
BMI/CS 776 Spring 2007

Review Problems/Homework #5

Prof. Colin Dewey

Optionally due Monday, May 14th, 2007 by 7:25pm

This is a set of problems to help you prepare for the final exam on Monday, May 14th.
Note that this set of problems is not meant to be representative of all the material on the
exam.

At your option, you may treat this as a fifth homework assignment and turn in your
answers at the final exam. If you do not turn in answers to these problems, your homework
grade will be based only on the first four homework assignments.

1. Felsenstein’s likelihood algorithm (text p. 200) is the phylogenetic tree analog of the
forward algorithm for HMMs and the inside algorithm for SCFGs.

(a) Write the phylogenetic tree analog of the backward/outside algorithms. That
is, write an algorithm to compute P (L \ Lk|xk = a),∀a ∈ Σ,∀ non-leaf nodes
k, where L is the set of all leaves, Lk is the set of leaves below node k, and Σ
is the character alphabet. In English, P (L \ Lk|xk = a) is the probability of
observing the characters at all leaves except those below node k, given that the
character at the internal node k is a. Your algorithm must run in O(|L|) time.
(Hint: take inspiration from the outside algorithm).

(b) Given an algorithm for (a), how would you compute P (L|xk = a), i.e., the
posterior probability of the characters at the leaves given that the character at
ancestral node k was a, for all non-leaf nodes k and characters a.

2. In lecture 6, we saw that the OOPS and ZOOPS motif models were equivalent to
certain types of HMMs. Suppose we wish to model sequences which contain a single
occurrence of a motif (A) of length 4, followed by one or more occurrences of a
different motif (B) of length 3.

(a) Draw a HMM state transition diagram for this model.

(b) Explain how you would predict motifs with this model.
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3. Are semi-Markov models more expressive than ordinary HMMs? Explain why or why
not?

4. Let σ1 = AC and σ2 = AA

(a) How many partial global alignments are there of σ1 and σ2?

(b) Give one global alignment (i.e., a linear extension of an alignment poset) for
each possible partial global alignment.

(c) Suppose we score our alignments using a linear function of the number of mis-
matches and the number of spaces in an alignment. Plot the alignment polytope
for σ1 and σ2, where points are of the form (#mismatches, #spaces). How many
alignment summaries can be optimal?

5. Suppose we wish to find all significant local alignments between two genomes. In
which situations would a suffix tree be most appropriate? In which situations would
the LSH-ALL-PAIRS algorithm be best? Are there cases where neither algorithm
will do well?
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