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Structure of a Human Gene (PSA)

GETCTCTTRGGC ACAC TG OTCT TEG AG TG ARG GRTC T AGGC ROC TG AGGC T T TG T AT GRAG LATC GGG CATCGTACCC AL CCCCTGTT I TG T TTC AT OO TGEGCATCTCTCCTCT GO TT TS T OO G
TRGATGRRGTCTCCATG ARG T RC RRGGGCCT GETEE AT CCRGGG TG ATC TRGT RRT TG AG ARG BGC R RG TGO T RS TC T OCC T CCC T TOC RC RGC T T 56 TE T EEG ARG EEEGT TGTCC RGCCT OO G
CRGCAT GG RGEECCT TS TC RGCCTC TR TGO RGC AGGGC GGG GG ARG TCC TG e G ARTG RRAGG TTTTATRGGGCT COTEE GGG AGGCTOCCC ARG CCC ARG T T RCC RCCTGC RO CGE G G
CTGTETCRCC ATCTEGETCCCC S TTGTCTTCCTC ACCC TETCCGTE RCC TEG AT TEETE AG RMGGEECC ATGETTGEE GGG AT GE LGS AG RGGGE RGO AGCCC TG ACTGTC ARGC TG RGGCTCT TTCOCCC
CCRRCCCRGE RCECC RGCCC RG RCRGGGAGC TG TC T TT TC TETC TC T CC ARG CCC AL TTC ARG CC AT RCC O CAGTCCCCTCC AT RTTGC RRC ARG TCCTC RCTCCC RE RCC AGGTCCC CGCTCCT
TCCCACTTRCCCC AG RACTT TCTTICCC ATT T COCCRGCC A TCCC TGO T CC A TG TT T AC TR R ARG GGG ARG TT CO TG e ATC TCCCTC TT T TC T T G T GGG T AR R RCCTCC ARG G ACCTCT
CTCRRTGCCATTGET TCCTT GG ROCGT AT AC TG GTCC ATC TCC TG RGCCCC T RAT GO TAT G RCRAGTC T AC TG RCT TTT OO C AT TC AGC TG TG ACTGTCCARCCCTATCCCRG RG ACCTTGRTGCTTGE
CCTCCCARTCT TGO CT ARG AT RO C RG AT GO R A C ARG AC RCC T C TTCT T T CT ARG CAGGC TRTC TEGoC TG AG RC RAC B A R TC GG TCCC T ARG TC T GG AR TCEG RC T TG ACARCTCC T ATTCC
CTGRCTCTTAGCCOC MG RCTCTTCATTC RS T GG A RTTTTCCTT RGGR AR AR ATG AGC ATOCCC RGO RC R RC TG CAGC TCTC TG AGTCCOC RRATC TG ATCCTTTTC RRRRCCTRA R AR CA R A,
RRGRRARRCARARTRRERCRRRRCCRRCTCRAGRCC AGRRCTGTTTICTC ARCC TG ACT TCC T RRRC T TTOCARR R CTT OO TC T TCC RGCRRC TGRRCC TG CC ATRAGGCRC TTRTCCCTGETT OO T A
GCACCCCTTATCC O T AGRRTCCRC RACT T CT ACC LAGTTTCCCTTCTCCC ARG TCC ARGRCCCCRARATC ACC AC RR RGEACCC AP CCCCRG RCTC ARG AT ATG G T TG GECGCTCTCTTCT CTCTCCT
RCCCTGATCOCCTGEETTC RARC TC TGO TCCC AGRGCATG RAGCCTOTCC RCC ARG RCC RGO RCC RRCC TG CRRRCCT RGEGRRG RTTG RC BG R RT TCCC RS C T T TCCC RGCTCCCOC TGO CC AT GTCCT
RGGRCTCCCAGCCTT GG TITCTCTECCC oG TCTETT TTC AR ACCCRC RTCC T AR R CC ATC TCCTRTCCG RGTC O CAGTTCCCCC TG TCRRCCCTG AT TCCCC TGATC T RGC RCCCCCTCT GO RGECE
CTGCGCCCCTC AT TG TCT GG AT TG TGEGRAGGOT GGG AGTGCGRG RAGC AT T C AR CTGEs GG TGo T TG TG SO CTC To G TG GE GG GC ACTC TG OG GGG TS T T TG T CACC OO RGTEEGT
CCTCRCRGCTGCCCRCTGCRTC RGERRGTEAGT AGEGECCTEEGOTCTEGEGRGCAGGTCTC TG TG TCCC RGRGG AR T RACRGC TEEGC ATTTTCOCCAGGAT RACCTC T RRGGCC AGCCT TG GG RCT GG
GGGRGRAGRGEGARAGTTCTGGTTCRGGTCAC ATGEEGAGES RGGETTGGGEC TGGACC ACCCTCOCC ATGGo TG CT GGG TC TCC AT TS TS TCCCTC TATG T TCTT TG TCTCGC TTTC ATT RTGTC TS
TTGET ARG TGECTTCGG T TG TG TCTCTCCST GTGAC TATTT TG T TCTCTC TC G T T CT T TCT G TC T T AGTCT CC ATATC T CCC T TC TCT G TCCT T TC TG G T O T T CT RGCCRG TG TG T
