ARNA: Interactive Comparison and Alignment of RNA Seconday Structure
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Figure 1: Comparing the seconday structure of two RNA sequenceswith ARNA.

ABSTRACT

ARNA is aninteractve visualizationsystemthatsupportscompar
isonandalignmentof RNA secondangtructure We present new
approacho RNA alignmentthat exploits the complec structureof
the Smith-Watermarlocal distancematrix, allowing peopleto ex-
plore the spaceof possiblepartial alignmentsto discover a good
global solution. The modularsoftware architectureseparateshe
userinterfacefrom computationallowing the possibility of incor-
poratingdifferentalignmentalgorithmsinto the sameframenork.

CR Categories: D.2.2 [Software Engineering]: Tools
and Techniqgues—Useinterfaces; G.2.1 [Discrete Mathematics]:
Combinatorics—Combinatorialgorithm; J.3 [Life and Medical
Sciences]Biology andgenetics—;
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1 INTRODUCTION

ARNA is a new open-sourceystemthat provides supportfor bi-
ologistsandbioinformaticiansvho needto comparethe RNA sec-
ondarystructuresn two differentorganisms[3, 5]. The structure
of RNA is oftenstudiedat threelevels: the primary structurecom-
prisesthe linear string of amino acids; the secondarystructureis
createdwhen someamino acidsin the sequencéondto others,
forming two-dimensionaktructure; nally , the tertiary structureis
formedwhenthe sequencdolds into a shapen three-dimensional
space.ARNA always shaws the primary RNA structure,and has
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side by side windows for shawving the seconaryor tertiary struc-
tures.ARNA is built within the opensourceframeawork Tulip [2]1.

Previous systemson secondarystructurevisualization,suchas
Rna\z [8] andVienna[6], suffer from a lack of stability: small
changesn theRNA primarystructuremaydrasticallychangetheir
drawing of its secondanstructure. The scalableand stabletree-
baseddrawing algorithm usedin ARNA that usesa heuristicto
locateandanchorquasi-isomorphisubgraphsharedbetweerthe
two sequencess discussedn previouswork [3]. We focushereon
the problemof aligning RNA.

2 ALIGNING RNA

The problemof multiple sequencalignmenthasbeenwell stud-
ied[4]. TheRNA primarystructureis a sequenc® of nucleotides,
representeas a word of lengthn on the alphabetf A;C;G;Ug :
R=ryr,::irn. LetWg bethesetof all thesubwordsof R. Let I be
thesetof all thesub-interalson[1;n] :

[
In= ;1]

@:h)21Ln?
i

Thenl, Iy is thesetof all possiblematchedetweerthe two se-
quencesof lengthn and m respectiely. We would like nd the
similarity set,namelythe subsethatcontainggoodmatches.

Matrix Interpretation A prior approachby Smith and Wa-
termanto nding similaritiesbetweentwo RNA sequencesseda
well-known local distancematrix built using the Levensheindis-
tancemetric[9]. They usedthis matrixto computethelongestpos-
siblematchbetweerthetwo sequencewith thefollowing heuristic:
computeascoe functionV:Wg = W ! R, nd themaximum
score,and then backtrackalong the path that reachedthis score
by reversingthe computation. However, we noticedafterimple-
mentingthis algorithmin ARNA that this singlelongestpossible
matchis far from the bestmatch.We caninsteadnd severalgood
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shortermatcheghatwhencombinedpiecevise producea far more
preciset for the data. We cando this using the informationin
the local distancematrix thatis ignoredin the Smith and Water
manalgorithm.We shaw thisinformationvisuallyin Figure2. Ths
maximumscorelies in the lower right cornerof the matrix, and
backtrackingalongits pathcorrespondso following the streakof
that cornerpoint's color up andto the left, roughly alongthe di-
agonalof the matrix. Looking at the matrix shaws thatthereis a
greatdealof internalstructurewith mary pathsthatcorrespondo
similarity ranges.ARNA allows usersto interactiely explore this
rich internalstructureof pathsthroughthe distancematrix; thatis,
to navigatethroughthe spaceof matchingrangeshetweerthe two
sequences.

