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[1].

(1)

(2)

3 Replication)
(4) (Transcription )
(5) (Translation)

(6) DNA

(7) MRNA

(8) tRNA

(9) (Protein)

(20) (Enzyme)

(11) (Metabolic pathway)
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1) Genome Structure(Eukaryotes)
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(1)Genome

The full complement of genetic information
both coding and norcoding in the organism
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Anticodon(tRNA)-codon relationship in Eubacteria
tRNA Codon tRNA Codon tRNA Codon tRNA Codon
G,GmAA UUU Phe UAU T UGU Cys
UUC Phe WUAC T)):: UGC Cys
UUA Leu UAA (Stop) UGA (Stop)
UUG Leu UAG (Stop) UGG Trp
CUU Leu CAU His CGU Arg
SA¢ K~cuc Leu e K CAC His CGC Arg
UAG CUA Leu CCA Pro CAA GIn CGA Arg
CUG Leu CCG pro [mmsu mmSse |8 - & Gin CGG Arg
CAG cuG
AUU lle ACU Thr AAU Asn AGU Ser
S F~AucC lle ACC Thr AAC Ash U IN AGC Ser
kecau 7AUA lle ACA Thr AAA Ly 4UUCU AGA Arg
GCU Ala GAU As GGU Gly
sec Laec Ala [esuc Konc AS,FJ) GGC Gly
CCAAR GAA Gl GGA Gy
GCG Ala GAG Glu GGG Gly

(Modification and Editing of RNA Edited by Grosjean, H., Benne, R.1998 ASM Pres
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| DNA Sequencer

1. :
DNAA mRNA GeneCh_lp
| cDNA microarray
Tiling array

2.
mRNA A Protein

| 2D Electrophoresis

| Yeast 2hybrid System
Pulkdown assay

(FT-MS,
| GCMS,LCIMS )

| 59

[2]

60




(General)

1.
Google http://www.google.co.jp/

2.

PubMed http://www.pubmed.gov/

http://www.ncbi.nlm.nih.gov/sites/entrez/

3.

NCBI-BLAST http://www.ncbi.nlm.nih.gov/blast/

GeneMarkTM, Glimmer( ) http://exon.gatech.edu/GeneMark/
http://www.ncbi.nim.nih.gov/genomes/MICROBES//microbia._taxtree.html/

4.

UCSC Genome Browsenttp://genome.ucsc.edu/

Ensembl(Ensembl Genome Browskefip://www.ensembl.org/

5.

NCBI Protein BLASThttp://www.ncbi.nlm.nih.gov/BLAST/

DDBJ-Clustalw( ) httpi/iclustalw.ddbjnig.ac.jp/

InterProScan( http://www.ebi.ac.uk/InterProScan/
Wolfpsort( ) http://wolfpsort.org/

SCOP(Structural Classification of Protein, ) http://scop.mrdmb.cam.ac.uk/scop/
( )

lUBMB

6.

GO (the Gene Ontologyhttp://www.genomeontology.org/

7.

KEGG PATHWAY http://www.genome.jp/KEGG/

Lipid http://lipidbank.jp/cgibin/

KNApSAcK(FTICR-MS ) downloaded fromhttp://kanaya.naist.jp/KNApSAcK/ .
MassBank ( http://www.massbank.jp/

61

http://www.google.co.jp/  (

TRLAD) [E] https o, goodle.co.j] ] B | >

http://www.google.co.jp/help/calculator.html

Google [Glrz~10 clemle BB O ‘@ -

#-[ o >

iGoogle | A& d
8'34‘
9xF B Za-2 H)o—F  more »

