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Abstract

Phylagenetictreesare essentialfor undesstandingthe
relationshipsamongorganismsor taxa. Many of the cur-
renttechniquesfor seaching phylogeneticrepositoriesal-
lowtheuserto performa keyword-typeseach or analigned
sequencalata seach, or to browsea hierarchical list of
taxa. Here wedescribea new seach enginethat allowsthe
userto presentan examplephylageny or a querytreg and
thensearchesa phylogeneticdatabasdor treesthatcontain
thequerystructue. Thepresentedearch engineis fully op-
erational andis availableon the World Wide Weh

1. Intr oduction

Phylogenetictrees, usually representecby a dendro-
gram, modelthe evolutionary history of a setof taxathat
have a commonancestar The internalnodeswithin a par
ticulartreerepresentlderorganismdgrom whichtheirchild
nodesdescend.The childrenrepresentivergencesn the
geneticcompositionin the parentorganism.Sincethesedi-
vergencegausenen organismgo evolve, theseorganisms
areshawvn aschildrenof the previousorganism.

Currently in studyingthe phylogeneticdata, mostsys-
temsusesearchmethodsthat do not exploit the structure
of the data. Thesesystemsusuallyadopta keyword-based
searchtool, a sequencalignment,or a manuallyoperated
browser[1, 4, 5, 7]. The keyword-basedool allows the
userto enterthe nameof ataxonor someidentifying qual-

ity suchasanidenti cation numberto searchthe database.

It thenreturnsall the datait hasstoredon that particular
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taxon. Somesystemsaven allow the userto searchmore
thanonetaxonat a time, usingthe traditional“AND” and
“OR” operatorgo decidewhat setof datato returnto the
user In sequencalignmentthetaxonuseshegeneticcode
from the sequenceo align it with homologoussequences.
If the sequencearesimilar, mostlikely they sharea com-
monancestarA phylogenetid¢reecanthenbeinferredfrom
thepatternof nestednstance®f sharedderivedmutations.
Oncethetaxaare selectedhat align with the querytaxon,
links to otherinformation aboutthe returnedtaxa can be
provided. Finally, browsinga hierarchicallist allows users
to examine onetaxon at a time, learningonly aboutthat
taxon.

Many of thesystemghatemploy thesearchmethodsde-
scribedabove include visualizationtechniquesthat allow
the userto view an entiresectionof a phylogenetidree,or
theentiretree,aswell asinteractwith it. Theseinteractions
may involve visual inspectionof the treeaswell aslinking
to othertreesthatcontaina particulartaxon,or viewing iso-
morphismtreesso that relationshipsbetweenthe taxacan
bebetterunderstood.

However, noneof the existing systemsrovidesthe user
with the ability to searcha databasdor the structureof a
phylogenetidreeor structuressimilar to a querystructure
(asfar aswe know). Sincethe structureof a phylogenetic
treemodelsvery importantinformationaboutthe taxacon-
tainedwithin thetree,structuresearcthecomesveryhelp-
ful aswell asimportanttool for researcherstudyingphy-
logery. This could,for example,helparesearchewho de-
siresto identify alternatve evolutionaryhypothesefor aset
of taxaandhow their evolutionaryhistoriesdiffer.

We describe here a new search engine, called
TreeSearch, that allows the userto query by the struc-
ture of a phylogenetictree. This searchengineis fully
operationaland has been integrated into the phyloge-
netic information system, TreeBASE, developedat Har-
vard, UC Davis, Leiden University, and the University at
Buffalo. Section2 reviews TreeBASE. Section3 presents
TreeSearch. Section4 concludeghe paperanddescribes
somefuturework.



2. TreeBASE

TreeBASE [5, 7], accessible at http://www.
treebase.org , is arelationaldatabas&ontainingphy-
logenetidnformationfrom researclpapersubmittedo the
Website. This sitethenallows usersto searchthe database
freely accordingto variouskeywords, and seevisual rep-
resentation®f the trees. Moreover, it allows the userto
gainaccesgo informationconcerninga treeaswell asuse
comparisoroolsto learnmoreaboutvarioustaxacontained
within thetreeandtheir relationshipsvith othertaxawithin
thedatabase.

