Inferring a duplication and speciation history from a gene tree [2] I
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INTRODUCTION HEURISTIC FOR THEGene losses minimisation problem

Gene familiesare composed of homologous genes that share a common andgsth is The heuristic allowing to obtain an upper bound on @eme losses minimisation problem
the result of an (unknowmgvolution scenarioinvolving gene duplication, speciation angs based on the Top-Down approach and is decomposed in theifod three steps.

gene loss. 1. Recursively modify the label set of the vertices/otbeginning at the root) s.t. any pair

Importance of knowing the evolutionary scenario of each geafamily of vertices from the same recursive level have disjoint araefpbel set. |
2. Consider successively each level beginning with thedastand perform the following

1.to identifyorthologous andparalogousgenes: pair of genes separated respectively by 'a N . . .
fy J P JOUSY P J P P y oy Steps: 1) partition the vertices of the current level acemydo their new label set; 2)

speciation and a duplication event; n . .
P P | o for each partition, arbitrary choose a phylogeny for the emm label (species) set and
2.10 annotate genes: orthologs have, in general, simifations; perform the losses insertions leading to this set.

3.10 map genes between genomes (needed for gene order aamgeanent analyses). 3 rinally, it is possible to reduce the number of insertiopapplying the factorization rules.

To Infer gene family evolutionary scenarios, we constraet gene tred’ and compare it

with the species treg to deduce gene duplication and loss events. This compassatied Step 1 Step 2
(0 . .y . ” . .y . Level . _ _
gene tree / species tree reconciliation” [3], can be dong@dmgimony [5] or probabilistic £} are added label set - . . Loss insertor
[1] methods and is based on the “Last Common Ancestor” mappitthe nodes of ' to the / ¢ 2
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Fig. 1. A gene family evolutionary scenario is representedybthe reconciliation of the
gene tree (dotted lines) and the species tree (blue lines).

“\WHAT DO WE DO IF WE DON'T KNOW THE SPECIES TREE?” Fig. 4. An illustration of the heuristic. For the factorization rules, v Is a vertex presents
In the original tree.

Given a gene tre@’, we study the following two problems: | _ _ o _
1 DS i bl T b ained by a history involyi v duolicat Thetime complexity of the whole algorithm is il®(gn ), whereg andn are respectively the
.DS-recognition problem can7" be explained by a history involving only duplication - =~ genomes and the size of the gene tree.

and speciation events? Such a gene tree Is called a “DS-tree”

2.Gene losses minimisation problemwhat is the minimum number of losses needed t«
be inserted IrY' to transform it into a DS-tree?
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EXPERIMENTAL RESULTS

First, among 577 gene families from a study [4] of the phylggef seven angiosperm

Contributions genlc_)me_s from EST ;Iata, 333|_W§re frc:und to _b_e DS-tree (mostesrfetbxhi_bit few gene

1. Bottom-Up and Top-Down approaches defining DS-trees. duplications). Second, we applie to the remaining 244 gyees our euristic to compute

_ _ _ N an upper bound on the minimum number of gene losses needgpléaethe observed gene

2. Alinear time and spacealgorithm (Bottom-Up approach) for tiigS-recognition prob- | yree. The results are summarized in the three figures beltraveach of them give the
lem. It also computes thenique species treghat Is consistent with the DS-history. | distribution of the 244 gene families according to threéedént parameters.

3. A heuristic for theGene losses minimisation problem. e Left: the number of gene losses inferred by our heuristic. Mamgedamilies can be
explained with few gene lossés
TWO APPROACHES TO CHARACTERIZED S-TREES e Right: the difference between the number of losses of the heugstution and of the
optimal one (computed by a branch-and-bound algorithm).i@uristic performs well!
Letg = {1,...,g} be asetop species labels, arilbe a gene tree whose leaf labels belong | gttom: the number of species trees inducing the minimum (optimaiber of gene
t(?c tgh Ftorgp mte:ndal vbe:rtexdogT,/\_/\t/e ng}e byL(z) C G the label set induced by the leaves | ccac 1n most cases, there is a unique optimal specie tree
X ' S S n .
of the tre€l, rooted atr, and by’ its sibling . .
90
Bottom-Up approach (leads to the DS-recognition algorithn el
T'Is a DS-tree oy Iff. it respects the following conditions. E 0 £ 150
1.Letz be an internal node of s.t. L(x) =i € GandL(z') = j € G\ {¢}. Check that ‘;gg 2 100
for all internal nodesy of T', L(y) = ¢ iff. L(y') = j, and replace their father by leaves 20 H .
labelled by the new species+ 1. 0 EHQ””””””%””” .
2. Check that this new tree is DS on\ {i,j} U {g + 1}. Repeat the process un@l| = 1. T oreses R T S
T, Number of speciestrees1 2 3 4 5 6 7 13 15
O Number of families 179 16 34 2 6 3 1 2 1
T @
1 44 4 1S CONCLUSION
® @ 13 1 2 3 One of the main objectives of the whole project is to propase® @ more credible species
¢ i : phylogenies so that they can be used as a startup for phydagemference methods. When
1 2 32 2 32 3 1 we considered our data set, we used the supertree metholds whole set of species phy-

Fig. 2.73,T, and T; are gene trees (leaf genes are labelled by the correspondisgecies). logenies computed by the DS-recognition algorithm to baikbecies supertree. However,
In T} (resp. 15), each red (resp. blue) node is replaced by a leaf labelled lize (new) we observed that this phylogeny has some unresolved branche

speciest (resp. 5) In T (resp. T3). S Is the corresponding species tree. The next step of the project is to incorporate all gene fartidyes into one big tree (its
polytomy root will represents one big duplication), and pply our algorithms on the latter.
Top-Down approach We hope that this will solve the lack of resolution.
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