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Multiplealignment

Amultiplealignmentofsevenglobins(part):

HBB_HUMAN...ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN-----LKG...

HBB_HORSE...DSFGDLSNPGAVMGNPKVKAHGKKVLHSFGEGVHHLDN-----LKG...

HBA_HUMAN...PHF-DLS-----HGSAQVKGHGKKVADALTNAVAHVDD-----MPN...

HBA_HORSE...PHF-DLS-----HGSAQVKAHGKKVGDALTLAVGHLDD-----LPG...

GLB5_PETMA...PKFKGLTTADQLKKSADVRWHAERIINAVNDAVASMDDT--EKMSM...

MYG_PHYCA...DRFKHLKTEAEMKASEDLKKHGVTVLTALGAILKKKGH-----HEA...

LGB2_LUPLU...SFLKGTSEVP--QNNPELQAHAGKVFKLVYEAAIQLQVTGVVVTDA...

:...::*.:.

Whymultiplealignment?

•Identify(protein)familiesandfindcharacteristicconservedmotifs

•Relateconservedmotifstophysicalstructureandbiologicalactivity

•Predictphysicalstructureandbiologicalactivityfrommotifs

•Improveprecisionofdatabasesearches(PSI-Blast)
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Thescoreofamultiplealignment

LetKsequencess
1
,s

2
,...,s

K
begiven.

AmultiplealignmentahasKrows,whererowkcontainspreciselythesymbolsofs
k

,andpossiblysomegaps.

Themultiplealignmentinducesapairwisealignmenta
k,l

betweens
k

ands
l

foreverypair(s
k
,s

l
)ofsequences.

Thealignmenta
k,l

isobtainedbydeletingallotherrowsofaandthendisregardingcolumnsthathaveonlygaps.

ThescoreS(a)ofamultiplealignmentaisusuallycomputedasthe‘sumofpairs’score:

S(a)=S(a
1,2

)+S(a
1,3

)+···+S(a
1,7

)+S(a
2,3

)+···+S(a
6,7

)

HereS(a
k,l

)isthescoreofthebestpairwisealignmentbetweens
k

ands
l
.

This‘sumofpairs’scorehasnogoodstatisticaljustification—unlikethescoresforpairwisealignment.
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Multiplealignmentof7sequencesinduces
7·6
2=21pairwisealignments

HBB_HUMAN...ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKG...
HBB_HORSE...DSFGDLSNPGAVMGNPKVKAHGKKVLHSFGEGVHHLDNLKG...

HBB_HUMAN...ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKG...
HBA_HUMAN...PHF-DLS-----HGSAQVKGHGKKVADALTNAVAHVDDMPN...

HBB_HUMAN...ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKG...
HBA_HORSE...PHF-DLS-----HGSAQVKAHGKKVGDALTLAVGHLDDLPG...

HBB_HUMAN...ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN---LKG...
GLB5_PETMA...PKFKGLTTADQLKKSADVRWHAERIINAVNDAVASMDDTEKMSM...

HBB_HUMAN...ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKG...
MYG_PHYCA...DRFKHLKTEAEMKASEDLKKHGVTVLTALGAILKKKGHHEA...

HBB_HUMAN...ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN-----LKG...
LGB2_LUPLU...SFLKGTSEVP--QNNPELQAHAGKVFKLVYEAAIQLQVTGVVVTDA...

.....

MYG_PHYCA...DRFKHLKTEAEMKASEDLKKHGVTVLTALGAILKKKGH-----HEA...
LGB2_LUPLU...SFLKGTSEVP--QNNPELQAHAGKVFKLVYEAAIQLQVTGVVVTDA...
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Algorithmsformultiplealignment

•Simultaneousmultiplealignment(example:theMSAprogram).

Producesthe‘true’optimalalignment.

Verytimeandspaceconsuming;feasibleonlyforfewsequenceswhicharehighlysimilar,orshort.

•Progressivemultiplealignment(examples:theClustalWandT-Coffeeprograms).

Aheuristicmethodthatmayormaynotproducethetrueoptimalalignment.

Butitismuchfasterthansimultaneousmultiplealignment.

•Manuallyeditamultiplealignment(veryboring).

Example:Jalview,http://www.jalview.org/

Canbedownloadedandinstalledlocally.
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Buildingamultiplealignment

Acirclerepresentsasequence.

