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Abstract

Motivation: The problemscausedby the difficulty in visual-
izing and browsingbiological databasedave becomecru-

cial. Scientistcanno longer interact directly with the huge

amountof availabledata. However, future breakthoughsin

biology dependon this interaction. We proposea new meta-
phor for biological data visualizationand browsingthat al-

lows navigationin very large databasesn an intuitive way.

The conceptsunderlyingour approac are basedon navig-
ation andvisualizationwith zooming semanticzoomingand
portals; and on data transformationvia magic lenses. We

think that thesenew visualizationand navigationtechniques
shouldbeappliedglobally to a fedemtion of biological data-
bases.

Results: We haveimplementedh generictool, called Zomit,
that providesan application programminginterfacefor de-
velopingserves for suc navigationand visualization,and
a genericarchitectule-independentlient (Java» applet)that
queriessud serves. As an illustration of the capabilities
of our approach, we havedevelopedZoomMap,a prototype
browserfor the HuGeMaphumangenomemapdatabase

Availability: Zomitand ZoomMapare availableat the URL
http://wwwinfobiogen.fr/serviceszomit

Contact: stuart@infobigen.fr

Introduction

The volumeof dataproducedn molecularbiology hasbeen
growing exponentiallyfor severalyearsandall signsindicate
that this processwill continueduring the next decade.This
growth appliesto mappingand sequencelataon everything
from microolganismsto humans.

For severalyearsnow it hasbeendifficult for biologiststo
interactdirectly with thedataconcerningheir specief par
ticularinterest.Thehugevolumesandcompleity of thedata,
andthe numeroudinks betweerthem,make it hardto main-
tain a global view of the data. Researcherarerestrictedto
local views of their data,andlong-distanceaelationshipsare
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not visible. Basically thereis muchmoreinformationavail-

ablethanresearchersaninteractwith. Therefore the selec-
tion of informationis basedninteractive, but ratherarbitrary
decisionspr on theresultsof analgorithmthatprocessethe
dataaccordingto a pre-establishedndrigid model.

With the large-scalesequencingprojectsnow producing
dataat a rapid pace,the time hascometo work on extract-
ing knowledgefrom rich sourceof data,i.e. to discover new
models. Datamining canbe used,but is not sufficient in the
sensehatit canonly exploit the datato testhypothesesRe-
searchersieedto interactglobally with the data,to make in-
cidentaldiscoveries find unexpectedegularitiesandtestnen
putative models.

Finally, the scientificcommunitysuffersfrom alack of in-
teractionwith the data,makingthe large-scalenappingand
sequencingrojectsnot asfruitful asthey shouldbe.

The traditional datavisualizationand browsing tools are
not successfuin addressingheseproblemsbecause:

e they arebasedon the limited WIMP (windows, icons,
menusanda pointerdevice) conceptvanDam,1997);

¢ they donotoffer aglobalview of thedata;

e thelinks betweendistantpiecesof dataarenot handled
in awaythatintuitively reflectsheirsemantigroximity;
and

o dataarerepresentednderasingleperspectie,although
they couldoftenbe seenunderseveral.

For example, when using a World Wide Web (WWW)
browsingtool appliedto moleculabiology databasegollow-
ing alink from a pagegenerates view of the new pagethat
is visually independentrom theview of thefirst page.There
is no visual track of the semanticrelation betweenthe two
pages.Thereforethe userquickly forgetsthelogic of his se-
quenceof differentviews, andgetslost. Often visualization
software offers a view of the dataaccordingto a given per
spectve and modifying this perspectie is not easy These
problemsaregeneralin mostvisualizationandbrowsingsoft-
ware.

In this paperwe proposea new metaphoifor datavisual-
ization and browsing in molecularbiology. The principles
arepresentedn the next section.Someof themhave already
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beenusedin otherdomains,suchas hypermediarepresent-
ation[seeLeungandApperley (1994)for areview]. An ap-
plicationto thevisualizationandbrowsingof amolecularmio-
logy databasés presentedhn the sectionon a virtual world to
visualizeHuGeMap. The implementatiorof the softwareis
describedn the sectionon the generictool Zomit.

