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ab initio WHoE s 4= Atk Homology-based -2
BLAST®} 22 alignment2[¢}-& 3t Wi AEz 44
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ohflar Hlwgo Zx) FHAE o S3hc) ool ¥Rl ab initio
W2 A7 (neural network), = PR HX F9 (hidden
Markov model) 52 24} A% S 7Hle R sl #
HALE o Z3lWtt. Homology-based method®] %2 errorth
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o2 AdF 245 4t gl 9HEE Atk @A homology-
based WHS A9 oF 60% AR FHAE S 5 vkl
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o A wE S wE 47 » ,
P - Gene prediction from prokaryotic
= genome

Sl s Nas MME
sl gk a1e)7} Flasieh3), GLI RIBI 1. Instead of using fixed Markov
chain, using interpolated Markov chain
A E 71 s
- Prediction of multiple genes in
- Prediction of internal coding exon genomic DNA s elguef ces
MZEF [4] B Usmg the quad'ratlg dlscnrmr.nant FGENESH[12] Based on HMM similar with Genescan
function for ultivariate statistical and Genie
pattern recognition
. . . . - Prediction of splice site from
- Gegr;gzgmon from eukaryotic Sp hce[ll’g?dlctor A.thaliana genome sequence by
” . . i ti
- Using a number of different algorithms Sequence inspection
GenScan [5 to predict introns, exons, donor and Lo .
5] | a ccl,‘)ept or splice site SX and - Finding tRNA sequence from genomic
polyadenylation sites TRNAscan-SE FDI(\iIA or RIII\IIIA sequence
- Based on hidden Markov Model (14] - £inding polill promoter sites
- Combining several earlier programs
- Generalized Hidden Markov Model
Genie [6] - Gene prediction from eukaryotic x2: FAA AF =
genome
- Using standard content and site
statistics weighted by a neural network.
- Processing with a dynamic
GeneParser 7] rogramming algorithm to find the
maximum likelihood parsing of the
sequence into functional domains.
- Based on prediction of functional
signals and coding regions by difterent I i
GeneBuilder [8] approaches in combination with \\/&.’;\ S
similarity searches in proteins and S *'@‘;’3.'?;.'}‘,3
EST database P ¢+1stzeed o ‘>,/;\"\{ T Forveandd +pstmorsd
““““““““““ T Jemn e e e
Flrorse {-f siranel /< (SRR IS ) g%
- Based on hidden Markov Model i ;T;{)\/ N
- GeneMark hmm glgoﬁthm \yhich L /}:::':;f” e V,mh;\-ffi‘:ﬁ%/\
GeneMark [9] generates a maximum-likelihood parse ¥ > £ Exeat SN
of the DNA sequence into coding and T e s
non-coding regions { ;,;mﬂ.} "'
- Multiple sensor-neural network .
Grail [10] approach <
- Combine a set of sensor algorithms ’
- Prediction of splice site in human, C (B ) (5
NetGene? [11] elegans and A {halzana genome
- Based on Artificial neural networks o 4. 2
. . 2% 3:GenScan A 2 A
combined with a rule based system
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GeneMark, Genie 52 &4 eukaryotic gene finding tool 5141
GENSCAN?| o] Hojutrtal &deiA 9tk Carlin?
Burgeol] 2]a|A] 7i¥t¥l GENSCAN-2 graphical modelQ] 24
nf2ayx 2ds vpetez gk §A; o & =qto|uls)
GENSCAN 13 33} 22 xellg 474 ato] C+G content,
initial state probability, transition probability, state length distribution
I} Z+F A1 (promoter, polyA signal) 22 52 AAkso]
FHRE d58HA €t

EBI, Sanger Centre, EMBLo] ¥ &3} Q17ke] f-4x2 2
31 annotation 3171918t & A Ensembl projectol]l A%
GENSCAN©| 2to]ar it}
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1% 4: DNA microarray2] hybridization 2 3}

