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Welcome to the Genomics in Health Implementation
Forum (GHIF) Virtual Meeting!

Please note that you will not have access to video or mic
when you join.
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Opening Remarks: Day 1

Kathryn North and Mark Caulfield
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Genomics in Health Implementation Forum: GHIF @

GHIF will support the implementation and
development of GA4GH standards

In addition, the GHIF will seek to:

® Enable collective learning by sharing best practices,
challenges, and opportunities with a technical,
regulatory, clinical, and educational focus

e |dentify areas of collaboration and resource/expertise
sharing

e Advance pilot projects for global data sharing using
large scale cohorts.




o one o GENOMICS IN HEALTH
From National Initiatives to GHIF @ IMPLEMENTATION FORUM
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From National Initiatives to GHIF - The “Why”

- GENOMICS IN HEALTH
IMPLEMENTATION FORUM

e Ensure that standards fit needs across multiple
initiatives and healthcare systems

® |Increase global membership and involvement in
GA4GH, encouraging diverse input

e A scalable mechanism for incorporating many

voices into GA4GH

e A mechanism for bringing standards needs to

GA4GH Work Streams for further development
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The GA4GH Ecosystem

3000+
% Subscribers

600+
Organizational
Members

Countries

(3
S

H

24 Driver
Projects

20 Technical
Standards

Iz

7 Regulatory
Policies &
Frameworks

Implementations
& Deployments

GENOMICS IN HEALTH
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Enabling the global
learning health system




The Global Alliance for Genomics and Health aims to
accelerate progress in genomic science and human health
by developing standards and policies for responsible

genomic and health-related data sharing.

Discovery

Input from
Driver Projects
as exemplars
of community

Large-Scale
Genomics

Matchmaker

Data Use &
Exchange

Researcher IDs

%
K 1A

RARE DISEASES

Cloud

AUTISM
SPEAKS

2

BRCA
EXCHANGE

Genomic Knowledge
ELGEGH

]
£
©
@
=4
e
wv
X
™
s
©
=
c
c
[*]
U
[t

@ |

TOPMed

0
=
g
22
-
x
(1]
=
o
=
(o}
(8]

Clinical & Phenotypic

epiFE™

~N

0
>
z
0
m
by

Data Capture

Partner Engagement

Output of
standards that

are taken up by
the community

Regulatory & Ethics

Foundational
Work Streams

Data Security

BASIC BIOLOGY

Real-World Driver Projects

HUMAN
o
shore ATLAS AA
,




Current GHIF Members
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Becoming a GHIF Member

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

e Short form to ensure that groups meet the criteria for

membership

o  Are you a GA4GH organizational member?

o What is your initiative doing to advance a genomics strategy
and implement genomics in healthcare across a single
country or a consortium of countries?

o Which GA4GH technical standards or policy frameworks has
your organization adopted in order to contribute to global
genomic data sharing? If you have not yet done so already,
which GA4GH deliverables are you planning to adopt and
when?

e Linked on the GA4GH Website - Community Tab

Genomics in Health Implementation
Forum

Please use this form to commit your organization to the Genomics in Health Implementation
Forum. Forum members must also be GA4GH Organizational Members that are (1) focused
on advancing a genomics strategy across a single country or a consortium of countries, (2)
working towards enabling translation of genomics into clinical care, and (3) actively working
to adopt GA4GH standards to contribute to global data sharing.

* Required

Name of Initiative *

Your answer

Primary Contact *

Your answer

Primary Contact Email Address *

Your answer
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Benefits of GHIF membership

R

Global learning Contribution to Access to tools Potential for Pilot projects
GAA4GH standards collaboration and
sharing




CLINICAL TOOLS CONSENT & ED TOOLS
Minimum clinical datasets . Education material
Rare Disease . Consent resources

Common disease . Health economic data
Data capture tools - Policy resources
FHIR implementation - Publications

TECHNICANDAIATO0LS Toolbox GENOMIC KNOWLEDGE
. Authentication tools

r—\ . Revisi f ACM
Collection tools | — | SRS c G,

: - Variant interpretation
Curation network

Gene disease validity

EMR linkage (future) - : :
Pedigree build (future) %'ﬁlm . Rare Disease discovery

MEDIA & ENGAGEMENT
Media publications
Patient and public education
resources

GA4GH STANDARDS
Link to toolkit
Examples of
implementation

Engagement activity and
standards (language etc)




Federated Discovery, Access, and Analysis of Global Datasets

Driving improvements in future spec iterations

based on real-world lessons

@, .

227°¥a  Global Alliance
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bit.ly/GA4GH-Anna



. GENOMICS IN HEALTH
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4 )
GENOMICS IN HEALTH

IMPLEMENTATION FORUM

2021 Virtual Working Meeting « March 9-10

Pedigree DUO VRS Maturity

Connectathon Workshop Webinar Model
April 1 May 6/7 June 2 Summer

Registration

bit.ly/PedigreeConnect bit.ly/DUOWorkshop bit.ly/VRSWebinar Coming
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Kathryn North (AGHA),
Mark Caulfield (GEL)

Agenda - Day 1

19:00 10 min Opening Remarks

Innovative Approaches to Consent
19:10 25 min ° Introduction to Data Use Ontology (DUO)
° Walkthrough of Policy Submission

Application of GA4GH Standards
19:35 20 min . GHGA & Medical Genomics in Germany
(] Medical Genome Initiative (MGI)

Tiffany Boughtwood (AGHA),
Jonathan Lawson (Broad Institute)

° Oliver Stegle (DKFZ/ EMBL)
° Shashi Kulkarni (Baylor)

Education and Workforce Training in Genomics
19:55 15 min . Restructure of NHGRI Training Programs
] African Genomic Medicine Training Initiative (H3A ++)

° Teri Manolio (NHGRI)
. Nicola Mulder (H3Africa/H3ABioNet)

2010 10 min Quality Control of WGS Results Oliver Hofmann (AGHA),
) (] Overview of latest documentation Mar Gonzalez Porta (Singapore NPM)
Variant Curation
° Shariant: National approaches to knowledge sharing
between labs and globally . Amanda Spurdle (AGHA/BRCA))
20:20 40 min ] Clinical Variant Ark : Case-level data in support of variant ° Augusto Rendon (GEL)
classification . Heidi Rehm (MGH/Broad Institute)

. ClinGen Expert Panels: Development of disease-specific
expert consensus to knowledge curation



Agenda - Day 2

GENOMICS IN HEALTH
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19:00

19:05

19:20

19:35

20:00

20:15

20:50

5 min

15 min

15 min

25 min

15 min

35 min

10 min

Opening Remarks

Clinical and Phenotypic Data Capture & Exchange - Pedigree &
Family Health History

° Introduction to the GA4GH Pedigree Standard and Upcoming

Connectathon
Clinical Interoperability of Variant Evidence

Getting Clinic Ready
° Accrediting Whole Genomes for Patient Care
° Application of CLIA/CAP Standards to Genomic Testing

Building a Framework for the Adoption of GA4GH Standards
° GA4GH::ELIXIR Maturity Model

End-to-End Implementations of GA4GH Standards
° Acute Care
° GEL Diagnostics Highlights
° GA4GH Connections Demo

Closing

Kathryn North (AGHA), Mark Caulfield (GEL)

Grant Wood (Intermountain), Orion Buske
(PhenoTips)

Alex Wagner (VICC/Nationwide), Larry
Babb (Broad Institute)

. Ellen Thomas (GEL)
. David Bick (HudsonAlpha)

Melissa Konopko (ELIXIR)

° Zornitza Stark (AGHA)
° Richard Scott (GEL)
° Jeremy Adams (GA4GH)

Kathryn North (AGHA), Mark Caulfield (GEL)
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We encourage you to participate! IMPLEMENTATION FORUM

Please use Q&A to ask questions
during plenary sessions b

Use the Raise Hand button if

you would like to make a verbal
question or comment

Raise Hand

Continue discussions using Chat

Please ensure your message is set to “All
panelists and attendees”
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Innovative Approaches

to Consent

Data Use Ontology (DUO)
Jonathan Lawson, Broad Institute
. Tiffany Boughtwood, Australian Genomics |
| Tany Boug >/
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DUO Introduction
Current Data Sharing Model

Data — = \ Data
. 7 -~ requestors
depOSItOrS /v Data access 9

Data use requests

limitati

mEEtens T Data access
committee

jilll Data A% Global Alliance

ﬂm g:etology " for Genomics & Health
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DUO Introduction

The Challenge
v\
Data — = \ Data
. 2 ' |_— RN
depOSItOl'S (o — ht Data access requeStors
‘ Data use requests

limitations Data access

committee

Unique and diverse language in consent = The process to request access to human data is
forms need to be interpreted by researchers @ time-consuming. Length of the process hinders
and data access committees maximum data reuse.

e, :
lllll Data & ~': Global Alliance

Wil Use

Ml Ontology v for Genomics & Health



GENOMICS IN HEALTH
DUO is use case driven @ IMPLEMENTATION FORUM

® Small, lightweight resource, evolves with projects and needs

® Clear textual definitions

— augmented with examples of usage, comments, translations in progress
(Japanese, French, Spanish, German)

® Provides automated, machine-readable coding

— Stable terms and IDs

— Unambiguous description of datasets restrictions for DACs

— Leveraging ontological hierarchy

DY .
AT
Wil Use Global Alliance

B g
Il Ontology % & for Genomics & Health




GENOMICS IN HEALTH

DUO terms overview IMPLEMENTATION FORUM

! Controlled Access [RRRRRRREEEEE R R E R P :
o o Permissions Modifiers .
PermISSIons ter:ms for General Research Use (GRU) NPOA No population origins or ancestry research
exp ressly perm Itted uses Or NMDS No general methods research
: GSO Genetic studies onl
focused areas of research. z Health / Medical T T —
: / Biomedical (HMB) — -
PUB Publication required
. e COL Collaboration required
M Od lfle rS te rm S a d d Disease + IRB Ethics approval required
. . . . : Specific (DS) P g T—
requirements, limitations, j e
Or prOh i bitions With i n the RT Return to database/resource
. i . Eo NCU Non commercial use only
p e r m Itte d b O u n d a ry Popufr:?eli;f(:gc;:s), ane NPU Not-for-profit use only

NPUNCU | Not-for-profit, non-commercial use only

No Restrictions (NRES)



N Z GENOMICS IN HEALTH
DUO is a GA4GH standard @ IMPLEMENTATION FORUM

e Unanimously approved Jan 2019 as a GA4GH

lllll Data product
;i Use e Community contributions

Hlli Ontology e Scope to promote data sharing
o Governance policy guides evolution
® DUO IDs are stable, resource is versioned

e |atest release is *always* at
http://purl.obolibrary.org/obo/duo.owl

COMPLIANT



https://www.ga4gh.org/how-we-work/ga4gh-product-approval/
https://www.ga4gh.org/how-we-work/ga4gh-product-approval/
https://github.com/EBISPOT/DUO/blob/master/Governance2021.md
http://purl.obolibrary.org/obo/duo.owl

. . . 45 GENOMICS IN HEALTH
Technical backend — simple and reliable IMPLEMENTATION FORUM

Open GitHub repository, http://purl.obolibrary.org/obo/duo —

Includes consistency tests

Unified issue tracker, http://purl.obolibrary.org/obo/duo/tracker/ gt

Uses GH tag for each release, http://purl.obolibrary.org/obo/duo/releases/
Versioning

— Use of a CNAME + PURL

— Previously released versions remain available (eg
http://purl.obolibrary.org/obo/duo/releases/2017-01-31/duo.owl)

— Latest release is *always™* at http://purl.obolibrary.org/obo/duo.owl

S, .
2775 Global Alliance
milll| Use % % for Genomics & Health
Ml Ontology or Genomics & Hea



http://purl.obolibrary.org/obo/duo
http://purl.obolibrary.org/obo/duo/tracker/
http://purl.obolibrary.org/obo/duo/releases/
http://purl.obolibrary.org/obo/duo/releases/2017-01-31/duo.owl
http://purl.obolibrary.org/obo/duo.owl

GENOMICS IN HEALTH
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DUO In Action
Data repositories tag datasets

DATA
REPOSITORY

Il Data
Hilll Use
Hllll Ontology

o Health and Biomedical Research

o o Health and Biomedical Research

- © General Research Use

ASETC ---~
o

g © General Research Use

© Disease Specific - Uveal Melanoma

© Disease Specific - Cancer

p OATaserg - )
lllll Data

Ml Use
Il Ontology

Global Alliance
for Genomics & Health
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DUO In Action

Researchers discover datasets via DUO i Data

Hlll Ontology,

Filter by Research Purpose
Powered by DUOS

The datasets will be used for the following purposes:
@ Disease focused research

ooin:ied  melanoma e

| 5 Methods development/Validation study mem-ops
[ © Control set contror
[ Aggregate analysis to understand variation in the general population acerecates
I Wa nt to St u d y ' Study population origins or ancestry ssa

[ Commercial purpose/by a commercial entity commzrciat

cancet [
o
KWAY ’

RESEARCHER

%z

B e e ]

Fa

Beacon

\V/‘ .
lIIIIIIIHI B:;a é‘ ‘?,’: Global Alliance
i Ontology 3 for Genomics & Health




GENOMICS IN HEALTH
DUO In Action IMPLEMENTATION FORUM

Faster processing of
data access requests ﬁ

COMMITTEE (DAC)

—Ir (O
/\
ez B } VA

Disease spacilic = Gancer @ RESEARCHER

( N
Disease specific - Melanoma ,
R =X o g1 i) - p
[F] Sieweezeean WMl Data
Bl Use
llhllllll‘l‘ B:;a -Ill ont0|°gy ;‘,"m?,': Global Alliance
345 for Genomics & Health
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DUO Implementations

DUOS

Data Deposition

D
INA : &a
DATA &,
DEPOSITORS

96% data use limitations
structured correctly

Questions:

DUOS@broadinstitute.org

lllll Data
Ml Use
Il Ontology

Vi

Data Access Request Review

) site

MATCHING DATA ACCESS
ALGORITHM COMMITTEE (DAC)

100% agreement between
DAC & DUOS algorithm

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

Data Access Request Application

@
'gj DATA
REQUESTORS

100% research purposes
structured correctly

https://duos.broadinstitute.orq/#/home

e, .
& ~': Global Alliance
v for Genomics & Health


mailto:DUOS@broadinstitute.org
https://duos.broadinstitute.org/#/home

GENOMICS IN HEALTH
DUO Implementations " IMPLEMENTATION FORUM

DUOS: Dataset Catalog

More information
Translated Use Restriction

Use is permitted for the specified disease(s): inflammatory bowel disease

Il Data Global Alliance
Ml Use fi i Ith
Ml Ontology or Genomics & Healt
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DUO Implementations
DUOS: Data Access Request Form

2.7 Data Use Acknowledgements*
Please confirm listed acknowledgements and/or document requirements below

(] 1acknowledge that | have selected a dataset limited to tse on genetic studies only (6SO). | attest that | will respect this data use
condition.

("] 1 acknowledge that | have selected a dataset which requires results of studies using the data to be made available to the larger
scientific community (PUB). | attest that | will respect this data use condition.