TCACCCTGTATCTCTCTGCC RGCCTC TG T T CTC G TC PO G T T ACC TG T GO O T T o C T RCT G AR R R GCRCGEEATG GRS TGEEE G ROCC TG RG LA R GG B MG EECTT TG TCECOEOEGT
GGCTCRCRCCTGT RRTCCCRGC RCTTTGGS AGGCCR GG CRGGT RGATC BCC TG RGGTC MGG AGTTCG RG RCC RGO TGO RAC TGS TG RRACCCC ATCTCTACT AR A RATRC R BRRATTRGCCAGGE
GTGETGECECATGCC TG T AGTCCCRGC T AC T CAGGRGC TGRGGG GG ARG RRT TGCAT TG RRCC TGS AGGT TG RAGGTT GO AGT G AGCC G ARG ACCG TGO AC TGC AC TCC AGCCT GGG TG AC RGRG TG RAG AC
TCCGCCTCRA AR LR AR R AR R R R RR AR R BB CRR R RG AR ARG ARG AGGR LG TCTTT T ATCCCTCAT G T ST G T GG T ATGRG GG TATG AGAGGGCCCCTC T ACTOCATTCC TTCTCC A
GGRCAT CCCTCCRCTCT TG G RG ACRC RGRGRRGEECTGETTCC G TEGRG LT EE6 AGGEGE BT TG RG GG AGGE RG G R RAGE RG RAGGGGERRGE RBR ARG RGEGT ATGGEEERRRGGRCCC TG GEERAGECGE
RRGTGGRGCAT ACARCCTTCCECCTGCAGECAGECT RCCTRCCC AC T TCGR R ARG O RC GO A R CEC ATC T AC G C TG AGCC RCTC TG AGGCCTCCC O TCCC GGG O CC ACTC AGCT CO RARGT
CTCTCTCCCTTTTETCTC O RCACT T TATC AT CC O C GG AT TCC T TC T AC T T GET TETCAT TC TTCCTT TG AC T TCC TGCT TCCCTTTC I AT TCRTC T GT TTC TCAC T TTC TGCCTGGTTTTGTTCTT
CTCTCTCTCTTTCTC TGGCCCATCTCTGTTTCTCTATG TTTC TG TC T TTTCTTTCTCAT OO TG TGT AT TT TCG G TC RCCTT GTT TS TC ACTG T TCTCCCCTC TG CCC T T TCRT TCTCTC TGS CCTTT T A
CCCTCTTCCT T T T C T TG TTC TS T AGT TC TG TRTC T CC T RCCCTC T R R T TG T TTCCC AR TG TT GTC TG T AT T TGS CC TG ARC TG TCTC T TCCC A RCCC TG TCTTTTCT CACTGTT
TCTTTTTCTCTTT TG G AGCC TCC TS T TGC T CC T TG T CCC T T T T T TTC ST TAT C ATC C TC G TEC TCAT TCCT GO G T TG TTCC TOCCC ARG R R R RGO G T G AT C T TG TG CTCGGCRC RGOOTE
TTTCATCCTG ARG AC RC RCGCC RGCTATTTC AGETC RGCCRC RGCTTCCCAC RO CCGCTCT RCG AT ATC RGCCTCCT CARGR AT CGRTTCOTC RGO AGCTG AT G ACTCC RGCC RO RCCTC RTGOT G
TCCGCCTETC G A C TGO G RGCTC A GG AT GO TG TG RRGGTC AT GG ROC T GO O RCCCRGE RECC RGE ACTGGEEG RCCACC T GOT RCGOCTC RGGC TG EE6C AGCAT TG RRCC RGRGG RGT GT ROGCT
GEGCCAGRTGETECRGCCEG G RGO AGATGCCTEEGTC TG AGGORG G AGEG G ACAGG ACT CO TG TCTGRGGG ARG GRAGEECC ARG G RRCC AGGTEEEETCCAGCCC AC ARG RGTCTTTT TG COTHECT
CCTRGTCTTGRCCOC LR RGRR ACTTC AT TG TG GRCC TCC AT TT AT T T C R A TG AC G TG TG TG RACTTC RO C T AG ARG GT G RCCR ARG T TC AT GCTE TG T TEG A GO TOE A ACG GGG A RA
RGCRCCTGCTCGETE ARG TCATCCCT ACTCCC ARG AT C T TGRGGG AR AGG TG AGT GG ACCT TARTTC TG GC TGS TCT AG R RGCC R RC RRGGCCTC TS OC TCCCCTGCTOCCC RGC TG TRGCCRATGCT
RCCTCCCCCTGTCTC ATCTC AT TOCCTCCTTCCC T TTCTT TG ACTCCC T ARG G RAT ARG G T T AT TCTT RC RGC G RACTC ATC TG T TCOTCCC TTC AGCAC ACGET T RC TRGGC RCCTGCT RTGCRCT
CRGCACTGOCCT AGRGCCTGEE RCAT RGCAG TG R AL RG RCRG ARG RGC RGCCCCT O CTTCT G T R CCCC RRGCC AG TG RGEGEC AL RGGCRG G ARG AGGEACC AC AR RC G R R R IGCTGERGEETGETC
RGGRGGTGRTC AGCC TCTOG GGG GGG AGRAGGE T GEEGRG TG T ACTGEG RGEAG AC AT CCTEE RG R AGCTCEEAG TG AGC AR AC RCC TG AGGEG ARG G G MG GEC TGO G CRCC TG EEG ARG A
