Malades (Paris), France
MLH1 International Group on Hereditary Amsterdam, Eolland
¥on-Polyposis Colorectal Cancer
MSH2 International Group on Hereditary Amsterdam, Holland
Non-Polyposis Colorectal Cancer
NF1 Neurofibromatosis type I consortium NF1 Consortium, USA
oTC Ornithine transcarbamylase deficiency University of Minnesota, USA
PAEH Phenylketonuria . McGill University (Quebec), Canada
PAX6 PAX6 MRC Unit (Edinburgh), UK
PCBD Pterin-4a-carbinolamine dehydratase University Children's Hospital (Zuxich), Switzerland
deficiency
PXD1 Polycystic kidney research foundation  Genome Database, USA
P1S 6-Pyruvoyl-tetrahydropterin synthase University Children's Hospital (Zurich), Switzerland
~deficiency . : -
QDPR dihydropteridine reductase deficiency University Children's Hospital (Zurich), Switzerland
RDS Retinal degeneration, slow database University of Iowa, USA
RHO Rhodopsin University of Iowa, USA
TP53 p53 Mayo Clinic, USA
TP53 p53 Human Genome Center (Tokyo), Japar
TP53 p53 Institut Curie (Paris), France
TSC2 Tuberous Sclerosis mutation database University of Wales College of Medicine (Cardiff), UK
VWP Von Willebrand disease University of Michigan, USA
VEL Von Hippel-Lindau disease HEUpital Necker-Enfants Malades (Paris), France
WT1 Wilms Tumour database Hbpital Necker-Enfants Malades (Paris), France
Globin gene server Pennsylvania University, USA
M6P/IGFP2R Duke University (North Carolina), USA
Mitochondrial Emory University (Atlanta), USa
Skin disease mutation Database University of North Carolina, USA
G-Protein coupled receptors Promso, Norway
G-Protein coupled receptors National Institute of Health (Bethesda), USa
G~-Protein coupled receptors EMBL (Beidelberg), Germany

Mutation spectra database for bacterial Yale University (Connecticut), USA
and mammalian genes

Mucopolysaccharidosis disorders University of Minnesota, USA

Ion channel mutations Iowa University, USA

Thalassemia database Prince of Songkla University, Thailand
Chaperonin (GroES, GroEL) University of Texas (San Antonio), USA
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D=2DHFOWFEPEMELHR S 1238 OREELE TS 2 EHRART
HB, TuVzl bRV r—I3, FOXINI EETRICT 51 D0FE 2 DHE%
BLBZLIWMETH B,

7 LR LU NANOEZETAHIL. I THYOFEERIINIEBL S AE—
FTREALTE, SBRIDAE-FRHEFAILIID-Td, BLHBZ LN
Vo BV s POEITICH » TR, RO LITERBINC TG TE 545
2. BICRELERSR&TH B,

HETIRY ) LA VT #3549 7 AABOAMPEBICRELT S, AMOE
BRIT—B—F TR W, UEDO T 0 Y 2 7 FOZITICIRREIC &b, 5k
DI LEEAT, F0V x4 FEEDBISN > T AHOBRARS &0 A
BERLIENSZDOEREERZETH S,




#£8E TIUV

£ =%y bUTTHA b TOBETIEERMNOT— 7 /AR 2 L2, £/ox
v b ETOBETFRITGTREL LD, WEOWERA M LAY —4 v ZABROBRNOL
DULERU SN G, BESDEEERTHETID SBERIT~OWFR AN E 12D DD
HY, EFBILEOTHEANEHENED SN TS, A V7 + 3T 14 7 ZEATIIETH
SBETORETH. RIEETIBEELEREINE UTHNNEEDD2H D £, 1§
T, BEAROBZIFICEOTH LT T o —F LEEORAERIMTOI T 3,
I D& S IDRIROPTARGCERFF 7/ LEHRFR AR OREWIE] L2FEB 5L,
RIEOEBAEZRICZORD T x u—7 v T ERERBNOFAELEWNE UTiTHhN
T FHEHEIZD BR - SRR OB « BUSETR 2) HROFRBEFIEIR 3) R|
FEIR v bU— ZBREI 4 2V a—-s TFUVRNEGN 5 EEBE  cSUTH
# L. SHEECERERORE . FEHRI —7'y FOBEBZ{T-12, ChoORAR
i) LRI, BETRESIE, RERNE, REAGETE. BETHEOBERE
FRITEN., 2 v Ea— 2 7V X5 BETHERTREN, BRTFRAFEY 20—
¥ a VEINSERAEZBEOWERUXBBAEABTEZR D AATITbhIz, EREEE LT
3. SEERBIIBRIEDY ) LA VT T 4 7 ABROKEZERIZBS LEDET
EDLIBHMNBILHEZD, oD Tavy MIEIHEIRENEELILENETS
TDICER Y v RUY LB S, EYESE. BRI T, BEFESTFOHEMN
REBO TR TONI, ERFOHEYE, HRIHEOLEEIBEBINIERHS
YRUTLEN 5l, SEERETHEERE LU THADKBIRZTEE biThh, REEHE
Bohchohic,