SimultaneousProgressiveProgressive

(tree)(star)

MSAClustalWPSI-Blast
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Simultaneousmultiplealignment

Inprincipleitiseasy:usedynamicprogramming,fillinginamatrixF,justasforpairwisealignment.

Inpairwisealignment(twosequences),theFmatrixistwo-dimensional.

InamultiplealignmentofKsequences,theFmatrixwillbeK-dimensional.

Problem:AssumewehaveKsequencesoflength`1,...,`K.

ThenthesizeoftheFmatrixwillbe

`1·`2·...·`K

WhenK=6and`1=`2=···=`K=200,thisis64,000,000,000,000numbers.

Thisrequires256,000,000MBstorage,correspondingto1millionPCs.

Fartoolargeforpresent-dayandforeseeablecomputers.
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TheMSAprogram

MSA(MultipleSequenceAlignment,Kececiogluetal,1989,1995)implementssimultaneousmultiplealignment.

The1995versionofMSAhasmanyalgorithmicimprovementsovernaivedynamicprogramming.

MSAfillsinonlyasmallpartoftheK-dimensionalFmatrix,a‘band’aroundthe‘diagonal’(likeBlast).

Thesizeofthis‘band’isdetermineddynamically,byaformofbranch-and-boundoptimization.

ThereforeMSAmayeasilyhandlesixcloselyrelatedsequencesoflength≥200.

Butstill,addingasinglemoredistantlyrelatedsequencecanmakeithopelesslyslow.

Thisisbecausethe‘band’needstobemuch‘wider’whenthesequencesarenotcloselyrelated.

InfacttheproblemofoptimalmultiplesequencealignmentisNP-hard.

Itisveryunlikelythatthereisanacceptablyefficientgeneralalgorithmthatsolvesit.
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ComputerexperimentswithMSA:timeandspaceconsumption

ComputingmultiplealignmentofsomebcIIclassBbeta-lacamases;lengthapproximately260aa.

NumberofseqsTime/sSpace/MBComments

4<114closelyrelated

5845closelyrelated

63066closelyrelated

6+1>4380>2726closelyrelated+1moreremotely(programhadtobekilled)
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Thepracticalsolution:Progressivealignment(FengandDoolittle1987)

GivenKsequencestoalign(globally),donotalignallsequencesatthesametime.Instead:

•Computethe
K(K−1)

2pairwisedistancesbetweenallpairs(s
k
,s

l
)ofsequences.

This‘distance’canbecomputedfromthescoreS(a
kl

)oftheglobalpairwisealignmentofs
k

ands
l
.

•Usingthedistances,buildatree(asinphylogeny)toguidetheprogressivemultiplealignmentprocess.

•Tobuildamultiplealignment,startwithcloselyrelatedsequences,addmoredistantlyrelatedsequenceslater.

Problem:theresultissensitivetotheorderinwhichsequencesareadded.

Theordershouldfollowthephylogeny,butthephylogenyisnotknownuntilthealignmentisfinished...

Toalignthetwofirstsequences,useordinarypairwisealignmentbydynamicprogramming(explainedlastweek).

Toalignanewsequencestoanexistingalignmenta,computethepairwisealignmentbetweenaandevery

sequenceina.Thenchoosethebestofthesealignments,insertinggapsintheothersequencesofaas

necessary.Alwayspreserveexistinggapsina.

Toalignanalignmenta1toanotheralignmenta2,computeapairwisealignmentbetweeneverysequenceina1

andeverysequenceina2.Thenchoosethebestofthesealignments,insertinggapsintheothersequencesof

a1anda2asnecessary.Alwayspreserveexistinggapsina1anda2.
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Anexampleguidetreefortheglobins(builtbyClustalW)
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ClustalW/ClustalX(1994):Furtherrefinements

Thepairwisedistancesusedtobuildtheguidetreeareweightedbysequencesimilarity,sothatcloselyrelated

sequencesaregivenalowerweight.Thisistocompensateforsequenceselectionbias.

TheguidetreeisbuiltusingNeighbourJoiningtobuildtheguidetree;anolderversionofClustalWusedUPGMA.

NeighbourJoiningandUPGMA(‘unweightedpairgroupmethodusingarithmeticaverages’)aretwomethodsfor

buildingaclustering/phylogenetictree,givenadistancematrix.NeighbourJoiningproducesbetterresults.

