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Reproducibility requires continuous FAIRness

• Make all data findable, accessible, interoperable, reusable at every 
stage, via pervasive use of simple identifier and exchange format 
conventions

• Build on proven security, data, identifier, and computation building 
blocks that have large user communities inside and outside 
biomedicine

• Leverage industry best practices to meet scalability, 
interoperability, sustainability, and reliability needs 



Interoperability: naming and exchange

Minid
• Lightweight identifiers for any product 

at any stage

• Easily created, dereferenced, validated

• Global integrity – validate content 
across the commons 

BDBag
• Self-describing and flexible format for 

exchange
• Extended BagIt Specification
• Standard manifest representation that 

supports different protocols
• Research Object metadata

Data
File1 2AG230..
File2 A31FDC..     FTP
File3 D0F142..     HTTP
…

Minid 001

Minid 007

Minid 719

Research Object
Attribution, 
provenance, 

Metadata





Generation of TFBS Atlas
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• Uniform processing of next generation 
sequencing data
• Align to reference genome
• Identify DNase hypersensitve

regions
• Apply multiple footprinting

algorithms to locate putative 
transcription factor binding sites 
(TFBSs)

• Evaluate confidence in putative TFBSs
• Use TFBSs as features for machine 

learning approaches applied to 
disease-specific research



Extract 
DNAse-seq

(encode2bag)
DNase

-seq
DNase-

seq

Foot 
prints

Foot 
prints

27 BDBags: 
1 per tissue type
2,555 BAM files
2.4 TB

54 BDBags: 1 per {tissue, seed}
386 BAM files
5.3 TB

54 BDBags
108 files
40.8 GB

Align
mentsTFBSs

Hits

Align
(SNAP-aligner)

Merge
(Samtools)

Alignment (Globus Genomics)

Align
ments

Align
ments

Find motifs 
in GRCh38 

(FIMO)

Intersect 
motifs, 

footprints

Annotate 
footprints 
by motif

TFBS inference (R)

ark:/57799/b97957

ark:/57799b9v398

ark:/57799/b9vx04

1 database dump
32 GB

1 2

Identify open 
chromatin

(F-Seq)

Find footprints
(Wellington)

Find footprints
(HINT)

Ensemble footprinting (Globus Genomics)

3

4 5

ark:/57799/b9dt2t

54 BDBags: 1 per 
tissue/seed
108 database 
dump files: 1 per 
tissue/seed/ftprint
350 GB

Motifs

1 text file
1 MB

ark:/57799/b9496p



2nd Layer

Sub-Workflow for generating DNase footprints

Sub-Workflow for sequence alignment and BAM merge

Sub-Workflow for replicate alignment

D

DFoot-
prints

HINT Footprints

Dnase-
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Align-
ments

Footprints Master WorkflowA B

C
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Reproducibility

1) Datasets

1) Tools



Summary

• Complexity and level of effort increases with size of the data, 
computation, analysis team
• TFBS example: big data (~10 TB), parallel computing (70K core hours), 

distributed data and processing, handful of researchers …

• Continuous FAIRness requires various tools & services
• Identifiers, BDBags, ROs, Containers, 

• Globus, Globus Genomics, GitHub

• User Study
• 10/11 students and researchers were able to reproduce this study without 

assistance


