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Epigenomic profiling of human  

cell-lines, primary cells, and tissues 

Stem Cells 

Fetal Adult 
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Mapping epigenomic differences  

between cell types 

Structural 
Chondrocyte 
Osteoblast 

Signaling 
Beta cell 

Neural 
Neuron 
Astrocyte 
Oligodendrocyte 

Myogenesis 
Cardiomycte 
Smoothmuscle 

Hematopoiesis 
B-cells 
Macrophages 
T-cells 

Erythroid 

Stem Cell 

5 2/8/2013 



Epigenomic profiling of human  

cell-lines, primary cells, and tissues 
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Methylomes 
• Whole-genome bisulfite sequencing 
• RRBS 
• MeDIP-seq 
• MRE-seq 
 
Core histone marks 
• H3K4me1 
• H3K4me3 
• H3K27me3 
• H4K36me3 
• H3K9me2 
• H3K9ac / H3K27ac 
 

Chromatin accessibility 
• Dnase hypersensitivity 
• Digital genomic footprinting 
 
Transcriptomes 
• RNA-seq 
• Expression array 
• smallRNA 
 

Genome 
• SNP genotyping 
• Resequencing from WGBS reads 



Epigenomic profiling of human  

cell-lines, primary cells, and tissues 
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Jan 2013:  2500+ Experiments 
  5000+ Illumina runs 



Space of Epigenomic Variation 



Human Epigenome Atlas 

www.epigenomeatlas.org 
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Assay types 
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Genomic / Epigenomic Data 

“chip” data “seq” data 

Level 0 image reads 

Level 1 extracted features mapped reads 

Level 2 normalized 

Intensities  

(e.g., beta values) 

read density maps 

(e.g., WIG file) 

Level 3 Epigenomic state 

(e.g., quantitated peak calls) 

Level 4 Comparative analysis results 

(e.g., cell-type-specific marks) 



Viewing selections 
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Including More Genes in the Same  

Pathway 
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Epigenomic Metadata: SRA XML + 

Epigenomic Data Element Extensions 



Sample Metadata 

Primary Cell 
MOLECULE  
DISEASE 
BIOMATERIAL_PROVIDER  
BIOMATERIAL_TYPE 
CELL_TYPE  
MARKERS  
DONOR_ID  
DONOR_AGE  
DONOR_HEALTH_STATUS  
DONOR_SEX 
DONOR_ETHNICITY  
PASSAGE_IF_EXPANDED 

Fastq / 
BAM 

Example:  



Experiment Metadata 

Chip-Seq 
EXPERIMENT_TYPE 
EXTRACTION_PROTOCOL  
EXTRACTION_PROTOCOL_TYPE_OF_SONICATOR  
EXTRACTION_PROTOCOL_SONICATION_CYCLES  
CHIP_PROTOCOL  
CHIP_PROTOCOL_CHROMATIN_AMOUNT  
CHIP_PROTOCOL_BEAD_TYPE   
CHIP_PROTOCOL_BEAD_AMOUNT   
CHIP_PROTOCOL_ANTIBODY_AMOUNT   
CHIP_ANTIBODY  
CHIP_ANTIBODY_PROVIDER   
CHIP_ANTIBODY_CATALOG  
CHIP_ANTIBODY_LOT  

Example:  



Ensuring Reproducibility:  

Metadata for Level 1 Analysis 

DATA_ANALYSIS_LEVEL - 1 
  
EXPERIMENT_TYPE  
 GENOME_ASSEMBLY  
 SOFTWARE  
 SOFTWARE_VERSION  
 MAXIMUM_ALIGNMENT_LENGTH 
 MISMATCHES_ALLOWED 
 ALIGNMENTS_ALLOWED  
 TREATMENT_OF_MULTIPLE_ALIGNMENTS   
TREATMENT_OF_IDENTICAL_ALIGNMENTS_OF_MULTIPLE_R
EADS  
 ALIGNMENT_POSTPROCESSING 
 NUMBER_OF_MAPPED_READS   
Quality Control  

Example:  



Implementation at the NIH Roadmap Data 

Coordination Center 
 

Metadata can be submitted in two forms: 

 

 

 

 

 

 

 

 

 

 

 

1.  XML Document  
     - automatic process 
 - used for larger data submissions  
 - includes format validators and QC steps 
 - available for all assays 
 
2. SpreadSheet  
      - available for some assays 
 - used by some smaller projects 



Metadata for Illumina 450K Arrays 
(Excel SpreadSheet) 

( “Study” ) 

( “Samples” ) 

( “Experiment” ) 
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T-cell 

Macrophage 

Hematopoetic  
Stem Cells 

B-cell 

Melanocyte 

H1-derived 

Mesenchymal Fibroblast 

Keratinocytes 

Stem Cells 

Fetal Brain 

Mucosa 

Liver 

Skeletal 
Muscle Smooth 

Muscle 

Brain 
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Integrative Analysis Paper: Cellular Differentiation 



LCP 1 LCP 2 LCP 3 

Data track 

ROI track 

Promoters: LCP = Low-CpG promoters (as defined in Weber et al., Nature Genetics (2007)  