LD EORBERREZETIZA oY 2 7 FORDANDEENITONIZ, BEKTIRIERY /
LIEBD T — 5 RN~k BITEMDPR U F +—dib> THLWESRD b SIZERILT
b TNBEDIIR LT, BRPVETREEL BITENTHEDPRRTH S, ZOonEHIZE
YESH. BRILESH. BEHRSBFOFELIHRHO L ETITILEND 5, —DE,
—HREFR VNIV TIERERETH D E - B « FO—8{b U7 ZeR Ao LB H T &
iz,
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TR A s TP T ER AT
Fr O FEHFTRE

1. DNAY—Y I UH—ICLBBBESI - V7T b&

DNA &7 /8 B L OME/EHOBIEICIE, 7y YV MERT 4 VY —KEEE
E, BeIIHEIERIN TS, ERSEEOELBFEICHF T, DNAY -/
YH—ZRAV, HOWLEREYIIONT, BEEFIEERIOEET S V0 BORE &
T DREGIALDOER « BRERITETREICT 5, BEM - BEE 7y 7Y v MEZBR
Uleo RO EE T, BEEHEEHITREST 55 /0 BE L D EEN OEBRE TR
THIERED, F7EOREPCT v VY v MEEROV BRIBME TO TSR
ZAREICT A EITL-> T BTV AT LELUTEDRE LY LETE I E2HBEL
T DNA V=2 2 v —2BOIERES IV - V7 VNEERE L

SR & LT3, H2ERER: Saccharomyces cerevisiae D) 5 —+ 1 @iz (ENOI)
DOUEEHIESEIR (ENOI — UAS) &, ZOEBICEERFIRRN KA 5 BEHHRF
(RAP1) D& xRV, £9°, ENOI — UASDEERHNAET536bph 5740, 5 kK
IREFRANFEER TH S IRDAl TG L7 BT Y TDNA & B2 IR8peEsio B
A Y IDNAZT=—U 7 L, 36bph 5755 2EMDNA S u— T 2Ek Lic, DT
0 —7Ixt LT, S.cerevisiae MfaZMR: U CRE L. HEBOSMIBHHEERML, =
BTH IS AREREERIGZTORIR, YVEI8ecmDRY T2 YT I FEEHRF LV TE
KIKENE1T 572, BHIE. LI — COR Model4000L DNA & — 7 o4 —%FlN, A A —
U5 —# 3 Photoshop Z AW T. BHE®R IV F 5 R MORBEL L UMEAHIOER 1T -
72

COMR. K5 ugDF R BEEEUBRBLNIEHEE L 0. RAPL1 £ SN AAE
2. WEEXIE LSBD U Y FGRE TREEhic, TNy FOBRIL. Fo—
7 DNA &R UBCTIEFE 9 52 2 A8 DNA TREMICHEINS Z &0 5, BL
IZ. RAPLIZX 3 AR TSRS ERB LTS EXRERIN, £2, 0RO
B, PP CEHSINIDNA To—T 2 AL, IZIZEEETS -7,

2. 77— UF 4 AT VAL B EEHREFOEES 0 —= v JOFME

T7—=VTF 4 RATVAB, ARG VRIBHDLNEIRTF FET 7 —Va—- 7%y
BOBE&S vV BEELTT r - VREAWREI Y. BEWIHEERICLY, BHOS
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YGBERNRTF FOBETFERHBT ORI TH S, 1ERELD, BER7 r— U MI3 %
FREULILT 7 —OF 4 AT VARBFLELUTHAE ISR THSEN, CORTEREFEENIZK
ENDTFREETE I VAV BEREORTEIE L, TI TEPFETIE, cDNALEDS
ATS) =065 R EHDHVIIDNA ERENICHEET SETFORR LBREERITE B
BELT, ART 7=V T4 AT VARV, Galdp DNAEE FAA Y EETIVE VX
7B E UTDNAKSE Y v/ EBIRR RS Ui,

