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Problem Set 4 (due Thursday October 31)
MATH 127: Mathematical and Computational Methods in Molecular
Biology

Problem 1

Consider the cube - tetrahedron hidden Markov model discussed in class.
Suppose that the output probabilities in the cube state are all % and in the
tetrahedron state they are all 1. Suppose in addition that each transition
probability i 1s , and that the probablhty of starting in each state 1s =. What _
is the probablhty, under the model, of the observed sequence {3, 4 6,2}7
What is the most likely sequence of states to have produced this observed
output? > \iteck

Problem 2

GENSCAN is a freely available program for finding genes in DNA se-
quences. It is based on hidden Markov models.

http://genes.mit.edu/GENSCAN.html

a) Submit the sequence U73304 to GENSCAN. The organism you will
use is vertebrate. The easiest way to submit the sequence is to select the
FASTA format for the sequence on the NCBI website, and then to copy and
paste it into the GENSCAN window. You will see that GENSCAN finds the
single exon in the DNA exactly. GENSCAN also annotates the polyA signal.
What is this signal? Does GENSCAN get it correct?

b) Submit the sequence AF276990 to GENSCAN. This is a much longer
(213343 bp) very recently sequenced part of the canis familiaris (dog) genome.
Copy and paste is again the best way to put the sequence into GENSCAN.
BLAST each of the GENSCAN predicted peptides (these are the proteins
that the predicted genes would code for) against the nr database using blastp.
Which of the predictions do you believe? For each gene, either cite evidence
for it being a true prediction, or explain why you think the prediction is false.
You may also want to use tblastn, which-translates the DNA sequences in
the database and compares them to your protein query.

¢) You will see that the 10th prediction is in fact the dog version of the
RADS50 human gene. Do you think all the predicted exons are exactly right?
If yes explain why, and if not describe the false exons and explain how the
prediction could be corrected.



/P:roblem 3*

Consider a state with a self-transition probability of p in a hidden Markov
model. Clearly the probability of outputting d symbols consecutively from
the state and then leave the state is f(d) = p¢~!(1—p). What is the expected
length of output from the state (i.e. calculate Y-, df (d).

Problem 4

Construct a constant space Viterbi algorithm for the four state gene
finding HMM (analogous to Hirschberg’s algorithm for alignment). What is
its running time complexity?

Optional Problems

1. Draw the state space diagram for a gene finding HMM that will not
allow stop codons to span introns.

2. Derive an algorithm for sampling a state path through an HMM with.
probability proportional to the probability (weight) of the path. What is the
complexity of the algorithm.

3. (Possible final project for the class). Download the latest set of RefSeq
genes from genome.ucsc.edu and BLAST the genes to construct a non-
redundant parameter training set for a human or mouse HMM gene finder.



donner acceptor donner acceptor

site site \ site \ site
5' | promoter| initial exon | intron | Internal exon | | intron | Terminal exon | polyA | 3'
ATG MAG  GT AG AAG  GT GT AG TAA  AATAAA

TAG
TGA

start codon /\

Any one of
these is the
stop codon

Showing the gene structure with expected based around the splice sites.

By Nasser Abbasi
gene_model.vsd
Oct 30, 2002

Figure 1: Gene model
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3 Problem 2

GENSCANW output for sequence 23:11:05

GENSCAN 1.0 Date run: Z8-Qct-102 Time: 23:11:10
Sequence gi : 5665 bp : 40.65% C+G ; Isochore 1 ( 0 - 43 C+G%)
Parameter matrix: HumanTso.smatb

Predicted genes/exons:

1.01 sngl + 122 1540 1419 52 1310 0.987 118.25
1.02 PlyAa + 2132 2137 6 1.05
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