[:] | acknowledge that the dataset can only be used in research consistent with the Data Use Limitations (DULs) and cannot be
combined with other datasets of other phenotypes. Research uses inconsistent with the DUL are considered a violation of the
Data Use Certification agreement and any additional terms described in the Addendum.

One or more of the datasets you selected requires local IRB approval for use. Please upload your local IRB approval(s) here as a
single document. When IRB approval is required and Expedited or Full Review is required and must be completed annually.
Determinations of Not Human Subjects Research (NHSR) by IRBs will not be accepted as IRB approval.

Upload File

One or more of the datasets you selected requires collaboration (COL) with the primary study investigator(s) for use. Please upload
documentation of your collaboration here.

Upload File

m\ Data N Global Alliance

ﬂm g:etology . for Genomics & Health
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DUO Implementations
DUOS: DAC Review

APPLICATION SUMMARY

Structured Research Purpose Data Use Structured Limitations

Primary: Use is permitted for the specified disease(s): alcohol dependence
DS The dataset will be used for disease related studies (neurodegenerative disease; & DUL machine-readable format

cardiovascular system disease; Alzheimer's disease; Parkinson's disease; cancer; & Data Use Letter

melanoma; frontotemporal dementia)

& DAR machine-readable format

QUESTION 1

Should data access be granted to this applicant?
YOUR VOTE*

O YES @ NO

RATIONALE

OPTIONAL: Describe your rationale or add comments here

lllll Data
Wil Use

£27°¥a  Global Alliance
Il Ontology :

for Genomics & Health




GENOMICS IN HEALTH
DUO Implementations @ IMPLEMENTATION FORUM
Participant-directed DUO: Machine Readable Consent Guidance

® Guidance on how to create a consent form that maps directly and

unambiguously to the GA4GH DUO, which renders the consent
machine-readable.

Three elements:

® A short consent clause providing a summary description of the data use

term(s);

A detailed explanation of the meaning of the data use term(s), to ensure
they are understood by the consented individual; and

An optional consent form appendix that unambiguously maps the consent
[0 language to specific data use term(s) in the GA4GH DUO.

Ml Use
Il Ontology

@,
I>Re

R ,,’% Global Alliance
3h__#7 for Genomics & Health




GENOMICS IN HEALTH
DUO Implementations @ IMPLEMENTATION FORUM
Participant-directed DUO: Machine Readable Consent Guidance

Included DUO codes / consent form elements:
- General Research Use (DUO:0000042)
- Health/Medical/Biomedical Research Use (DUO:0000006)
- Disease Specific Research Use (DUO:0000007)

- Population Origins or Ancestry Research Use (DUO:0000011)
- No Restriction on Use (i.e., Open Data) (DUO:0000004)

- Research Ethics Approval Required (DUO:0000021)

- Not-for-Profit Use Only (DUO:0000018)

Key considerations, risks and implications of the DUO codes are highlighted in
n the document document to guide those drafting consent forms
lllll Data

S, .
27°NA  Global Alliance

S g
Ml Use % & tor Genomics & Health

Il Ontology




DUO Implementations

Participant-directed DUO: CTRL ‘Control’

il Optus & 12:36 pm O (@ )4 wll Optus & 9:28 am
n demo-ctrl.australiangenomics.org.au ﬂ demo-ctrl.australiangenomics.org.au

wll Optus & 9:29 am o mm)

@& demo-ctrl.australiangenomics.org.au

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

wll Optus = 9:31am o mm)
& demo-ctrl.australiangenomics.org.au

</\/> Australian Genomics

Health Alliance samples and information?

v

Not-for-profit research
organisations (eg Murdoch
Children’s Research Institute)

We | Com e to ® Yes No Not Sure
CTRL

Universities and research institutes
(eg The University of Queensland)

Consent for participating in the Yes® No  Not Sure
Australian Genomics program

Register Now

Government (eg Australian
Government Department of Health)

Yes  No® Not Sure

Commercial companies (eg
pharmaceutical companies)

|

lllll Data
Ml Use
Il Ontology

® Yes No  NotSure

Who can have access to my de-identified

What kinds of research can they do with my
de-identified samples and information?

General research use and
clinical care

® Yes No Not Sure

Health/medical/biomedical
research

® Yes No Not Sure

Research must be specifically
related to my condition

Yes® No Not Sure

Population and ancestry
research

Yes No ® Not Sure

Population and ancestry
research

Yes No ® Not Sure

Population and ancestry research
may include working out how or
when a certain genetic change
arose in a population, studying
traits of certain populations. Your
information may be grouped with
many other people’s information to
be part of a control or reference
dataset. This helps us to
understand normal genetic
variation in populations.

| agree to my general health
information (eg just my MRls,
blood test or other results) being
shared with other research studies
that don’t need my genomic

information.
e, .
) ;‘,« w;% Global Alliance
-‘-'5 45 for Genomics & Health


mailto:m.haas@australiangenomics.org.au

ONTOLOGY SEARCH

Documentation

) % Copy

Label —» disease specitic research

% Services Research & Training @ Aboutus Q

EMBL-EBI

[Search DUO ‘

[ http:/ipurl.obolibrary.org/obo/DUO_0000007 &) Copy

I Tree view & Term mappings &l Term history

data use permission
general research use

health or medical or biomedical research

hierarchy —p- (o )

m information -

_ This term should be coupled with a term describing
Reset tree . : g
a disease from an ontology to specify the disease
Show all siblings the restriction applies to. DUO recommends
MONDO be used, to provide the basis for
@ Preferred root terms automated evaluation. For more information see
All terms https://github.com/EBISPOT/DUO/blob/master/MOND()

Other resources, such as the Disease Ontology,
HPO, SNOMED-CT or others, can also be used.
When those other resources are being used, this
may require an extra mapping step to leverage
2utomated matching algorithms.

definition

This data use permission indicates that use is 4— d efi n it i o n

allowed provided it is related to the specified

http://purl.obolibrary.org/obo/DUO 0000007

Data
Use
Il Ontology

id

DUO:0000007

shorthand

Global Alliance
for Genomics & Health


http://purl.obolibrary.org/obo/DUO_0000007

Global Alliance Q_ search...
for Genomics & Health

ABOUT Us HOW WE WORK GA4GH TOOLKIT NEWS & EVENTS COMMUNITY CONTACT US CcovID-19
Collaborate. Innovate. Accelerate.

Home »  Genomic Data Toolkit

GAA4AGH
Genomic data toolkit

Genomic Data Toolkit

Access and adopt open standards for genomic data sharing below.
You can also download the full 5-year GA4GH Connect Strategic Plan
to see standards in development.

https://www.gadgh.org/genomic-data-toolkit/

Machine Readable Consent Guidance Available resources
A GA4GH-approved Standard The GA4GH Machine Readable Consent Guidance provides instructions for
researchers integrate standard data sharing language into consent forms in a way that is able to be Download PDF =

translated to a computable language. Machine readable consent language is able to be attached to datasets
and stored in their descriptive data using DUO terms. Researchers can then search for datasets that have
been consented to for their research purposes.

Data Use Ontology v1 Available resources
A GA4GH-approved Standard The GA4GH Data Use Ontology (DUO) allows users to semantically tag
genomic datasets with usage restrictions, allowing them to become automatically discoverable based on a @ Documentation -3

health, clinical, or biomedical researcher’s authorization level or intended use. DUO is based on the OBO
Foundry principles and developed using the W3C Web Ontology Language. It is being used in production by ©) Repository >
the European Genome-phenome Archive (EGA) at EMBL-EBI/CRG as well as the Broad Institute for the Data

Use Oversight System (DUOS). [Z) View Webinar -

CONTRIBUTORS
lllll' Data

Ml Use
I Il Ontology _ I


https://www.ga4gh.org/genomic-data-toolkit/
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DUO Implementation — BY YOUR INITIATIVE @

® How do | get started?

[”_? -.II; wellcome

® How do I map my BN CINECA L BN = st 2 7. SENGET
consent to DUO? 1 .~ o\ i

® What are the technical W -E, & GEmjapan
implications? € H3Africa

®* Who can | ask for 00 &semes
assistance?

il Data A% Global Alliance

Ml Use B
Il Ontology K

g
;‘-g for Genomics & Health




=N GENOMICS IN HEALTH
DUO Workshop @ IMPLEMENTATION FORUM

® Workshop purposes:

® facilitate uptake of DUO by assisting new adopters;
® expand our international DUO community
® May 6 or 7 (depending on best timing for most attendees)

® Submit questions / data sharing language / data use restrictions from
the consent forms or data sharing plans AT REGISTRATION.

m Data ‘\gg;lé!l )
Wil Use 5 t::: Global Alliance
Il Ontology

r Genomics & Health
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DUO Workshop

Optional Consent for Future Research
| also provide consent to:
o Share my sample and information collected through this study, with all personal information
removed and replaced with a study code, with other ethically approved research that may or
may not be related to this research project.

oYes oNo ) If you want to decide what kinds of future research your information is

shared for, and the organisations it is shared with, please select ‘yes’ and then register to CTRL
to make your choices. f :

e Being contacted about other related research projects in the future that | may be eligible for. If WO rks h 0 p reg Istration fO rm
interested in taking part, | will be asked to sign a separate consent form.

aoYes ©No 3 s e 3
Please submit your consent clauses as a list in the box below, using square

brackets to separate multiple clauses (eg. [clause],[clause],[clause]...)

If you are unsure of how to extract clauses/policies, please review the slide deck here:
http://bit.ly/DUOSubmission. If you require additional assistance, please reach out to
lindsay.smith@ga4gh.org.

Your answer

Additional Comments

Your answer



GENOMICS IN HEALTH
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Optional Consent for Future Research
| also provide consent to:

e Share my sample and information collected through this study, with all personal information
removed and replaced with a study code, with other ethically approved research that may or
may not be related to this research project.
oYes oNo ) If you want to decide what kinds of future research your information is
shared for, and the organisations it is shared with, please select ‘yes’ and then register to CTR
to make your choices.

e Being contacted about other related research projects in the future that | may be eligible for. If
interested in taking part, | will be asked to sign a separate consent form.
aYes o No

Workshop registration form

Please submit your consent clauses as a list in the box below, using square
brackets to sepaxate multiple clauses (eg. [clause],[clause],[clause]...)

If you are unsure of how\to extract clauses/policies, please review the slide deck here:
http://bit.ly/DUOSubmissign. If you require additional assistance, please reach out to

Your answer

Additional Comments

Your answer



GENOMICS IN HEALTH
DUO Workshop @ IMPLEMENTATION FORUM

® Workshop activities:

® Address questions

® Work through examples of mapping data use clauses to
DUO

® Note the registration closing date, as we will proceed with / time
the workshop based on interest and registrations

N .
Bl Use 2% Global Alliance
Il Ontology 47 for Genomics & Health




GENOMICS IN HEALTH
Thanks & Contacts IMPLEMENTATION FORUM

lllll Data
Ml Use
Il Ontology

Jonathan Lawson jlawson@broadinstitute.org

Tiffany Boughtwood t.boughtwood@australiangenomics.org.au

Melanie Courtot mcourtot@ebi.ac.uk *thanks for the slides!

Giselle Kerry kerryg@ebi.ac.uk

Jaime Guidry Auvil jaime.guidryauvil@nih.gov

Lindsay Smith Lindsay.smith@ga4gh.org

And all the DUO contributors:
https://github.com/EBISPOT/DUO#contribution

e, .
242755 Global Alliance

......
L for Genomics & Health
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DUO WORKSHOP

May 6 or 7 (depending on best timing for attendees)

e [acilitate uptake of DUO by
assisting new adopters

e Expand international DUO
community

e Submit questions, data sharing
language, data use restrictions, or
data sharing plans at registration!

Register:
bit.ly/DUOWorkshop

CONSENT FORM

5

1L
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The Medical Genome Initiative

Moving whole-genome sequencing for rare disease
diagnosis to the clinic

Shashikant Kulkarni, M.S. (Medicine), PhD, FACMG

Chair, Medical Genome Initiative
Professor & Vice Chairman for Research
Department of Molecular and Human Genetics
Baylor College of Medicine, Houston, TX

THE MEDICAL GENOME
INITIATIVE



Improved diagnostic rates in a single test

N=203 cases

301
25
20
S s Routine testing
[}
Q2
E 20
23
| Genome
sequencing
0 - T T T T T T T T T
12 3 4 5 6 7 8 >8 0 5 10 15 20 25 30 35 40 45
Number of genetic tests % of cases with
ordered . . . . Diagposés . o .
* Comparison of WGS with standard of care genetic testing for clinics throughout SickKids: Diagnostic yield of WGS is 41%

(73/203) compared with 19% (38/203) using standard testing
* Average of 3 genetic tests per patient; microarray analysis the most utilized

* Increased yield due to off-target genes but also non-coding (intronic, miRNA) and small copy number changes not

detected with other standard methods
THE MEDICAL GENOME

Lionel A. et al Genet Med (2017), Stavropoulos et al. NP) Gen Med (2016) SllEle



Diagnostic Utility of WGS as a first-line genetic
test

npj | Genomic Medicine

‘www.nature.com/npjgenmed
All rights reserved 2056-7944/16
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Michelle M. Clark‘ Amber Hlldreth"z’3 Sergey Batalov Yan Ding’, Shimul Chowdhury’ "
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Marie L. Janes’, Kejla Lm Paul D. M<Dor|agha Kyle M:Brlde Patrick Mulrooney .

Shareef Nahas Daeheon Oh Albert Orlol Laura Pu:kett Zia Rady Martin G. Reese's,
Julie Ryu'?, Lisa Salz', Erica Sanford"z, Lawrence Stewart’, Nathaly Sweeney"’, Mari Tokita’,
Luca Van Der Kraan', Sarah White', Kristen Wigby"z, Brett Williams®, Terence Wong‘,
Meredith S. Wrigh(‘, Catherine Yamada‘, Peter S(hols', John Reynders’, Kevin Hall'z,

David Dimmock’, Narayanan Veeraraghavan', Thomas Defay®, Stephen F. Kingsmore'*

WGS may be a useful first line genetic test but Clinical Validation of WGS is challenging
and there are no clear standards in place

Professional bodies have made progress but specific challenges not addressed

THE MEDICAL GENOME
INITIATIVE



Medical Genome Initiative
Launched February 2019

* Mission: Expand access to high-quality clinical whole-genome sequencing for the diagnosis of rare
genetic germline disease, through the establishment of common laboratory and clinical best practices

* Goals: Develop and publish laboratory & clinical best practices for implementing clinical WGS for the
benefit of others looking to set up the test

* Membership: Consortium made up of institutions which have deployed clinical genome sequencing
technology for the diagnosis of those with rare germline disorders

Medical Genome Initiative Consortium Members
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Road

map & Working groups

Designing, Validating and Performing Genomic Testing Requires Many Linked Steps

Marshall et ol Gename Medidne (2020} 12:48
Hitps/doiorg/10.11 86/513073-020-007 8-z

COMMENT

The Medical Genome Initiative: moving

Genome Medicine

i@ ]

whole-genome sequencing for rare disease

diagnosis to the clinic

Patient
Selection

Laboratory

Testin Ovutcome

Diagnosis

= =

Christian R. Marshall’, David Bick?, John W. Belmont®, Stadie L. Taylor™'(®, Euan Ashley®, David Dimmoci’, ‘ .
Vaidehi Jobanputra®, Hutton M. Keamey”, Shashitant Kullkemf®, Heidi Rehm® and on behalf of the Medical ==\
Genome Initiative

Abstract

Clinical whole genome sequencing (WGS) offers clear diagnastic benefits for patients with rare disease. However,
there are barriers to its widespread adoption, inchuding a lack of standards for dinical practice. The Medical
Genome Initiative consortium was formed to provide practical guidance and support the development of standards

for the use of clinical WGS. Test
Keywords: Clinical whole-genome sequencing, Diagnostics Standards, Rare genetic disease

L] =
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linical Utili

Background

Rare diseases affect more than 350 million people gobally
and collectively represent a particularly significant source
of morbidity and mortality [1]. Many have an underying
genetic component as demonstrated by a recent review of
>3800 rare diseases listed by Orphanet, which showed that
approximately 80% are either exclusively genetic or have
genetic subtypes [2]. Patients with rare diseases commonly
experience multiyear diagnostic evaluations and receive
multiple misdiagnoses during that time [1]. Thus, estab-
lishing a precise molecular diagnosis can reduce costs by
ending this diagnostic odyssey and, in many cases, aiding
in medical management (3, 4].