Visualization concepts

Ourvisualizationschemas basedntheconcepthatthedata
areorganizedin atwo-dimensionavirtual world in whichthe
usercantravel andwherehe canfocuson his areaof interest
(Furnasand Bederson1995). Whenthe usergoescloserto
an object, detailsappearand the representatioms modified.
He canalsoeasilygo to andreturnfrom semanticallyrelated
objects.He canfocuson a specificareaor zoomout to have
a global view of the data. This is achieved using the tech-
niguesdetailedin this section. A more completepresenta-
tion of zooming,portalsandlenseds givenin Bedersoretal.
(1996).

Zooming

The techniqueof navigation by zoomingis easilyappliedto
moleculabiology datafor two mainreasonsFirstly, thelarge
numberof links betweerobjectsin moleculabiologyleadsto
acomple graphof semantigelationswhichis bestnavigated
by zooming(e.g.whenfocusingon a given node,the neigh-
bouringnodescanberepresentewith edgesdecreasingvith
the minimal pathlength). Secondlybiological databasefe-
guentlycontainawell-definedhierarcly of information,from
agenomeo its sequencéor example.

Traditionally, thedisplacement graphicaluserinterfaces
are madeby panningwith a scroll bar to reachthe areaof
interestandthen zoomingby enteringthe scaleor by using
anotherscroll bar.

We proposea different approachwhere a more natural
zoomis the main methodof displacement.The userzooms
by clicking the first button of the mouse,and pansby mov-
ing the mousewhile keepingthe first button depressed.In
our system,displacementsire doneby zoomingout andin,
andit is expectedhattheuserwill naturallyonly usepanning
to recentrehis view. Thisis a deliberatechoicebecausehis
navigationhasbeenshavn to bemoreefficientthanextensive
useof panning(FurnasandBederson1995;Bedersoret al.,
1996).

An earlyversionof Zomit recentredheview of thevirtual
world aroundthe cursorwith eachzoom. This wasfoundto
becounterintuitve sothecurrentversionkeepghesamepoint
underthecursor allowing theuserto zoomrapidly on a point
by continuousclicking.

Whenthe userzoomsin on anobject,it is naturalto seea
moreandmoredetailedview; i.e. asthe sizeof the objectin-
creasesits representatiois mademoredetailed.Corversely

the detailsget smallerand eventually vanishwhenthe user
zoomsout. However, whenzooming,it may be moreappro-
priateto seea new representatiomoreadaptedo the scale.
For example,at low scale,a chromosomeshouldbe repres-
entedaccordingo its cytogenetiadescriptionwhile atavery
large scalethe sequencés morepertinent. This is calledse-
manticzooming.

Portals

A portalis a specialgraphicalobjectthatgivesa view of an-
other part of the virtual world. It is generallystatic (asin
our currentimplementation)j.e. theusercannotcreatea new
portal,only thoseprovidedby thesystenareavailable.It con-
sistsof arectangleputatagivenplacein theworld, in which
anotherpart of the world is displayed,usually at a different
scale.As with otherobjects,portalsgrow asthe userzooms,
andwhena portalalmostfills the users view, the main view
canbe saidto be transferredo the view in the portal. The
usercan manipulate(zoom, dezoom,or pan)the view seen
througha portalsimply by clicking insidethe portal.
Portalscan be usedto expressthe semanticrelationship
betweentwo objectsthat arewidely separatedn the virtual
world, eventhoughthey arerelated. A portal canbe placed
nearthefirst object,pointingto the secondone. If necessary
areciprocalportalcancompletethe symmetry
Portalsareusefulto avoid theduplicationof objects atech-
niguethatis corvenientin graphrepresentatiobut complic-
atestheunderstandin@f thegraphstructure.

Lenses

The usermay beinterestedn transformingsomepart of the
world; i.e. in viewing it underanotherrepresentationMagic
lensesaredynamicitemsthatallow the userto applytempor
arily a predefinedransformatiorto the areaof their choice.
TheseMagic Lens filters originatedat Xerox PARC (Stone
et al., 1994). A typical exampleof a magiclensis a rect-
anglewnhich corvertsatableof numbersnto the correspond-
ing scatterplot.

