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GenAlyzeis a softwaretool designedor the interactve visualisationof sequencenatchede-
tweenDNA or Proteinsequenceslt providesvisualisationson differentlevels of granularity
from completeoverviewns via zoomedregionsto alignementf particularmatchingsubstrings.
Gencanefciently handlevery large datasetsallowing to displaytensof thousand®f matches
betweersequencesf tensof millions of basegd2].

General Featuresof GenAlyzer

GenAlyzeris animproved versionof the repeatsnding programREPuter It is developedfor
the UNIX platformandis currentlyalsoworking on Linux/Intel, Solaris/SUN-Sparand Mac
OSX.TheGenAlyzerimanuall] givesadetaileddescriptiononits implementatiorandall inter-
active features.Herearethe mostimportantvisualisationcomponent®f GenAlyzerincluding
anapplicationexample.

The Main Window

The GenAlyzeiMain Window consistof amenubarwith theentries'File”, “Edit”, “View” and
“Help”, arow of tool buttons,the setof squarebuttonsin Figurel, threeQuidk Startbuttonsand
the programstatusoutputon the bottomof the window.

Preprocessinghe Data

The“Preproces$tepDialog” (Figure2) comesup by clicking thebutton Geneatenew index in
themainGenAlyzewindow. In this rst stepof repeatdetectionGenAlyzeicreateanindex for
the givensetof input sequencesspeci ed in the DatabaseFiles panel. Here,the pushbuttons
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Figurel: The GenAlyzemMain window

Add RemeeandClear allow the manipulationof ainput sequencde list. GenAlyzeisupports
the following formatsfor the input les: FASTA (or multiple FASTA), EMBL/SWISSPRIT,

GENBANK, andraw format. In the Sequencdype option menu, the alphabetof the input

sequences de ned (DNA, protein,or auserspeci ¢ symbolmap).UnderProjectoutputoptions

the nameand locationfor the resultingindex le mustbe speci ed. The index namegetsthe

default extension®.prj”.
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Figure2: ThePreprocesStepDialog

Performing Matching Tasks

In this step,a Query sequencehosenby the useris matchedagainstthe Databasesequence
basednits index constructediuringthe previous preprocessingtep.Again, from GenAlyze'rs
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main window, the button Runmatding tasklauncheghe “Matching StepDialog” (seeFigure
3). Thematch les getthedefault extension“.match”.
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Figure3: TheMatchingTasksDialog

Currently GenAlyzeisolvestwo differentmatchingproblems:

Substring Matching

Selfcomparisontask: Match all substringsof the input sequencegainstitself. In this
matchingtask,the sequenceS; usedto createtheindex is DatabaseandQuerysequence
at the sametime. This option maintainsthe capabilityof nding repeatswithin a single
sequencé, coveringthe mostordinaryapplicationof REPuter

Matchinga DatabaseagainstQuerysequencesThisoptionhandlegshecomparisorof two
differentsequencess; andS, (DatabasendQuery),consistinghe mainimprovementof
REPuter GenAlyzercomputesall similarities betweenboth inputs, without calculating
the repeatswithin a singlesequenceThe delivereddataare muchmoredirectedto what
theuseris looking for, avoiding super uousinformationand,thereforereducingtime and
spaceconsumptionThelist of Querysequencesanbemodi ed via the Add Remeeand
Clear buttonsin the QueryFile(s) panel.



Complete Matching

Completenatding: Thisoptioncomputedocationsin thedatabasendex, wheretheentire
Query(alsocalledpatterr) matchesa substringof theindexed sequences.

For both tasks,the matchescan be direct (forward) and reversecomplementedpalindromic).
The matchescanalsobe approximate:degeneratesubstringswvith a maximalnumberof errors
asmismatchespr insertionsanddeletionsindels)aresupported.

A third matchingoption,the X-Drop approad is beingdevelopedto besupportedy GenAlyzer
The -exdrop parameterepresentsn alternatve stratey for seedextension. The purposeis to

nd the highest-scoringlignment,oncethe matchesmismatchesndindelsaregivendifferent
scorevalues.

