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Abstract

Phylogenetic treesare essentialfor understandingthe
relationshipsamongorganismsor taxa. Many of the cur-
rent techniquesfor searching phylogeneticrepositoriesal-
low theuserto performa keyword-typesearch or analigned
sequencedata search, or to browsea hierarchical list of
taxa.Herewedescribea new search enginethatallowsthe
userto presentan examplephylogeny, or a querytree, and
thensearchesa phylogeneticdatabasefor treesthatcontain
thequerystructure. Thepresentedsearch engineis fully op-
erationalandis availableon theWorld Wide Web.

1. Intr oduction

Phylogenetictrees, usually representedby a dendro-
gram,model the evolutionaryhistory of a setof taxa that
have a commonancestor. The internalnodeswithin a par-
ticulartreerepresentolderorganismsfrom whichtheirchild
nodesdescend.The childrenrepresentdivergencesin the
geneticcompositionin theparentorganism.Sincethesedi-
vergencescausenew organismsto evolve, theseorganisms
areshown aschildrenof thepreviousorganism.

Currently, in studyingthe phylogeneticdata,mostsys-
temsusesearchmethodsthat do not exploit the structure
of thedata. Thesesystemsusuallyadopta keyword-based
searchtool, a sequencealignment,or a manuallyoperated
browser [1, 4, 5, 7]. The keyword-basedtool allows the
userto enterthenameof a taxonor someidentifying qual-
ity suchasanidenti�cation numberto searchthedatabase.
It then returnsall the datait hasstoredon that particular
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taxon. Somesystemseven allow the userto searchmore
thanonetaxonat a time, usingthe traditional“AND” and
“OR” operatorsto decidewhat setof datato returnto the
user. In sequencealignment,thetaxonusesthegeneticcode
from the sequenceto align it with homologoussequences.
If thesequencesaresimilar, mostlikely they sharea com-
monancestor. A phylogenetictreecanthenbeinferredfrom
thepatternof nestedinstancesof shared,derivedmutations.
Oncethe taxaareselectedthatalign with thequerytaxon,
links to other information about the returnedtaxa can be
provided. Finally, browsinga hierarchicallist allows users
to examineone taxon at a time, learningonly about that
taxon.

Many of thesystemsthatemploy thesearchmethodsde-
scribedabove include visualizationtechniquesthat allow
theuserto view anentiresectionof a phylogenetictree,or
theentiretree,aswell asinteractwith it. Theseinteractions
mayinvolve visual inspectionof thetreeaswell aslinking
to othertreesthatcontainaparticulartaxon,or viewing iso-
morphismtreesso that relationshipsbetweenthe taxacan
bebetterunderstood.

However, noneof theexistingsystemsprovidestheuser
with the ability to searcha databasefor the structureof a
phylogenetictreeor structuressimilar to a querystructure
(asfar aswe know). Sincethestructureof a phylogenetic
treemodelsvery importantinformationaboutthetaxacon-
tainedwithin thetree,structuresearchbecomesaveryhelp-
ful aswell asimportanttool for researchersstudyingphy-
logeny. This could,for example,helpa researcherwho de-
siresto identify alternativeevolutionaryhypothesesfor aset
of taxaandhow their evolutionaryhistoriesdiffer.

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



2. TreeBASE

TreeBASE [5, 7], accessible at http://www.
treebase.org , is a relationaldatabasecontainingphy-
logeneticinformationfrom researchpaperssubmittedto the
Website. This sitethenallows usersto searchthedatabase
freely accordingto variouskeywords,andseevisual rep-
resentationsof the trees. Moreover, it allows the userto
gainaccessto informationconcerninga treeaswell asuse
comparisontoolsto learnmoreaboutvarioustaxacontained
within thetreeandtheir relationshipswith othertaxawithin
thedatabase.

ThedatasetTreeBASE maintainsconsistsessentiallyof
phylogenetictreessubmittedto TreeBASEby theauthorsof
thepapersthatpresentthetrees.Thesiteacceptsfor review
any peer-reviewedandpublishedpaperthatpresentsinfor-
mationon any typeof phylogenetictrees.For thepaperto
becontainedwithin thedatabase,it mustbesubmittedto the
site. The paperthengoesthrougha review processbefore
thesubmitteddataareof�cially putwithin thedatabase.