Magic lensescanalsobe staclkedto combineseveraltrans-
formations. This canbe viewed asa particularandrestricted
caseof visualprogramming.t is a very intuitive way to pro-
gram,andthusis usefulto biologistswho masterthe biolo-
gical conceptaunderlyingthe datatransformatiorbut arenot
familiar with programming.

Lensexanalsobeseemasportalsthatpointto anotherpart
in the world wherethe representatiofis different. This adds
a temporaryfourth dimensionto the two spatialdimensions
andthescale'dimension’.

A lenscanalsobe a magnifyingglass. This providesad-
ditional spacen orderto beableto displayextrainformation
ontheobjects.The disadwantageof this magnificationis that
thelensdoesnottransformtheentireregion covered,but only
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the objectsin the centreof this region. An exampleof sucha
lensis shavn in Figure2a5.

An exampleof possibleuseof lensesn molecularbiology
(on proteindata)datavisualizationis givenin Robinsonand
Flores(1997).

A virtual world to visualize HuGeM ap

As ademonstratiomf the useof the conceptsutlinedabove,
we developeda sener, called ZoomMap, that queriesthe
HuGeMapdatabase.It providesa virtual world containing
the humangenome,chromosomesmaps, markers and se-
guences.ZoomMapwas built usingthe generictool Zomit.
Other genomebrowsers are listed at http://www.cherwell.
com/javagenomesandhttp://mww.ebi.ac.uk/oib97.

TheHuGeMapdatabase

The HuGeMapdatabaséBarillot et al., 1998)storesthe ma-
jor geneticand physical mapsof the humangenome.lt in-
cludes(i) the geneticmapsfrom Généthon(Dib et al., 1996)
andthe Cooperatte HumanLinkage Consortium(Shefield
et al., 1995), (ii) the physical mapsfrom CEPH-Généthon
(Bellanné-Chantelogt al., 1992; Cohenet al., 1993; Chu-
malkov et al., 1995) and from the Whiteheadinstitute-MIT
(Hudsonetal., 1995),and(iii) thelSCN cytogenetiadescrip-
tion.

HuGeMap is interconnectedwith the RHdb database
(Rodriguez-®méandLijnzaad,1997). The interconnection

is basedbn CORBA senersbuilt ontop of thetwo databases.

CORRA is a specificationof the ObjectManagemenGroup
(http://www.0omg.op) thatallows applicationso communic-
atewith oneanothemo matterwherethey arelocatedor who
hasdesignedhem. Thiscommunicatioris definedoy asingle
implementationanguage-independesgpecificationthelDL.

The schemaof HuGeMaphasa naturaland strong hier-
archy andcontainsa large numberof links. Onthetop of the
hierarcly is the humangenomethenthe chromosomegheir
cytogeneticelementsthe maps,the markers andfinally the
nucleotidesequencesMarkersmay belongto seseral maps.
This databasés, therefore a goodtestbedor datavisualiza-
tion andbrowsing.

ZoomMap:zoomingandportals

Theworld presentedn ZoomMapconsistsat the lower scale
of akaryotypeof thehumangenomegFigurel). The24 chro-
mosomesare depictedwith no detailsat the top level (Fig-
ure la). As the userzoomson a chromosometheir armsand
namesappeay followed by the banding(Figure 1b and 1c).
The namesof the cytogeneticbandsare shovn when the
bandsare big enoughto containreadabletext. Thesesteps
areexamplesof semantizooming(modificationof the visu-
alizedobjectaccordingto the scale).At the sametime, more
andmoreinformationonthechromosomeappearsastext be-

sideeachchromosomeThenamef thedifferentmapsasso-
ciatedwith eachchromosomeare displayedand,if onecon-
tinuesto zoom, the mapsthemselesare dravn (Figure 1d)
using their usual representatior{markers positionedon an
axis). Only thosemarkers for which spaceis available are
shown, anotherexampleof semanticzooming. Whenthere
is sufficient spacea seriesof portalsareshavn oppositeeach
marler (Figurele). They pointto theothermapsin whichthe
correspondingnarker is present.After furtherzoomingon a
marlker, the sequencappearsinderthe name(Figure 1f).

