
mRNA-Seq 
• Basic processing 
• Read mapping (shown here, but optional.  May due if time allows) 

– Tophat  
• Gene expression estimation 

– cufflinks 
– Confidence intervals 

• Gene expression changes (separate use case) 
– Sample groups 
– cuffdiff 
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Use case of RNA-Seq tools 

• 2 breast cancer cell lines 
– Joe Gray 51 breast cancer cell lines panel 
– Neve RM, Chin K, Fridlyand J, Yeh J, Baehner FL, Fevr T, Clark L, Bayani N, Coppe JP, 

Tong F, Speed T, Spellman PT, DeVries S, Lapuk A, Wang NJ, Kuo WL, Stilwell JL, 
Pinkel D, Albertson DG, Waldman FM, McCormick F, Dickson RB, Johnson MD, 
Lippman M, Ethier S, Gazdar A, Gray JW. “A collection of breast cancer cell lines for 
the study of functionally distinct cancer subtypes.” Cancer Cell. 2006 
Dec;10(6):515-27. 
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Evaluating Gene Expression Differences 

Sample Luminal/Basal ER status PR status Her2/ERBB2 
status 

BT474 Luminal + - + 

HCC1143 BasalA - - - 
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Populate Input Data with the accepted_hits.bam file. 
Populate Output Targets with your destination database 

Drag 

Run Cufflinks in The Genboree Workbench 



Cufflinks:  Trapnell et al, “Transcript assembly and quantification by RNA-Seq reveals unannotated 
transcripts and isoform switching during cell differentiation” Nature Biotechnology, 28 (5), May, 2010. 
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Select Transcriptome  Analyze RNA-Seq Data  Assemble and Measure Transcripts by Cufflinks 
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-Use default settings 
-Click Submit 
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You will receive an email with the following message when your job is finished:  
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Cufflinks files are deposited in the Data Selector in your user group. 
-Expand “Databases” 
-Expand “Files” 
-Expand “Cufflinks” 
-Click on the file of interest to highlight it in Details 
-Download onto desktop (example output on next slide) 



The gene_name 
Attribute of the reference GTF 
record for this transcript 

Note: 6 columns have been removed from the spreadsheet since they are empty. 
Those columns are: class_code, nearest_ref_id, gene_short_name, tss_id, length, and coverage. 

Cufflinks output file:  Genes.fpkm_tracking.withGeneName.Cufflinks 

Lower and upper limits of 95% 
FPKM confidence interval  

Fragments Per 
Kilobase of exon model per Million 
mapped fragments 
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Mapping with TopHat 

• Process data subset of one of the cell lines 
– BT474 
– Visualization in Genboree Browser and UCSC 

Browser 
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TopHat will map your reads by running Bowtie, and deposit results in a TopHat Files Folder in your 
destination database 
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Run TopHat in The Genboree Workbench 

-Populate Input Data with two fastq files 
-Populate Output Targets with your destination database 
 
-Select Transcriptome  Analyze RNA-Seq Data  Map Reads 
 and Splice Junctions by TopHat 
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Track Name will appear after 
checking “Upload Results”.  The 
output tracks will bear this name 
when they appear in your 
destination database and when 
visualized in the browser 
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You will receive an email with the following message when your job is finished:  
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TopHat Output Files in the Data Selector 

The accepted_hits.bam file is a list of read alignments in 
SAM format.  The accepted_hits.bam file serves as input 
for Cufflinks and Cuffdiff analysis.    
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We now wish to visualize the TopHat results 
in the context of genomic and/or 
epigenomic data via the Genboree Browser 
and the UCSC Browser 
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Tell the Genboree Browser What You Wish to View 
Select your Group and Database.  Click “View” 
(“chr1” is default, and can be changed (next slides) 
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View TopHat Results in the Genboree Browser 
Change Entry Point to “chr17” and the coordinates as 
shown.  Click View. 



Visualize TopHat output in the UCSC Genome Browser 
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You will need to generate BigWig files to view the 
tracks in the UCSC Browser. 
 
-Drag the database containing the tracks of interest 
into Input Data 
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Select Data  Tracks  Utilities  Generate BigWig Files 
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-Select the tracks for which you wish to generate igWig Files 
 
-Click Submit 
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You will receive an email with the following message when your job is finished:  
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-Your Database is secure, and will need to be unlocked before the viewing the BigWig 
files in the UCSC Browser 
 
-Drag your database with the tracks of interest into Output Targets 

-Select Data  Databases  Unlock/Lock Database 
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-Click on Unlock/ (you will be able to lock again) 
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XXXXXX 

Note this key 
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-Populate Input Data with the database containing the tracks of interest 
 
-Select Visualization  Launch UCSC Genome Browser 
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-Indicate which tracks you wish to visualize  
 
-Click Submit 
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Tophat output in the Context of the  
UCSC Genome Browser 
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Exercise plan 

• Process subset of one of the cell lines 
– BT474 
– Visualization in Genboree Browser and UCSC 

Browser 
– Gene enrichment via GSEA/MSigDB 
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GSEA/MSigDB 

• Gene Set Enrichment Analysis 
– Subramanian, Tamayo, et al. 2005, PNAS 102, 15545-15550 
– Mootha, Lindgren, et al. 2003, Nat Genet 34, 267-273 

• Molecular Signatures Database 
– Subramanian, Tamayo, et al. 2005, PNAS 102, 15545-15550 

• Exposed as a web service 
• Future plan 

– integrate into the Epigenome Toolset 
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Register to MSigDB 
http://www.broadinstitute.org/gsea/login.jsp 
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Register to MSigDB 
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Login to MSigDB 
http://www.broadinstitute.org/gsea/login.jsp 
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Use MSigDB 
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Gene expression differences 
Filter by  “significant “ column 

Copy “official”  
gene symbol 
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Use MSigDB 

Select  
gene sets 

Number of gene  
sets returned 

Diff  
expressed  
genes 
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Use MSigDB 
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Use MSigDB 

Enrichments for gene sets differentiating  
luminal vs basal breast cancer cells 
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