%9, HEFEBER; Saccharomyces cerevisiae kD GAI4ABIET%:. A 77 —YF 4 R
TUANRT 7 — (A foo) DVEETFOTRICT v/~ VU TREENT Y ba—
WaNB &I AL, A foo—gal #fER L7z, A foo—galid, 7o/ =% 7L yH—
ZHTARBEXL] — BlueB{AICRB S ETHIEL, 7 F GaldpiiEEHWM T 2 X
STy T4 TITEY, Ty VRANORRERZA L, 29 LTH SN A foo
—gal &, Galdp DNAKE FA A v OBAM A 2780 A foo DIREEIZH LT,
Dynabeads 2 \cDNA T 7 4 =5 4 —¥58lic & ». A foo — gal RRMIC10® LIE
RSB LI Ui, UEDZ &S, ARDT 7 —OF 4 RF VA EBNBEI &
&b, HIEADOLmRNA ICHRT S5 cDNAEZBABA & 9554 75 Y —%24ER L.
DNA L DHELEHERNWTRZ Y —= v 795 2 &t & » T, BEEHERT 2 S8
MBI ENMETHEIENHSMEL 5T,

Saccharomyces cerevisiae ENOT promoter .
p— ) competitor
DNA

Rap1p binding site
IRD —
—— { ENOT cas |

——

lrmn

| ] (free)

i l <+— Whole Cell Extract

e

IRD| | ] (bound)

HlINAV—ﬁxyﬁ»K&é%@E¥w~y7b&
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cDNA pool

phage DNA

& packaging & anﬁplification

surface display library

. & affinity selection
DNA fragments

phages displaying
transcription factors

E amplification &extraction

transcription factor
genes

B2 77—UF4 AT VAICLSEEHIEETFOEEETE
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TEKIMBEEF R iaE BT
TR FETIREE

BT HRETE MR RN

BEERITY 0 BE UTHREERRET 2 CICRETBRLBEE U SN S, BE
B, RTS5A L IDOHMB, 7 oV BON S SBEEICE S E TOEREVNNC
BT — 9 OBHREEOERICDINTIONEETH 5,

BEFROBEEE TSN U, B - BEEOBRLMRIAT 57:0, BEFIF— 5 D%t
HIEHP S NV EOBEEHARRETVEBVTER L, BEFHEDETILAEE
THIODOHFEIT > 1,

F7, BV — 4 O EHERh < VI 7 EFVEOBRETFIVTRERL, 7/%
BOBREREE TS - THEOR THAADES I Ll L » TRIETHEBEEETF VLTS
FHEERFELU

donor
fragment Intron fraagg\eee\l?r

Codon bigram
AAA
AAC
last codon 38 -
Y i
i

intergenic
M1 BREFMLIEREYDORBETEEDET VL

ZOFETIE, BB Ry, B2 KNy, A2 oD bigram QEROCAITEF
V). FET— NEEBROBERSHE EXBATNITEFVEROTEFTULL. ZHh oDl
HOIEFBEREXETIER TSI &Ik D, BRI ZIT-> T3,

F72, F N HORY - BEERREEEFEROBEBRICRBTED. /30 HOD
BAIEF—T72HELUTHREL, BXFTCHNTWS, Jhid, 73 ) BofEse <
F—VTRESNILEF - TRHEBELTIHELED. TOBERIIUNET I /BHPOED




BN — RNV ATEFIVTETIMEL, I— FEBORICHNhABE Y~
ORFICHWNS L &ILL Ty KDBAICI— FEBERBTHDD0HDTH S,
EEYORBRTFERROFMAT—7 & UTEL B ST 5 Burset,/Guigo O
KB O DNA ELF) 2 B O TR 2T o 72, EF —78& L LT3, PROSITE (¥~
NIBEF—TTF—INR—R) O33FOY S/ BEF—T7 Db, HHMORE%:
BOT—ELU ORI ERHDEF—72RFHUTHN

Burset,/Guigo D7 — %3, STOBEOBEHEWOEET D DNARFIDF—F T, €
F—T7HEOEF—T7 20— FERPICITER, EX24IEEATNS, SOV IXF A
3. 203D 1I6THEZELSRR LU, T3V v, 4V bo v OFBEBEEE LITRT,

%1 Burset,/Guigd iz & 2EHEMW) 5T0 LTI 3 Bz F4ERMERR

Accuracy per nucleotide Accuracy per exon
Program Sn Sp AC CC | Sn Sp Avg. ME WE
AFHE 0.87 0.82 0.81 0.81}062 051 057 013 0.11

GENSCAN |093 093 091 092078 081 0.80 0.09 0.05
HMMgene 088 094 n/a =nfa |0.74 0.78 n/a 0.13 0.08
Genie 0.87 0.88 085 n/a {069 0.70 0.69 0.10 0.15
GenelD 063 081 067 0.65]044 046 045 0.28 0.24
GenLang 0.72 0.79 069 0.71 (051 052 052 021 0.22
GeneParser2 | 0.66 0.79 0.67 0651035 040 0.37 0.3¢ 0.17

