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Objectives: 

• Conduct gene ontology (GO) pathway analysis of significant differentially expressed genes 
(DEGs) 

• Sort and organize lists of DEGs in MS Excel spreadsheets based on biological function 

I. Gene Ontology (GO) Analysis Using Ensembl BioMart  

Even with some refining, the Cuffdiff list of DEGs is still thousands of “hits” long and requires additional 
filtering. To pick interesting candidate genes out of this list, we need to get some additional information 
about each DEG. A gene ontology or GO term is a short descriptor of a gene product’s function. To 
run a quick computational GO analysis we will use a filtering database called Ensembl BioMart to 
assign each gene some associated GO terms as well as it’s full gene name in order to pick out some 
interesting candidates from the list. Ensembl is a collective of centralized bioinformatics tools. 
BioMart is one of the open access data mining tools housed within Ensembl. In BioMart you 
can filter large lists of data such as gene symbols and get back additional information about 
each line in your query list. There are many applications for this tool, today we will input Gene 
Symbols (i.e. gene aliases) and output full gene names & GO terms for each significant DEG. 

• Navigate to Ensembl BioMart (tinyurl.com/h8xh7uu) 
• Choose database>>>Ensembl genes>>>Choose dataset>>>Gallus gallus genes (Galgal4) 

 

• Under the Filters heading select >>>Gene>>>check input external references ID list 
>>>select “Associated Gene Names” from dropdown 
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These commands tell the database that we are going to filter a list of gene symbols through the 
annotated chicken genome (Gallus gallus).   

 

• In the CuffDiff spreadsheet of significant up regulated DEGs, copy the entire column of Genes 
Aliases & paste them into the BioMart search window.   

The next set of commands will tell the database what info we want back from our gene symbol search: 

• Attributes>>>gene 
• Check only the following boxes under Gene: Description + Associate gene name 
• Check only the following box under External: GO Term name 

 

• Select Results>>> for Export results to select File>>>XLS>>>check Unique results only>>>Go 
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*Note: output from BioMart will vary from a few minutes to a couple of hours depending on the genome 
assembly and server usage. If jobs take more than ~5-10 minutes and the webpage times out, set up 
an e-mail notification output 

• Select Results>>> for Export results to select “compressed web file (notify by e-mail)>>>fill in 
your e-mail address>>>XLS>>>check Unique results only>>>Go 

• Monitor your e-mail for a zipped output file (MS Excel spreadsheet) 
• Unzip and proceed 

After a few minutes, BioMart will output a new spreadsheet with the full gene name (Description), 
Gene Symbol (Associated Gene Name) and GO Term Name for each DEG up regulated in E18 retina 
compared to either E8 retina or E18 cornea (Note: genes with multiple associated GO terms are 
repeated in multiple rows. Most genes will have multiple rows depending on how many processes they 
are associated with). Move the GO spreadsheet into the RNA-seq data spreadsheet:  

• Right click the spreadsheet tab in the GO file and select Move or Copy 
• Highlight the tab you want to move and select the RNA-seq Excel file under Move selected 

sheets to book option creating a 5th tab in your spreadsheet 
• Rename this tab “upregulated GO” 
• Repeat this process for the list of down regulated genes creating a 6th tab in your spreadsheet 

“down regulated GO” 

Use your modified spreadsheet to search for keywords of interest in the GO tabs (ie full gene names 
like Rhodopsin or processes such as phototransduction). My lab is interested in 2 aspects of retinal 
development, 1) the Notch signaling pathway and 2) the phototransduction.  

Find all up & down regulated genes associated with these 2 pathways by keyword searching the GO 
tabs of your spreadsheets: 

• Control F in Excel>>>enter search term>>>Find next 
• For phototransduction genes search the GO term “phototransduction” 
• For Notch genes search for the “notch signaling pathway” GO term 
• Highlight phototransduction DEGs in green and notch signaling pathway in yellow 
• Transfer green & yellow candidate genes into a new 7th tab called “candidate genes” 
• Select 3 genes from your candidate list to further validate using qRT-PCR 
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• Transfer fold change, direction, FPKM and Q-value data for each of the 3 candidates to your 
“candidate genes” tab 

Part I activity (groups 1-2 use cornea vs retina data; groups 3-6 use E8 vs E18 retina data): 
1. Save your updated spreadsheet with 7 tabs locally to your computer and attach the file to your 
detailed notebook page 

 
Part I questions (answer questions in notebook): 

1. What is FPKM and how is it used to normalize RNA-Seq data? 
2. Briefly describe the Notch Signaling Pathway and predict based on the RNA-Seq results and by 
brief literature/internet search if it is up regulated or down regulated in E18 retina.  
3. Briefly describe the Phototransduction Pathway and predict based on the RNA-Seq results and 
by brief literature/internet search if it is up regulated or down regulated in E18 retina.  
 
 