The advent of next-generation sequencing technology has
been transiormative in the molecular diagnosis of rare dis-
ease by allowing comprehensive analysis of patient genomes.
Qinical whole-genome sequencing (WGS) can detect a
broad range of pathogenic allele types and is emerging as an
effective first-tir test for cases in which physicians are faced
with a high degree of diagnostic uncertainty [5]. Thus,

dinical WGS in rare disease has the potential to deliver
precise molecular diagnoses, enable changes in medical
management, and eliminate the burden of the unknown that
weighs on patients and their families (3, 4, 6].

Despite all this potential, the majority of individuals
undergoing WGS to date have been tested through re-
search protocols. There are currently several obstadles in
transitioning WGS testing from the research setting into
dinical practice. For kboratories, in addition to the
significant capital cost required for set up, the initial
steps of establishing a technically challenging test and
becoming proficient in its interpretation and reporting
can be overwhelming. For clinicians, education around
WGS (ie., the test itself, patient selection, dinical utility,
reimbursement practices) and the value of a diagnosis to
patients and families represent barriers to widespread
adoption. Importantly, an additional significant barrier
to widespread adoption is a general lack of guidance and
standards for dinical implementation.

of standards

~Compondence myoT @ummacon
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The definition and adoption of common international
standards are essential for the transformation of WGS
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Risk and
Safety

Test
Indications

Communication
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Data Sharing

THE MEDICAL GENOME
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ical Validation Working Group
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Best practices for lhe analytical validation of clinical
whole-genome sequencing intended for the diagnosis

of germline disease

Chyistian R. Marshall (3 =, Shimul Chowdhury’, Ryan 1 Taft’, Msmms Lebo (3, Jillan G. sucnan“ Steven M. Hamson (",

Ross Rowsey”, Eric W. Klee™®, Pengfei Liu®, Elizabeth A. Worthey'®”

va.delmJobanpuua %2, David Dimmock (7,

Hutton M. Kearney’, David Bick (9%, Shashikant Kulkami®?, Stade L Taylor (7, John W. Belmont’, Dimitri J. suwopwm,

Niall 1 Lennon® and Medical Genome Initiative®

Whole-genome sequencing (WGS) has shown promise in becoming 3 first-ties diagnostic test for patients with rare genetic
disorders; however, standards addressing the definition and deployment practice of a bestin-class test are lacking. To address
these gaps, the Medical Genome Initiative, 3 consortium of leading healthcare and research organizations in the US and Canada,
was formed to expand access to high-quality clinical WGS by publishing best practices. Here, we present consensus
recommendations on clinical WGS analytical validation for the diagnosis of individuals with suspected germline disease with a
focus on test development, upfront considerations for test design, test validation practices, and metrics to monitor test
pesformance. This work 2o provides insight into the current State of WGS testing at each member institution, including the
utilization of reference and other tandards across sites. importantly, members of this initiative strongly believe that dlinical WGS is
an appropriate first-tier test for patients wnh rare genetic disorders, and at minimum is ready to replace chromosomal microarray

analysis and

presented here should reduce the burden on laboratories

introducing WGS into dinical practice. and support safe and effective WGS testing for diagnosis of germiine disease.
npj Genamic Medicine (2020)5:47 ; htpsy/doLorg/10.1038/541525-020-00154-9

INTRODUCTION
Advances in nextgeneration sequencing INGS) over the past
decade have transformed genetic testing by increasing diagnostic
yield and decreasing the time to reach a diagnosis’™. Targeted
NGS multigene panels have come into widespread use and whole-
exome sequencing (WES) is a powesful aid in the diagnosis of
patients with nonspecific phenotypic features™ ® and critically il
neonates”, where the difierential diagnosis often indudes multi-
ple rare genetic disorders’”. These approaches, however, have
both workflow and test content limitations that may constrain
their overall efficacy.

hole-genome sequencing (WGS) can address many of the
technical limitations of other enrichment-based NGS approaches,
indluding improved coverage’ ™", and sensitivity for the detection
of structural and complex variants™. WGS ako enables the
identification of noncoding variants, such as pathogenic variations
disrupting regulatory regions, noncoding RNAS and mRNA
splicing™™"". Emerging uses of WGS include HLA genotyping™®,
pharmacogenetic testing™, and generation of pohygenic risk
scores’. Several studies have demonstrated the advantages of
WGS for the iden n of dlinically relevant variants in a wide
range of coborts™ ", and have shown the diagnostic supesiority
of WGS compared with conventional testing in pediatric

patients ™ and critically il infants ™", As a more efficient test,
WGS is poised to replace targeted NGS or WES and chromosomal
microarray {CMAL as a frstdine laboratory approach in the
evaluation of children and adults with a suspected genetic
disorder™ 2% WGS also has the benefit of periodic reanalysis
acoss multiple variant types, which will increase diagnostic
efficacy through updated annotation and analysis techniques™.

Although the stage is set for widespread adoption of clinical
WGS, technical challenges remain, and sandards that address
both the defi practices of abest-in-ck
clinical WGS test have not been fully defined. Professional bodies
have made progress in providing guidance for dinical WGS test
validation'**, and best practices for benchmarking with refer-
ence standards and recommended accuracy measures e
beginning to emerge™="%. It is important to note, however, that
these recommendations do not address the specific challenges
redated 1o the setup of dinical WGS.

SCOPE AND METHODS

To address these challenges, a working group comprised of
experts flom the Medical Genome Initiative®™ was created to
develop practical recommendations related to the analytical

"Onpasimant o Paodhc sy Mndk b, Gomemta Dguars Tha Hergta or Sk Chdn. Tomats, O, Conuta. Rady Clldrd's s e Consnt: Wbl 20

Publizhed in partnesiip wth CEGVR King Aochiar Uriversty

WA, USA."Pesent ackbess Corae or Geocenic Dt Scences,Univesiy of Abima
2 mingham, Bmingham, AL USA_ A7l 5 of mambees and Sk 3%ions Jppexs in e Supplemantay Infommaton. Jamait amedcida

npj g

e Rationale

No standards or consensus as to what
constitutes a clinical WGS test nor what
performance metric thresholds must be
met

e Goal

Define analytic metrics and thresholds for
WGS that show no loss in performance
compared to microarray and whole-exome
sequencing

e Status

Published

Currently inactive

Plans to reinstate and expand group to
tackle more topics in depth (e.g., repeat

expansions) THE MEDICAL GENOME

INITIATIVE



Clinical Utility Working Group

Robin Hayeems
The Hospital for Sick Children

npj ‘ Genomic Medicine

REVIEW ARTICLE OPEN

www.nature.cominpjgenmed

[ Grack tec upssten

Clinical utility of genomic sequencing: a measurement toolkit

Robin Z Hayeems' =, David Dimmock(
Vaidehi Jobanputra

Genome Initiative*

, David Bick (77, John W. Bmont®, Robert C. Green®, Brendan Lanpher’,
"%, Roberto Mendoza (3, Shashi Kulkam ™™, Megan E. Grove (3

", Stacie L. Taylor (°f, Euan Ashley™ and Medical

Whole-genome sequencing (WGS) is positioned to become one of the most robust strategies for achieving timely diagnosis of rare
genomic diseases. Despite s favorable diagnostic performance compared to conventional testing strategies, routine use and
reimbursement of WGS are hampered by inconsistencies in the definition and measurement of dlinical utility. For example, what
constitutes dlinical utilty for WGS varies by stakeholder's perspective (physicians, patients, families, insurance companiss, health-
care organizations, and sodiety), dinical context (prenatal, pediatric, critical care, adult medicine), and test purpose (diagnosis,
screening, treatment selection). A rapidly evolving technology landscape and challenges associated with robust comparative study
design in the context of rare disease further impede progress in this area of empiric research. To address this challenge, an expert
working group of the Medical Genome Initiative was formed. Following a consensus-based process, we align with a broad
definition of dlinical utility and propose a conceptually-grounded and empirncally-guided measurement toolkit focused on four
domains of utility: diagnostic thinking efficacy, therapeutic efficacy, patient outcome efficacy, and societal efficacy. For each domain
of utilty, we offer specific indicators and measurement strategies. While we focus on diagnostic applications of WGS for rare
germline diseases, this toolkit offers a flexible framework for best practices around measuring dlinical utility for a range of WGS
applications While we expect this toolkit to evolve over time, it provides a resource for laboratories, cliniians, and researchers

looking to characterize the value of WGS beyond the laboratory.

npj Genamic Medicine (202015:56; hitpsy/dolorg/10.1038/541525-020-00164-7

INTRODUCTION
Whole-genome sequencing (WGS) s poised to exert a profound
influence on dlinical care by ushering individualized genomic
medicine into routine practice. While technical and interpretive
complexities remain, WGS is emerging as one of the most robust
strategies for achieving timely diagnoses in undiagnosed rare
disease populations’~*. However, for a diagnostic test such as WGS
1o be accepted into practice, commissioned in a health system, or
receive coverage and reimbursement through health insurance,
evidence of dinical wtility and cost-eflectivensss s generally
required™™. Unlike prospective dinical research where the
‘effectiveness of an intervention can be easily tied to a predefined
heaith outcome, the concept of dinical utility in genetic medicine
is rarely uniformly defined nor necessarily directly tied to a specific
health outcome. As such, generating and evaluating evidence of
dlinical utility is complex. The challenge in defining dlinical utility
today is by the of rare
diseases, a5 well as the polygenic nature of more common
conditions for which WGS is expected to be relevant. In this papes,
we aim to extend earlier conceptualizations of clinical utility as
applied to the diagnostic use of WGS and suggest that this
framework not only be used as a tool for evidence review™ ", but
as a ool for best practices. Our

are intended for investigators, policy advisory bodies, payors, and
heaithcare systems committed to providing value-based care and

improving health and non-health related outcomes through the
use of WGS at scale

Early conceptualzations of dinical utilty related to genetic
testing emerged from work at the Centers for Disease Control'™.
The “ACCE" framework described analytical validity, clinical
validity, clinical utilty, and ethical implications as core compo-
nents 1o evaluate before recommending genetic testing. Clinical
utility was defined as the effect of genetic testing on “the balance
of benefits and hams associated with the use of the test in
practice, including improvement in measurable clinical outcomes
and the usefulness or added value in decision-making compared
with not using the test” In the ACCE framework, a series of
questions relating to test characteristics, health impacts, economic
impacts, education, and implementation considerations are used
10 guide literature assessment’ .

In the years that followed the development of the ACCE
framework, scholars, professional groups, and payors continued to
refine the dimensions and definitions of dinical utility. The
Evaluation of Genomic Applications in Practice and Prevention
{EGAPP) Working Group (EWG), for example, adapted a model
proposed by Tatsioni et al'*, which itself was adapted from
Fryback and Thomburys hierarchical model of efficacy for
diagnostic tests’ . In this model, the outcomes of interest for a
test were organized into four groups: diagnostic and prognostic
thinking, therapeutic choice, patient impact, and familial and
socletal impact. To organize and score the evidence reviewed, the

"Progam in Ovid Hedth Evaluative Saences, The Hosptal for Sck Oitran and e Inctne of Health Policy Management and Bvaluxion, Universty of Tarontq, Tomemo, ON.
Canada. “Rady Oniiden's Hosptal Instnne for Genomic Medcine, San Diego, CA, LSA "HudsonAbha Inaituae for Bowednoiogy, Hunmsvlie, AL, USA. Ylumina inc, San Dlego,
CA,USA ‘Brigham and Wo = and {, Boston, MA, USA_ “Mayo Oinic, Rachester, M USA. 'New Yok Genome Center, New Yod,
NY,USA."Depatment o Pa gy and Call Scogy Cobamesa Unversty Madial Cerse, New Yok, NY, USA “The Duion of ik 3nd Mebol: Genesic, The il for
Sick Childen, Taronmo, ON, Canada. “Baylor Genntics and Baylor Colege of Medicing, Howsion, TX, LSA. "'Depatiment of Molecular and Human Genetics, Baylor College of
Madiine, Houton, T, USA. “Stnford Madcine, Ramford, CA, USA °A 1 of manbrs and ther 3atin 3ppeas i the Sippementy Infommaton. Samai robn
[——"i
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Rationale

* Generating and evaluating evidence of clinical

(O L]

WGS is complex (i.e., effectiveness of clinical
WGS is not easily tied to a predefined health
outcome)

* Develop a measurement toolkit to offer

resources and practical guidance using
objective and validated measures
Status
Published
* Currently inactive

THE MEDICAL GENOME
INITIATIVE



Patient Selection/Indication Working Group

Rationale
* Selecting patients for whom clinical WGS
would offer the most benefit can be
challenging for healthcare providers
* Goal
* Develop evidence based and
consensus-driven best practice
recommendations for which patient groups
should receive clinical WGS as a first-tier
test
Method
* Clinician survey of current use
» Systematic evidence review
* Expert opinion
e Status

Kristen Wigby
e ACTIVE Rady Children’s
* Ongoing working group discussions THE MEDICAL GENOME

* Estimated publication date: August 2021 NITIATIVE



Data Infrastructure & Management Working

Group

e Rationale

* Guidance and recommendations for what infrastructure is needed to set up clinical WGS are lacking due to

the rapid pace at which the field is developing

e Goal

» Describe current solutions and develop best practice recommendations for storage and management of the

large volume of sequence and health data generated by clinical WGS

* High level overview,
* Method

* Very high-level overview, target audience are laboratories in the initial stages of setting up clinical WGS

* Divide into 4 domains
* |nformatics

* Software development and deployment

* Information management technology
* Data security
e Status
* ACTIVE
* Estimated publication date: August 2021

