
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.



Opening Remarks: Day 1
Kathryn North and Mark Caulfield



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

● Identify areas of collaboration and resource/expertise 
sharing 

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

GHIF will support the implementation and 
development of GA4GH standards

Genomics in Health Implementation Forum: GHIF 
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From National Initiatives to GHIF - The “Why”

● Ensure that standards fit needs across multiple 

initiatives and healthcare systems

● Increase global membership and involvement in 

GA4GH, encouraging diverse input

● A scalable mechanism for incorporating many 

voices into GA4GH 

● A mechanism for bringing standards needs to 

GA4GH Work Streams for further development





3000+
Subscribers

600+
Organizational

Members

90+
Countries

24 Driver 
Projects

8 Work 
Streams

20 Technical 
Standards

7 Regulatory 
Policies & 

Frameworks

40+ 
Implementations 
& Deployments 

Enabling the global 
learning health system

The GA4GH Ecosystem



Output of 
standards that 
are taken up by 
the community

Input from 
Driver Projects 
as exemplars 
of community
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Real-World Driver Projects

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.



Current GHIF Members

International HundredK+ 
Cohorts Consortium (IHCC)H3Africa

Genomic Medicine Sweden

Foundation members:



● Short form to ensure that groups meet the criteria for 
membership

○ Are you a GA4GH organizational member?
○ What is your initiative doing to advance a genomics strategy 

and implement genomics in healthcare across a single 
country or a consortium of countries? 

○ 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?

● Linked on the GA4GH Website - Community Tab

Becoming a GHIF Member



Global learning Access to toolsContribution to 
GA4GH standards

Potential for 
collaboration and 

sharing

Pilot projects

Benefits of GHIF membership



CLINICAL TOOLS
• Minimum clinical datasets 
• Rare Disease
• Common disease
• Data capture tools
• FHIR implementation

CONSENT & ED TOOLS
• Education material
• Consent resources
• Health economic data
• Policy resources
• Publications 

TECHNICAL/DATA TOOLS
• Authentication tools
• Collection tools
• Curation network
• EMR linkage (future)
• Pedigree build (future)

MEDIA & ENGAGEMENT 
• Media publications
• Patient and public education 

resources
• Engagement activity and 

standards (language etc)

GENOMIC KNOWLEDGE
• Revision of ACMG
• Variant interpretation
• Gene disease validity
• Rare Disease discovery

GA4GH STANDARDS
• Link to toolkit
• Examples of 

implementation

Toolbox



Federated Discovery, Access, and Analysis of Global Datasets

Driving improvements in future spec iterations
based on real-world lessons

bit.ly/GA4GH-Anna



Meeting Approach

Pedigree
Connectathon

April 1

DUO 
Workshop

May 6/7

Maturity 
Model
Summer

VRS 
Webinar

June 2

bit.ly/PedigreeConnect bit.ly/DUOWorkshop bit.ly/VRSWebinar Registration
Coming



Time (UTC) Duration Session Title Speakers

19:00 10 min Opening Remarks
Kathryn North (AGHA), 
Mark Caulfield (GEL)

19:10 25 min
Innovative Approaches to Consent

● Introduction to Data Use Ontology (DUO)
● Walkthrough of Policy Submission

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

19:35 20 min
Application of GA4GH Standards

● GHGA & Medical Genomics in Germany 
● Medical Genome Initiative (MGI)

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

19:55 15 min
Education and Workforce Training in Genomics

● Restructure of NHGRI Training Programs
● African Genomic Medicine Training Initiative (H3A ++)

● Teri Manolio (NHGRI)
● Nicola Mulder (H3Africa/H3ABioNet)

20:10 10 min
Quality Control of WGS Results

● Overview of latest documentation
Oliver Hofmann (AGHA), 
Mar Gonzalez Porta (Singapore NPM)

20:20 40 min

Variant Curation
● Shariant: National approaches to knowledge sharing 

between labs and globally
● Clinical Variant Ark : Case-level data in support of variant 

classification 
● ClinGen Expert Panels: Development of disease-specific 

expert consensus to knowledge curation

● Amanda Spurdle (AGHA/BRCA))
● Augusto Rendon (GEL)
● Heidi Rehm (MGH/Broad Institute)

Agenda – Day 1



Time (UTC) Duration Session Title Speakers

19:00 5 min Opening Remarks Kathryn North (AGHA), Mark Caulfield (GEL)

