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Distance-Based Phylogeny Problem:
Reconstruct an evolutionary tree from a distance matrix.

Input: An n x n distance matrix (D; ;).

Output: A weighted unrooted tree 7" with n leaves fitting D,
that is, a tree such that d; ;(T) = D; ; foralll <i < j < nif

(D;,;) is additive.
B et

|
A B C D
A|l0 2 4 4
B2 0 4 4
Cl4 4 0 2
D4 4 2 0
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di.c + d;(‘ = Dz] di.c + dk,c = le dj.c + dk"c’ — D;k

The solution is given by

Dij+ Dik = Djk

Dj;+Djx — Dix 4+ Dis—Di
dic = 2 dje= %du - W
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Figure 10.14 The iterative process of shortening the hanging edges of a tree.
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if Disa?2 x 2 matrix
T « the tree consisting of a single edge of length D; .

return T’
if D is non-degenerate \A)
0 « trimming parameter of matrix D M—N \)V
foralll<i#j<n
D;;— D;;—26
else
00
Find a triple 4, j, k in D such that D;; + Dj, = Dy
T D7 j
Remove jth row and jth column from D.
T — ADDITIVEPHYLOGENY (D)
Add a new vertex v to 7" at distance  from i to k
Add j back to T by creating an edge (v, j) of length 0
for everyleaf [in T’
if distance from [ to v in the tree T does not equal D ;
output “Matrix D is not additive”
return
Extend hanging edges leading to all leaves by ¢
return T’
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Least Squares Distance-Based Phylogeny Problem:
Given a distance matrix, find the evolutionary tree that minimizes

squared error.

Input: An n x n distance matrix (D; ;)

Output A weighted tree T with n leaves minimizing
Z — D; j)? over all weighted trees with n leaves.
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UPGMA(D,n)
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Form n clusters, each with a single element
Construct a graph 7" by assigning an isolated vertex to each cluster
Assign height h(v) = 0 to every vertex v in this graph
while there is more than one cluster
Find the two closest clusters C; and Cs
Merge C; and C; into a new cluster C' with |C| + |C3| elements
for every cluster C* # C
D(C,C*) = K\IT 2iec Zje(f* D(i, j)
Add a new vertex C to T" and connect to vertices C; and C,
h(C) — 2002
Assign length h(C') — h(Ch) to the edge (Cy, C)
Assign length h(C') — h(C3) to the edge (Cs, C)
Remove rows and columns of D corresponding to C; and C>
Add a row and column to D for the new cluster C'
return 7’
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NEIGHBORJOINING(LD, n)
1 Form n clusters, each with a single element
2 Construct a graph 7" by assigning an isolated vertex to each cluster
3 while there is more than one cluster
4 Find clusters ' and C3 minimizing D(C1, C2) — u(C1) — u(C2)
5 Merge C and C; into a new cluster C' with |C1| + |C2| elements
6 Compute D(C,C*) = w to every other cluster C*
7 Add a new vertex C' to T and connect it to vertices C; and C
8 Assign length 1D(Cy, C3) + 3(u(C1) — u(C2)) to the edge (C1, C)
9 Assign length 1 D(Cy, C3) + 3(u(C2) — u(Cy)) to the edge (C2, C)

10 Remove rows and columns of D corresponding to C and C»
11 Add a row and column to D for the new cluster C'
12 returnT
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Small Parsimony Problem:
Find the most parsimonious labeling of the internal vertices in an
evolutionary tree.

Input: Tree 7' with each leaf labeled by an m—charac@i :l
string. /LS V\S C\J/«JU
Output: Labeling of internal vertices of the tree 7 minimiz-

ing the parsimony score.
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Weighted Small Parsimony Problem:
Find the minimal weighted parsimony score labeling of the internal
vertices in an evolutionary tree.

Input: Tree T with each leaf labeled by elements of a k-letter
alphabet and a k x k scoring matrix (d;;).

Output: Labeling of internal vertices of the tree 7' minimiz-
ing the weighted parsimony score.
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Figure10.18 Anillustration of Sankoff’s algorithm. The leaves of the tree are labeled
by A, C, T, G in order. The minimum weighted parsimony score is given by st(root) =
0+0+3+4+0+2=0.
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Large Parsimony Problem:
Find a tree with n leaves having the minimal parsimony score.

Input: Ann x m matrix M describing n species, each repre-
sented by an m-character string.

Output: A tree T' with n leaves labeled by the n rows of
matrix M, and a labeling of the internal vertices of this tree
such that the parsimony score is minimized over all possible
trees and over all possible labelings of internal vertices.
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(a) All 5-leaf binary trees

(b) Stereo projection of graph of trees
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