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Rapld ?\;ances In genetic testing are whipsawing families’ diagnoses and treatment



Esmé Savoie

2011 (birth) — hypotonic, FTT; frequent seizures; cardiac arrest 3.5 mo
o Cytogenomic microarray negative

= 36 epilepsy gene panel > PCDH19 variant - early infantile epileptic encephalopathy-9 (EIEE9) —
not a perfect phenotype match but family grabbed onto it

» Family found an online support group started by parents of children with PCDH19 gene; started
a foundation and raised money for PCDH19 research. Highly engaged for 2 years but noticed
her daughter was not like other PCDH19 kids
2015 — variant reclassified and ruled out
o Exome testing - SCN8A VUS — new finding associated with EIEE

* The foundation she set up stopped funding future PCDH19 projects
and started fundraising for SCN8A research.

2016 — exome reinterpreted — SCN8A still VUS but now also found two other -
gene variants, labeled “likely pathogenic” and “pathogenic”




Over 6 years ago, my lab detected a PTPN11
variant in a fetus with increased nuchal
translucency seen on fetal ultrasound

It had been observed in an Ashkenazi Jewish
patient with Noonan syndrome and was reported
as pathogenic by a well-respected lab.

| had tried to get access to a research dataset of
Ashkenazi Jewish individuals to determine the
allele frequency and was denied.

We reported it as Likely Pathogenic and the
couple terminated the pregnancy.

Later we found out that the variant had a high
frequency in the AJ population and was benign
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Clinical Genetics Has a Big
Problem That's Affecting People's
Lives

Unreliable research can lead families to make health decisions they

might regret.
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6 years later we now have:

gnomAD
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July 2017 — Prenatal genetic testing, prompted by increased NT, revealed a VUS (BRAF Ile208Val)
Concerned about their pregnancy, a couple contacted me based on our ClinVar entry

Full description for Laboratory for Molecular Medicine Partners HealthCare Perso...

Clinical assertions Summary evidence Supporting observations

;Il?wliiii;nce Review status Collection o o)

°1d Teview stald . © (Mode of Origin Citations Submitter - Study name

(Last (Assertion method) method inheritance) ’

evaluated) FATAT I avEv L o I ar
Uncertain criteria provided, single clinical not specified germline PubMed (1) Laboratory for Molecular Medicine.Partners SCV000205449.3

significance submitter testing [MedGen] [See all records that HealthCare Personalized Medicine

(Jul 18, 2013) LMM Criteria cite this PMID] )00329576.8
Uncertain criteria provided, single clinical not specified germline GeneDx SCV000329576.3

significance submitter testing [MedGen]

{Sep 28. 2016) GeneDx Variant
New interpretation in ClinVar: We observed the lle208Val variant in BRAF in one individual with middle aortic syndrome, low

nasal bridge, hypertension, facial coarseness, short stature, learning disabilities/mental retardation, wide-spaced nipples and

webbed neck and her reportedly unaffected parent, both tested by our laboratory. The variant was also found in a fetus with

increased nuchal translucency and her unaffected father (personal communication with the mother via our ClinVar entry) and
in three tested families from GeneDx without clinical features of a RASopathy. This variant has also been
population at a frequency of 3/276842 alleles (gnomAD, rs727504571). 1le208Val has been reported in a
which also carried Val600Glu, a well-characterized activating mutation (lkediobi 2006). Computational a
amino acid properties, conservation, AlignGVGD, PolyPhen2, and SIFT) do not provide strong support forf <
to the normal function of the protein. In summary, based upon the 3 observations in the general populat
observations in unaffected parents this variant is likely benign.




Purpose: Create an authoritative

The Clinical Genome Resource central resource that defines the
clinical relevance of genes and
Patients Laboratories  Researchers variants for use in precision
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What’s the difference between
ClinGen and ClinVar?

-
A
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ClinGen
developing standards and curating knowledge)

i

ClinVar

(database for sharing
variant level knowledge)

'ﬁ"

i

ClinicalGenome.org

(database for sharing gene level
knowledge)
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Supporting Variant Classification

\
Use of common standards
— Terminology Sequence Ny
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Genetics
ACMG STANDARDS AND GUIDELINES | inMedicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Sue Richards, PhD', Nazneen Aziz, PhD*'%, Sherri Bale, PhD?, David Bick, MD?, Soma Das, PhD?,
Julie Gastier-Foster, PhD%"5, Wayne W. Grody, MD, PhD*'%", Madhuri Hegde, PhD",
Elaine Lyon, PhD", Elaine Spector, PhD", Karl Voelkerding, MD" and Heidi L. Rehm, PhD';
on behalf of the ACMG Laboratory Quality Assurance Committee

Benign

< Pathogenic
Supporting

Supporting Moderate Strong Very Strong

Strong

Pathogenic

Likely pathogenic
Uncertain significance
Likely benign

Benign

Adopted worldwide

ClinGen Sequence Variant Interpretation
Working Group

,» - /’

Les Biesecker Co-Chairs Steven Harrison

Goals of ClinGen SVI

Refine and evolve the ACMG/AMP guidelines
as they are tested and deployed by the
community