The datasefTreeBASE maintainsconsistsessentiallyof
phylogenetidreessubmittedo TreeBASE by theauthorsof
thepaperghatpresenthetrees.Thesiteacceptgor review
ary peerreviewedandpublishedpaperthat presentsnfor-
mationon ary type of phylogenetidrees. For the paperto
becontainedvithin thedatabasdt mustbesubmittedo the
site. The paperthengoesthrougha review processhefore
the submitteddataareof cially putwithin thedatabase.

The schemaand relationaltablesin TreeBASE contain
varioustypesof dataincluding the citationsof the papers
storedwithin thedatabaseheabstractérom thepapersthe
informationaboutthe authorsthe algorithmusedto obtain
the phylogenetidrees,thetitles andtypesof thetrees,the
softwareusedto performtherelevantanalysisthe associa-
tion of thetreesandmatriceswith the studythroughwhich
they wereobtained andtheinformationaboutthetaxa.

TreeBASE allows the userto searchits databaséy vari-
ouskeywords,includingtaxa,author citation, studyacces-
sionandmatrix accessionSearchresultscontainthe infor-
mationaboutthe studythataninput keyword wasfoundin.
This information includesthe publishingdate, the author
thetitle of the studyin which the keyword wasfound, and
theperiodicalin which the studyappearedAlso, accompa-
nying thestudyareanalyse®f thedatapresentedvithin the
study Theseanalyseganincludethematrixfromwhichthe
phylogenetidreesare generated6], alink to drawing the
treein a framewithin the Web site, a link to downloadthe
treesothatthe usercanview it on his or herown viewer,
andalink to “mark” a treewhich allows the userto store
thetreefor quickretrieval later. TreeBASE is alsoequipped
with variousvisualizationtools for draving anddisplaying
trees,and allows the userto “tree surf” and downloadthe
matrix of a particulartree. Detaileddescriptionsof Tree-
BASE canbefoundin [5].

3. TreeSeath

The source code of TreeSearch, accessible at
http://cs.nyu.edu/cs/faculty/shas ha/pap
ers/treesearch.html , can be applied to non-

phylogery applicationsincluding XML querying. The un-

derlyingalgorithmsandtheirapplicationgo queryingXML
datacan be found in [8, 9]. We focus here on applying
the codeto phylogeneticdatabasesearch. This structure-
basedsearchengineis now fully operationalaccessiblet
http://aria.njit.edu/ biotool , andhasbeen
integratedinto TreeBASE. To accessit from TreeBASE,
please visit the Web site http://www.treebase.
org/treebase/console.html , and click “Struc-
ture” in the pull down menu(searchwindow) on the Web
site.

Theexisting searchmechanism#n phylogery databases
such as TreeBASE are generally keyword based and
performedon tuplesin relational tables. By contrast,
TreeSearch offers the researchethe ability to begin to
searcHor structurakelationshipsvithin trees.TreeSearch
allows the userto specify more than one taxonto search
uponin ary givensearch.It alsoallows the userto spec-
ify relationshipsamongtaxathroughthe useof desiredre-
lationshipsin tree format. The user can customizethis
guery throughthe use of variablelength don't caresand
x edlengthdon't cares,togetherwith a distancevalue so
that either an exact matchto the querytree or an approx-
imate matchto the querytreewill bereturned[8, 9]. As
of today TreeSearch hasbeenaccessedjia TreeBASE, at
leastl000timesby scientistaaroundtheworld. Fromusers
feedback this searchengineappearausefulin conducting
phylogeneticstudies.

3.1 SystemAr chitecture

Figurel shovsthesoftwarearchitecturef TreeSearch.
The systemis composedf four componentsWeb-based
Interface, Query Processor, Structure Viewer andPer-
formance Log. Fromthe Web-based Interface, the user
is ableto typein his/herown query(an exampletree),up-
load the querytreefrom a le, or useand modify a sam-
ple queryprovided by the system.The Query Processor
searchedsTreeBASE for phylogenetictreescontainingthe
querytree. The Structure Viewer displaysthe treesus-
ing eithera parenthesizedtring notationor a dendrogram
format, which are presentedo the uservia Web-based
Interface. User queriesand their timestampsare main-
tainedin the Performance Log, which helpsto analyze
users needsand bettertune the systemfor working more
effectively. TreeSearch is connectedo TreeBASE onthe
Web andthereforeit usesthe visualizationtools available
in TreeBASE for displaying treesgraphically The sys-
tem is implementedusing Java, HTML, Perl CGI, andK
(http:/lwww.kx.com ). Thesystemcanrununderboth
UNIX andMicrosoft Windows.
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Figure 1. The software architecture of

TreeSearch.