19:05 15 min

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

● Introduction to the GA4GH Pedigree Standard and Upcoming 
Connectathon

Grant Wood (Intermountain), Orion Buske 
(PhenoTips)

19:20 15 min Clinical Interoperability of Variant Evidence
Alex Wagner (VICC/Nationwide), Larry 
Babb (Broad Institute)

19:35 25 min
Getting Clinic Ready

● Accrediting Whole Genomes for Patient Care
● Application of CLIA/CAP Standards to Genomic Testing

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

20:00 15 min
Building a Framework for the Adoption of GA4GH Standards

● GA4GH::ELIXIR Maturity Model
Melissa Konopko (ELIXIR)

20:15 35 min

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

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

20:50 10 min Closing Kathryn North (AGHA), Mark Caulfield (GEL)

Agenda – Day 2



Please use Q&A to ask questions 
during plenary sessions 

  

We encourage you to participate!

Use the Raise Hand button if 
you would like to make a verbal 

question or comment 

Continue discussions using Chat 
Please ensure your message is set to “All 

panelists and attendees”



Innovative Approaches 
to Consent

Data Use Ontology (DUO)
Jonathan Lawson, Broad Institute

Tiffany Boughtwood, Australian Genomics



DUO Introduction
Current Data Sharing Model

Data 
depositors

Data use 
limitations

Data access 
requests

Data 
requestors

Data access 
committee



DUO Introduction
The Challenge

Data 
depositors

Data use 
limitations

Data access 
requests

Data 
requestors

Data access 
committee

Unique and diverse language in consent 
forms need to be interpreted by researchers 
and data access committees

The process to request access to human data is 
time-consuming. Length of the process hinders 
maximum data reuse.



DUO is use case driven

• 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



DUO terms overview

Permissions terms for 
expressly permitted uses or 
focused areas of research. 

Modifiers terms  add 
requirements, limitations, 
or prohibitions within the 
permitted boundary



● Unanimously approved Jan 2019 as a GA4GH 
product

● Community contributions
● Scope to promote data sharing

○ Governance policy guides evolution

● DUO IDs are stable, resource is versioned

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

DUO is a GA4GH standard

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


Technical backend – simple and reliable

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

Includes consistency tests

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

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

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


DUO In Action
Data repositories tag datasets



DUO In Action
Researchers discover datasets via DUO

I want to study 
melanoma



DUO In Action
Faster processing of 
data access requests



DUO Implementations
DUOS

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

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


DUO Implementations
DUOS: Dataset Catalog



DUO Implementations
DUOS: Data Access Request Form



DUO Implementations
DUOS: DAC Review



• 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 

language to specific data use term(s) in the GA4GH DUO.

DUO Implementations
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 

the document document to guide those drafting consent forms

DUO Implementations
Participant-directed DUO: Machine Readable Consent Guidance



DUO Implementations
Participant-directed DUO: CTRL ‘Control’

Questions: Dr. Matilda Haas m.haas@australiangenomics.org.au

mailto:m.haas@australiangenomics.org.au


hierarchy

Label 
+ID

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

Optional 
comment, 
examples...

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


GA4GH 
Genomic data toolkit

https://www.ga4gh.org/genomic-data-toolkit/

https://www.ga4gh.org/genomic-data-toolkit/


• How do I get started?

• How do I map my 

consent to DUO?

• What are the technical 

implications?

• Who can I ask for 

assistance?

DUO Implementation – BY YOUR INITIATIVE

?



• 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.

DUO Workshop



DUO Workshop

Workshop registration form



Workshop registration form



• 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

DUO Workshop



• 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

Thanks & Contacts

mailto:jlawson@broadinstitute.org
mailto:t.boughtwood@australiangenomics.org.au
mailto:mcourtot@ebi.ac.uk
mailto:kerryg@ebi.ac.uk
mailto:jaime.guidryauvil@nih.gov
mailto:Lindsay.smith@ga4gh.org
https://github.com/EBISPOT/DUO#contributions


