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Key features of transcriptional regulation

Visel et al. Nature 2009, 461(7261), 199–205
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Mapping the chromatin structures of 

gene regulation (i.e. epigenomics)
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Transcription factors control downstream cancer 

networks through cis-regulatory elements

Oncogenic cues or signaling pathways

Modified from ScienceBlogs

Slide from Ben Berman

PROMOTERS/

ENHANCERS
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DNA methylation is a popular chromatin biomarker, 

but often treated as a black box

• Highly stable covalent modification

– Degraded DNA (e.g. FFPE) can be assayed with minimal loss 

of accuracy

– Cell-free DNA can be detected in blood with high sensitivity

• Unlike other methods, bisulfite converts epigenetic 

states into Single Nucleotide Variants

– Highly accurate estimation of percent cells methylated

– Multiple “SNVs” per read in NGS provide even greater accuracy 

– SNP array technology (Infinium bead arrays)
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Cancer chromatin structures that can be 

identified by DNA methylation
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Subtype-specific enhancers identified 
by WGBS of 34 MDB tumors

Enhancer DNA methylation identifies cellular origins 

of pediatric medulloblastoma subtypes

2014

Slide from Ben Berman

2016

Methylation
German Cancer Center (DKFZ)
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Slide courtesy Hui Shen (Van Andel Research Institute)

Infinium array and WGBS are the most 

popular genome-scale methylation assays

pryosequencing
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Inferring altered transcription factor networks 

in cancer with expression + methylation
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ELMER
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Oncogenic cues or signaling pathways

Expression only network approaches
-Many network inference algorithms have 
been developed

-Problem: They can not distinguish direct vs. 
indirect TF target genes

Yao et al., Genome Biology 16:105 (2015)

Modified from ScienceBlogs

ENHANCERS

R/BIOCONDUCTOR TOOLS FOR DNA METHYLATION ANALYSIS

ELMER - Enhancer Linking by 
Methylation/Expression Relationships

1.Identify enhancers by methylation
2.Infer downstream target genes by 
RNA-seq
3.Infer upstream regulatory TFs by 
RNA-seq
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ELMER

Lijing Yao, Peggy Farnham, Ben Berman

Inferring altered transcription factor networks 

in cancer with expression + methylation
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BioConductor toolkit for DNA methylation analysis



TCGAbiolinks to import TCGA datasets
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Collaboration with Tiago Silva and Houtan Noushmehr



TCGAbiolinks provides both programatic and 

GUI interfaces
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Tiago Silva
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Understanding how genetic alterations affect 

transcriptional networks

Oncogenic cues or signaling pathways

X

“Trans” cancer mutations
-~25% of cancer driver genes 
from TCGA are TFs: P53, MYC, 
WT1, GATA3, FOXA1, RUNX1, 
NFE2L2, etc.

Modified from ScienceBlogs

Slide from Ben Berman
EFFECTS OF GENETIC ALTERATIONS ON TRANSCRIPTIONAL NETWORKS

Can affect many 
downstream targets
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Effects of trans TF mutations on cancer networks

TF network signature
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Example: Lung squamous (LUSC) mutations in NFE2L2

Lijing Yao

EFFECTS OF GENETIC ALTERATIONS ON TRANSCRIPTIONAL NETWORKS



Oncogenic cues or signaling pathways

Modified from ScienceBlogs

Slide from Ben Berman
EFFECTS OF GENETIC ALTERATIONS ON TRANSCRIPTIONAL NETWORKS

Expression signature of 
ELMER-predicted targets

ISB Cancer Genomic Cloud

Trans TF mutation

NFE2L2 network signatures in NFE2L2 pathway 

mutant cases
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538
LUSC
cases

NFE2L2 enhancers
379 inferred NFE2L2 

target genes from ELMER

Nicole Yeager and Lijing Yao

510
LUAD 
cases

EFFECTS OF GENETIC ALTERATIONS ON TRANSCRIPTIONAL NETWORKS
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Cis alterations to transcriptional networks

Oncogenic cues or signaling pathways

X

“Trans” cancer mutations
-~25% of cancer driver genes 
from TCGA are TFs: P53, MYC, 
WT1, GATA3, FOXA1, RUNX1, 
NFE2L2, etc.

Modified from ScienceBlogs

Slide from Ben Berman

PROMOTERS/

ENHANCERS
X

“cis” cancer regulatory 
mutations
-Cancer GWAS hits fall in 
enhancer elements (MYC 
enhancer in CRC)

-Somatic regulatory 
mutations (TERT promoter in 
melanoma, PAX5 enhancer in 
CLL)

EFFECTS OF GENETIC ALTERATIONS ON TRANSCRIPTIONAL NETWORKS
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Transcription factor binding site analysis of cis mutations

EFFECTS OF GENETIC ALTERATIONS ON TRANSCRIPTIONAL NETWORKS



FunciSNP to analyze GWAS cis variants
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Simon Coetzee
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motifbreakR to predict effects of TF 

binding site variants
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Simon Coetzee and Dennis Hazelett
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motifbreakR output
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Simon Coetzee and Dennis Hazelett
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Often, DNA methylation changes are 

presented as a black box

Huy Dinh and Simon Coetzee
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114 OVCA
tumors

216 normal 
fallopian tubes

Nature. 2015 May 

28;521(7553):489-94. doi: 

10.1038/nature14410.

“Whole-genome 

characterization of 

chemoresistant ovarian ca

ncer.”

Nat Commun. 2016 May 

24;7:11620. doi: 

10.1038/ncomms11620.

“Epigenetic 

reprogramming of fallopian 

tube fimbriae in BRCA 

mutation carriers defines 

early ovarian cancer 

evolution.”

Data From

8,071 
hypomethylated
probes

But what do they 
mean ??????????

FUNCTIONAL ANNOTATION OF DNA METHYLATION CHANGES

http://www.ncbi.nlm.nih.gov/pubmed/26017449
http://www.ncbi.nlm.nih.gov/pubmed/27216078


Using reference epigenomes to annotate 

methylation changes
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Simon Coetzee and Dennis Hazelett

StateHub: A standard exchange format for 

combinatorial chromatin states

StateHub
• Rule-based states
• User-submitted states
• Fully versioned for 

reproducible and 
comparable results

https://github.com/Junkdnalab/StateHub
https://github.com/Junkdnalab/StatePaintR

FUNCTIONAL ANNOTATION OF DNA METHYLATION CHANGES

https://github.com/Junkdnalab/StateHub
https://github.com/Junkdnalab/StatePaintR
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Summary

• DNA methylation can identify cancer changes in 
transcriptional regulatory elements and regulatory 
networks (ELMER)

• Next step – tool integration to investigate trans and cis
mutations affects on TF networks

• StateHub: A standard exchange format for combinatorial 
chromatin states, for annotating function of methylation 
changes

• All R/BioConductor links available at 
https://www.bioconductor.org/

• BioConductor, GitHub & Docker links available  
http://junkdnalab.org
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https://www.bioconductor.org/
http://junkdnalab.org/

