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Predicted global growth of healthcare funded sequenced human 
genomes

Birney, E., Vamathevan, J., and Goodhand, P. (2017). Genomics in 
healthcare: GA4GH looks to 2022. bioRxiv

Global storage requirements in 
2025 to be exabytes to low 
zettabytes.



Siloed data

Byrd, J. B., Greene, A. C., Prasad, D. V., Jiang, X. & Greene, C. S. 
Responsible, practical genomic data sharing that accelerates 
research. Nat. Rev. Genet. 21, 615–629 (2020).

● Human genomics data has often been siloed.

● This limits reuse and reanalysis.

● Public benefit is increased when data is 
shared.

● Sharing is frequently necessary in human 
health, especially in rare disease and cancer.

● Large cohorts are needed for statistical 
power.

● National and international data sharing is 
highly beneficial but requires considerable 
collaboration and coordination.



Towards global standards for 
data sharing

Rehm, H. L. et al. GA4GH: International policies and standards for data sharing across genomic research and healthcare. Cell Genomics 1, 
(2021).

● 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.

● Australian Genomics is a driver project of 
GA4GH.

● A key outcome is the specification for 
standard APIs for data sharing technology.

● Recognition that the data life cycle in human 
genomics is complex and data storage and 
analysis are parts of a bigger ecosystem.
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Marion Shadbolt

Example solutions:

● IAM: CILogon, GA4GH passports

● Data commons: Gen3

● DAC approval: REMS

● Analytics: national infrastructure, institutional 
infrastructure, commercial cloud

● Integrated: Broad Terra + DUOS



Establishing Gen3 to enable better Human 
Genome Data sharing in Australia

● Gen3 was identified as a leading candidate for 
building a human genomics data commons.

● In Q3 2021 we established a pilot project to assess 
the use of Gen3 as the foundation for a human 
genomics data commons.

● That project is now complete, and today we provide 
an overview of the motivations, process, and findings.



Zero Childhood Cancer - Australia’s national paediatric 
cancer precision medicine program ZERO2: by 2023

all children in Australia

> 650 high-risk patients recruited

WGS RNAseq

Methylation HTS

PDX clinical



Scale up and share

image credit: https://www.zerochildhoodcancer.org.au/about/research---clinical-partners

With only ~1000 new 
cases of high-risk 

paediatric cancer per 
year, it is imperative to 
aggregate Australian 

data with global data to 
develop strategies to 

effectively treat 
high-risk childhood 

cancer
We need to share, 

analyse, integrate data 
more easily



Paediatric data sources



CCI - where’s our data?

Data commons?



How to share? We Need:
● a way to SEARCH different catalogues of paediatric data
● a way to easily gain and grant ACCESS to the data
● a way to ANALYSE this data in place if possible



University of Melbourne Centre for Cancer Research
Precision Oncology Program



Precision Oncology Program
Recalcitrant Cancers, Rare Cancers, Cancers of the Unknown Primary

Sean Grimmond



UMCCR Genomics Platform Group
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Workflow Development: Rapid WGTS
Supporting Precision Oncology
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Workflow Development: Primary Analysis
Supporting Precision Oncology
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Core Platform: DRAGEN/ICA
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Workflow Development: Post-processing
umccrise

Somatic 
SNV

Germline 
SNV

Somatic 
CNV

Somatic 
SV

Pathogen detection

Viral integration

Clonality

Mutational 
signature

Ploidy

Purity

MSI sensing

HRD Detection

Genomic stability

Mutational burden

Clinical 
prioritization

SV- gene 
consequence

Mutation 
consequence

CNV-gene 
consequence



Workflow Development: Reporting
MultiQC, PCGR/CPSR, …
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IT Infrastructure

Workflow Development: Archiving
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Workflow Development: Portal
s3
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Workflow Development: Data Sharing
A mandate to share data with the scientific community

Data sharing



Slide courtesy of Tiffany Boughtwood, Australian Genomics



(Aggregate) Data Sharing: cBio Portal



UMCCR Genomics Platform Group
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UMCCR Genomics Platform Group

Workflow Development

Technology Assessment
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OpenCGA



Overture



HCA-Store







software-carpentry.org/blog/2014/08/sustainability.html

Actively Maintained Code

“A piece of software is being sustained if 
people are using it, fixing it, and improving 
it rather than replacing it.”



