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Abstract

Multiple sequencelignmentsreveal patternsof conseration that can be exploited in database
searchesising “profile” methods. Startingwith a single nematodesequenceahat hasno informative
BLAST hits, | give arealexampleof the useof multiple alignmentandprofile searchsoftwareto detect
informative remotehomologies.

It usedto be that mostnew sequencesvere novel, with no informative similarity to arything in the
sequencelatabaseThanksto genomesequencingprojects,thingsareslightly betternow. New sequences
are often similar to several uncharacterizedequencegjefiningwhole families of novel geneswith noin-
formative BLAST or FASTA similarities.

Givena sequencéamily, though,powerful alternatve similarity searchmethodscanbe applied. Soft-
warepackagesireavailablethatcantake a multiple sequencalignmentandbuild a“profile” of it. Profiles
incorporateposition-specificscoringinformation derived from the frequeng that a given residueis seen
in analignedcolumn. Becausesequencéamiliespreferentiallyconsere certaincritical residuesandmo-
tifs, this informationcansometimesllow moresensitve databaseaearcheso be done. Most new profile
softwareis basedn statisticaimodelscalled“hiddenMarkov models”(HMMS).

Here,| shav a practicaldemonstratiorof a multiple alignmentbasedsimilarity search. Much more
comprehense reviews of the literatureon profile hiddenMarkov modelmethodsare available elsavhere
[1, 2, 3], includingtwo recentbooks[4, 5].

An examplesequence

In the C. elegans genomeseverallarge paralogougenefamiliesthatwerefirst thoughtto benematodespe-
cific have sincebeenclassifiedasputative G-proteincoupledreceptorGPCRs)6, 7]. Detectingsimilarity
betweerthesenematodesequenceandknovn GPCRsn otherorganismss a nontrivial sequencanalysis
task. | arbitrarily chosethe putatve GPCRgenesra-4 (WormpepAH6.8; SWISS-PROT SRA4 CAEEL,;
329aa)asanexample. Thetaskis to find a significantsimilarity betweenAH6.8 anda proteinof knowvn
functionin anotherorganism.

A WWW BLAST searchat NCBI [8] using AH6.8 asa query (BLASTP 2.0.4, default options, vs.
319,187sequencem the NR databasen 7/30/98)shavs 46 hits with E-valueslessthan0.01, but all but
oneof themareto uncharacterize@. elegans sequenceslhetop scoringnon-worm hitsareamitochondrial



L11 ribosomalprotein(SWISS-PRT RM11. ACACA; E=0.002)andan ornithinedecarboxylas¢SWISS-
PROT DCOR YEAST; E=0.44).The E-valueof theRM11 ACACA is very mamginal; | wouldnt trustit by
itself. Thus,atfirst look, AH6.8is amemberof alarge but nematodespecificgenefamily.

Much of the analysisthat follows requiresinstalling andrunning software on a local UNIX machine.
Basicfamiliarity with UNIX is essentiafor bioinformatics. For mary labs,the mostcorvenientandin-
expensve way to run UNIX is to install the free Linux operatingsystemon a PC. URLSs to the software
packages$ usearegivenin theaccompaying box.

Sequencayathering

Thefirst stepfor furtheranalysids to morecarefullydefinea nonredundangetof sequencethatbelongto
thenovel family.

The Wormpep13 databasés the authoritatve nonredundansourceof nematodepredictedproteinse-
guenceg9]. A WU-BLASTP 2.0al8searchW. Gish,unpublishedWU-BLASTP is the WashingtoriJni-
versityversionof gappedBLASTP) of Wormpepl3 usingAH6.8 asthe querypulls out 36 hits with highly
significantP-valueslessthan10~%. Most areabout350aalong. As a crudeprotectionagainsterroneous
computationafenepredictions] discardedour sequencelngerthan500aaor shorterthan200aa,leav-
ing 32 sequencesSometimesit is necessaryo be more careful. Sequencemay be relatedby a shared
domaininsteadof over their entirelength,soit may be necessaryo isolatealignablesubsequencdbased
ontheboundsof BLAST alignmentsfor instancepeforemakingthemultiple alignment.This stepcantake
afair amountof manuaork.