GRGGGRRCRGCATCTGGCCRGGCCTGGGRGGRGEEECC T AG AGGGCGTC BGGRAGCAG AG GG AGGT TGCC TGGCTES RGTGR AGG AP CGGGEE RGGETGCGAGAGGGRAC R RRGG ROCCCTCC TGC AGGE
CCTCRCCTEEGCC A RGG ARG G RC ACTGCTTTTCCTC TG RGG ARG TCRG G ARC T TGS ATGET GLTEE RC RG RRGC RGS RC AEEGCC TG G TCRG G TOTCC AGAGGC TR G TEECCTOCTRTGEGAT CAG A
CTGCAGEGRGEGACEGE ACC MG CCATG TG AGGE AG TG ATG ATGEECCTGRC C TG GGG TG G TOC GG AT TGO CO RO TE G CCTTRECC AGCC T O CTC ACAG G T C TC GO TCAGTCTCT
CCCTCCRACTCCAT TCTCC AL CT ROCC RC AGT GEGETC AT TCT G ATCRCCG RRC TG RCC AT GO C ARG C TGO OGATGLT COT O AT G TCCCT RGTGLCC T 5 AG AGGRG G TETC T RCTC ARG ARG RGT RGTC
CTGGRAGGTEECCTC TG TGRGG RGCC ACGEGERAC AGC ATCCTGC AGATGETCCTEECCCTTGTCOC RCCG RCCTGTCTRACRRGG RCTGTCCTCGTEERCCCTCCCCTC TG C A RG G RGCTGERCCC TG R A
GTCCCTTCCTRCCGECC RS AC TR AGCCCC TACOCCTC TG T TSGR ATCCC T SO RCC TTC T TCT GG R ACTCGGCT CTGGRGAC AT TTC TC TC T TC T TCCAR AGC TG GG AR TGC TRTCTCT TATCT G
CTGTCCRAGETCTG AR ARG ATRGE RTTGCCCAGGC AGR A RC TG GG RCTG RCCT ATCTC AC T CT CTC O TG T TT TROCC TTRAGE G TG AT TO T LG G L O R TT G TC TET BTG TG T T T ARG G T RTC R
CCTCATGGEEC AGTG R ACCRTC TCOCCTECCCG R ARG ECCTTCCOTC T ACAC C ARG G TECT G RTT RCC G CRARGTCG AT C ARG G RCACC AP C TG C RRCCCC TG AGC RCCCCTATC RRGTCCCT AT TG
TRGTRARCTTGGARCCT TG AR RTGRCCAGGCC ARG RCTCARGCCTCCCCAG T TCT RC T GRCC T TT G TCC TTAGG TG TG RAGE TCC AG GG T TGO T AGG AR RG R R AT CRGC RGRC RC AGGTGTRGRCCRGE
TCETTTCTTRARTGCTGT ART TT TCTCCTCTC TG T T GO TEG GG AR ACTGEC CATGCC T GG MG RCATATC ACTC AR TTC IO TG AGE R RCRG T T RGG AT GGG G TG TCTETETT ATTTGTGCG AT RCAG B
GRTGRRRGRGGGGETGGGATCCAC ACTGRAGRGRGTGS RG RGTG RC ETGTGCT GG RCACTGTCC ATGR RGC ACTGAGCAG R RGCTGG AGGC RCRACGCACC RGAC AC TCRAC RGCARGE RTGGRGC TG RAR AT
RTRRACCCRCTCTGTCCTGGRGGC ACTGEGRAGCCTRGAG RRAGGC TR TG AGCC ARGE AGEGRGEETCTTCC TT TGGCAT GEGAT GGG ATG ARG T RAGG ARG ARG GG ACTGG RCCCCC TG ARGCT GATTC A
TRATGGGEGEAGGTCT AT TGRRG TOCTCC A AC A RO CTC AG AT T TG ATC AT T TCCT RGT AG RACTC RC RG RR AT R RR G AGCTCT T AT ACTCTCCTTT AT TCT GG T TG T TACAT TG AC RGG ARG RO RCACT
GRAATCRAGCARAGGRARC AGGC RTCTRRGTGEEEATGTG ARG AR RRC GGG AR RTCT T TC AGT TG TT TTCTCCC AG TGS TG T TG TGG AL RGC ACTTRRATC AC AC RG R RG TG ATGTGTGRCCT TG TG
TATGRAGTRTTTCCRRCT RRGG RAGCTCRCC TG ARG CT T AG TG TCC ARG ACT T CTTAT TG GG TCT T RGCAT RGC AT GEE G T RCTGE ART RCC TG ACCTT RACTTCTC AGRCCTCRGSTTC CO RAG G
TTCRRGCRGATAC AGC ATEGCCTAGRGCCTCAGRATGTAC AR AR RCRGGC AT TCATC ATG AR TCGCRC TG T TRGC ATG RATCATC TEGC RCGECCC RRGGCCCC AGGTAT RCCARGGCAC TGS GCCGRAT
GTTCCRARGGESATT RRATGTC ATCTCCC AGGAGTT AT TC ARG GG TGRGCCCTGTRCT TGE RRCG T T RGGC TT TG ARG AGT G AG G TGC TG AGTCRRCCTT TTAC TG T RC ARG GGG GG TG AGE G RRRGGE
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Genome Sizes

