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CS 329E: Algorithms for
Bioinformatics



Today

¥ Distance-based phylogeny reconstruction

¥ Computing trees from dissimilarity matrices: ti@eveO
guartet method

Connections to estimation of phylogenies from empirical
data

Maximum Parsimony: solving on Pxed trees using
dynamic programming



Additive Distance Matrices

S, S, S; Sy
St 0 3 6 5
S» 0 5 4
S3 0 5
Sy 0

POLYTIME
INVERTIBLE

St Ss

P

S» S 4



Distance-based Phylogenetic Methods
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Four-point condition

¥ A matrix D isadditive if and only if for
every four indicesi,|,k,l, the maximum and
median of the three pairwise sums are
Identical
Dij+DkI < Dik+DjI = D”+Djk



Four-point condition

¥ A matrix D isadditive if and only if for
every four indicesi,|,k,l, the maximum and
median of the three pairwise sums are
Identical
Dij+DkI < Dik+DjI = D”+Djk

The Four-Point Method computes trees on
guartets using the Four-point condition



Four-point Method

¥ Given distance matrix [D,,] and four taxa,
S: S» S §, returntree (s, s), (S, §) Iff
D;+D, I1sthe minimum of the three
palrwise sums



Computing atree from an
additiv e distance matrix

¥ Compute the tree on each quartet using the
four-point condition, thus producing Q(T).

¥ Computethetree T, using the quartet-based
method given earlier:
D Find asibling pair A, B
P Recurse on S-{ A}, producing tree TO

Plnsert A into TOby making A sibling to B, and
return the tree



But what about real data?

¥ Distances calculated for real data arerarely
(basically never) additive. In fact, real data
produce Qlissimilarity matricesQ which
may not satisfy the triangle inequality!

¥ What can we say about this quartet-based

method, when the distance matrix is not
additive?



Nasve Quartet Method

¥ Compute the tree on each quartet using the
four-point condition

¥ Merge them into atree on the entire set if
they are compatible:
D Find asibling pair A,B
D Recurse on S-{A}

Dblf S{A} hasatreeT, insert A into T by making
A sibling to B, and return the tree



Performance of the Nasve Quartet
Method?

¥ How much error can it handle? (How far
from the QrueOadditive distance matrix can
the input disssmilarity matrix be?)

¥ Running time?



Standard problem: Maximum Parsimony
(Hamming distance Steiner Tree)

¥ Input: Set S of » aligned sequences of
length k

¥ Output: A phylogenetictree T
b leaf-labeled by sequencesin S

b additional sequences of length & labeling the
Internal nodes of T

suchthat | H(,j) isminimized.

(,])" E(T)



Maximum parsimony (example)

¥ Input: Four sequences
DACT
DACA
PDGTT
DGTA

¥ Question: which of the three trees has the
best M P scores?



Maximum Parsimony
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Maximum Parsimony
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Maximum Parsimony:
computational complexity

Optimal labeling can be
computed in linear time O(nk)

ACA /\ GTA
>CA GTA <
i
1 1
ACT GTT

MP score=4

Finding the optimal MP tree ISP-hard



Solving MP on a Pxed tree

¥ Root thetree T at some internal edge

¥ Solve (using Dynamic Programming) the
following:
¥ Let Cost(v,a) be the optimal cost of the

subtree of T rooted at node v, given that you
set the state at v to be a.

¥ How does Cost(v,a) depend upon other
subproblems?



DP for bxed-tree MP

¥ Cost(v,@ =01f visaleaf and label(v)=a

¥ Cost(v,a) = inPnity, if visaleaf and
label(v) =! a
¥ Cost(v,a) can be computed as
miny{ H(a,b)+Cost(w,b)}+min{ H(a,c)+Cost{Cr)},
where w and wQare the two children of v,
and



Computing trees

¥ Given Q(T) (the quartet subtrees of T), can
we determine T?

¥ Given C(T) (the bipartitions of S dePned by
the edges of T), can we determine T?

¥ Given Clades(T) (the sets of |eaves debned
by internal nodes in the rooted tree T), can
we determine T?



S07

¥ We can compute atree from its set of clades,
bipartitions, or quartets. But how do we get these sets?

¥ Primary data are generally characters (columns within
alignments of biomolecular sequences, morphological
features, or other such features). These don@ directly
produce these sets.

¥ But often evolutionary biologists have techniques for
estimating Gevolutionary distancesObetween taxa, and
these are then useful for computing these setsl!



