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Bioinformatic exploration of antisensetranscripts
Abstract

Scientistsareusingmicroarraysto experimentallymeasurethe expressionlevels
of many individual genessimultaneously. cDNA microarrayassaysuseDNA base-
pairing to indirectly measuresequencespecificmRNA concentrations,which arebe-
lieved to reflect geneexpressionlevels. Therehave beenindicationsthat antisense
mRNA aremorecommonthanexpectedandit is interesting,andimportant,to under-
standhow antisensemRNA affectstheresultof measurements.Theaimof thisproject
wastwo folded; i) to build a softwarepackagewhich createa dynamicdatabaseof
arraycloneinformation(ACID), consistingof completeinformationof clonesusedin
microarrayexperiments,andii) writing anapplicationto find which clonesarepartof
antisensemRNA. Identifying theseclonesis afirst stepfor furtherstudiesof theeffect
from antisensemRNA.

Most of the informationin ACID is collectedfrom well known databasessuchas
UniGeneandGenBank. 2368 identified antisensemRNA sequencescorresponding
to 3032cloneshave beenfound so far. The list cannot be seenasfinal beforeit is
known which clonesreally arelocatedin the overlappingsense-antisenseregionsof
themRNA sequences.

Bioinformatisk undersökningav antisensetranskriptioner
Sammanfattning

Forskareanvändermicrorarrayerför att på experimentellväg mätauttrycksnivån
för mångaindividuellagenersamtidigt.cDNA-microarrayanvänderDNA-basparning
för att indirekt mätakoncentrationenav specifikamRNA-sekvenser, vilket antasvisa
uttrycksnivån för genen. Tidigarestudierhar indikeratatt antisense-mRNA är mer
vanligt förekommandeän förväntat. Det är bådeintressantoch viktigt att förståhur
antisense-mRNA påverkarresultatetav mätningarna.Måletför dettaprojektvartvåde-
lat; i) att byggaett mjukvarupaket somskaparendynamiskdatabasmedinformation
om kloner (ACID), innehållandeskomplett informationom klonernasomanvändsi
microarray-experiment,ochii) att skapaenapplikationvilkenskafinnadeklonersom
är en del av antisense-mRNA. Identifieringenav dessakloner är förstasteget för yt-
terligarestudierom effekternaav antisense-mRNA.

Denstörstadelenav informationi ACID ärhämtadfrånvälkändadatabasersåsom
UniGeneochGenBank.2368identifieradeantisense-mRNA-sekvensersommotsvarar
3032klonerharupptäcktshittills. Listankaninte sessomfullständigtinnanmanvet
vilka klonersomverkligenligger inom detöverlappandesense-antisense-områdetpå
mRNA-sekvensen.
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Chapter 1

Background

This chapterwill give somegeneralinformation to help understandthis thesis,and
it startsby explaining the basicsof genetics,moving on to describingmicroarrays,
a techniquethat is usedto analysegeneexpression. Finally the databasesusedfor
informationsearchingaredescribed.

1.1 BasicGenetics

Most of the informationof a cell’s activity is encodedin the deoxyribonucleicacid
(DNA). The DNA is a doublestrandedlinear moleculewherethe strandsare inter-
twined aroundeachother, like a doublehelix (WatsonandCrick, 1953) (seefigure
1.1).

Figure1.1: Double-strandedDNA

DNA is composedof four typesof nucleotidesbases,adenine(A), thymine(T),
cytosine(C) and guanine(G). The strandsare kept togetherby chemicalbindings
betweenthebases,wheretheA bindsto T andC bindsto G. In thiswaythetwo strands
areexactly complementaryto eachother. TheDNA canbecomposedby millions of
nucleotidesand in cells it is divided into chromosomes.Nucleotidemoleculesare
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assymetric,and eachnucleotideof DNA binds to the adjacentnucelotidein a way
which makesDNA have a directionwith ends(conventionally)called5’ and3’ (see
figure1.1).

