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Abstract

Multiple sequencealignmentsreveal patternsof conservation that can be exploited in database
searchesusing “profile” methods. Startingwith a singlenematodesequencethat hasno informative
BLAST hits, I givea realexampleof theuseof multiplealignmentandprofilesearchsoftwareto detect
informativeremotehomologies.

It usedto be that mostnew sequenceswerenovel, with no informative similarity to anything in the
sequencedatabase.Thanksto genomesequencingprojects,thingsareslightly betternow. New sequences
areoftensimilar to several uncharacterizedsequences,definingwhole families of novel geneswith no in-
formative BLAST or FASTA similarities.

Givena sequencefamily, though,powerful alternative similarity searchmethodscanbeapplied.Soft-
warepackagesareavailablethatcantake amultiplesequencealignmentandbuild a “profile” of it. Profiles
incorporateposition-specificscoringinformationderived from the frequency that a given residueis seen
in analignedcolumn. Becausesequencefamiliespreferentiallyconserve certaincritical residuesandmo-
tifs, this informationcansometimesallow moresensitive databasesearchesto bedone. Most new profile
softwareis basedonstatisticalmodelscalled“hiddenMarkov models”(HMMs).

Here, I show a practicaldemonstrationof a multiple alignmentbasedsimilarity search.Much more
comprehensive reviews of the literatureon profile hiddenMarkov modelmethodsareavailableelsewhere
[1, 2, 3], includingtwo recentbooks[4, 5].

An examplesequence

In theC. elegans genome,severallargeparalogousgenefamiliesthatwerefirst thoughtto benematodespe-
cific havesincebeenclassifiedasputative G-proteincoupledreceptors(GPCRs)[6, 7]. Detectingsimilarity
betweenthesenematodesequencesandknown GPCRsin otherorganismsis a nontrivial sequenceanalysis
task. I arbitrarily chosethe putative GPCRgenesra-4 (WormpepAH6.8; SWISS-PROT SRA4 CAEEL;
329aa)asanexample.The taskis to find a significantsimilarity betweenAH6.8 anda proteinof known
functionin anotherorganism.

A WWW BLAST searchat NCBI [8] using AH6.8 as a query (BLASTP 2.0.4, default options,vs.
319,187sequencesin theNR databaseon 7/30/98)shows 46 hits with E-valueslessthan
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, but all but

oneof themareto uncharacterizedC. elegans sequences.Thetopscoringnon-wormhitsareamitochondrial
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L11 ribosomalprotein(SWISS-PROT RM11 ACACA; E=0.002)andanornithinedecarboxylase(SWISS-
PROT DCOR YEAST; E=0.44).TheE-valueof theRM11 ACACA is verymarginal; I wouldn’t trustit by
itself. Thus,atfirst look, AH6.8 is amemberof a largebut nematodespecificgenefamily.

Much of the analysisthat follows requiresinstalling andrunningsoftwareon a local UNIX machine.
Basic familiarity with UNIX is essentialfor bioinformatics. For many labs, the mostconvenientandin-
expensive way to run UNIX is to install the free Linux operatingsystemon a PC.URLs to the software
packagesI usearegivenin theaccompanying box.

Sequencegathering

Thefirst stepfor furtheranalysisis to morecarefullydefinea nonredundantsetof sequencesthatbelongto
thenovel family.

TheWormpep13 databaseis theauthoritative nonredundantsourceof nematodepredictedproteinse-
quences[9]. A WU-BLASTP2.0a18search(W. Gish,unpublished;WU-BLASTP is theWashingtonUni-
versityversionof gappedBLASTP)of Wormpep13usingAH6.8 asthequerypullsout36hitswith highly
significantP-valueslessthan
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. Most areabout350aalong. As a crudeprotectionagainsterroneous

computationalgenepredictions,I discardedfour sequenceslongerthan500aaor shorterthan200aa,leav-
ing 32 sequences.Sometimes,it is necessaryto be morecareful. Sequencesmay be relatedby a shared
domaininsteadof over their entirelength,soit maybenecessaryto isolatealignablesubsequences(based
ontheboundsof BLAST alignments,for instance)beforemakingthemultiplealignment.Thisstepcantake
a fair amountof manualwork.

