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Diseases,	platforms,	and	data	types	of
The	TCGA

33	diseases

50	platforms

19	data	types

Multi-assay	experiments	can	be	complex



Why	Bioconductor?

1,400	packages	on	a	backbone	of	data	structures

The	Genomic	Ranges	algebra

Huber,	W.	et	al. Orchestrating	high-throughput	genomic	analysis	with	
Bioconductor.	Nat.	Methods 12, 115–121	(2015).

The	integrative	data	container	SummarizedExperiment



The	need	for	MultiAssayExperiment

Need	a	core	data	structure	to:
– harmonize	single-assay	data	structures
– relate	multiple	assays	&	clinical	data
– handle	missing	and	replicate	observations
– accommodate	ID-based	and	range-based	data
– support	on-disk	representations	of	big	data



MultiAssayExperiment	design

Credit:	Marcel	Ramos



The	MultiAssayExperiment	API

Credit:	
Marcel	Ramos



TCGA	as	MultiAssayExperiments

Access	from	www.github.com/waldronlab/MultiAssayExperiment

…...	33	cancer	types



Ramos	et	al.,	Software	for	the	integration	of	multi-omics	experiments	in	Bioconductor	(submitted).		

For	building	visualizations

Upset Venn	diagram	for	adrenocortical	carcinoma	TCGA

> data(miniACC)
> upsetSamples(miniACC)



Ramos	et	al.,	Software	for	the	integration	of	multi-omics	experiments	in	Bioconductor	(submitted).		

For	multi-omics	analysis

> mae <- mae[, , c("Mutations", "gistict")]
> mae <- intersectColumns(mae)
> mae$cnload <-

colMeans(abs(assay(mae[["gistict"]])))

Davoli	et	al.	Tumor	aneuploidy	correlates	
with	markers	of	immune	evasion	and	
with	reduced	response	to	immunotherapy.	
Science	355,	(2017).



Ramos	et	al.,	Software	for	the	integration	of	multi-omics	experiments	in	Bioconductor	(submitted).		

For	integrating	remotely	stored	data

> st <- ldblock::stack1kg() #Create	a	URL	referencing	1000	genomes	content	in	AWS	S3
> multiban <- MultiAssayExperiment(

list(meth = banovichSE, snp = st),
colData = colData(banovichSE))

> multibanfocus <- multiban[rowRanges(banovichSE)[“cg04793911”], ]
> assoc <- cisAssoc(multibanfocus[[“meth”]],

TabixFile(files(multibanfocus[[“snp”]])))

Using	tabix-indexed	SNP	VCFs	
from	1000	genomes
on	Amazon	S3

credit:	Vince	Carey



Demo	video

https://youtu.be/XziAMLf_AYI



Future	work

• Distribute	TCGA,	cBioPortal	through	ExperimentHub
– integrating	clinical	data	and	supplemental	data	in	MAE

• Recognize	relationships	between:
– genomic	ranges	– gene	IDs	– microRNAs	– proteins
– regulatory	elements
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