(ERD]
Google &% I I'm Feeling Lucky |

@ ordgiEmsng © BFBEO-VERR

Google
(1) log(100)
(2) In(100)
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(20) 3th root of 27 62
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browser indicates that the search is 'done’, and then .
The output page will remain active for 15 days. The ¢ asour
that your sequences make to models belonging to supe

pescrigtion

Click on the picture sbove to ses genome sequences with the same domain schitecture

model, and assigned genome sequences Bublications
HIM library
[ Segquence Search:
Sequence: Arabidopss
Domain P
WWithout entering any sequences you may test the serv Remsinm Ragion: 2-178
seguence 1plc (plastocyaning Class .
Level Classification E-valua
- Supsrfamity GroES-liks 6.45-70
Amino acid sequence Split on stop codons (nucle HEL Famiy Alcohol dehydrogenase-lie, N-terminal domain 1.260-06
You may enter several sequences at once using F& Further Details: [Emily Detail Gename Assignments) [Damain Combinations)
tolgatlnva kpkkggsvai fglgavglga asgariagas ri Saiod
—
mmfp [cEcvnREARD kpiguvisen Tdggudrsve ctgsveamig at T R—
ddafkthprn flnertlkgt ffgnykpktd ipovvekymn ke m“ Domain
afdymlkges irciitmga : Number 2 Reglon: 178-326
Classification i
classification E-value
Upload a multiple sequence FASTA file: Level | |
=az Superfamdy NAD(P)-binding Fossmann-fold domans 56
Famiy acohol dehydmg: like, C-teminal domain e-05
Further Details: nmlhm\s' [alignments} Emﬁ\iimm. Dnmmncumb\mons.
-*Nntwﬁcatmn: Browset = -
E-mail address P Plaz

) GroES like NAD(P)- [

=l binding Rossmaryfold domains
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>Arabidopsis alcohol dehydrogenase

afdymlkges irciitmga

msttgqiirc kaavaweagk plvieeveva ppgkhevrik ilftsichtd vyfweakgqt
plfprifghe aggivesvge gvtdigpgdh vipiftgecg ecrhchsees nmcdllrint
erggmihdge srfsingkpi yhflgtstfs eytvwhsgqv akinpdapld kvcivscgls
tglgatinva kpkkggsvai fglgavglga aegariagas riigvdfnsk rfdgakefgv
tecvnpkdhd kpigqviaem tdggvdrsve ctgsvgamiq afecvhdgwg vavivgvpsk
ddafkthpmn finertlkgt fignykpktd ipgvvekymn kelelekfit htvpfseink

C (Zinc) NAD(P)

GroEL -like(Alcohol dehydrogenaselike, N-termain) domein
NAD(P)-binding Rossmannfold domains(Alcohol dehydrogenasdike, C terminal domain)

Arabidopsis thaliana

1) )

At3g15850, Atdg23660
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Gibberellin A12

1)

EC1.14.13.79: Gibberellin A12 aldehyde + Oxygen + NADPH <=> Gibberellin A12 + H20
+ NADP+

EC1.14.11.12: Gibberellin A12 +@xoglutarate + Oxygen <=> Gibberellin A15 open
lactone + Succinate + CO2

Unclear reaction

Gibberellin A12 <=> Gibberellin A53

@)

Allium cepa, Arabidopsis thalian, Camellia sinensis, Catharanthus roseus, Cucurbita maxima, Dioscorea polys|

Lilium elegans, Lilium longiflorum, Malus domestica, Malva sylvestris, Marah macrocarpus, Ornithogalum thyrgoi
Orobanche minor, Picea abies, Pinus sylvestris, Pisum sativum, Raphanus sativus, Sechium edule, Silene arnjer

Spinacia oleracea, Thlaspi arvense Zea mays

ac
[o

(1) (-)-Epicatechin lycopene
(2)

73

[3]

74
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75

[3.1]
1(194571)

Evolution ofbiopathways (Horowitz, 1945)

von Neumann architecture (1945)
Factors governingrotein stucture (Pauling et al., 1951 )
DNA Structure of DNA (Watson and Crick, 1953)
Problem of information transfer fromucleic acidsto protein (Gamow et al., 1956)

Definition of grammars (Chomsky, 1959)
Evolution ofgenesand protein (Ingram, 1961)

Molecular homology (Florkin, 1962)