Multiple sequencelignment

Thenext stepis to producea multiple alignment.| favor the programClustalW a very goodprogramthat
alsohappengo befree,well supportedcapableof dealingwith large numbersof sequencessndavailable
for Macintosh Windows, andvariousUNIXes[10]. Thereis alsoa graphicaluserinterface,ClustalX[11].

Obtaininganacceptablenultiple sequencalignments usuallyeasyoncethefamily is defined.Starting
from afile of 32sequencem FASTA formatcalledwor m f a, | typedatmy UNIX workstations command
line:

% clustalw worm fa

After acoupleof minutes ClustalWproduces multiple alignmentin afile calledwor m al n. | tooka
quick look at the alignmentin the graphicaldisplayof ClustalX, justto be surethatit seemedensible.In
a carefulanalysis| might alsoedit andtrim the alignment;a molecularbiologist’s eye is almostalwaysa
betterjudgethanaprograms.

Profile searches

The next stepis to constructa profile of the multiple alignment,andto searchit againstthe sequence
databaseUsingmy HMMER 2.0software(S.R.E. unpublishedjor building profile hiddenMarkov models,
startingwith the ClustalW alignmentof the 32 sequence# wor m al n, | typedthe following seriesof
commands:

% hrmbui | d wor m hnmm wor m al n
% hmmtal | brate worm hmm
% hrmrsear ch wor m hnmm sw ss35



Thehmbui | d commandouilds a profile wor m hmmfrom the alignment taking a few secondsThe
hmrtal i br at e commandautomaticallyestimatessomeparametersieededor calculatingaccuratek-
valuesin databassearchegakingseseralminutes.Thehmsear ch commandsearcheSwissprot35 (on
local disk) with the profile, taking severalhours. The outputis arankedlist of hits, giving E-values.

The HMMER outputshavs a numberof mammalianGPCRswith significanthits. The top scoring
onesaresomatostatimeceptorsn the GPCRsuperémily (for instance SSR3RAT, E=0.029).An E-value
of 0.029is a mamginal but significanthit. | typically use0.05 asa trustedcutof for HMMER. After 29
otherGPCRsfrom otherorganismscomesthetop scoringnon-GPCRa dicarboxylicaminoacid permease
( DIP5.YEAST, E=0.45).

Thus,from onemultiple sequencéasedsearch| canpredicthomologybetweemMH6.8 andmammalian
G-proteincoupledreceptors.

PSI-BLAST

One practicalproblemwith this analysisis that| neededa numberof software packagesand databases
installedon my workstation.Many biologistswould prefera Websener.

NCBI's PSI-BLAST (“position specificiteratedBLAST") sener providessuchaWebservice[8]. PSI-
BLAST is aniterative profile search A singlesequencés first searche@gainsthe databasesingBLAST.
The significanthits arealignedto the query anda profile of the alignmentis built. This profileis searched
againstthe databaseéo gathermore hits andmale a nev alignment. This is iteratedrepeatedlypossibly
until nothingnew is found.

PSI-BLASTwasdesignedo be aninteractve tool. Compromisesveremadeto favor speedover other
considerationsin generalthe profile HMM software packagesremoresensitve andspecific,but arefar
slower.

| submittedthe AH6.8 sequencedo the PSI-BLAST sener (version2.0.5, searchingSWISS-PRT,
default parameters) After just oneiteration, the significanthits include a numberof GPCRsfrom other
organisms.Thetop scoringoneis P2YR HUMAN, a humanendothelialpurinegic receptor(E= 1e-6)in
the GPCRsuperamily.

