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Bio-Informatics

{>To use computers for the management and analysis
of biological information

{>Internet + Programs + Data



DNA and Protein

ATCG



DNA and Protein

AlaA LeulL
ArgR LysK
Asn N MetM
AspD PheF
CysC ProP
GluQ SerS

GInQ ThrT
GlyG Trp W
HisH TyrY

Ilel VvalV



A Protein Sequence

hranslation="MSGKPAARQG DMTQYGGSIVQGSAGVRIG APTG VACSVCPGGVT
SGHPVNPLLG AK VLPGETDIALPGPLPFILSRTYSSYRTK TPAPVGSLGPGWKMPADI
RLQLRDNTLILSDNGGRSL YFEHLFPGEDG YSRSESL WLVRGGVAKLDEGHRLAALWQ
ALPEELRLSPHRYL ATNSPQGPWWLLGWCERVPEADEVLPAPLPPYRVLTGLVDREGR
TQTFHRE AAGEFSGEITGVTDG AWRHFRL VL TTQAQRAEEARQQAISGGTEPSAFPDT
LPGYTEYGRDNGIRLS AVWL THDPE YPENLPAAPL VRYGWTPRGELAVVYDRSGKQVR
SFTYDDK YRGRMVAHRHTGRPEIRYRY DS DGRVTEQLNPAGLSYTYQYEK DRITITDS
LDRREVLHTQGEAGLKRVVKKEHADGSVTQSQFDAVGRLRAQTDAAGRTTEYSPDVVT
GLITRITTPDGRASAFYYNHHNQLTS ATGPDGLELRREY DELGRLIQETAPDG DITRY

RY DNPHS DLPCATE DATGSRK TMTWSRYGQLLSFTDCSG YVTRY DHDRFGQMTAVHRE
EGLSQYRAYDSRGQLIAVK DTQGHETRYEYNIAG DLTAVIAPDGSRNGTQYDAWGK AV
RTTQGGLTRSMEY DAAGRVIRL TSENGSHTTERY DVL DRLIQETGFDGRTQRYHHDLT
GKLIRSEDEGLVTHWHYDEADRL THRTVK GETAERWQY DERGWL TDISHISEGHRVAY
HYRYDEKGRLTGERQTVHHPQTEALL WQHETRHAYNAQGLANRCIPDSLPAVEWLTYG
SGYLAGMKLG DTPLVEYTRDRLHRETLRSFGRYELTTAYTPAGQLQSQHLNSLLSDRD
YTWNDNGELIRISSPRQTRSYS YSTTGRL TG VHTTAANL DIRIPY ATDPAGNRLPDPE
LHPDSTLSMWPDNRIARDAH YL YRY DRHGRLTEK TDLIPEG VIRTDDERTHRYHYDSQ
HRLVHYTRTQYEEPL VESRYLYDPLGRRVAKRVWRRERDLTG WMSLSRKPQVTWYGWD
G DRLTTIQNDRSRIQTIYQPGSFTPLIRVETATGEL AK TQRRSLADALQQSGGEDGGS
VVEPPVLVQML DRLESEILADRVSEESRRWLASCGLTVEQMQNQMDPVYTPARKIHLY
HCDHRGLPLALISTEG ATAWCAE Y DEWGNLLNEENPHQLQQLIRLPGQQYDEESGLYY
NRHRYYDPLQGRYITQDPIGLK GGWNL Y& YQLNPIS DI DPLGLSMWE DAKSGACTNGL
CGTLSAMIGPDKFDSIDSTAY DALNKINSQSICE DKEFAGLICK DNSGRYFSTAPNRG
ERKGSYPFNSPCPNGTEK VSAYHTHG ADSHGE YWDEIFSGK DEKIVKSK DNNIKSFYL
GTPSGNEK AIDNHOK EITNRK GLPNVCRVHGNM"
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DNA Sequence