GRAIL2 0.72 0.87 0.75 0.76 {036 043 040 0.25 0.11
SORFIND 0.71 085 0.73 072 {042 047 045 0.2¢4 0.14
Xpound 0.61 087 068 069|015 018 0.17 0.33 0.13
GenelD+ 091 091 0.88 088 ]0.73 070 0.71 0.07 0.13

GeneParser3 | 0.86 091 0.86 0.85 | 056 058 057 0.14 0.09

BN =37 TN X SRERKITEX TR, FEREYIST Tl EREYD
BEEEROTBICOERTHA I EIMBH L, 1 v by /7Y v OBESEOEY
EYTIR, T I BENEF— 73— BIc—oD s Y v OhItB U TEES S & I3RS
WNDT, 7Y vRICRESNTRHRIAS /N — 0o, HFiCEF— T FELEBNE
NHBEEZSNS,
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Bt vy -1 FFo /00— 5 —
TR O EERERSE

1. BREEINBFOYHENFEICKHTIRAE
1.1 ERRIIBITOSHEMHFEELTO Y ay FHYSATSYU—DERAEICDOINT

IR R O0—VOBITR—BINC Y ay b VSATSY—ZERL. VST R
(=4 v RADEH) BRSLULICKBE IV RETH, ZOBE, V—47 v 2A0O¥IZ
YVay MIUSATS Y -DEIEASH, BRE-BENRL ROFNSIA TS —
DYERBEHNER & h B,

BEYay MIVSATS)—DERIITS Y bV R4 4~V a ViZk > TiThh
TH3ic), HEBDOA v —FDNADISA Y~V gy, R F—DENVTSAH -
a VHE LB, 5475 Y —DENKE LIZL W, Povinelli & Gibbs & 3, 74
TI—=SA4 5= a VA NI TF VLB —VRr— Vo= YV ADIZDDEHEY 3
w M USA TS —ERAEERZ LT 5,

Shid, Yay M USATSV—2ERTEBETY - VAR ¥ —&4 % —}
DNA ORBRHEML TS 2 Lick D, BRI IHADONS ¥ —& 1 % — FDNADS
WA S =Y a VEREEIEBA NS TFV—THD, BNSE - BHRE Yay M UvS47T
5 R HBNBESIERTEI ENTEEHDTH B,

AEWFHEIC & 5 DNAEERTIBETFIESY). Y ay MU 347 35 Y —O%ER
65~T0 YIZE TH - 7cfzdd, B Ui FRIC L DRILERIZ Z & & L7,

ik\%%%K%eﬂk:ytyvxv—vyxwﬁﬁm\EﬁJ»m%ﬂm@%m;

DLW L. BRKBIC LAWY —v LI al— by -V EDHE. H500E
Long —PCRIZ & 345 DNA &%) LDNA DBKkE Y — LV OHBR Y I 2 L—}
270N SEIZTIXI RDNADS ALV I hi—4 v R%RB1,

1.2 SRATXIRY
&% : »Z®EE}; Schizosaccharomyces pombe
¥4 : 972h — (Mizukami Library)
B o—- UREE  SIEFL (ERFEEFREYYBEEHEERD)
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13 Y3y bHUYSATSU—{ERRAEORST

BE. Yay MUYS4T75Y—OfRIE. 3XI FDNARY = r—v gL, v—%
VARCBEUYA XTSI a v ERY, 757XV NRBETS U MEL, Y=V R
AN §—&TS Y P YRSA =2 a V&, ShEMS VRT3 =AY a2V LT
WB, Be bEFIOFEICETSE, Yay M UYSA TS5 Y —2ERUICH, TORER,
A4 % — FDNADBANRINTWWEWMILEHLS RIS bao——L785 (false
positive) &4 0330~35 RIRELHBNEL . 5475 —DHENRRL EH -7,

I D7, Povinelli & Gibbs DT 57 —5A4 7~ a VA ST I—ILLB 35—
VAT =NV —r v RS54 TS5 Y —{EROXRESEICHRE - BEXRL . RO/
Vay MIUSAT S —DIERFEERE Ui

COFEDEAY M, TS5 Y MELET 574 v bREICT 775 — A0 &4,
VI ARG S EBERMICELBZTA T~ a v ETHIEIAILH B,

V= ANY 7 —13pUC119 % Sall cut U7z#%. Taq polymerareiZ k9 F I v
(T) % Fill in U, BAPRER{TI ORI F—DRIVT IS4 - a VIRTERL, &
foe A v — FDNADWEWIZT 775 —EEE LTS, 41 4% — FDNARLD 2
SAF = a VINTEIL B,

DD &ns, BRWITS A5 — Y a VOSERESHA I, 1D ¥ — FDNA &
Ry G=DBTHY, BE - PRIE Y a9 M USAT S5 ) —DIEENEHETH B,
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Sal!