Repeatx Match

Repeat:Any repeatedubstringvithin asinglesequencd,e.,theoutputof aself-comparison
task

Match: Any repeatedsubstringbetweentwo differentsequences,e., the outputof the
Matching a DatabaseagainstQuerytask

Visualising the Matching Output
After the “Matching Task Step”, wherethe desiredmatchesypeshadbeencalculated the In-

spectowindowcanbelaunchedThis interactve visualizationcomponenbf GenAlyzemusesan
easy-to-usg@raphicalrepresentatioof repeatspr matchesandtheir sizesandpositions.

A matchingoutputcalculatedoy GenAlyzerconsistsf thefollowing parts:

Size Subseq Position 1 Type Position 2 Subseq

30 0 1158853 D 1144098 0
Error E-value Score Perc.ldent
2 1.64e-061 342 98.85

The Inspectorwindow comesup showing, in the matchgraph,two bold lines which represent
theinput sequence(uppliedby theuser(Database@ndQuery shovn in Figure4).

By launchingtheInspectomwindow the userhasanimpressiorof theoverallnumberof matches
andtheir patterndistribution. Hereis the descriptionof the mainsubpartof GenAlyzer

Match type selector
Thethreebuttonsat thetop of the Inspectomwindow selectthekind of repeatdo display:
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and DB Search
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Figure4: Thelnspectomwindow

— Direct- Direct/forwardrepeats
— Palindromes Palindromicrepeats
— Direct+ Palindromes Both kindsatthe sametime

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

Projectinfo

TheProjectinfo barshowns the projecthnameandthe parametersettingsfor thevisualised
matchtask.

Overview

An additionalfeatureof GenAlyzelis the overviev graph It consistsof a duplicationof
the repeatgraph,in a smallerscale,with the advantagethat the whole overview of the
repetitve, or match structureremainswhile zoomingin or out the actualmatchgraph



belon. The entireoverview graphis enclosedoy a e xible red rectangle which borders
areadaptedhccordingio thezoomfactor

Databaseand Query sequences

In the matchgraphbelow the overview, thetop line corresponds$o the input databasse-
guenceandthebotomline the Querysequencéhathasbeemmatchedagainsthe Database
indexed structure.The linesinbetweerbothinputsrepresenthe matchesjoining the be-
ginningof the rst matchinstanceandthe beginningof thesecondnstance.

Annotation lines

As DatabaseindQuerycanbe differentsequenceszenAlyzersupportshe uploadingof
the correspondingannotationdrom a de ned le. The annotationscan be represented
ascoloredsymbols,in severaldiffetentlines above the Databasesequencandbelow the
Queryinput. SeeFigure4 andSubsectiorAnnotatingthe visualisation for moredetails.

Color scalecode

Thecolorkey associatea colorto a certainrangeof matchesizes.In gure 4, matcheof
sizes65to 70bparedisplayedasyellow lines,for example.Thelengthof theshortestand
longestrepeatarethe startingandendingvaluesof the color key scale here30 and82bp.

Sizeslider

The slider below the graphin Figure4 de nes the minimal repeatiengthdepictedin the
graph.Theboundsof the sizesliderarethe shortestandlongestrepeatamongthe current
repeakind.

Match viewer and db seaich

The correspondingsequencenformation and the alignmentof either a single matchor
all computedmatchescan be visualisedor directly submittedto databasesearcheslike
FASTA or BLAST, for furtherinvestigationof biological signi canceandsimilarity.

As alreadymentionedabove, to examinea particularmatchor match-richregion, theuser
canzoomin or out on a region by left or right clicking the mouse respectiely, asshovn
in Figureb.

As soonasthe userzoomsinto a speci ¢ region in the repeatgraph,the red rectanglen
theoverview shrinks,borderingexactly thezoomedregion, asit canbe obsenedin Figure
5 (arrowv “a”).