However, the top scoringnon-nematoddit is actually a putative mitochondrial60S ribosomallL11
protein(RM11.ACACA), thatgetsan extremelysignificantE-valueof 5e-49. Why suchdisparataesults?
Is AH6.8 aGPCRor aribosomallL11 protein?A carefulanalystwould probablydo morework anddecide
that AH6.8 is a probableGPCR,but a carelessanalystmight annotateAH6.8 asa ribosomalL11 protein
basedsolelyonits bestPSI-BLAST hit. Thisis anexampleof thetwo biggestdangersn profile analysis.

Two pitfalls for the unwary

In building a profile, youimplicitly assumehatall the alignedsequencebelongto the samefamily. If the
alignmenterrantlyincludesunrelatedsequencesprofile scoreswill misleadyou. A profile of a spurious
multiple alignmentof kinasesandglobinswill recognizesithera kinaseor a globinwith significantscores,
but this would not meanthatkinasesandglobinsarehomologous.

Thisis particularlynastyin iterative approachelike PSI-BLAST OncePSI-BLASTmistalenlyincludes
anonhomologousequenc&iith aborderlinescore thenext iterationwill almostcertainlyincludethatsame
sequencdgand its homologues)with highly significantE-values. In the example, PSI-BLAST assigned
RM11.ACACA ascorethatwasbarelyover theinclusionthresholdin the first search.Onceit wasin the
trainingset,RM11 ACACA thenreceved an E-valueof 5e-49in the next iteration. All this scoremeanss
thatRM11. ACACA is similar to itself, not thatit is similar to AH6.8. A PSI-BLAST E-valuereflectsthe
significanceof the matchto thetrainingsetin the previousiteration,not the significanceof the matchto the
original querysequence.



Therefore,after defining a family of sequence$y ary iteratve searchprocedureone shouldtrace
the chain of evidencelinking eachsequencdo the restof the family. Oneapproachis clusteranalysis
of pairwiseBLAST similarities, e.g. identifying weaklinks betweengroupsof more clearly homologous
sequencesotheselinks canbe givenmorecarefulconsiderationln a clusteranalysisof the PSI-BLAST
hits, RM11 ACACA standsoutasanoutlier.

The seconditfall is thatdatabas@nnotatioris of variablequality, especiallybecauselubiousannota-
tionsarepropagatedo othersequencomologuesRM11 ACACA is annotatecsaribosomalL11 protein
— but why? In fact,| cannotfind experimentalevidencefor the classificationrof RM11 ACACA from the
MEDLINE referencen the SWISS-PRT entry anda cursoryBLAST analysisshavs only maginal simi-
larity to other(putative!) L11 proteins.Without moreevidence,I’'m not confidentof whatRM11 ACACA
reallyis. It's evenpossiblethatit is a GPCR.I have to call it anuninformatve hit.

Conclusion

Otherimportantapplicationsof profile searchesnvolve startingwith multiple alignmentsof knowvn se-
guencefamilies, using characterizegequencem the public database Pre-tuilt multiple alignmentsand
profilesare publicly availablefor hundredsof knowvn sequencéamilies. The usesof profile databaseare
discussedn Kay Hofmanns articleelsavherein thisissue.

A web pagewith hyperlinksto the inputsand outputsof the exampleAH6.8 analysisin this paperis
availableatht t p: / / ww. geneti cs. wust | . edu/ eddy/ publ i cati ons/ti gs-9808/.
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Glossary

Cluster analysis A procesf assigningdatapoints(sequencesghto groups(clusters) startingfrom pair
wise distances Useful for identifying outliersandweaklinks betweengroups. Fairly easyto do by
handfor smalldatasets.

E-value Foragivenscore thenumberof hitsin adatabassearchthatwe expectto seeby chancewith this
scoreor better The E-valuetakesinto accounthe sizeof the databas¢hatwassearchedThelower
the E-value,the moresignificantthe scoreis. SeeP-value.

Genefamily Two or moregeneghatarerelatedby divergentevolution from a commonancestqgreitherby
speciatioror geneduplication.

Graphical userinterface Software that allows a userto interactvia “userfriendly” menuand mouse-
drivencommandsasis typical of MacintoshandWindows applicationsandlesscommonfor UNIX
applicationsasopposedo a“commandine interface” of typedor scriptedcommands.