The schemaandrelationaltablesin TreeBASE contain
varioustypesof dataincluding the citationsof the papers
storedwithin thedatabase,theabstractsfrom thepapers,the
informationabouttheauthors,thealgorithmusedto obtain
thephylogenetictrees,the titles andtypesof the trees,the
softwareusedto performtherelevantanalysis,theassocia-
tion of thetreesandmatriceswith thestudythroughwhich
they wereobtained,andtheinformationaboutthetaxa.

TreeBASEallows theuserto searchits databaseby vari-
ouskeywords,includingtaxa,author, citation,studyacces-
sionandmatrix accession.Searchresultscontaintheinfor-
mationaboutthestudythataninputkeywordwasfoundin.
This information includesthe publishingdate,the author,
thetitle of thestudyin which thekeyword wasfound,and
theperiodicalin which thestudyappeared.Also, accompa-
nying thestudyareanalysesof thedatapresentedwithin the
study. Theseanalysescanincludethematrixfromwhichthe
phylogenetictreesaregenerated[6], a link to drawing the
treein a framewithin theWeb site,a link to downloadthe
treeso that the usercanview it on his or her own viewer,
anda link to “mark” a treewhich allows the userto store
thetreefor quickretrieval later. TreeBASEis alsoequipped
with variousvisualizationtools for drawing anddisplaying
trees,andallows the userto “tree surf” anddownloadthe
matrix of a particulartree. Detaileddescriptionsof Tree-
BASE canbefoundin [5].

3. TreeSearch

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

derlyingalgorithmsandtheirapplicationsto queryingXML
datacan be found in [8, 9]. We focus hereon applying
the codeto phylogeneticdatabasesearch. This structure-
basedsearchengineis now fully operational,accessibleat
http://aria.njit.edu/ � biotool , and hasbeen
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.

Theexistingsearchmechanismsin phylogeny databases
such as TreeBASE are generally keyword based and
performed on tuples in relational tables. By contrast,
TreeSearch offers the researcherthe ability to begin to
searchfor structuralrelationshipswithin trees.TreeSearch
allows the userto specify more than one taxon to search
uponin any given search.It alsoallows the userto spec-
ify relationshipsamongtaxathroughtheuseof desiredre-
lationshipsin tree format. The user can customizethis
query throughthe useof variable length don't caresand
�x ed lengthdon't cares,togetherwith a distancevalueso
that eitheran exact matchto the query treeor an approx-
imatematchto the query treewill be returned[8, 9]. As
of today, TreeSearch hasbeenaccessed,via TreeBASE,at
least1000timesby scientistsaroundtheworld. Fromuser's
feedback,this searchengineappearsuseful in conducting
phylogeneticstudies.

3.1. SystemAr chitecture

Figure1 showsthesoftwarearchitectureof TreeSearch.
Thesystemis composedof four components:Web-based
Interface, Query Processor, Structure Viewer andPer-
formance Log. FromtheWeb-based Interface, theuser
is ableto type in his/herown query(anexampletree),up-
load the query tree from a �le, or useandmodify a sam-
ple queryprovidedby thesystem.TheQuery Processor
searchesTreeBASE for phylogenetictreescontainingthe
query tree. The Structure Viewer displaysthe treesus-
ing eithera parenthesizedstring notationor a dendrogram
format, which are presentedto the uservia Web-based
Interface. User queriesand their timestampsare main-
tained in the Performance Log, which helpsto analyze
user's needsandbettertunethe systemfor working more
effectively. TreeSearch is connectedto TreeBASE on the
Web andthereforeit usesthe visualizationtools available
in TreeBASE for displaying treesgraphically. The sys-
tem is implementedusingJava, HTML, Perl CGI, and K
(http://www.kx.com ). Thesystemcanrununderboth
UNIX andMicrosoftWindows.
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Figure 1. The software architecture of
TreeSearch.

3.2. Querying the System

Figure2, in theleftmostwindow, showsthemainscreen
from which theusercanquerythesystem.Theuppermost
framedisplaysthemainmenufor thesystem.Theleftmost
bottomframeallows the userto input a query. The right-
mostbottomframeallows the userto gain accessto Tree-
BASE;whenasearchis performed,this framealsodisplays
thesearchresults.

