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Outline 

•  OICR’s mission 
•  ICGC’s goal 
•  OICR and ICGC: Open Access/Open Source shop 

•  ICGC: the DCC 
•  OICR: Processing Cancer Genomes 
•  You: getting access to the data 



OICR’s mission 

To build innovative research 
programs that will have an impact 
on the prevention, early detection, 
diagnosis and treatment of 
cancer.  



ICGC’s Goal: 
 

To obtain a comprehensive 
description of genomic, 
transcriptomic and epigenomic 
changes in 50 different tumor 
types and/or subtypes which are 
of clinical and societal importance 
across the globe. 



Cancer�
A Disease of the Genome�

Challenge in Treating Cancer: �
�
Ø  Every tumor is different�
Ø  Every cancer patient is different�



47 Projects     12 countries     23,408 tumor samples �
# # # # # # #planned �

!



OICR Policies on Open Access Publication and 
Data Retention  
 
•  To allow and promote access to research outputs 

funded by OICR, thus increasing the diffusion and 
impact of the research process. 

•  All papers will be freely available through the 
internet within six (6) months of publication. 

•  OICR will not violate the Publisher’s embargo 
policy on free access 

•  OICR encourages OA publication, but is also 
developing an Institutional Repository (IR) where 
research output will be found 
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ICGC – March 2012 �
Commitments for 22,179 tumor genomes! �
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Completeness of Data for Genomic Analysis Types 
in DCC Datasets (ICGC 10) 

11	  

#	  donors	  

Copy	  Number	  AlteraAons	  

Structural	  VariaAon	  

Gene	  Expression	  

miRNA	  Expression	  

Simple	  SomaAc	  MutaAons	  

Splicing	  VariaAon	  

DNA	  MethylaAon	  

Brett Whitty 



Completeness of Genomic Analysis Data Types in 
DCC Datasets 

12	   miRNA	  Expression	  Simple	  SomaAc	  MutaAons	   Splicing	  VariaAon	   DNA	  MethylaAon	  Copy	  Number	  AlteraAons	   Structural	  VariaAon	   Gene	  Expression	  

Brett Whitty 



Completeness of Genomic Analysis Data Types in 
DCC Datasets 

13	   miRNA	  Expression	  Simple	  SomaAc	  MutaAons	   Splicing	  VariaAon	   DNA	  MethylaAon	  Copy	  Number	  AlteraAons	   Structural	  VariaAon	   Gene	  Expression	  

Brett Whitty 



http://www.ncbi.nlm.nih.gov/bioproject �



ICGC Data Categories�
�

ICGC Open Access Datasets ICGC Controlled Access Datasets 

Ø Cancer Pathology 
Histologic type or subtype 
Histologic nuclear grade 

Ø Donor 
Gender 
Age range  

Ø RNA expression (normalized) 
Ø DNA methylation  
Ø Genotype frequencies 
Ø Somatic mutations (SNV, 

CNV and Structural 
Rearrangement) 

Ø Detailed Phenotype and Outcome Data 
Patient demography 
Risk factors 
Examination 
Surgery/Drugs/Radiation 
Sample/Slide 
Specific histological features 
Protocol 
Analyte/Aliquot  

Ø Gene Expression (probe-level data) 
Ø Raw genotype calls (germline) 
Ø Gene-sample identifier links 
Ø Genome sequence files 

Most of the data in the portal is publically available without restriction. However, 
access to some data, like the germline mutations, requires authorization by the 
Data Access Compliance Office (DACO)�



DACO/DCC User Data Access Process �
•  Users approved through DACO are now automatically granted access to 

ICGC controlled access datasets available through the ICGC Data Portal 
and the EBI’s EGA repository �

16 �

DACO Web 
Application �

DCC User 
Registry�

DCC Data 
Portal�

EBI EGA �

application�
 approved�
by DACO�

user�
 accounts 
activated�



DACO�

ICGC �

dbGaP�

EGA �

TCGA �

BAM�

Open �

Open �

ERA	  

BAM�

VCF�

BAM�

+	  EGA	  id	  



“The administrative efforts to access private genetic data 
exact a real cost and create a drag on research efforts 
creating friction in the depositing, accessing, and analyzing 
of data. With many academics risk averse and cost 
conscious the time and effort often necessary to access 
this data will cut down on potential research efforts.”�
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OICR Sequencing/Biocomputing Platform�

•  5500 cores �
•  185  nodes with 16 GB RAM�
•  221 nodes with 24 GB RAM�
•  32 nodes with 96 GB RAM�
•  5 nodes with 256 GB RAM�
•  2.5PB of online storage�
•  1Gb, 10Gnnectivity �

 > 17 terabases per month�
> 2,800 human genomes �
 capacity and growing �
 (70 genomes at 40X)�

Life Tech Solid 5500 �

GAII �

Illumina HiSeq 2000 �

Pac Bio �

John McPherson 

5500 cores �

#185  nodes with 16 GB RAM�

#221 nodes with 24 GB RAM�

#32 nodes with 96 GB RAM�

#5 nodes with 256 GB RAM�

2.5PB of online storage�

1Gb, 10Gb and fibre connectivity �

Ion Torent � MiSeq �



OICR data analysis pipeline 
•  Like most genome/bioinformatics centers, we are 

fully dependent on OS NGS bioinformatics tools. 
•  We all depend on: 

–  SeqAnswers.com 
–  biostars.org   

•  Pipelines are necessary because they: 
–  Are more scalable 
–  Are more recordable 
–  Are more reproducible 
–  Are more robust 
– … and can keep you sane! 



http://seqware.github.com/ 



SeqWare:  http://seqware.github.com/about/  





What do we do to maximize good calls? �
•  Minimal coverage of tumor and germline for exome: �

–  200x germline�
–  150x tumor�

•  Minimum quality score�
•  Simultaneous alignment of reference, normal and 

tumor�
•  Blacklist “bad” regions�
•  Remove suspiciously dense clusters of mutations 

(perhaps too aggressive)�
•  Validate, validate, validate! �
•  Future ideas�

–  Assemble germline first, then align tumour to germline�
–  Build patient-specific blacklist �



Exome Sequencing Pipeline�
Align	  sequencing	  reads	  by	  Novoalign	  	  	  

Merge	  &	  collapse	  reads	  by	  Picard	  

Recalibrate	  quality	  score	  &	  perform	  
local	  realignment	  by	  GATK	  

Call	  variants	  by	  GATK	  

Call	  somaAc	  &	  germline	  mutaAons	  by	  in-‐house	  algorithm	  

Filter	  mutaAons	  	  
•  with	  >5%	  frequency	  in	  dbSNP	  
•  with	  strand	  biases	  
•  in	  regions	  with	  segmental	  duplicaAon	  &	  simple	  repeats	  
•  that	  are	  false	  posiAves	  	  	  

Validate	  mutaAons	  by	  Ion	  Torrent	  

Exome	  capture	  by	  Agilent	  SureSelect	  
Human	  All	  Exon	  50Mb	  Kits	  	  

Paired-‐end	  sequencing	  on	  Illumina	  HiSeq	  
150x	  coverage	  tumor,	  200x	  coverage	  germline	  

Filter	  unmapped,	  non-‐primary	  and	  non-‐
uniquely	  mapped	  reads	  by	  Samtools	  



Validation Strategy 
•  false positives 
•  false negatives 
•  Validation rate was an average of 87%  
•  No correlation between cellularity and validation rate 

indicating that the pipeline calls SNVs accurately 
irrespective of cellularity 
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Lincoln Stein 
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KRAS (mutated in 9 samples) 

–  Signal transduction for many growth factors. 
–  Activating G12{V,S,R,D,C,A} and Q61

{H,K,L,R} mutations common in cancers. 
–  Expected to be mutated in ~90% of pancreatic 

cancers; we only see it in <30% of primaries, 
but can find in nearly all tumors on deep 
sequencing (false neg rate > 60%) 

Lincoln Stein 



Next Steps�
•  SNVs�

–  Deep sequencing of all primaries across all genes identified 
in initial screen as carrying a mutant to characterize 
patterns of mutation.�

–  Exome sequencing of remaining specimens, including 
xenografts & cell lines.�

–  Lab is developing protocols for laser capture in order to 
increase sample cellularity.�

•  Structural Variation �
–  Exhaustive benchmarking of SV calling pipelines in progress.�

•  Methylation �
–  Lab is testing protocols for bisulphite conversion sequencing 

& MeDIP.�
•  Transcriptome�

–  RNA-seq of selected cell lines under way.�



So, what next on analysis of our cancer samples?�
•  Doing better automation, and pipeline engineering �
•  We want to do more transcriptome, and integrate 

better with other pipelines (SNV, CNV, SV and 
epigenomic analyses).�

•  Formalizes ICGC procedures, and publish them.  �
•  Need to consider genes that are not there (not 

detected, or not able to be detected), and 
transcriptome will help with this. Important for the 
network analysis.�

•  Also need to build models �
–  That take into account low abundance and complexity of 

samples with low cellularity�
–  That  take into account the average of multiple samples 

(plan for 350, but will there be tumor subtypes?)�
–  New project: Personal Human Proteome data�
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Data portal: http://dcc.icgc.org/�
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ICGC DCC Curation is Hiring! 

 
•  We’re looking for people with a strong genomics/

bioinformatics background and experience working 
with large genome projects  
(with a web resource component) 

   Lots of data and lots of  
  great work to do! 
 

     francis@oicr.on.ca 
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InformaAcs	  and	  BiocompuAng	  Program	  at	  the	  OICR	  



Pascale et Maya 