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

● Facilitate uptake of DUO by 
assisting new adopters

● Expand international DUO 
community

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

Register: 
bit.ly/DUOWorkshop



Application of GA4GH 
Standards



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



Improved diagnostic rates in a single test
N

u
m

b
er

 o
f 

ca
se

s

Number of genetic tests 
ordered

% of cases with 
Diagnosis

19%

41%

N=203 cases 

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

• 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



• 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

Diagnostic Utility of WGS as a first-line genetic 
test



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



Roadmap & Working groups

Marshall CM. et al NPJ Gen Med 
(2020)



Analytical Validation Working Group

• Rationale 
• No standards or consensus as to what 

constitutes a clinical WGS test nor what 
performance metric thresholds must be 
met

• Goal 
• Define analytic metrics and thresholds for 

WGS that show no loss in performance 
compared to microarray and whole-exome 
sequencing

• Status 
• Published
• Currently inactive
• Plans to reinstate and expand group to 

tackle more topics in depth (e.g., repeat 
expansions) 

Christian Marshall
The Hospital for Sick Children



Clinical Utility Working Group

• Rationale 
• Generating and evaluating evidence of clinical 

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

• Goal 
• Develop a measurement toolkit to offer 

resources and practical guidance using 
objective and validated measures 

• Status 
• Published
• Currently inactive

Robin Hayeems
The Hospital for Sick Children



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 

• Status 
• ACTIVE
• Ongoing working group discussions
• Estimated publication date: August 2021

Kristen Wigby
Rady Children’s



Data Infrastructure & Management Working 
Group

• 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 
• 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

• Informatics
• Software development and deployment
• Information management technology
• Data security 

• Status 
• ACTIVE
• Estimated publication date: August 2021

Christian Marshall
The Hospital for Sick Children



Test Interpretation & Reporting Working 
Group

• 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
• 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

• Status
• ACTIVE
• Estimated publication date: June 2021

Chrissy Austin-Tse
Broad/Harvard

Vaidehi Jobanputra
New York Genome Center



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
• GHIF



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

Medical Genome 
Initiative Working Group

Relevant GA4GH Workstream(s) Comments

Data Infrastructure and 
Management

• Data security
• Genomic knowledge 

standards
• Large scale genomics
• Data use and researcher 

identities

• File formats
• Data privacy and security 

policy
• Variant 

annotation/representatio
n

Test Interpretation and 
Reporting

• Regulatory and Ethics
• Genomic Knowledge 

Standards

• Consent Toolkit & Policy
• Return of results – Survey 

of stakeholder 
perspectives

• Variant 
annotation/representatio
n
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Illumina
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for Biotechnology
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GHGA and its role for 
Genome Medicine in Germany

Oliver Stegle
German Cancer Research Center & European Molecular Biology Laboratory

on behalf of the GHGA Directorate



The Vision - Enabling Genomic Medicine

● Secondary use of clinical omics data in research: biological discovery & replication of 

findings to show validity 

● Rapid - exponential - growth of available data is a major challenge and opportunity

● Translation of research insights: delivering value in genomic medicine

● Requires a nationally coordinated infrastructure that integrates genome research and 

healthcare

Research

Data sharing

Healthcare
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Who we are

● One of the nine first-round NFDI consortia 
● Network of data hubs co-located with major 

academic sequencing centers
● German national node within the federated 

European Genome-Phenome Archive (EGA)
● Connected to national cloud infrastructure 

(de.NBI cloud) for large-scale analyses

GHGA site

GHGA data hub

GHGA cloud site

Board of Directors

O. Stegle
(DKFZ & EMBL))

O. Kohlbacher
(Univ. Tübingen)

J. Korbel
(EMBL)

E. Winkler
(Univ. Heidelberg)



Goals & Core Objectives

● Platform for long-term FAIR data archival of human omics data, connected to major 

omics centers in Germany

● Controlled access management and community-centered data sharing platforms

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

● Distributed analytics platform to democratize data  processing and research use

● Establish strong Interfaces with international genome initiatives

Core Mission
Establish a national infrastructure for human omics data (genome, 
transcriptome, proteome, …).



Interfaces and related initiatives

Data Exchange A
PI

s

NGS
Centers

Portals

ELSI Standards

Technical
Harmonization

Tech Standards

Technical 
Infrastructure

UACs
(Use & Access)

HP
C 

In
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Disease-related 
communities



Service portfolio: beyond data archival

Technical proficiency 

Web UIs Data 
Download

Distributed & 
cloud computing



Engagement with GA4GH activities



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

Why is international federation needed?
● Growing datasets: bring compute to data.