ZoomMap:magic lenses

Severaldifferenttypesof magiclenseshave beenimplemen-
ted (Figure2al-5).

¢ Lensesthat display a map when appliedto a cytogen-
etic descriptionof a chromosomédFigure2aland2a2).
Thisrepresentatioof achromosomés alsogivenwhen
zoomingin further from the chromosomename. This
illustratesthe fact that a problem of datatransforma-
tion can be addressedvith different techniques:here
magiclensesor semanticzooming. Lensespresentthe
advantageof offering numerouspossibilitiessimultan-
eously(one can have asmary lensesas necessaryand
chooseamongthem)while with semantizoomingthere
is only onepossibletransformation.

e A lensthat, when appliedto markers, usesthe colour
of eachmarkerto shav thelevel of heterozygosity{Fig-
ure 2a3). Here, a marker’s heterozygosityis codedon
a scalefrom black (100% heterozygousjo white (0%
heterozygous).

¢ A lensthatdisplaysonly thosemarkerswith high het-
erozygosity(>65%; Figure2a4). Herethe lensis used
asafilter to selectsomedata. Typically, suchlensescan
be combinedo producenew filters on a conjunctve (lo-
gical AND) basis.

¢ A lensthat gives further information on eachmarler:
name,D-number EMBL accessiumbey andheterosy-
gosity Thislensis a magnifyingglasssoasto have suf-
ficient spaceto displaythe additionalinformation (Fig-
ure2ab).

As discussedn the previous sectionon lenses theselenses
canbecombinedasshavn in Figure2a3and2a4.

Zoomingonindices

Our purposeis to visualizebiological data,generallystored
in structureddatabasedpr which indicesexist. (Indicesare
sortedlists of objectidentifiers.) Thoughthe logic of navig-
ation by zoomingis basedon a hierarchicallyorganizeddata
schemajt may be usefulto brovsethroughtheseindicesto
retrieve data.
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Fig. 1. ZoomMap:zoomingfrom genometo sequence(a) Outline karyotype;(b) chromosomearmsappear;c) bandingandchromosome
textual informationvisible; (d) and(e) mapsaredisplayedwith marker namesandportalswhenthereis enoughspace{f) marker sequence

is shown.

In ZoomMapthe usercanzoomon threedifferentindices
(D-number EMBL accessiumberandname)hatarepresent
on theright-handsideof theworld at the beginning of a ses-
sion(Figurela).

At the beginning,all the possibl€first lettersof theindexed
fields are displayedin order and with a size reflectingthe
numberof objectsstartingwith eachletter After zooming
in on the desiredfirst letter, the secondandfollowing letters
appearassoonasspaceis available, or a rangeof stringsif
all the possibilitieswould spantoo muchspaceFigure2bl).
Different colours encodethe type of the string shawn; i.e.
the currentpositionin theindex, stringrangesandcomplete
marker names.

Thisrepeatedoomingprocesdeadsto thecompletename
of thedesiredbject(Figure2b2and2b3),andthento aseries
of portalsthatpoint towardsthe positionof the markerin the
mapsin whichthey arepresen{Figure2b4).

TheZoomMapserver

To displaythedatain theway describedbove,theZoomMap
sener queriesHuGeMapthrougha CORBA sener. Any
genomemap databasémplementingthe sameCORBA in-
terfacecanbevisualizedby the currentversionof ZoomMap.
ZoomMapmustbe considerech prototypeandnot asanin-
dustrialproduct. Zoomingor usinglensesn ZoomMapmay
berelatively slow becauseve gave preferencedo functional-
ities anddid notoptimizetheruntime.

The generic tool Zomit

TheZomit packagés agenerictool thatallows thedeveloper
to createvisualizationervironments(virtual worlds) incor-
poratingtheconceptslescribedn thesectiononvisualization
concepts.
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Fig. 3. How Zomitis usedby ZoomMap.

Architectuie

Zomitis basedon a client-serer architecturesillustratedin
Figure3.