A geneis a pieceof theDNA sequencewhich encodesaprotein.TheDNA strand
on which the geneis locatedis calledsensestrand,the oppositeis calledantisense
strand.Thetranslationof thegeneticsequenceinto a proteinis a two-stepprocess.In
thefirst steptheDNA is copiedinto messengerribonucleicacid(mRNA) in aprocess
calledtranscription.ThemRNA is a single-strandedcopy of theoriginal gene.In the
secondstepthemRNA is translatedinto anaminoacidchain;a protein,duringtrans-
lation. During the translation,threebasescomposeonecodontypically representing
oneaminoacid. Sincethereare4 possiblenucleotidesfor eachpositionof thethree-
lettercodon,therearetotal 4

�

(64) differentcodonsavailable,which makestheDNA
anefficient storeof information.

Thestepfrom DNA to mRNA is well understood,for everynucleotidein theDNA
therewill beoneaddedto themRNA. ThereforethemRNA sequenceis anexactcopy
of the original DNA with the only exceptionof one base;the thymine (T) will be
substitudedby uracil (U) in themRNA. As with DNA, mRNA alsohas5’ and3’ ends
andis readin the samedirectionasthe DNA. Beforethe mRNA is translatedinto a
protein,certainnon-codingregionsof the mRNA calledintronswill be cut out such
thatonly thecodingregionscalledexonsareleft (seefigure1.2).

Figure1.2: Transcriptionwith splicing

1.2 cDNA Micr oarray

Figure1.3schematicallyillustratesthecDNA microarraymethodology.
With thecDNA (complementaryDNA) microarraytechnologythousandsof gene

expressionscanbemeasuredat thesametime. A gene’s expressionlevel is ideally a
measureof how muchproteinsthata geneproducesat a giventime. Whata microar-
rayreallymeasuresis theamountof mRNA in thesample,which is extractedfrom the
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tissueof interest.mRNA is anunstablemoleculewith a shortlifespanandcanthere-
fore not be usedin the microarrayprocess,insteadthe stablecDNA is used. cDNA
is a DNA sequencethat is a copiedfrom a RNA templatein a processcalledreverse
transcription.cDNA will thusin principlerepresentagene.

The experimentprocessis startedwith preparingthe measuringdevice, a glass
slide, by placing thousandsspotsof clones(copy of a shortportion of DNA), were
eachspotideally representonegene.mRNA is extractedfrom thetissueunderstudy
and the mRNA is reverselytranscribedinto cDNA and labeledwith fluorochromes
whichmakesit emitaspecificwavelength.ThelabeledcDNA is thenflushedover the
glasslideandall DNA from onegenewill bind (hybridize)to onespot. Most of the
time therewill alsobea referencesampleflushedover thesameslidewith a different
colour. The referencesampleis usedto comparetwo, or more,samplestates.Then,
by measuringintensityof thesecolours,therelativegeneexpressionwill beknown. If
a spotshows differencein intensitybetweenthecolours,thegenefrom thesampleis
notexpressedasit is in thereferencesample.In thatwayyoucanseethedifferencein
geneexpressionin two samples,e.g.betweenahealthycell andacancercell.

Figure1.3: Microarray

1.3 Databases

Scientistsaroundtheworld aresequencingandanalysingthegenomes,completeDNA
sequences,of different speciesto learn more about the speciesand for researchin
diseases.The collectedinformationis storedin databasesthat aresharedwithin the
scientificcommunity. In that way researchershave lots of more information to use
thanif they only searchedin theinformationthey collectedthemselves.Thedatabases
areoftenspecializedin somedirection,it couldbegeneannotation,sequencesetc.
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Chapter 2

Aim of Study

Thisprojecthadtwo parts,i) build adatabaseof cloneinformation,andii) find clones
thatarepartof anantisensemRNA.

2.1 Building Database

Whenscientistsusemicroarraysthey oftenendupwith alargenumberof geneswhich
areof interestfor their experiments.However, to obtaininformationaboutthegenes
oneby onemaybeexhausting.To aid thecommunityin thismatterit is of importance
to build databasesthatcollectsinformationfrom well known databases,andpresentit
in sucha way that thescientistscansearchinformationof clonesusedin microarray
experiments.It is alsoimportantto make theapplicationeasyto maintainanduse.