● Regulatory compliance: country-specific 

applicable law (based on GDPR*).

Implications

● National infrastructures required.

● International standards & data exchange 

mechanisms becoming crucial.

Saunders et al. Nat Rev Genet 2019* Europe’s General Data Protection Regulation (GDPR)



Federated infrastructure for European data sharing

Saunders et al. Nat Rev Genet 2019

European research community promotes EGA 
federation to enable international data sharing.

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



National genome initiative
● Governance
● Central data protection concept
● Research data center
● Working groups (mirror groups to 1+MG)
● … 

Omics data (GHGA)
● Datenmanagement
● Archival
● Standards
● Cloud-Computing

Genom-
daten

Established
medical

Sequencing
center

● Bioinformatics
● Clinical interpretation

Medical data

Klinische
Datenknoten

International 
Data exchange

Trust center
Secure and neutral record 
linkage

Genome Medicine
Competence Center

Research evidence
Marker evidence, summary 
stats, etc.

Patient
Therapy

Research consent?

Data Access Committee



Board of directors: Oliver Stegle (DKFZ/EMBL), Oliver Kohlbacher (Univ. 
Tübingen), Jan Korbel (EMBL), Eva Winkler (Univ. Klinikum Heidelberg) 
Co-spokespersons: Peer Bork (EMBL), Ivo Buchhalter (DKFZ), Andreas Dahl (TU 
Dresden), Julien Gagneur (TU Munich), Wolfgang Huber (EMBL), Daniel 
Hübschmann (DKFZ), Martin Lablans (DKFZ), Ulrich Lang (Univ. Cologne), Peter 
Lichter (DKFZ), Fruzsina Molnár-Gábor (Akadam. Wiss.), Susanne Motameny 
(Univ. Cologne), Sven Nahnsen (Univ. Tübingen), Uwe Ohler (MDC), Stephan 
Ossowski (Univ. Klinikum Tübingen), Annette Peters (HMGU), Olaf Rieß (Univ. 
Klinikum Tübingen), Philip Rosenstiel (Univ. Klinikum Schleswig-Holstein, Kiel), 
Thorsten Schlomm (Charité, Berlin), Joachim Schultze (DZNE), Jörn Walter (Univ. 
Saarland), Thomas Walter (Univ. Tübingen), Juliane Winkelmann (HMGU), 
Participants: Thomas Keane (EMBL-EBI), Mario Fritz / Ninja Marnau (CISPA), 
Alice HcHardy (Helmholtz Center, Infectious Diseases), Stefan Fröhling (NCT 
Heidelberg), Hanno Glimm (NCT Dresden)
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Education and Workforce 
Training in Genomics



Refocusing NHGRI Support of Genomic Medicine 
Training Programs: NHGRI 2020 Strategic Vision 
Teri Manolio, M.D., Ph.D.

Genomics in Health Implementation Forum, 2021 Virtual Working Meeting
March 9, 2021



2020 NHGRI Strategic Vision

Nature 2020;586:683-92, PMID 33116284 



• 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

NHGRI Training and Education Task Force 
Recommendations



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

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

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

4. 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 Implementation Plan Objectives, Apr 2020

74



Training Nurses in Genomic Research

75

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

76

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

77

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



78

Columbia U: Preparing providers to integrate polygenic risk scores into clinical care
• Genetic counselors, medical students, nurse practitioners, physician assistants, physicians

Mayo Clinic: Genetics and Genomics Essentials for Nursing Practice
• Nurses

U Cincinnati: Reduce or Prolong the Diagnostic Odyssey: You Decide
• Nurse practitioners, physician assistants, physicians

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

Indiana U/Purdue U: Test2LearnTM 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

Training Modules in Genomic Medicine for Healthcare 
Professionals
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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



