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Abstract

Motivation: Theproblemscausedby thedifficulty in visual-
izing and browsingbiological databaseshavebecomecru-
cial. Scientistscanno longer interact directlywith the huge
amountof availabledata. However, future breakthroughsin
biology dependon this interaction. We proposea new meta-
phor for biological data visualizationand browsingthat al-
lows navigationin very large databasesin an intuitive way.
Theconceptsunderlyingour approach are basedon navig-
ation andvisualizationwith zooming, semanticzoomingand
portals; and on data transformationvia magic lenses. We
think that thesenew visualizationandnavigationtechniques
shouldbeappliedglobally to a federationof biological data-
bases.

Results: We haveimplementeda generictool, called Zomit,
that providesan applicationprogramminginterfacefor de-
velopingservers for such navigationand visualization,and
a genericarchitecture-independentclient (JavaTM applet)that
queriessuch servers. As an illustration of the capabilities
of our approach, we havedevelopedZoomMap,a prototype
browserfor theHuGeMaphumangenomemapdatabase.

Availability: Zomit and ZoomMapare availableat the URL
http://www.infobiogen.fr/services/zomit.

Contact: stuart@infobiogen.fr

Introduction

Thevolumeof dataproducedin molecularbiology hasbeen
growing exponentiallyfor severalyearsandall signsindicate
that this processwill continueduring the next decade.This
growth appliesto mappingandsequencedataon everything
from microorganismsto humans.

For severalyearsnow it hasbeendifficult for biologiststo
interactdirectlywith thedataconcerningtheirspeciesof par-
ticular interest.Thehugevolumesandcomplexity of thedata,
andthenumerouslinks betweenthem,make it hardto main-
tain a global view of the data. Researchersarerestrictedto
local views of their data,andlong-distancerelationshipsare
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not visible. Basically, thereis muchmoreinformationavail-
ablethanresearcherscaninteractwith. Therefore,theselec-
tion of informationis basedoninteractive,but ratherarbitrary
decisions,or on theresultsof analgorithmthatprocessesthe
dataaccordingto a pre-establishedandrigid model.

With the large-scalesequencingprojectsnow producing
dataat a rapid pace,the time hascometo work on extract-
ing knowledgefrom rich sourcesof data,i.e. to discover new
models.Datamining canbeused,but is not sufficient in the
sensethat it canonly exploit thedatato testhypotheses.Re-
searchersneedto interactglobally with thedata,to make in-
cidentaldiscoveries,find unexpectedregularitiesandtestnew
putativemodels.

Finally, thescientificcommunitysuffersfrom a lack of in-
teractionwith the data,makingthe large-scalemappingand
sequencingprojectsnot asfruitful asthey shouldbe.

The traditional datavisualizationand browsing tools are
not successfulin addressingtheseproblemsbecause:

� they arebasedon the limited WIMP (windows, icons,
menusandapointerdevice)concept(vanDam,1997);

� they do not offer aglobalview of thedata;
� the links betweendistantpiecesof dataarenot handled

in awaythatintuitively reflectstheirsemanticproximity;
and

� dataarerepresentedunderasingleperspective,although
they couldoftenbeseenunderseveral.

For example, when using a World Wide Web (WWW)
browsingtool appliedto molecularbiologydatabases,follow-
ing a link from a pagegeneratesa view of thenew pagethat
is visually independentfrom theview of thefirst page.There
is no visual track of the semanticrelation betweenthe two
pages.Thereforetheuserquickly forgetsthe logic of his se-
quenceof differentviews, andgetslost. Often visualization
softwareoffers a view of the dataaccordingto a given per-
spective and modifying this perspective is not easy. These
problemsaregeneralin mostvisualizationandbrowsingsoft-
ware.

In this paperwe proposea new metaphorfor datavisual-
ization and browsing in molecularbiology. The principles
arepresentedin thenext section.Someof themhave already
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beenusedin otherdomains,suchashypermediarepresent-
ation [seeLeungandApperley (1994)for a review]. An ap-
plicationto thevisualizationandbrowsingof amolecularbio-
logy databaseis presentedin thesectionon avirtual world to
visualizeHuGeMap. The implementationof the softwareis
describedin thesectionon thegenerictool Zomit.