Human Genome
Mouse Genome

Fruit Fly Genome

Nematode Genome

Yeast Genome

E. coli Genome

~3,000,000,000 bp

111

~160,000,000 bp

~100,000,000 bp

IJ

~15,000,000 bp

I]

~5,000,000 bp







Vertebrate Geome Squences
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Chicken Chimpanzee Dog

r‘....;..," ?

Monodelphis Orangutan Marmoset Horse

Xenopus Zebrafish Pufferfish



‘The most sequenced organisms in-GenBank
Homo sapiens (6.9 million entries) |

Mus musculus (5.0 million)

Zea mays (896,000) |

Rattus norvegicus (819',000)
ey

Gallus gallus (567,000)

Arabidopsis thaliana (519,000)




Human Genome Sequencing Centers




~3,000 bp (0.0001%) of Human Genome Sequence

ATGARTEANTAGETAC TGO TCTC T C T TEEEACAT TACTPEACACATAATTA CCCARTEAATAR SCATACTEACETATCARAARRET LA AR TR TET
TATARRTACCT CATATATETETETAGEEEEEAARER A TTTARCTTT CACAT O O T T AP T TACT P CT G ATEPGCAGTTAR TCCTEER AC
PO EEPEC TR A CEACA A T TG OO T T A AR A G T T e T e T GG A G R A R e T T A T T T T ATEATC TT T T TET T
A TETTATCCACCT T T T ET TACTCCACC TATAR AR T CGECTTA TCTAT TEATCTET TT T CCTAGTCCT TAT AR RETCR AR ATET T AR THEREEAT
ARARTTATACACTTTTTTTAGCAGAGAACTTTGARERRA CCTAARTGE CARCC AT ETA R AR ATECACTTTTCAGARACARNT CAATATTTCATEEA TR
GrTCTARAATACTAATCAACTTTAARATAGCTTACTAT TGATCTETCAAR T GEETT T TTATATAA TTTTCTTTTTACAR AT CACCT GACACRTTT
AATATREETTARRRRNNGOTATCAGEGCTEET T TECARAGRA AN TETATTACA R MECC T GETAR T G ST AR CAECATA CTCATT T CTETTCTEC
AR ATRT T TCATARCENGOT T TAACAR T CETATET TTTTARR A CGTTAR T TCOTACT ATTIA TREGGRACTERACAATCA CCTARARNTRALCARTER,