2.2 CloneSearching

ThecDNA clonesusedin microarrayexperimentsmayconsistof both thesenseand
antisensesequenceof thegene.Thathasnotbeenseenasaproblemsincethecommon
beliefwasthattherewerenot thatmany sense-antisensemRNA pairs.Lately therehas
beenexperimentsthathaveshown thatthesepairsaremorecommonthanexpected[1].
At theDepartmentof OncologyatLundUniversitythereis work goingonto construct
microarrayswherea spotonly consistof eitherthe senseor the antisensesequence.
The OncologyDepartment,togetherwith others,have an interestin which of their
clonesthatmaybea partof sucha pair. By doinga sense-antisensepair searchwith
sequencedmRNAs andthena matchagainstclones,a list of sense-antisenseclones
canbecreated.

The mRNAs usedin the searchcancontainboth vectorsequencesandrepetitive
elements.Thevectorsequenceis a left-over from thecloningprocedure.To amplify
the clones,the DNA sequenceis put into a vector. A vector is a small andcircular
pieceof DNA. Thesevectorsarethenput into bacteriaandby utilizing thesebacteria
andvectorsthe DNA getsreplicated.The vectorsareisolatedfrom the bacteriaand
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theinsertedsequenceis amplifiedby PolymeraseChainReactions(PCR).Sometimes
the amplifiedsequencecontainsa part of the vector’s DNA. Repetitive elementsare
regionsof thegenomesequencethatrepeatsitself. Suchregionscansometimesdisturb
analysisof thesequenceandsuchregionsareusuallymarkedwith a specialletteror
removed.

The aim was to compile lists of clonesthat correspondsto the sense-antisense
mRNA pairsthatwereidentified.
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Chapter 3

Methods

This chapterwill describehow the databaseand software of ACID[2] works. The
antisensesearchwill bedescribedin theendof this chapter.

3.1 Materials

To collect informationof all clonespresenti theUniGene[3]database,we built Array
CloneInformationDatabase(ACID) which containinformationcollectedfrom pub-
licly availabledatabases.

In UniGeneESTs(ExpressedSequenceTag) areassembledinto clusters,whereev-
eryclustercorrespondsto aspecificgene.Eachclusterhasanamountof cDNA clones
thatis relatedto thesamegene.Thesequencesof theclonesareonly partly known. A
fractionof mRNA sequenceis calledESTandhasbeenreadin either3’ or 5’ direction
(seefigure3.1). This informationis foundin a UniGenecluster. Clustersalsocontain
other informationsuchasthe mRNA RefSeq1[4], the chromosomeposition,andthe
genename.UniGenestoresinformationof many differentspecies.

Sequencesfor ESTsand RefSeqsare storedin the GenBank[5]database.Uni-
Geneclustersonly referto thesequencesby GenBankaccessionnumbers.Additional
information for RefSeqs,suchas chromosomepositions,are found in the Genome
Browser[6].

Informationobtainedandstoredin ACID for theclonesincludes:

� GenBankaccessionnumbersto ESTsequences

� 3’ or 5’ directionof ESTreads

� whichUniGeneclusterthecloneis relatedto
1The RefSeq(ReferenceSequence)collection is aimed to be comprehensive, integrated, non-

redundantsetof sequences,includinggenomicDNA, transcript(RNA), andproteinproducts,for major
researchorganisms.
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5’ 3’

5’ 3’

Figure3.1: UniGenecluster(longtopline, blue)hasseveral ESTs(shortlines,redand
green)associatedto thecluster. TheseESTsare alsoassociatedto RefSeqs(medium
long lines,redandgreen,belowtop line, blue) that alsoare associatedto thecluster.
The blowup illustratesthe partial sequencingof ESTs(and thus clones)where the
black linesillustrates3’ and5’ reads.

� chromosomeposition

� cytobandinformation

� LocusLinkinformation[5]

� OMIM information[7]

� genesymbolandname

� associatedGeneOntology[8] terms

� associatedRefSeq

And informationfor RefSeqsincludes:

� whichchromosomeit is locatedon

� startandendbasein thechromosome

� cytobandinformation

� GenBankaccessionnumberto sequence

� whichUniGeneclustertheRefSeqrefersto

ACID will be limited to the speciespresentin UniGeneandonly obtainingRefSeqs
thathasGenBankaccessionnumberthatstartswith NM, whicharethemRNAs.