EzoR|
Not |

pé5 in 13 4
SuperCos 1 BamH|
Cosmi Yecior Tt

fot |
Evoftl

sontatin

szessbabon )
by elecoforess dTTPfilin

2 3k recover

Bal31 & Kienow
treatiment

ligate adaptors

SR

SRANGTTTAL
CTHAMT A

G TAAATE
CCATT TAGHEE

A &5 sonwatun

Colone ot

FEFH—S A F =2 a VA NS TFU—C kB ay HVYSAT 5 Y —fE AL
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1.3.1 323 FDNADHH, #E

X3 F7a—vODculturehSTIVH Y —SDSHEEICE D IR I FDNAEHH L, 7
/=) 7 aaRVAHH, Bty ABENREICLAERETFoaRIF
DNA40 g% 100 ¢ 1D TE Buffer icid L v 7 & Uiz,

1.3.2 BERUEOREL
3X3I FDNA %RV =y —5— (BEaBUPS600) 12X DEFHLEL 2~3kbp D 7
ST XAV IPERRBIRES LI LB THRA L., BERLBEORXREERHE(LLT,

1833 Y3y bAVSATSU—DOFER

Yay bYSATSU—DERBLUTOFRICLDIT 51,

(1) 4 »¥— b DNA D%

D223 FDNADOBERLE (41 -3 THRBLUIRHICLB)

QFBIKENC L2 2~3kb DT 57 A v A XDHHE - i - &
@ DNA KigDIEHR{E (BAL31 —S Nuclease & Klenow %{#)

@DNATRNT 57 5 —%4EE

@) =T vZANY I DT

@®pUCL19 75 X I F% Sall TYHT

@Taq porymeraseilk 85 KEDF I VEFA

3 ra—=7

O v~ FDNA LV —F VY RBRI §—=D5 A F=ay

@IV 7 baRb—Ya VEIZXIKRBENOEEA

@HVAEWE (ampicillin) AN TV — MIBEBLAS—EL IV a itk RT4
Fao=—%ER,

@ Yay bHYSAT5Y)—DA 4% — | DNA REROREZ

YekZNicy a w MU SAT S =55 100 70— ODNA ZHH L, N7 4 —

&A ¥ — b DNA ZHIIREER TUIN UESKENC L D 1 4 — b DNA LSRR O

T, BRI Y ay MIYSAT S Y —OERAEERILT 5,




1.4 ORI KU O—6{EDDNABERS DRI
18Itk DRI EINIKRBICEDEHEOIRI N/ — k20T Vay PHYSAT
S5 —%fE U UTOFEEI & DIEEEHORITET - 72,

1.4.1 FHF—5DYE

QaRIF/7o—V1IEAICDE500@OYay T YSATS Y —22NThIEEL.
DNA #DNA#HoRy b (7 SRIHEPI—-100 2) ik H i

QEFHAEIZONTIA T SA T — It LB~y

QLY 7 b7 (Sequencher) 2N, N7 7 —FEHR MEREMHIEL VRS O
B, EEEFORERE

142 aVEVHYRI—T U RORE

Q2EEHN—-FTEY—F v ZBFoNEN - bDIR, T2V F 1 JDOHOEHNS
GCGODPrimeil kD /S5 A< —%&/E L, Y19 —3IX—F—HKiICEDaXIF
DNADFA VY b= v RE{T-72,

@V ¥ T U ANRE LT BHSIERRIC T — 2 %38/

@LlLic&nBoniT—2 13RI F/o—rbHch800~900 —4 v R) ind 3
YUY R Y= RERTE

143 2VEVHRD—T U XDOHEE

QEGWKEI- L AEERRTN/F — v a—FiIcE bV 3 2 U— b UK4IIRE
KU/ S5 — sk DTERR

@avtErHRY—4 v AD300~400bp BEIZ TS5 A < —%EK L, 2RI F/o—
YODITALVI V= VRETN, JO—VEREREAN—-T B~ o ARTER

15 #%
151 Y3y bHYSATSU—-DER

Vay MYIATS) —DERFECDOTRE 2{T-7c & 2 A, REREITL DIER
Ulevay MHYSAT75Y—0DA % — F DNAREBRIIE5~T0% TdH - 7o b, BEZL
fevay MYSATSY —DERFEICEOTIIN YL ELOBFIREE I, F/.
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St U ZANST T 7 —~RIINEBIHERTELI L5, 1 3 — | DNA OERFI%
BELIEC A, FASEMNIEELLED -7,