Database

Protein sequence
(primary)
SWIsSS-PROT
PIR-International

Protein sequence {composite)
OWLL
NEREDB

Protein sequence (secondary)
PROSITE

PRINTS

Pram

Macromolecular
structures

Protein Data Bank ( PDYB)
MNucleic Acids Database (NIDEB )
HI% Protease Database
Rel.iBase

PDBsum

CATH

SCOP

FSSP

MNucleotide sequences
CrenBank

EMMBL

DDBI

Genome sequences
Entres genomes
Crenedensus

COGs

Integrated databases
InterPro

Sequence retrieval svstem (SRES)

woww . expasy.ch'sprot/sprot-top.html
www.mips.hiochem.mpo. de/projprotsegdb

www bioinf.man.ac.uk/dbbrowser;/ CWL
wonw . nebinlmonih. osovientres/guery . fcei?db=Protein

www.expasy.ch/prosite
www biocinf.man.ac.uk/dbbrowser/PRINTS /PRINTS. htiml
W sanger.ac. uk/Pfams

www.resbh.or db

ndbserveruteers.edus

woovw. ncifoerf cov/CRY S/IHIVAD/NEW DATABASE
ww w2 ebiac.uk: 808 1 home.himl

www biochem.ucl.ac. uk/bsm/pdbsuim
www biochem.ucl.ac.uk/bsnu‘cath
scop.nre-lmb.cam.ac. uk/scop
www2.embl-ebi.acuk/dali/fssp

woww . nebinlmonih. cov/Cenbanlk
www . ebi.ac.uk/embl

www . ddbi.nic.ac. jp’

woww. nehinlm. nih.cov/entrer/guery. focoi?db=GCenome
bioinfo.mbb. vale.edu/cenome
woww . nebinlm.onih. ocowv/CO

wowowebiac.ukdinterpro
WO ex pasy.ch/srss

Lntres

www . nchi.nlmonih. gov/Entrez
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Data source

Data size

Bioinformatics topics

Raw DNA sequence

Protein sequence

Macromolecular
structure

Genomes

Gene expression

million
sequences
{ billion bases)

sequences
(~300 amino acids
cach)

structures
(~1.000 atomic
coordinates each)

complete
genomes
(1.6 million —
3 billion bases cach)

largest: ~20 time
point measurements
for ~6,000 genes

Separating coding and non-coding regions
Identification of introns and exons

Gene product prediction

Forensic analvsis

Sequence comparison algorithms
Multiple sequence alignments algorithims
Identification of conserved sequence motifs

Secondary. tertiary structure prediction
3D structural alignment algorithms
Protein geometry measurements
Surface and volume shape calculations
Intermolecular interactions

Meolecular simulations

{ force-field calculations,
molecular movements,
docking predictions}

Characterisation of repeats
Structural assignments to genes
Phvlogenetic analwvsis
Genomic-scale censuses

{characterisation of protein content, metabolic

pathwayvs)
Linkage analvsis relating specific genes to
disecases

Correlating expression patterns

Mapping expression data to sequence. structural

and biochemical data

Other data

Literature

Metabolic pathwavs

millien citations

Digital libraries for automated bibliographical

scarches
Knowledge databases of data from literature

Pathway simulations










| Sequencing project |- \ Sequence
management ¥ - | database browsing

Search databases for | £ Search for protein
: similar sequences riotl ¥t
-~ | .| Designfurther experiments | v g ey
eRestriction mapping
¢PCR planning

e

RNA structure
prediction

Search for
known motifs

| Sequencecomparison [

Create a multiple
sequence alignment

Format the alignment |~ | Molecular
for publication phylogeny

S coding regions | &

i F Edit the alignment N_

Manual
sequence

Search databases for
similar sequences

Search for
known motifs
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| Sequence comparison | & . |L JHiay
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Protein family

analysis

Predict
secondary
structure
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Comparing Genomes is Like Cryptography
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arative Sequence Analysis

