
BioCompute Workshop for Reviewers: 
Tool for Communicating

Sequencing Analysis

Raja Mazumder, Ph.D.
Principal Investigator

Professor, GW
Chair, BioCompute Executive Steering Committee

mazumder@gwu.edu

Jonathon Keeney, Ph.D.
Co-Investigator

Assistant Research Professor, GW
Managing Director, BioCompute Executive Steering Committee

keeneyjg@gwu.edu 

Hadley King, M.S.
Operational Lead

Chair, BioCompute Technical Steering Committee
hadley_king@gwu.edu

Janisha Patel, M.S.
Training Lead

Technical Writer
janishapatel@gwu.edu

http://gwu.edu
http://gwu.edu
http://gwu.edu
http://gwu.edu


• Welcoming Remarks
• Introduction to BioCompute
• User Story: Athena DDL Pipeline
• Mock Evaluation of a Submission 
• Usage Examples

• Usability Domain
• Extension Domain
• Error Domain

• BCO Resources 
• Use Case Gathering
• Q&A

Agenda



1. Introduce BioCompute Objects (BCO) for computational analysis 

2. Explain BioCompute vocabulary 

3. Introduce the application and utility of BCOs 

4. Demonstrate how BCOs would be used in the context of FDA review of       
NGS data in regulatory submissions through a mock evaluation of a 
submission and additional use case examples.

5. Provide BioCompute resources for future reference

Goals of this Workshop



Introduction to BioCompute



$ fastq-dump -X 2 SRR001666 --split-3
Read 2 spots for SRR001666
Written 2 spots for SRR001666
$ head SRR001666_1.fastq SRR001666_2.fastq
==> SRR001666_1.fastq <==
@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+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
AAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+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

$ fastq-dump -X 2 SRR001666 --split-3
Read 2 spots for SRR001666
Written 2 spots for SRR001666
$ head SRR001666_1.fastq SRR001666_2.fastq
==> SRR001666_1.fastq <==
@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+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
AAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+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

$ fastq-dump -X 2 SRR001666 --split-3
Read 2 spots for SRR001666
Written 2 spots for SRR001666
$ head SRR001666_1.fastq SRR001666_2.fastq
==> SRR001666_1.fastq <==
@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+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
AAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+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

$ fastq-dump -X 2 SRR001666 --split-3
Read 2 spots for SRR001666
Written 2 spots for SRR001666
$ head SRR001666_1.fastq SRR001666_2.fastq
==> SRR001666_1.fastq <==
@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+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
AAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+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

Ancestry
Cancer
Microbiome
Disease correlation
Agriculture
Synthetic biology
Livestock
Metagenomics
Personalized medicine

Introduction to BioCompute

NGS Data Flows



Strain of animal
Tissue type
Protein Lot Number
Humidity
Microscope
…

Input

Output

Analogy: wet lab experiments
Introduction to BioCompute

Challenge: Workflow Communication



Problems/
Questions/
Issues/
Clarifications

Submit/resubmit

Decision
$ millions of dollars + timeindustry

Introduction to BioCompute

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 (e.g. CWL)

• Built in collaboration with the FDA
• 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



• 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 (authored by, contributed by, reviewed by, etc.)

• Validation 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 Field
• Prevent others from viewing a BCO for any amount of time

Key Features of a BCO



Parametric
domain

Introduction to BioCompute



Institute of Electrical and Electronics Engineers 
Standard 

IEEE 2791-2020 approved January 2020

IEEE Standard

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/


Platforms with BioCompute Integration

Introduction to BioCompute



BCO Timeline 

Introduction to BioCompute



Introduction to BioCompute

BioCompute participants



Introduction to BioCompute

2019

Results released:
March 2020



Mock Clinical Trial

Athena DDL HCV1a Variant 
Profiling



Proof of Concept: 
Mimic real clinical trial FDA submission to determine if 
BioCompute could facilitate the submission process by: 

• Clearly communicating with regulatory agencies
• Aid to show the high-quality sequencing results 

appropriately

Proof of Concept

User Story



DDL Athena NGS pipeline: viral drug resistance mutation analyses

User Story

Pipeline: 

MK-3682B in Hepatitis 
C (GT1 or GT3) patients 
who have failed a DAA 
(Direct Acting Antiviral 
Regiment)

For more information on pipeline: https://clinicaltrials.gov/ct2/show/NCT02613403?term=MK-3682B&cond=HCV&rank=1

https://clinicaltrials.gov/ct2/show/NCT02613403%3Fterm=MK-3682B&cond=HCV&rank=1


Methods
• Replicate a real clinical trial using synthetically generated 

data made to resemble real biological data. Two separate 
analyses executed to simulate:

1) pharmaceutical submission to the FDA
2) simulate the FDA review

• BioCompute was utilized as the tool for communication of 
analysis and used for comparison of final results

DDL Athena NGS pipeline: viral drug resistance mutation analyses

User Story

1. Athena BCO 2. FDA BCO

BCO BCO



Mock Evaluation of a Submission



Usage Examples



Usage Example 1

Usability Domain

Usage Examples



Usability Domain: searchability and usability
BioCompute Usability Domain is used to
facilitate searchability and communicate BCO’s usability 

Usability Domain
• Provides a space for the author to define the usability domain of the BCO
• helps determine when and how the BCO can be used.