Active development on Github
github.com/uc-cdis



Lively Slack channel





gen3.theanvil.io/

NHGRI Analysis Visualization & Informatics Lab-space



Gen3: Graph Data Model
Relationships between subjects, clinical, biological and molecular data



Gen3: Data Dictionaries
Rules for structured data using external terminology standards  / ontologies





Gen3: Microservices
Modular components with defined interfaces



Gen3: Sheepdog
Data ingestion and validation service (UI and API) 



Gen3: Windmill
Web portal for data submission, query, exploration, and analysis



Gen3: IndexD
ID management, checksum and size catalogue



Gen3: IndexD
Supports multiple URLs for stored objects



Gen3: Fence
Authentication and Authorisation – OpenID Connect with support for Google, eRA Commons, eduGain, … 



Gen3: DAC
Role-Based Data Access Control (RBAC) engine



Gen3: Peregrine
Graph-based metadata queries 



Gen3: Lightweight Workspaces
Basic support for Jupyter notebooks for analysis and visualization in R, Python





Setting up Gen3



Quick: Compose-Services
github.com/uc-cdis/compose-services



Intermediate: Compose-Services on AWS
github.com/umccr/gen3-doc/blob/main/poc/AWS.md



Scalable: Cloud
github.com/uc-cdis/cloud-automation and github.com/umccr/gen3-doc



Scalable: Cloud
github.com/umccr/gen3-doc/blob/main/cloud/AWS.md



Scalable: Cloud
github.com/umccr/gen3-doc/blob/main/cloud/AWS.md

AWS Services

Terraform

Kubernetes, Docker, Linux

ElasticSearch

PostgreSQL 

GraphQL, Graph and DAG, ETL process

ReactJS SPA

Identity Provider (IdP), Federated AuthN/Z, 

Single-SignOn (SSO) setup

…

Good troubleshooting skills



Quickstart: Sample Data Models

Define a data model

Generate a commons with a Gen3 API

Load data into the commons

Start exploring



Limitations and Difficulties

● Complicated infrastructure

● Data models are complex; one per instance

● Lack of granular control over permissions and data access



A national approach to genomics 
information management (NAGIM)

● The vision for human genomics data sharing in 
Australia requires considerable coordination and 
collaboration.

● The NAGIM Blueprint sets out a series of 
principles to guide decision-making on the 
responsible collection, storage, use and 
management of genomic data.

● Australian Genomics is developing 
recommendations for implementing NAGIM.

● In 2021 Australian Genomics led an 
implementation prototyping phase in response to 
NAGIM.

● A panel of external assessors are evaluating 
prototype submissions presently.

A National Approach to Genomic Information Management, Australian Genomics Implementation 
Recommendations Progress Report, November 2021



Identity and access management

Streamlined submission to 
data archives

Virtual cohort querying via 
federated data portals
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Project Partners

Automated Data Access Committee 
submission & approval

Documentation & training

Jess Holliday and Marion Shadbolt



Supporting Australian 
Cardiovascular Disease Research

● We have begun working with partners from the 
Australian Cardiovascular Alliance to establish 
systems to support identification of biomarkers of 
increased risk of heart attack.

● We’re currently mid way through an 8 month 
project to establish a new Gen3 instance and 
populate with 3 coronary artery disease cohorts.

● Data harmonisation across the cohorts is 
underway.

● We’ve populated the instance with synthetic data 
to allow functionality testing.
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Questions?



NEXT ... 

Conservation genomics in the age of extinction
Dr Carolyn Hogg, University of Sydney

8 March 2022

biocommons.org.au/events



Tell us what you thought ...

Feedback survey



Thanks for joining us!

The Australian BioCommons is enabled by NCRIS via 
Bioplatforms Australia funding