Christian Marshall
The Hospital for Sick Children
THE MEDICAL GENOME
INITIATIVE



Test Interpretation & Reporting Working

Group

e Rationale

* Guidance on how best to prioritize detection of variants relevant to the clinical phenotype while

minimizing the return of highly uncertain or clinical irrelevant results are lacking

e Goal

* Develop recommendations for selecting and validating appropriate tools to detect and analyze the full

range of variant types that can be captured by clinical WGS

* Method
* Requisition/Consent
* Annotations
* Analysis
* Case and Variant Interpretation
* Reporting
* Reanalysis
e Status
* ACTIVE
* Estimated publication date: June 2021

Chrissy Austin-Tse Vaidehi Jobanputra
Broad/Harvard New York Genome Center
THE MEDICAL GENOME
INITIATIVE



Future Directions

* Complete and publish manuscripts from active working groups
* Reinstate inactive working groups where there is interest and

bandwidth

* Revise roadmap to include future topics of interest and work products
* E.g., Implementation, reimbursement
* E.g., Webinars, community discussion forums

* Expand membership to capture global representation and perspectives
* Individual contributor
* Institutional membership

* Engage with other initiatives and consortia to identify synergistic areas

leading to potential collaboration
* GA4GH

THE MEDICAL GENOME
* GHIF INITIATIVE



Opportunities for GA4GH Collaboration

GA4GH standards and tools will be adopted and inform the Medical Genome Initiative

Medical Genome
Initiative Working Group

Data Infrastructure and
Management

Test Interpretation and
Reporting

Relevant GA4GH Workstream(s)

Data security

Genomic knowledge
standards

Large scale genomics
Data use and researcher
identities

Regulatory and Ethics
Genomic Knowledge
Standards

File formats

Data privacy and security
policy

Variant
annotation/representatio
n

Consent Toolkit & Policy
Return of results — Survey
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GHGA and its role for
Genome Medicine in Germany

0

GERMAN
HUMAN GENOME PHENOME

Oliver Stegle
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The Vision - Enabling Genomic Medicine
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e Secondary use of clinical omics data in research: biological discovery & replication of

findings to show validity
e Rapid - exponential - growth of available data is a major challenge and opportunity

e Translation of research insights: delivering value in genomic medicine

e Requires a nationally coordinated infrastructure that integrates genome research and

healthcare



Who we are

e One of the nine first-round NFDI consortia

e Network of data hubs co-located with major
academic sequencing centers

e German national node within the federated
European Genome-Phenome Archive (EGA)

e Connected to national cloud infrastructure
(de.NBI cloud) for large-scale analyses

y- il
O. Kohlbacher J. Korbel O. Stegle E. Winkler

K(Univ. Ttibingen) (EMBL) (DKFZ & EMBL)) (Univ. Heidelbey

Board of Directors 7 \

@ GHGA site
€ GHGA data hub
¢ GHGA cloud site



Goals & Core Objectives G%GA

Core Mission
Establish a national infrastructure for human omics data (genome,

transcriptome, proteome, ...).

e Platform for long-term FAIR data archival of human omics data, connected to major
omics centers in Germany

e Controlled access management and community-centered data sharing platforms

e Ethico-legal and data use framework for data sharing, protection & analysis

e Distributed analytics platform to democratize data processing and research use

e Establish strong Interfaces with international genome initiatives



Interfaces and related initiatives GXGA
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Service portfolio: beyond data archival G%GA
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Engagement with GA4GH activities GY&’GA

A B C D E
Communities Concepts Data Oper. Mgmt.
Al A2 A3 B1 B2 B3 (€1 C2 €3 c4 ¢5 D1 D2 E1 E2

WG 1 . .
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ELS| & Medical Phenotypes
WG3 .

Standardized Data Processing & Analysis

e 00000000
Metadata Standards & Harmonization

WG5

Data Security

WG 6
Operations

Further WGs as needed



European Genome-Phenome Archive (EGA) -
Transition to a Federated Model

Why is international federation needed?

e Growing datasets: bring compute to data.

e Regulatory compliance: country-specific

applicable law (based on GDPR?*).

Implications

e National infrastructures required.
e International standards & data exchange

mechanisms becoming crucial.

* Europe’s General Data Protection Regulation (GDPR)

G;XGA

Federated EGA
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“Offer solutions when data could not leave the submitter facilities”

[
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Saunders et al. Nat Rev Genet 2019



Federated infrastructure for European data sharing

f 1;MillionGenomes

Eurog
feder

genomDE:

Nationale
und europadische
Genominitiativen

30. November 2020
DIGITALE VERANSTALTUNG

DeCOIl = German COVID-19
OMICS initiative, www.decoi.eu




National genome initiative

e Governance ( )
e Central data protection concept Data Access Committee
e Research data center
e Working groups (mirror groups to 1+MG)
° ... \ /
( 9\
Trustcenter &
~| Secure and neutral record L
Medical data [ inkage ) Omics data (GHGA)
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Klinische . Standards enom-
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Refocusing NHGRI Support of Genomic Medicine

Training Programs: NHGRI 2020 Strategic Vision

Genomics in Health Implementation Forum, 2021 Virtual Working Meeting
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2020 NHGRI Strategic Vision

Perspective

Strategic vision forimproving humanhealth
at The Forefront of Genomics
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Starting with the launch of the Human ) ago,and

continuing after its completion in 2003, genomics has progre: me to havea

central and catalytic role n basicand translational research. Inaddition, studies —
increasingly demonstrate how genomicinformation can be effectively used in clinical

care. Inthe future, theanticipated advancesin technology development, biological

insights, and clinical applications (among others) willlead to more widespread
integration of genomics into almostall areas of biomedical research, the adoption of

genomicsinto mainstream medical and public-health practices, andanincreasing
relevance of genomics for everyday life. On behalf o the rescarch community, the
National Human Genome Rescarch Institute recently completed amulti-year proc

of strategic engagement to identify future research priorities and opportunities in
human genomics, withan emphasis on health applications. Here we describe the

- ®
highest-priority elements envisioned for the cutting-cdge of human genomics going
forward—that s, at ‘The Forefront of Genomics".

Beginning in October 1990, a pioneering group of international  of biomedical research, medical practice, and society. Thescope, scale,
researchers began an audacious journeytogenerate thefirstmapand  and pace of genomic advances so far were nearly unimaginable when
sequenceof the human genome, marking thestart of a13-year odyssey  the Human Genome Project began: eventoday, suchadvancesareyield L
called the Human Genome Project' . The successfuland early comple-  ingscientificand clinical opportunities beyond our nitial expectations,
tion of the Project In 2003, which included parallel studies ofasetof  withmany more anticipated in the next decade.
model organismgenomes, catalysed enormous progressin genomi Embracing its leadership role in genomics, the National Human
rescarch. Leadinghesignature advances has been  greaterthanone - Genome Research nsttute (NHGRI hs developed strategic
million-fold reductionint DNAsequencing’. This decreaseh: i inflection points, in particular at the
allowed the generation of innumerable genome sequences,including  Genome Project in 2003"and then againat the beginning of the last
hundredsof thousands of human genome sequences (bothinresearch  decadein 201" Thesevisionsoutlined themost compellingopportunt-
and clinical settings), and the continuous development of assays to ties forhumangenomicsresearch, ineach case informed by amulti-year
Menlll»aml(hara((eruemmuunalgennmlce\emem« Thesenew engagement process.NHGRIendeavouredtostartthe new decade with
ogetherwithinc phisticatedstatisticaland compu- - an updated trategcvision for human genomics research. Througha
ethods,haveen: bledresearcherstocreaterichcataloguesof g processthatinvolved more than S0 events (such as dedicated
d e ons, andwebinars) over the past twoyeai
(see http://genome.gov/genomics2020), the institute collected input
zl\egenomlnmsesnnlwuaar\d ofhumandiseased” fromalargenumber of stakeholders, with the resulting input catalogued
decade has brought the Initial realization of genomic medicine®, as  and synthesized usingthe framework depicted inFig. 1
research successes have been converted into powerful tools for u: Unlike the past, this round of strategic planning was greatly Influ
enced by the now widely disseminated nature of genomicsacrossbio-
developmentof targeted therapeuticagents), non-invasive p medicine. A representative glimpse nto this historic phenomenonis
genetic screening”, and genomics-based tes ! illustrated in Fig. 2. During the Human Genome Project, NHGRIw
paediatric conditions and rare disorders, among others. the primary funder of human genomics research at the US National
Inessence, with growinginsights about thestructure andfunction of tutes of Health (NIH), but the past two decades have broughta
thehuman genomeand ever-improvinglaboratory and computational  greater thantenfoldincrease inthe relative fraction of funding coming
technologles, genomics has become increasingly wovenintothefabric  from other parts of the NIH.

Whole-genome analyses
reveal details of Africa’s
richgenetic heritage

Sustainability eolcestructure
noidsraise  Howarelianceon Titaniumatomswork
over nature swillundermine ~together inactivesite:

‘\Iu isciousness Europe’s( n of industrial catalyst

nal th, Bethesda, MD, U

Nature ctober 2020 | 683

Nature 2020;586:683-92, PMID 33116284




NHGRI Training and Education Task Force
Recommendations

« Expand genomic research training
opportunities for individuals in affiliated
fields (e.g. genetic counselors, genetic
laboratory fellows, nurses, etc.)

« Develop new grant programs to develop
and disseminate training modules

« Establish ambitious goals and milestones
to increase both number/size of awards and
the representation of women and
underrepresented minorities




Training Implementation Plan Objectives, Apr 2020

Expand opportunities for individuals who need focused
research training to become effective genomic
researchers, such as genetic counselors and data scientists.

Attract individuals not traditionally represented in
genomics such as women and underrepresented minorities.

Increase knowledge and use of genomics among _
individuals in related non-genomic disciplines such as nurses =4
and physicians.

Assess training programs, address deficiencies, and
disseminate effective approaches.

* Funding Levels: Increase from 4% to 6% of extramural
budget over 5 years; roughly $1.5M/yr x 5 yrs, reassess
and consider additional $3-4M increase




Training Nurses in Genomic Research

Support training of nurse researchers in genomics,
enabling them to:

» Use informatics and precision medicine approaches to
advance health equity and facilitate evidence-based
practice in underserved populations

» Conduct interdisciplinary research using informatics
and precision medicine approaches to advance health
equity and facilitate evidence-based practice in
underserved populations

» Conduct biobehavioral research in symptom science,
with specialized focus on genomics in symptom
research




Training Genetic Counselors in Genomic
Research

Provide genomics research experiences for genetic
counselors, enabling them to:

» Assist with conduct of research and become more
effective members of research team

« Contribute research questions designed to explore
implications of living with genomic risk

» Lead research efforts to inform the most effective
delivery of genetics/genomics services




Genomic Medicine Training Modules

Develop and implement modules providing health care
professionals training in genomic medicine topics

 Clinical use of genomic data and tests

« Analysis of clinical genomic data

* Pharmacogenomics

» Use of genomic information for preventive medicine,

Health care professionals include physicians, physician
assistants, nurse practitioners, nurses, genetic counselors,

pharmacists

Modules can be designed to stand alone or to build upon
each other to form a certificate in genomic medicine to
identify health care professionals with specialized expertise
and consultative capabilities




National Human Genome :
Begin your search here Q

Research Institute

About Genomics Research Funding Research at NHGRI Health Careers & Training News & Events About NHGRI

Home / Careersand Training / Training Modules in Genomic Medicine for Healthcare Professionals

Training Modules in Genomic
Medicine for Healthcare
Professionals

U Texas Houston: UTHealth Adult Cardiovascular Genomics Certificate Program
* Allied health professionals, nurse practitioners, nurses, physicians

Indiana U/Purdue U: Test2Learn™ Pharmacogenomics Education for Health Practitioners

* Genetic counselors, nurse practitioners, nurses, pharmacists, physician assistants,
physicians

Duke U: Health Professional Rapid Personalized Learning Platform for Genomic Medicine

* Nurses, pharmacists, physician assistants, physicians 78



National Human Genome
Research Institute

Begin your search here

About Genomics Research Funding Research at NHGRI Health Careers & Training News & Events About NHGRI

Home / Careersand Training / Funding for Research Training

Funding for Research Training

NHGRI Training Mission: Prepare a diverse and talented genomics workforce that is operating at the forefront of genomics

in order to accelerate scientific and medical breakthroughs to improve human health.

The National Human Genome Research Institute (NHGRI) provides both institutional and individual funding to help scientists
develop their skills as researchers and professionals. Our programs offer opportunities at the
undergraduate, postbaccalaureate, graduate, postdoctoral and faculty levels.

Overview > Courses > Locations of NHGRI-
Supported Training
) Undergraduate and Predoctoral » Programs >
Explore this Page Postbac >
Institutional T32 Training Meetings and Workshops >
Ph.D. and M.D./Ph.D. > Grants >

Staff Contacts >
Research Supplements > NIH Loan Repayment
Program >



AGMT

AFRICAN GENOMIC MEDICINE
TRAINING INITIATIVE

The African Genomic Medicine Training
Initiative

Nicky Mulder
On behalf of AGMT team

Slide credits Dr Vicky Nembaware



African genetic diversity & medicine

* Africa suffers a disproportionate burden of disease
* HIV/AIDS, TB & malaria dominate research on the continent
*Increase in prevalence of non-communicable disease

* African genomes have higher diversity, variants for diseases may be
specific to African populations

* Different evolutionary exposures -compensatory variants found in
African populations

* Genomic medicine knowledge based mostly on other populations
 African genomics is important, but currently a lack of data & skills



African Genomic Medicine Training Initiative -Launch
12 May — 2016: Dakar Senegal

AGMT

AFRICAN GENOMIC MEDICINE
TRAINING INITIATIVE




AGMT

Needs Assessment of Targeted Learners

What are you looking for?

L P——

‘ ) : " % Sleosbezlrch Nurses

AboutThisSite Home Community JENSGESE GRN Chronicles Researchresourcehub elearning GRN Twinning

May 11, 2016
Preparing for Genomic Medicine Nurse Training in Africa

By Victoria Nembaware, Nicola Mulder, Raj Ramesar
Introduction USEFUL RESOURCES

ssnsns ; : . : 3RN_Genetics Article_pdf
Recent advances in high-throughput sequencing and genotyping technologies are helping unravel complex RS Geretics Artidepd

relationships that exist between health, genetics and genomics’. Genetics is the study of inheritance and 07 X8

focuses mainly on understanding the function and composition at a single gene level while genomics

addresses all genetic information of an individual, and attempts to identify their collective influence on an

individual’s growth, development and responses to the environment?. Progress in the genomics and RELATED ARTICLES

genetics field is driving the boundaries of medicine and healthcare into the “Genomic Medicine” era’.

