Problem Set #3 B10337 Systems Biology/Bioinfor matics Mar cotte Spring 2014
Due Thursday, April 3, 2014

1. Download the yeast protein sequences fromdhese web site. These represent the complete sets
of proteins (the “proteome”) froifSaccharomyces cerevisiae. The protein sequences were translated
from predicted genes found when the genome wasgseqd, and many were later verified by other
means. Many of these genes were known prior tgéim@me sequence, but about ~1/3 of the genes
were new. Each entry begins with a protein nan@m@mon name or a unique id code from the
Entrez genome databas$e: p: / / wwv. ncbi . nl m ni h. gov/ ent rez/ query. f cgi 2db=Genone ). The
name is followed immediately by the known locattbat the protein occupies inside a yeast cell.
(Actually, the name and the location are fusedttogreby an underscore character so that you cgm kee
track of both of them together.)

2. Calculate the frequencies of each amino aci@dch 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 name/location so yloatcan generate a feature vector of amino acid
frequencies for each protein. Also, some entriggain non-amino acid characters (e.g., when protei
sequences are ambiguous), so skip these charastersll, just keeping track of the 20 amino acids.
Write the amino acid frequencies of each proteia @sctor, separated by tabs. (In Python, you can
print a tab character usingt*”, just as you might print a newline character witm”.)

So, you should have a vector for each protein sempiencoded by the genome, in the form:
ProteinName_location 0.069 0.011 0.048 9.08054 0.058 0.021 0.072 0.088 0.112
0.023 0.059 0.033 0.037 0.035 0.068 0.@1@857 0.007 0.037

where the first word is the name_location of thet@n, followed by a tab, the fraction of Alaning)(
in the proteome, a tab, the fraction of Cysteing €. Be sure to write the amino acid frequenaie
the same order for each protein!

3. Download and install the free clustering argptiily software named “Cluster” and “Treeview”
fromhttp://rana.lbl.gov/Ei senSof t ware. ht m

These are 2 programs written by Michael Eisen fbomating hierarchical and k-means clustering and
analysis of gene expression vectors. The progamdbe installed on any PC running the Windows
operating system (there is also a Linux/Mac verdigou prefer. | haven’'t personally used that ¢ne.

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 by a téten 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 Vv w Y
“Load” your amino acid frequency vectors into thes@er program. Perform tlkemeans clustering
algorithm choosing someof intermediate size (sak=100) to cluster the data vectors. (Note: the
program is intended to be used with gene expresita which this is not, so where it refers to
“genes”, this means your proteins, and where tbgnam refers to “arrays”, this is whatever features
your vectors are made of. In this case, thesedvoelamino acid frequencies.) The program will
automatically write out the results of the clugigrin your program or data directory (the file with
name ending .kgg. The clusters in the file are loen®d sequentially.) Report several of the final
clusters. You can play with the valuekab see the effects on the clustering.



Note: Both Cluster and TreeView come with sampkada 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 fashiorsiant 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 to turn off cirstg 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 clusteetf feature vectors on the left side of theear
Clicking on different levels of the tree shouldrgiup the corresponding vectors on the right sfde o
the screen. TreeView is set up by default to diggiene expression data, which has positive and
negative values. You can change the display cotostiow your data better with the “Settings” tab
(“Options”-> “colors”, then set a color for zera.”)

7. How do the hierarchically clustered data agvite your k-means clustering results from quest#ion
above? Support your answer with a couple of exaspl

8. Download the file of yeast protein phylogengtiofiles from the course web site. Each entry in
this file is the phylogenetic profile of a yeasti@in. Following therane_| ocat i on are 149 numbers,
each indicating the similarity of the protein t@ thest matching protein in one of 149 genomes. The
numbers correspond to the genome names listee ifrsi line of the file.

9. In Eisen’s Cluster program, load in the phylogjec profile data you downloaded in step 8. Hust
all of the genes with hierarchical clustering. @aes with similar subcellular locations cluster?
Several subcellular compartments show better cingtéhan others---print out 3 clusters where many
of the proteins come from the same location.

10. Likewise, try clustering the genes (hieratahclustering will be fine) based on their micragr
measured mRNA co-expression patterns (also dowaldadrom the course web site). Print out 3
clusters where many of the proteins come from éimeeslocation.

11. Which types of features, mRNA expression, amaicid frequencies, or phylogenetic profiles, seem
to be working the best to organize the proteins manner consistent with their subcellular location
Why should you expect these features to informbagiasubcellular locations of proteins?

12. Even though not all of the genes from the sketion cluster together, the data can still fedu
to predict the subcellular location of proteinsug§est a strategy for predicting the subcellular
locations of yeast genes that exploits the fadtwbey small clusters of co-inherited (or co-exgexb
or similar composition) proteins have similar suhdar locations.