Visualization concepts

Ourvisualizationschemeis basedontheconceptthatthedata
areorganizedin atwo-dimensionalvirtual world in whichthe
usercantravel andwherehecanfocuson his areaof interest
(FurnasandBederson,1995). Whenthe usergoescloserto
an object,detailsappearandthe representationis 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-
niquesdetailedin this section. A more completepresenta-
tion of zooming,portalsandlensesis givenin Bedersonetal.
(1996).

Zooming

The techniqueof navigationby zoomingis easilyappliedto
molecularbiologydatafor twomainreasons.Firstly, thelarge
numberof links betweenobjectsin molecularbiologyleadsto
acomplex graphof semanticrelationswhichis bestnavigated
by zooming(e.g.whenfocusingon a givennode,theneigh-
bouringnodescanberepresentedwith edgesdecreasingwith
theminimal pathlength).Secondly, biologicaldatabasesfre-
quentlycontainawell-definedhierarchy of information,from
agenometo its sequencefor example.

Traditionally, thedisplacementsin graphicaluserinterfaces
are madeby panningwith a scroll bar to reachthe areaof
interestandthenzoomingby 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,andpansby mov-
ing the mousewhile keepingthe first button depressed.In
our system,displacementsaredoneby zoomingout andin,
andit is expectedthattheuserwill naturallyonly usepanning
to recentrehis view. This is a deliberatechoicebecausethis
navigationhasbeenshown to bemoreefficient thanextensive
useof panning(FurnasandBederson,1995;Bedersonet al.,
1996).

An earlyversionof Zomit recentredtheview of thevirtual
world aroundthecursorwith eachzoom. This wasfound to
becounterintuitivesothecurrentversionkeepsthesamepoint
underthecursor, allowing theuserto zoomrapidlyonapoint
by continuousclicking.

Whentheuserzoomsin on anobject,it is naturalto seea
moreandmoredetailedview; i.e. asthesizeof theobjectin-
creases,its representationis mademoredetailed.Conversely,

the detailsget smallerandeventuallyvanishwhen the user
zoomsout. However, whenzooming,it maybemoreappro-
priateto seea new representationmoreadaptedto thescale.
For example,at low scale,a chromosomeshouldbe repres-
entedaccordingto its cytogeneticdescription,while atavery
largescalethesequenceis morepertinent.This is calledse-
manticzooming.

Portals

A portal is a specialgraphicalobjectthatgivesa view of an-
other part of the virtual world. It is generallystatic (as in
ourcurrentimplementation);i.e. theusercannotcreateanew
portal,only thoseprovidedby thesystemareavailable.It con-
sistsof a rectangleput at agivenplacein theworld, in which
anotherpart of the world is displayed,usuallyat a different
scale.As with otherobjects,portalsgrow astheuserzooms,
andwhena portalalmostfills theuser’s view, themainview
canbe said to be transferredto the view in the portal. The
usercanmanipulate(zoom,dezoom,or pan) the view seen
througha portalsimplyby clicking insidetheportal.

Portalscan be usedto expressthe semanticrelationship
betweentwo objectsthat arewidely separatedin the virtual
world, even thoughthey arerelated. A portal canbe placed
nearthefirst object,pointingto thesecondone.If necessary,
a reciprocalportalcancompletethesymmetry.

Portalsareusefulto avoid theduplicationof objects,atech-
niquethat is convenientin graphrepresentationbut complic-
atestheunderstandingof thegraphstructure.

Lenses

Theusermaybe interestedin transformingsomepartof the
world; i.e. in viewing it underanotherrepresentation.Magic
lensesaredynamicitemsthatallow theuserto applytempor-
arily a predefinedtransformationto the areaof their choice.
TheseMagic LensTM filters originatedat Xerox PARC (Stone
et al., 1994). A typical exampleof a magic lens is a rect-
anglewhich convertsa tableof numbersinto thecorrespond-
ing scatterplot.