TORIGINT
1 agcititcal Icigacigca acgggcaala [Eicicliglig tgsalttaaan aaagagigic
51l tgartagcage Ticigaactiyg gitacocigoc gigagiaaal taasalitia tTigacttagss
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Tcacrtasaata CTITaaccas Tataggcalta gcgCcacagac agarasaaat tacagagtac
Scasacaicca TEaaacgCcal Tagcaccace afftaccacca Ccatcaccat taccacaggt
SAcCZEIgc S SCTESacgCc Sl SCagSaaaca CAgaaaasag CCCECcacoclyg acagigoc g
CIILIIIILE CEacCcCaaags Taac gagEia acaaccaltgc gagigitgaa gtcggc St
SCHTCASETEE CAIDATECAES ACESIITICTE CEIFSITECcCE araticigeys aagcaatgco
AEFTCAEETETEC AZSIEECCac CECCIcCIcCT ECCcCcCcCcCgOocCca aaatcacocai CoCacoctggts
sScgatgallig saaaaacocal tagocggccag galtgctittac ccaatatcag cgatgcocgaa
CEralltitig cogaaclililit gacgggacic SCCEgCcCEgCccc agoocggselit ccogctiggscs
CcCaattgaasasa Ccgic g8 Toaggsallit gcccaaatasa aacatgicoct gocatggcatt
ASTILSITtE s SECAagigcc s SEalagcalc ASaacgcigogc TEaltigooc g tTEgogagaas
SCEcCEalc g COAalgSc CESCc Sralia SaagcSCcSCc e Scacaac gt tTactgitatc
SATCCESSICE AAIAIAJACTECT SSCASIEEE S CAIACCIC E SATCTACC S C SatattgctT
EASTCCACCTC SCCESralfigc SECaagc cgc AICCESCctE atcacatggt Sctgatgsca
ESIIICAacc g CCESaalga aasagScEaa CIgEigsigc Tfggacgcaa cggitcoc gac
TACTICTECoTE CESISciEgsc TECcocigitia CECcEcc galt gitgcgagat tTtggacggac
SIfEgacggess TcTarfaccTtg CEacCcCcECc S CagEigcco e atgcgagslt Ssttgaagtic s
argrtrcctace agfaagcgal gEagciitce TacitTcEgc g ctaaagitct TcaccoccocgC
accalTaccC CcCalcgcococa SgiTtccagalc CCTgcocTEga Taaaaaltac cggaaatccT
SICESCAlESE CESCESCECELl CIIgCcagoc g ATSICACSCE COoC Sraltlitc cErggrgcts
STCACcCEC AT CAlcTIicc Zga afacagocalc agiticigc g TIccacaaag CEactgtasrs
CEAgcCTEanac SSESCaalEgcs SSaagagitc Taccigsaac TESaaagaagg clitactggas
CCECTESEcasg TSacCESaacs SCISSCccall alctcSgigys Taggrsatse Tatgc gcac o
TEECEigEEa ICTCESCEaa Slctigc s SCaciggccsc SCESCccaatal caacarttgtc
ECCATCECTC agfEalciic TEaac SCctca SlcCIcCiEgic g TESrasatas CEatgatagc e
SCCacCTgEcE TECESCEitac Toalcagals CTElcaala COCESatcaget Tatc Saagts
TCCECEaltyg SCETCEEtEE CEItESCEEST SCECTECTEE agcaactgan gocgtcagcas
ASCTESCTEa Agaaraliacs TAlc gacita CErgictgc g SIgitgccaa cCtogaagacT
CTECTCaCcCCH ATElacalESs CCITaalCclg SAAAacCiESESC AgZSaagaact SScEScaagco
AQATAECCEL TLAATCICEE SCECTiaall CECCICElga fagaalalca TCTECTEaac
CCEEicallg TLEaCciECcac TICCAagCCcag SCagSiEeECc e ATcAatalgc CEactic oty
CECEasEgll ICCAacEgllgl CacgCccEgaac aaaaaggcca acacCcic gic gatggattac
Taccalcagl [ECEifalgc SEcEfaaaan ICECEECcglia aallccicTa TEacaccaac
Sigeoocly galtacoc gl Tallgagaac cClgcaaaalc Tgcicaaltgc agelgatgaa
Tgaltgaagl Icicc g cal Toicigel TocgCctTitc . atalcTic g Ccaagitagac
