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GenAlyzeris a softwaretool designedfor the interactive visualisationof sequencematchesbe-
tweenDNA or Proteinsequences.It providesvisualisationson different levels of granularity,
from completeoverviews via zoomedregionsto alignementsof particularmatchingsubstrings.
Gencanef�ciently handlevery largedatasets,allowing to displaytensof thousandsof matches
betweensequencesof tensof millions of bases[2].

GeneralFeaturesof GenAlyzer

GenAlyzeris an improvedversionof the repeats�nding programREPuter. It is developedfor
the UNIX platform andis currentlyalsoworking on Linux/Intel, Solaris/SUN-SparcandMac
OSX.TheGenAlyzer-manual[1] givesadetaileddescriptiononits implementationandall inter-
active features.Herearethemostimportantvisualisationcomponentsof GenAlyzer, including
anapplicationexample.

The Main Window

TheGenAlyzerMain Window consistsof amenubarwith theentries“File”, “Edit”, “View” and
“Help”, arow of tool buttons,thesetof squarebuttonsin Figure1, threeQuick Startbuttonsand
theprogramstatusoutputon thebottomof thewindow.

Preprocessingthe Data

The“PreprocessStepDialog” (Figure2) comesupby clicking thebuttonGeneratenew index in
themainGenAlyzerwindow. In this �rst stepof repeatdetection,GenAlyzercreatesanindex for
thegivensetof input sequences,speci�ed in theDatabaseFiles panel. Here,thepushbuttons
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Figure1: TheGenAlyzerMain window

Add, RemoveandClear allow themanipulationof a input sequence�le list. GenAlyzersupports
the following formatsfor the input �les: FASTA (or multiple FASTA), EMBL/SWISSPROT,
GENBANK, and raw format. In the SequenceType option menu, the alphabetof the input
sequenceis de�ned(DNA, protein,or auserspeci�c symbolmap).UnderProjectoutputoptions,
the nameandlocationfor the resultingindex �le mustbe speci�ed. The index namegetsthe
default extension“.prj”.

Figure2: ThePreprocessStepDialog

Performing Matching Tasks

In this step,a Querysequencechosenby the useris matchedagainstthe Databasesequence
basedon its index constructedduringthepreviouspreprocessingstep.Again, from GenAlyzer's
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main window, the button Runmatching task launchesthe “Matching StepDialog” (seeFigure
3). Thematch�les getthedefault extension“.match”.

Figure3: TheMatchingTasksDialog

Currently, GenAlyzersolvestwo differentmatchingproblems:

Substring Matching

� Self comparisontask: Match all substringsof the input sequenceagainstitself. In this
matchingtask,thesequenceS1 usedto createtheindex is DatabaseandQuerysequence
at the sametime. This option maintainsthe capabilityof �nding repeatswithin a single
sequenceS, coveringthemostordinaryapplicationof REPuter.

� MatchingaDatabaseagainstQuerysequences:Thisoptionhandlesthecomparisonof two
differentsequences,S1 andS2 (DatabaseandQuery),consistingthemainimprovementof
REPuter. GenAlyzercomputesall similaritiesbetweenboth inputs,without calculating
therepeatswithin a singlesequence.Thedelivereddataaremuchmoredirectedto what
theuseris looking for, avoidingsuper�uousinformationand,therefore,reducingtimeand
spaceconsumption.Thelist of Querysequencescanbemodi�ed via theAdd, Removeand
Clear buttonsin theQueryFile(s)panel.
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CompleteMatching

� Completematching: Thisoptioncomputeslocationsin thedatabaseindex, wheretheentire
Query(alsocalledpattern) matchesa substringof theindexedsequences.

For both tasks,the matchescanbe direct (forward) andreversecomplemented(palindromic).
Thematchescanalsobeapproximate:degeneratesubstringswith a maximalnumberof errors
asmismatches,or insertionsanddeletions(indels)aresupported.

A third matchingoption,theX-Dropapproach is beingdevelopedto besupportedby GenAlyzer.
The -exdrop parameterrepresentsan alternative strategy for seedextension.The purposeis to
�nd thehighest-scoringalignment,oncethematches,mismatchesandindelsaregivendifferent
scorevalues.

Repeatx Match

� Repeat:Any repeatedsubstringwithin asinglesequence,i.e.,theoutputof aself-comparison
task.