Homosapiens(UniGenebuild 160)andMusmusculus(UniGenebuild 120)were
thespeciesput into ACID duringmy projecttime. For humanstherewere2.5million
clones,3.2 million sequencesand111 000 UniGeneclusters. Of the clusters,there
were18 262 that hadat leastonerelatedRefSeq.For mousethe numberswere2.5
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million clones,3.1 million sequences,and90 000UniGeneclustersof which 12 860
hadat leastonerelatedRefSeq.

Both UniGeneandGenBankinformationwasdownloadedfrom NCBI (National
Centerfor BiotechnologyInformation)ftp severs

ftp://ftp.ncbi.nih.gov/repository/UniGene.
GeneOntologyinformationfrom
ftp://ftp.ncbi.nih.gov/refseq/LocusLink/
The GenomeBrowserinformationwasretrieved from databasesthatwerestored

locally at thedepartment.

3.2 DatabaseAr chitecture

To keeptrackof whichspeciesACID holds,aspeciesindependenttable(Species) was
createdthatcontainstheshortnameof thespecies,UniGenebuild numberandthefull
speciesname.Thespeciesdependenttables’namesareprefixedwith theshortname
of thespecies.Speciesspecifictableswill becreatedautomaticallywhennew species
areadded.

Thetablesin ACID arethefollowing:

� Speciestablekeepstrackof thespeciesin thedatabaseasdescribedabove.

� In Clones informationaboutits ESTsarestored. SuchasGenBankaccession
numberandwhetherit is a3’ or 5’ read.

� Mostof theclusterinformationis storedin UniGenetablesuchaschromosome,
geneandcytoband.

� RefSeqscontainswhatclustera RefSeqbelongsto, chromosomestartandend,
strandetc.

� GenBankhasall thesequences.

� Location is the tablethat hasthe clonepositionwithin the associatedRefSeq.
This informationis automaticallycalculatedwhenupdatingthe database.The
calculationis doneby aligningthecloneagainsttheRefSequsingtheBLAST[9]
program.Sincetheclonesonly arestoredassomeESTsequencesandthey can
have morethanoneESTfor 3’ readand5’ read,every combinationbetween3’
and5’ arestoredin pairs to make the retrieving for viewing easierandfaster.
Thereis alsoextraBLAST informationsuchasscoreandexpectationvalue.

Thedatabasewasbuilt efficient anddynamicto bewell adaptedto the large amount
of datathat usually is involved in geneticprojects. Eachspeciesinformation in the
databaseis storedin differentsetsof tables,in orderto gainsomespeedwhenretriving
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or updatingthe informationof thedatabase.Beforeupdatingthespeciesinformation
thetablesof thespecificspeciesaretruncatedandnew informationwhich is storedin
filesarebulk-inserted.Thisupdateprocesswasestimatedto take14hoursfor thetwo
species,humanandmouse,together. Comparedto having thespeciesin thesametable
anddoingdeletes,thegainwasestimatedto 5 hours.

Anotherproblembesidestime washow to divide andconnecttheinformationbe-
tweenthe tables.We couldnot find any completedescriptionof UniGene.So while
building thefirst versionof ACID we got someproblems,onewasbecauseit turned
out that somedatahadmany-to-many relations. And somedatadid not look aswe
expectedat thebeginning,sowehadto doamorethoroughlyanalysiswhich took lots
of our time. To go aroundproblemswe madethedatabasesomewhatredundant,and
furthermoreremovedmultipleRefSeqassociationsto clusterssothattherewasatmost
onefor eachcluster. ThelongestRefSeqwastheonekept.

The databaseserver usedis mySQL (v3.23). The strengthis that it is easyto setup
andwork with. Theweaknessis that it lackssomeSQL featuresthatarecommonin
mostotherservers.