Genomic Medicine is defined as "an emerging medical discipline that involves using genetic/genomic & dence-based medicine for a

; : A £ A : : : £l arn from a
infarmatinn ahnit an individual ac nart f thoir clinical rara (o a_for diaannctic ar tharanoutic doricinn- Sk

AFRICAN GENOMIC MEDICINE

TRAINING INITIATIVE



Goals and Specific Objectives for the Training

* Developed different nurse persona

* Developed competencies required for
nurses

Perceptions e Developed curriculum based on

competencies

Knowledge

Patient care - genetic and genomics information (sensitive to individual and
cultural preferences and norms)
Offer basic genetic counselling to patients and families
Conduct genomics research that is ethical and appropriate to their context
Address stigma and discrimination



Example modules

Introduction Ethics, Social and Genetic
Counselling

* Patterns of Genetic * Ethical, Legal & Social
Transmission in Issues in Applied Genomics
Humans * Community Engagement in

* Genes, Genome Genomic Research
Structure and Function ¢ Basic Genetic Counselling

* Molecular Diagnostics Skills
and Bioinformatics
Techniques

Built on existing content,
adapted to African context

AGMT

AFRICAN GENOMIC MEDICINE
TRAINING INITIATIVE

Application of Genomic Medicine

Genomics of Monogenic Disorders
Molecular pathology of Cancer and
Application in Cancer Diagnosis, Screening
and Treatment

Application of Genomics to
Non-Communicable disease

The gastrointestinal microbiome
Nutrigenomics

Pharmacogenetics & Pharmacogenomics
for nurses in Africa

Clinical Research Skills and Genetic
Epidemiology

Infectious Disease



Distance, Flipped Class & Problem Based Learning

TRAINER A
CLASS - MOROCCO

— " N
p S|

&

||

TRAINER B g
||

CLASS - NIGERIA

1 S5
2%l

@ WEBINAR

COORDINATOR %=/ (Weekly session)

a VULA

AGMT D (SAKAI Learning management system)
AFRICAN GENOMIC MEDICINE E— Accessible anytime

TRAINING INITIATIVE



Evaluation and Feedback

Global Health, Epidemiology
and Genomics

Call for Papers -

AGMT

AFRICAN GENOMIC MEDICINE
TRAINING INITIATIVE



Implementation — run 2 iterations

2017: 19 Classrooms in 11
Countries - Facilitators, 1
Online Class, 225 students
registered

2019: 21 Classrooms in 14
Countries — 1300
applications, 367 students
registered



Future Training

2021 course

Pathologists/Clinical

Nurses Doctors laboratory
technologists

AGMT

AFRICAN GENOMIC MEDICINE
TRAINING INITIATIVE

Researchers

* Developing competencies

* |ldentifying shared versus
profession-specific
modules

Patient Groups



AGMT contributors

e Advisors
* Planning Committee

H3ABioNet

* Trainers "#3° 2 Pan African Bioinformatics Network for H3Africa
e Facilitators
* Participants ey Nembaware

’ V GlObaI Paballo Chauke
Faisal Fadlemola,
‘ ” ResearchNurses Siabiei

Southern

African Fouzia Radouani
Human Michael Pepper
Genome o .
1 . EMBL-EBI e .
i\ el s3esesese Michele Ramsay
i e L ot Misaki Wayengera

S GOBLET Sarah Morgan
AGIVII

AFRICAN GENOMIC MEDICINE
TRAINING INITIATIVE
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Quality Control of WGS
Results
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IMPLEMENTATION FORUM




QUALITY CONTROL
OF WGS RESULTS

Oliver Hofmann (AGHA)
Mar Gonzalez-Porta (SG NPM)

2021 March Virtual GHIF Meeting
9 MARCH 2021
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Background

MOTIVATION
« Good quality data is a prerequisite for reliable downstream analysis
« Strategies for robust QC:
— Validation with reference materials (GIAB, SEQC-II) following standardised best practices (GA4GH)

— Ongoing QC of real samples — multiple guidelines (ACMG, CAP-AMP, MGI...), however the lack of
standardised implementations still poses challenges to initiatives

93
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Background

MOTIVATION
» Good quality data is a prerequisite for reliable downstream analysis
« Strategies for robust QC:
— Validation with reference materials (GIAB, SEQC-II) following standardised best practices (GA4GH)

— Ongoing QC of real samples — multiple guidelines (ACMG, CAP-AMP, MGI...), however the lack of
standardised implementations still poses challenges to initiatives

USER STORIES
« Data generation Hear more:
— Choice of metrics and tools requires curation GHIF Fall 2020 — Day 2
e.g. 82 metrics from 13 tools in the SG-NPM QC pipeline https://youtu.be/qQrdd_3-e5Q?7t=2483

— Shared metric names # directly comparable results
e.g. genome coverage, %Q30
+ Data sharing
— QC after downloading vs. accessing only the relevant samples

94
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Proof of concept: NA12878

SET UP

NA12878 from DRAGEN-1KGP

vv

SG NPM QC AGHA QC
picard indexcov
samtools fastQC
mosdepth samtools
bcftools bcftools
VerifyBamID2 peddy
custom tools multiQC (html)
multiQC (json)
. .

Compare outputs
Yield and quality ¢ Alignment
Variant calling ¢ Contamination & PST
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Proof of concept: NA12878

SET UP

NA12878 from DRAGEN-1KGP

vv

SG NPM QC AGHA QC
picard indexcov
samtools fastQC
mosdepth samtools
bcftools bcftools
VerifyBamID2 peddy
custom tools multiQC (html)
multiQC (json)
. .

Compare outputs
Yield and quality ¢ Alignment
Variant calling ¢ Contamination & PST

OBSERVATIONS
+ Different approaches to QC

96
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Proof of concept: NA12878

SET UP

NA12878 from DRAGEN-1KGP

vv

SG NPM QC AGHA QC
picard indexcov
samtools fastQC
mosdepth samtools
bcftools bcftools
VerifyBamID2 peddy
custom tools multiQC (html)

multiQC (json)

0

Compare outputs
Yield and quality ¢ Alignment
Variant calling ¢ Contamination & PST

OBSERVATIONS
+ Different approaches to QC

* Overlap in tools varied across metric categories

97
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Proof of concept: NA12878

SET UP

NA12878 from DRAGEN-1KGP

vv

SG NPM QC AGHA QC
picard indexcov
samtools fastQC
mosdepth samtools
bcftools bcftools
VerifyBamID2 peddy
custom tools multiQC (html)

multiQC (json)

0

Compare outputs
Yield and quality ¢ Alignment
Variant calling ¢ Contamination & PST

OBSERVATIONS
+ Different approaches to QC

* Overlap in tools varied across metric categories

* Matching results most common when using the same tool,
but also seen across different tools
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Proof of concept: NA12878

SET UP

NA12878 from DRAGEN-1KGP

vv

SG NPM QC AGHA QC
picard indexcov
samtools fastQC
mosdepth samtools
bcftools bcftools
VerifyBamID2 peddy

custom tools multiQC (html)
multiQC (json)

0

Compare outputs
Yield and quality ¢ Alignment
Variant calling ¢ Contamination & PST

OBSERVATIONS

Different approaches to QC

Overlap in tools varied across metric categories

Matching results most common when using the same tool,

but also seen across different tools

Some mismatching results could be considered equivalent
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Proof of concept: NA12878

SET UP

NA12878 from DRAGEN-1KGP

vv

SG NPM QC AGHA QC
picard indexcov
samtools fastQC
mosdepth samtools
bcftools bcftools
VerifyBamID2 peddy
custom tools multiQC (html)

multiQC (json)

0

Compare outputs
Yield and quality ¢ Alignment
Variant calling ¢ Contamination & PST

OBSERVATIONS

Different approaches to QC

Overlap in tools varied across metric categories

Matching results most common when using the same tool,
but also seen across different tools

Some mismatching results could be considered equivalent

Large differences were also observed
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Proof of concept: NA12878

SET UP

NA12878 from DRAGEN-1KGP

vv

SG NPM QC AGHA QC
picard indexcov
samtools fastQC
mosdepth samtools
bcftools bcftools
VerifyBamID2 peddy
custom tools multiQC (html)

multiQC (json)

0

Compare outputs
Yield and quality ¢ Alignment
Variant calling ¢ Contamination & PST

OBSERVATIONS
+ Different approaches to QC

* Overlap in tools varied across metric categories

* Matching results most common when using the same tool,
but also seen across different tools

+ Some mismatching results could be considered equivalent

+ Large differences were also observed

Agreeing on QC metrics is insufficient — need for
standardised definitions

101



Towards a reference implementation

PROPOSED SCOPE
* Focus on human WGS, germline, short-reads
* Provide:
— Standardised metric definitions (incl. defining metadata and schemal/file formats for sharing)

— Areference implementation (standalone QC workflow)
— Benchmarking data (to compare vs. in-house workflows, share QC approaches...)

& & D

The main goal is to define a common language — there’s no single solution to QC!

(2]
w
2
-
O
Z
O
Z
<
EE
Z
w
5
-
3
o
(04
O
o
£
=
<
w
a4
O

102




& & D

(2]
w
2
-
O
Z
O
Z
<
EE
Z
w
5
-
3
o
(04
O
o
£
=
<
w
a4
O

Towards a reference implementation

PROPOSED SCOPE
* Focus on human WGS, germline, short-reads

* Provide:
— Standardised metric definitions (incl. defining metadata and schemalfile formats for sharing)
— Areference implementation (standalone QC workflow)
— Benchmarking data (to compare vs. in-house workflows, share QC approaches...)

The main goal is to define a common language — there’s no single solution to QC!

NEXT STEPS

» Send your feedback and take part in the proof-of-concept
http://j.mp/3rqi9lZ

» Explore ties with GA4GH
e.g. search / discovery of files, refget, file formats

103
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Variant Curation
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Shariant: National approaches to
knowledge sharing between labs
and globally

Amanda Spurdle (Lead)

Emma Tudini (Project Co-ordinator)
James Andrews (Lead Developer)
David Lawrence (Developer)
Hamish Scott (Program 1 Reclassification)

AAAAAA



XA Australian Context

The problem...

* Australian genetic testing labs worked in silos and did not
regularly share knowledge

* Australian clinical accreditation guidelines encourage sharing
of variant

* No (formal) between-lab sharing

* Few submissions to ClinVar >> 250 variants at the time of
project initiafion

J

FDat}Da(a

/\//\ Australian Genomics
V\/ Health Alliance
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XAt Consultation is KEY!

Barter o sharing Solution

Resources - Automated connection to laboratory interpretation
No time tool/database
Limited bioinformatic expertise - Shariant developer to assist in connection

Consent - Conftrolled access platform
- what can be shared and with whom? - Laboratories decide on extent of (clinical) data to be shared
IaiElgel(ci(elilelaRrelo]YellitcId oISV T TaN ol olelfel (SUSIMM - Sharing agnostic to interpretation tool/s
and can change over time - Flexibility in connection solutions

- Work with vendors to improve connection
“Just another (static) database to check” - "Real-time” connection from laboratory system to view other
Paraphrased somewhat... variants submitted nationally

Other issues/Inceniives fo shore Solution

Database stores sufficient evidence to allow - Submission of structured evidence against ACMG guidelines
review/re-use of existing curations

|dentification and resolution of discrepancies - Discrepancy resolution tooling
prior to international sharing
Streamlined submission to ClinVar - Automated formatting to ClinVar specifications, ©linvar AP

/\/> Australian Genomics
WV\/ Health Alliance

v



DA Shariant:

National Clinically Interpreted Variant Sharing Platform

- Needs defined in ™ - - =
consultation with Australian
-

diagnostic labs " Q "

- Documented a set of key [ -\""V@]
criteria to assess potential
solutions

Submission to
international databases
upon laboratory approval

Sharing of structured
evidence and expertise
- Based on ACMG
guidelines

- Investigated commercial,
open source, national,
international options (9)

- Formal trial of three platforms

hariant :
>> Sharian D

Two-way sharing q gé

Platform to automate sharing : _

« clinically interpreted Discrepancy resolution (via API) Controlled access
rrlgerm ine) variants via email notifications and

* between diagnostic labs in-built communication

* in “real” time platform /\X/\ﬁusl;cggll}qnGenomics
eda iance

v



[l Organization signed TOU & sharing
[l Organization signed TOU
B Organization close to signing TOU

Consultation > Engagement

Initial

o),
12

STEP 1:

Contact

- N (X )
[ A
= & e
STEP 2: STEP 3: STEP &: STEP 5: STEP 6:

Send Terms of Mapping of Technical Terms of Use Prospective
Use evidence connection to Sign Off variant sharing!
between Shariant
systems

Terms Of Use

Limited to Australian clinically
accredited laboratories

Additional documentation around
security, and technical connection
Minor amendments intfroduced with
every new organization

Automated notification to accept
minor amendments

Significant hurdle (1 week to > 1.5
years)

/\//\ Australian Genomics
V\/ Health Alliance
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OAOMOE Sharing within Australia over time

Bl unique B agreement Il confidence Bl discordant

6000

Lab 10

4500

3000

Lab 8
1500 Lab 7

O

lab1  Lab 2,3, 4,5, 6 (1 organization)



ADADADED Concordance and Discordance

Discordance
resolved, 8

cher, 93 Discordance, 1

/\//\ Australian Genomics
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Configure columns
Show unmet ACMG criteria
Variant

# Source ID

2 Gene symbol

# Genome Build

2 RefSeq Transcript ID
[ cHGVS

7 pHGVS

4 Zygosity

4 Allele origin

Exon

Gene

# Condition under curation
Patient

Affected status

Test

Population data

BA1 |
BS1 I
BS2 | N

4 PM2

# PS4

gnomAD

Computational and predictive data
# PVS1

Classification Diff

Lab 1
hg19_NM_004360_3_CDH1_c_1913G_A
23/Feb/2021 18:33

~0 @

Shariant_RMH_GRCh37-Molecular_variants-
2020-08-10_05-48-51json:g05

BP4 |
PP3 I

BP7 | N

BP3

PM4 1
BP1 I
#PMs |

Ps1

CDH1

GRCh37p13

NM_004360.3

NM_004360.3(CDH1):c.1913G>A

PWE38"

Heterozygous

Germline

12

MONDO:0007648

Affected

Pathogenic Moderate

Pathogenic Supporting”

0.002%

Pathogenic Very Strong o
o
o
o

o000

Resolution of discordances

Lab
hg38_NM_004360_3_CDH1_c_1913G_A
28/Jan/2021 09:14

~0 0

Shariant_VCGS_GRCh38-
Molecular_variants-2020-08-10_05-48-
06json:918

CDH1

GRCh38p2

NM_004360.3
NM_004360.3(CDH1).c.1913G>A
pPW638"

Heterozygous

Germline

12

Pathogenic Moderate
Pathogenic Strong

Pathogenic Moderate®

Pathogenic Very Strong”

-3 o000

oo

Citations

¥ PMID: 17660459 [£ Masciari et al 2007
Germline E-cadherin mutations in familial
lobular breast cancer.

Toggle detail

# PMID: 30745422 [4 Lo et al 2019
Associations of CDH1 germline variant
location and cancer phenotype in families
with hereditary diffuse gastric cancer
(HDGC).

Toggle detail

# PMID: 31296550 [4 Xicola et al 2019
Clinical features and cancer risk in families
with pathogenic CDH1 variants irrespective
of clinical criteria.

Toggle detail

« Platform designed and tested to record details of

interactions

» But this aspect is not being used!

« Consultation underway to alter design to meet user

needs.....