15.2 IRI K& O—6EODNABERS|ORT

131 L DR INZRBITE D 6HDOIRI FI/ o -2l Tvay P YSA4T
5Y—%ER L. BERHIOBITEITo7. JORR, 6BOIRI Fro—rh ok
L7-EEAS 189,165bp 2 FEE Uiz, Fhoy IRXI R/ —0DFAL I P Y= R
0T o2y TNEFTa vy RV =4 v ZADEREEIT., FEOEN LHNER
ahtz,

16 ER

HEE SRR ORNFEICET 2 EIT DN TIE, 4 ED DNA i & 0 BT 5
DETHBY a3y MYSAT5Y —DIERFEICONT, 95 %L E &I IERICIh=N
THEOBWFEEHY L, £, IXIFOFA VI b= v Rickharversy
2= v ADBEBRNRBEBILTbh, V—47 v RAICET AN FRIZ DN T—EDRK
BExnBontc, %O DNAERRIIBITICHAHERATES SO LHEET 5,

2. BIETHRIEETERFBMROICODOERRST—5 15 ORIEBLRTEOEEICETS
BE

2.1 BERFF 5O ORERGETFFOHRELONT

SERG 8LEEE . SYZURES (Schizosaccharomyces pombe) D#J40Kbp (13X 3 K2
n— ) OFRC OV TERETFRESOMEZIT -0 FROFER., ¥190Kbp (62
23 F7o—r5) OEERFICK LT, ORFR%E, motif K. RED V—RERV
BEWIIRRFOFEER V., EETHEROEERURERBETOHEDTREIIDNT
DREEIT -7

2.2 BIZFHREOEE

ORHBERIIBETDRICS v Moy 28070D. KEHBERICB I 5BETHRERRE - ¥
3 F RO, bo 2 ORTROBFBEILNETIZREB L, 1 oy 2FE UEEK
FEBOHEE 41T 2 INTRON.PLOT (Coldspring Harbor @ Dr.Michael Zhang D%
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U7 AZBEE O Gene FindingV 7 b L7, UT ISEBEEERY 7 by L7
EWVD.) ERWBETHEBOEEET 57,

@BEkIZ, BtE2 Fr (ATG/GTG) »5#ia Py (TAA/TAG/TGA) TH
100 7 3 /B EOBETHEEERK T ZNBED Gene Finding V7 by 27 (BT
MRARY 7 FY 27 EVS) L& DAV b o v EER U VBETRROMEE LT,
OTHRONIEREDHB AT 72,

2.3 BIETHEEOHTE
BEFHBEOEEORERBONIHEERETHEBICOVWT, DNARU Y V30 &
F—#~X—X (DDBJ, GENBANK, SWISS PROT) &+ EoY—#i% (BlastX,
BlastN, Smith — Waterman) %179 Z &iC &k » THREEDHTEEIT -7,

24 #E
2.4.1 BIEFREDEE

SEBBERARY 7 P LTICE > T EOHELEFREVSHE SN, #7170 %0 BEAD
OBEETF LHEEMEIE . TOFICEMESREHIET 2 8EF. MEOEFEEHET S
BETFRD 12, £, DBBERERAEY 7 b LT7ICd > THE L 80 HEORERE
FLEIROENIA v b O Vv EBOBETFTH -7,

WHEEY 7 Y LTICE > T2 EOBETFHEREVHEE I, SHBREREY 7 b
VITICE > THESNISOBOBETFHEBEDEBEETT-HERRBLUTOLED TH
%o

OHHBBEREY 7 MY IT L3 ERBETHERE 2B UEREHE L3

1230 {@

ORHBBEREY 7 MY ITICL S HEREFHRROLEHE N —F 58D

¥iZoM

OHNHBBEREY 7 MY LTI LA HERGETHROIHERE A/ 7 550K

DI 22H
OHTBRHEHRE Y 7 MY 7 OATHE SN HERETHEROKIT 19M
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2.4.2 BEETHEEOHET
2.4.1 THEINHEREFEBRICOVWTDNARY Y YV EF— 44X~ X (DD
BJ. GENBANK. SWISS PROT., OWL) LD HhEr U —#%K (Smith — Waterman) %
T, BERTHEER T LIERERIRICR T,
HEINICBETHRIEDIZLALR., SEBEEHARY 7 ML TICL S HERETHE
RMENBEY 7 b T LA RERETHEBETRERGEREZR U TSN, SREBRE
HEY 7 by 7 X AR ERETFHERICE O TRIEEREI N b DOIETFEH - 1,

25 EE

EEESBRITOMENFEORRIZEL » TREDEEREFIOTF -7 138 oN5 X5
s> TC &N COXIBKEBOEERNNF—I/DSBRFIFHEBIT TS5/, Gene
Finding 2179 F 34 TR Thbh T 5,

