


Workflow Preservation and 
Reproducibility with BCO-

Research Objects (RO)



• Introduction to BioCompute Objects (BCO)
• Jonathon Keeney

• Introduction to Research Objects (RO)
• Stian Soiland-Reyes

• Introduction of BCO-RO tutorial
• Stian Soiland-Reyes

• Q&A
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Agenda



• If you have questions during the talk, please type them into the chat

• Q&A
• Moderator: Charles Hadley King
• Use “raise hand” feature during Q&A session to ask a question
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Agenda



• What was the purpose of the pipeline?
• What is the context?
• What, exactly, what done?
• What parameters were used?
• What kind of data was being used?
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Problem: Unclear Communication of Analyses



Problems/
Questions/
Issues/
Clarifications

Submit/resubmit

Decision
$ millions of dollars + timeindustry
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Wasted Time and Money



• Example of ad 
hoc solution

• Encompassed 
recommendations 
for both data and 
data processing

• Unstandardized



• Be human readable: like a GenBank sequence record

• Be machine readable: structured information with predefined fields 
and associated meanings of values

• Contain enough information to understand the computational 
pipelines, interpret information, maintain records, and reproduce 
experiments

• Be immutable: ensure information has not been altered
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A solution should…



IEEE approved standard for communicating bioinformatic analysis 
workflows
• Acts like an envelope for entire pipeline

• Can incorporate other standards

• Human and machine readable
• Written in JSON

• Categorized by domains
• Adheres to and encourages F.A.I.R. principles

• Fully open source
• Adaptable

• e.g. to other schemas
• Preserves data provenance
• Unique IDs for versioning

Introduction to BioCompute

Solution: BioCompute



Experimental Design

Parameters
Data Source

Results

Error

Attribution

Solution: BioCompute

…

Analysis Steps



Standardizes report
content

Experimental Design

Parameters
Data Source

Results

Error

Attribution

Machine readability enables customized views

Solution: BioCompute

…

BioCompute streamlines reporting 
without enforcing any tool, platform, or 
workflow strategy.

Analysis Steps
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object_id : https://beta.portal.aws.biochemistry.gwu.edu/bco/BCO_00016916
spec_version : https://w3id.org/ieee/ieee-2791-schema/
etag : fea7e938e6bdf9a2cfcba7fa02f5a5fc3973dccb0b03a64319e1ee29966a5b6b

provenance_domain :
embargo :
created :  2020-08-04T23:50:56.016Z
modified :  2020-08-04T23:50:56.016Z
name :   Human Healthy Bulk RNA-seq Expression (Bgee)
version :  v-1.0
obsolete_after :  2020-04-22T23:57:00.000Z
contributors :

contribution :
createdBy

name :  Amanda Bell
email :  amandab2140@gwu.edu
affiliation :  GW HIVE-Lab
orcid :  http://orcid.org/0000-0002-9920-565X

license :  Attribution 4.0 International CC BY 4.0
description_domain :

keywords :
Gene Expression
Gene Expression Regulation
Tissue specificity

xref :
namespace :  ensembl
name :  Ensembl Genome Browser
ids :

Ensembl gene ID
access_time :  2020-04-22T14:03:00.000Z

platform :
OncoMX

pipeline_steps :
step_number : 1
name :  oncomx server
prerequisite :

uri :
description :  Process data
input_list :

error_domain : 
empirical_error: 

D168Y: percentage: 0.56, calls: 0.5615, STDEV.P: 0.00075
algorithmic_error:

SCORE_threshold: 0.5, QUALITY: 25, COVERAGE: 5000

parametric_domain :
param :  grep
value :  -r
step :  1

execution_domain :
environment_variables :

key :  EDITOR
value :  vim
key :  HOSTTYPE
value :  x86_64-linux

external_data_endpoints :
url :  https://data.oncomx.org/ONCOMXDS000012
name :  Human Healthy Bulk RNA-seq Expression (Bgee)

script :
uri :

filename :  make-dataset.py
uri :  http://data.oncomx.org/ln2wwwdata/software/pipeline/integrator/make-

dataset.py
access_time :  2020-04-22T14:28:00.000Z

software_prerequisites :
uri :

filename :  shell
uri :  https://www.python.org/download/releases/2.7.5
access_time :  2020-04-22T14:30:00.000Z

name :  Python
version :  2.7.5

script_driver :  Python
io_domain :

input_subdomain :
uri :

filename :  Homo_sapiens_UBERON:0000066
uri :  

http://data.oncomx.org/ln2wwwdata/downloads/bgee/current/Homo_sapiens_UBERON:0000066
_AFFYMETRIX_RNA_SEQ.tsv

access_time :  2020-04-22T20:44:00.000Z
output_subdomain :

uri :
filename :  human_normal_expression.csv
uri :  https://data.oncomx.org/ONCOMXDS000012
access_time :  2020-04-22T20:50:00.000Z

mediatype :  TEXT/CSV
extension_domain :

dataset_categories :
category_value :  Homo sapiens
category_name :  species
category_value :  normal
category_name :  disease_status

extension_schema :  https://data.oncomx.org/ONCOMXDS000012
usability_domain :

List of human  taxid:9606  genes with healthy RNA-Seq and Affymetrix expression data 
in Bgee; additional documentation available at 
(https://github.com/BgeeDB/bgee_pipeline/tree/develop/pipeline/collaboration/onco
MX#information-about-the-files-generated-for-oncomx) Only the subset of RNA-Seq
data are used to generate the expression profiles for healthy individuals for 
human used by OncoMX.

Provenance
Domain

Metadata

Description
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Error Domain
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Execution
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IO
Domain

Extension
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Usability
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https://data.oncomx.org/ONCOMXDS000012
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BioCompute participants



Institute of Electrical and Electronics 
Engineers Standard 

“BioCompute” 2791-2020 approved January 
2020

Standardization
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https://standards.ieee.org/content/ieee-standards/en/standard/2791-2020.html

https://standards.ieee.org/content/ieee-standards/en/standard/2791-2020.html
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