Use‘harder’substitutionmatricesfortheearlyalignments(closelyrelatedsequences),e.g.GONNET120.

Use‘softer’substitutionmatricesforthelateralignments(distantlyrelatedsequences),e.g.GONNET350.

Gapopeningcostisincreasednearexistinggaps(toencouragefewer,longergaps),andnearhydrophobicamino

acids(becausetheyareusuallyinsidetheprotein,whereinsertionsanddeletionsarelesslikelytosurvive).

Gapextensioncostisdecreasedwhenaligninganewsequencetoagappedstretchofanexistingalignment.

ThegraphicaluserinterfaceClustalXpermitssomevisualizationandverylimitedsequenceediting.
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T-Coffee(2000):Moreprecisemultiplealignments

InClustalW,anearlymistakeinprogressivealignmentcannotbecorrectedlater.Considerthesesequences:

1GARFIELDTHELASTFATCAT
2GARFIELDTHEFASTCAT
3GARFIELDTHEVERYFASTCAT
4THEFATCAT

Thesequenceswillbealigned(1,2),then((1,2),3),then(((1,2),3),4),givingthewrong(left)alignment:

GARFIELDTHELASTFA-TCATGARFIELDTHELASTFA-TCAT
GARFIELDTHEFASTCA-T---GARFIELDTHEFAST----CAT
GARFIELDTHEVERYFASTCATGARFIELDTHEVERYFASTCAT
--------THE-----FA-TCAT--------THE----FA-TCAT

T-Coffee(Notredame,Higgins,Heringa2000)improvesonClustalW/ClustalXasfollows:

•Builda‘library’ofallpairwiselocalandallpairwiseglobalalignmentsbetweenthesequences.

•Foreachmatchingpairofaminoacidsfromtwosequences,recordaweightedconstraint.

Forinstance,Cinsequence2islikelytomatchCinsequence1,sequence3andsequence4.

•Usetheinformationfromthelibrarywhendoingtheprogressivemultiplealignment.

Intheexercisesyouwillseethatthismakesadifferenceinreallife.
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Servers,andothermultiplealignmenttools

•ClustalWisavailablefordownloadatftp://ftp-igbmc.u-strasbg.fr/pub/ClustalX/

•ThereisaClustalWserveratEBIhttp://www.ebi.ac.uk/clustalw/

•ToeditClustalWtrees,andtoincludetheminWorddocuments,useTreeview:

http://taxonomy.zoology.gla.ac.uk/rod/treeview.html

•T-Coffeeserverathttp://igs-server.cnrs-mrs.fr/Tcoffee/

•Multalin,lookssimilartoClustalW,athttp://www.toulouse.inra.fr/multalin.html

•AMPS(AlignmentofMultipleProteinSequences)=multalign

http://www.compbio.dundee.ac.uk/Software/Amps/amps.html

•Pileup/GCGfromGeneticsComputerGroup(commercial)

•Manymoretools,includingmanualeditingtools,arelistedathttp://www.expasy.org/tools/

Example:Jalview,http://www.jalview.org/

Example:CINEMA,http://bioinf.man.ac.uk/dbbrowser/CINEMA2.1/
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Motifsandmultiplealignments

Amotifisasectionofamultiplealignmentwheremanysequencesagree.

Therearemanywaystorepresentmotifs:

DatabaseRepresentationURL

BLOCKSBlockswww.blocks.fhcrc.org/

PROSITEpatternsRegularexpressionswww.expasy.org/prosite/

PROSITEprofilesProfiles(position-specificscores)www.expasy.org/prosite/

PfamHiddenMarkovModelswww.sanger.ac.uk/Pfam/

InterproIntegrationofotherdatabaseshttp://www.ebi.ac.uk/interpro/

Usuallybasedonhigh-qualitysequencesfromSwissProt.

ABLOCKSblock,oraPROSITEpatternorprofile,oraPfamHMM,(partially)characterizesaproteinfamily.

GivenaPROSITEpatternorprofile,onecanfindproteinsequencesthatmatchtheprofile.

Givenasequence,onecanfindamatchingPROSITEpatternorprofile,andhencetheproteinfamily.
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BLOCKSmotifs

ABLOCKSmotifisanungappedmultiplealignmentofrelatedsequences.

