
Exercise with Gene Ontology - Cytoscape - 
BiNGO 

This practical has material extracted from 
http://www.cbs.dtu.dk/chipcourse/Exercises/Ex_GO/GOexercise11.php 
 

 

In this exercise we will analyze microarray data from a yeast cell cycle experiment. 
The goal of the experiment was to identify genes that are involved in the cell cycle 
processes, for instance genes involved in DNA replication. We will use Cytoscape 
and the BiNGO plugin to analyze which Gene Ontology terms are overrepresented in 
gene clusters. It is important to note that any gene list can be used for this kind of 
analysis, not only clustered data.  

Please answer the questions in italics.  
 

 
 

Start by installing Cytoscape and BiNGO on your computer. You can find a guide to 
install Cytoscape and BiNGO at  
http://www.cbs.dtu.dk/chipcourse/Exercises/Ex_GO/InstallingCytoscape.php. 
Downloading of Cytoscape and BiNGO may take a while. If you are on a Mac you 
should have Cytoscape 2.8.0 or later version installed or some parts of the exercise 
will not work.  

 

Yeast cell cycle data 

Throughout the exercise we will use a microarray dataset published by Spellman and 
co-workers (1). They have made several experiments where yeast cells grow and 
duplicate synchronically during two complete divisions (division time 59 min). This 
means that the cells are in the same stage during the experiment, i.e. all baby cells at 
0 min, all are middle age at 30 min and all baby cells again after 59 min and so forth. 
During the growth samples are taken out at several time points and hybridized to 
cDNA microarrays covering the entire genome (~6170 genes). We will take a look of 
one of these growth experiments - the "alpha" experiment. 

 

Clustering of genes 

A true cell cycle gene like CDC45 is expected to have an expression profile like that 
shown in the figure below.  
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We have divided the genes in the microarray expression dataset into different 
clusters based on the expression of the genes, so that genes behaving in the same 
way are clustered together. The profiles of a total of 11 clusters are shown below.  
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What cluster(s) are most similar to the cell cycle CDC45 gene above?  

 

Analyze gene ontology over-representation with 
BiNGO 



Let us a nalyze the cluster 2 that seems to have a number of genes that are 
expressed as would be expected from cell cycle genes. A list of genes belonging to 
the cluster 2 is found at http://bio.biomedicine.gu.se/courses/vt13/ycc.c2.txt. Save 
these in a file (ycc.c2.txt) on your computer. 

Open Cytoscape and go to the BiNGO plugin by choosing 'plugins' and then BiNGO 
2.44. This will open a window where we will perform the analysis.  

1. First give the cluster a name, for instance 'cluster 2 - BP' (we will look at 
BP: Biological process first).  

Check the box 'Paste genes from Text' and paste the genes from the 
ycc.c2.txt file (see above) in the box below.   

2. Then we can choose between a few different options:  

Statistical test: Hypergeometric test provides an accurate p-value as it tests 
without replacement, whereas the Binominal test provides an approximate p-
value as it tests with replacement. We will use the Hypergeometric test.  

Multiple testing correction: As we are testing all the genes in the cluster and 
their GO terms in one test we must correct for multiple testing. For this 
Bonferroni is generally thought of as too tough, whereas the Benjamini-
Hochberg is more appropriate for this. Choose Benjamini-Hochberg.  

Significance level: The p-value cut-off for the statistical test. Start with default 
0.05.  

Visualization: Choose default overrepresented categories after correction.  

Reference set: Since we do not have a network loaded but are only testing a 
list from a file choose whole annotation. Here it is important to note that if you 
have data that covers less than the entire genome, this will artificially inflate 
the p-values and increase the risk of false positives. There are ~6000 genes in 
yeast, how many do we have in this dataset ?  

If you need to use custom annotation that is not available in BiNGO you can 
find a guideline to build them on the BiNGO home page. 

Ontology: Here we want to test Biological process so choose 
'GO_Biological_Process'. Later you can also try Cellular Component and 
Molecular Function.  

3. Select the organism, here we use Saccharomyces cerevisiae and press 
start.  

After some time of calculating you should end up with a network in Cytoscape 
with colored nodes, where each node corresponds to a gene ontology term. 
Try to zoom in and you can see better. The size of the node corresponds to 



the total amount of genes in GOterm and the color to the p-value of the 
GOterm, where darker is more significant.  

Also you will see a box with the scores and genes belonging to each of the 
GOterms that are significant (below our cutoff).  

4. However, it seems that there is a lot going on, so we should try with a 
stricter p-value cutoff, try running BiNGO again with a p-value cutoff of 
0.00005. This should be a bit better, and try choosing Layout > yFiles > 
Hierachic and then Layout > Scale and move the slider up a bit so it is 
easier to see what is going on. You can also drag the nodes by clicking 
and dragging.  

Note the top ontology and how it divides into more specific terms.  

Check which terms are the most significant in the BiNGO output box ('corr p-
val' column). Relate this to what you see in the cytoscape plot and to the 
expression profile of the genes above, does this make sense? You can also 
rightclick the genes in the output box and click on a gene to see its function 
and other information at SGD (Saccharomyces Genome Database).  

Q1. What are the most significant GO terms?  

5. Try to run the analysis with the other gene ontology categories, such as 
Cellular Component and Molecular Function. NB: You may need to 
adjust the p-value cutoff. NB: You can reuse the BiNGO window, do not 
open a new one. 

Q2. What cellular component(s) are the genes located in? 

6. If you want save an image of the network you can save it under File > 
Export > Network view as graphics. It is a bit cumbersome to save the 
entire network so you can load it into Cytoscape again, but you can do it 
as: Export > Network and attributes as XGMML. You also need to save 
the Vizmap property file to restore the coloring of your graph: Export > 
Vizmap Property File. If you want to save the data you can do that by 
clicking "Check box for saving Data" before you run the BiNGO.  

 

Batch analysis in BiNGO 

1. BiNGO can also perform a batch analysis on multiple gene lists and for 
that we need the clusters saved in the following format:  

cluster_name1 
gene1 
gene2 
gene3 
batch 
cluster_name2 



gene4 
gene5 
batch 
cluster_name3 
. 
. 

(start each cluster with a name for the cluster, and separate the clusters by the 
keyword 'batch')  

A list of all clustered genes has been prepared for you here: 
http://bio.biomedicine.gu.se/courses/vt13/batch.txt.  

Open the file in a text editor and paste the data from the file into BiNGO. We 
want to run a hypergeometric test of Biological Process. The 'cluster name' in 
BiNGO must be 'batch' or it will not understand that we want it to work in batch 
mode. (Also make sure that you input to BiNGO does not contain any empty 
lines below the last line with "batch").   

Take a look at the different clusters and relate the GO's to the expression 
profiles above.  

Q3. What can you say about cluster 4 and cluster 7; what ontologies are 
characteristic of these?  What about cluster 8?  

1. Spellman et al., Mol Biol Cell 1998; 9(12):3273-97  

 
 

 
This practical has material directly copied from 
http://www.cbs.dtu.dk/chipcourse/Exercises/Ex_GO/GOexercise11.php 
 
If you are adventurous you can also follow that practical, including sessions with the 
statistical package R. That assumes that you first install R on your computer, R is 
available at www.r-project.org/.  
 
Want to have even more introduction of BiNGO? Another BiNGO tuturial is found at 
http://www.psb.ugent.be/cbd/papers/BiNGO/Tutorial.html 
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