In Figure2, a querytree,expressedin theparenthesized
string notation,and searchresultsare shown in the main
screen.Thetwo windowsto therightof themainscreendis-
play thetreesgraphically;thetop window shows thequery
treeandthebottomoneshows a matchingtree. To view a
treein a dendrogramformat, the userwould needto click
theiconwith thepenciloverlaiduponthephylogenetictree
in themainscreen.To view theparenthesizedstring nota-
tion, theuserwould needto click on the“Text” link in the
mainscreen.

Referringto Figure2, in thematchingtreedendrogram,
the entirephylogenetictreeis drawn andthe usercanuse
scroll barsto view portionsof the tree. The speci�c taxa
speci�edwithin thequerytreearehighlightedin thematch-
ing treeusingunderscoredredfont with a greencircle next
to thetaxon'sname.Also, eachtaxonhasa numbernext to
its name.This numberrepresentsthenumberof studiesin
TreeBASE the taxonis foundwithin. If theuserclicks on
this number, heor sheis linkedto TreeBASE sothatheor
shecansearchon thattaxonaboutthosestudies.

The query tree in Figure 2 containsa variable length
don't care(VLDC), denoted“ � ”, anda �x ed lengthdon't
care(FLDC),denoted“

�

”. Whenmatchingwith adatatree,
theVLDC “ � ” in thequerytreemaysubstitutefor apathof
lengthzeroor morein thedatatree. (TheVLDC mayalso
matchwith several paths,connectedtogetherwith a shape

like an umbrellaof nodesin the datatree [10, 11].) The
FLDC “

�

” in thequerytreemaysubstitutefor asinglenode
in thedatatree.

In addition,thesystemallows theuserto specifya dis-
tancevaluefor performingapproximatesearches.Givenan
integer � (typed in the “set maxdist” window in the main
screen),thesearchengine�nds all thephylogenetictrees�

in TreeBASE that approximatelycontainthe querytree �

within distance� . Thatis, � containsa substructure��� and
thedistancefrom � to ��� is atmost � . We measurethedis-
tancefrom � to ��� by thetotalnumberof root-to-leafpaths
in � that do not appearin ��� ; the nodesin ��� that do not
appearin � canbefreely removed. This distancemeasure
differs from the editing distancebetweenordered[10, 11]
andunordered[12] trees.Noticethatcalculatingtheediting
distancebetweenunorderedphylogenetictreesin whichthe
orderamongsiblingsis unimportantis NP-hard[12].

In contrastto existing tree comparisonalgorithms in
mathematicalphylogeny [2, 3], our approachmeasuresthe
distancebetweentwo treesby counting the mismatching
pathsin the two trees.Furthermore,our approachfocuses
onef�cient searchesin adatabaseof treesby utilizing asuf-
�x array index structure[9], asopposedto pairwisecom-
parisonsof treesin the existing algorithms. In general,
TreeSearch canperforma searchon TreeBASE with ap-
proximately1600treesin about2 secondson a SUN Ultra
20workstation.

4. Conclusionand Future Work

TreeSearch providestheuserwith apowerful tool to al-
low theuserto queryphylogeneticinformation. By allow-
ing the userto entera structureasa query, he or shecan
obtain information about relationshipsbetweentaxa that
wouldotherwiserequirevisualanalysis.

The TreeSearch project is ongoing. Futurework in-
cludes

� developingbetteruserinterfaceandvisualizationtools
to help the userenterthe query treemoreeasilyand
betterunderstandthetreesreturnedfrom thesystem;

� developingmoreeffectiveschemesthatmix andcom-
bine TreeSearch with the different searchmethods
available in TreeBASE aswell asotherphylogenetic
informationsystems;

� understandingthe kinds of analysisthat scientistsdo
andextendingTreeSearch in thatdirection;

� studyingvarioustechniquesfor ranking and scoring
searchresultsfor approximatesearchesandexploring
thepossibilitiesof usingXML andmetadataconcern-
ing phylogeneticinformationfor improving searches.



Figure 2. The TreeSearch interface for sho wing an example quer y and search results.
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