
ChIP-Seq, mRNA-Seq, & 
Resequencing 

via the Genboree Workench 



Chromatin ImmunopreciPitation 
Sequencing – ChIP-Seq 



Peak Calling 

• Transcription Factors 
• Histone modifications 

– H3K4me3, H3K27me3, H3K36me3, 
H3K9me3, H3K4me1, H3K27ac 

• DNAse hypersensitivity 
• Digital Genomic Footprinting 
• MeDIP-Seq, MRE-Seq 
• Many others 

 



Peak Calling 
• Input from  

– NIH Epigenomic Roadmap mapping centers 
– ENCODE analysis group 

• Deployed at EDACC/BRL 
– MACS (Harvard) 
– FindPeaks (BCGSC/UCSF) 
– HotSpot (UW) 

• Tools under consideration 
– Scripture and PostProcessing (BI) 

• Future tools 
– PeakSeq 
– MRE/MeDIP integration tools from WashU/UCSF 

 
 



HotSpot 

• Scan statistic gauging enrichment  
• z-score based on the binomial distribution.  

• Binomial distribution 
• probability of n tags in small window given N tags large window.  
• adjust for local background fluctuations 



FindPeaks 

• In the absence of input 
– Determine areas of enrichment 
– Simulate coverage of genome to determine FDR 
– Subset Peaks at FDR=0.01 



FindPeaks 
In the presence of input 



FindPeaks 



FindPeaks 

Only peaks above background are reported 



MACS 

• Model Based Analysis of ChIP-Seq 
• Call peaks on both strands 

– Infer bandwidth length 

• Infer local distribution parameters 
• Account for local biases in sequencing 

 



MACS 



Post Scripture  
Multi Scale Segmentation 



Deployed Tools 

• MACS, FindPeaks 
– Histone modifications, transcription factors 

• HotSpot 
– DNASE1/DGF 

 
• Peaks called on all the experiments  

– Release 1 through Release 5 
– ChIP-Seq/DNAse1/Digital Genomic Footprinting 
– ~900 experiments (out of ~1500 total) 

 
 



Exposing NIH Epigenomic Consortium 
Peak Calls 

UCSC  
Visualization 

HTTP/FTP 
Download 



MACS in the Genboree Workbench 

Upload BED file 



MACS in the Genboree Workbench 

Invoke MACS 



MACS in the Genboree Workbench 

MACS settings 



MACS in the Genboree Workbench 



MACS in the Genboree Workbench 

MACS results 



MACS in the Genboree Workbench 

MACS results 



Results uploaded to Genboree 



Coming attractions 

• Peak interpretation 
– Gene promoters, miRNA promoters 
– Gene elements: introns, exons, 3’UTR, 5’UTR 
– Repeats 
– User defined 



mRNA-Seq 

• Deployed  
– TopHat 
– Cufflinks 
– Cuffdiff 
– FastQC 

• Results usable in resequencing pipeline 



TopHat in the Genboree Workbench 



TopHat in the Genboree Workbench 



TopHat in the Genboree Workbench 



TopHat in the Genboree Workbench 



Coming attractions 

• Alternative splicing 
• Intron retention 
• Gene fusions 
• Current research collaborations 

– Ovarian cancer 
– Novel fusion with 20% recurrence in tumors 

 



Resequencing 

• “Genome in a day” 
– HiSeq 2500/1500 
– 40x coverage 

• Whole genome: affordable 
– Less than $5000 

• Whole exome: very attractive 
– Heterogeneous “tumor” samples 

• SNP/Indel caller: Atlas-SNP2 



Atlas-SNP2 

Over 4000 accesses since publication 



Atlas-SNP2 

• Linear regression model accounting for  
sources of sequencing biases and errors 

• Trained for individual sequencing platforms 
and chemistry 

• Models for 454, Illumina, SOLID 
• Constantly updated 



Atlas-SNP2 and Genboree 



Atlas-SNP2 in the Genboree Workbench 



Atlas-SNP2 in the Genboree Workbench 



Atlas-SNP2 in the Genboree Workbench 



Atlas-SNP2 in the Genboree Workbench 



Atlas-SNP2 in the Genboree Workbench 



Coming Attraction 

• SNP annotation 
– Annovar 
– Known SNPs : dbSNP, 1000 genomes 
– Genic/intergenic 
– Coding/non-coding variants 
– GWAS 
– Regulatory regions 
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Questions ? 
Comments ? 
Suggestions ? 

 
amilosav@bcm.edu 

coarfa@bcm.edu 
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