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Reconstructing the Tree of Life is one of the most important research goals in
evolutionary biology. In this thesis, we consider one of the issues regarding inconsistency
among the trees reconstructed using sequences from different genes, called gene trees. This
inconsistency is often a result of gene duplication. Given a species tree and a set of gene trees,
the Multiple Gene Duplication Problem as formulated by Guigo, Muchnik, and Smith asks for
an assignment of gene duplication events on the species tree node to minimize the number of
duplication episodes. Recently, Bansal and Eulenstein give the first efficient algorithm for
solving that problem. Their algorithm runs in quadratic time. In this thesis we give the first
linear-time algorithm for the problem. Our algorithm can be seen as a faster implementation of
Bansal and Eulenstein’s method. We also present a more practical algorithm that runs in near-
linear time. Experiments on synthetic data show a very good improvement on the running time

(at least twice faster).
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The Bansal-Eulenstein algorithim
input: gene trees q,...,G and a species tree S

1: Initialize M to be the LCA mapping from each G; to 5.
2: Compute I{u) for each node w in the gene trees.

3: for each node v € § in a post-order traversal do

1: if M~ (v}| =0 then

10: Return M.

g if all leading nodes in M ~*(v) are free then

0: Update M by moving the maps of all these leading nodes to P(v).
T end if

8: end if

9: end for
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A new algorithm
input: gene trees Gy, .... G and a species tree 5
1: Initialize M to be the LCA mapping from each G; to 5.

2: Compute |I{u)| for each node u in the gene trees.

pats]

: Compute LN (v) for each v € 8, and Let H{v) = h{Fyy-1({v)).

4: Compute the number of steps which all nodes in LN (v) can move in, denoted by
Step(v) = miny g ([ T{u)| — 1) for each v € S.

i: for each node v € § in a post-order traversal do

G if LN({v) 2 U and Step(v) = 0 then

T: Update M by moving the maps of all nodes in LN (v) from v to Pv).
8: Steplv) — Step(v) —1

0: if H(P(v)) =1 then

10: Step( P(v)) « min(Step( P(v)). Step(v))

11: LN(P(v)) «— LN(P(v)) U LN(v)

12: else if H(P(v]] = 0 then

13: Step( P(v)) — Step(v)

14: LN(P(v)) — LN(v)

15: H(P(v)) —1

16: end if

17: end if
18: end for

19: Return M.
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