Information theory (Shannon and Weaver, 1962)
Structural constraints gfolypeptide chains(Ramachandran et al, 1963)

Information properties dbNA sequenceqGatlin, 1966) S t .
ring  (

Theory ofcomputation (Chaitin, 1966) Sequence (

Random strings (Martin-Lof, 1966)
Theory of Games(Neumann, 1966)
Accuracy of theranslation process(Crick, 1966)
Preferential substitution of amino acids residues in protein sequences (Epstein, 1967)
Construction obhylogenetic trees (Fitch and Margoliash, 1967)
Information properties of protein sequences (Nolan and Margoliash, 1968)
Origin of the genetic code (Crick, 1968)
Helical wheel representationfor protein sequence (Dunnill, 1968)

Protein sequence alignmen(Cantor, 1968)

Molecular evolution (Kimura, 1968)
Gene regulation (Britten and Davidson, 1969)
Models forselectionfree molecular evolution(King and Jukes, 1968}

Merging of population geneticswith molecular evolution (Kimura, 1969 Ohta and Kimura, 1971)
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2(197674)
1970

Sequence alignmenalgorithm
(Gibbs and Mcintyre, 1970; Needleman and Wunsch, 1970)
Theory of evolution byjene duplication(Ohno, 1970)
Central dogma (1970)
1971
Substitutionmutation rates (Koch, 1971)
Calculation ofsolvent accessibility on protein structure(Lee and Richards, 1971)
Parsimonial determination ofree topology (Fitch, 1971)
RNA structure prediction (Tinoco et al, 1971)
Sequence alignmen(Beyer et al., 1974; Gibbs et al., 1971; Grantham, 1974; Sackin, 1971; Sellers,
1974; Wagner and Fischer, 1974)
1972
Constancy of thevolutionary rate of proteens(Jukes and Holmquist, 1972)
1973

String comparison problem in computer
science(Levin, 1973; Sankoff and Seller, 1973; Wagner and Fischer, 1974)
1974
Molecular clock hypothesis (Kimura and Ohta, 1924Theory of neutral evolution (Kimura, 1983)
The firstphylogenic analysesof macromolecular families (Wu et al, 1974)

7

3(197580)

1975

String and sequence alignment theory
(Aho et al., 1976, Chvatal and Sankoff, 1975; Delcoigne and Hansen, 1975; Hirschberg, 1975; Lowrance and Wa|
1975; Okuda et al., 1976; Waterman et al., 1976)

Evolutionary tree analysis and construction

(Felsenstein, 1978; Klotz et al., 1979; Sattath and Tvertsky, 1977; Waterman and Smith, 1978; Waterman et al., 1

Prot ei n Stoilddddnaigcod i

Chot hi a, 1975; Chou and Honi g, 1978; Crippen, 1978
Algorithms for secondary structure prediction (Chou and Fasman, 1974; Lim, 1974)

Invention of distance geometry for the calculation of structure from distance constraints (Crippen, 1977)

Evol ut i on a foyspe€ific prateini familyo

Selection evolution of haemoglobin (Goodman, et al., 1975)
Dehydrogenases and kinases (Eventoff and Rossmann, 1975)
Cytochrome c (Fitch, 1976)

Analyses ofmetabolism

loss of metabolic capacities (Jukes and King, 1975)

Evolution of catalytic efficiency (Albery and Knowles, 1976)
Evolution of energy metabolism (Dickerson et al., 1976)
Simulation of metabolic regulation (Heinrich and Rapoport, 1977)

Exon-intron question (Gilbert, 1978)
Evolution of bacterial genomeg(Riley and Anilionis, 1978)

RNA structure prediction (Waterman and Smith, 1978)
:compilation of computer archives for the storage; i istribution of

protein sequence (Dayhoff, 1978) and structure (Bernstein et al, 1977) information.
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4(197580)

1980s
Computer analysis of nucleotide sequencegas essential fothe better understanding of
biology (Gingeras and Roberts, 1980)