Review and harmonize gene and disease
specifications provided by Variant Curation
Expert Panels

Move the ACMG/AMP guideline towards a
more quantitative framework



Sequence Variant Interpretation

The goal of the Sequence Variant Interpretation Working Group (SVI WG) is to support the refinement and Gergxcs
evolution of the ACMG/AMP Interpreting Sequence Variant Guidelines to develop quantitative approaches to e S S i e SPECIAL ARTICLE | inMedicne

variant interpretation. Open

Subgroups@ Documents® Tools®  Membership @ Adaptation and validation of the ACMG/AMP variant
classification framework for MYH7-associated inherited
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 Gardia, PhD®,
Eden Haverfield, PhD®, Jan D.H. Jongbloed, PhD®, Daniela Macaya, PhD’, Arjun Manrai, PhD®,

The Sequence Variant Interpretation WG also consults with and supports Expert Panel groups to develop gene- and Chiaire Kate Orland, MS®, Gabriele Richard, MD’, Katherine Spoonamore, MS'?, Matthew Thomas, Ms'",
) e . . ! L . i . Kate Thomson, BS<'*", Lisa M. Vincent, PhD’, Roddy Walsh, PhD*'%, Hugh Watkins, MD PhD",
disease-specific refinements of the ACMG/AMP Interpreting Sequence Variant Guidelines to increase the uniformity and Nicola Whiffin, PhD*™, Jodie Ingles, PhD'S, J. Peter van Tintelen, MD PhD"™,

Leslie G. Biesecker, MD Christopher Semsarian, MBBS PhD'®, James S. Ware, PhD MRCP*', Ray Hershberger, MD? and
Birgit Funke, PhD"'"'; for the ClinGen Cardiovasaular Clinical Domain Working Group'®

consistency of the Expert Panel recommendations.The SVI WG has representation from the Biocurators WG, CNV

. . . } St Harri PhD
Interpretation WG and Variant Curation Interface development team and all ClinGen Expert Panels. ikt

SVI General Recommendations for Using ACMG/AMP Criteria Coordinators

; ; ; g s e ; ; : Genetics
SVI provides general recommendations for using the ACMG/AMP criteria to improve consistency in usage and P‘easé contact a coordina o oottt i s i ORIGINAL RESEARCH ARTICLE inMedicine
transparency in classification rationale. questions.
Danielle Azzariti, MS, C(
e Guidance on how to rename criteria codes when strength of evidence is modified dazzarit@broadinstitute.c
e BAT: Updated Recommendation for the ACMG/AMP Stand Alone Pathogenicity Criterion for Variant Classification ClinGen’s RASopathy Expert Panel consensus methods for
o BA1 Exception List (July 2018) variant interpretation
© BA1 Exception List Nomination Form Bruce D. Gelb, MD', Héléne Cave, PharmD, PhD?, Mitchell W. Dillon, MS?, Karen W. Gripp, MD*,
e PVS1: Recommendations for Interpreting the Loss of Function PVS1 ACMG/AMP Variant Criteria Jennifer A. Lee, PhD", Heather Mason-Suares, PhD", Katherine A. Rauen, MD, PhD",
: O ; Bradley Williams, MS®, Martin Zenker, MD", Lisa M, Vincent, PhD" and
e PS2/PM6: Recommendation for de novo PS2 and PM6 ACMG/AMP criteria (Version 1.0) for the ClinGen RASopathy Working Group

e PS3/BS3: Recommendations for application of the functional evidence PS3/BS3 criterion using the ACMG/AMP
sequence variant interpretation framework

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

e PP5/BP6: Recommendation for reputable source PP5 and BP6 ACMG/AMP criteria

® Amercen Crtnge v Vaben Gapmemet et Gy

The ACMG/AMP reputable source
General SVI Publications criteria for the interpretation of

SVI Approved Expert Panel Specified
ACMG/AMP Variant Interpretation

S s .b > Recommendations for interpreting the lo sequence varlants
H . . g er I L Hale ]
ClinGen  Guidelines G 71 - e s s S
To the Editor: In 2015, the American College of Medical

Genetics and Genomics and the Association for Molecular

Patbology (ACMG/AMP) promaleated recomment

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



Supporting Variant Classification

Use of common standards

— Terminology SR o
— Rules for variant interpretation Internretation e

Public sharing of variant classifications o

— Creates transparency and crowd-sources

Sequence
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Rare Variants in African Individuals with Rare Disease

!