Usage Example 1



Comparative abundance of microbial 
strains associated with diet change in 
epileptic patients

Step 1: CensuScope – MAPPING

Manual QC Steps

Step 2: Hexagon – ALIGNMENT

Usage Example 1

Usability Domain: QC Steps



Manual QC steps can be 
be represented in both 
Usability Domain OR 
Description Steps

Usability Domain: Metagenomic Analysis

Usage Example 1

…provided the data is 
not changed as a result 
of these QC steps!



Usage Example 2

Extension Domain



• Reveal all parameters
• A full parameter list can be used 

to show all the parameters that 
were changed, not just the 
default parameters that are in 
the base BCO.
• Can also be used for application-

specific needs.

“parametric_domain”: [
{

“is_default”: true,
“param”: “Minimum match length”,
“value”: 50,
“step”: 1

},
{

“is_default”: false,
“param”: “Conflict resolution method”,
“value”: “Markovnikov rule”,
“step”: 1

}
]

Extension Domain: Expose all Parameters

Usage Example 3



• Separate container for 
references
• Write for desired style (e.g. APA)

“bibliography_domain”: [
{

“journal-article-title: {
"A perspective on judgement and 
choice: Mapping bounded 
rationality.“

}
},
{

“journal-article-authors: {
[“Daniel Kahneman”]

}
},
{

“journal-article-journal_name: {
“American Psychologist.”

}
},

Extension Domain: Bibliography Domain

Usage Example 3



• Container for additional content
• Not required for computational analysis
• Possibly still relevant for analysis comprehension

“supplementary_domain”: [
{

“appendix_a”: 
https://docs.google.com/spreadsheets/d/1B3BrdD2ypRT0jk1wHyWU9xciVCyExGBruWw-
txazE9s/edit?usp=sharing,

“description”: “Google drive template for a Gantt Chart”
}

]

Extension Domain: Supplementary Domain

Usage Example 3

https://docs.google.com/spreadsheets/d/1B3BrdD2ypRT0jk1wHyWU9xciVCyExGBruWw-txazE9s/edit%3Fusp=sharing


Usage Example 3

Error Domain



• Range of outputs that are within a 
defined tolerance level 

• Can be used to optimize or verify 
algorithm

• Consists of two subdomains: 

empirical and algorithmic

Error Domain: acceptable range of variability
BioCompute Error Domain is 
used to evaluate a pipeline’s 

accuracy and precision



Contains empirically determined values such as:
• limits of detectability
• false positive rates
• false negatives rates
• statistical confidence of outcomes

Error Domain: empirical error

Usage Example 2



Can be measured by:
• running the algorithm on multiple 

data samples of the usability 
domain
• carefully designed in-silico data. 

For example: 
In-silico samples run through the 
pipeline to determine the false 
positives, negatives, and limits of 
detection.

Error Domain: empirical error

Usage Example 2



Error Domain: algorithmic error
• Descriptive of errors that originate by: 
• fuzziness of the algorithms
• driven by stochastic processes in dynamically parallelized multi-threaded executions
• in machine learning methodologies where the state of the machine can affect the 

outcome. 

• This can be measured by:
• re-running analysis on random subset of the data
• modeling of accumulated errors to generate confidence values. 

• For example, bootstrapping is frequently used with stochastic simulation-based 
algorithms to estimate statistically significant variability for the results.

Usage Example 2



Verification Kit 
The IO and Error Domain 
compose the VERIFICATION KIT

Purpose: to demonstrate the accuracy of 
NGS data analysis workflow

Includes:
• A small set of input and output 

files
• Complete BCO with Error 

Domain

Yields:
• An easy way to verify a 

pipeline for replication and 
understanding

• Confidence in results reported 
by pipeline

Usage Example 2



BCO Resources



Cheat Sheet



Resources:
Extension Domains are custom designed to specific needs, and will vary heavily by need and user 
experience with developing and working with schemas. The BioCompute team can help develop 
custom Extension Domains for specific needs.
Contact: keeneyjg@gwu.edu, hadley_king@gwu.edu, janishapatel@gwu.edu, mazumder@gwu.edu

Examples for User-Defined Extension Domains
The extension domain is a user-defined field that can be used to include additional information not recorded anywhere else in 
the BCO.