BLOCKSmotifforclassBbeta-lactamases(patternIPB001018A):

BLAB_AERHY|P26918(87)PVLEVINTNYHTDRAGGNAYWKSIGAKVVSTRQTRDL34

BLAB_BACFR|P25910(91)KVTTFIPNHWHGDCIGGLGYLQRKGVQSYANQMTIDL100

BLAB_SERMA|P52699(87)KIKGSISSHFHSDSTGGIEWLNSRSIPTYASELTNEL31

BLA1_XANMA|P52700(154)ANADRIVMDGEVITVGGIVFTAHFMAGHTPGSTAWTW72

BLA2_BACCE|P04190(108)RVTDVIITHAHADRIGGIKTLKERGIKAHSTALTAEL35

BLAB_BACCE|P14488(107)RVTDVIITHAHADRIGGMKTLKERGIKAHSTALTAEL43

BLA2_BACSP|P10425(108)RVTDVIITHAHADRIGGITALKERGIKAHSTALTAEL41

O51899(154)ASADRIIMDGEVVTVGGIAFTAHFMPGHTPGSTAWTW59

O67103(88)PVIYAIVTHYHLDHWYGAKTFKDKGAKVIAHEKLKEF72

O67667(90)PIRFLVVTHYHTDHFYGAKAFREVGAEVIAHEWAFDY89

O68919(76)PVRLLVNTHFHGDHSFGNGILGKDAVIVAHERTRTEM82

Q02057(62)PGRTVVNTHFHGDHAFGNQVFAPGTRIIAHEDMRSAM100

...

Thenumbertotherightistheweightofthesequence(100=mostdistantfromconsensus).

TheBLOSUMsubstitutionmatriceswerecreatedfromBLOCKSmotifs.
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PROSITEpatterns

APROSITEpatternisregularexpressiondescribingamotif.

Example:APROSITEpatternforclassBbeta-lactamases,signature1(accessionnumberPS00743):

[LI]-x-[STN]-[HN]-x-H-[GSTA]-D-x(2)-G-[GP]-x(7,8)-[GS]

BeginswithLorIfollowedby1aafollowedbySorTorNfollowedbyHorNfollowedby1aafollowedbyHetc.

EndswithGorPfollowedby7to8aafollowedbyGorS.

AllsevenmatchesinSwissProtrelease40.7forthePROSITEpatternPS00743:

BLA1_XANMA/102-122LlSHaHADhaGPvaelkrrtG

BLA2_BACCE/113-132IiTHaHADriGGiktl-kerG

BLA2_BACSP/113-132IiTHaHADriGGital-kerG

BLAB_AERHY/92-111InTNyHTDraGGnayw-ksiG

BLAB_BACCE/112-131IiTHaHADriGGmktl-kerG

BLAB_BACFR/96-115IpNHwHGDciGGlgyl-qrkG

BLAB_SERMA/92-111IsSHfHSDstGGiewl-nsrS

DrawbackofPROSITEpatterns:eithertoospecific(manyfalsenegatives)ortoolenient(manyfalsepositives).
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PROSITEprofiles,orweightmatrices

PartofPROSITEprofilefortheSH3domain(PS50002);occursinmanyintracellularormembraneproteins:

/M:SY=’D’;M=-4,6,-24,8,3,-27,3,-8,-25,-2,-23,-16,4,-7,-2,-7,1,-8,-20,-29,-19,0;
/M:SY=’D’;M=-8,13,-27,16,7,-26,11,1,-31,-6,-26,-19,11,-13,-2,-9,2,-10,-27,-28,-16,2;
/M:SY=’W’;M=-20,-40,-50,-40,-30,10,-20,-29,-20,-20,-20,-20,-40,-30,-20,-20,-40,-30,-30,148,31,-20;
/M:SY=’W’;M=-16,-32,-32,-33,-26,11,-23,-20,-11,-19,-7,-9,-31,-29,-18,-18,-30,-19,-18,85,27,-20;
/M:SY=’R’;M=-11,-5,-27,-5,4,-14,-21,-8,-15,9,-10,-6,-5,-15,2,10,-9,-7,-13,-18,-5,2;
/M:SY=’G’;M=15,-16,-14,-20,-20,-19,17,-23,-11,-18,-12,-8,-11,-20,-19,-21,0,-8,0,-23,-21,-20;
/M:SY=’R’;M=-12,-2,-26,-1,12,-23,-20,-2,-22,16,-17,-9,-1,-14,10,23,-5,-7,-17,-24,-10,9;
/M:SY=’N’;M=-8,-2,-10,-6,-9,-11,-18,-5,-9,-9,-7,-6,2,-19,-9,-7,-3,-3,-7,-29,-8,-10;
/M:M=-8,-5,-22,-7,-4,-14,-15,-6,-8,-4,-6,-3,-3,-16,-5,-4,-7,-6,-7,-26,-9,-5;
/I:I=-4;MI=-12;MD=-12;IM=-12;
/M:SY=’R’;M=-1,0,-12,-1,-2,-12,-4,-6,-11,1,-10,-7,1,-8,-2,3,3,3,-6,-16,-8,-3;D=-2;
/I:I=-4;MI=0;MD=-12;IM=0;DM=-12;E1=-50;
/M:SY=’T’;M=-2,2,-13,-1,-2,-11,-7,-9,-11,-5,-10,-8,3,-10,-4,-7,7,12,-7,-21,-9,-3;D=-2;
/I:I=-4;MI=-12;IM=-12;DM=-12;
/M:SY=’G’;M=-5,0,-23,0,-7,-26,28,-13,-30,-9,-23,-16,4,-19,-11,-9,-2,-13,-23,-26,-23,-9;
/M:SY=’Q’;M=-10,3,-28,4,15,-28,-14,1,-24,13,-21,-10,3,-8,17,11,-2,-8,-23,-25,-13,15;
/M:SY=’E’;M=-8,-6,-25,-6,10,-18,-21,-8,-13,4,-13,-7,-6,-10,8,7,-3,-3,-11,-22,-11,8;
/M:SY=’G’;M=0,-10,-30,-10,-19,-29,67,-20,-39,-20,-28,-19,-1,-20,-19,-20,-1,-20,-29,-20,-29,-19;

Mismatchstatewithposition-specificscoreforthe20aa+BZintheorderABCDEFGHIKLMNPQRSTVWYZ.

Iisinsertstate;MIisgap-openscore;etc.

Thescoresarecomputedfrommultiplealignments(notobvioushow).
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Searchingforsequencesmatchingagivenprofile

Someofthe287sequencesSwissProt40.7matchedbyprofilePS50002:

...

VINE_HUMAN/380-439.....VDKNWLEGEHH-................-GRLGIFPANYVEVLPA

VINE_HUMAN/454-515.....VNENWYEGRITG................TGRQGIFPASYVQVSRE

VINE_HUMAN/617-671.....CDDGWFVGVSRR................TQKFGTFPGNYVAPV--

VINE_MOUSE/444-503.....VDKNWLEGEHH-................-GRLGIFPANYVEVLPA

VINE_MOUSE/523-579.....VNEHWYEGRITG................TGRQGIFPASYVQINRE

VINE_MOUSE/679-733.....CDDGWFVGVSRR................TQKFGTFPGNYVAPV--

ITN1_HUMAN/740-806..sqtGEPGWLGGELK-................-GKTGWFPANYAEKIPE

ITN1_HUMAN/913-971.....-QDMWWFGEVQ-................-GQKGWFPKSYVKLISG

ITN1_HUMAN/1002-1060.....-DGDWWTGTVG-................-DKAGVFPSNYVRLKDS

ITN1_HUMAN/1074-1138.....NPGGWWEGELQArg.............kKRQIGWFPANYVKLLSP

ITN1_HUMAN/1155-1214.....EDPDWWKGEVN-................-GQVGLFPSNYVKLTTD

YKA7_CAEEL/165-226.....VDAEWFYGENQN................QRTFGIVPSSYLDIKIP

YKA7_CAEEL/245-304.....VNEEWLEGECF-................-GRSGIFPSQFVDCPNL

YKA7_CAEEL/329-388.....IDAQWLLAECR-................-GQQGMVPKTFLGPPYG

YKA7_CAEEL/405-467.....VDDYYYKGKLEAf..............kTLPAGILPKNIVKLEN-

Note:Gcolumnhighlypreserved(highscores);othersratherpoorlypreserved.