Hidden Mark ov model A kind of formal probabilisticmodelthatis well suitedto providing a mathemati-
calframework for profile analysis.

Iterati ve seach A searchprocedurdhatis repeatedysuallywith increasingsensitvity in eachround.For
instancetakingall thesignificanthitsfrom aninitial BLAST searchandusingeachof themasaquery
for anaew roundof BLAST searchesvould beoneform of iterative search.

Linux A freely available but commercial-strengtlslone of the UNIX operatingsystem. A godsendor
startingbioinformaticianson a budget. Easily installedalongsideWindows on a PC, so the same
machinecanbebootedinto eitherLinux or Windows.

Multiple alignment An alignmentof threeor moresequencesyith gaps(spacesinsertedn thesequences
suchthatresiduesvith commonstructuralpositionsand/orancestratesiduesrealignedin thesame
columnof themultiple alignment.

Paralogs Two homologoussequencesge.g. sequenceshat sharea commonevolutionary ancestorthat
divergedby geneduplication,asopposedo orthologs, which divergedby speciation. A genefamily
within a singleorganismis necessarilgomposeanly of paraloggbarringhorizontaltransmissiorof
genedrom anotherspecies).

Profile A linearmodelof theconsensusf a multiple alignment.For eachcolumnof a proteinalignmenta
profile assign20 residuescoreqoneperaminoacid),andoneor moregappenaltiedor insertionsof
extraresiduesadjacento this columnor a deletionof the consensusgesidueat this column. Profiles
arealsocalled“position specificscoringmatrices”(PSSMs).Profilesthatdont 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 asopposedo the expectednumberof hits. A P-valuehasa maximumof 1.0, while anE-value
hasamaximumof the numberof sequencem the databas¢hatwassearchedrFor small(significant)
P-values,P andE areapproximatelyequal,so the choiceof oneor the otherin a software package
is arbitrary NCBI BLAST 2.0, FASTA, andHMMER reportE values. WU-BLAST 2.0 reportsP
values.



Software and databaseausedin exampleanalysis:

NCBI BLAST2.0sener  http://wwwncbi.nlm.nih.ge/cgi-in/BLAST/nph-nevblast3dform=1
WUBLAST software http://blast.wustl.edu/

CLUSTALW software ftp://ftp-igbmc.u-strasg.fr/pul/Clugalw/

CLUSTALX software ftp://ftp-igbmc.u-strasg.fr/pub/ClugalX/

HMMER software http://hmmemvustl.edu/

NCBI PSI-BLASTsener http://wwwncbi.nlm.nih.ge/cgi-bin/BLAST/nph-psiblast
Wormpepl3 database http://wwwsangerc.uk/Projes/C_elegans/vormpep/
SwissproB5database  http://expasyhcugech/grot/

Someother profile and profile HMM software packages:

SAM http://www.cse.ucsc.edu/resel/comphio/sam.html
PFTOOLS http://ulrec3.unil.ct80/profile/

HMMpro http://iwwwnetid.com/

GENEWISE http://wwwsangernc.uk/Softarelise2/

PROBE ftp://ncbi.nim.nih.ga/pub/neuwald/probel .0/
META-MEME http://wwwcse.ucsd.edu/usdiogrundy/metameme. 1.tml
BLOCKS http://iwwwblocks.fhcrc.ay/

Web sewers for multiple alignment:
BCM SearchLauncher  http://kiwi.imgen.bcm.tmc.edu:88/search-laurcherfauncherhtml
WashUIBC http://wwwibc.wustl.edu/serveddustal.html

Other lists of pointers:
EBI's BioCatalog http://wwwebi.ac.uk/biocatibcat.itml

One sourcefor the Linux operating system:
RedHatLinux http://wwwredhat.com

Tablel: A sampleof InternetURLs for software,databasesndsenersrelevantto multiple alignmentand
multiple alignmentbasedsearches.