BCO Cheat Sheet
For FDA Reviewers and administrators

A bibliography domain can be created to keep track of all references, and 
to give them an identifier to refer to in the BCO.

A full parameter list can be used to show all 
the parameters that were changed, not just 
the default parameters that are in the base 
BCO. It can also be used for application-
specific needs.

A supplementary domain can be created to track any files that are not 
input/output files, but which may be relevant for understanding the BCO.

Example 2: Bibliography DomainExample 1: Expose All Parameters

Example 3: Supplementary Domain
“parametric_domain”: [

{
“is_default”: true,
“param”: “Minimum match length”,
“value”: 50,
“step”: 1

},
{

“is_default”: false,
“param”: “Conflict resolution method”,
“value”: “Markovnikov rule”,
“step”: 1

}
]

{
"title": “On the Tendency of Varieties to Depart Indefinitely from the Original 

Type",
“book-authors": { “examples”: [“Alfred Russel Wallace, Charles Darwin"] }

},

“supplementary_domain”: [
{

“appendix_a”: 
https://docs.google.com/spreadsheets/d/1B3BrdD2ypRT0jk1wHyWU9xciVCyExGBruWw-
txazE9s/edit?usp=sharing,

“description”: “Google drive template for a Gantt Chart”
}

]

Back side

https://docs.google.com/spreadsheets/d/1B3BrdD2ypRT0jk1wHyWU9xciVCyExGBruWw-txazE9s/edit%3Fusp=sharing


Versioning is based on “Semantic 
Versioning”

major.minor.patch

Patch
Use for editorial corrections

Minor
Use for addition of material, like a 
reviewer block

Major
Not allowed in BCO, value omitted

{
"reviewer": {

"name": “Josiah Carberry",
"affiliation": “FDA",
"email": “jcarberry@fda.hhs.gov",
"contribution": [

"curatedBy"
],
"orcid": https://orcid.org/0000-0002-1825-0097

},
"status": "reviewed"

}

2.4.11

"authoredBy" Agent that originated or gave existence to the work that is expressed by the digital resource.

"contributedBy" Agent that provided any sort of help in conceiving the work that is expressed by the digital 
artifact.

"createdAt" The geo-location of the agents when creating the resource.

"createdBy" Agent primarily responsible for encoding the digital artifact or resource representation. This 
creation is distinct from forming the content, which is indicated with pav:contributedBy or its 
subproperties.

"createdWith" The software/tool used by the creator (pav:createdBy) when making the digital resource.

"curatedBy" Agent specialist responsible for shaping the expression in an appropriate 
format. Often the primary agent responsible for ensuring the quality of the 
representation.

"derivedFrom" Derived from a different resource.

"importedBy" An agent responsible for importing data from a source given by 
pav:importedFrom.

"importedFrom" Original source of imported information.

"providedBy" Original provider of the encoded information (e.g. PubMed).

"retrievedBy" Entity responsible for retrieving the data from an external source (usually a 
software entity).

"retrievedFrom" The URI where a resource has been retrieved from.

"sourceAccessedBy" agent who accessed the source.

Ontology for Contributors Ciccarese et al. https://doi.org/10.1186/2041-1480-4-37

Versioning https://semver.org/

https://doi.org/10.1186/2041-1480-4-37
https://semver.org/


PLACEHOLDER

https://biocomputeobject.org/

https://biocomputeobject.org/landing.html


Use Case Gathering



Use-Case Examples

• HCV-1a use case using synthesized data
• What data are necessary to make a regulatory decision?
• Are summary data from one analysis pipeline sufficient?
• How will the analysis pipeline be validated?

Test 
Submission

• Tuberculosis (TB) is top infectious killer in the world
• WHO is adopting ReSeqTB pipeline to address the many 

challenges of detecting TB
• Requires lineage identification, prediction of antibiotic 

resistance, recurrence of TB in previously treated 
patients

Tuberculosis 
Detection

• Embleema is a platform that allows users to take control 
of their own data

• Marketplace for directly selling personal genome data
• Aggregator for Real World Evidence

Embleema

Use-case gathering



Q & A
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Thank you!

Your time and feedback are greatly appreciated.
Project specific feedback will be hosted here:

https://hive.biochemistry.gwu.edu/confluence/display/BUW/BioCompute+Workshop

https://hive.biochemistry.gwu.edu/confluence/display/BUW/BioCompute+Workshop