1990t e} 2141710l EolX ABE8HA HAell 2 F7)
9] AFAE HEUH Human Genome Project®t DNA microarray
7]5e] wvgo]l & Aot}
1% 49} 7o) $3709] single strand cDNAS 8] &gfo|=
ol wlAstal labeled ¢cDNAE  hybridization*] 7] 452
reverse Northern blotting”]%<! DNA microarray 7] &2 AJ+&3}t
Al Lo HEHA A Vo] & & 4 9tk DNA
microarray 2] F= 7| ¢cDNA microarray$®} oligonucleotide
chipSZ & 4= 9Ith ¢DNA microarrays DNAS £dfol=
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oligonuleotide chip-> DNAE &&to]= #of| spottingA] 7]+ A
o] ol nucleotide &t 3ftt EoA7PHA] chiplall A 24
10meroll A 25merd &=.2] oligonucleotide® 433t} Zb chip
o] AgFole HAAE FFE A2t Al DNA chip
drug®] &7}, metabolism, disease®] T, gene pathway finding
ol F&2 AF8-%™ oligonucleotide chip& SNP, 42 =
Hole] 2 sequencing Tl T2 AMEE L Qi
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Oligonuleotide chip | Sequencing by chip
=3 Evo] gl
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o} A Agle] gy 4 3 vlolHE A6k
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AEA R £2 oo|r}

DNA microarray2] %-&
x7] E5% ¥4 DNA
microarray’ 2 S 2= 19961
DeRisi 2] budding
Yeast(S.cerevisiae)®l| ™HEF A2E
S ¥ 9 SUUHI7]. DeRisit

DNA microarrays  ©]-&35+]
yeast’}  glucose®]  anaerobic
fermentation©l] A1 ethanol €]

aerobic respiration® 2 A&
A)7)(diauxic shiftyel] ol 3 F
HArtgol WHE & w3o]
AReh= AS st 1 A
7HA] 7)ol dElAA] e
AxEe] 715 FF33lh

C}& DNA microarray 2] 7|<
< 3] sKclustering)o] T} 1998
W Eisens< YAl budding
Yeast®] cell cycle, diauxic shift,
sporulation 52| T3 Aol
2] DNA microarray Ho]E]ll
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clustering) kAl S o] &3to] F —L¥E JIUNA B YV

e ° =22 223
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= AHS S EHd Rk 3o 2ITH18]. DNA
microarray H|OJE]e] Aol s} WhHE EISHA HAL
o]F #33}= DNA microarray H|o]E] #42] {Fo] =S
1=

w3} W EESE  hierarchical clustering, support vector
machines|19], self-organizing map (SOM), k-means clustering 5-2]
o1 clustering WHE©] 4-go] Ha 2AvH20].

ol 3l X Ehe} 22 A WS DNA microarray o] E
AX ©Es] FHAke] 71ERts {Fste Aol ofd 4d
S Bu X FHE fFshks 23S 7hestAl k6l
o},

Leukemia®] 7 subtype}] acute myeloid leukemia (AML)Z}
acute lymphoblastic leukemia(ALL)%] DNA microarray H|o|8 &
3382 B3] BAtozn F subtype?te] expression®] 2}
ol Hsln MR AMZo) DNA microarray Tlo]ElTHS
7FA 3 Mol o= Fl Fetex] A o] 7hssiAl skl
tH21]. o] A3 o]l tekst Zele] HWS DNA
microarray & ©]-&3}¢] Jwshi= Zlo] BaEal glvt

DNA microarray®] 41 dlojg] B4 =& & 4
BRRs =yl 2] A8 AXESele #vt gl FE
SIEQo] of 8 LZEgoIREe) Aee Aol= A
AR Fot 8 ATEA Y A5 AFEA] Helds F
dsglsto] & o A& 248 Fal tlolHE #A5 =S A
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B34, spot EQl, A LT ES