Magic lensescanalsobestackedto combineseveraltrans-
formations.This canbeviewedasa particularandrestricted
caseof visualprogramming.It is a very intuitive way to pro-
gram,andthusis useful to biologistswho masterthe biolo-
gical conceptsunderlyingthedatatransformationbut arenot
familiar with programming.

Lensescanalsobeseenasportalsthatpoint to anotherpart
in theworld wherethe representationis different. This adds
a temporaryfourth dimensionto the two spatialdimensions
andthescale‘dimension’.

A lenscanalsobe a magnifyingglass. This providesad-
ditional spacein orderto beableto displayextra information
on theobjects.Thedisadvantageof this magnificationis that
thelensdoesnot transformtheentireregioncovered,but only
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theobjectsin thecentreof this region. An exampleof sucha
lensis shown in Figure2a5.

An exampleof possibleuseof lensesin molecularbiology
(on proteindata)datavisualizationis given in Robinsonand
Flores(1997).

A virtual world to visualize HuGeMap

As ademonstrationof theuseof theconceptsoutlinedabove,
we developeda server, called ZoomMap, that queriesthe
HuGeMapdatabase.It provides a virtual world containing
the humangenome,chromosomes,maps,markers and se-
quences.ZoomMapwasbuilt usingthe generictool Zomit.
Other genomebrowsers are listed at http://www.cherwell.
com/javagenomesandhttp://www.ebi.ac.uk/oib97.

TheHuGeMapdatabase

TheHuGeMapdatabase(Barillot et al., 1998)storesthema-
jor geneticandphysical mapsof the humangenome. It in-
cludes(i) thegeneticmapsfrom Généthon(Dib et al., 1996)
and the Cooperative HumanLinkageConsortium(Sheffield
et al., 1995), (ii) the physical mapsfrom CEPH-Généthon
(Bellanné-Chantelotet al., 1992; Cohenet al., 1993; Chu-
makov et al., 1995) and from the WhiteheadInstitute-MIT
(Hudsonetal., 1995),and(iii) theISCN cytogeneticdescrip-
tion.

HuGeMap is interconnectedwith the RHdb database
(Rodriguez-ToméandLijnzaad,1997). The interconnection
is basedonCORBA serversbuilt on topof thetwo databases.
CORBA is a specificationof theObjectManagementGroup
(http://www.omg.org) thatallows applicationsto communic-
atewith oneanothernomatterwherethey arelocatedor who
hasdesignedthem.Thiscommunicationis definedby asingle
implementationlanguage-independentspecification,theIDL.

The schemaof HuGeMaphasa naturaland stronghier-
archy andcontainsa largenumberof links. On thetop of the
hierarchy is thehumangenome,thenthechromosomes,their
cytogeneticelements,the maps,the markersandfinally the
nucleotidesequences.Markersmaybelongto severalmaps.
This databaseis, therefore,a goodtestbedfor datavisualiza-
tion andbrowsing.

ZoomMap:zoomingandportals

Theworld presentedin ZoomMapconsistsat thelower scale
of akaryotypeof thehumangenome(Figure1). The24chro-
mosomesaredepictedwith no detailsat the top level (Fig-
ure1a). As theuserzoomson a chromosome,their armsand
namesappear, followed by the banding(Figure1b and1c).
The namesof the cytogeneticbandsare shown when the
bandsarebig enoughto containreadabletext. Thesesteps
areexamplesof semanticzooming(modificationof thevisu-
alizedobjectaccordingto thescale).At thesametime,more
andmoreinformationonthechromosomesappearsastext be-

sideeachchromosome.Thenamesof thedifferentmapsasso-
ciatedwith eachchromosomearedisplayedand,if onecon-
tinuesto zoom,the mapsthemselvesaredrawn (Figure1d)
using their usual representation(markers positionedon an
axis). Only thosemarkers for which spaceis available are
shown, anotherexampleof semanticzooming. Whenthere
is sufficient spacea seriesof portalsareshown oppositeeach
marker(Figure1e).They point to theothermapsin whichthe
correspondingmarker is present.After furtherzoomingon a
marker, thesequenceappearsunderthename(Figure1f).

ZoomMap:magic lenses

Severaldifferenttypesof magiclenseshave beenimplemen-
ted(Figure2a1–5).