Sequence comparisorcontinued to benefit from parallel developments in computer science
(Hall and Dowling, 1980)

Dot-matrix model of sequence comparisor{fMaizel and Lenk, 1981)
Preferential codon usagdormulated on the basis oftomputer analysis(Grantham et al, 1980)

Progress in DNA and RNA structure prediction
(Trifonov and Sussman, 1980; Nussinov and Jacobson, 1980)

Evolution of prokaryotes with the identification of the Archaea as a separate domain of life
(Fox et al., 1980)

Notion of selfish DNA

Neural networks (Hopfield, 1982)

Complexity and cellular automata
(Burks and Farmer, 1984; Reggia et al., 1993; Wolfram, )
Sequence analysis
Theory of clustering Molecular databases
(Shepard, 1980) Protein structure prediction
Molecular evolution 79

5(19812000)

1977

Complete genomeof bacteriophage genome (phaiX174)
(Sanger and Gilbert, 1977)
1981
Smith-Waterman algorithm for local protein sequencgSmith and Waterman, 1981)
Human mitochondrial genome(Anderson et al., 1981)
1982
GenBank Release 3 made public
Phage lambda genont8anger et al., 1982)

Iligxgts sequence similarity searching:ASTP/FASTN (Lipman and Pearson, 1985)
éig:l?: local alignment search toolBLAST (Altschul et al., 1990)
a?(?c[llen Markov Models of multiple alignment (Baldi and Chauvin, 1994)
1995---< >
Haemophilus influenzaR d , é é
2000 Complete genomeof Arabidopsis thaliana (Arabidopsis Genome Initiative)
2001
(PostGenome) Stringo
(Transcriptome) DNA fASequenc
(Proteome) Stringd

(Interactome) Sequenceo

(Metabolome)
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[4.1]
[4.2]

81

(strings): V =\v,........ v, , W=ww,........
s(V, W) : VvV W
diV, W)=n+mi 2 s(V,W)
; vV W

V = ATCTGAT
W = TGCATA
n=7, m=6
Alignment
0000
V =AT -C TGAT
W = - TGCAT A-
s(V,W) =4
dV,W)=n+m-2s(V,W)=7+62x4=5 ()

82
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s(V,W)

Y 1 AV (1¢ictn)
W 1 Wy Wy.... W (1
¢jetm)
'y .
(1) I j S,0=%,;=0
(2) s
231) i-0| 0
=m _ oSt
SIJ aX’E\SI!]'l (|'1) ifVi=VVj 3-1,j
s tl ifv=w [
|$ 1j-1 i J (|) S,j-l S,j
83
Example of computing s(V, W)
(1) I J Si,OZSO,j =0
0 1 2 3 4 5 6
T G C A T A
0
0 0 0 0 0 0 0
1A
0
. Il
0
: |
0
4T
0
5G
0
6 A
0
7T
0 84
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Example of computing s(V, W)

6

A
0

0
1A
27T
3c
4T
i1 .

— -0 | 0

S.qjatl
6 A itv,= w S-1
77T

Sj1 S

Example of computing s(V, W)

1A

2T

3C

4T

5G

6 A

7T

86




Example of computing s(V, W)

