Enrichments and Transformations: Tools for investigating your search results.

EuPathDB sites offer enrichment and transformation tools that will help you interpret and
investigate your search results. Our enrichment analyses provide a statistical assessment to
help you identify classes of genes that are overrepresented or a metabolic pathway that is
common to the genes in your result set. They use the Fisher’s exact test to compare frequency
of the terms and pathways associated with your search result to the full set of annotated genes
for your organism. Another powerful tool is Transform by Orthology which will change your list
of genes into a list of their orthologs in the species of your choice.

1. Find the overrepresented Biological Process in your search result from this morning: kinase
genes that have a signal peptide and/or a transmembrane domain.

a. Focus on the *kinase* step (step 1) of your strategy from this morning or use the one
that we saved in the Public Strategies tab of the My Strategies section.
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b. Look at the results for P. falciparum 3D7. Are you able to identify types of proteins
just by looking at the product descriptions?
- Yes!l These genes are kinases. Trick question since we searched for genes that have
the word kinase in their product description.



- Canyou tell anything about their subcellular location? The metabolic pathways they
are involved in?

c. Perform a Gene Ontology Enrichment analysis for the Biological Processes associated
with our P. falciparum kinase genes.

- At EuPathDB we get GO terms from the official annotation and by transferring GO
terms associated with InterPro domains (using InterPro scan). Here are some useful
links with additional information:
http://geneontology.org/page/documentation
http://geneontology.org/page/go-enrichment-analysis

- Make sure your strategy is focused on Step 1 and click the blue Analyze Results tab
next to the result table and then choose the Gene Ontology Enrichment analysis.
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- What biological process are enriched in your set of kinases? Notice the P-values are
very low (increased statistical significance). Do these enrichments make sense
considering what we already know about these genes?
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d. Find the genes in your result set that are annotated with GO:0016310,

phosphorylation. This is the most highly enriched GO term in your result and has an

unadjusted p-value of 4 X 10 "', To do this we will need to intersect your *kinase*
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results with GO term search.

- Focus on the Signal Peptide search and edit the strategy choosing Insert Step Before.
- Choose the GO Term search under Putative Function and cut and paste the GO term

into the GO Term or GO ID parameter. See screenshots below.

- How many P. falciparum genes in your *kinase* result set are annotated with the

Phosphorylation GO Term?
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e. OPTIONAL - Explore the other enrichments analyses.



- Is there a particular cellular component that is enriched for the P. falciparum
*kinase* genes? Run another enrichment analysis with the ontology parameter set
to Cellular Component.

- What metabolic pathways are associated with the P. berghei ANKA kinase genes?
What genes contribute to this enrichment?

2. Find P. berghei ANKA orthologs of the P. falciparum 3D7 *kinase* genes. For this exercise
you will use http://plasmodb.org

Our Transform by Orthology function allows you to create a list of orthologs from any gene
set. Using the Transform function within PlasmoDB allows you to transform to orthologs of
closely related species that are available in PlasmoDB. Using the Transform function in
EuPathDB.org you can transform into distantly related species that are available from
EuPathDB.org. These are valuable tools and allow you to take advantage of expression data
and annotation associated with well-studied genomes.

a. Focus on the *kinase* search and use the filter table to limit the result set to P.
falciparum genes. You can use your search from this morning, open the Public Strategy
called *kinase*, or use the shared strategy link below.

http://plasmodb.org/plasmo/im.do?s=3975e694d0bf0f69
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b. Transform the P. falciparum genes into their P. berghei orthologs.
- Click Add Step, choose Transform by Orthology from the first menu and set the
organism parameter to P. berghei ANKA.
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c. Our Step 1 results returned 131 P. berghei kinases but transforming the P. falciparum
genes to their P. berghei orthologs returned 135 genes. Do you think the product
names of these orthologs contain the word ‘kinase’? Can you devise a strategy to
retrieve the extra genes?

d. OPTIONAL — Explore other transformations.

- Transform to pathways
- Transform to compounds

Find Cryptosporidium and Leishmania orthologs of the P. falciparum 3D7 *kinase* genes.
For this exercise we will use http://eupathdb.org

Since EuPathDB.org access all integrated genomes, we can transform our P. falciparum
genes into orthologs of distantly related species.

a. Retrieve gene IDs for the list of P. falciparum 3D7 *kinase* genes. We can use the
download function to show the list of gene IDs in a new browser tab.
- Click Download 156 genes on the right side of the screen, above the result table.



- Choose Tab delimited Excel: choose from columns.
- Click Clear all to remove extra columns. Gene IDs are retrieved by default.

- Click Get Report and a browser tab will open and contain your gene IDs.
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b. Enter the list of P. falciparum genes into EuPathDB using the Gene ID search.
- Open a new browser page to http://eupathdb.org and navigate to the Gene ID search.
- Cut and paste your P. falciparum IDs into the text box for the ‘Gene ID Input set’
parameter and click Get Answer.
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c. Use the Transform by Orthology function to convert the list of P. falciparum genes into

their Cryptosporidium and Leishmania orthologs.

- Just as in 2b, click Add Step and choose Transform by Orthology.

- At the Add Step 2: Transform by Orthology popup, choose Cryptosporidium and
Leishmania for the organism parameter.

- How many orthologs did you get? You can use the filter parameter to look at different
species subsets. Are all of these annotated as Kinases? You will be surprised how
many are not annotated as kinase.
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