� Lensesthat display a map when appliedto a cytogen-
etic descriptionof a chromosome(Figure2a1and2a2).
This representationof achromosomeis alsogivenwhen
zoomingin further from the chromosomename. This
illustratesthe fact that a problem of data transforma-
tion can be addressedwith different techniques:here
magic lensesor semanticzooming. Lensespresentthe
advantageof offering numerouspossibilitiessimultan-
eously(onecanhave asmany lensesasnecessaryand
chooseamongthem)while with semanticzoomingthere
is only onepossibletransformation.

� A lens that, when appliedto markers, usesthe colour
of eachmarker to show thelevel of heterozygosity(Fig-
ure 2a3). Here,a marker’s heterozygosityis codedon
a scalefrom black (100%heterozygous)to white (0%
heterozygous).

� A lens that displaysonly thosemarkerswith high het-
erozygosity( � 65%; Figure2a4). Herethe lensis used
asa filter to selectsomedata.Typically, suchlensescan
becombinedto producenew filtersonaconjunctive (lo-
gical AND) basis.

� A lens that gives further information on eachmarker:
name,D-number, EMBL accessnumber, andheterosy-
gosity. This lensis a magnifyingglasssoasto havesuf-
ficient spaceto displaythe additionalinformation(Fig-
ure2a5).

As discussedin the previous sectionon lenses,theselenses
canbecombinedasshown in Figure2a3and2a4.

Zoomingon indices

Our purposeis to visualizebiological data,generallystored
in structureddatabases,for which indicesexist. (Indicesare
sortedlists of objectidentifiers.) Thoughthe logic of navig-
ationby zoomingis basedon a hierarchicallyorganizeddata
schema,it may be usefulto browsethroughtheseindicesto
retrievedata.
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Fig. 1. ZoomMap:zoomingfrom genometo sequence.(a) Outlinekaryotype;(b) chromosomearmsappear;(c) bandingandchromosome
textual informationvisible; (d) and(e) mapsaredisplayed,with marker namesandportalswhenthereis enoughspace;(f) marker sequence
is shown.

In ZoomMaptheusercanzoomon threedifferentindices
(D-number, EMBL accessnumber, andname)thatarepresent
on theright-handsideof theworld at thebeginningof a ses-
sion(Figure1a).

At thebeginning,all thepossiblefirst lettersof theindexed
fields are displayedin order and with a size reflecting the
numberof objectsstartingwith eachletter. After zooming
in on thedesiredfirst letter, thesecondandfollowing letters
appearassoonasspaceis available,or a rangeof stringsif
all thepossibilitieswould spantoo muchspace(Figure2b1).
Different coloursencodethe type of the string shown; i.e.
thecurrentpositionin theindex, stringranges,andcomplete
marker names.

This repeatedzoomingprocessleadsto thecompletename
of thedesiredobject(Figure2b2and2b3),andthento aseries
of portalsthatpoint towardsthepositionof themarker in the
mapsin which they arepresent(Figure2b4).

TheZoomMapserver

To displaythedatain thewaydescribedabove,theZoomMap
server queriesHuGeMapthrough a CORBA server. Any
genomemap databaseimplementingthe sameCORBA in-
terfacecanbevisualizedby thecurrentversionof ZoomMap.
ZoomMapmustbe considereda prototypeandnot asan in-
dustrialproduct.Zoomingor usinglensesin ZoomMapmay
berelatively slow becausewe gave preferenceto functional-
ities anddid notoptimizetherun time.

The generic tool Zomit

TheZomit packageis agenerictool thatallows thedeveloper
to createvisualizationenvironments(virtual worlds) incor-
poratingtheconceptsdescribedin thesectiononvisualization
concepts.
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Fig. 2. ZoomMap:severallenses.(a1) Transformationof thecytogeneticrepresentationof achromosomeinto its Généthongeneticmap;(a2)
asfor (a1)with two lenses;(a3) combinationof thefirst lensanda lensthatencodesthemarker heterozygosityon a grey scale;(a4) asfor
(a3)with a third lensthatselectsonly themarkerswith heterozygosity� 65%(themarkerAFM326cv5is no longershown); (a5) magnifying
lensgiving moreinformationon a marker. ZoomMap:zoomingon indices.(b1) Choosingthefirst letters;(b2) thenameis complete;(b3)
markernamesandrelatedmaps;(b4) portalsto thepositionsof themarkerson eachmap.
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Fig. 3. How Zomit is usedby ZoomMap.