Needs Assessment of Targeted Learners



• 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 

Goals and Specific Objectives for the Training

Attitude

PerceptionsPractises

Knowledge
• Developed different nurse persona
• Developed competencies required for 

nurses
• Developed curriculum based on 

competencies



Example modules
Introduction Ethics, Social and Genetic 

Counselling
Application of Genomic Medicine

• Patterns of Genetic 
Transmission in 
Humans

• Genes, Genome 
Structure and Function

• Molecular Diagnostics 
and Bioinformatics 
Techniques

• Ethical, Legal & Social 
Issues in Applied Genomics

• Community Engagement in 
Genomic Research

• Basic Genetic Counselling 
Skills

• 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

Built on existing content, 
adapted to African context



Distance, Flipped Class & Problem Based Learning



Evaluation and Feedback



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

Nurses Doctors
Pathologists/Clinical 

laboratory 
technologists

Researchers Patient Groups

2021 course

• Developing competencies
• Identifying shared versus 

profession-specific 
modules



• Advisors 
• Planning Committee
• Trainers
• Facilitators
• Participants

AGMT contributors

Vicky Nembaware
Paballo Chauke
Faisal Fadlemola, 
Samar Kassim
Fouzia Radouani
Michael Pepper
Raj Ramesar
Guida Landore
Michele Ramsay
Misaki Wayengera
Sarah Morgan
….



Quality Control of WGS 
Results



QUALITY CONTROL 
OF WGS RESULTS

9 MARCH 2021

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

2021 March Virtual GHIF Meeting
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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
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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

– Choice of metrics and tools requires curation
e.g. 82 metrics from 13 tools in the SG-NPM QC pipeline

– Shared metric names ≠ directly comparable results
e.g. genome coverage, %Q30

• Data sharing
– QC after downloading vs. accessing only the relevant samples

Hear more: 
GHIF Fall 2020 – Day 2 
https://youtu.be/qQrdd_3-e5Q?t=2483
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Proof of concept: NA12878

NA12878 from DRAGEN-1KGP 

SG NPM QC
picard

samtools
mosdepth
bcftools

VerifyBamID2
custom tools

multiQC (json)

AGHA QC
indexcov
fastQC

samtools
bcftools

peddy
multiQC (html)

Compare outputs
Yield and quality ◈ Alignment

Variant calling ◈ Contamination & PST

SET UP
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Proof of concept: NA12878
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• Different approaches to QC
e.g. stand-alone vs. embedded workflows; plot vs. single-value 

based assessments
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e.g. 4X difference in coverage; yield as N reads or Gbp
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Proof of concept: NA12878

NA12878 from DRAGEN-1KGP 

SG NPM QC
picard

samtools
mosdepth
bcftools

VerifyBamID2
custom tools

multiQC (json)

AGHA QC
indexcov
fastQC

samtools
bcftools

peddy
multiQC (html)

Compare outputs
Yield and quality ◈ Alignment

Variant calling ◈ Contamination & PST

SET UP OBSERVATIONS

• Different approaches to QC
e.g. stand-alone vs. embedded workflows; plot vs. single-value 

based assessments

• Overlap in tools varied across metric categories
e.g. common use of bcftools for variant stats; different checks for 
contamination and PST

• Matching results most common when using the same tool, 
but also seen across different tools
e.g. % duplicates from samtools; N reads from samtools / picard

• Some mismatching results could be considered equivalent
e.g. % aligned reads including all / paired reads, mean insert size

• Large differences were also observed
e.g. 4X difference in coverage; yield as N reads or Gbp

Agreeing on QC metrics is insufficient – need for 
standardised definitions
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Towards a reference implementation

PROPOSED SCOPE
• Focus on human WGS, germline, short-reads
• Provide:

– Standardised metric definitions (incl. defining metadata and schema/file formats for sharing)
– A reference 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!
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Towards a reference implementation

PROPOSED SCOPE
• Focus on human WGS, germline, short-reads
• Provide:

– Standardised metric definitions (incl. defining metadata and schema/file formats for sharing)
– A reference 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/3rqi9IZ

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

http://j.mp/3rqi9IZ


Variant Curation



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)



  

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 initiation



Consultation is KEY!

Other issues/Incentives to share Solution
Database stores sufficient evidence to allow 
review/re-use of existing curations

- Submission of structured evidence against ACMG guidelines

Identification and resolution of discrepancies 
prior to international sharing

- Discrepancy resolution tooling
 

Streamlined submission to ClinVar  - Automated formatting to ClinVar specifications, ClinVar API

Barrier to sharing Solution
Resources
- No time
- Limited bioinformatic expertise

- Automated connection to laboratory interpretation 
tool/database
- Shariant developer to assist in connection

Consent 
- what can be shared and with whom?