ScanAl M. Eisen, Stanford
yze Univeristy
Free
software TIGR spot finder TIGR
L.Hood, University of
CrazyQuant Washington
ImaGene BioDiscovery
ArrayPro Media Cybernetics
Commercial
software
ArrayVision Imaging Research, Inc
Iplab Scanlytics, Inc
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. DNA microarray”} mRNA level®] expressions X= high-
M.Eisen, Stanford N
Cluster Siri]veris; or throughput =7-2PH a3 high-throughput ¥ =+
= 2D PAGEZF it AlZdie] B dEs Rabgy)
, isoelectric point(pl)l] e} -2iste] 7—}2.‘9] oy %l% &hie)
Lab. Exp§nmen§a1 and spot©. & VERHA Tk 18 6). Z2he] spotd geloll A g
MAExplorer Computational Biology, . . . P
National Cancer Institute F©]  matrix-assisted laser  desorption  ionization  mass
spectrometry(MALDD)E #4]0] o]Fo Xt} A= o]efdt 2t
A2 thgog o]FolA A Hil =gk Holg o] B4 93
X AFE Y Tgo] "Ho
Cyber T T.Long and H.Mangalm, AFE S Egol 1=2
UC Irvine
Free Software 2]
CLEAVER Stanford Blomedlcal .‘
Informatics g1
.
J-Express B.Dysvik . .
Whitehead/MIT Centre
GeneCluster
for genome research .
= .
arraySCOUT LION Bioscience
2 -
GeneSpring Silicon Genetics .- &
#* .
GeneMaths Applied Maths ‘ 3 §
S -} &
GeneSight BioDiscovery
Expressionist GeneData 1 4 ) T
Commercial
Software AnalyzerDG MolecularWare L™ 6 ARk 2 A ] 2D-gel ARRI(ExPASY)
DNA microarray”] &3} 882 w48 WS o|F1 )
Resolver Rosetta Inpharmatics, Inc o D:] u]aﬁ ] microarray7]%0] o= AE wHSA|= o Zs}
7] Y=t} Hardwared o 2= HU z{dAlo] =525 DNA
ArrayVision Imaging Research, Inc microarrayX}Zﬂ«] Az ve Aol i A slejrd
' gk microarrayX]—Xﬂﬂ 2838} ¥a AxpEetale] Ao g
Spotfire Array scanning® 384 il 217 HolBlE €A 2 Zlolth o]y
Explore Spotfire 3k 970 DNA microamay?] %] TSt A48l 4-45)7)
ke A dugth A9 dols B4 oiE s)E
CHIPSpace MiraiBio Inc. o] #H3} Holtﬂi‘jr —l—i% §§F9] X3 7YY meka) &
7 233 olele] ThE doly £A7I%e] :ekE Zolry
oz we 2ol 9 DNA microarray H.th A @ AJo] &
37 . M AL EL
¥ 4:DNA micorarray £=Z.E 4/} x|z AE WLX|S protein chip? 2 A37|Ho] skl

Zlold
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4. T-Z%2] (Structure Analysis)

AR ] B macromolecule £35] thilz o] Qo= -
Z7F 1 7)Eel 8%t A4S oA drh dide] xE
Ubs]i= Y2 protein-protein interaction, protein-DNA interaction,
antibody-antigen binding, drug-receptor binding 5-& ©]3|3}=dl
AolA Al gaigtal g 5 it

dldel pxE ez st w2 AESte] Fa%
gk Fiolint Addozs Y= e AAS AlA
Xray3|de S3 du¥lde FxE 3=
crystallographyv> W2 o] whiizle] F2 & ubs|ilal HZ
o= nuclear magnetic resonance®NMR) WS Faf Tz o]
T2E Wel7|% gt} olEA dexl dwde] FRES
Protein Databank®l] -3 3402 Ay}

olgjst Azl Wi AIZFAQl AL EE in vivort
ol in vitrodEle] FEE oSt EA, ea dd
9] dynamic structure® ol &3hA] 3
Ak olye FAE sAst Boh fA F2E clSety
= Ae BEHET F83 dAq-Fofo|th

wl ez o
wale. 12} FQl olu|izAkel A do] ocaldtAl a-
helix, B-sheet, coil’s2] 2%} +%Z o]Fun] A 32143 3
2b 25 AASA "ok A 12F F3220 opu]iAt A Ed
chald o) ek BE JEIF AAEe] duia & 4 )
© Zlolth¥7).
Given a Protein’s Primary Structure -- Amino Acid Sequence

< —HIS-CYS-ALA-ALA-GLY-GLU-ASP-...

Can We Determine It's 3D Structure

What Local Structural Units
Does It Form?

+: fick. (Cylinder)
-fs-8heets (Ribbony

How Do Thoss Structural
Units Pack Together?