Using the ‘Experiments of Evolution’
to Decode the Human Genome

AT G T RGN T AN
T SRR ST A RTTIT
TGALT T R ST T R R,
OTTAL (PRI CRGNARTIT N Tk
T AT T T TOLMTT
T AR R TIRRTIA
B Fe T Bl e g ) O e
R N R R AT AT TR
B T T e TR
o T PR P M o N '
B T R RGBT
TR RO GRGNT AR AT
T P SR, T TR
AECCT TR R RIACRTT
T P T o St ) BT T
LT e T B e
ATTAT TR TTRC SR CaRGE

Compare

ST T RGERAT TG T
T &

AT GTOUNCT A0 TR G TTA
ST T R T TSR e e,
OCTEAL DEEaET T TERCT TR
PR RO ORI A
e LRy Ry g rh e e T La
KOt GRTCT TAC TR ACTTA
Rl T R O T e
er LRERI R % S pal e
SCTET SRR OO e TR NI
TETRC CACRCT TACRCAT TR
RTATAT ORI T RO R ATA

L =
ST T R TR R T T
AOCTAT TATTAT T A GRS,
Sl T U BTG e A

Species B

TNT a0, TR T T 0GMaN T
T T DO G T T
SR T e T R TR
ST ST Ul AT TR TOAT R
ST DT T TONCTCT O
ST T I AT Y G
A e DT T TR T
ROCR AT T T AL TN WCT TR
TR T T R TR TT TR
TR T e O 0T
SR T T e R O T
CTTACCRCRCTT RCNCATT RO
AHTRTATC CROTTROTROACRTE
STETRCTAFNIATOCNG T ADT
e T ol T R OO T
SOCTRTT AT TAT TR DGR,
EL e g e T e e L

Seguences in Common (i.e., ‘Conserved’ or ‘Constrained’)




Database similarity searching:
The.BLAST .program has been written:-to allow rapid.comparison of a-new
‘gene sequence with the 100s of 1000s-of gene sequences in data bases

Sequences produci ng significant alignnments: (bits) Val ue
gnl | PI D} 252316 (Z74911) ORF YORO03w [ Saccharomy/ces cerevi si ae] 112 7e-26
gi | 603258 « ((UL8795) "Priblp: - vacuol ar protease B[ Saccharonyces ce... 106 '5e-24
gnl | Pl D} 264388 ( X59720) YCRO045c, |en: 491 [ Saccharonyces cerevi... 69 7e-13
gnl | Pl Dl €239708;: (Z71514) ORF ‘YNL238w [ Sacchar onyces cerevi si ae] 30 ' 0.66
gnl | Pl D) e239572 (Z71603) ORF YNL327w [ Saccharonyces cerevi si ae] 29 1.1
gnl | Pl Dl €239737  (Z71554) ORF YNL278w [ Sacchar onmyces cerevi siae] 294 15

gnl | Pl D] €252316 (Z74911) ORF YCROO3w [ Saccharonyces cerevisi ae]
Length = 478

Score = 112 bits (278), Expect = 7e-26
| dentities = 85/259 (32%, Positives = 117/259 (44%, Gaps = 32/259 (12%

Query: 2 QBVPWE SRVQAPAAHNRG: - - - - == - - LTGSGVKVAVLDTA ST- HPDLNI RGG- ASFV 50
+ PWG+ RV G GG/ VLDIG T HD R £2. 3
Shj ct: 174 EEAPWELHRVSHREKPKYGQDLEYLYEDAAGKGVTSYVLDTG. DTEHEDFEGRAEWGAVI 233