- Controlled access platform
- Laboratories decide on extent of (clinical) data to be shared

Interpretation tools differ between laboratories, 
and can change over time

- Sharing agnostic to interpretation tool/s
- Flexibility in connection solutions
- Work with vendors to improve connection

“Just another (static) database to check”
Paraphrased somewhat…

- “Real-time” connection from laboratory system to view other 
variants submitted nationally



- Needs defined in 
consultation with Australian 
diagnostic labs

- Documented a set of key 
criteria to assess potential 
solutions

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

- Formal trial of three platforms
 >> Shariant

Shariant: 
National Clinically Interpreted Variant Sharing Platform

API
Sharing of structured 

evidence and expertise
- Based on ACMG 

guidelines

Discrepancy resolution
via email notifications and 

in-built communication 
platform

Submission to 
international databases
upon laboratory approval

Controlled access
Two-way sharing 

(via API)Platform to automate sharing 
• clinically interpreted 

(germline) variants 
• between diagnostic labs
• in “real” time



Consultation > Engagement

Terms Of Use
- Limited to Australian clinically 

accredited laboratories
- Additional documentation around 

security, and technical connection
- Minor amendments introduced with 

every new organization
- Automated notification to accept 

minor amendments
- Significant hurdle (1 week to > 1.5 

years)Organization signed TOU & sharing
Organization signed TOU
Organization close to signing TOU



Sharing within Australia over time

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

Lab 7 Lab 8

Lab 9

Lab 10



Concordance and Discordance



Resolution of discordances

• 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

Lab 1 Lab 2



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 ClinVar
• 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
• Incorporates gene-disease relationships from MONDO, Gene Curation Coalition, PanelApp 

Australia
• 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



Impact – discordance resolution

“We were able to provide a diagnosis to a family as a result of additional 
information detected via Shariant from another Australian laboratory*.
 
Sharing information between two Australian laboratories about a specific rare 
gene variant allowed us to make the diagnosis of a cardiac condition in a 
family within a matter of weeks. 
 
This result can now be used to guide treatment plans for multiple family 
members with the aim of preventing long-term complications.”

Victorian Clinical Genetics Services

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



More recent success story

Real-time classification – Victorian Clinical Genetics Services

- Laboratory WES filtering altered to include lookup to Shariant

- Pathogenic variant identified 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



Acknowledgements
The many individuals & labs involved in conception, development and implementation of Shariant!

Sites connected
Karin Kassahn
Lesley Rawlings
Kathy Cox
Andrew Dubowsky
Janice Fletcher
Kathryn Friend
Evelyn Douglas
Linda Burrows
Louisa Sanchez
Sinlay Kang
Sebastian Lunke

Australian Genomics Program 2
Amanda Spurdle
Emma Tudini
James Andrews
David Lawrence
Tiffany Boughtwood
Marie-Jo Brion
Natalie Thorne

Australian Genomics Program 1
Hamish Scott
Sarah King-Smith
Matilda Jackson
Matilda Haas
Tessa Mattiske

Shariant is built using 
VariantGrid technology

Zornitza Stark
Naomi Baker
Anthony Marty
James U
Belinda Chong
Dean Phelan
Miriam Fanjul Fernandez
Sarah-Jane Pantaleo
Bryony Thompson
Lauren Akesson
Bruce Bennetts
Gladys Ho

Australian Genomics Program 4
Stephanie Best

Rahul Krishnaraj
Anja Ravine
Emma Hackett
Katherine Holman
Katrina Fisk
John Beilby
Cheryl Wise
Michael Black
Mark Davis
Richard Allcock
Amanda Hooper



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



Analysis

Interpretation

Reporting &
Outcomes 
capture

PanelApp

Alignment & 
Variant calling

Clinical 
Variant Ark

OpenCGA Medical Laboratory: ISO15189
Medical Device Manufacturing: ISO13485 (in progress)



Genomic data and knowledge infrastructure

PanelApp Clinical Variant Ark OpenCGA

Crowd-sourced 
knowledgebase of 
gene-disease 
relationships and the 
evidence behind it. 