Regions of Interest (ROIs) 
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LCP 1 LCP 2 LCP 3 LCP 1 LCP 2 LCP 3 

Cell line 1 Cell line 2 

Cell line 1 

C
ell lin

e 1
 

Cell line 2 

C
ell lin

e 2
 

Cell line 3 (not shown) 
C

ell lin
e 3
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Similarity Matrix / Heatmap 

(2005) RDCT: R: A language and environment for statistical 
computing. In. Vienna, Austria: R Foundation for Statistical 
Computing; 2005. 
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The Epigenomic Tolset within the Genboree 

Workbench will have sufficient tools to reproduce 

key analyses from the integrative analysis paper 
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The Toolset enables analyses of the Epigenome Atlas and of private data 

 

Generate heatmap clusterings and trees with different combinations of 

ROIs / marks / samples 

 

Identify branch-specific epigenomic changes 

• Analyze oordinated epigenomic changes over enhancers 

• Identify genes and pathways regulated  by the enhancers 

• Identify transcription Factors (TFs) involved in regulating specific branches 

• Map patterns of epigenomic changes over regulated genes 



Identify enhancers with branch-specific 
activation patterns (H3K4me1   ) 

88,609 enhancers with branch-specific H3K4me1 signals clustered 
by Spark 

 Spark : Nielsen CB et al.  Genome Res. (11):2262-9 2012 

Stem cells 

Immune (CD34) 

Mucosa 

Neuronal 

Smooth muscle 

25 Alkeksandar Milosavljevic BCM 



GO analysis of genes associated with 

enhancers activated in the stem cell 

branch 

 GREAT tool from the Bejarano Lab, Stanford 
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GO analysis of genes associated with 
enhancers activated in the B-cell branch 

 GREAT tool from the Bejarano Lab, Stanford 
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 GREAT tool from the Bejarano Lab, Stanford 

GO analysis of genes associated with 
enhancers activated in the T-cell branch 
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 GREAT tool from the Bejarano Lab, Stanford 

GO analysis of genes associated with 

enhancers activated in the keratinocyte  

branch 
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Overlap Score 

C
o

u
n

t 

Sin3a is known to play role in 
muscle differentiation. 

Efb1 is essential for B cell 
development 

Mef2c is required for B cell 
proliferation 

Tal1 plays key role in HSCs self 
renewal and engraftment 

Hnf4a and Hnf4g regulate  
hepatic genes 

Nanog important for ESCs 
self-renewal 

TF overlap with branch-specific enhancers 
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Coordinated changes of epigenomic 

marks in the neuronal branch 

 Spark : Nielsen CB et al.  Genome Res. (11):2262-9 2012 

15,983 enhancers activated specifically in the neuronal branch 
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Branch-specific changes in H3K4me3 
signals over promoters 

Tree branches (lineages) 

GO categories for 
gene sets 
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The data for several of the workshop use cases 
is taken from this publication: 
 

“Functional annotation of the human brain methylome across brain and 
blood". Matthew Davies1, Manuela Volta1, Abhishek Dixit1, Simon Lovestone1, 
Cristian Coarfa2, R. Alan Harris2, Aleksandar Milosavljevic2, Claire Troakes1, 
Safa Al-Sarraj1, Richard Dobson1, Leonard C. Schalkwyk1, Jonathan Mill1* 
Genome Biology, 12:R43, 2012 
 

1Institute of Psychiatry, King’s College London. UK. 2Baylor College of Medicine, Houston, Texas. 
USA. *Corresponding Author:  Dr. Jonathan Mill, Address: Institute of Psychiatry, SGDP Centre, De 
Crespigny Park, Denmark Hill, London.  
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Use Case 1: Genomewide Patterns of Methylation can Distinguish Between Blood, 

Cerebellum, and Cortex 

 

Epigenomic Tracks: 
 -Blood 
 -Cerebellum 
 -Cortex 

ROIs 

Epigenomic Tracks: 
 -Breast Luminal Epithelium 
 -Breast Myoepithelial 
 -Breast Stem Cell 

ROIs 

Use Case 2: Breast Cell Types Cluster Based on Their MeDIP-seq Profiles 
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Use Case 5:  Methylation of some features discriminate tissue 

type better than others   

Epigenomic Tracks 
 -Blood 
 -Cerebellum 
 -Cortex 

ROIs 
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Use Case 9: Coordinated Changes of Epigenomic 

Marks Across Tissue Types  

Collates score tracks into one data matrix, export to Excel  

Scatter plots  
Column headers = experiments 
Rows = ROIs  

Epigenomic Tracks: 
 -H1 cell line 
 -IMR90 cell line 
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Use Case 12:  Determine breast cancer cell type of origin 

“Your” Epigenomic Tracks (RRBS): 
 -Breast Luminal Epithelium 
 -Breast Myoepithelial 
 -Breast Stem Cell 

Public Epigenomic Tracks (MeDIP): 
 -Breast Luminal Epithelium 
 -Breast Myoepithelial 
 -Breast Stem Cell 