S, BETFEBOBTICE VT, 220V 7 MIZT7ICE>TRAEIT 70

INTRON.PLOT i3, 248 Ic8@/L 3N/ Gene FindingV 7 by 27 THB 7%
DEHOBET EAHEROFROCBETHEEEHETE 2. ThiZEAOAHBEOWHE
K& DB OoNIBEFREAS VMo OB IR ET B SAAILEY T MY
IT7RERAUCERTH S,

Ui L. DNA BB AT 5 EWRBICE T AW EEEN LSO L I Y 7 P9I TH
BICEET ADIF TN, F72. INTRON.PLOT LA ® Gene Finding V7 b7
bhHoWIEYRICHIE LA D TIIRN,

REOEEREFNOT—FZEEMA LT BT, BRTFOHEEIRX ZHd S DB
RICBWTETEITERICES BN S,

TDEINRI LG, SR, BETHEBOMEEZ ZOEMEIITO 20ic, BIRFLE
BEEFNOH U—FEOBEFEELHEL. TOERICHTIRBEOEYOREO Y —R
%. motif REOKEREITS & & bio, AYBRURETHICEN 3 SUN TR LER
THOVNENRD B,

X 5T, BB EYGEGOEYMEO DNA BT — 42 ZBT2 & i, BET
SRR DMEE T TR HEE L BETIEROBESRIEHCEIT T 5 Z L 08EEES Gene
Finding system O¥EINETH 5,
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3k
1) Christine M. Povinelli and Richard , ANALYTYCAL BIOCHEMISTRY,
210,16 — 26 (1993)
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Rk B F ek F Y RUINTRON.PLOTIC & 2 BT EE OM TR & #EcFHI

StartStop|Product INTRON. PLOT {Product
orf00l [HISTONE H2A VARIANT. pi001 HISTONE H2A VARIANT
orf002 [CELL DIVISION CONTROL PROTEIN 2 (EC pi002
2.7.1.-) (P34 PROTEIN KINASE). CELL_DIVISION CONTROL PROTEIN 2
orf003
orf004
orf005 pi003
orf006
orf007 [HYPOTHETICAL 45.0 KD PROTEIN IN 1004 HYPOTHETICAL 45.0 KD PROTEIN IN
NOT1/CDC39-HMR INTERGENIC REGION. NOT1/CDC39-HMRINTERGENIC REGION
orf008 pi005
orf009
orf010 pi0086
orf011 p1007
orf012 pi008
orf013
orf014
orf015 [HISTIDINOL-PHOSPHATE pi009 HISTIDINOL-PHOSPHATE
AMINOTRANSFERASE AMINOTRANSFERASE
orf018 pi010 Glycosyltransferase
orf017
orf018 |[GLYCOSYLTRANSFERASE ALG2 (EC
2.4.1.-).
orf019 [HYPOTHETICAL PROTEIN C23D3.15 IN pi0ll HYPOTHETICAL PROTEIN €23D3.15 IN
CHROMOSOME | (FRAGMENT). CHROMOSOME I
orf020
orf021
orf022 pill2 ACTIN
orf023 pi013 HNF-3/fork-head transcription
factor homolog
orf024
orf025 pi0i4 cdc? kinase homologue
orf026
orf027 pil15
orf028
orf029 [HYPOTHETICAL 61.4 KD PROTEIN IN pi01B HYPOTHETICAL 61.4KD PROTEIN IN
SGA1-THS1 INTERGENIC REGION. SGA1-THS1 INTERGENIC. REGION
orf030 |Schizosaccharomyces pombe G protein pi017
beta subunit Gpbl gene, complete
cds. G protein beta subunit
orf031 pi018
orf032 |hypothetical protein YDR33%¢c - pi019
yeast (Saccharomyces cerevisiae) hypothetical protein YDR339c
orf033 |BEM46 PROTEIN (FRAGMENT). pi020 BEM46 PROTEIN
orf034
orf035
orf038
orf037 pi021
orf038 .
orf039
orf040
orf041
orf042 pi022
pi023
orf043 pi024
PRL]1 protein - Arabidopsis thaliana PRL1
orf044 pi025 HYPOTHETICAL 27.7 KD PROTEIN IN
: CPT1-SPC98 INTERGENIC REGION
orf045 [TAT-BINDING HOMOLOG 7. pi026 TAT-BINDING HOMOLOG 7.
orf046 pi027
orf047 pi028