Architecture

Zomit is basedon a client-server architectureasillustratedin
Figure3.

The Zomit client is a Java appletthat is executedby the
user’s browser. Therefore,Zomit is independentof thecom-
puterarchitecturefrom theuser’s point of view. Someof the
mostcommonbrowsersaresupported,includingthemostre-
cent versionsof Netscapeon personalcomputersand Unix
systems. The client handlesall the user’s interactionsand
communicateswith theserver to fulfil theuser’s requests.It
sendstheservertheuser’spositionin thevirtual world andthe
server respondswith thegraphicalobjectsthatshouldbevis-
ible in thisarea.Thesegraphicalobjectsaresimplefor thecli-
entto draw andcompactin transmissiontime. Thegraphical
items currently provided are lines, (possiblyrounded)rect-
angles,text, andportals. The list of availablelensesis com-
municatedby theserver to theclient. Theclient handlesthe
creationanddisplayof thelenses.

The Zomit client is completelygeneric. The sameclient
canbeusedto talk to any server andthusdisplayany virtual
world. Theonly restrictionis that imposedby thebrowsers:
anappletcanonly communicatewith theserver from which
it wasdownloaded.If theuserinstallstheappletasanapplic-
ation, this restrictionno longer appliesand the sameclient
can be usedto communicatewith any Zomit server on any
machine.

Theserver is aC++ programin two distinctparts.Thefirst
part is the genericZomit library that handlesall communic-
ation with the Zomit client, storesgraphicalobjectsthat are
not yet requiredby theclient, andcallsthecodeprovidedby
theimplementerof thevirtual world. Theimplementerhasto
providefunctionsthatareregisteredwith thelibrary ascover-
ing certainregionsof thevirtual world. Whentheuserenters

into a regioncoveredby a function,thelibrary callsthefunc-
tion. The functioncangenerategraphicalobjectsthatareto
be communicatedto the client and can register other func-
tionsassociatedwith sub-regionsof theregioncoveredby the
function.

Developinga Zomitserver

The Zomit client and the Zomit library allow the developer
to createa two-dimensionalmultiscaleworld for the visual-
izationof their data. At any moment,theuserseesa certain
region of the world at a certainscale. The usercanpan, in
otherwordsmove to anotherregion while keepingthe same
scale,or zoomor dezoom.Whenthe userzooms,the scale
increasesandheseesa smallerarea.Whenhedezooms,the
scaledecreasesanda largerareaof theworld is visible.

Thedeveloperof theuser’sworld hascompletecontrolover
what is shown to theuserat eachpoint andat eachscale.He
will normally creategraphicalobjectsthat implementa se-
manticzoompossiblyincluding portalswith their view of a
differentpartof theworld. Eachgraphicalobjecthasacolour,
a positionanda rangeof scalesin which the object is to be
visible. This rangeof scalesallows thedeveloperto createan
object,to have it grow on thescreenastheuserzoomson it,
andthento have theobjectdisappearasit is, presumably, re-
placedby otherobjects.Thepositionof a pieceof text is just
its startingposition,andthatof arectangle,thecoordinatesof
its corners.

Thenamesof thelensesavailableto theuseraredefinedby
thedeveloper. Whenthegraphicalobjectsfor aregionarebe-
ing created,the developercanspecifythata given graphical
objectshouldbevisible in lenszero.They canalsospecifya
differentgraphicalobjectfor lensone,anotherobjectfor the
combinationof lenseszeroandone,andyet anotherobject
for thecombinationof lensesoneandzero.It is alsopossible
to specifysimplifying rules,indicating,for example,that the
stackingorderof lenseszeroandoneis not important,or that
thecombinationof lenseszeroandtwo shouldshow thecon-
tentsof lenszero.