Query: 51 PGEPSTQDGNGHGTHVAGTI AALNNSI GVL GVAPSAEL Y XXXXXXXXXXXXXXXXXQGELE 110
&= D NGHGTH AG 1+ + GVA + ++ +GHE
Sbj ct: 234 PANDEASDLNGHGTHCAG | GSKH- - - - - FGVAKNTKI VAVKVLRSNGEGIVSDVI K4 E 288
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EHEC_SepQ 232
Yp _YscQ 226
ct_YacQ 302
At_AGRc988p 116
Ba_F1liN 53
Ci_FliN 33
Cc_Flin 22
C3 F1i¥ 199
C3_F1lin 18
EHEC_EpaC 254
Pa_PscQ 233
Rs_HreQ 276
5t_Ssag 245
St_Spa0 225
¥p FliN 57
Ra_F1liN 37
Li_Lin0701 28
Li_Lin0706 2
Li_Lin0708 441
M1_HreQ 279
At _FliM 237
Hp_F1liM 252
Vp_F1liM 250
Tp_F1liM 253
Bb_F1iM 263
 FliM 252
Rp_F1liM 252
Sf_Spa0 219
Bp_SctQ 231
Ea_HreQ 259
Consensus/80%
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PALDSLALDLTLRCGELRLTLAELRRLDAGTILEVT-GISPG—-HATLCHGEQVVAEGELVDVEG—--RLGLQITRLVTR
LSHNETVMNRIYCAIGTVHIDIHMLRNVKKDDIINSDGYHLFG--GCQLIRNNTTIAYGSIVKINE---DFYFTVSIVCD-
VQLEDLPQTLVMEIGRLTLPLGEIKQLAVGQTLACQ-THCYG--EVNICLNGQSVGRGSLLRCDE-——KLVVRIAQWGLQ
ATPLPSATKIVAEVARYSLSVGEFLKLGPGSVLOFDGVHPTL--GVDIILNGAKVGRGNIIALOD -~ -VLGIRVLEV ---
EMIMDIPIDVQIVLGTSRMLVSGLMSLEEGATIALD-RKIGE—PVEIMVNGRRIARGEITVLEDDDTRFGVKLIEVLST
-TILNVPVNITVELGTSRIKIKDFLKFSKGSMLILN-ESIKE--PLNIFMNGHLIASGEIVVLEE---KYGIRITNIKNS
APVFDVPVNISAVLGRANMSVAQLLOLGQGSILELD-RKVGE--AIDIYVNNRLVARGEVVVVDE---RLGVTMTEI IKD
SQVNAVHVEISVLLGRS ILPMOQLLRMGRGAVIPLD-AKTHD--EVWILANNHFIARGEIQISDD---RIAIQVTRAADV
NLIMDVRLPVRVRIGNKKMLLKDVLTMD IGSVVELN-QLAND--PLEILIGDRKRIAYGEVVIVDG—--NFGVQITEIGSK
EDILDITVDFVSELGTTNMSVAELLKLEVGSVIDLE-KPAGE--SVELY INKRIFGKGEVMVYEK ---NLATRINEILDS
----ELPVKIEFVLGKKIMNLYEIDELCAKRIISLL-PESEK--NIEIRVNGALTGYGELVEVDD---KLGVEIHSWLSG
HELDQLPIPVSFEVGRRTLDLHTLSTLOPGSLLDLD-SALDG--EVRILANQRCLGIGELVRLQD---RLGVRVTRLFGH
VPLEQLEVPVHLELAVMGMP LAELAALOPQHVLTLPVKIRDV- - SVRLVCHGQ TLEHGQLVAVGE - - ~QLGLQIAS IGKH
VELEQIPQQVLFEVGRASLEIGQLRQLKTGDVLPVG-GCFAP--EVTIRVNDRIIGQGELIACGH-—-EFMVRITRWYLC
PGLNQLPVKLEFVLYRENVTLAELEAMGQQOLLSLP-TNAEL--NVEIMANGV LLGNGELVQOMIID —--TLGVEIHEWLSE
SLFSRIPVTLTLEVASVEIPLSELLTVNNDSVIELD-KLAGE--PLDIRVNGIMFGQAEVVVINE---KYGLRIININSQ
QHFSDIPVEVEVVVGRANKTLGELLAMGIGSVIEID-REPKD--LVDIKVNGKLIAKCELVIIDG---KIGVKIKEVVEE
ROVDNIGVHNLIVRLGKKEMPVGDIAELSIGDVLEVE-KKPGH-~-KVEIFLDEKKVGIGEAILMDE -~ ~NFGIVISEID-~
KINHTIPLRIDFELGRTKQPVGSLLDVKKGTVFRLE-DSTGH--VVKITISGKCIGYGEILTKDG---KMFVKITKLGEG
QILEDIPVTLEVVFGTAKVKLEKFISWCEKDVIILK-ESMNE--PLVLALNGVTIGKGILVRVDD---HFGIQMTELVR-
EDLDDVEIMLVFECGRWPIPLGELRSAGEGHIFELG-RPIQD--PVDILANGQCIGRGDIVRIGD ---TLGIRLRGRLGC
QVKR-SQVTLEARIKLETLTLRTISRLVAGDVIPFQ-DLEQDDIGVEVSANGSKLYNCEFGKSGD ——-RYMVRVENNVST
AILS-IPLTLSARLCEPEVPLRQLMOMOPGDVLPVH-LTEAL----SLLVEGQPIFEAAPGERGG---QAALNLTRRHVR
EEIMDCPVNFRVNLLEKDISLRDLMELQPGDIIPIE-MPEHA----TMFIEDLPTYRVKMGRSED - --KLAVQVSQEIER
KRIMTAQIPVVAELGTSELTIEEFLSLEVGDCITLD-KSVTD~--PLTVLVGDKPKFLGQAGRVNR - ~~KQAVQILDHDIR
EKLENTAMPLVAEIGEVKLKVREILSLDKGDVLHLE-SSLINK-DLTLEVGTKEKFKCRMGLMGH ---KVSVQITEKIGD
DELSTVDMDVVAEVGSLRLSVRDILGLRVGDIIRLH-DTHVGD-PFVLSIGNRKKFLCQPGVVGK——-KIAAQILERIES
ALLSGVSVDMIVFLGAVELSLKEMLDLDVGDTIRLN-KIAND--EVSVYVHKKKRYLASVGFQGY ---RKTIQIKEVIYS
FHYDDINVKVDF ILLEKNMTINELKMYVENELFKFP-DDIVEK--HVNIEVNGSLVGHGELVS IED-—--GYGIETISSWMVE
TRIGELELPVOFEIDTVSLPIDQLSALEPGYVIELP-VAVTD-ARLRLVVHGQTVGYGELVAVGE - --HLGVRI TRMAHR
POLASLPLSLEVRCDRTALTLGELQRLOAGSVVTLD-NVTPG--EAGLYHGDTLIARGELVDVEG---HLGLQLTQLLLT
++h.pl.h.l.h.1lsp.pb.l.plbpb..spll.1 +»+hpl . hessp.hhbtphbh, .. cuus pbslpl.p.h..
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- Protein
Structure::

