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Predicted global growth of healthcare funded sequenced human

genomes
350
o Global storage requirements in
2025 to be exabytes to low
. zettabytes.
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Birney, E., Vamathevan, J., and Goodhand, P. (2017). Genomics in
healthcare: GA4GH looks to 2022. bioRxiv
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Siloed data

Clique sharing

e Human genomics data has often been siloed.

e This limits reuse and reanalysis.

Researcher
not part
of clique

e Public benefit is increased when data is
shared.

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

e Large cohorts are needed for statistical power.

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

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).
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Centralised repositories

o)

Controlled-access sharing

e Centralised repositories such as EGA (Europe)

-

R . equester and dbGaP (USA) have served as default
o mechanism for sharing research genomics
data.

e Centralisation has limited scalability.

e Access favours European and USA users.

, . @ e Focus is on research data, associated clinical
Review ,* ,»" Approve . .. T
requests » .- requests data is generally minimal and this limits reuse.

e Connection to analytics platforms has not
been a focus of these repositories.

Requester

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).
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Transition to federated data sharing

Cumulative EGA Data Archived Submitters by country
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The EGA is currently transitioning from a centralised resource to a federated node model.

Freeberg, M. A. et al. The European Genome-phenome Archive in 2021. Nucleic Acids Res. (2021)
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Towards global standards for
data sharing

e 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.

GA4GH Standards
in the Data Life Cycle

e Australian Genomics is a driver project of
GA4GH.

e Akey outcome is the specification for standard
APIls for data sharing technology.

DATA DONOR
) Your DNA Your Say

RESEARCHER/
CLINICIAN

e Recognition that the data life cycle in human i "
genomics is complex and data storage and RESCARE ETH'CS  — _/

COMMITTEE e i e
analysis are parts of a bigger ecosystem. ESIA“M‘.‘?%EESS

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

Legal, ethical, privacy and security concerns Infrastructure concerns
o jurisdiction boundaries and data sovereignty o data volume
o encryption and anonymisation o data aggregation and cohort analyses for

o approval for research and notification of statistical power

secondary findings o harmonised data and standardised/portable

o authentication and authorization of research analysis workflows

users o cost
o data access approval

o consent and appropriate use of data
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Human genome data sharing
examples in Australia

e Australian Genomics

e Melbourne Genomics

e Queensland Genomics

e Medical Genome Reference Bank (MGRB)

e Centre for Population Genomics, The Garvan Institute of Medical Research
e QIMR Berghofer

e University of Melbourne Centre for Cancer Research

e ZERO Childhood Cancer

e Australian Cardiovascular Alliance

e Human Genomes Platform Project
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Infrastructure ecosystem

Example solutions:
e |AM: ClLogon, GA4GH passports
e Data commons: Gen3
e DAC approval: REMS

e Analytics: national infrastructure, institutional
infrastructure, commercial cloud

e Integrated: Broad Terra + DUOS

DAC approval

3 B

Compute

platforms

Marion Shadbolt
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An instance of this ecosystem

Australian Cardiovascular Alliance (ACvA), LA N— H & = & ®

precision medicine platform

ACVA Precision Medicine Platform

e Pilot project using Gen3 technology to build a 300 s

This data sharing platform supports the management,

data commons for Coronary Artery Disease

Disease (CAD) cohorts as part of the Australian 300
Cardiovascular Alliance (ACvA) Precision Medicine Samples
(CAD) cohorts

SubmitData 1,

789 ries
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The ACVA Precision Medicine The Exploration Page gives you Analyze your selected subjects using Search and download subsets of
Flagship has a harmonised data insights and a clear overview under Jupyter Notebooks in our secure data from the MIDRC Data Commons.
dictionary across nine cohort selected factors. cloud environment using GraphQL queries.

studies. Please study the dictionary
before you start browsing.
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Harmonised data dictionary
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A data dictionary is a hierarchical description
of the dataset

Variables in the dictionary must be harmonised
across cohorts to allow coherent analysis

Harmonisation will also align with international
standards to allow integration with significant
international data holdings



Data query and cohort building

e Authorised users can use the Gen3 interface
to search for data satisfying constraints

e A study cohort can then be downloaded or
sent to an computing platform for analysis *

e Our vision is that standard APIs will ultimately
allow data query across multiple data
commons, leading to the construction of virtual
cohorts nationally and internationally

(*) to be implemented
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Collapse all

Diabetes 1selected Q
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no 18
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~ Diabetes Type Q
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z 24

Coronary Artery Disease Status

not collected no

6 5
(25%) (20.8%)

yes, measured or on treatment not reported

4 3
(16.7%) (12.5%)
yes, self-reported no data
1 5
(4.2%) (20.8%)

Sex
mfemale (8)  m male (5)
m other (7) unknown (4)
33.33% 29.17%
Diabetes Type

mIGT (7) IFG (3)

W NDM (5) W KDM (2)

W NGT (4) no data (3)

29.17% 20.83%

8.33%

Showing 1- 20 of 24 subjects  Show Empty Columns

Node Id Sex

Age (baseline) BmiBaseline  SmokingStatus  AllSbp  AllDbp  Diabetes Type Has Hypertension
4a5c93a7-7e46-4b96-87ad-b67765308fac other 34 29.88 current 12277 7015 16T not collected
6269faa2-12cc-4bb6-a2b8-52¢91c4a9427 male 40 27.27 former 163.73 70.35 16T not reported




A national approach to genomics
information management (NAGIM)

e The vision for human genomics data sharing in
B

Australia requires considerable coordination and
collaboration.

Application /
Tool
e The NAGIM Blueprint sets out a series of principles - e T
to guide decision-making on the responsible otebosts
collection, storage, use and management of Genomic Data Stores MZSVn‘;’%‘Z?n“ém - et
ystems

genomic data.

e Australian Genomics is developing Dyrari Daases
recommendations for implementing NAGIM.

Portals

e In 2021 Australian Genomics led an implementation
prOtOtypIng phase |n response tO NAGIM Figure 1. Components of a national genomics infrastructure

e A panel of external assessors are evaluating

prototype SmeiSSionS prese ntly A National Approach to Genomic Information Management, Australian Genomics Implementation

Recommendations Progress Report, November 2021

" Australian
. BioCommons




Integrated high-performance
computing, data and cloud systems

e Standardisation and integration are key
e Data is large and will be federated across cloud and institutional storage
o cloud compatible storage systems are desirable
e Compute will exist within a complex ecosystem of platforms, users and sharing modes
o streamlined national IAM approach is desirable, such as ClLogon
e Harmonised computation across computing platforms is necessary
o support for containerised tools and portable workflows is needed
e Workloads are more irregular and difficult to manage within traditional merit allocation schemes

o flexible resource allocation and management
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