Math /Stats 548, Winter 2004:
Computations in Biological Sequence Analysis

Laboratory Worksheet, Friday, March 5.

There are several projects to work our way through today again.

I. The Viterbi Path Through an HMM. This is reproduced from last week. I believe
most of you got through this, but the records about the data may still be useful.

The point here is simply to take the data from the dishonest casino example we discussed,
and find the Viterbi algorithm’s prediction for the most probable path through the HMM.
The data are already stored for you in what is called a Matlab Workspace. Such files are
denoted by a .mat extension in Matlab, commands are denoted with a .m extension. In
the 548 Resources page you will find a workspace file dicedata.mat. A workspace file,
saved, can be reloaded, and is a convenient way to reuse variables and data you have
already gotten into Matlab form. This file contains several variables:

Variable Description

O This is a vector of length 300 containing the observed rolls, in Matlab
format.
OB This is a 2 x 6 matrix; the two rows give the emission probabilities.

(The first row is for the fair die.)
PR Is a 2-vector, the prior probabilities for the entry into the first state.

B This is the 2 X 2 matrix of transition probabilities
for the hidden Markov chain.

If we have time, I will explain why I made the choice which I did for the prior distribution.
(It is set at (2/3, 1/3).)

As noted in lecture Wednesday (2/18/04), we will use wviterbi_path.m from the toolbox
HMM, and the input for this program is the set of probabilities, if y(¢) is the data observed,
t=1,...,300, given as

obslik(i,t) = P(y(t)|Q(t) = 9),

where Q(t) is the (hidden) state at position ¢ (i = 1 [fair] or 2 [loaded]). The command
dataOL.m in the 5/8 Resources — you should download this into your HMM directory
— converts the observations into the obslik input data, given the emission probabilities
matrix OB. The command would be

>> C = dataOL(0B, 0);

which will store C. Now you can run

>> path = viterbi_path(PR, B, C)

This will print out a 300-vector of 1’s and 2’s for the Viterbi path through the model.



Compare this to the path given in the example data. If we had time, you could work to
present the data a little more cleanly: change 1 to F and 2 to L, and print a 3 x 300
matrix where the first row is the observed data, the middle row is the actual data for F
or L, and the bottom row is the Viterbi prediction (F or L in each slot).

II. Training an HMM. This was mainly not finished last time. This will use the
command learn_dhmm.m n the HMM toolbox. I will only sketch the procedure here. You
should first pull up the file for the command from the HMM directory (that is, the HMM
toolbox, which should be at /Desktop/KPM/HMM) and read it. What are the inputs?
What is the structure of the data input? We will have data for training a model where
we will fix upon 2 hidden states beforehand, each with 6 emissions. Given this simple
architecture of the model we are looking for, how many parameters are we looking to
estimate in order to train the HMM model?

We will get the data by simply taking our original data sequence O and permuting it.
Matlab has a random permutation generator called RANDPERM (you can look it up in
the help window to see what its arguments are). The proposal is to permute O randomly
about 50 or 60 times, and build an array of data sequences which can be used for Baum-
Welch (EM) training.

Don’t bother prettying up the data report. We don’t have time.

IT1. Putative Highly Expressed Genes (PHX). Not reached last time. We have to
discuss the results of your search for data for this project, and agree on how to store it for
common use. Next we have to discuss how the component programing parts are coming.

IV. HMM Profile Models. This is an easy exercise in using a canned profile model
builder to convert an MSA to a profile model. Take an MSA of our little cytochrome-c
set (e.g., the ClustalW alignment in .../548 /ccdata.phy). The programs you could use are
hmmbuild in HMMer, or a2m (“alignment to model”) in SAM. Note that you have to be
careful that a “phylip format” MSA is acceptable input for the model builder, and that
you have to use the T-99 version of SAM to have a web based server. (There is a local
version of HMMer at the BI lab, if you want to take advantage of your account there.)

After constructing such a model, download a cytochrome-c seed alignment from Pfam,
and take some sequences out of there and align them to your new model. Compare
this, pairwaise, to the alignment you would get from aligning, say, one of our ccdata set
to Pfam’s model. Do you see any effect from the selectivity of the sequences used to
construct the MSA /model?

Appendix: Software Fixes.

A. The Matlab Fix. Go to the 548 Resources link from the course home page. Download
the file KPM.tar.gz onto your desktop. In the Mac’s these should mount themselves on
the desktop. Now call Matlab from the dock (it is the brown cone shaped icon in the
bar at the bottom of the desktop). At the command line prompt (which looks a bit like
>>) type addpath ~/Desktop/KPM/HMM [return], and so on, according to the names of
the four downloads (.../KPM/KPMtools, KPMstats,netlab). This sets the paths to these
functions for the permanently mounted Matlab in the lab. These mounted toolboxes will
disappear when you log off. You can save them in your personal space, if you have a way
to use them within Matlab there. I have not yet double checked the new addpaths since



incorporating all the components for the HMM download into one local download.

Please note that there is a Licence agreement which you are accepting for the Nabney
netlab package.

B. The SeqAln Fix. The local systems people have stored the Waterman program
suite SegAln locally at http : //www.math.lsa.umich.edu/courses/seqaln — 2.0.dmg as a
disk image. Download this file to your desktop, where it becomes an icon. From the
systems person here: “This is a MacOSX Jaguar binary, and the executable files can be
found in that tree. So...students have to download and mount the dmg file and then type:
/Volumes/seqaln — 2.0/seqaln/bin/SOMEPROGRAM to run a program. Hope this helps.”
This fix has been tested and works.