YetthePROSITEprofileratheraccuratelycharacterizesafamilyofproteins.
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PSI-Blast:Position-SpecificIteratedBlast

ThesensitivityofaBlastdatabasesearchcanbeconsiderablyimprovedasfollows:

(1a)GivenaquerysequencexoflengthL,doaBlastsearchagainstxusinge.g.BLOSUM62;goto(2)

(1b)Givenaposition-specificscorematrix(profile)oflengthL,makeaBlastsearchagainstthatmatrix.

(2)Createamultiplealignmentofthesignificanthitsfound.

(3)Createaposition-specificscorematrix(profile)fromthismultiplealignment.

Thisisa20×Lmatrix,givingposition-specificscores(foreachaminoacid).

(4)Startoverat(1b),usingtheposition-specificmatrixinsteadoftheoriginalquerysequence.

Iterateuntilsatisfiedwiththeresult.

Eachnewiterationmayfindadditionalsignificanthits,notfoundinpreviousiterations.

PSI-Blastbuildsthemultiplealignmentbyrelatingeachhitonlytothequerysequence,nottotheotherhits.

Risk:ifanirrelevantsequenceismistakenlyincludedamongthehits,thenthenextiterationsmaydraginmore

andmorecompletelyirrelevantsequences.

Thisriskhasrecentlybeenreduced:PSI-Blastversion2.2(April2001)isconsiderablymorediscriminating.

SeeSchäfferetal:ImprovingtheaccuracyofPSI-BLAST[...],NucleicAcidsResearch29(14)2001.

Availableathttp://nar.oupjournals.org/
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Alittlephylogeny

Aphylogenydescribestheevolutionaryrelationshipbetweenorganisms(Greekphylon=race).

Sequence-basedphylogenywassuggestedbyZuckerkandlandPauling(1962).

Orthologousgenesservethesamepurposeindifferentorganisms,andarederivedbyspeciationonly.

Paralogousgenesservedifferentpurposesandarederivedbyduplication.

Aphylogenyisusuallyshownasatree,rootedorunrooted:

gorillae

homosapien

orangutang

gibbon

chimpanzee

gorillae

homosapien

orangutang

gibbon

chimpanzee
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Differentwaystomakephylogenetictrees

Thestartingpointforaphylogenyisamultiplealignmentofsequences(possiblyfromClustalorT-COFFEE).

•Clusteringbasedonpairwiseevolutionarydistance(ca.1963).

Computeall
n(n−1)

2pairwisedistancesbetweenthenobservedsequences.

Theevolutionarydistancebetweentwosequencesmaybecomputedfromapairwisealignment.

Thereareseveralwaystoconstructatreefromasetofpairwisedistances:

–UPGMA=unweightedpairgroupmethodusingarithmeticaverages(SokalandMichener1958)

–Neighbour-joining(SaitouandNei1987)

–Others(Fitch-Margoliash1967,...)

•Parsimony(EckandDayhoff1966;Fitch1971)

Findthetreeandancestorsequencesthatrequirethefewestmutationstoproducetheobservedsequences.

(Unsuitableforprotein:ignoresthestatisticsofthegeneticcode)

•Probabilisticmethods:Maximumlikelihood(Felsenstein1981)

Findthemostprobableevolutionarytreeandbranchlengthsfortheobservedsequences.
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Phylogenybyparsimony

Givenamultiplealignmentofsequences,forexample(fromDurbinetal.1998):

AAG

AAA

GGA

AGA

Findthetreewithfewestmutations,thesequencesasleaves,andhypotheticalancestorsasinternalnodes.

Thelefttreehas3mutationsandisbest;theothershave4mutations:

AAA

AAA

AAG
AGA

AAA
GGA

AAA

AAA

AAG
GGA

AAA
AGA

AAA

AAA

AAG
AAA

GGA
AGA

AGAAAAAAA

ParsimonyignoresthevariableinmutabilityincodingDNA(codonthirdposition),andinprotein.
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Makingdistance-basedphylogenetictreeswithClustal

Aftermakingamultiplealignment,aphylogenetictreecanbemade(Clustal’sguidetreeisn’tone).

SelectTrees|DrawNJTreeandchooseanameforthephylogenetictreefile(type.ph).