The Zomit client is a Java appletthat is executedby the
users browser Therefore Zomit is independenbf the com-
puterarchitecturerom the users point of view. Someof the
mostcommonbrowsersaresupportedincludingthe mostre-
centversionsof Netscapeon personalcomputersand Unix
systems. The client handlesall the users interactionsand
communicatesvith the sener to fulfil the users requests.It
sendghesenertheuserspositionin thevirtual world andthe
senerrespondswvith the graphicalobjectsthatshouldbevis-
iblein thisarea.Theseggraphicalbbjectsaresimplefor thecli-
entto drav andcompactn transmissiorime. The graphical
items currently provided are lines, (possiblyrounded)rect-
angles text, andportals. Thelist of availablelensess com-
municatedby the sener to the client. The client handleshe
creationanddisplayof thelenses.

The Zomit client is completelygeneric. The sameclient
canbe usedto talk to ary sener andthusdisplayary virtual
world. The only restrictionis thatimposedby the browsers:
an appletcanonly communicatewith the sener from which
it wasdownloaded If theuserinstallstheappletasanapplic-
ation, this restrictionno longer appliesand the sameclient
canbe usedto communicatewith ary Zomit sener on ary
machine.

Theseneris aC++programin two distinctparts. Thefirst
partis the genericZomit library that handlesall communic-
ation with the Zomit client, storesgraphicalobjectsthat are
not yet requiredby the client, andcallsthe codeprovided by
theimplementeof thevirtual world. Theimplementehasto
provide functionsthatareregisteredwith thelibrary ascover-
ing certainregionsof thevirtual world. Whentheuserenters

into aregion coveredby afunction,thelibrary callsthefunc-
tion. Thefunction cangenerategyraphicalobjectsthatareto
be communicatedo the client and can register other func-
tionsassociateavith sub-r@ionsof theregion coveredby the
function.

Developinga Zomitserver

The Zomit client and the Zomit library allow the developer
to createa two-dimensionalmultiscaleworld for the visual-
ization of their data. At any moment,the userseesa certain
region of the world at a certainscale. The usercanpan,in
otherwords move to anotherregion while keepingthe same
scale,or zoomor dezoom. Whenthe userzooms,the scale
increasesndhe seesa smallerarea. Whenhe dezoomsthe
scaledecreaseandalargerareaof theworld is visible.

Thedeveloperof theusersworld hascompletecontrolover
whatis shavn to theuserat eachpointandat eachscale.He
will normally creategraphicalobjectsthat implementa se-
mantic zoompossiblyincluding portalswith their view of a
differentpartof theworld. Eachgraphicalbobjecthasacolour,
a positionanda rangeof scalesin which the objectis to be
visible. This rangeof scalesallows thedeveloperto createan
object,to have it grow on the screenasthe userzoomsonit,
andthento have the objectdisappeaasit is, presumablyre-
placedby otherobjects.The positionof a pieceof text is just
its startingposition,andthatof arectanglethe coordinate of
its corners.

Thenameof thelensesavailableto the useraredefinedby
thedeveloper Whenthegraphicalobjectsfor aregionarebe-
ing createdthe developercanspecifythata given graphical
objectshouldbevisible in lenszero. They canalsospecifya
differentgraphicalobjectfor lensone,anotherobjectfor the
combinationof lenseszero and one, and yet anotherobject
for thecombinationof lensesoneandzero.lIt is alsopossible
to specifysimplifying rules,indicating,for example,thatthe
stackingorderof lenseszeroandoneis notimportant,or that
the combinationof lenseszeroandtwo shouldshaw the con-
tentsof lenszero.

Portalshave the attributesof a simplegraphicalobjectplus
aninitial positionandscalefor theregionthatthey shav. The
client controlsthe displayof the portals,no further program-
ming by the developeris required. The usercanzoom, de-
zoom,andpanin the portals,andthe currentpositionis re-
membereddy the client even whenthe portal is not visible.
Lensescan also be appliedto the objectsvisible in portals,
but cannotthemselescontainportals.

