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Species trees

De�nition

A species tree is a rooted binary tree. Leaves of the species tree are

called species.

De�nition

A gene tree over a species tree S is a rooted binary tree whose

leaves are labeled by species present in S (i.e. by the leaves of S).

Formally, if G is a gene tree, then G = 〈V ,E ,Λ〉, where Λ is the

labeling function (from the leaves of G into the leaves of S).

〈V ,E 〉 is called the shape of G .
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LCA mapping

De�nition

Given a species tree G and a gene tree over S , let M be the least

common ancestor mapping from the nodes of G to the nodes of S

that preserves the labels of leaves.
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Deep coalescence

De�nition

The Deep-Coalescence (DC) score between a gene tree G and a a

species tree S is de�ned as follows

DC (T , S) :=
∑

g∈VG\{ρG}

‖Mg ,Mπg‖, (1)

where ρG is the root of G , πg is the parent of g , M is the

lca-mapping, and ‖x , y‖ denotes the number of edges on the path

connecting x and y in S .

This de�nition is adapted from Maddison, 1997.

Notation: M(g) = Mg , Mπg = M(πg), etc.
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DC example
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Duplication cost

De�nition

An internal node g of a gene tree G over a species tree S is called

a duplication if Mg = Mc , where c is a child of g .

The duplication cost (D) between a species tree S and a gene tree

over S is the total number of duplication nodes present in G .
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Duplication cost example
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Gene loss cost

De�nition

The number of gene losses required to reconcile G and S is given

by:

L(G , S) := DC (G , S) + 2 ∗ D(G , S)− |VG |+ 1.
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Loss cost example
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In our example: 10+2*1-9+1=4.
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Duplication-Loss

De�nition

DL(G , S) := D(G , S) + L(G , S).
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Czas
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HGT mo»e zmiejszy¢ koszt (2 transfery vs. 2 duplikacje + 3 straty).
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Modelowanie transferów. Nie ka»dy ukªad jest poprawny.
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Jak znale¹¢ scenariusze (wbudowania)?

Zaczniemy od S ′ - rozwini¦te drzewo gatunków z HGT.
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Generujemy wszystkie mo»liwe mapowania li±ci z G do S ′. Mo»e

by¢ ich bardzo du»o. Tutaj: 3× 2.
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Z ka»dego tworzymy wbudowania (mo»e by¢ kilka).
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W ogólno±ci nie stosuje si¦ takiego rozwi¡zania. Problem:

Dane G oraz S + HGT. Znajd¹ scenariusz minimalizuj¡cy DLT

koszt.

Rozwi¡zywany jest przez programowanie dynamiczne w czasie

wielomianowym (Hallet'2004, Gorecki'2004).
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W zastosowaniach nie znamy HGT:

Dane G oraz S (bez HGT). Znajd¹ scenariusz z HGT

minimalizuj¡cy DLT koszt.

Jest to problem NP-zupeªny (Hallet'2000, To�gh'2011,

Ovadia'2011). Powód to wymagania dot. transferów, które musz¡

zachowa¢ spójno±¢ czasu (nie mog¡ krzy»owa¢ si¦). Je±li nie ma

wymagania spójno±ci, problem mo»na rozwi¡za¢ w czasie

kwadratowym (Bansal'2012, David'2012).
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Lepszym podej±ciem jest:

Dane G oraz S bez HGT ale z czasami specjacji. Znajd¹ scenariusz

z HGT minimalizuj¡cy DLT koszt.

Ten problem wielomianowy (Bansal'2012, Doyon'2010), najlepszy

algorytm ma zªo»ono±¢ O(n2 log n). Stosuje si¦ metod¦

plasterkowania.
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