Match data browser

This box shaws the correspondingsequencenformation and positionsof the selected
matchon the strandsymbolin the matchgraph(arrown “b” in Figureb).
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Figure5: ZoomingtheInspectowindow

The Match Data Dialog

Selectinga matchin the matchdatabrowser the usercanlaunchthe “Match DataDialog” by
clicking the View Match button (Figure 6). Alternatively, the samedialog candisplay all the
computedmatchegView all Matcheg. A numberof switchesallows the usersto customizethe
amountof detailto be shavn in the output,lik e sortingoptions,outputwidth, descriptiorwidth,
alignmente-value.
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Figure6: The Match DataDialog

Annotation the visualisation

An annotationle canbe creatednanuallyor by shellscriptsto annotateary kinds of sequence
featuredn the correspondingisualisation. An annotationle lookslik e 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 #FFOOFF #1.03 Point

As shown in theexampleabove, theannotatiormustbeatext le of thefollowing format:

Symbol  Strand Anno _Set Pos_1 Pos 2 #Color #Comment

Symbol:
This ASCII text symbolis translatednto a graphicalannotatiormarker. Seethe manual
for detailsontheannotatiorsymbolusage.

Pos 1 andPos 2:
Theseparameterslenotethe startingandendingpositionof the annotatiorsymbol. Note,
thatsomesymbolsthathave no horizontalextensionrequireonly onepositionvalue. Nev-
ertheless secondositionmustbe suppliedwhich canhave anarbitraryvalue.
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Color
TheColorentrycaneitherbeahexadecimavaluestartingwith ahashcharacte#RRGGBB
consistingof threetwo digit hexadecimalvaluesfor red, greenandblue. For example,
#FF0000 meansred, #00FFOO meansgreen. This notationis widely usedfor HTML
documentsAlternatively, Color canbeoneof the 752 color identi ers asspeci ed under
mostUNIX systems.

Strand andAnno_Set
Eachstrandof the matchgraphcanhave its own setof annotationsconsistingof up to
10 individual rows. The Strand parametespeci esif anannotationsymbolis dravn
parallelto the upperor to thelower strand.The Anno_Setparametespeci estherow the
annotatiorsymbolshouldbein.

The resultingannotation le is thenloadedvia the “Edit” menuin the Inspectorwindow, as
shavnin Figure4. Similarto therepeainformationdisplayedn the“Match databrowvser” after
clicking a repeaton the strandsymbol, the dataassociatedvith an annotationsymbol canbe
displayedn the“Annotationdatabrowser” (arrav “c” in Figure5).

Example Application

After the publishingof the whole sequencef chromosome?22, its entire sequencéiasbeen
analyzedwith GenAlyzerfor repetitive structures.A quite confusingpatternin the beginning
of thesequencealledour attention.The correspodingubsequenceasextractedandsearched
for repeatausinga lower threshold(minimal length50bp, edit distance?). Figure7 shavs an
overview of thisarearevealinganinterestingnet-like structureof directandpalindromicrepeats.

The main sequencenoduleis repeatedour times, being comprisedof smallerrepeatedunits
which arepresenin directandpalindromicorientationto eachother This net-like patternwas
comparedo theLow Copy Repeatschemalescribedy T. Shaiketal., knownto beresponsible
for large deletionsthat causethe geneticdisorderDiGeoge/\elo-Cardio-Rcial-Syndrome.In
Figure7, the4 Low Copy Repeatsnvolvedin the diseasearerepresentetby the blocksA,B,C
andD, overlappingtherepeatgraphcomputedwith GenAlyzer

Overall,ananalysisof therepeatstructureof differentchromosomessingGenAlyzelis helpful
to identify suchbreakpointegionsregardingthelocalizationof Low Copy Repeatswithoutary
experimentalapproach.This is just one of the maryfold applicationsof GenAlyzer For other
practicalexampleson biological problemsseeKurtz etal. [3], or the GenAlyzemanual.

Availability

GenAlyzeiis availabletogethemwith vmatd. Thelicenseagreementanbefoundin theVVmatch
web-site (http://www.vmatch.de/)



Figure7: Net-like patternof low copy repeat®nhumanchromosome@?2. Therepetitve structure
extendsover a 3Mb region on the chromosomecorrespondingo the Typical DeletedRegion
responsibldor the DiGeoge/\klo-Cardio-Rcial-Syndrome.
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