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Fig 2 The future of genomics rests on the foundation of the Human Genome Project.

Collins F, etal. A vision for the future of genomics research. Nature 2003;422:835.
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1 Petabyte of music would take 2,
years to play on an MP3 player.

13 Genomic Medicine Centres, %dl?i?d)‘fgt(!)j;(f}?‘?

98 NHs Trusts within them were
involved in recruiting participants

Around 5,000 NHS staff
(doctors, nurses, pathologists,
laboratory staff, genetic counsellors)

Over 3,000 researchers and
trainees 4
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All-/Us

RESEARCH PROGRAM

PARTICIPANT CENTER

DATA AND RESEARCH BIOBANK
Direct volunteer participant enroliment,
digital engagement innovation, &

consumer health technologies

CENTER (DRC)
Repository for processing, storing,

& sharing biosamples
Scripps Research Institute

(with multiple partners)

Big data capture, cleaning, curation,
& sharing in secure environment
Mayo Clinic

Vanderbilt, Verily, Broad Institute

HEALTH CARE
PROVIDER ORGS (HPOs)

Clinical & scientific expertise network,
enroliment & retention of participants

20+ regional med centers, FQHCs, VA,
future awards to grow network



All--Us

RESEARCH PROGRAM

Researcher Workbench

The Researcher Workbench is a cloud-based
platform where registered researchers can access
Registered and Controlled Tier data. Its powerful
tools support data analysis and collaboration.
Integrated help and educational resources are
provided through the Workbench User Support Hub.

'WORKSPACES
Registered researchers use
workspaces to access, store, and

analyze data for specific research
projects. Workspaces are
collaborative and can be shared
among other registered researchers
within a project team.

DATASET BUILDER

The Dataset Builder allows
researchers to search and save
collections of health information
about cohorts, called concept sets.
Researchers can search and save
concepts from a particular domain

and use them in the Dataset Builder.

i Gepression sty

(0]e)

NOTEBOOKS

Researchers with R or Python
experience can perform high-
powered queries and analysis within
the All of Us datasets using our
integrated, cloud-based Jupyter
Notebook environment.

COHORT BUILDER

The Cohort Builder is a custom,
point-and-click tool that allows
researchers to create, review, and
annotate groups of participant data,
or cohorts, within the A/l of Us
dataset.
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e BEERERE IR - BRERIEER
¢ Search API

item definition table

cohort/clinical data
table i event table
1.1

3 searcnapt

47,000,000 ZE

genome data index

T —IN— I

item code participant id — participant id chromesome
1.1 position
item name . event code — event code i 1 47,000 7—7_?)\, /24DB/— K
table i e timestamp event date pP——— 1.00028/7—7 )
table column m data string m event name table i - LU database node name
item type data value m database node name participant id
unit comment genotype

F—SHER F—HI I UH T RUER
REEEAIER 403,073 9 165,511
fRERIAEER RREER 7,281,074 655 132,913
BAEFIER 55,201,730 2931 182,903
IR 1,339,470 39 70,888
FIBHEEIREIRR 5,577,101 505 26,003
BREHERIEER 6,897,799 1614 4279
AR E AR 1,473,234 356 4279
ERUER HILTIER 5,138,301 1161 22,797
o J LER 25 LIER 183,117,102,675 55,238,945 3315
SNP7” LBk 2,854,495,579,124 86,836,730 65,744
Sy URIER NMRAZARO—LER 138,564 37 3761
MSAZRO—AIEHR 382,113 415 2900
JOFA—LIER 88,685 577 497
3T NURBI TS  3037,696,602,943 142,083,974 685,790



International HundredK+ Cohorts Consortium (IHCC)

Linking cohorts, understanding biology, improving health
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Variant Exchange Approaches
HGVS, VCF, dbSNP, and more

Variant Types
SNVs, indels, CNVS, SVs,
genotypes, and more

Before

Labor-intensive peer-to-peer
format conversion

Electronic
Health Record

Sequencing
Annotation

- gosnp>veF

Variation Representation Specification (VRS)

=m'.-d

Standard  Terminology  Normalized Feders(edcompuled
Structure Content fentifiers.

After

VRS-powered scalable
federated data exchange

Genomic
Knowledgebase

Electronic
Health Record

Sequencing
Annotation

Wagner A, etal. The GA4GH Variation Representation Specification: A computational framework for
variation representation and federated identification. Cell Genomics 2021;1(2):100027.
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Central Database Secure Cloud Federated Approach
Basic research consented for Large scale research datasets Connecting national
data sharing genomics initiatives

Aggregate data globally Aggregate data globally Host data locally

User —» Data transmission > C = = =% Results sent back to user
FAIR (Findable Accessible Interoperable Reusable) RAI & E#4L
APIICKBFT—HF T I RDIZ#AL

T+ UT 1 LORIOER
ERES LVHE LOBREOER

Thorogood A, et al. International federation of genomic medicine databases
using GA4GH standards. Cell Genomics 2021;1(2):100032.
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Accessible to users of the internet

OPEN
Accessible after registration of identity and role
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Accessible to researchers for projects
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Voisin C, et al. GA4GH Passport standard for digital identity and access permissions. Cell Genomics 2021;1(2):100030.
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Voisin C, et al. GA4GH Passport standard for digital identity and access permissions. Cell Genomics 2021 ;17(2):1 00030.
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Home Organization
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1. Collect access permissions 1. POCAHFUDIRE
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Voisin C, et al. GA4GH Passport standard for digital identity and access permissions. Cell Genomics 2021;1(2):100030.
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Data Stewards Data Users
Request
B 2. 8-
Data Curator DAC
Passport Visa Assertion

Source for controlled access

Deposit —— Approval adds

Analysis
Dataset = VisaAssertion Y
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Compute
Assertion — - No:es Storage

Repository Visa Issuer Broker Passport Clearinghouse

Passport Biomedical Platform Cloud
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Infrastructure Service Providers

Voisin C, et al. GA4GH Passport standard for digital identity and access permissions. Cell Genomics 2021;1(2):100030.
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Global Alliance
for Genomics & Health

Collaborate. Innovate. Accelerate.

