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Problem: data is getting too big
(to individually download and store)



Data Biosphere: Invert the Model of Data Sharing

Traditional: Bring data to the researcher

● Copying/moving data is costly
● Harder to enforce security
● Redundant infrastructure
● Siloed compute

Goal: Bring researcher to the data

● Reduced redundancy and costs
● Active threat detection and auditing
● Greater accessibility
● Easier collaboration across institutions 
● Elastic, shared, compute



How Should a Data Biosphere be Structured?

MODULAR 
Comprised of functional 
components with well-specified 
interface

COMMUNITY 
FOCUSED

Created by many groups to 
foster a diversity of ideas

OPEN
Open-source licenses, software, 
architecture to enable 
extensibility

STANDARDS
BASED

Consistent with standards 
developed by coalitions such as 
GA4GH



A Data Biosphere is...
Modular



Modular Components
We designed the Data Biosphere around key components —
each having discrete capabilities and clear rules of interaction

Digital Object Catalog

Tool RepositoriesAnalytical EnginesWorkspacesIndex & Search



A Data Biosphere is...
Community Focused



Projects using components of the Data Biosphere:



GA4GH Provides Many Core Interoperability Standards for 
the Data Biosphere

3000+
Subscribers

600+
Organizational

Members

90+
Countries

24 Driver 
Projects

8 Work 
Streams

20 Technical 
Standards

7 Regulatory 
Policies & 

Frameworks

40+ 
Implementations 
& Deployments 

Enabling the global 
learning health system

The Global Alliance for Genomics and 
Health (GA4GH) is a policy-framing and 
technical standards-setting organization, 
seeking to enable responsible genomic data 
sharing within a human rights framework.

https://www.ga4gh.org/genomic-data-toolkit/regulatory-ethics-toolkit/framework-for-responsible-sharing-of-genomic-and-health-related-data/


A Data Biosphere is...
Modular



NHGRI AnVIL Shows Data Biosphere 
Modules in Action



What is the NHGRI’s AnVIL?
NHGRI funded the Broad Institute, Johns Hopkins, and 
multiple additional groups, including UCSC and U. Chicago, 
to build a platform inspired by the principles of the Data 
Biosphere

● Cloud-based, scalable and interoperable computing 
resource

● Secure data access environment

● Collaborative computing environment for datasets 
and analysis workflows

● https://anvilproject.org

https://anvilproject.org


Workspaces, 
workflows, analysis

Data models, 
indexing, querying

Live code, equations, 
visualizations and narratives

Analysis and comprehension 
of genomic data in R

Accessible, reproducible, and 
transparent research

Sharing containerized tools 
and workflows

AnVIL Modules



Workspaces, 
workflows, analysis

Data models, 
indexing, querying

Live code, equations, 
visualizations and narratives

Analysis and comprehension 
of genomic data in R

Accessible, reproducible, and 
transparent research

Sharing containerized tools 
and workflows

AnVIL Modules

Index & Search

Digital Object Catalog

Tool Repositories

Analytical Engines

Workspaces

Analytical Engines

Analytical Engines



FISMA Moderate
2 ATOs
Terra recently 
achieved FedRAMP

AnVIL Modules Deployed in FISMA Moderate Environment



Data Biosphere Modules Power Platforms

● A Data Biosphere is not just about standalone modules 

● AnVIL is a great illustration of the various Data 
Biosphere Modules in a federated environment

● AnVIL is important because it illustrates how modules 
can be assembled to form a Federated Data Biosphere 
Platform

● Terra is an underlying, fully-formed platform built with 
Data Biosphere-inspired modules

https://terra.bio

https://terra.bio


A Data Biosphere is...
Community Focused



https://biodatacatalyst.nhlbi.nih.gov



Workspaces, 
workflows, analysis

Data models, 
indexing, querying

Live code, equations, 
visualizations and narratives

The Seven Bridges workspace 
environment (CWL)

Clinical data explorer and 
APIs

Sharing containerized tools 
and workflows
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Digital Object Catalog

Tool Repositories

Workspaces

Analytical Engines

Index & Search
Workspaces



Storage, workspaces, 
workflows, analysis

Data models, 
indexing, querying

Live code, equations, 
visualizations and narratives

Sharing containerized tools 
and workflows

Accessible, reproducible, and 
transparent research

Analysis and comprehension 
of genomic data in R
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Managed Access Solutions

Analysis and comprehension 
of genomic data in R
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A Data Biosphere is...
Open



Open Source Throughout 



Example: Single cell transcriptomics

● Cumulus workflows 
on Dockstore

○ Generate counts 
matrices

○ Demultiplex 
hashed nuclei

○ Single cell/single 
nucleus analysis

● Cumulus 
documentation

Contributed by: Bo Li & Yiming Yang (Cumulus Team, Genentech)

https://dockstore.org/organizations/anvil/collections/Cumulus
https://cumulus.readthedocs.io/en/latest/index.html


● Cumulus tutorial on Terra
● FASTQ to a normalized counts 

matrix
● Differential expression analysis
● Clustering analysis 
● Visualize data using multiple 

algorithms 

Nature Communications Vol. 10: 2907 (2019)