Multiple sequencealignment

Thenext stepis to producea multiple alignment.I favor theprogramClustalW, a very goodprogramthat
alsohappensto befree,well supported,capableof dealingwith largenumbersof sequences,andavailable
for Macintosh,Windows,andvariousUNIXes [10]. Thereis alsoagraphicaluserinterface,ClustalX[11].

Obtaininganacceptablemultiplesequencealignmentis usuallyeasy, oncethefamily is defined.Starting
from afile of 32sequencesin FASTA formatcalledworm.fa, I typedatmy UNIX workstation’scommand
line:

% clustalw worm.fa

After acoupleof minutes,ClustalWproducesamultiplealignmentin afile calledworm.aln. I tooka
quick look at thealignmentin thegraphicaldisplayof ClustalX,just to besurethat it seemedsensible.In
a carefulanalysis,I might alsoedit andtrim thealignment;a molecularbiologist’s eye is almostalwaysa
betterjudgethanaprogram’s.

Profile searches

The next stepis to constructa profile of the multiple alignment,and to searchit againstthe sequence
database.UsingmyHMMER 2.0software(S.R.E.,unpublished)for buildingprofilehiddenMarkov models,
startingwith the ClustalWalignmentof the 32 sequencesin worm.aln, I typedthe following seriesof
commands:

% hmmbuild worm.hmm worm.aln
% hmmcalibrate worm.hmm
% hmmsearch worm.hmm swiss35
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Thehmmbuild commandbuilds a profileworm.hmm from thealignment,takinga few seconds.The
hmmcalibrate commandautomaticallyestimatessomeparametersneededfor calculatingaccurateE-
valuesin databasesearches,takingseveralminutes.Thehmmsearch commandsearchesSwissprot35(on
localdisk)with theprofile, takingseveralhours.Theoutputis a rankedlist of hits,giving E-values.

The HMMER outputshows a numberof mammalianGPCRswith significanthits. The top scoring
onesaresomatostatinreceptorsin theGPCRsuperfamily (for instance,SSR3RAT, E=0.029).An E-value
of 0.029is a marginal but significanthit. I typically use0.05 asa trustedcutoff for HMMER. After 29
otherGPCRsfrom otherorganismscomesthetop scoringnon-GPCR,a dicarboxylicaminoacidpermease
( DIP5 YEAST, E=0.45).

Thus,fromonemultiplesequencebasedsearch,I canpredicthomologybetweenAH6.8andmammalian
G-proteincoupledreceptors.

PSI-BLAST

Onepracticalproblemwith this analysisis that I neededa numberof software packagesand databases
installedonmy workstation.Many biologistswouldpreferaWebserver.

NCBI’sPSI-BLAST(“positionspecificiteratedBLAST”) server providessuchaWebservice[8]. PSI-
BLAST is aniterative profilesearch.A singlesequenceis first searchedagainstthedatabaseusingBLAST.
Thesignificanthits arealignedto thequery, anda profile of thealignmentis built. This profile is searched
againstthe databaseto gathermorehits andmake a new alignment. This is iteratedrepeatedly, possibly
until nothingnew is found.

PSI-BLASTwasdesignedto beaninteractive tool. Compromisesweremadeto favor speedover other
considerations.In general,theprofile HMM softwarepackagesaremoresensitive andspecific,but arefar
slower.

I submittedthe AH6.8 sequenceto the PSI-BLAST server (version2.0.5, searchingSWISS-PROT,
default parameters).After just one iteration, the significanthits includea numberof GPCRsfrom other
organisms.The top scoringoneis P2YR HUMAN, a humanendothelialpurinergic receptor(E= 1e-6)in
theGPCRsuperfamily.