Data Repository Service (DRS) API
deveton branch satus o™ [ o

‘The Global Alliance for Genomics and Health (GA4GH) is an international co
genomic and clinical data.

oo, 1405753

API Definition

Branch

develop: the stable development branch, into which feature branches are
merged

release 1.2.0: The 1.2.0 release of DRS adds the standardized /service-
info endpoint, and 2 POST endpoints that are functionally equivalent to
the current GET endpoints, but they enable the submission of large
passport tokens in the request body.

release 1.1.0: The 1.1.0 release of DRS that includes no API changes only
documentation changes. This introduces a new URI convention using
compact identifiers along with clear directions on how to use
identifiers.org/n2tnet to resolve them.

release 1.0.0: The 1.00 release of DRS that is now an approved GAGGH
standard

release 0.1: Simplifying DRS to core functionality

release 0.0.1: The initial DRS after the rename from DOS

Reference

HTML

HTML

HTML

HTML

HTML

To monitor on branches, add

https://github.com/ga4gh/

data-repository-service-schemas

ion, formed to enable the sharing of

Swagger
Editor

Swagger
Editor

Swagger
Editor

Swagger
Editor

Swagger
Editor

Swagger
Editor

Swagger
Editor

! to the master URLS above (e.g.,
).

S,

Global Alliance
for Genomics & Health

Collaborate. Innovate. Accelerate.

Workflow Execution Service (WES) API
deveton branch status: v

“The Global Alliance for Genomics and Health is an intenational coalition, formed to enable the sharing of genomic and

clinical data.

API Definition

See the human-readable Reference Documentation and the OpenAPl YAML description. You can also explore the
specification in the Swagger Edito.

Al d pages hosted at ! reflect the latest API
rless fromth master branch.Tomonorteatest velopmantwork, i prviewf<ranch tothe URLs
above (e.g ). To view the
latest stable development APl specifcation, efer to the develop branch.

Use Cases

Use cases include:

« "Bring your code to the data": a researcher who has built their own custom analysis can submit it to run on a
dataset owned by instead of having
own contralled

find useful

workflows in a shared directory (e.g., Dockstore.org), and run them over their data

https://github.com/ga4gh/
workflow-execution-service-schemas
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- Using the Data Use Ontology to Expedite Data Access
DUOIC & g gy fo Exp

;—‘_9 TOtZ Current methods of data access
EEG)** Data collection Data governance Data access

Global Alliance

‘CONSENT FORM
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Data Data Use Sharing Data Access Data Access Data
Depositors Limitations. Repository Commitee Request Requestors

Future methods of data access

Data collection Data governance Data access
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Data Use Limitation

Data Use Requirements

@ ®

Pa

B

General Research Use
Motif: Microscope
ID: DUO_0000042

Health/Medical/Biomedical
Motif: Hospital
ID: DUO_0000006

Disease Specific
Motif: Patient and bed
D: DUO_0000007

Population Origins or Ancestry
Motif: Family tree
ID: DUO_0000011

No Restrictions
Motif: Disabled prohibited mark
ID: DUO_0000004

Not-for-Profit Use
Motif: Dallar and prohibited mark
ID: DUO_0000018

Use Within Geographic Region
Motif: Pinned map
ID: DUO_0000022

Research Ethics Approval Required
Motif: Balance
ID: DUO_0000021

w23

Designed by Akio Nagano
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Genomics in healthcare

30,000 patients 70,000 genomes 23,000 cancer 50,000 genomes

will have their (patients + relatives) patients will have will be sequenced for
genome sequenced will be sequenced to their genome cancer diagnosis
for rare-disease help rare disease sequenced
diagnosis diagnoses

2017

Rare

2030 2017
—

2030 2017
—

36,223,000 rare 83,000,000 123,768,000 248,000,000
disease patients will genomes will be cancer patients will genomes will be
have their genome sequenced for rare have their genome sequenced for cancer
sequenced disease diagnosis sequenced diagnosis

2030*

* Projected figures, based on current data and known status of genomics initiatives worldwide.

%-C‘ :/_a I> za—n 50— J A'I%;E@% 1& Ewan Birney, Jessica Vamathevan, Peter Goodhand.

= Genomics in healthcare: GA4GH looks to 2022.
BioRxiv: doi.org/10.1101/203554
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PUBLISHED ISO
STANDARDS

under the direct responsibility
of ISO/TC 215/SC 1

SECRETARIAT: KATS
Committee Manager: Mr Sungin Lee

Chairperson (until end 2021): Mr Bron Kisler

ISO Technical Programme Manager [TPM]: Ms Monica Ibido
ISO Editorial Programme Manager [EPM]: Ms Christelle Gansonre

Creation date: 2019
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Joshua C. Denny, Francis S. Collins.
Precision medicine in 2030 - seven ways to
transform healthcare.

Cell. 2021 Mar 18;184(6):1415-1419.

Huge, longitudinal

cohorts

Privacy, trust,
return of value
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environment
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Diversity and
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Electronic health
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TN Big data and
artifical intelligence

Routine clinical
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