Contributed by: Bo Li & Yiming Yang (Cumulus Team, Genentech)

Example: Single cell transcriptomics

https://app.terra.bio/
https://www.nature.com/articles/s41467-019-10756-2
https://www.nature.com/articles/s41467-019-10756-2


A Data Biosphere is...
Standards Based



GA4GH Provides Many Core Interoperability Standards for 
the Data Biosphere

3000+
Subscribers

600+
Organizational

Members

90+
Countries

24 Driver 
Projects

8 Work 
Streams

20 Technical 
Standards

7 Regulatory 
Policies & 

Frameworks

40+ 
Implementations 
& Deployments 

Enabling the global 
learning health system

The Global Alliance for Genomics and 
Health (GA4GH) is a policy-framing and 
technical standards-setting organization, 
seeking to enable responsible genomic data 
sharing within a human rights framework.

https://www.ga4gh.org/genomic-data-toolkit/regulatory-ethics-toolkit/framework-for-responsible-sharing-of-genomic-and-health-related-data/


Key GA4GH Cloud Interoperability Standards

Sharing Tools 
and Workflows

Executing 
Workflows

Executing 
Individual 
Tasks

Accessing Data
(now Data Repository Service, DRS)
Data Repository Service (DRS)



NCPI Effort - Breaking Down Data Silos in NIH

https://anvilproject.org/ncpi

The NIH Cloud Platform 
Interoperability (NCPI) effort 
empowers end-users to analyze 
data across participating 
platforms.  

It facilitates the realization of a 
trans-NIH, federated data 
ecosystem by establishing and 
implementing guidelines and 
technical standards.

https://anvilproject.org/ncpi


Challenges & Opportunities of Data Growth
Extraordinary growth of data… in just 4 NIH platforms (AnVIL, BioData 
Catalyst, CRDC, and GMKF) we see ~8PB of data accessible covering
~600K participants



PORTALS WORKSPACES

Data portals connect (intra-IC) with analysis systems (workspaces)

Cloud
Resources

Data Silos & FAIR Systems Interoperation



NCPI Vision for FAIR Systems Interop

PORTALS WORKSPACES

Data Access

PFB

AnVIL BD Cat KF CRDC

DRS DRS DRS DRS

PFB Import

DRS Client

Search 
Result 
Handoff PFB

PFB Import

DRS Client

PFB Import

DRS Client
Analy

tic
al

Res
ults

FHIR → PFB

PFB

… and other workspaces

Data portals connect to any workspaces (inter-IC), workspace access data (inter-IC)

Search

AuthN/Z
Passports



Mid-2021 Results             

� Search Handoff: PFB, manifests

� Data Access: GA4GH DRS 1 .1

● Auth: RAS for AuthN

NCPI Systems Interop by the Numbers
Collectively, we have achieved improved interoperability in 2020-21 across multiple 
systems through PFB/manifests, GA4GH DRS, and GA4GH Passports (RAS).

4 portals,
~581K subjects

4 DRS Servers
~7.6PB of data

RAS GA4GH Passports

Supported Platforms



Researcher Use Cases - An NCPI Success Story
Researchers are using NCPI systems through GA4GH standards e.g. Use Case #7: Tim Majarian's cross dataset 
analysis for Congenital Heart Disease 

PFB Import

DRS Client

AnVIL BD Cat KF

DRS DRS DRS

WDL

Portals

Cloud
Compute 
Platforms

Cloud
Storage

① Find Data

② Compute on 
Cloud 

Workspaces

③ Access Data 
on Cloud 
Storage

Data Biosphere encourages the use of GA4GH API standards to facilitate work across Data Biosphere 
implementations

https://docs.google.com/document/d/1y7Mt0JFA4REp2IELlWAVwiIrq_6i7_n3tQOpoxzMeWI/edit?folder=1ApY0On_TOUuitMoPFznkLbcxmBNOPA7b


We now see an ecosystem of platforms that support the next 
generation of biomedical research using Data Biosphere principles:

Modularity: Many components exist and build platforms like Terra
Community Focus: Many groups collaborate together
Openness: Many projects use Open Source approaches
Standards Adoption: Many projects use interoperability standards 



Thank You!

Special thanks to:

● Anthony Philippakis 
● Robert Grossman
● John Marioni
● Timothy Tickle
● Joshua Denny
● David Glazer
● Elizabeth Sheets
● Timothy Harris
● Helen Parkinson

https://www.databiosphere.org

https://www.databiosphere.org


For More Information… 

https://www.databiosphere.org

Projects using Data Biosphere principles:
● AnVIL Portal
● BioData Catalyst Portal
● HCA Data Portal - Human Cell Atlas
● LungMAP2 DCC

Tools:
● Dockstore
● Broad Methods Repository

Workspaces:

● Terra Featured Workspaces

https://www.databiosphere.org
https://anvilproject.org/data
https://biodatacatalyst.nhlbi.nih.gov/
https://data.humancellatlas.org/
https://lungmap.net/
https://dockstore.org/search?searchMode=files
https://portal.firecloud.org/?return=terra
https://app.terra.bio/

