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NOTE: Due to coding changes for chronic lower respiratory diseases (CLRD) between ICD–9 and ICD–10, which prevent the direct comparison of trends 
prior to 1998 and after 1999, rates for CLRD are only shown for 1999 onwards. 

SOURCE: NCHS, Health, United States, 2016, Figure 8. Data from the National Vital Statistics System (NVSS). 

Leading	causes	of	death	is	the	US
Background



More	than	90% of	cancer	
patients	carry	a	mutation	that	
may	be	responsive	to	a	known	
drug	

Mark	Rubin,	Weill	Cornell	Medical	College	and	NewYork-Presbyterian	
Hospital	in	New	York	in	Nature,	April,	2015

Background



Background

§ Trying	to	find	a	single	causative	gene	
for	diseases	with	a	complex	genetic	
background	is	like	looking	for	the	
proverbial	needle	in	a	haystack

- Dr.	Nancy	Cox	
President	of	American	Society																				
of	Human	Genetics
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Big	Biomedical	Data	Sources
Background
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Genes	can	be	regulated	by	TFs,	histonmodification,	
Dnase I	hypersensitivity	 (DNAse-seq)

https://www.encodeproject.org/

Introduction



Big	Data	Challenges	in	
Transcriptional	Regulatory	Network	Analysis	(TReNA)

§ Identifying	and	transferring	raw	data	objects

• BDBag and	minid
§ Building	and	optimizing	workflows

• Shell	scripting	to	drag/drop	tool	box,	File	I/O

§ Scalable	data	analysis	on	cloud
• Batch	submit,	Monitor	jobs

Background



What	is	TReNA? DNase footprinting SRA

PLINK

Integrated tissue-
specific
transcriptional
regulatory network

ROADMAP
(11 human samples)

ENCODE
(26 human)

FASTQ BAM hotspots footprints

F-SeqSNAP

Map sequence motif instances
• ~700 distinct sequence motifs
• Run once per genome assembly

motif PWMs motif
instances

JASPAR

MEME

TRANSFAC

FIMO

Tissue-specific TF
binding sites

TF DNA-binding
domain families

Gene
models

Normalized
gene
expression
data

bedtools intersect

microarrays

R TReNA

“physical” TF-target
gene network

FASTQRNA-seq

Tissue-specific transcriptomics data

TReNA
Differentially
expressed genes

R limma

R trena

Master regulator TFs

Annotation file for
genomic regions (.bed)

R trena

summary
statistics

VCF

tped

vcftools

Risk
haplotypes

1000 Genomes Genetic associations

igvR

Functional predictions
about genetic variants

(calc. LD
structure)

differentially
expressed sub-
networks

regulatory genetic variation
associatedwith disease risk

GWAS

.cel

ENSEMBL

ENSEMBL

Wellington
HINT
PIQ

Identifying	sites	for	
DNA-Protein	interactions

Gene	expression

Disease	association



DNA-binding	data	in	ENCODE

§ DNAse-seq,	FAIRE-seq,	and	ATAC-seq for	the	hypersensitive	site
§ Total	number	of	tissues:	27	(lymphoblast,	brain,	skin,	etc)
§ Total	number	of	patient	samples:	206
§ Total	number	of	fastq files:	1379
• Each	patient	sample	has	a	few	to	many	replicates

§ Total	size	of	the	raw	data:	2.5	TB	

Dataset



Frustration



Happiness



BDDS	Solutions:	
Enabling	TReNA – BDBag

https://github.com/ini-bdds/bdbag

Identifying and transferring raw data objects: create a BDBag per tissue

Lymphoblast	
metadata



Enabling	TReNA – BDBag

https://github.com/ini-bdds/bdbag

Identifying and transferring raw data objects: BDBag with minid



BDDS	Solutions:	
Enabling	TReNA – Analysis	pipelines

https://bdds.globusgenomics.org/

§ Take	a	tissue	sample	bag	(i.e.	brain,	skin,	etc)	
§ Submit	each	bag	to	the	alignment	with	the	latest	human	reference	

genome	GRCh38
§ Merges	samples	that	are	from	the	same	patient	group

Identifying and transferring raw data objects: BDBag to SNAP alinger workflow



Identifying and transferring raw data objects: BDBag to SNAP alinger workflow
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Building and optimizing workflows : BDBag to DNA footprints workflow
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Building and optimizing workflows : tool optimization (PIQ)
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https://bdds.globusgenomics.org/

BDDS	Solutions:	
Enabling	TReNA – Analysis	pipelines

• Run	at	scale	with	batch	
submit to	accelerate	
the	performance

• Upon	job	completion,	
the	monitor	batch	jobs	
tool	collects	all	the	
final	output	

Scalable data analysis on cloud : Batch submit



bdds.globusgenomics.org

Scalable data analysis on cloud : Batch submit



Dnase	Hypersensitivity	Analysis

Overall workflow
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Results	from	TReNA analysis

§ Total	number	of	tissues:	27
§ Total	number	of	patient	samples:	206
§ Total	number	of	fastq files:	1379
§ Total	size	of	the	raw	data:	2.5	TB	
§ Number	of	new	tools	added:	20
§ Number	of	HPC	workflows	created:	11
§ Number	of	compute	hours	for	alignment:	24,000	CPU	hours
§ Number	of	compute	hours	for	footprinting:	150,000	CPU	hours
§ Number	of	databases	created:	106

§ Notably,	all	the	work	was	completed	within	two	weeks	which	was	originally	
expected	for	several	months

Summary


