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1. Introduction

Tandemly repeatedgenes

Example: thehumanTRGV locus

— It contains9 adjacentopiesof thesamegene
— eachof themis 4-5kblong

— they sharebetweerB5 and97% of identity

DNA (chromosome 7
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The duplication events
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2. Mathematicaimodel

Time valued duplication history (reality)
— It  Implies a rooted

phylogery

— Its taxaareordered

— Its branchesretime valued

therootis situatedbetween

7A \ \ \ \ \ \ ) themostdistanttaxa

123456789
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2. Mathematicaimodel

Ordinal duplication history
— obtained when rooting a

N duplicationtree
@/ — It Is thetopologicalversion
b\ of the time valuedduplica-
tion history
— It Isarootedphylogery
— Itstaxaareordered
NG — its branchlengthshave no
LN N SN N SN specialmeaning
1234567809 — the duplication events are
partially ordered
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Not all phylogeniesare duplication trees
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Not all potential rootsleadto correctordinal
duplication histories
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Definition

A phylogery is aduplicationtreeif, amongits
potentialroots,atleastoneof themleadsto a correct
ordinalduplicationhistory
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2. Mathematicaimodel

The PDT algorithm

— It takesasinputarootedphylogery with ordered

leaves

— It recursvely agglomeratesachterminalpair
belongingto correctduplicationevents

— It stopsandreturns:

(true)whenthetreehasbeenreducedo its root

(false)whenit cannotg

o further
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2. Mathematicaimodel

The PDT algorithm

— we applythe PDT algorithmto eachpotentialroot
of theconsidereghylogery
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2. Mathematicaimodel

The PDT algorithm

— we applythe PDT algorithmto eachpotentialroot
of theconsidereghylogery

— 1If PDT return“true” atleastonce,thephylogery is
aduplicationtree
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The PDT algorithm
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2. Mathematicaimodel

Counting duplication trees

— we usedPDT to count(or estimate the numberof
duplicationtrees

— thenumberof duplicationtreesis largely inferior to
the numberof distinctphylogenies

— thenumberof phylogeniessxpandsapproximately
3" fasterthanthe numberof duplicationtrees
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Reconstructingduplication trees

— thegoalis to recontructhe optimalduplication
tree(s)from agivensetof alignedandordered
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Reconstructingduplication trees

— thegoalis to recontructhe optimalduplication
tree(s)from agivensetof alignedandordered
DNA seguences

— we useanexhaustve searchapproach

— we asses$he optimality of thereconstructionusing
a parcimoly criterion
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Exhaustive approach

— we generatevery possibleduplicationtree,usinga
simulationof theduplicationprocess
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3. Reconstructingluplicationtrees

Exhaustive approach

— we generatevery possibleduplicationtree,usinga
simulationof theduplicationprocess

— we selectthetreesthatminimizethe parcimoty
criterion
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Experimental results
— we appliedthis reconstructiormprocedurdo the
TRGV locus
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search
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First validation

— thisduplicationtreeis identicalto the most
parcimoniouphylogery, reconstructedrom the
samedata,but without restrictionto duplication
trees
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4. Experimentalesults

First validation

— thisduplicationtreeis identicalto the most
parcimoniouphylogery, reconstructedrom the
samedata,but without restrictionto duplication
trees

— the probability of a phylogery to bea duplication
treeis lessthan0.04for 9 taxa
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4. Experimentalesults

Seconavalidation

— we roottheduplicationtreeusingboththe
molecularclock hypothesison functionalgenesand
anoutgroup

— bothmethodgsootthetreeatthe samebranch

— theroot belongsto the“potentialroots”
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4. Experimentalesults

Third validation
— the ordinalduplicationhistoryis in agreementvith
a polymorphismthatexistsfor thislocus
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Polymorphism for the TRGV locus
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— they shawv thatour reconstructiorprocedurecan
provide avalid solution

— they arerobustto genedeletiong(mostduplications
arel-duplications)

Olivier Elemento, elemento@lirmm.fr Slide 118



5. Perspectves

Perspectves

— developmentof afastheuristicsto improve the
reconstructiorspeed

Olivier Elemento, elemento@lirmm.fr Slide 119



5. Perspecties

Perspectves

— developmentof afastheuristicsto improve the
reconstructiorspeed

— comparisorwith othercriteriasuchasminimum
evolution, ...

Olivier Elemento, elemento@lirmm.fr Slide 120



5. Perspecties

Perspectves

— developmentof afastheuristicsto improve the
reconstructiorspeed

— comparisorwith othercriteriasuchasminimum
evolution, ...

— bettermathematicatharacterisatioof duplication
trees(for example,canwe enumerateéhem?)

Olivier Elemento, elemento@lirmm.fr Slide 121



5. Perspecties

Perspectves

— developmentof afastheuristicsto improve the
reconstructiorspeed

— comparisorwith othercriteriasuchasminimum
evolution, ...

— bettermathematicatharacterisatioof duplication
trees(for example,canwe enumerateéhem?)

— applyingour methodsandalgorithmsto other
datasets

Olivier Elemento, elemento@lirmm.fr Slide 122



5. Perspecties

Perspectves

— developmentof afastheuristicso improve the
reconstructiorspeed

— comparisorwith othercriteriasuchasminimum
evolution, ...

— bettermathematicatharacterisatioonf duplication
trees(for example,canwe enumerateéhem?)
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