3.2 Querying the System

Figure2, in theleftmostwindow, shovsthe mainscreen
from which the usercanquerythe system.The uppermost
framedisplaysthe mainmenufor the system.Theleftmost
bottomframe allows the userto input a query The right-
mostbottomframeallows the userto gainaccesdo Tree-
BASE;whenasearclis performedthis framealsodisplays
thesearchresults.

In Figure2, aquerytree,expressedn the parenthesized
string notation, and searchresultsare shavn in the main
screenThetwo windowsto theright of themainscreerdis-
play thetreesgraphically;thetop window shows the query
treeandthe bottomone shavs a matchingtree. To view a
treein a dendrogranformat, the userwould needto click
theiconwith the penciloverlaiduponthe phylogenetidree
in the main screen.To view the parenthesizedtring nota-
tion, the userwould needto click onthe“Text” link in the
mainscreen.

Referringto Figure2, in the matchingtreedendrogram,
the entire phylogeneticreeis dravn andthe usercanuse
scroll barsto view portionsof the tree. The speci ¢ taxa
speci edwithin thequerytreearehighlightedin the match-
ing treeusingunderscoreded font with a greencircle next
to thetaxon's name.Also, eachtaxonhasa numbemext to
its name. This numberrepresentshe numberof studiesin
TreeBASE the taxonis found within. If the userclicks on
this number he or sheis linkedto TreeBASE sothatheor
shecansearcton thattaxonaboutthosestudies.

The query treein Figure 2 containsa variable length
don't care(VLDC), denoted" ”, anda x edlengthdon't
care(FLDC), denoted ”. Whenmatchingwith adatatree,
theVLDC “ ” in thequerytreemaysubstitutefor a pathof
lengthzeroor morein the datatree. (The VLDC mayalso
matchwith several paths,connectedogethemwith a shape

like an umbrellaof nodesin the datatree[10, 11].) The
FLDC* " in thequerytreemaysubstitutefor asinglenode
in thedatatree.

In addition, the systemallows the userto specifya dis-
tancevaluefor performingapproximatesearchesGivenan
integer (typedin the “set maxdist” window in the main
screen)thesearchengine nds all thephylogenetidrees
in TreeBASE that approximatelycontainthe querytree
within distance . Thatis, containsasubstructure and
thedistancdrom to isatmost . We measurehedis-
tancefrom to  bythetotalnumberof root-to-leafpaths
in thatdonotappearin ; thenodesin  thatdo not
appeaitin  canbefreely removed. This distancemeasure
differs from the editing distancebetweenordered[10, 11]
andunordered12] trees.Noticethatcalculatingtheediting
distancebetweerunordereghylogenetidreesin whichthe
orderamongsiblingsis unimportanis NP-hard[12].

In contrastto existing tree comparisonalgorithmsin
mathematicaphylogery [2, 3], our approachmeasureshe
distancebetweentwo treesby countingthe mismatching
pathsin the two trees. Furthermorepur approachfocuses
onefcient searchef adatabasef treeshy utilizing asuf-
X arrayindex structure[9], asopposedo pairwisecom-
parisonsof treesin the existing algorithms. In general,
TreeSearch canperforma searchon TreeBASE with ap-
proximately1600treesin about2 secondn a SUN Ultra
20 workstation.

4. Conclusionand Future Work

TreeSearch providestheuserwith apowerful tool to al-
low the userto queryphylogenetidnformation. By allow-
ing the userto entera structureasa query he or shecan
obtain information about relationshipsbetweentaxa that
would otherwiserequirevisualanalysis.

The TreeSearch projectis ongoing. Futurework in-
cludes

developingbetteruserinterfaceandvisualizationtools
to help the userenterthe querytree more easily and
betterunderstandhetreesreturnedfrom the system;

developingmoreeffective schemeshatmix andcom-
bine TreeSearch with the different searchmethods
availablein TreeBASE aswell asotherphylogenetic
informationsystems;

understandinghe kinds of analysisthat scientistsdo
andextendingTreeSearch in thatdirection;

studying varioustechniquesfor ranking and scoring
searchresultsfor approximatesearchesndexploring
the possibilitiesof usingXML andmetadataoncern-
ing phylogenetianformationfor improving searches.



Figure 2. The TreeSearch interface for showing an example query and search results.
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