Pairwisesequencedistancesarecomputedfromthemultiplealignment.

ThesedistancesareusedtobuildatreebyNeighbourJoining.

TipsonTreeview

Treeviewcanbeusedtoeditanddisplay(phylogenetic)treescreatedbyClustal.

ItcanalsoproduceimagesoftreesthataresuitableforinclusioninMSWord.

DisplayingClustal’sbootstrapvaluesinTreeviewrequiressomeforesight.InClustal,do:

Trees|OutputFormatOptions|BootstrapLabelson|Nodes

beforedoing

Trees|BootstrapN-JTree
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Bootstrap:Howreliableisthetree?

Usuallysomebranchesinaphylogenetictreearepoorlydetermined.

Twoestimatewhichareandwhicharen’t,oneusesbootstrap:

•Createmany(1000)newsyntheticmultiplealignmentsasfollows:

Randomlyselectcolumns(withreplacement)fromtheoriginalmultiplealignment.

•Fromeachsyntheticmultiplealignment,createasyntheticphylogenetictree.

•Foreachbranchintheoriginaltree,counthowmanytimesitappearsinthesynthetictrees.

Thesyntheticalignmenttotherightiscreatedfromcolumns5561239736oftheleftone:

ESFGDLSTPDDDLESFPSFL
DSFGDLSNPGDDLDSFPSFL
PHF-DLS---DDLPHF-SFL
PHF-DLS---DDLPHF-SFL
PKFKGLTTADGGLPKFATFL
DRFKHLKTEAHHLDRFEKFL
SFLKGTSEVPGGTSFLVSLT

Theprogram’spseudo-randomnumbergeneratorneedsaseed,soyoumustchoosearandomnumber.
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Phylip:ClassicphylogenetictoolsbyJosephFelsenstein

Downloadfromhttp://evolution.genetics.washington.edu/phylip.html

Orusehttp://bioweb.pasteur.fr/seqanal/phylogeny/phylip-uk.html

•Clusteringbasedonpairwiseevolutionarydistance:

DNADISTorPROTDIST,followedbyNEIGHBORorFITCHorKITSCH

•Parsimony:

DNAPARSorPROTPARS

•Maximumlikelihood:

fastDNAml

Aftercomputingaphylogeny(andatreefile),usePhyliptodrawthetrees:

•UseDRAWGRAMtodrawarootedtree

•UseDRAWTREEtodrawanunrootedtree
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Thephylogeneticutilityofdifferentkindsofsequences

•Protein(aminoacid)sequencescanbeusedtodeterminedistantevolutionaryevents.

Theshort-termnon-functionalchangesinthethirdcodonpositionarehidden.

•Protein-codingDNAsequencescanbeusedtodeterminerecentevolutionaryeventsforcloselyrelated

organisms.

Theshort-termnon-functionalchangesinthethirdcodonpositionarevisible.

•SomeRNA-codingDNAsequencescanbeusedtostudythephylogenyofancientorganisms.

Forinstance,16SrRNAispartoftheprotein-synthesizingmachinery(theribosome).

Thismachineryisancient,universalandessential,sothe16SrRNAsequenceiswellconservedacrosslong

evolutionarydistances.

16SrRNAwasusedbyWoeseetal.toestablishthedomainsofArchaea,EukaryotaandEubacteria(1977).

•MitochondrialDNA(inhumans)isinheritedonlyfromthemotherandthereforepermits‘singleinheritance’

phylogenydespitesexualreproduction.
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Cladistics

CladisticsisaparticularschoolofphylogenyfoundedbyWilliHennig;http://www.cladistics.org/

Acladogramisatreewithorganismsonlyattheleaves,andeachbranchisaclade.

Acladeisamonophyletictaxon:agroupoforganismswhichincludesthemostrecentcommonancestorofallof

itsmembersandallofthedescendantsofthatmostrecentcommonancestor.

Cladisticsdeterminestheevolutionaryrelationshipsbasedonderivedsimilarity.

Thereseemstobesomedisagreement(orperhaps,areligiouswars)aroundphylogeny,andinparticular

cladistics.

Forinstance,Felsenstein’sPhylipwebpagesays:

InspirationtokeepgoingcamefromCladisticsmagazine,forendlessnegativereviewsanddisparaging

comments.IftheylikeditI’dworry.
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