AFEES ol8T Budel T2 45 wEe 24 F 7
A b 5 otk sk A4 o o] WHe of
v geid wd FRE Fastel AR B FaE
dZar. tie shls whide] Zeld 98 Aol o
wgel T2% WPl Azolth

22 FFZe] o552 alignment-based W3} single-

sequence based 2] o= G183 5 2tk Alignment-based ¥
UA thresholdo]gd 745
vkl single-

A2 5 AldAtele] homology 7}
22k fz7b AY KA ol g%t ol
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sequence based methodi= alignment® ©]-88}X] 3L o] =4
o] BEAo SHe 55 AlAtete] 22F 7 2E odshA Hrot
Chou-Fasman B'H-2 o}u] =419 side-chain 5ol thal A83}sh
A 4d 58 st 23F TEE 53221, GOR ¥4
2 20%F9 opmiAte)] Zy7te) 2a) FEel YEhe 8F
g 7o' 23F FRE oFeH ®rh23]

22k 9] oS AgxE dA ZA F718t] a-helix
o =] AH9oll= 80% Aol AEAHE Hola uh o= 3

ap Fze] Ao wls) ZA & ) olu} Bshoats] o
o Aol AERE} HolAE Ago] vk
NnPredict [25] - Using two-layer, feed-forward neural
network
- Predict beta-turns
BTPRED [26] - using combination of neural networks
- Combining a number of predition
Jpred [27] methods
- Based on recognition of potentially
PREDATOR [28§] hydrogen-bonded residues in the
amino acid sequence
GOR [23] - Based on information theory
SOPMA [29] - Improving self-optimized prediction
method
3ES: T A 23 Fx oS

3 TR dFS Polx Agd nwpep o)
homology modeling, threading®} Z-Zknowledge-based method}
dalde] B4 A& ARkste] 725 dSekE ab initio
method2 Y5 4 UTh
Homology modeling o}7|:=4ke] X|deo] fAMSE whilz o)
B9l L 727 A IAFTE ol 2AE T
th FERE 8| nx; st whEe] opmal AR o)n
T-Z7F e el o) ofu| At Mgel MR fFARE 79
el zl chlAle] LRE 7oz dlo] Yok wulae]
ZE o %3l Homology modeling thef o33 72 34
< A2 8).

1. query @A Hgo] FA 271 4] template
el g- Frobditt

T Al alignment

template A L] F2E 7|22 St thillz 9
backboneS T @&l

4. sidechaine Sl &o]iL 3}t

Nl
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5. olux Ast Be) e Fajel AN T2E

SEE R

1 z2 3 4 5
Search for Check Create Generate Energy
Steps suitable sequence ProiModi models with  minimisation with
templates identity with jabs ProModii Gromos9s
target

First Approach Mods (regilar)
First Approach Moda (with user-defined templates)
Cptimise Mode

, Step | Program/Method | Database | Action
: ExNRL— Will find all similarities of target sequence with sequences of
P 1 BLASTP2 3D known structure,
i ‘Wil select all templates with sequence identiies above 25%
1 2 Y _ and projected model size larger than 20 residues.
! | Furthermare, this step will detect domains which can be
! modelled based on unrefated templates
(3 - - Generate ProModll input files
4 ProModit ExPDB Generate all models
- T
i5 Gromos3s - Energy minimsation of all models

1% 8: SWISS-MODELS] 4%

Homology modeling2 9]¢} 20| alignmentE 53} o]
ozl whildel F2E Fa3siAl #Hvk CPHmodels[29],
Swiss-Model [30], 3D-Jigsaw[31], Modeller[32] 5] #41 =+
o] o]#{g homology modelingS 7]Wto. & 3l A}

th2 ghlAe] wed FRE R 3k homology-
modeling?= B2 ab initio'd 2 HAAE FAE FAHSE
sht shtel E8]2<) dg adste] @A) 72E oF
SHAl Tt b initio WHE 54 A3HA 24 stollA] HA
Aol AfroldAZE 7V RS dd el a3k 2ot A
AEth= Anfinsen®] ©]&8 71202 3}a1 QITH33]

AR o= Hrol JHE Kol 9E homology modeling@}

= Bl ab iniio WL o}A FHIE vkg kg HolA] X
3

©

= =

AZshzrl & wgo) F ol AP FF T2 o
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hemical compesitian 15 determingd by a sequence
o a highly comples, ensional shape such as

WatshapsConistenges.

It 1s hypothesized thal the shape of a protein 1s the prncipal determinant of s function Arbitrary Sinngs of amin acids do nat, i general, fold
nlo 2 well-defingd three-dimensional structure, but d 4 n biological processes for thew ahilty to fold
St

1% 9: IBM Blue gene homepage
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5. EYA &4 (Network Analysis)
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(o ok
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< T4 = ek shARE Aol HARRIRL Q1xte} FAA
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=
B
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HolE & o]ga] 7%= genetic network®] =02
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