3.3 ACID Software

The largestpart of the software is for updatingthe information in the database,the
otherpart is thesearchandpresentationwith a webinterface.My partwasto develop
thedatabasestructureandupdatingpartof thesoftwaretogetherwith anotherstudent.
Thedesigndecisionwasto makeasmuchwork aspossibleduringupdatinginsteadof
doingthework while selectingdata.Theapplicationshouldalsobedynamicto which
speciesthatarestoredandknow which speciesthatneedto beupdated.

Whenupdatingthefirst thing that is doneis checkingthebuild numbersof all the
speciesthatarestoredin ACID againstthetheonesin UniGene.For thespecieswhere
thebuild numberis higherin UniGene,theapplicationdownloadsthenew information
andall thesequencesthatis connectedto theclusters.After downloadingtheinforma-
tion is parsedinto files,namedafterthetableswheretheinformationwill endup. The
files aresavedin a properformatto facilitatebulk-insertinto thedatabase.Thetables
thatareto beupdatedaretruncatedjust beforeinsertion.

The Location table is the last to be updated,becauseit needsthe datafrom the
other tablesto be able to BLAST clonesvs RefSeqs.The procedureis to take one
RefSeqat the time. Thenall ESTsbelongingto thatRefSeqareBLAST againstthe
RefSeqto get the EST positionswithin it. BLAST resultsof ESTsbelongingto the
sameclonearegroupedtogetherin suchaway that3’ readsarematchedto 5’ readsin
all combinations.Thosecombinationsarethenstoredin Location, togetherwith some
BLAST resultsandidenficationof whatwasusedin theBLAST. For moreinformation
aboutBLAST andhow it wasusedin this projectseeAppendixA.

Anotherparty developeda web interfacefrom wherea usereasilycansearchby
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Figure3.2: ACID architecture

clones,RefSeqs,genenamesetc. Fromthesearchyou canchoosewhich information
to be retrieved, i.e. GeneOntology, clonepositionsandclusterinformation. See3.2
for anoverview of theACID architecture.

All softwarewaswritten in objectorientedPerl (v5.8). We madethat choicesince
wewheregoingto performalot of textparsing,whichPerlis goodat,andsincePerlis
rathercommonin thebioinformaticscommunity. At thebeginningwealsousedBioP-
erl, a Perlpackagefor bioinformatics.But aftera long strugglewith memoryleakage
in BioPerlwe threw thatpackageout of our projectandwroteour own code.We also
noticedthatPerlhadsomeminormemoryleakagewhenusingthebuilt in hash,sowe
minimizedtheusageof hashvariablesin our project.
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3.4 Prototyping a Sense-AntisenseSearch Application

To save time in this secondpart, I decidedto develop small programsto solve the
differentstepsin the searchfor antisenseRefSeqsandfind clonesincludedin those
RefSeqs. In that way the developmentwas fasterand I could do more within the
projecttimespan.I usedsomeBLAST applicationsanddid somesmall Perl scripts.
Theseprogramscanbeusedto developa full applicationin thefuture.

The first stepwasto createa FastA formatedfile with all the RefSeqsequences
thatwasto be tested.A FastA formatedfile is a file of sequenceentrieswhereevery
entrystartswith aheaderthathasanidentificationfor thesequenceandcanhavesome
additionalinformation,theline with theheaderstartswith ’>’. Thesequencescomes
onanew line directlyaftertheheader. TheheadersI createdonly containedanidenti-
fication,aGenBankaccessionnumberfor thesequence,like this

> NM_002223
ATCCCAGGTTACTTACCAATTAA
TTCCAAAGGATAAAAACCCGGTT
...