Of:g48 hypothetical protein YPR11Zc pif29 hypothetical protein YPR112¢c
orf049
orf050 pi030 HYPOTHETICAL 105.9 KD PROTEIN IN
AAC3-RFC5 INTERGENIC REGION.
orf051
orf052 |ATP-DEPENDENT RNA HELICASE MSSi16 pi031 ATP-DEPENDENT RNA HELICASE MSS116
PRECURSOR. PRECURSOR
orf053 [ALPHA-ADAPTIN pi033 ALPHA-ADAPTIN
orf054 pi034
orf055 pi035
orf058 pi036 PAS4 Protein
orf057 |[LIPOATE-PROTEIN LIGASE A (EC pi037
B.-.-.-). LIPOATE-PROTEIN LIGASE A
pi038 HYPOTHETICAL 47.4KD PROTEIN IN
SHP1-SEC17 INTERGENIC REGION
orf058 iglutathione reductase (pgri+) pi039 glutathione reductase
orf059 pi040 PROTEIN-TYROSINE PHOSPHATASE YVHI
orf060
orf061 pi04l HLJ! PROTEIN
orf0682 [METHIONYL-TRNA SYNTHETASE, pi042
CYTOPLASMIC (EC 6.1.1.10) methionv]i-tRNA synthetase
orf063
orf064
orf065 pi043 HYPOTHETICAL 32.8KD PROTEIN IN
_ NCE3-HHT2 INTERGENIC REGION
orf066 |hypothetical protein YPLO63w pi044 hypothetical protein YPL0OB3w
orf067 pi045  |§EB1 PROTEIN
orf068 pi046 MEIOSIS INDUCTION PROTEIN KINASE
SME1/IME2
orf069
orf070 pi047
x ADENOSYLHOMOCYSTEINASE (EC 3.3.1.1) ADENOSYL HOMOCYS TEINASE
orf071
orf072 pi048 ALPHA-1, 2-GALACTOSYLTEANSFERASE
orf073 pi048
orf074 |LIPOIC ACID SYNTHETASE PRECURSOR pi050 LIPOIC ACID SYNTHETASE
(LIP-SYN). PRECURSOR (L.1P-SYN)
orf075 [syntaxin 5 - rat pi051 syntaxin 5
orf076 pi052 HYPOTHETICAL 59. 2KD PROTEIN IN
PFK26-SGA1 INTERGENIC REGION
orf077 pi053 HYPOTHETICAL 31.7 XD PROTEIN IN
VMAT-RPS31A INTERGENIC REGION
orf078 pi054
orf079 |protein arginine pi0565 protein arginine
N-methyltransferase (PRMT1)mRNA N-methyltransferase
pi058 spliceosomal protein
orf080 pi057
orf081
orf082 [ISOLEUCYL-TRNA SYNTHETASE, ~pi058 ISOLEUCYL-TRNA SYNTHETASE
CYTOPLASMIC (EC 6.1.1.5) , CYTOPLASMIC
orf083
orf084 ¢
orf085
orf086 pi059
orf087
orf088 pi060 histone H3.1
orf089 |HISTONE H3.1/H3.2.
orf090 (HISTONE H4. pi061 histone H4
pi062
pi063 probable membrane protein YOL129w
orf091 pi064 note
orf092 |MITOCHONDRIAL IMPORT RECEPTOR pi065 MITOCHONDRIAL IMPORT RECEPTOR

SUBUNIT TOM40

SUBUNIT TOM40
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orf093 [MITOCHONDRIAL IMPORT RECEPTOR pi0654 MITOCHONDRIAL IMPORT RECEPTOR
SUBUNIT TOM40 SUBUNIT TOM40
Ofgggg probable membrane protein YOL130w pi066 probable membrane protein YOL130w
or
orf096
orf087
orf098 pi067
pi068
orf099 gig?CHONDRIAL FAD CARRIER PROTEIN pi069 g{§?CHONDRIAL FAD CARRIER PROTEIN
orf100 pi070 HYPOTHETICAL 229.9KD PROTEIN IN
NUC1-PRP2] INTERGENIC REGION
orf101
orf102 pi071 ORF YLLO31c
orf103 |probable membrane protein YLLO03lc pi072
orf104 pil73
orfl105 pi074
orf106 pi075
57 C-5 STEROL DESATURASE (EC 1.-.-.-). C-5 STEROL DESATURASE
or
orfi08 pi076 MITOCHONDRIAL OUTER MEMBRANE
PROTEIN MMM1
orf109 pi077
orfli0 pi078 basic transcription factor 2. 35KD
subugnit :
orf1ll {HYPOTHETICAL 75.4 KD PROTEIN IN pi079 HYPOTHETICAL 75.4KD PROTEIN IN
HAP2-ADES, 6 INTERGENIC REGION. HAP2-ADE 5,68 INTERGENIC REGION
orf112 [CELLULAR APOPTOSIS SUSCEPTIBILITY pi080 CELLULAR APOTOSIS SUSCEPTIBILITY

PROTEIN.

PROTEIN
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