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$ fastq-dump -X 2 SRR001666 --split-3
Read 2 spots for SRR001666
Written 2 spots for SRR001666
$ head SRR001666_1.fastq SRR001666_2.fastq
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@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
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+SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII9IG9IC
@SRR001666.2 071112_SLXA-EAS1_s_7:5:1:801:338 length=36
GTTCAGGGATACGACGTTTGTATTTTAAGAATCTGA
+SRR001666.2 071112_SLXA-EAS1_s_7:5:1:801:338 length=36
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII6IBI

==> SRR001666_2.fastq <==
@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
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+SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
IIIIIIIIIIIIIIIIIIIIDIIIIIII>IIIIII/
@SRR001666.2 071112_SLXA-EAS1_s_7:5:1:801:338 length=36
AGCAGAAGTCGATGATAATACGCGTCGTTTTATCAT
+SRR001666.2 071112_SLXA-EAS1_s_7:5:1:801:338 length=36
IIIIIIIIIIIIIIIIIIIIIIGII>IIIII-I)8I
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Ancestry
Cancer
Microbiome
Disease correlation
Agriculture
Synthetic biology
Livestock
Metagenomics
Personalized medicine
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HTS Data Flows



Strain of animal
Tissue type
Protein Lot Number
Humidity
Microscope
…

Input

Output

Analogy: wet lab experiments
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Challenge: Workflow Communication



Problems/
Questions/
Issues/
Clarifications

Submit/resubmit

Decision
$ millions of dollars + timeindustry
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Wasted Time and Money





• 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

Introduction to BioCompute

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
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Solution: BioCompute



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.
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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 : None

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
Domain

Error Domain

Parametric Domain

Execution
Domain

IO
Domain

Extension
Domain

Usability
Domain

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



Institute of Electrical and Electronics 
Engineers Standard 

BioCompute P2791-2020 approved January 
2020

Standardization

Introduction to BioCompute

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

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




BioCompute Schema Files
https://opensource.ieee.org/2791-object/ieee-2791-schema/

https://opensource.ieee.org/2791-object/ieee-2791-schema/


BioCompute Schema Files
https://opensource.ieee.org/2791-object/ieee-2791-schema/

https://opensource.ieee.org/2791-object/ieee-2791-schema/


• Abstract away workflow based on commonalities
• Platform/tool/protocol independent

• Usability Domain
• Free text description

• Data provenance
• Data manifest, track files from beginning to end
• Track user attribution (“authoredBy,” “contributedBy,” “reviewedBy,” etc.)

• Verification Kit
• Error Domain + IO Domain
• Sanity check: given the input files and the inherent error, is the output this 

analysis claims to have gotten valid?
• Extensible

• Extension Domain
• Open source repository

• Embargo Domain
• Prevent others from viewing a BCO for any amount of time

Key Features of a BCO



• Workflow is abstracted

• Strong provenance and user attribution
• Features are native to BCO

• Extensible
• Unique features of datasets can be captured without losing the 

benefits of standardization

BCOs for Biocuration

Within environment:

[ Input → transformation steps/parameters → output ]

+ Relevant annotation



• Data can be worked with programmatically
• Know exactly what kind of data to expect and in exactly what format

• Standardization of data curation for teams
• OncoMX consists of multiple geographically distributed individuals

• Flexibility
• BCOs standardize a workflow description while preserving the ability 

to describe all of the unique features of curation

Advantages
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PLACEHOLDER

https://biocomputeobject.org/

https://biocomputeobject.org/landing.html


BioCompute Portal 

https://portal.aws.biochemistry.gwu.edu/sign-in

Introduction to BioCompute

https://portal.aws.biochemistry.gwu.edu/sign-in


Jonathon Keeney, Ph.D.
Assistant Research Professor

The George Washington University
keeneyjg@gwu.edu

Contact

mailto:keeneyjg@gwu.edu
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