However, the top scoringnon-nematodehit is actually a putative mitochondrial60S ribosomalL11
protein(RM11 ACACA), thatgetsanextremelysignificantE-valueof 5e-49.Why suchdisparateresults?
Is AH6.8 aGPCRor a ribosomalL11 protein?A carefulanalystwouldprobablydomorework anddecide
that AH6.8 is a probableGPCR,but a carelessanalystmight annotateAH6.8 asa ribosomalL11 protein
basedsolelyon its bestPSI-BLASThit. This is anexampleof thetwo biggestdangersin profileanalysis.

Two pitfalls for the unwary

In building a profile,you implicitly assumethatall thealignedsequencesbelongto thesamefamily. If the
alignmenterrantly includesunrelatedsequences,profile scoreswill misleadyou. A profile of a spurious
multiplealignmentof kinasesandglobinswill recognizeeithera kinaseor aglobinwith significantscores,
but thiswouldnotmeanthatkinasesandglobinsarehomologous.

Thisisparticularlynastyin iterativeapproacheslikePSI-BLAST.OncePSI-BLASTmistakenlyincludes
anonhomologoussequencewith aborderlinescore,thenext iterationwill almostcertainlyincludethatsame
sequence(and its homologues)with highly significantE-values. In the example,PSI-BLAST assigned
RM11 ACACA a scorethatwasbarelyover the inclusionthresholdin thefirst search.Onceit wasin the
trainingset,RM11 ACACA thenreceivedanE-valueof 5e-49in thenext iteration.All this scoremeansis
thatRM11 ACACA is similar to itself, not that it is similar to AH6.8. A PSI-BLASTE-valuereflectsthe
significanceof thematchto thetrainingsetin thepreviousiteration,not thesignificanceof thematchto the
originalquerysequence.
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Therefore,after defining a family of sequencesby any iterative searchprocedure,one shouldtrace
the chain of evidencelinking eachsequenceto the rest of the family. Oneapproachis clusteranalysis
of pairwiseBLAST similarities,e.g. identifying weaklinks betweengroupsof moreclearlyhomologous
sequences,sotheselinks canbegivenmorecarefulconsideration.In a clusteranalysisof thePSI-BLAST
hits,RM11 ACACA standsoutasanoutlier.

Thesecondpitfall is thatdatabaseannotationis of variablequality, especiallybecausedubiousannota-
tionsarepropagatedto othersequencehomologues.RM11 ACACA is annotatedasaribosomalL11 protein
– but why? In fact, I cannotfind experimentalevidencefor the classificationof RM11 ACACA from the
MEDLINE referencein theSWISS-PROT entry, anda cursoryBLAST analysisshows only marginal simi-
larity to other(putative!) L11 proteins.Without moreevidence,I’m not confidentof whatRM11 ACACA
really is. It’s evenpossiblethatit is aGPCR.I have to call it anuninformative hit.

Conclusion

Other importantapplicationsof profile searchesinvolve startingwith multiple alignmentsof known se-
quencefamilies,usingcharacterizedsequencesin the public database.Pre-built multiple alignmentsand
profilesarepublicly availablefor hundredsof known sequencefamilies. Theusesof profile databasesare
discussedin Kay Hofmann’s articleelsewherein this issue.

A web pagewith hyperlinksto the inputsandoutputsof the exampleAH6.8 analysisin this paperis
availableathttp://www.genetics.wustl.edu/eddy/publications/tigs-9808/.
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Glossary

Cluster analysis A processof assigningdatapoints(sequences)into groups(clusters),startingfrom pair-
wisedistances.Useful for identifying outliersandweaklinks betweengroups.Fairly easyto do by
handfor smalldatasets.

E-value For agivenscore,thenumberof hits in adatabasesearchthatweexpectto seeby chancewith this
scoreor better. TheE-valuetakesinto accountthesizeof thedatabasethatwassearched.Thelower
theE-value,themoresignificantthescoreis. SeeP-value.

Genefamily Two or moregenesthatarerelatedby divergentevolution from acommonancestor, eitherby
speciationor geneduplication.

Graphical user interface Software that allows a user to interactvia “user-friendly” menuand mouse-
drivencommands,asis typicalof MacintoshandWindows applications,andlesscommonfor UNIX
applications;asopposedto a “commandline interface”of typedor scriptedcommands.

