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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. Ensembil 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)

West

BLAST/BLAT | BioMart | Tools | Downloads

| @ Count | M Results
Dataset Ensembl Genes 83 2
Gallus gallus genes (Galgal4)

Filters Gallus gallus genes (Galgal4)

[None selected]

» Under the Filters heading select >>>Gene>>>check input external references ID list
>>>select “Associated Gene Names” from dropdown
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[ Now | @ Count | m Resuts [ VAL | 2 x| 3 Peri | @ Holp
Please restrict your query using criteria below
Dataset (If filter values are truncated in any lists, hover over the list item to see the full text)
genes (Galgald)
Filters ® REGION:
ed Gene Name(s) 8 GENE:

[e.g. BRCA2): [ID-list specified)

Attributes Limit to genes (external references)... with HGNC ID(s) B oOnly
Ensembl Gene ID Bxcluded
Ensembl Transcript ID Input external references 1D list [Max 500 Associsted Gene Name(s) [e.g BRCAZ)
advised] t t
Dataset
[None Selected)

Browse No file selected

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

[> New | @ Count | Resuits [ # VAL | 3 xuL |3 per | ® Heip)
D Please select columns to be included in the output and hit 'Results’ when
Gallus gallus genes (Galgal4) © Features  Variant (Germline)
Filters Structures  Variant (Somatic)
Associated Gene :wlama(s)I Homologs Sequences
[gﬁ]. [ID-list specified] 5 GENE:
ption Ensembl

Associated Gene Name Ensembl Gene ID Associated Gene Name

GO Term Name Ensembl Transcript ID Associated Gene Source
Ensembl Protein ID Associated Transcript Name
Ensembl Exon ID Associated Transcript Source
Dataset | @ Description Transcript count
[None Selected] ~~Chromosome Name % GC content
B EXTERNAL:
GO

____GO Term Accession
| GO Term Name
TGO Term Definition

GO Term Evidence Code
GO domain

* Select Results>>> for Export results to select File>>>XLS>>>check Unique results only>>>Go
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[ @ Count || I Results ) (% URL | @ XML | 3 Pori | @ Help |
e Export all results to ’ File B xs @ 8 Unique resuts only | [IJ
Gallus gallus genes (Galgald) Email notification to
Filters
Associated Gene Name(s) . .
[e.g. BRCA2): [ID-list specified] View 10 Browsas HTML §  Unigue results only
Attributes Description Associated Gene | GO Term Name
Description Meme
Associated Gene Name Uncharacierzed protein [Source:UniProtKB/TrEMBL Acc:RAGLN1]
family with sequence simsarity 222, member A [Source HGNC FAM222A
GO Term Name Symbol:Acc:HGNC:25015]
Uncharacierized protein [Source:UniProtKB/ 1 TEMBL Acc. RAGGJS] protein tyrosine kinase actvity

*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 5™ tab in your spreadsheet

* Rename this tab “upregulated GO”

+ Repeat this process for the list of down regulated genes creating a 6™ 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 7™ tab called “candidate genes’
* Select 3 genes from your candidate list to further validate using gRT-PCR

Cold Spring Harbor Laboratory, DNA Learning Center, 1 Bungtown Road, Cold Spring Harbor, NY 11724 3



Infrastructure and Training to Bring Next-generation
R N A- S eq N eXt G en Sequence (NGS) Analysis info Undergraduate Education

* Transfer fold change, direction, FPKM and Q-value data for each of the 3 candidates to your
‘candidate genes” tab

Part | 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 | 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.
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