Portalshavetheattributesof asimplegraphicalobjectplus
aninitial positionandscalefor theregionthatthey show. The
client controlsthedisplayof theportals,no furtherprogram-
ming by the developeris required. The usercanzoom,de-
zoom,andpanin the portals,andthe currentposition is re-
memberedby the client even whenthe portal is not visible.
Lensescanalsobe appliedto the objectsvisible in portals,
but cannotthemselvescontainportals.

Conclusion and perspectives

Improvements

The prototypeZoomMapgivesan ideaof what canbe done
with the conceptsoutlined in this paper. There are three
maindirectionsin which Zomit canbeimprovedrapidly (i.e.

812



Zomit: biological data visualization and browsing

withoutdevelopingadditionalideas).
The Zomit client andlibrary needto be optimized. After

theuserhasnavigatedin theworld for atime,theclientstores
a largenumberof graphicalobjectsandmustsearchthrough
this list whenredrawing thescreen.It mayevenbenecessary
for the client to discardobjects. In this casethe server will
haveto benotifiedsothattheobjectscanberesentif required.

TheZomit library is currentlysinglethreaded.Oncea re-
questfor the objectsin a region is received, the server does
not look for new requestsuntil the currentrequesthasbeen
completelysatisfied.This is inefficientbecauseanew request
might indicatethattheuserhasmovedon(normallyby zoom-
ing) andis thusno longerinterestedin the resultsof theori-
ginal request.

At themoment,zoomingis by discretestepsto reducethe
computationload on the user’s machine.Whenfasterhard-
ware is moreuniversallyavailable,a morefluid andnatural
continuouszoomwill beimplemented.

Other improvementswill come from a betteruseof the
conceptsalreadyimplemented.Currently, lensesareempty
whenplacedover a region whereno transformationhasbeen
defined.Lensesshouldbedefinedsothatwhenin sucha re-
gionthey displaythelens’s instructions,includingwherethey
shouldbeused.In addition,whentheuserarrivesin a region
thatis empty, heshouldbedirectedto somethinginteresting.

In thecurrentimplementation,theuserhasonly oneview
of the world. He needsto be able to clonehis view of the
world so that he can keepa view of somethingthat he has
found whilst looking for somethingelse, or to be able to
searchin two regionssimultaneously.

Minor improvements,suchasallowing the userto resize
lenses,will addto theuser’s comfortof utilisation.

New visualizationconcepts

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

Oneof themainaimsof theZomit projectwasto allow the
userto keepthecontext of theareathatheis currentlyfocused
on. An additionalscreenneedsto be provided. This screen
will show theentirethreedimensionalworld (two dimensions
plus the scale)that the userhasat his disposalandthe path
that he hastaken while traversingit. The screenwill be a
space-scalediagramthat shows the world asa cone(Furnas
andBederson,1995).

We plan to allow the user to createportals fixed 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 alternative to cloning the currentwindow and differ-

ent to thosedescribedin Bedersonet al. (1996), wherethe
sticky portalsare createdby the systemand becomesticky
only whenused.

Thevirtual world madeavailableto theuserwill normally
be large and thus the userwill want to be able to return to
interestingregions that he finds. We plan to allow the user
to createhis own world by copying interestingregionsinto it
or by makingportalsthatpoint to interestingregions. These
regionswill, of course,remainzoomable.Theuserwill then
beableto save this personalizedworld.

Applicationto a federationof biological databases

Oneof the main challengesof bioinformaticsis the interop-
erationof molecularbiology databases.Envisagedsolutions
rangefrom datawarehousesto objectrequestbrokerswith a
communicationlayerontopof eachdatabase(Davidsonetal.,
1995;AchardandBarillot, 1997).This interoperationis cru-
cial for theadvancementof geneticsandmolecularbiology.

Our intentionis to implementa new Zomit server thatwill
allow thevisualizationof afederationof biologicaldatabases.
Thisserverwill querythedatabasesof thefederationthrough
aCORBA interface.It will alsobecapableof communicating
with other Zomit servers, and to include in its world some
partsof worldsfrom theseotherservers.

Thenthenew conceptspresentedin thispaperareexpected
to show their relevance.
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