0 1 2 3 4 5 6
T G C A T A
0
0
1A
0
2T
0
3C
0
4T
0
5G
0
6 A
0
7T
0 87
-1 O
(i-1) S,
_ N
(i) Sj1 if v, = w
fori « 1ton - :
forj « 1tom -1 G
ifv , =w (i-1) -S4y
b, « X 0| 8.7 <
elseif s =5 .4 _ _
b « B (-1 @
elseifs ;.;; >s;; 1 (i-1) S,
bi,j « 1 : S'- y 2d ?
else 0 "
bij « -1 0
(i-1) LY
i) | Sitf] «
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(-1 )
1 2 3 4 5 |6 (i-1) S
T G c A T A ~\
0 () Si1 |if V= w
0 0 0 0| o 0
1A ~\ i- i
0 0 0 1] 1 \1 _ (RONIN0)
2T L8 LY (|'1) ) %-1,]
— 1 1 \1 1] 2 2 Q) Si1 7 4
1 1 2 2| 2 2 ; :
(-1 0)
aT ~ ~
1 1 2 2 3 3 (i-1) S1-1.1'
°° 1 v\2 2 2 3 3 (i S'j'l ~
6A ; ;
1 2 2 \3 3 \4 (-1 | 0
7T x\ “ (l-l) _ S-l,j
1 2 2 3| 4 4 0 Si1 <89
(-1 0)
1 2 3 4 5 |6 (i-1) 1
T G c A T A LN
0 (i) | St |ifv,= w
0 0 0 0| o 0
1A S & &L i- i
0 0 0 1|« \1 _ G- 0
27T L8 PN (l-l) S—l,j
1 | <=1 | - 1 2 | -2 : 7 4
3c A — N Y P (I) SI,J-l <-1
1 1 2 |*e2 | 2 2 . :
o T AT T~ [ an] 0
1 1 2 2 | 3 |3l (i-1) S,
ANEFNEIEIFE] (R
6 A 4 4 ; X
L I Bl I N Rl Y (-1 0
7T LN b | pIN | &l G-1) | S
1 2 2 3| 4 4 :
(I) S,j—l S
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V = ATCTGAT
W = TGCATA
n=7, m=6

Alignment
00 00

V = ATCTG - AT-
W= --- TGCATA

0000
V =AT -G TGAT
W = - TGCAT A-

00 00

V= AT - CTGAT
W=-TGG- ATA

s(V, W) = 4

dV,W)=n+m-2s(V,W)=7+62x4=5

93

V = ATGCATGCAT
W = AGCTAGCTAG

vV W

CTA

000

000

4> 01> 0 01>
SESEEEEREREEES

n

V, W) =

d(V, W) =

Alignment

94
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vV W

-- TTTTATTATA
V= TTATTATTTA= 00000000000
W= TTTTATTATA T{0
T|O
Al O
T|O
T|O
Al O
T|O
T|O
T|O
Al O
s(V,W) =
d(V, W) =
LCS: %
FIGURE 1. Orthology, paralogy and xenology
J Sp1 «——— Speciation
/ Dpt Geneduplication
The transfer of the B1
gene_fromspecietho sz — Speciation
species A
Dp2 «——— Geneduplication
A1) AB1 c1 CS\
C2 C3
C2 B2,C3 B2
C2 Al,C3 Al
AB1 6 (horizontal transfer)
96

Fitch WM., Trends Genet., 16, 227231 (2000)
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Gene Al Gene Bl
Gene A2

Gene B2
Gene Ai Gene Bj
Gene AN Gene BM

Orthologs

Gene Al Gene B1
Gene A2 Gene B2
Gene Ai Gene Bj
Gene AN Gene BM

Genome A Genome B Genome A Genome B
( =1 (N M) 97
Orthologs
Gene Al Gene Bl Gene Al Gene Bl
Gene B2
Gene A2 Gene A2
Gene B2
Gene Ai Gene Bj Gene Ai Gene Bj
Gene AN Gene BM Gene AN Gene BM
Genome A Genome B Genome A Genome B
( =1/ (N M) 98
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Gene Duplication in Arabidopsis (Vision et al., Science,2000)
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99
Omics
Genome
56— b H<ct h HT1 KT {m} 3
36 [al CdHeH T Hgl 1 11 5 §
Transcriptome Actlv(ason (+)
5 & D H<ct {h H K {ml 349
—_ — — -
36 {al [dHeH T Hg} SHJ 59
Repression-ﬁ@ ............................................. > I_‘_I

Proteome Interactome

o & ®0 © OO ® Q AL OO

Function

rrin 66 60

Metabolome "n e

Metabolite Metabolite : Metabolite $—>
E)
Metabolic Pathway \‘7
Metabolite Metabolite $—'
100
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