Problem Set #4 CH391L Bioinformatics Mar cotte 10/23/2008
Due Thursday, November 6, 2008

1. Download the yeast protein sequences fromdhese web site. These represent the complete
sets of proteins (the “proteome”) froBaccharomyces cerevisiae. The protein sequences were
translated from predicted genes found when themeneas sequenced, and many were later
verified by other means. Many of these genes weogvn prior to the genome sequence, but about
~1/3 of the genes were new. Each entry beginsaviiotein name (a common name or a unique id
code from the Entrez genome database: http://wwbhmm.nih.gov/entrez/query.fcgi?db=Genome
). The name is followed immediately by the knowadtion that the protein occupies inside a yeast
cell. (Actually, the name and the location arestlisogether by an underscore character so that you
can keep track of both of them together.)

2. Calculate the frequencies of each amino aciédch of the proteins. The file contains lines
starting with “>” that separate the protein seq@srebe sure to skip these lines for your
calculation, but keep track of the protein namedtmn so that you can generate a feature vector of
amino acid frequencies for each protein. Also, s@mtries contain non-amino acid characters
(e.g., when protein sequences are ambiguous),ijgsatsse characters as well, just keeping track of
the 20 amino acids. Write the amino acid frequemoff each protein as a vector, separated by tabs.
(In Perl, you can print a tab character using ju%t as you might print a newline character with
“\n”.)

So, you should have a vector for each protein semiencoded by the genome, in the form:
ProteinName_location 0.069 0.011 0.048 ®.08054 0.058 0.021 0.072 0.088 0.112
0.023 0.059 0.033 0.037 0.035 0.068 0.@857 0.007 0.037

where the first word is the name_location of thet@n, followed by a tab, the fraction of Alanine
(A) in the proteome, a tab, the fraction of Cystef@@), etc. Be sure to write the amino acid
frequencies in the same order for each protein!

3. Download and install the free clustering argptiily software named “Cluster” and “Treeview”
from http://rana.lbl.gov/EisenSoftware.htm

These are 2 programs written by Michael Eisen @bomating hierarchical and k-means clustering
and analysis of gene expression vectors. The anogjcan be installed on any PC running the
Windows operating system (there is also a Linusieerif you prefer).

4. The programs should be fairly self-explanatavodify your amino acid frequency vectors from
guestion 2 above to work with the Cluster progranatdding a line to the beginning of your data
file that consists of the word UNIQID, followed laytab, then each amino acid in order separated
by tabs, e.g.:
UNIQID A C D E F G H I K L M N

P Q R S T \Y, w Y
“Load” your amino acid frequency vectors into theister program. Perform tikemeans
clustering algorithm choosing sorkef intermediate size (sal=100) to cluster the data vectors.
(Note: the program is intended to be used with geqpeession data, which this is not, so where it
refers to “genes”, this means your proteins, andre/the program refers to “arrays”, this is
whatever features your vectors are made of. Bidase, these would be amino acid frequencies.)
The program will automatically write out the resultf the clustering in your program or data
directory (the file with a name ending .kgg. Tlesters in the file are numbered sequentially.)
Report several of the final clusters. You can pléty the value ok to see the effects on the
clustering.



Note: Both Cluster and TreeView come with samplada you can make sure the programs are
installed & working properly with these data sefdso, you are welcome to program any of these
clustering methods yourself if you would rathertdat than use the Cluster and TreeView
programs.

5. Do the clusters group proteins in a fashiors@iant with their sub-cellular locations? Arerthe
some locations clearly clustered better than others

6. Perform hierarchical clustering on your datangsCluster by clicking the “hierarchical
clustering” tab, pressing the “arrays” button tontoff clustering on the columns of data, and
pressing the “average linkage clustering” button.

Run the TreeView program to visualize the resulitsTreeView, after loading the results of your
hierarchical clustering, you should see a clustegtaf feature vectors on the left side of the
screen. Clicking on different levels of the treéewld bring up the corresponding vectors on the
right side of the screen. TreeView is set up biaudléeto display gene expression data, which has
positive and negative values. You can change id@ay colors to show your data better with the
“Settings” tab (“Options”-> “colors”, then set aloofor zero.”).

7. How do the hierarchically clustered data agvitle your k-means clustering results from
guestion 4 above?

8. Download the file of yeast protein phylogengtiofiles from the course web site. Each entry in
this file is the phylogenetic profile of a yeastigin. Following the name_location are 149
numbers, each indicating the similarity of the pmotto the best matching protein in one of 149
genomes. The numbers correspond to the genomesriesteel in the first line of the file.

9. In Eisen’s Cluster program, load in the phylugjec profile data you downloaded in step 8.
Cluster all of the genes with hierarchical clustgri Do genes with similar subcellular locations
cluster? Several subcellular compartments shotebdtstering than others---print out 3 clusters
where many of the proteins come from the sameitmtat

10. Likewise, try clustering the genes (hieracahclustering will be fine) based on their
microarray-measured mRNA co-expression patters® @bwnloadable from the course web site).
Print out 3 clusters where many of the proteinsedmm the same location.

11. Which types of features, mMRNA expression, anaicid frequencies, or phylogenetic profiles,
seems to be working the best to organize the pr®iaia manner consistent with their subcellular
locations? Why should you expect each of thesaifeatto inform us about subcellular locations of
proteins?

12. Even though not all of the genes from the skretion cluster together, the data can still be
used to predict the subcellular location of prateisuggest a strategy for predicting the subeellul
locations of yeast genes that exploits the fadtwbey small clusters of co-inherited (or co-
expressed or similar composition) proteins havalamsubcellular locations.

13. How might you predict the subcellular locatiafishe proteins based on combining the
information from the different types of features@sated with each gene?



