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1. Introduction

Tandemly repeatedsequences

– two or moreadjacentcopiesof a stretchof DNA

– they exist in severalforms:

microsatellites(neurodegenerativediseases),

minisatellites

largersequences(genes)
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1. Introduction

Tandemly repeatedgenes

Example: thehumanTRGV locus

– it contains9 adjacentcopiesof thesamegene

– eachof themis 4-5kblong

– they sharebetween85and97%of identity

DNA (chromosome 7)

V1 V2 V3 V4 V5 V5P V6 V7 V8

Olivier Elemento, elemento@lirmm.fr Slide 5



1. Introduction

Recombination

gene

gene

Olivier Elemento, elemento@lirmm.fr Slide 6



1. Introduction

Recombination

gene

gene

Olivier Elemento, elemento@lirmm.fr Slide 7



1. Introduction

Recombination

gene

gene

Olivier Elemento, elemento@lirmm.fr Slide 8



1. Introduction

Unequal recombination(step1)

gene

gene

initial duplicationcausedby thepresenceof short
repeatedsequences

Olivier Elemento, elemento@lirmm.fr Slide 9



1. Introduction

Unequal recombination(step1)

gene

gene

initial duplicationcausedby thepresenceof short
repeatedsequences

Olivier Elemento, elemento@lirmm.fr Slide 10



1. Introduction

Unequal recombination(step1)

gene gene

initial duplicationcausedby thepresenceof short
repeatedsequences

Olivier Elemento, elemento@lirmm.fr Slide 11



1. Introduction

Unequal recombination(step2)

copy 1 copy 2

copy 1 copy 2

thepresenceof severaltimesthesamecopy favors
additionalduplications
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Unequal recombination(step3)
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1. Introduction

Preliminary hypothesis

– unequalrecombinationis thesolegenerating

mechanism

– therewasnogeneconversions

– therewas“no genedeletions”
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The duplication events

1-duplication 1

1 1’’’

2-duplication 1 2
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The duplication events

1-duplication 1

1 1’’’

2-duplication 1 2

1’ 2 1 2’ ’’ ’’

1 2 n

’1 2’ n’ 1 2 n’’ ’’ ’’

n-duplication
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2. Mathematicalmodel

Time valuedduplication history (reality)

time

1

time

2 3 4 5 6 7 8 9

– it implies a rooted
phylogeny

– its taxaareordered

– its branchesaretimevalued

– theroot is situatedbetween
themostdistanttaxa
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Duplication tr ee(what canbe infered)
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Duplication tr ee(what canbe infered)

1

2
3 4

6 5

7

8

9
– it is anunrootedphylogeny
– its taxaareordered
– its branchesare mutation

rate-valued
– its topology is compatible

with at least one duplica-
tion history
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2. Mathematicalmodel

Duplication tr ee(what canbe infered)

potential roots

1

2
3 4

6 5

7

8

9
– it is anunrootedphylogeny
– its taxaareordered
– its branchesare mutation

rate-valued
– its topology is compatible

with at least one duplica-
tion history

– the root is situatedsomew-
herein thetreebetweenthe
mostdistanttaxa
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2. Mathematicalmodel

Ordinal duplication history

1 2 3 4 5 6 7 8 9

– obtained when rooting a
duplicationtree
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2. Mathematicalmodel

Ordinal duplication history

1 2 3 4 5 6 7 8 9

– obtained when rooting a
duplicationtree

– it is the topologicalversion
of the time valuedduplica-
tion history

– it is a rootedphylogeny
– its taxaareordered
– its branchlengthshave no

specialmeaning

Olivier Elemento, elemento@lirmm.fr Slide 51



2. Mathematicalmodel

Ordinal duplication history

b
a

c

1 2 3 4 5 6 7 8 9

– obtained when rooting a
duplicationtree

– it is the topologicalversion
of the time valuedduplica-
tion history

– it is a rootedphylogeny
– its taxaareordered
– its branchlengthshave no

specialmeaning
– the duplication events are

partiallyordered
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Not all phylogeniesareduplication tr ees
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2. Mathematicalmodel

Not all phylogeniesareduplication tr ees

4

41 2 3 5

(a)

1

2

3

5

(d)(a)

(b) (c)

2 and5 arenotadjacent!
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2. Mathematicalmodel

Not all potential rootslead to correctordinal

duplication histories
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Not all potential rootslead to correctordinal

duplication histories
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2. Mathematicalmodel

Definition

A phylogeny is aduplicationtreeif, amongits

potentialroots,at leastoneof themleadsto acorrect

ordinalduplicationhistory

Olivier Elemento, elemento@lirmm.fr Slide 58



2. Mathematicalmodel

The PDT algorithm

– it takesasinputa rootedphylogeny with ordered

leaves
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2. Mathematicalmodel

The PDT algorithm

– it takesasinputa rootedphylogeny with ordered

leaves

– it recursively agglomerateseachterminalpair

belongingto correctduplicationevents

– it stopsandreturns:

(true)whenthetreehasbeenreducedto its root

(false)whenit cannotgo further
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2. Mathematicalmodel

The PDT algorithm

– weapplythePDTalgorithmto eachpotentialroot

of theconsideredphylogeny
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2. Mathematicalmodel

The PDT algorithm

– weapplythePDTalgorithmto eachpotentialroot

of theconsideredphylogeny

– if PDT return“true” at leastonce,thephylogeny is

aduplicationtree
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The PDT algorithm
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The PDT algorithm
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The PDT algorithm
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The PDT algorithm
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The PDT algorithm
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The PDT algorithm
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The PDT algorithm
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2. Mathematicalmodel

The PDT algorithm

a

g

4 5 6 7d h

b

c

f

false!
7 is between 6 and h
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Counting duplication tr ees

– weusedPDT to count(or estimate)thenumberof

duplicationtrees
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2. Mathematicalmodel

Counting duplication tr ees

– weusedPDT to count(or estimate)thenumberof

duplicationtrees

– thenumberof duplicationtreesis largely inferior to

thenumberof distinctphylogenies

– thenumberof phylogeniesexpandsapproximately

fasterthanthenumberof duplicationtrees
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3. Reconstructingduplication tr ees

Reconstructingduplication tr ees

– thegoalis to recontructtheoptimalduplication

tree(s)from agivensetof alignedandordered

DNA sequences
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3. Reconstructingduplicationtrees

Reconstructingduplication tr ees

– thegoalis to recontructtheoptimalduplication

tree(s)from agivensetof alignedandordered

DNA sequences

– weuseanexhaustive searchapproach

– weassesstheoptimalityof thereconstructionusing

aparcimony criterion
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3. Reconstructingduplicationtrees

Exhaustiveapproach

– wegenerateeverypossibleduplicationtree,usinga

simulationof theduplicationprocess
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3. Reconstructingduplicationtrees

2-d
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3. Reconstructingduplicationtrees

Exhaustiveapproach

– wegenerateeverypossibleduplicationtree,usinga

simulationof theduplicationprocess

– weselectthetreesthatminimizetheparcimony

criterion
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4. Experimental results

Experimental results

– weappliedthis reconstructionprocedureto the

TRGV locus

Olivier Elemento, elemento@lirmm.fr Slide 101



4. Experimentalresults

Experimental results

– weappliedthis reconstructionprocedureto the

TRGV locus

– only 1 duplicationtreeis foundby exhaustive

search
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4. Experimentalresults

First validation

– thisduplicationtreeis identicalto themost

parcimoniousphylogeny, reconstructedfrom the

samedata,but without restrictionto duplication

trees
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4. Experimentalresults

First validation

– thisduplicationtreeis identicalto themost

parcimoniousphylogeny, reconstructedfrom the

samedata,but without restrictionto duplication

trees

– theprobabilityof aphylogeny to bea duplication

treeis lessthan0.04for 9 taxa
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4. Experimentalresults

First validation

phylogenies

duplication trees

Olivier Elemento, elemento@lirmm.fr Slide 105



4. Experimentalresults

Secondvalidation

– weroot theduplicationtreeusingboththe

molecularclockhypothesison functionalgenesand

anoutgroup
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4. Experimentalresults

Secondvalidation

– weroot theduplicationtreeusingboththe

molecularclockhypothesison functionalgenesand

anoutgroup

– bothmethodsroot thetreeat thesamebranch

– therootbelongsto the“potentialroots”
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4. Experimentalresults

Secondvalidation

V1
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4. Experimentalresults

Secondvalidation
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4. Experimentalresults

Third validation

– theordinalduplicationhistoryis in agreementwith

apolymorphismthatexistsfor this locus
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4. Experimentalresults

Polymorphism for the TRGV locus

V1 V2 V3 V4 V8V6 V7V5PV5
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4. Experimentalresults

Conclusion

– theseresultsvalidatetheduplicationmodel

– they show thatour reconstructionprocedurecan

provideavalid solution

– they arerobustto genedeletions(mostduplications

are1-duplications)
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5. Perspectives

Perspectives

– developmentof a fastheuristicsto improve the

reconstructionspeed
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5. Perspectives

Perspectives

– developmentof a fastheuristicsto improve the

reconstructionspeed

– comparisonwith othercriteriasuchasminimum

evolution, ...

– bettermathematicalcharacterisationof duplication

trees(for example,canweenumeratethem?)

– applyingourmethodsandalgorithmsto other

datasets

– morecomplex duplicationmodels
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