Flexibility is important

/\//\ Australian Genomics
VA\/ Health Alliance
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ADMOEOET Global Sharing

Laboratories are encouraged to submit to public databases

But the decision rests with each laboratory

So far all laboratories want to submit to ClinvVar

Prefer Shariant to facilitate submission on their behalf (with recognition to the laboratory)

ClinVar submission requires standardization of “condition curated against”

Majority of Shariant records did not have a standard condition term/ID ...

Shariant functionality extended to convert free text conditions to MONDO terms

lg\lcofrpl_oro’res gene-disease relationships from MONDO, Gene Curation Coalition, PanelApp
ustralia

Exact match to MONDO title is auto-assigned condition, with validation
Laboratory must review and agree to additional suggested condition-matches
Standardized terms can now be returned to the laboratory for re-use

/\/’\ Australian Genomics
V\/ Health Alliance

v



DAY Impact - discordance resolution

“We were able to provide a diagnosis to a family as a result of additional
information detected via Shariant from another Ausfralian laboratory*.

Sharing information between two Australian laboratories about a specific rare
gene variant allowed us fo make the diagnosis of a cardiac condition in a
family within a matter of weeks.

This result can now be used to guide freatment plans for multiple family
members with the aim of preventing long-tferm complications.”

Victorian Clinical Genetics Services

* Segregation data from one laboratory. Review of information by second
laboratory..

/\/\ Australian Genomics
V4 Health Alliance



DDA More recent success story

Real-time classification — Victorian Clinical Genetics Services
- Laboratory WES filtering altered to include lookup to Shariant

- Pathogenic variant idenfified in “recessive” gene

- Another variant in same gene prioritized by filtering
- due to presence in Shariant
- curation evidence available for review
- variant classified as pathogenic by laboratory

- Rapid diagnosis of recessive condition for critically ill infant

/\/\ Australian Genomics
4 Health Alliance
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Clinical Variant Ark:
Case-level data in support of variant classification

Augusto Rendon on behalf of a lot of people at Genomics England

augusto.rendon@genomicsengland.co.uk
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: \ Interpretation

PanelApp 7\ /’ Reporting &
A @ Outcomes
' capture

510101
/ Analysis

- ‘_
==
r._.) Clinical
— Variant Ark
Alignment &

Variant calling

> OpenCGA  pedical Laboratory: 1ISO15189
3 Medical Device Manufacturing: ISO13485 (in progress)



Genomic data and knowledge infrastructure

PanelApp Clinical Variant Ark

e, ...

0e® oo
Crowd-sourced Knowledgebase of
knowledgebase of clinically relevant
gene-disease variant-phenotype
relationships and the relationships captured
evidence behind it. throughout the

interpretation process

OpenCGA

Population scale database
of all variant phenotypes
and all phenotypes

All open source



Key features of CVA

®* One knowledge base for all of England (7 lab hubs, for 55 million people)

® Stores the case level information, going beyond the reported variants (think up to 1000 variants
per case)

— Prioritised by humans or by computers
— Curated

— Reported

® Operational database, in the sense that updates to cases are manifested in the database in
real-time (not an archival or submission system)

® Integrated into the interpretation processes by users in the NHS



Key features of CVA (cont)

® Case, variant and gene view
® GUI, python client and REST API

® (to come) Direct submission to ClinVar

® Currently only manages germline findings




Welcome to the Clinical Variant Ark

A knowledge base built from the 100,000 Genomes Project and NHS Genomic Medicine Service

Search for cases, variants or genes...

@)

Explore high-quality clinically
relevant associations between
genotypes and phenotypes

3,157,884

Variants

20.61«

Current diagnostic yield*

6, 204 cases

Positive primary findings

Determine similarities between rare
disease cases based on the Human
Phenotype Ontology terms

CVA in Numbers

36,031

Cases

Overall diagnosis

Find rare disease cases and variants

23’902 cases

Negative primary findings

through various ways including
panels, phenotypes and genes

6,610

Phenotypes

2,01 3 cases

Inconclusive findings

3,917

Pathogenic

*number of positive primary findings against total number of non inconclusive cases

Pathogenicity of variants

2,936 4,645

Likely pathogenic vus

221

Benign

g



> CVA Portal

DxYield

Clinical Indication

Intellectual Disability

Ultra Rare Undescribed
Monogenic Disorders

Cystic Kidney Disease

Epilepsy Plus Other Features

Rod Cone Dystrophy

Congenital Anomaly Of The
Kidneys And Urinary Tract (Cakut)

Total Cases

6716

1405

1325

1386

1233

1017

Archived Cases @ -

6030

1314

1292

1170

1158

974

Positive Diagnosis ()

1470

177

664
114

428

46

Negative Diagnosis ()

4043

1069

545
989

666

904

20.61%

Current diagnostic yield*

Diagnostic

Yield @

0.26664248

0.14205457

0.54921424
0.10335449

0.39122486

0.04842105



" CVA Portal w,

BETA application - The information on this website is not intended for direct diagnostic use. The CVA Portal does not independently verify the submitted information.
If you have any feedback or queries, contact us at ge-servicedesk@genomicsengland.co.uk

431

Patient ID 117000549 Year of birth 1992 Sex Female

Case Vi
Created 9 Feb 2020 Last modified 18 Feb 2021 Assembly GRCh38 Requesting organisation Oxford University Hospitals NHS Trust a S e I e W +
View on Interpretation Portal @ | View Summary of Findings @ ' View Reported Outcomes Questionnaire ) ' View Phenotypically Similar Cases [ o I n te r p reta t i O n LO g ”

Clinical Indications Applied panels

Left ventricular
noncompaction
cardiomyopathy

Left Ventricular Noncompaction Cardiomyopathy (1.3) &

[ Arrhythmogenic cardiomyopathy (2.2) &

Dilated Cardiomyopathy and conduction defects (1.65) & ]

{ Hypertrophic cardiomyopathy - teen and adult (2.1) &

HPO terms for all family members

Hypertrophic cardiomyopathy & H Paroxysmal ventricular tachycardia &

[ Syncope &4

Pedigree

Family ID 117000549

Member Sex Year of birth Clinical Indications - age of onset Patient ID Sample ID
Proband F 1992 Left ventricular noncompaction cardiomyopathy- 23 years old 117000549 &4 LP3000035-DNA_F05
Paternal Uncle M 1972 Left ventricular noncompaction cardiomyopathy- 44 years old 117000548 &4 LP3000036-DNA_HO07

Showing all members




~ CVA Portal &

If you hay

anv faadbhack ar ciariac Lic ot

lond co il

Search for cases, variants or genes... Q Andrew Bond  Log out

BETA application - The information on this website is not intended for direct diagnostic use. The CVA Portal does not independently verify the submitted information.

43-1 | ARCHIVE

Patient ID 112000539

Created 9 Feb 2020 Last

View on Interpretation Po

Variant _

View Interpretation Log [{]

Compound Heterozygous

1:248295419:G:A

Compound Heterozygous

Genomics |

englan

Gene Symbol Exomiser Mode of inheritance Interpretation service
OR2T12 All v All ~ All v
Reported variants Penetrance mode
All All 2
Zygosity
Proband Paternal Uncle )
Cases with the
Gene Type Consequence type Interpreted by affected affected variant
OR2T12 SNV Missense variant Exomiser 12
ENSG00000177201 F Fae
Tiering [} LA®)
Inc. in ROQ
OR2T12 SNV Missense variant Exomiser 12
ENSG00000177201 (§ - . O
Tiering [

Latest release notes &
Usgr guide &

ge-servicedesk@genomicsengland.co.uk &

AIA ADL 2




e s

Clear all filters

Variant =

1:248295422:G:T
View Interpretation Log [{J

Compound Heterozygous

1:248295419:G:A

Compound Heterozygous

All

Gene Symbol

OR2T12 °

Reported variants
All

Gene -
OR2T12

ENSG00000177201

OR2T12
ENSG00000177201

Genomics
england

NHS

England

1 .248295422.G.T LIKELY-PATHOGENIC ’ o
Variant type SNV

Variant assembly GRCh38

Variant Interpretation Logs ®

OPA-43-1
LIKELY PATHOGENIC PVS1
Comments

[2020-07-24] saw this was LP in CVA so added new evidence

[2020-07-24] chris updated log XXXXXX

[2020-07-10] chris test log

Created by: Created date: Validation status:
christopher.boustred@genomicsengland.co.uk 24 Jul 2020 Confirmed




o Variant view
19:44909101:C>G | vus|
ENST00000252486(ENSG00000130203):.805C>G ] ®
Variant type SNV® Assembly GRCh38

Cases with variant 38 (@ De novo variant0 @ Max. allele frequency 0.001

Variant evidence Clinvar & = dbSNP 7

Cases by pathogenicity ® Cases by interpretation services )
0 Pathogenic 0 Likely pathogenic 2 VuUS 0 Likely benign o Benign 38 Tiering 1 Exomiser 0 Omicia 3 Congenica
.
Overlapping genes
APOE
Ensembl ID Ensembl Transcript D Most severe consequence
130203 & o Missense variant

Phenotypic summary of variant

HPO terms present (number of cases)

I Global developmental delay (7) @ || Intellectual disability (7) & H Delayed speech and language development (6) &4 ” Delayed fine motor development (4) &

Microcephaly (4) @ || Seizures (4) & || Chronic kidney disease (3) @ || Dyspnea (3) &

Dystonia (3) @ “ Hypertension (3) &

I Delayed gross motor development (4) &

Breast carcinoma (2) & Dysphagia (2) &

I Proportionate short stature (3) & H Urinary urgency (3) @ || Abnormal facial shape (2) & ” Arrhythmia (2) @

I Enlarged kidney (2) & “ Falls (2) & ” Fatigue (2) & || Gastroesophageal reflux (2) & H Headache (2) & ” IgM deficiency (2) & ” Immunodeficiency (2) & ” Mild 2) & ]




Cases with variant 19:44909101:C:G

There is a possibility of incidental findings being shown. Select Clinical Indications to view cases with this variant.
Clinical Indication by number of cases Clear Clinical Indication filter Select all Clinical Indications

Intellectual Disability (8)
Ultra Rare Undescribed Monogenic Disorders (3)
Congenital Anomaly Of The Kidneys And Urinary Tract (Cakut) (2)
Cystic Kidney Disease (2)
Epilepsy Plus Other Features (2)
Exceptionally Young Adult Onset Cancer (2)
Primary Immunodeficiency (2)
Arrhythmogenic Right Ventricular Cardiomyopathy (1)
Brain Channelopathy (1)
Dilated Cardiomyopathy (1)

Filter cases by Case status Requesting organisation Interpretation service HPO-based phenotypes
Clear case filters Archived - Inconclusiv... v All v All ¥ All v
Pathogenicity of . . Proband's
ID | |
Case Status 18:44909... in CVA Clinical Indication 2ygosity nterpreted by
3446-1 Archived Intellectual disability ® O Exomiser
Guy's & St Thomas' Inconclusive findings Omicia

Hospital NHSFT ;o
£ Tiering

Showing all cases



Classified variants in LDLR

Gene View

Variants are those reported in the outcomes questionnaire that are within the chromosomal co-ordinates of the gene with a start and end base of +/- 1000bp.

Transcript used ENST00000558518 ®

Filter variants by Consequence type
Clear all filters All

Max allele frequency

Variant (GRCh38) =

19:11116969:G: T

19:11111538:A:C

19:11120436:C:T

19:11105588:G:T

19:11131339:C:A

Type

SNV

SNV

SNV

SNV

SNV

Exon

12/18

8/18

14/18

4/18

18/18

Max homozygous frequency
v All v
Max

Max allele homozygous = Pathogenicity in Cases with the
Consequence type = frequency = frequency CVA b variant ¥
Missense variant 0.0006 0.0000 Pathogenic 22
Missense variant 0.0005 0.0000 VUsS 11
Missense variant 0.0005 0.0000 Pathogenic 6
Stop gained 0.0005 0.0000 Pathogenic 4
3 prime utr variant 0.0000 0.0000 'S 3

e



PubMed evidence for LDLR

PubMed evidence selected to support annotation of cases.

Effects of familial hypercholesterolemia-associated genes on the phenotype of premature
myocardial infarction. &

Authors Lee C, Cui Y, SongJ, Li S, Zhang F, Wu M, Li L, Hu D, Chen H

Published 11 Apr 2019  PubMed ID 30971288

Whole-Genome Sequencing to Characterize Monogenic and Polygenic Contributions in Patients
Hospitalized With Early-Onset Myocardial Infarction. 4

Authors Khera AV, Chaffin M, Zekavat SM, Collins RL, Roselli C, Natarajan P, Lichtman JH, D'Onofrio G, Mattera J, Dreyer R, Spertus JA,
Taylor KD, Psaty BM, Rich SS, Post W, Gupta N, Gabriel S, Lander E, Ida Chen YD, Talkowski ME, Rotter JI, Krumholz HM,
Kathiresan S

Published 26 Mar 2019  PubMed ID 30586733

Application of expanded genetic analysis in the diagnosis of familial hypercholesterolemia in
patients with very early-onset coronary artery disease. 4

Authors Cao YX, Wu NQ, Sun D, Liu HH, Jin JL, Li S, Guo YL, Zhu CG, Gao Y, Dong QT, Liu G, Dong Q, Li}J

Published 10 Dec 2018  PubMed ID 30526649

Genetic and secondary causes of severe HDL deficiency and cardiovascular disease. &

Authors Geller AS, Polisecki EY, Diffenderfer MR, Asztalos BF, Karathanasis SK, Hegele RA, Schaefer EJ

Published 01 Dec 2018 PubMed ID 30333156

—



LDLR

Previous symbols None® Alias symbols LDLCQ2®

Gene name low density lipoprotein receptor Location 19:11089362-11133816 GRCh38, forward strand Cases with LDLR reported 57

Gene evidence HGNC @ ' ClinVar @ ' Decipher @ | OMIM & ' PanelApp & ' Ensembl ID ENSG00000130164 7 PubMed evidence 48

Panels and pathogenicity

Cases in CVA with a classified variant in LDLR split by gene panels. The current panel version and evidence for that gene in the panel is shown.

Note: This may differ from the specific panel version used during Genomics England Tiering.

Panel name PanelApp evidence Pathogenic Likely pathogenic vus Likely benign Benign
COVID-19 research (1.76) 4 O Low 0 0 0 0 0
Childhood onset dystonia or chorea or related movement disorder (1.83) & O Low 0 0 0 0 0
Familial hypercholesterolaemia (1.27) & O High 42 20 9 0 0
Familial hypercholesterolaemia - targeted panel (1.8) & O High 0 0 0 0 0
Inborn errors of metabolism (2.101) & O High 0 0 0 0 0
Severe Paediatric Disorders (1.65) &4 O High 0 0 0 0 0
Undiagnosed metabolic disorders (1.447) &3 O High 0 1 0 0 0

Showing 7 of 7 panels  Show less
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Clinical Variant Ark <=

[ Base URL: /cva

The Clinical Variant Ark is a database to store clinically relevant variants and their association to phenotypes with fine grained detail for all the stages of interpretation in each specific case where the variant v

s observed. It intends

o support both the interpretation results for rare disease families cases and cancer tumour-normal pairs. Holding the resulfs of several cases allows us to aggregate this data to provide a truth set of variant-phenotype associations
and also detect and manage conflcts in the interpretation of similar cases and in the latest public knowledge. The main goal is to feedback information to the interpretation process to empower a virtuous circle in the interpretation

of variants.