Knowledgebase of 
clinically relevant 
variant-phenotype 
relationships captured 
throughout the 
interpretation process

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
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20.61%



Case View + 
“Interpretation Log”
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Sub-section header

1
2
6



Variant view





Gene View







CVA Documentation

Thank you

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 @HeidiRehm



The Clinical Genome Resource Purpose: Create an authoritative 
central resource that defines the 
clinical relevance of genes and 
variants for use in precision 
medicine and research.

www.clinicalgenome.org

• Started September 2013
• Primarily funded by the NIH

• 3 Core U41 Grants (NHGRI)
• Disease-focused U24s (NIH)

ClinVar and ClinGen 
Websites

1,557 investigators 
across 36 countries



Variant curation and classification

• Use of common standards
– Terminology
– Rules for variant classification

• Public sharing of variant 
classifications 
– Creates transparency and 

crowd-sources the work

• Inter-laboratory conflict resolution

• Engaging experts in systematic     
consensus driven interpretation of 
variants (Expert Panels)

ClinVar
1,354,844 
submissions
on 863,338 variants
1846 submitters from 
78 countries 

ClinGen Sequence 
Variant 

Interpretation 
Working Group

ClinVar 3 Star 
Status:
~12,000 variants

All of Us – 4 clincial labs
49,943 variants → 99.9% 
concordance to date



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

32 Gene Curation Expert Panels

37 Variant Curation Expert Panels



[Map by Natalie Pino; Time-zone videos from Birgit Funke]

ClinGen Expert Panels Span Many Time Zones!

1557 researchers & clinicians from 36 countries 



Gene 
Curation

Score aggregate genetic and 
experimental evidence for a 

gene’s role in disease

Gene-Disease 
Relationships with 
Valid Evidence*
(Strong & Definitive)

Limited/
Moderate

Disputed/Refuted/
No evidence

Variant 
Curation

Score genetic and 
experimental evidence for 
a variant’s role in disease

Tools & Resources: 
ClinGen’s Gene Curation Expert 
Panels & Gene Curation Interface

Tools & Resources: 
ClinGen’s Variant Curation Expert 
Panels & Variant Curation Interface

VUS/LP/LB

Benign

Pathogenic

ClinGen Core Curation Activities

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



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

Genetic Evidence: Case-level, family 
segregation, or case-control data

Experimental Evidence: Expression, 
model organism, rescue studies, etc. 

1235 gene-disease pairs

35% 
insufficient 
evidence



ClinGen Variant Curation Expert 
Panel Approval Steps



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



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



22 Pathogenic
4 Likely Pathogenic
2 VUS
2 Likely Benign
2 Benign

Expert Panel Submissions Can Resolve 
Differences in Classification in ClinVar



Expert panels also combine evidence to reclassify VUSs



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

CDH1 
Hearing 

Loss 
Cardio-m
yopathy

Myeloid 
Malignancy

PAH PTEN
RASop
athy

Total

Total 
Submission

50 77 102 52 158 111 254 804

P/LP vs 
VUS/LB/B 
overwritten

5 19 14 3 10 18 10 79

VUS vs LB/B 
overwritten

12 14 12 2 2 10 52 104

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

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


VCEP Classifications in ClinVar

View structured 
evidence in 
ClinGen’s Evidence 
Repository



MetNot AppliedNot Met

View 
Evidence

Assess Evidence 
Evaluate Criteria

View 
Summary

Create 
Classification

ClinGen Variant Curation Interface (VCI)

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



Opportunities to get Involved in ClinGen

https://clinicalgenome.org/start/

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

www.clinicalgenome.org/volunteer

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

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

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

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

Jonathan Berg, UNC* 
Adam Buchanan, Geisinger

Carlos Bustamante, Stanford
Andy Freedman, NCI

Katrina Goddard, Kaiser*
Steven Harrison, Broad
Brandi Kattman, NCBI

Melissa Landrum, NCBI
Christa Lese Martin, Geisinger* 

Consortium Members: >1,557 people from >36 countries 
Funding: NIH/NHGRI U41HG006834, U41HG009649, 

U41HG009650, NIH/NICHD: U24HD093483, U24HD093486, 
U24HD093487

Steering Committee (*PIs)

www.clinicalgenome.org
@ClinGenResource

Aleksandar Milosavljevic, Baylor 
Joannella Morales, NHGRI

Kelly Ormond, Stanford
Sharon Plon, Baylor* 

Heidi Rehm, Broad/MGH*
Erin Ramos, NHGRI

Erin Riggs, Geisinger
Marc Williams, Geisinger* 

Matt Wright, Stanford

http://www.clinicalgenome.org/


Day 1 Closing
Kathryn North and Mark Caulfield




