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Ancestral Reconstruction: Sankoff’s Algorithm

1. Run Sankoff’s algorithm on the example tree below to obtain assignments of bases to ancestral
nodes. Use the mutational score matrix (σ) below.

σ a b

a 0 2

b 1 0

a b a b b a

2. Let n be the number of leaves in a sample and k be the size of the character state space (i.e.
number of possible characters). What is the runtime of Fitch’s algorithm?

3. What is the runtime of Sankoff’s algorithm?
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4. Run Sankoff’s algorithm on the example tree below to obtain assignments of bases to ancestral
nodes. Use the mutational score matrix (σ) below.

δ A C G T

A 0 1 1 1

C 2 0 2 4

G 0 2 0 3

T 1 1 3 0

4.3 Finding the Most Parsimonious Tree
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Figure 4.2: The original version of the Fitch algorithm.

a. If the intersection of the state sets Su and Sw is non-empty, then Sv becomes this
intersection.

b. Otherwise Sv becomes the union of its children’s state sets.

More formally:

Sv =

{

Su ∩ Sw if Su ∩ Sw ̸= ∅
Su ∪ Sw otherwise.

The most parsimonious reconstruction of characters at the internal nodes is then obtained in a
top-down pass according to the following rules:

1. If the state set of the root contains more than one element, arbitrarily assign any of these
characters to the root.

2. Let u be a child of node v, and let xv denote the character assigned to v.

a. If xv is contained in Su, assign it to node u as well.

b. Otherwise, arbitrarily assign any character from Su to node u.

The length of the most parsimonious tree can then easily be read from the character assignments
in the tree.

It is not immediately clear that this algorithm computes a most parsimonious assignment of
characters to the internal nodes of the tree. It is probably easiest to compare it to the above
dynamic programming algorithm and argue that the state set equals the set of characters x that
have a minimal C(v, x).

4.3 Finding the Most Parsimonious Tree

In principle one can now apply this procedure to all possible tree topologies, and the shortest
one will be the most parsimonious tree. However, we have seen that the number of possible tree
topologies grows extremely quickly with the number of taxa, and hence an exhaustive enumeration
is infeasible for more than about 12 taxa. In the remainder of this chapter, we will discuss a method
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