The secondary goal is to provide a platform that enables to curate variant-phenotype associations. It is of major importance to reduce friction in this manual curation process in stages such as evidence retrieval, variant

classification and conflict detection

The implementation is based on a MongoDB database and a Java backend that are exposed through a REST API. This architecture allows to build applications agnostic of the underlying technology on top of this REST API

Authentication Config
Authentication Tokens
Cases

Clinical Reports

Data Intake

Entities

Evidences

Exit Questionnaires
Genes

System Status

Cancer Participants
Pedigrees

Report Events
Transactions

Variant Interpretation Log

Variants

Thank you

CVA Documentation


https://cva-documentation.genomicsengland.co.uk/

ClinGen Expert Panels: Development of
disease-specific expert consensus to knowledge
curation

Heidi L. Rehm, PhD, FACMG

Chief Genomics Officer, Center for Genomic Medicine and Department of Medicine, MGH

Medical Director, Broad Institute Clinical Research Sequencing Platform

Professor of Pathology, MGH, BWH and HMS YW @HeidiRehm
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Purpose: Create an authoritative

The Clinical Genome Resource central resource that defines the
clinical relevance of genes and
Patients Clinicians Laboratories  Researchers variants for use in precision
(o (o)....... medicine and research.

» Started September 2013

* Primarily funded by the NIH
* 3 Core U41 Grants (NHGRI)
* Disease-focused U24s (NIH)

(a\ N\ N
jecseese oooee > ‘ i oosee > H oocee >

Aggregate Genomic and Health Data

W

Curate Based on ClinGen's Critical Questions

Gene Disease Variant Dosage Clinical
Validity Pathogenicity Sensitivity Actionability

T 'Disseminate Expert Curated Knowledge °

Gmprove Patient Care Through Genomic Medicine) NG

1,557 investigators
across 36 countries

www.clinicalgenome.org



Variant curation and classification

Genetics
ACMG STANDARDS AND GUIDELINES | inMedicine ClinGen Sequence
e U S e Of CO m m O n Sta n d a rd S Standards and guidelines for the interpretation of sequence Variant
variants: a joint consensus recommendation of the American
H College of Medical Genetics and Genomics and the H
- Te r m I n 0 I Ogy Association for Molecular Pathology Interpretatlon

Sue Richards, PhD', Nazneen Aziz, PhD*'%, Sherri Bale, PhD?, David Bick, MD*, Soma Das, PhD, WO I"kl n g G rO U p

Julie Gastier-Foster, PhD%”%, Wayne W. Grody, MD, PhD*"®", Madhuri Hegde, PhD"?,

. T o) .
— R u I e S fo r Va r I a n t C | a S S Ifl Ca t I O n Elaine Lyon, PhD", Elaine Spector, PhD*, Karl Voelkerding, MD'* and Heidi L. Rehm, PhD'S;
on behalf of the ACMG Laboratory Quality Assurance Committee

e Public sharing of variant ClinVar N
1,354,844 4.

classifications submissions

on 863,338 variants ® 101-1000 (51

— Creates transparency and 2846 opmitiors from HEESE

® 5001-50000 (68)

crowd-sources the work 78 countries

Scaling resolution of variant classification differences in ClinVar
between 41 clinical laboratories through an outlier approach All of Us — 4 clincial labs

. .
() - Steven M. Harrison &, Jill S. Dolinksy, Wenjie Chen, Christin D. Collins, Soma Das, Joshua L. Deignan, . o,
Kathryn B. Garber, John Garcia, Olga Jarinova, Amy E. Knight Johnson, Juha W. Koskenvuo, Hane Lee 49, 943 Va rla ntS > 99 -9 A)
Rong Mao, Rebecca Mar-Heyming, Andrew S. McFaddin, Krista Moyer, Narasimhan Nagan, Stefan

Rentas, Avni B. Santani, Eija H. Seppald, Brian H. Shirts, Timothy Tidwell, Scott Topper, Lisa M. Vincent, Conco rd a nce to date

Kathy Vinette, Heidi L. Rehm, on behalf of ClinGen Sequence Variant Inter-Laboratory Discrepancy
Resolution Working Group ... See fewer authors A~

» > .
D. Develop ACMP/AMP rule E. Pilot rules with known variants ClInVa r 3 Star

* Engaging experts in systematic
»
. ° . A. Identify EP leadership specification for genes in scope | and refine rules as needed Implement variantcuration
consensus driven interpretation or = e ity e 1 Status:
B. Define scope (disease Review SVI guidance and other | G. Define plans for ongoing variant tatus.

focus and gene list) EP dis ific rule curation, review, and reanalysisand  Ongoing reassessment and
. C. Address COI fi I i i lut ~ i
variants (Expert Panels) LA e 12,000 variants
: Defi | Step2:DevelopVariant ) ) pa:
Qb ' dassificationules ) \QSIERZRICtRUIES ) ( implementation )

; . reviewed by expert panel
R Submit completed Step 2 SVI final rule review FDAR. zed D
application materials( TR | e Bl FDA Recognized Database

Submit completed Step 1
present to the SVIWG ¥ > > >
P for review and final approval _,
< Clinvar submissions




About ClinGen Expert Panels

ClinGen's Expert Panels are implementing the standards developed by our curation activities to improve genomics knowledge.

Clinical Domain Working Groups Gene Curation Dosage Sensitivity Clinical Actionability
Gene Curation Expert Panels Variant Curation Expert Panels Working Group Working Group Working Group

Cardiovascular CDWG | Arrhythmogenic Right Ventricular Cardiomyopathy Gene Curation Expert Panel ( in process

Brugada Syndrome Gene Curation Expert Panel

13 Clinical Doman Working Groups

- Cardiovascular CDWG

- Hearing Loss CDWG

- Hemostasis/Thrombosis CDWG

+  Hereditary Cancer CDWG

- Inborn Errors of Metabolism CDWG
- Neurodevelopmental Disorders CDWG
- RASopathy CDWG

- Neuromuscular CDWG

«  Ocular CDWG

+  Skeletal Disorders CDWG

- Kidney Disease CDWG

- Immunology CDWG

- Somatic Cancer CDWG

Cardiomyopathy Variant Curation Expert Panel

Familial Hypercholesterolemia Variant Curation Expert Panel  inprocess

Familial Thoracic Aortic Aneurysm and Dissection Gene Curation Expert Panel
FBN1 Variant Curation Expert Panel ( inprocess

Hypertrophic Cardiomyopathy Gene Curation Expert Panel

KCNQ1 Variant Curation Expert Panel  inprocess

Long QT Syndrome Gene Curation Expert Panel | inprocess

Hearing Loss CDWG | Hearing Loss Gene Curation Expert Panel

Hearing Loss Variant Curation Expert Panel

Hemostasis/Thrombosis CDWG | Coagulation Factor Deficiency Variant Curation Expert Panel ( inprocess
Hereditary Hemorrhagic Telangiectasia Variant Curation Expert Panel ( in process

Platelet Disorder Variant Curation Expert Panel ( inprocess

32 Gene Curation Expert Panels

Hereditary Cancer COWG | Breast/Ovarian Cancer Gene Curation Expert Panel

CDH1 Variant Curation Expert Panel

37 Variant Curation Expert Panels




ClinGen Expert Panels Span Many Time Zones!

GREENLAND
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1557 researchers & clinicians from 36 countries
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ClinGen Core Curation Activities

Score aggregate genetic and Score genetic and
experimental evidence for a experimental evidence for
gene’s role in disease a variant’s role in disease
Gene-Disease
Gen.e Relationships with Varla.nt Pathogenic
Curation Valid Evidence* Curation

(Strong & Definitive)

Limited/

VUS/LP/LB
Moderate /LP/

*Note: Gene curation may define more
than one disease associated to a given
gene based on factors such as inheritance

Disputed/Refuted or pathogenicity mechanism. Benign
No evidence
Tools & Resources: Tools & Resources:
ClinGen’s Gene Curation Expert ClinGen’s Variant Curation Expert

Panels & Gene Curation Interface Panels & Variant Curation Interface



ClinGen’s semi-quantitative framework to classify the
strength of evidence for the role of genes in disease

ARTICLE

Evalugtir_lg the Clini_cal Validity of Gene-Disease 1 2 3 5 ge n e_d ise a Se p a i rS

Associations: An Evidence-Based Framework
Developed by the Clinical Genome Resource

Natasha T. Strande,'.'4 Erin Rooney Riggs,%'4 Adam H. Buchanan,? Ozge Ceyhan-Birsoy,*567

Marina DiStefano,* Selina S. Dwight,® Jenny Goldstein,! Rajarshi Ghosh,® Bryce A. Seifert,!

Tam P. Sneddon,® Matt W. Wright,® Laura V. Milko,! J. Michael Cherry,® Monica A. Giovanni,? 35%

Michael F. Murray,® Julianne M. O’Daniel,’ Erin M. Ramos,'? Avni B. Santani,'.12 Alan E. Scott,!? Refute d

Sharon E. Plon,® Heidi L. Rehm,*5.67 Christa L. Martin,23* and Jonathan S. Berg'* . o o
insufficient 1%
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No Reported
B Evidence

imi 10%
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No Evidence Reported e Definitive
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## Experimental Evidence: Expression,
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model organism, rescue studies, etc.
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ClinGen Variant Curation Expert
Panel Approval Steps

ClinGen affiliated groups -
F. Define plans for ongoing variant

» > >E. Validate specified rules with review and reanalysis and
A. Identify EP leadership D. Specify ACMP/AMP rules for .o wn variants and refine as discrepancy resolution
and membership genes in scope - G. Provide example evidence
B. Define scope (disease Review SVI guidance and other 10-12 P/LP per gene summaries .
focus and gene list) EP disease-specific rule 10-12 B/LB per gene H. & |. Provide attestations for
C. Address COI specification as examples 10-12 VUS per gene these sections
Step 2= Develop Variant ',‘ Step 4: Final VCEP )
Submit completed Step 1 Submlt completed Step 2 Submit completed Step 3 Submit fully completed VCEP
application materials application materials and application materials application and present to
present to the SVI WG < the CDWG OC

<



Criteria requiring
gene/disease
specification

Gene-specific data, such as:
PM1: Functional domains / hot spots
PS3/BS3: Validated functional assays

Disease specific data, such as:
BA1/BS1/BS2/PM2/BS4:

MAF/Prevalence/penetrance
PP4: Phenotype specificity
PVS1: Pathogenicity mechanism

RASopathy VCEP:

Final classification of >60% of
RASopathy variants were impacted
by the specified criteria.

Labs reached 100% concordance
for discrepancies reassessed with

RASopathy-specific criteria

Benign Pathogenic oY
- G T
Supporting Supporting Moderate Strong Very strong
Population MAF is too high for n population Prevalenca in
data disorder BA1/BS1 OR z affectads statistically
observation in controls increasad over
inconsistant with controls PS4
disease penatrance BS2
Computational Multipie lines of Multiple lines of Same amino acid Predicted null
and predictive computational evidence computational change as an variant in a gene
data suggest noim n gena evidence support a astablished whera LOFis a
/gene product BP4 deleterious affect pathogenic variant known
on the gene /gene PS1 mechanism of
Missense in gene where product PP3 disease
only tr ing PVS1
disease BP1 gth changing
> PM4
variant with non
yredictad splice impact BP7
In-frame indels in repeat
wlout known function BP3
——
Functional Waell-established Missensa in gene with Nell-astablished
data functional studies show of benign functional studies
no deleterious effect show a deleterious
BS3 offact PS3
common PP2
Nonsagragation Cosegregation with
Segregation with disease BS4 - in muitiple
data affected family >
members PP1
De novo De novo (paternity and
data matarnity confirmed)
PS2
Allelic data Observed in trans with
a dominant variant BP2
Observed in cis with a
pathogenic variant BP2
Other Reputable source w/out Reputable source
database shared data = benign BP6 = pathogenic PP5
Found in case with Patient’s phenotype or
Other data an alternate cause FH highly s or
BPS5 gene PP4
S ——




ClinGen's RASopathy Expert Panel consensus methods for
variant interpretation

S eq u e n ce V ri a n t I n te r p retat i 0 n Bruce D. Gelb, MD', Hélene Cavé, PharmD, PhD?, Mitchell W. Dillon, MS?, Karen W. Gripp, MD*,

Jennifer A. Lee, PhD®, Heather Mason-Suares, PhD®, Katherine A. Rauen, MD, PhD’,
Bradley Williams, MS?, Martin Zenker, MD?, Lisa M. Vincent, PhD® and

The goal of the Sequence Variant Interpretation Working Group (SVI WG) is to support the refinement and far the Chintien BSapathy Working Group
evolution of the ACMG/AMP Interpreting Sequence Variant Guidelines to develop quantitative approaches to
variant interpretation. Adaptation and validation of the ACMG/AMP variant
classification framework for MYH7-associated inherited
Subgroups @ Documents® Tools@®  Membership @ cardiomyopathies: recommendations by ClinGen’s Inherited

Cardiomyopathy Expert Panel

Melissa A. Kelly, MS', Colleen Caleshu, MS?, Ana Morales, MS?, Jillian Buchan, PhD', Zena Wolf, PhD',
Steven M. Harrison, PhD', Stuart Cook, MD*, Mitchell W. Dillon, MS', John Garcia, PhD®,
Eden Haverfield, PhD®, Jan D.H. Jongbloed, PhD®, Daniela Macaya, PhD, Arjun Manrai, PhD®,
Kate Orland, MS®, Gabriele Richard, MD’, Katherine Spoonamore, MS'®, Matthew Thomas, MS'",
Kate Thomson, BSc'>'3, Lisa M. Vincent, PhD?, Roddy Walsh, PhD*'%, Hugh Watkins, MD PhD'3,
Nicola Whiffin, PhD*', Jodie Ingles, PhD'%, J. Peter van Tintelen, MD PhD'®,
Christopher Semsarian, MBBS PhD', James S. Ware, PhD MRCP*', Ray Hershberger, MD* and
Birgit Funke, PhD"7:'8; for the ClinGen Cardiovascular Clinical Domain Working Group'®

The Sequence Variant Interpretation WG also consults with and supports Expert Panel groups to develop gene- and Chairs

disease-specific refinements of the ACMG/AMP Interpreting Sequence Variant Guidelines to increase the uniformity and
consistency of the Expert Panel recommendations.The SVI WG has representation from the Biocurators WG, CNV
Interpretation WG and Variant Curation Interface development team and all ClinGen Expert Panels.

