Onto-Express Tutorial

This tutorial will show you how Gene Ontology annotations can be used to obtain functional data about genes in your microarray. From a list of genes you obtain from your microarray, you can determine whether, for example, more genes than would be expected by chance are found to be involved in apoptosis, so you may want to investigate this with further experiments.

There are several tools available to perform this sort of analysis, all developed by groups outside of the GO Consortium. These tools work in a similar way: you upload your full gene set, and a list of all ‘interesting’ genes within that set, usually those that have been up- or down-regulated in an expression experiment. The tool then allows you to view which GO categories have been enriched for your genes of interest, and usually provides some sort of statistical measure to guard against GO categories that appear by chance alone. For a full list of these tools, see http://www.geneontology.org/GO.tools.annotation.shtml.

In this tutorial we will be using a tool called Onto-Express, one of a package of microarray tools, Onto-Tools, developed at the Intelligent Systems and Bioinformatics Laboratory, Wayne State University by Sorin Draghici’s group (http://vortex.cs.wayne.edu/).
Logging in to Onto-Express

· Go to the login page at http://vortex.cs.wayne.edu/ontoexpress/
· Enter the following login details:

Username:
gotutorial

Password:
gotutorial

· Click Submit.

· You will see a security pop-up, choose Grant Always. A second pop-up will appear:
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· Choose Onto-Express and click Run. 

Note that you will need to leave the original browser window open for the whole of your session.

The login used here is only temporary, so we suggest that you create your own that you can use after the tutorial. Any names or contact information given are kept strictly confidential.

To create your own login, go to http://vortex.cs.wayne.edu/ontoexpress/ and click ‘Register’. Follow the instructions given.

You are now logged into Onto-Express. To show you how the application works, we will be used some test microarray data that we’ve provided.

Input your data

· To download the test data, go to:

http://www.ebi.ac.uk/~jane/testdata/
and download both files (total and under.over).

The input file format is a simple text file with either accession numbers, cluster identifiers or probe identifiers (but not a combination), each listed on a separate line.

· Return to your input window, which should look like this:
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· Click the ‘Input File’ button and browse for the file under.over that you’ve just downloaded. This file contains a list of genes that were under- or over-expressed in the experiment.

· For Organism, select Homo sapien from the list, and for ‘Input Type’, choose Gene Symbol.

· From the Reference Array pull-down menu, choose ‘my own array’ and then browse for the other file you downloaded earlier, total. This file contains a list of all of the genes on your chip.

· Leave all the other options as they are and click ‘Submit’. The results page will take a couple of minutes to process.

Results Page

You should see a results page that looks something like this:
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· Select the tab ‘Tree View’.

This view shows you the GO tree, which can be expanded and contracted by clicking the handles next to the terms. 

The number is bold following the GO term is the number of individual genes in your input list (i.e. the number of genes up- or down-regulated in your experiment) annotated to that term, or any of its child terms. 

The p-value is the probability that the GO category has more genes up- or down-regulated in your experiment than you would expect by chance alone.

· Open the nodes molecular function -> binding -> protein binding

· Which of the children of ‘protein binding’ do you think look biologically interesting; that is, which are over-enriched for differentially regulated genes?

Underneath the list of child terms of ‘protein binding’, you’ll see a list of genes preceded by a DNA icon; these are the genes annotated directly ‘protein binding’. Under-expressed genes are shown in red, and over-expressed genes are shown in blue. Note that the tree view will only show GO terms (and their parents) that have genes in your input file associated with them.

· Click on the gene BAD and choose ‘Details’ from the pop-up menu.

The details box shows you all the other information in the annotation for the gene BAD, such as gene title, chromosomal location and other GO categories to which the gene is associated.

· What other GO terms is this gene annotated to?

· Was this gene over- or under-expressed in the experiment?

· Close the ‘binding’ and ‘molecular function’ nodes. Now expand the nodes ‘biological process’ -> ‘physiological process’ -> ‘organismal physiological process’ and ‘immune response’.

· Move to the tab ‘Synchronized View’.

The synchronized view displays a flattened, i.e., not a tree, view of the GO terms expanded in the tree view, allowing you to more easily see the statistically significant GO categories for your experiment. The green bar indicates the number of differentially regulated genes in your experiment that are annotated to that GO category; remember, because of the tree structure of GO, genes annotated to one category are also automatically annotated to all of its parent categories, which is why some high-level categories, such as cellular component have so many genes associated with them.

Clicking on ‘Synchronized Pie Chart’ displays the same information as a pie-chart view.

· In the ‘Display’ box in the top left corner, choose ‘corrected p-value’ from the drop-down ‘Sort’ menu.

This sorts the terms by p-value, allowing you to see the most statistically interesting categories.

· Which two GO processes in this set are most statistically significant for differentially regulated genes in your experiment?

· Now, in the ‘Display’ box, choose ‘Biological Process’ from the drop-down menu, and select the tab ‘Flat View’.

This view is the same as ‘Synchronized View’, except that, for a given ontology, it shows all of the GO terms with genes in your experiment associated to them, rather than just the terms you have expanded in ‘Tree View’.