LIMMA:  Smyth, G. K. Statistical Applications in Genetics and Molecular Biology (2005) 
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Use Case 13:  Analysis of epigenomic variation in 

breast tumors (Illumina 450K) 

Use Case 13a: Cluster all 16 breast tissue samples  
 
16 450 K Samples (Dedeurwaerder, S.et al. (2011) 
 -8 normal breast samples 
 -8 cancerous breast samples  

ROIs (HCP vs LCP) 
 

LCP 

Tumor 

Normal 

Tumor 

Normal 

HCP 
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Use Case 13:  Epigenomic variation in breast tumors 

Use Case 13b: Compare 450K profiles (8 tumor, 8 normal) against  
                         reference epigenomes from the Epigenome Atlas  
 
16 450 K Samples (Dedeurwaerder, S.et al. (2011) 
 -8 normal breast samples 
 -8 cancerous breast samples  

ROIs 

LCP 

HCP 
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Use Case 13c: Since most breast tumor samples appear to contain excess of blood & immune  
            cells, comparison of normal and tumor tissue may reveal differentially methylated  
            genes (and corresponding pathways). Identify differentially methylated probes,  
            genes, and pathways using LIMMA & online resources 

ROIs 

Gene List 
16 450 K Samples (Dedeurwaerder) 
 -8 normal breast samples 
 -8 cancerous breast samples  

Use Case 13:  Epigenomic variation in breast tumors 
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Use Case 14:  Chip-Seq and RNA-Seq Data Analysis 

BED  
files 

MACS results (file in Genboree) Visualize in Genboree 

H3K4me3, H3K4me1  

Zhang et al, Genome Biology (2008) 
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Use Case 14:  Chip-Seq and RNA-Seq Data Analysis 

Trapnell et al, Nature Biotech (2010) 

Trapnell et al, Nature Biotech (2010) 

Trapnell et al, Bioinformatics (2009) 

FASTQ, 
BAM  
files 

Gene expression diffs (file in Genboree) 

Visualization/pathway analysis 
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3/4/2013 46 



Epigenomic Toolset integrates Spark 

developed by the British Columbia Genome 
Center in Vancouver 

 Spark: 

 Nielsen CB et al.Genome Res. (11):2262-9 2012 
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Various Data Types 
(tracks, files, ROIs, etc) 

Tells the tool 
where to 

deposit results 

Tells the tool to use 
this data/file  

Specific information on 
files/samples selected in 

the “Data Selector” 
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The Genboree Workbench: Web-based Data 

Management & Analysis 



Genboree Workbench:  Create & Manage Collaborations 
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Create & Manage Databases & Projects – Share Data 
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Manage Databases 
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Authorization: Decide How to Share Data 

52 

Share data with anyone with a browser;  assign level of access 

Assign roles 



Data Sharing Option 1: Projects 
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Project Pages (below) and via the Genboree Workbench (next slide) 

access data 



Data Sharing Option 2: Databases, tracks, files, etc. 
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Files/data/tracks accessible via the Data Selector in the Genboree Workbench 



Analysis of private data enabled by  

group-level access control 

Illumina 450K array profiles can be compared 

against methyloms in the Epigenome Atlas 
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Identifying cell type composition of 

tumors 

450K array profiles of breast tumors and adjacent normal tissue by 
Dedeurwaerder, S.et al. (2011) Epigenomics 3(6) 

 
Reference epigenomes: MeDIP-seq data from Human Epigenome 

Atlas, contributed by the UCSF-UBC REMC 

Tumor           Normal 

Immune and 
PBM cells 
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Genomic Toolset developed in collaboration 
with the Baylor Genome Center 

Atlas2 genome resequencing: 

Evani US et al.  BMC Genomics 6:S19 2012 
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• MACS 

• TopHat 

• CuffLiks 

• CuffDiff. 

• …. 
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Other widely used tools are integrated 

within the Genboree Workench 
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As the data volume explodes, physical 
data integration will become impossible 
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Solution: virtual data integration 



Data Ecosystem Model proposed for IHEC 

Individual  
Laboratories 

Epigenomics 
Data  
Coordination  
Centers 
( Tokyo,  
Vancouver,  
Houston ) 

Archives 
( EBI, NCBI, DDBJ,  
  UCSC ) 

IHEC: International Human Epigenome Consortium 

Genboree Servers 
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Virtual integration of reference epigenomes 

across three IHEC Data Centers 

Vancouver 
Steven Jones Tokyo, Toutai Mituyama 

Houston 
EDACC 

 
Houston 

 

Vancouver 
 

Tokyo 
 
 

Samples ( by Type )  

Epigenomic Assays 
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Houston 
EDACC 
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Vancouver, Steven Jones 

Genboree Installations 

Installation in-progress, 
Targeted completion 2Q13 Installation completed, 

Dec 2012 

Toutai Mituyama 

Other locations that use Genboree 
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Genboree on the Commercial Cloud (Rackspace)  

 

A combination of dedicated hosting and elastic  
cloud computing accessible via the  
Genboree Workbench 
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Workshop Evaluation (link) 
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