� Match: Any repeatedsubstringbetweentwo differentsequences,i.e., the outputof the
Matchinga DatabaseagainstQuerytask

Visualising the Matching Output

After the “Matching TaskStep”, wherethe desiredmatchestypeshadbeencalculated,the In-
spectorwindowcanbelaunched.This interactivevisualizationcomponentof GenAlyzerusesan
easy-to-usegraphicalrepresentationof repeats,or matches,andtheir sizesandpositions.

A matchingoutputcalculatedby GenAlyzerconsistsof thefollowing parts:

Size Subseq Position 1 Type Position 2 Subseq
30 0 1158853 D 1144098 0

Error E-value Score Perc.Ident
2 1.64e-061 342 98.85

The Inspectorwindow comesup showing, in the matchgraph,two bold lines which represent
theinputsequence(s)suppliedby theuser(DatabaseandQuery, shown in Figure4).

By launchingtheInspectorwindow theuserhasanimpressionof theoverallnumberof matches
andtheirpatterndistribution. Hereis thedescriptionof themainsubpartsof GenAlyzer:

� Match type selector

Thethreebuttonsat thetopof theInspectorwindow selectthekind of repeatsto display:
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Figure4: TheInspectorwindow

– Direct - Direct/forwardrepeats

– Palindromes- Palindromicrepeats

– Direct+ Palindromes- Bothkindsat thesametime

The button label containsthe numberof repeatsavailable for eachkind. Our example
above lists 88 direct and 123 palindromicrepeats. If one of the two categories is not
available,therespectivebuttonsaredisabled.

� Project info

TheProjectinfo barshows theprojectnameandtheparameterssettingsfor thevisualised
matchtask.

� Overview

An additionalfeatureof GenAlyzeris theoverview graph. It consistsof a duplicationof
the repeatgraph,in a smallerscale,with the advantagethat the whole overview of the
repetitive, or matchstructureremainswhile zoomingin or out the actualmatchgraph
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below. The entireoverview graphis enclosedby a �e xible red rectangle,which borders
areadaptedaccordingto thezoomfactor.

� Databaseand Query sequences

In thematchgraphbelow theoverview, thetop line correspondsto the input databasese-
quence,andthebotomline theQuerysequencethathasbeenmatchedagainsttheDatabase
indexedstructure.Thelines inbetweenboth inputsrepresentthematches,joining thebe-
ginningof the�rst matchinstanceandthebeginningof thesecondinstance.

� Annotation lines

As DatabaseandQuerycanbedifferentsequences,GenAlyzersupportstheuploadingof
the correspondingannotationsfrom a de�ned �le. The annotationscan be represented
ascoloredsymbols,in severaldiffetentlinesabove theDatabasesequenceandbelow the
Queryinput. SeeFigure4 andSubsectionAnnotatingthevisualisation for moredetails.

� Color scalecode

Thecolorkey associatesacolor to acertainrangeof matchessizes.In �gure 4, matchesof
sizes65 to 70bparedisplayedasyellow lines,for example.Thelengthof theshortestand
longestrepeatarethestartingandendingvaluesof thecolor key scale,here30 and82bp.

� Sizeslider

The sliderbelow thegraphin Figure4 de�nes theminimal repeatlengthdepictedin the
graph.Theboundsof thesizeslideraretheshortestandlongestrepeatamongthecurrent
repeatkind.

� Match viewer and db search

The correspondingsequenceinformationand the alignmentof either a singlematchor
all computedmatchescanbe visualisedor directly submittedto databasesearches,like
FASTA or BLAST, for furtherinvestigationof biologicalsigni�canceandsimilarity.

As alreadymentionedabove, to examinea particularmatchor match-richregion, theuser
canzoomin or out on a region by left or right clicking themouse,respectively, asshown
in Figure5.

As soonastheuserzoomsinto a speci�c region in the repeatgraph,thered rectanglein
theoverview shrinks,borderingexactly thezoomedregion,asit canbeobservedin Figure
5 (arrow “a”).