the 3-D structure of
proteins is used to
understand protein
function and design
new drugs
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Mapping by Homolodqy

Sequence
e Dynamic Alignment
“A-E-L-M- Programming “A-B-L-M-
Sequence 2 Dayhoff g _!_,:Il_D_ I o
-1-Q-D-M- Matrix

Profiling
Sequence Sequence to
AT M- 5 structure
Programming

Structure with . K

defined environment 3D -1D
for each residue scoring L
- table
Threading
Sequence - Optimum location of
-A-K-1-M- segquence on fold
Programming
- A K
Fold Pair-wise
potential
function I




‘. UNDERSTAND and organise the information...”

a

«—(sa1sAyd) ubiseq Bnig jeuoney 4

finding

structure
prediction

geometry
calculation

molecular
simulation

structure
docking

Breadth: Homologs, Large-scale Surveys, Informatics—

palrwise comparison,
sequence & structure
alignment

multiple alignment,
patterns, templates,
trees

databases, scoring
schemes, censuses

2

3-100

alcgatogelatitgggatitgagaa

atcgatcgatattigggattigggga
alcgatcgatatitgggattigggga

ALMNAKKKPQOQRT

ALMNA KKKPQQRT
ALMNAKKKPQORT
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Major Application I:
Designing Drugs

Understanding How Structures Bind Other Molecules
(Function)

Designing-Inhibitors
Docking, Structure Modeling

(From left to right, figures adapted from Olsen Group Docking Page at Scripps, Dyson NMR Group
Web page at Scripps and from Computational"Chemistry Page at Cornell Theory Center):




|| r-|1

MLHT GENE
(on band 21.3)

1 ISOLATE HUMAN DNA SEQUENCE ‘
... GAGAACTGTTTAGATGCAAAATCCACAAGT ...

: "’fl‘f'ri %r"‘il 'F‘T.'-_.__

2 TRAMNSLATE DNA SEQUENCE INTO AMINDG B ‘
ACID SEQUENCES
—

v is %
Lo v
- -1'1— — i

... ENCLDAKSTS

BASES OF MODEL ORGANISM PROTEINS
{ reflect great differences;
, smaller variations) 5 FIND DRUG THAT
4 MODEL HUMAN PROTEIN  BINDSTO
..E N CL DA AIKST S ... STRUCTURE BASED ON MODELED
KNOWN STRUCTURE OF PROTEIN
A SIMILAR PROTEIN FROM
’*- A MODEL ORGANISM
(D. melanogaster) (red area is encodad by the
sequence shown)

3 FIND SIMILAR SEQUENCES IN DATA- '

A
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