I wroteasmallPerlscriptthatfetchedall theRefSeqsthathadsequencesin ACID and
storedthosein aFastAformatedfile. Thenext stepwasto filter theRefSeqsequences
from vectorsequences.A FastAformatedfile with vectorsequenceswasdownloaded
from ftp://ftp.ncbi.nih.gov/pub/UniVec/. To beableto usetheBLAST toolsneededfor
this project,a BLAST prepareddatabasehadto becreated,andthat is donewith for-
matdb. A databasewasbuilt of thevectorsequencefile; thepurposewasto useit with
theBLAST tool vecscreen. vecscreen is anapplicationthattakesaFastAformated
file andBLASTs it againsta database,in this casethevectordatabase.Theresultof
the BLAST wasthenanalysedto seeif thereis any significantvectorhits in the se-
quence.For the projecttherewerethreedifferentsituationsthatwereof interest.1)
If vecscreen spitsout theresult“No significantsimilarity found”, thenthesequence
waskept. 2) If theresultsaysthat it hadmatchingsegmentsandoneof thesegments
wasin themiddleof thesequence,thesequencewasrejected.3) If thematchingseg-
mentsonly appearin theendof thesequence,thesegmentswerecut off andtherest
of thesequencewaskept.A Perlscriptwascreatedto do thevecscreen run for each
RefSeqanddoing thecutting if needed.All theRefSeqsequencesthatwent through
that filtering wassaved into a new FastA file. The last stepI hadtime to do before
looking for matchingcloneswas to do the BLAST to find antisensehits within the
RefSeqset.For this, BLAST requiresa databaseto searchagainst.Sinceall RefSeqs
arecomparedto their reversecomplementarysequences,I createda BLAST database
with the RefSeqswithout vectorsequences.Thenall complementaryRefSeqswere
BLAST againstthis database.The tool blastall wasusedfor that andthe resultfile
wasthenparsedby yet anotherPerl script. ThePerl script takesall theRefSeqsthat
havehitsandthebesthit of thosehits, includingBLAST scoreande-valuefor thathit,
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andstoreit in afile. TheRefSeqsin thatfile weresaidto beantisenseRNA.
We have a list of all clonesavailablefor us throughtheDepartmentof Oncology.

Fromthatfile all cloneidentificationswereparsedout,andasearchwasmadein ACID
to find whichRefSeqsmatchestheclones.By matchingthoseRefSeqsto theonesthat
wasfoundto beantisense,a list of clone-RefSeqpairswasstoredin a file to beused
for furtherinvestigationin thefuture.

For more informationof how the differentBLAST applicationswereused,seeAp-
pendixA.
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Chapter 4

Results

ACID is upandrunning,andis alreadyusedby thescientificcommunityin Lund. The
aim for ACID wasto make it easyto maintainanduse. The updateprocedureis in
principleonly onefunctioncall, soit is easyto makeascriptto run in thebackground.
Thesystemwill only really updateif therearenew builds for thespeciesincludedin
thedatabase.Thesystemis currentlyconfiguredfor HomosapiensandMusmusculus.
With someminor changesit will supportmorespecies,becauseonly a few lines of
codehaveto beaddedto supportmorespecies.Theapplicationis alsoeasyaccessible
by the aid of the web interface. This interfaceallows the userto sendin a bulk of
clonesandgettheresultof all of themeitherby viewing themdirectly in thebrowser
or save it to anicely formatedfile.

The tools I developedfor sense-antisensesearchare prototypesandcan be seenas
initial building blocksof anapplication.Theseinitial building blocksincludethevec-
tor filtering andthe searchpart. Using that tools I found 2368RefSeqsthat hadan
antisensepartnerand3032clonesbelongingto thoseRefSeqs.My resultsagreewith
thearticleAntisensetranscriptsin thehumangenome[10]. Thedatabasein thatarticle
had12 897 RefSeqscomparedto ACID’s 15 666, the article hada resultof about1
800RefSeqswith anantisensepartner.
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Chapter 5

Conclusionand Futur eProspects

ACID is ausefulsystemandhopefullyit will grow in amountof speciesincludedinto
thedatabase,andin numberof users.An installationscriptwouldprobablybeniceto
haveevenif it is relatively easyto install asit is. Thespeciesin ACID arehardcoded
to humanandmouse.That hardcodedpart of ACID shouldbe changedto be more
dynamic,sothattherewould not beany needto changein thecodewhenaddingnew
species.