Soaggcatgas SIicicocga SECEacCcacg CIESCcSCcSSE faaltgggita tacogaacog
EAacCcCocgcgag Aartgaiciitc Tggratggal gigaec gc gfa aactatigat totcgctoc gt
SaascgSEac SrIgaacigsa SCiggc SZal artgaaalig aacCcigigct gcoccScagag
TIrascgCcc g SASgSigalgl TECcCcSCTiit arggc Saalc TEicacaact Cgac gatctc
TICECCECEc SCEigfc g aa SECcCcCSifal SaagfSaaaas TITIgc SCcTa TEitggcaat
arrgatigsay algfcSiclg CocgcEigaas alftgccgaag TEgalggras Tgatcocgcts
TrCasagifs SaaalgScEa aaacESCccolyg gocciictata goccacialia tTecagcocScts
Coglitgstac TgCcgcEgFala IgEigcggsc aalgacgita Cagcligcoc g TEictitsct
Satcigctiac gacCcCociclic arflggaagita gagicigac artgelitaaag ttatgcccoc
SECcitccagl gococaatalga SCcglic gl TEatggctc gEgFcggc ey tgacacocgt
TEatgergca TIgcicggay atgiagicac Selilgagecy SCagagacal toagictcasm
CARaaccCicgEa CECIigoc g araagcigc s SICASAACCH CEESIaaala To gittatc &
ErSCTEgEay CEIiiigc s AgEaacCiggy Taagcaaalt CCAagiggcga Tgaccocigga
SASgIAITATLE CCEATC St CESSCIiagy CTCCAagigcc TEItc gl TcEcEgcSct
Sartgscgaty aarfgaacact gcggcaagcc gcitaatgac actc gittgc TgEgctttigat
EESECEASCIE SaagScCcSia IcTccggcag calftcattac gacaacgigs cacocgtgttr
TCTCEErEst atgcagitga Tgafc gaaga aaacgacaltc atcagccagc aagtgccagsg
ESrEargas TESCcTEigfs TECTEFc gra TC oSS Sall aaagicTecga cggcagaagc
CagESSCcTall TITaCCESCEC agratlcECCcE CCagEsatigc SIIgSCcSCcCacE SSCcEacatct
SESEcagectitic arftcacgoct gotatticcog tocagocigas ciigcocgcga agotgatgas
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E. coli K12 genome is 4,639,675 bp Human is about 3,000,000,000 bp
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How to analyze the sequences

>Samplel MAKAAIGIDLGTTYSCVGVFQHGKVEITANDQGNRTTPS
>Sample2 TMAKAAISIDLGTTYSCVGVFQHGKVEITANDQGNRTTPS
>Sample3 MAKAAIGIDLGTFTYSCVGVFQHGKVEITANDQGNRTTPS



Which two are more closely related?
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Alignment

File Edit Alignment Trees Colors Quality Help

‘ Multiple Alignment Mode - \ i
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sanple
salple
sample

RRRRRR RRARR RRRRARRRARARRRARRRRARRAARAR




Alignment
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File Edit Alignment Trees Colors Quality Help

‘ Multiple Alignment Mode - \ i

satple
sample
patple
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Difference — Distance



Distance — Tree



Parsimony Tree

AAAAG AATCG AATCC ATTCC ATCCC



Parsimony Tree

AAAAG AATCG AATCC ATTCG ATCCG



One application
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Relationship?
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Something to think about

Why should we do the alignment before we compare genes?
How do we get the relationship of genes?

More applications...