Hidden Mark ov model A kind of formalprobabilisticmodelthatis well suitedto providing amathemati-
cal framework for profileanalysis.

Iterati ve search A searchprocedurethatis repeated,usuallywith increasingsensitivity in eachround.For
instance,takingall thesignificanthitsfrom aninitial BLAST searchandusingeachof themasaquery
for anew roundof BLAST searcheswouldbeoneform of iterative search.

Linux A freely availablebut commercial-strengthcloneof the UNIX operatingsystem. A godsendfor
startingbioinformaticianson a budget. Easily installedalongsideWindows on a PC, so the same
machinecanbebootedinto eitherLinux or Windows.

Multiple alignment An alignmentof threeor moresequences,with gaps(spaces)insertedin thesequences
suchthatresidueswith commonstructuralpositionsand/orancestralresiduesarealignedin thesame
columnof themultiplealignment.

Paralogs Two homologoussequences(e.g. sequencesthat sharea commonevolutionaryancestor)that
divergedby geneduplication,asopposedto orthologs, which divergedby speciation.A genefamily
within asingleorganismis necessarilycomposedonly of paralogs(barringhorizontaltransmissionof
genesfrom anotherspecies).

Profile A linearmodelof theconsensusof amultiplealignment.For eachcolumnof aproteinalignment,a
profileassigns20residuescores(oneperaminoacid),andoneor moregappenaltiesfor insertionsof
extra residuesadjacentto this columnor a deletionof theconsensusresidueat this column.Profiles
arealsocalled“position specificscoringmatrices”(PSSMs).Profilesthatdon’t allow insertionsand
deletionsarealsocalled“weight matrices”.

P-value Like an E-value,but a P-valueis the probability of a hit occurringby chancewith this scoreor
better, asopposedto theexpectednumberof hits. A P-valuehasamaximumof 1.0,while anE-value
hasamaximumof thenumberof sequencesin thedatabasethatwassearched.For small(significant)
P-values,P andE areapproximatelyequal,so the choiceof oneor theotherin a softwarepackage
is arbitrary. NCBI BLAST 2.0, FASTA, andHMMER reportE values. WU-BLAST 2.0 reportsP
values.
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Software and databasesusedin exampleanalysis:
NCBI BLAST2.0server http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-newblast?Jform=1
WUBLAST software http://blast.wustl.edu/
CLUSTALW software ftp://ftp-igbmc.u-strasbg.fr/pub/ClustalW/
CLUSTALX software ftp://ftp-igbmc.u-strasbg.fr/pub/ClustalX/
HMMER software http://hmmer.wustl.edu/
NCBI PSI-BLASTserver http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-psiblast
Wormpep13database http://www.sanger.ac.uk/Projects/C elegans/wormpep/
Swissprot35database http://expasy.hcuge.ch/sprot/

Someother profile and profile HMM software packages:
SAM http://www.cse.ucsc.edu/research/compbio/sam.html
PFTOOLS http://ulrec3.unil.ch:80/profile/
HMMpro http://www.netid.com/
GENEWISE http://www.sanger.ac.uk/Software/Wise2/
PROBE ftp://ncbi.nlm.nih.gov/pub/neuwald/probe1.0/
META-MEME http://www.cse.ucsd.edu/users/bgrundy/metameme.1.0.html
BLOCKS http://www.blocks.fhcrc.org/

Webservers for multiple alignment:
BCM SearchLauncher http://kiwi.imgen.bcm.tmc.edu:8088/search-launcher/launcher.html
WashUIBC http://www.ibc.wustl.edu/service/clustal.html

Other lists of pointers:
EBI’sBioCatalog http://www.ebi.ac.uk/biocat/biocat.html

Onesourcefor the Linux operating system:
RedHatLinux http://www.redhat.com

Table1: A sampleof InternetURLs for software,databases,andserversrelevantto multiplealignmentand
multiplealignmentbasedsearches.
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