It wassometimesfrustratingto developthissizeof projectin Perl,not justbecause
of thebugsin PerlandBioPerl,but alsothelack of strongertyping andbettersupport
of objectorientedprogramming.A morepowerful languagein thatsensewould have
madethecodingabit smoother. Whencodingsmallertestprogramsandparsingparts
Perl felt a lot moreflexible andpowerful. With all the freepackagesout thereit was
easierto concentrateon theproject’s problemsinsteadof sometechnicalissuessuch
asimplementingprotocols.

2368 RefSeqsof 15 666 seemslike a lot, if the senseand antisensegenesare ex-
pressedat thesametime it canhavesignificantimpacton theresultof theexperiment.
By having alist of cloneswhicharepartof thesense-antisensemRNA pairs,thesense-
antisenseexperimentscanbenarroweddown to testonly clonesfrom the list. To be
really surewhich clonesto use,a searchto find clonesthat are in the overlapping
partof thesense-antisensepair areof interest.Thecurrentapplicationcompilesa list
of clonescorrespondingto mRNAs that may have repeats.As soonas the tool[11]
to identify, andremove, repeatssequencesfrom mRNA becomesavailablefor local
download,theapplicationshouldbeusedto compileacorrespondinglist of clonesfor
thesenon-repeatmRNAs.
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Appendix A

BLAST

In this projectBLAST (BasicLocal Alignment SearchTool) wasusedfor doing se-
quencealignment.BLAST is moreor lessa standardtool for thebiology community
whenworking with sequences,whetherit is proteinor DNA. The BLAST applica-
tionsusedin thisprojectwereformatdb, bl2seq, blastall andvecscreen. formatdb,
bl2seq andblastall canbedownloadedfrom
ftp://ftp.ncbi.nih.gov/blast/executables
vecscreen hasto becompiledfrom thesourcethatcanbefoundat
ftp://ftp.ncbi.nih.gov/toolbox/ncbi_tools

bl2seq
ACID usesbl2seq whenperformingcomparisonbetweenRefSeqandESTsequences.
Theresultfrom bl2seq wasparsedandstoredin theLocation table. Whenworking
with this applicationall sequencesandtheresultswerestoredin temporaryfiles. The
parametersI usedwere

bl2seq-i refseq-j estseq-p blastn-o result

Were refseqandestseqis sequencesto compare,result is the resultandblastn tells
bl2seq thatit is DNA sequencesto compare.

formatdb
Most BLAST applicationsare performing comparisonsagainstdatabaseswith se-
quences.To build suchBLAST databaseformatdb is used.In thesearchfor antisense
mRNA, databasesearcheswerenecessaryandwerecreatedwith theseparameters

formatdb-i fastafile-p F -o T -n dbname

fastafileis aFastAformatedfile with sequences,F flagtells thatthefile containsDNA
andtheflag T is setto make formatdb createindexesfor thesequenceidentifications.
Thelastparameteris thebasenamefor thedatabasefiles is setto dbname.
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blastall
blastall takesa FastA formatedfile andcompareall entriesin it againsta BLAST
database.This applicationwas usedto searchfor antisensemRNA. The file and
thedatabasecontainedthesamesequencesandonly searchedfor complementaryse-
quences.

blastall-p blastn-d dbname-i refseqs-o result-e1e-9-S 2 -b 0 -v 3000

blastntells theprogramto performDNA comparison,dbnameis thedatabaseto work
against,refseqsis FastAformatedfile to comparewith andresultis nameof thefile to
saveBLAST resultin. Parameter-e1e-9setstheExpectcutoff to 10�

�

, thatis limit to
how badanalignmentcanbebeforerejectedasahit. -S2 will makeblastall to only do
complementarycomparison.To make theresultfile smallernoalignmentsweresaved
by settingshow numbersto 0. Last thing to setis thenumberof hits to show, it is set
3000to besurethatthebesthit alwaysis in theresultlist.

vecscreen
In searchfor vectorcontaminationin sequencesvecscreenis used.The resultmarks
regionssuspectedto have vectorsequence.The sequenceto be testedwaspipedto
vecscreen thereforethelackof infile.

vecscreen-o result-d dbname-f 1

result is werethereresult is saved anddbnameis the databaseto searchin. By set-
ting -f is theoutputformatand1 is for HTML formatwith noalignments.
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