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1 Intr oduction.

In 1998multi-locussequencetyping (MLST) wasproposedasa nucleotidesequencebasedapproach
thatcouldbeappliedto many bacterialpathogens[4]. In brief, MLST consistsof identifying specific
loci on thegenomethatcodefor neutral(andhenceconserved)house-keepinggenes.For eachlocus,
a fragmentof approximately500bpis sequenced,andeachuniquesequenceis assignedan arbitrary
allelic label. Hence,given � loci, eachindividual MLST entry consistsof a vector

�
of length �

(for example ����� for E. coli), wherebyeachvectorcomponent��� is an integer correspondingto
the allele number. An MLST datasetconsistsof an orderedsetof vectorsof type

�
. Eachunique

vector 	 is alsogiven a label andreferredto asa sequence-typeor ST (eg. ST1). High-throughput
sequencingtechnologyfacilitateslarge scalecollection of MLST dataand thus causesa needfor a
portable,reproducible,andscalabletypingsystemthatreflectsthepopulationandevolutionof bacterial
species. Perfectphylogeny may not work on MLST databecausein practicethereare not enough
loci. Even if nucleotidesequencesof isolatesareavailable, it is still difficult to reconstructa perfect
phylogeny dueto a high rateof recombinationin bacterialpathogens[1, 5].

2 Algorithm.

ExistingprogramssuchasBURST [2], thoughsimpleto implementandvisualize,do not provide an
analyticalmethodto infer relationshipbetweengroupsof sequencetypes— clonalcomplexes. In this
paperwe examineanalgorithmfor finding 
 -way partitioningof a fully connectedweightundirected
graphwhich canbeefficiently approximatedwith a generalizedeigenvaluesproblemof theLaplacian
matrix[3]. Thismethodologyallowsusto infer groupsof clonalcomplexes,usingonly pairwisesimilar-
ity. In brief, thealgorithmis testingsomeobjective functionsfor splitting,performrecursivebipartition
of a vertex setof a graph.To decidewhich partitioncanbecut further, we ordersplitsby their signifi-
cance,consideringthecostof thecut andnumberof clusters.Theorderin which thesuccessive splits
occurimposesa hierarchyof groupings,allowing to infer relationsamongcomplexesat varying levels
of resolution. To confirm this hypothesis,morecomparative resultbetweensimulationdataandreal
datafrom bacterialspecieswill appearin a futurepaper.

1ComputationalMolecularBiology, Max PlanckInstitutefor MolecularGenetics,Ihnestraße63–73,D-14195
Berlin, Germany. E-mail: rungsari@molgen.mpg.de

2Max Planck Institute for Infection Biology, SchumannStraße21/22, D-10117 Berlin, Germany. E-
mail:achtman@mpiib-berlin.mpg.de

3Max PlanckInstitutefor InfectionBiology, SchumannStraße21/22,D-10117Berlin, Germany.
4ComputationalMolecularBiology, Max PlanckInstitute for MolecularGenetics,Ihnestraße63–73,D-14195

Berlin, Germany.



2

References
[1] Achtman,M. 2002.A phylogeneticperspective on molecularepidemiology. Molecular medical microbiology

1:485–509.London:AcademicPress.

[2] TheMulti LocusSequenceTypingwebsite.http://www.mlst.net.

[3] Shi, J.andMalik, J.2000.NormalizedCutsandImageSegmentation.IEEE Transactions on Pattern Analysis
and Machine Intelligence 22(8):888–905.

[4] Urwin, R. and Maiden, C.J. Martin. 2003. Multi-locus sequencetyping: a tool for global epidemiology.
TRENDS in Microbiology, 11(10):479–487,October, 2003.

[5] Wang,L., Zhang,K. andZhang,L. 2001.Perfectphylogeneticnetworks with recombination.J. of Comp.
Biology, 8:69-78,2001.


