
Use Case 16: Differential Expression Analysis of Two 
                        Breast Cancer Cell Lines Using Cuffdiff 
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Epigenome Informatics Workshop 

Bioinformatics Research Laboratory 
 



mRNA-Seq 

 
• Read mapping 

– tophat 
• Gene expression estimation 

– cufflinks 
– Confidence intervals 

• Gene expression changes  
– Sample groups 
– cuffdiff 
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Use case for 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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Evaluate Gene Expression Differences 

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

 
BT474 

 
Luminal 

+ - + 

 
HCC1143 

 
BasalA 

- - - 
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Exercise plan 

• Evaluate differences between sample groups 
– Luminal vs basal breast cancer 
– Cuffdiff tool 
– Gene enrichment via GSEA/MSigDB 

• Process subset of one of the cell lines 
– BT474 
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Evaluate Gene Expression Differences 

• Goal 
– Gene expression comparison 

• Luminal vs Basal 
• Tasks – Completed by BRL staff 

– RNA-Seq received from Joe Gray and uploaded to the Genboree 
Workbench 

– Map reads using Tophat (via Genboree Workbench) 
• File locations (output from Tophat job) 

– Epigenome Toolset Demo Input Data -> Databases -> RNA-Seq Tool Demo -> Files 
» TopHat-BT474_accepted_hits.bam  (Luminal) 
» TopHat-HCC1143_accepted_hits.bam (Basal) 

• Job metrics 
– 4-10 hours 
– 8 cores 

• Tasks – To do for workshop attendees 
– Run cuffdiff to find significant changes in transcript expression, 

splicing, and promoter use 
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Create an Entity List for BT474 

Drag TopHat output “BT474_accepted_hits.bam”  into Input Data 
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Choose a Destination for the Entity List  

Drag the destination database  into Output Targets (this tells 
Genboree where to deposit the Entity List) 

8 



Invoke the “Create File Entity List” Tool 

Invoke “Create File Entity List”, which will present the dialogue 
box on the next slide 
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Give Your First Entity List a Meaningful Name 
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Name your entity list, and then click “submit” 



Message Stating First Entity List Creation  
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The entity list will be created immediately and will appear in your destination 
database under “Lists and Selections”  “Lists of Files” (next slide) 



BT474 Entity List is Now Created 
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The entity list is located in your destination database under “Lists and 
Selections”  “Lists of Files”.  Note the new icon. 



Create an Entity List for HCC1143 
(execute same steps as for BT474) 
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Create the HCC1143 Entity List 
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-Open Epigenome Toolset Demo Input Data  RNA-Seq Tool Demo  Files and 
drag HCC1143_accepted_hits.bam into Input Data 
-Drag your destination database (GenboreeUser_database) into Output Targets 
-Invoke “Create File Entity List” 
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Name your entity list, and then click “submit” 

Give Your Second Entity List a Meaningful Name 
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The entity list will be created immediately and will appear in your 
destination database under “Lists and Selections”  “Lists of Files” 
(next slide) 

Message Stating Second Entity List Creation  



Run Cuffdiff to Find Expression Differences 

17 

-Drag the entity lists into Input Data 
-Drag the destination database into Output Targets 
-Invoke Transcriptome  Analyze RNA-Seq Data  Detect….by Cuffdiff 
  Note: Cuffdiff results are deposited in GenboreeUser_database  Files  Cuffdiff  



Name The Two Samples Before Submitting 
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Message Denoting Successful  
Cuffdiff Submission 
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Cuffdiff email Notification 
You will receive an email notifying you that the Cuffdiff job is complete.  It 
will tell you where the output file is located within the Data Selector (see next slide).  
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Download Cuffdiff Results 
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Highlight the file of interest, and then click on the link to download 



Example Data Returned by Cuffdiff 

22 Note: Sheet sorted by the ‘significant’ column 



Further Analysis Using GSEA/MSigDB 

• Evaluate differences between sample groups 
– Luminal vs basal breast cancer 
– Cuffdiff tool 
– 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 
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Register with MSigDB 
http://www.broadinstitute.org/gsea/login.jsp 

25 



Register with MSigDB 
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Login to MSigDB 
http://www.broadinstitute.org/gsea/login.jsp 
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Next: 
• Click ‘Explore the Molecular Signatures Database (MSigDB)’ 

• http://www.broadinstitute.org/gsea/msigdb/index.jsp 
• Click ‘Investigate Gene Sets’ 

• http://www.broadinstitute.org/gsea/msigdb/annotate.jsp 
 

http://www.broadinstitute.org/gsea/msigdb/index.jsp
http://www.broadinstitute.org/gsea/msigdb/annotate.jsp


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 

32 



Acknowledgments 
• BRL 

– Aleksandar Milosavljevic 
– Cristian Coarfa, Alan R Harris 

• BRL core 
– Matt Roth, Kevin Riehle 

• Genboree programming team 
– Andrew Jackson, Sameer Paithankar, Sriram Raghuram 

• Former BRL members 
–  Chia-Chin Wu, Arpit Tandon 

• Peak Calling  
– Anshul Kundaje 
– Bob Thurman (UW) 
– Noam Shoresh (BI) 
– Martin Hirst (BCGSC) 
– Lee Daniels (NIH) 
– Wei Li (BCM) 

• RNA-Seq 
– Adrian Lee, Joe Gray 
– Laising Yen, Kalpana Kannan 
– Sean McGuire, Christine Pichot 

33 


	Slide Number 1
	mRNA-Seq
	Use case for RNA-Seq tools
	Evaluate Gene Expression Differences
	Exercise plan
	Evaluate Gene Expression Differences
	Create an Entity List for BT474
	Choose a Destination for the Entity List 
	Invoke the “Create File Entity List” Tool
	Give Your First Entity List a Meaningful Name
	Message Stating First Entity List Creation 
	BT474 Entity List is Now Created
	Create an Entity List for HCC1143�(execute same steps as for BT474)
	Create the HCC1143 Entity List
	Slide Number 15
	Slide Number 16
	Run Cuffdiff to Find Expression Differences
	Name The Two Samples Before Submitting
	Message Denoting Successful �Cuffdiff Submission
	Cuffdiff email Notification
	Download Cuffdiff Results
	Example Data Returned by Cuffdiff
	Further Analysis Using GSEA/MSigDB
	GSEA/MSigDB
	Register with MSigDB
	Register with MSigDB
	Login to MSigDB
	Use MSigDB
	Gene expression differences
	Use MSigDB
	Use MSigDB
	Use MSigDB
	Acknowledgments