Conclusion and per spectives

Improvements

The prototypeZoomMapgivesan ideaof whatcanbe done
with the conceptsoutlined in this paper There are three
maindirectionsin which Zomit canbeimprovedrapidly (i.e.
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without developingadditionalideas).

The Zomit client andlibrary needto be optimized. After
theuserhasnavigatedin theworld for atime, theclientstores
alarge numberof graphicalobjectsandmustsearchthrough
thislist whenredrawving the screenlIt mayevenbenecessary
for the client to discardobijects. In this casethe sener will
haveto benotifiedsothattheobjectscanberesenif required.

The Zomit library is currentlysinglethreaded.Oncea re-
questfor the objectsin aregion is receired, the sener does
not look for new requestantil the currentrequesthasbeen
completelysatisfied.Thisis inefficientbecaus@a new request
mightindicatethattheuserhasmovedon (normallyby zoom-
ing) andis thusno longerinterestedn the resultsof the ori-
ginalrequest.

At the moment,zoomingis by discretestepsto reducethe
computationload on the users machine. Whenfasterhard-
wareis more universally available,a more fluid and natural
continuouszoomwill beimplemented.

Other improvementswill comefrom a betteruse of the
conceptsalreadyimplemented. Currently lensesare empty
whenplacedover aregion whereno transformatiorhasbeen
defined.Lensesshouldbe definedsothatwhenin suchare-
gionthey displaythelenssinstructionsjncludingwherethey
shouldbeused.In addition,whenthe userarrivesin aregion
thatis empty he shouldbe directedto somethingnteresting.

In the currentimplementationthe userhasonly oneview
of the world. He needsto be ableto clone his view of the
world so that he cankeepa view of somethingthat he has
found whilst looking for somethingelse, or to be able to
searchn two regionssimultaneously

Minor improvements,suchas allowing the userto resize
lenseswill addto theusers comfortof utilisation.

New visualizationconcepts

The metaphorsused by Zomit are in contrastwith those
provided by standardWWW browsers. Zomit could, how-
ever, beusedto write aWWW browserby presentindinks as
portalscontaininga glimpseof eachlink’s destination. This
glimpseof the destinationof the link is a featuremissingin
standardrowsers.

Oneof themainaimsof theZomit projectwasto allow the
userto keepthecontet of theareathatheis currentlyfocused
on. An additionalscreenneedsto be provided. This screen
will shawv theentirethreedimensionaivorld (two dimensions
plus the scale)that the userhasat his disposalandthe path
that he hastaken while traversingit. The screenwill be a
space-scaléiagramthat showvs the world asa cone(Furnas
andBederson]1995).

We plan to allow the userto createportalsfixed to his
screen. Thesesticky userportalswill allow him to createa
view of an areathat interestshim andkeepit on the screen
while he movesor zoomsto otherareas. Theseportalswill
be an alternatve to cloning the currentwindow and differ-

entto thosedescribedn Bedersoret al. (1996), wherethe
sticky portalsare createdby the systemand becomesticky
only whenused.

Thevirtual world madeavailableto the userwill normally
be large and thus the userwill wantto be ableto returnto
interestingregionsthat he finds. We plan to allow the user
to createhis own world by copying interestingregionsinto it
or by makingportalsthat point to interestingregions. These
regionswill, of course remainzoomable.The userwill then
beableto sae this personalizeavorld.

Applicationto a fedemtion of biological databases

Oneof the main challengef bioinformaticsis the interop-
erationof molecularbiology databasesEnvisagedsolutions
rangefrom datawarehouse$o objectrequestrokerswith a
communicationayerontop of eachdatabaséDavidsonetal.,
1995; AchardandBarillot, 1997). This interoperationis cru-
cial for theadvancemenbf geneticandmolecularbiology.

Our intentionis to implementa new Zomit sener thatwill
allow thevisualizationof afederatiorof biologicaldatabases.
Thissenerwill querythedatabasesf thefederationthrough
aCORBA interface.It will alsobecapableof communicating
with other Zomit seners, andto includein its world some
partsof worldsfrom theseotherseners.

Thenthenew conceptgpresentedh this paperareexpected
to shaw their relevance.
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