Leslie G. Biesecker, MD Gene-specific criteria for PTEN variant curation:
Steven Harrison, PhD Recommendations from the ClinGen PTEN Expert Panel

Jessical.Mester! () | Rajarshi Ghosh? | TinaPesaran® | Robert Huether® |

| KathleenS.Hruska! | Helio A.Costa® | KatherineLachlan®” |

SVI General Recommendations for Using ACMG/AMP Criteria Coordinators e e e T

. . . 3 . . . . : P ivil 12 H 13 i 14,15+
SVI provides general recommendations for using the ACMG/AMP criteria to improve consistency in usage and Please contact a coordinator if you have ke Zhane |, LauraMilko?™ |, SharonE:Plors; |, Madburl Hegdet%=" |
Charis Eng?10-16+ (12}

transparency in classification rationale. questions.
Danielle Azzariti, MS, CGC ’ - - " -
e Guidance on how to rename criteria codes when strength of evidence is modified dazzarit@broadinstitute.org Expert specification of the ACMG/AMP variant interpretation
e BAT: Updated Recommendation for the ACMG/AMP Stand Alone Pathogenicity Criterion for Variant Classification guidelines for genetic hearing loss

o BA1 Exception List (July 2018) AndreaM.0za*2 (0 | MarinaT.DiStefano*® | SarahE.Hemphill! |

o BA1 Exception List Nomination Form Brandon J. Cushman! | AndrewR.Grant! | RebeccaK.Siegert! | JunShen'34 |
® PVS1: Recommendations for Interpreting the Loss of Function PVS1 ACMG/AMP Variant Criteria AlexChapin® | NicoleJ.Boczek® | LisaA.Schimmenti” | Jaclyn B.Murry" |
; G ; Linda Hasadsri® | KiyomitsuNara® | MargaretKenna?® | KevinT.Booth! |
e PS2/PM6: Recommendation for de novo PS2 and PM6 ACMG/AMP criteria (Version 1.0) Lt s A ”
5 v 2 3 & ; HelaAzaiez’ | Andrew Griffith! | KarenB.Avraham | HannieKremer®® |
e PS3/BS3: Recommendations for application of the functional evidence PS3/BS3 criterion using the ACMG/AMP HeidiL. Rehm?31435® | Samis.Amr*3¢(® | AhmadN.AbouTayoun1?® |
sequence variant interpretation framework on behalf of the ClinGen Hearing Loss Clinical Domain Working Group

e PM3: Recommendation for in trans Criterion PM3 (Version 1.0)

e PP5/BP6: Recommendation for reputable source PP5 and BP6 ACMG/AMP criteria Unique aspects of sequence variant interpretation for inborn

errors of metabolism (IEM): The ClinGen IEM Working Group
and the Phenylalanine Hydroxylase Gene

SVI Approved Expert Panel Specified General SVI Publications

- ; ACMG/AMP Variant Interpretation - ) 5 g DianeB. Zastrow 2 | HeatherBaudet® | Weishen!(® | AmandaThomas® |

ClinGen Guidélines ClinGen > Recommendations for interpreting the loss of YueSi® | MeredithA.Weaver’ | AngelaM.Lager® | JixiaLiu’ | RachelMangels? |
Tt M s e I SelinaS. Dwight?®) | Matt W. Wright?(® | Steven F.Dobrowolski®® |

KarenEilbeck* 0 | GregoryM.Enns? | Annette Feigenbaum®2 |

Uta Lichter-Konecki®® | ElaineLyon®*! | MarziaPasquali*!? | Michael Watson’ |

Nenad Blau'* (0 | RobertD.Steiner’ (© | William J.Craigen’ | RongMao®!! |

for the ClinGen Inborn Errors of Metabolism Working Group

= 7]

https://www.clinicalgenome.org/working-groups/sequence-variant-interpretation




ClinGen VCEPs do not review all variants!

VCEPs priorities include:
1. Resolving discrepancies
2. Classifying the most prevalent pathogenic variants

3. Examining variants that have been observed in multiple cases
through which combining data can move them from VUS or LP
to Pathogenic or Benign



Expert Panel Submissions Can Resolve
Differences in Classification in ClinVar

NM_004004.6(GJB2):c.101T>C (p.Met34Thr)

Interpretation: Pathogenic
Review status: W reviewed by expert panel
Submissions: 33 (Most recent: Nov 26, 2020)
Last evaluated: Jun 24,2019 \
Accession: VCV000017000.25
Variation ID: 17000 22 Pathogenic
Description: single nucleotide variant 4 Likely Pathogenic
B 2 VUS
o 2 Likely Benign

Single Non EP Submitter

Multiple Non-EP Submitters Agree w W 2 B en ig n

Multiple Non EP Submitters Disagree

No Assertion Criteria Submitter(s) Only 0 Stars



Expert panels also combine evidence to reclassify VUSs

Cardiomyopathy Expert Panel
N M—000257'4(MYH7):C'2678C>T (p'Alasgsval) Proband counts from public versus lab internal data sources

35 g
30 2
Interpretation: Likely pathogenic v g
S ®Private
1] >
Review status: ¢ reviewed by expert panel [N TeeIe NP3 7Yt 2 2% £ puic
Submissions: 4 (Most recent: Jun 3, 2020) e B
Last evaluated: Dec 15,2016 .2' 10 -
Accession: VCV000177763.5 § 5 —
Variation ID: 177763 0
Description’ single nucleotide variant p.Argd53His p.Gly584Arg p.Arg723Gly p.Gly741Arg p.Gly741Trp p.Arg1045Cys p.Glu1356Lys
}7 Clinical
significance Review status Collection Condition(s) s i e Submission
(Last (Assertion method) method (Mode of inheritance) Origin Chtions Submittes Sty name accession
evaluated)
Likely reviewed by expert curation Primary dilated cardiomyopathy ~ germline ClinGen Inherited Cardiomyopathy = SCV000564435.2
pathogenic panel (Autosomal dominant Expert Panel
(Dec 15, 2016) ACMG variant inheritance)
classification (MYH7) [MedGen | Orphanet]
Uncertain criteria provided, clinical not specified germline PubMed (2) Laboratory for Molecular SCV000204046.3
significance single submitter testing [MedGen] See all records that Medicine Partners HealthCare
(Jan 21, 2016) LMM Criteria cite these PMIDs] Personalized Medicine
Uncertain criteria provided, clinical not specified germline GeneDx SCV000208493.9
significance single submitter testing [MedGen]

(Oct 24, 2016) GeneDx Variant
Classification
(06012015)



ClinGen VCEP Classified Variants in ClinVar Resolve Conflicts
11,674 Expert Classified Variants in ClinVar

par veer ' @D 14 4 nz 145 209
CDH1 Hearing|Cardio-m| Myeloid — RASop Total PreNveer o QD) 0 ” . - o
Loss | yopathy |Malignancy athy
CoH1 VCEP ' @D 48 26 32 55 68
P53 VCEP X @) 6 17 n 10 14
Total
. 50 77 102 52 158 111 254 804 Rasopathy veeP S @) | 128 61 38 E 83
Submission
Hearing Loss VCEP ' @) 26 23 53 41 26
P/LP vs
eloid Maligna... &'
VUS/LB/B 5 19 14 3 10 18 10 79 e OED. b = © ©
overwritten Platelet Disord... & @) 2
/ Lysosomal Stora... ' @ED) 11 2 16 43 66
VUS vs LB/B
overwritten 12 14 12 2 2 10 52 104 Cardiovascular ... &' 3D 46 1 16 18 20
@6 & é@ écf (59
o N & & &
%""\\ Q:“'(\\ \"é\ ‘\o‘\z \(\c&
\‘\‘3-\* g (\{’\Of\ ; ?’\*Qb\ e
& 5

To track ClinGen FDA-recognized submissions go
to:
https://erepo.clinicalgenome.org/evrepo/



https://erepo.clinicalgenome.org/evrepo/

VCEP Classifications in ClinVar

NM_206933.3(USH2A):c.11241C>A (p.Tyr3747Ter) Cite this record

Interpretation: Pathogenic

Review status: 7¢ reviewed by expert panel

Submissions: 2 (Most recent: Mar 21, 2019)

Last evaluated: Sep 17,2018

Accession: VCV000506273.2

Variation ID: 506273

Description: single nucleotide variant

Submitted interpretations and evidence o

Interpretation Review Condition Submitter Supporting information

(Last evaluated) status (Inheritance) (Seeall)
(Assertion
criteria)

Pathogenic reviewed Usher ClinGen Hearing Loss Evidence details

(Sep 17,2018) by expert syndrome Variant Curation Expert Other databases .
panel (Autosomal Panel, https://erepo.clinicalgenome.o... > Vlew StrUCtu red
I(AC ;\;‘G ik inheritance) AsO The pTyr3747X variantin USH2A is predicted to cause a premature stop eV | d e n Ce | n
Specifications Allele origin: Submittec;' (Feb 27 2019)' codon in biologically-relevant-exon 58/72 that leads to a truncated or absent . , .
vi) germline : i protein in a gene in which loss-of-function is an established mechanism CI 18] G en’s EV|d ence
Method: (PVS1). The allele frequency of the p.Tyr3747X variant in the Ush2A gene is
curation 0.017% (4/24020) of African chromosomes by the Genome Aggregation Re pOS|tO ry

Database (http://gnomad.broadinstitute.org), which is a low enough
frequency to award PM2_Supporting based on the thresholds defined by the
ClinGen Hearing Loss Expert Panel for autosomal recessive hearing loss (
PM2_Supporting). This variant has been detected in 1 patient with hearing
loss in trans with a suspected pathogenic variant (PM3_Supporting, Partners
LMM internal data SCV000713838.1). In summary, this variant meets criteria
to be classified as pathogenic for autosomal recessive Usher syndrome based
on the ACMG/AMP criteria applied: PVS1, PM2_Supporting, PM3_Supporting.
(less)




ClinGen Variant & Gene Curation

Variant Curation is available for public use. To register, create an account via "Login”, and then

tanford edu

contact our helpdesk at clingen-helpdesk@

Gene Curation is cu stricted to ClinGen curators. To collaborate on gene curation

contact clingen@clinicalgenome.org

ClinGen Variant Curation Interface (VCI)

Used by VCEPs, laboratories and
individuals to facilitate the classification
of variants

Assess Evidence
Evaluate Criteria

View
Evidence

View

— Create

Summary

Classification

BA1 BS1 BS2 BS3 BS4 BP1 BP2 BP3 BP4 BP5 BP6 BP7 PP1

Not Met Not Applied

° Benign

No criteria met

Basic Information Population

Missense ’

o Pathogenic
Strong:

Predictors

Loss of Function

Moderate: {

PP3: Multiple lines of computational
evidence support a deleterious effect on the
gene or gene product (conservation,
evolutionary, splicing impact, etc.) (has
caveat)

BP4: Multiple lines of computational
evidence suggest no impact on gene or
gene product (conservation, evolutionary,
splicing impact, etc.) (has caveat)

BP1: Missense variant in a gene for which
primarily truncating variants are known to
cause disease

PP2: Missense variant in a gene that has a
low rate of benign missense variation and in
which missense variants are a common
mechanism of disease

PP3:

-or-

BP4:

BP1:

-or-

PP2:

Not Evaluated

Functional, Conservation, and Splicing Predictors o

Not Met
PP3_Moderate
v PP3_Strong

PP2 m PP4 | PP5 | PM1

Variant Interpretation Record

oo

Silent & Intron

[ -8 PM3 | PM4  PM5 PMGE Ps2 PS4 | PVS1

E Calculated Pathogenicity
Pathogenic

In-frame Indel

L}

Explanation:

Not Evaluated

Not Evaluated

Not Evaluated

«

Explanation:

«

«

Evaluations for PP3, BP4, BP1,

PP2 saved successfully!




Opportunities to get Involved in ClinGen

https://clinicalgenome.org/start/

Want to get involved in ClinGen
activities?
We look forward to collaborating with you! Here are some ways to participate

« Sign up for our Mailing List

Sign up to get ClinGan news and updates deliverad to your inbox
« Attend ClinGen Events
Find when and where ClinGen is exhibiting and hosting events
« Volunteer to Curate
nterested in voluntzering to curate for ClinGen? Pleass complete this brie
survey
« Join the ClinVar Community Call
Join 3 menthly call bringing together Clinvar users to discuss topics relatad
to CRn\ar.
» Share Your Data
Learn how clinicians, laboratories and patients can share their data
« Part IV Practice Improvement
e towards Part IV Practive Improvement for clinica

If you want to volunteer as a biocurator and
learn gene and variant curation, fill out our
survey:

* If you have specific expertise and would
like to join one of our Gene or Variant
Curation Expert Panels as an expert:

About ClinGen Expert Panels

ClinGen'’s Expert Panels are implementing the standards developed by our curation activities to improve genomics knowledge.

Clinical Domain Working Groups Gene Curation Dosage Sensitivity Qiinical Actionability
Gene Curation Expert Panels Variant Curation Expert Panels Working Group Working Group Working Group

One specific goal of ClinGen is to develop teams of experts in different clinical domain:
pathogenicity of individual genetic variants.

s to evaluate the clinical validity of gene-disease relationships and

About Gene Curation Expert Panels About Variant Curation Expert Panels

Gene Curation Expert Panels implement an approved process of Variant Curation Expert Panels evaluate evidence to classify a genomic
evaluating the strength of evidence supporting or refuting a caim that variant on a spectrum from pathogenic to benign with respect to a
variation in a particular gene causes a particular disease. particular disease and inheritance pattern.

Interested in volunteering to curate for ClinGen? Please take this Interested in volunteering to curate for ClinGen? Please take this
brief survey to tell us more about your interests, expertise, and desired brief survey to tell us more about your interests, expertise, and desired
evel of involvement so we can pair you with an appropriate curation ievel of involvement so we can pair you with an appropriate curation
activity and/or Expert Panel. activity and/or Expert Panel.

Interested in starting an Expert Panel? See cur guidelines for apply ng Interested in starting an Expert Panel? See cur guidelines for apply ng
for Gene Curation Expert Pane! Status. for Variant Curation Expert Panel Status.

For a full list of Expert
Panels, visit this page:

https://clinicalgenome.org/
working-groups/clinical-domain/



https://clinicalgenome.org/start/
http://www.clinicalgenome.org/volunteer
https://clinicalgenome.org/working-groups/clinical-domain/
https://clinicalgenome.org/working-groups/clinical-domain/

Clinical Genome Resource

Steering Committee (*Pls)

Jonathan Berg, UNC*
Adam Buchanan, Geisinger
Carlos Bustamante, Stanford
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Core Standards & Oversight

Clinical Domain Working Group Oversight
Gene Curation

Lumping & Splitting

Sequence Variant Interpretation

CNV Interpretation

Cancer Variant Interpretation
Pharmacogenomics

Low Penetrance/Risk Allele

Complex Disease

Ancestry & Diversity

Data Access, Protection, & Confidentiality
Applications & Infrastructure

Data Platform

Clinvar

Application Stakeholder Feedback
Electronic Health Record

Expert Curation

Clinical Domain Working Groups
- Gene Curation Expert Panels
- Variant Curation Expert Panels

Dosage Sensitivity
Actionability

Education, Engagement

and Outreach

Education, Coordination & Training
Biocurator

Community Curation

Stakeholder Partnership
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GENOMICS IN HEALTH
- IMPLEMENTATION FORUM

Day 1 Closing

Kathryn North and Mark Caulfield