Filtering Controls (Fig. 1.D) We provide two simple con-
trols: a“Maxima” sliderto increaseherangeof scoresallowedfor
the nal pathpoint,anda“Percentag®atching”sliderto decrease
thesimilarity setsizeby requiringthechoserpercentagef sitesin
the sequencéo match.We usea collectionof heuristicsto nd the
setof interestingpathsthroughthematrix, includingthresholdsge-
ometricpropertiesof paths,classi cationandreductionof the path
set.

Figure 2: Path nding in the local distance matrix.

Filtering The setof pathsthat we extract from the matrix is
still too large to be tractablefor humanexploration. We canmake
the task more manageabldy forming groupsof matcheswhose
rangesdo not overlap. Recallthat Anm is a subseof I, Im. We
canrecursvely nd aminimalsetof classe€,, aconvenientsubset
of A, de ned as:

G = f(x:y)9

satisfying
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3 INTERFACE

Thegraphicaluserinterfaceof ARNA, shavn in Figurel, is based
onthefreeLinux-basedramavork Qt2.

Primary structures representations (Fig. 1.A) The pri-
mary structuresof the two RNA sequencesre displayedas text
stringsin the alphabef A;C; G;Ug of bases.Userscanpanusing
ascrollbar, andhighlightingis linkedto the selectionsn the other
windows.

Seconday structures representations (Fig. 1.B) Thetwo
RNA secondaryor tertiary) structuresaredravn sideby side. The
secondanstructuredrawing algorithm[3] respectghe visual con-
ventionsusedby biologists: structuressuch as stems, hairpins,
bulges,interior loops,andmulti-branchloopsareshavn in theway
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that matchesmanually createddrawnings of small sequence$7].

Moreover, the algorithmis stableacrosssmall changego the pri-

mary structureand has successfuheuristicsfor anchoringquasi-
isomorphicsubstructures the sameplacein eachview.

ARNA includes the standardset of controls for navigation:
zoomingby draggingout a rubberbandareaor using the mouse
wheel; panningby dragging,andrecenteringhe view. The Tulip
renderingalgorithms provide realtime interaction even for very
large datasetsising progressie rendering[1]. The views canall
be linked, so that actionsperformedon oneview are mirroredin
the other For instance navigation canbe synchronizedanddrag-
ging a box over part of the secondarystructurewill alsoresultin
highlightingthe primary structureview.

Alignment solutions and result area (Fig. 1.C) Theleft-
mostpanelcontainsthe Solutionssetof computedsimilarities, as
ltered by the MaximaandMatchingsliders,andthe Resultssetof
matchesnteractizely choserby the user The usercaninvesticate
ary of the Solutionssetby clicking on the rangein the Solutions
window to seeall the rangesin that group highlightedin differ-
entcolorsin the secondarywindow. The usercanquickly decide
which rangedo validateandwhich to discard. Over the courseof
exploration, the useraddsthe bestsolutionsto the Resultsset of
individual ranges.Whenthe userhas nished the exploration,the
Resultsset constituteshe nal alignmentof the two RNA struc-
tures. Whenarangeis placedin the Resultsset, the saturationof

its coloringis decreasetb indicateits resohedstatus.

4 FUTURE WORK

Wewouldliketo improve theuserinterface pluginframework, and
matrix Itering. We would alsolike to supporta wider variety of
le formats.Thesystemwasarchitectedvith amodularseparation
betweertheinterfaceandthecomputationsothatotherapproaches
to alignmentcouldbeincorporatedaspluginsthatusethe sameex-
plorationinterface.We would lik e to createseveral suchalternatve
alignmentplugins,basedn feedbackrom our users.
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