� Match data browser

This box shows the correspondingsequenceinformation and positionsof the selected
matchon thestrandsymbolin thematchgraph(arrow “b” in Figure5).
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Figure5: ZoomingtheInspectorwindow

The Match Data Dialog

Selectinga matchin the matchdatabrowser, the usercanlaunchthe “Match DataDialog” by
clicking the View Match button (Figure6). Alternatively, the samedialog candisplayall the
computedmatches(View all Matches). A numberof switchesallows theusersto customizethe
amountof detailto beshown in theoutput,likesortingoptions,outputwidth, descriptionwidth,
alignment,e-value.
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Figure6: TheMatchDataDialog

Annotation the visualisation

An annotation�le canbecreatedmanuallyor by shellscriptsto annotateany kindsof sequence
featuresin thecorrespondingvisualisation.An annotation�le lookslike this:

<=> 0 0 3044 3552 #FF0000 #1.10 Intr
= 0 0 62227 62454 #000000 #12.02 Term

<= 0 1 4327 4431 #0000FF #1.05 Prom
* 1 2 9676 9678 #FF00FF #1.03 Point

As shown in theexampleabove,theannotationmustbea text �le of thefollowing format:

Symbol Strand Anno Set Pos 1 Pos 2 #Color #Comment

Symbol:
This ASCII text symbolis translatedinto a graphicalannotationmarker. Seethemanual
for detailson theannotationsymbolusage.

Pos 1 andPos 2:
Theseparametersdenotethestartingandendingpositionof theannotationsymbol.Note,
thatsomesymbolsthathavenohorizontalextensionrequireonly onepositionvalue.Nev-
erthelessa secondpositionmustbesuppliedwhich canhaveanarbitraryvalue.

8



Color
TheColorentrycaneitherbeahexadecimalvaluestartingwith ahashcharacter#RRGGBB,
consistingof threetwo digit hexadecimalvaluesfor red, greenandblue. For example,
#FF0000 meansred, #00FF00 meansgreen. This notationis widely usedfor HTML
documents.Alternatively, Color canbeoneof the752color identi�ers asspeci�edunder
mostUNIX systems.

Strand andAnno Set:
Eachstrandof the matchgraphcanhave its own setof annotations,consistingof up to
10 individual rows. The Strand parameterspeci�es if an annotationsymbol is drawn
parallelto theupperor to thelowerstrand.TheAnno Setparameterspeci�estherow the
annotationsymbolshouldbein.

The resultingannotation�le is then loadedvia the “Edit” menuin the Inspectorwindow, as
shown in Figure4. Similar to therepeatinformationdisplayedin the“Match databrowser”after
clicking a repeaton the strandsymbol, the dataassociatedwith an annotationsymbolcanbe
displayedin the“Annotationdatabrowser” (arrow “c” in Figure5).

ExampleApplication

After the publishingof the whole sequenceof chromosome22, its entire sequencehasbeen
analyzedwith GenAlyzerfor repetitive structures.A quite confusingpatternin the beginning
of thesequencecalledour attention.Thecorrespodingsubsequencewasextractedandsearched
for repeatsusinga lower threshold(minimal length50bp,edit distance2). Figure7 shows an
overview of thisarea,revealinganinterestingnet-likestructureof directandpalindromicrepeats.

The main sequencemoduleis repeatedfour times,beingcomprisedof smallerrepeatedunits
which arepresentin directandpalindromicorientationto eachother. This net-like patternwas
comparedto theLow Copy Repeatsschemedescribedby T. Shaiketal., known to beresponsible
for large deletionsthat causethe geneticdisorderDiGeorge/Velo-Cardio-Facial-Syndrome.In
Figure7, the4 Low Copy Repeatsinvolvedin thediseasearerepresentedby theblocksA,B,C
andD, overlappingtherepeatgraphcomputedwith GenAlyzer.

Overall,ananalysisof therepeatstructureof differentchromosomesusingGenAlyzeris helpful
to identify suchbreakpointregionsregardingthelocalizationof Low Copy Repeats,withoutany
experimentalapproach.This is just oneof the manyfold applicationsof GenAlyzer. For other
practicalexamplesonbiologicalproblems,seeKurtzetal. [3], or theGenAlyzermanual.

Availability

GenAlyzeris availabletogetherwith vmatch. Thelicenseagreementcanbefoundin theVmatch
web-site (http://www.vmatch.de/).
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Figure7: Net-likepatternof low copy repeatsonhumanchromosome22. Therepetitivestructure
extendsover a 3Mb region on the chromosome,correspondingto the Typical DeletedRegion
responsiblefor theDiGeorge/Velo-Cardio-Facial-Syndrome.
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