Majority are VUS

Common in Ancestrally = Common in Ancestrally Rare in All

Matched Population Distinct Population Populations

Benign Benign
Need global data

S _ , N sharing of evidence
It is Critical to Obtain It is Also Critical to Access ]

African Data for Non-African Data for and shared efforts in
African Rare Disease African Rare Disease variant classification

Studies Studies



Global ClinVar Submissions — January 18th, 2020

84% of data in ClinVar are from the top 20 (1.1%)
submitters, 14 of which are commercial clinical labs

1,341,674 submissions on 858,329 unique variants

1790 submitters from 80 countries Invitae 392984
lllumina 208455
: GeneDx 121912
3 o % Ambry Genetics 72593
: ‘ Emory/Eurofins 45028
7 o iy Color 43495
i A e e s R SR OMIM 32020
PR ' KA e . . Partners LMM 24235
SUp— ' . e Counsyl | 20976
4 : ' . CeGaT - Tuebingen 20219
® 101-1000 (94) . LabCorp/Integrated 18507
ST g Prevention Genetics 18417
: ¥ & o e - : Cincinnati CHMC 17788

® 5001-50000 (68) - Natera

® 50001-392893 (61) Univ Chic:
= Quest Dia

89% Clinical testing Athena Di
5% Online resources (OMIM, GeneReviews, UniProt, LSDBs) ARUP Labk

5% Research L 1
Mendelic ==y

ENIGMA




Each country defines

arguments for sharing
variant-level classifications

Arguments for Clinical Labs:

v

N N NN

2013

AMAE | PolicyFin

Our AMA: (1) encourages payers, regulators and providers to make clinical
assures patient and provider privacy protection; and (2) encourages laborat
clinical significance of these results, into the public domain which would allc
the public's haatts

Improved Variant Classification
Shared Evidence Base
Standardization and Quality Control
Addresses Evolving Regulatory and Medical Standards

Keep Providers Up-to-Date with Variant Knowledge

Clinical Data Sharing
20 1 5 r The National Society of Genetic Counse

phenotype and interpretation data acqu
genetic and genomic testing. Timely dal
improve accuracy of variant interpretati
patient confidentiality and should label
underlies any variant classification. By L

NSGC variants, data-sharing allows for more ¢
Headquarters |5poratories. For this reason, responsibl
rely on genetic testing to facilitate their
plans

Benefits of Sharing Variant
Classifications and Evidence ClinGer
with ClinVar AN 2e

Goven P rartly of Most vanarts of GGl resevance. | 15 aperstive Dl Qenomic varant Cassficataons and
SPPONING Evioence e Shared I & PuDAC. Ceniaiaed database such as Cinvar
(DESa.000ene D im0 SOt (] ' Imprsee Soth our underitanding of Sencmic vanation and Datent care
ot seles O s nformation

Improved Variant Cussification
Shireg vnart dessfications with CleVer sliows aborstones 10 iertly Gassficaton Afererces with oher
CHrVar SbmiBers and work Swards CONBTIUS. rOvEnG Tore SCCurate and Conssient It 10 patents
o TRV provides » Sroader set of GGl CLasslicanons NGN wsers May Nave Sssessed 1 Pev Own
chnical Wboratory. Oats can e retneved programmaticaly ves AP, which slows usen © mcorponste
B mlormation i her oan workSoss
TR IR O S G AT LK AT RS e_ne i )
o CiViar provides & mondiy repon of confhcing Casslicatons whsch subemilers cn e 10 oiide
reassessrrert (N p I o . o
o Sudes of clincal Bboratory CleVar sbautiers have ihown data sharing & 3 succaestul 3pproach 19
POy varant and resabvrg *. fprercen " '

Koep Providers Up-to-Dute with Variant Knowiedge
o Closficatons Ohange Over ime and DIoviders. Datents 30 SCentsls i T COmmundty feed 1) be
oot U--0ate Drectng nguries 10 Char 100 Ounent \Waowiedge Can 160ule 1es0urtes feoded 10
FespOnd 10 INguInes 0N CuTert virant SasefiCatore

Adds Value through Standardaaton and Qualty Control
Canvar sy vilue W subwelied Gassfcalors By itarnderdlyy descrpborn of vararts, CONGOora. a5 teres
for escal sriicance
o Vararts sre mapped 1o selerence sequences and reporied n HGVS. Thes provides 8 quality control
ek A BOCLF 8 NOMENCIS®
o Clevcal 30niCance terns for Mendelan Ghandens are COMvenad 10 Sandind ACMG-AMP categones
Patogenc, Likety pathogenc, Uscartan sgriicance. Liely Senign. Blanign). snating companscn
croes leborstores
o As marry vanarts dertifed n Mendehan Gsedde lealing ave exhomely fire and Pus undialy 10 De re
cbeerved shareg vanant merpretaions 0 OV 18 Can serve &8 an o QO Gty assr ance
Meatire 100 aDoratony reansestment of tMe vananty

Publicy 5 2 Lab that Shares Data
o CinGen recognizes submiiers mesting miriman requirements o duts shanng 10 suppont Gualty
assrance (RSSO0 SOCiG0ome 2 200
o Sulemmen receive eCOgrion by CnGen M Meelngs and conferences & sharey data
o Subesblens are Suptiyed on e CloVir website
(Eps Swww ncti rim mih gowichnvanidocssubester le)

warn chricaigenorTe ong

© Amevican College of Medical Genetics and Genomics 2 O 1 7

Laboratory and clinical genomic data sharing is crucial to
improving genetic health care: a position statement of the
American College of Medical Genetics and Genomics

ACMG Board of Directors'

Genetics
ACMG STATEMENT | inMedicine

https://www.clinicalgenome.org/share-your-data/



https://www.clinicalgenome.org/share-your-data/

Laboratory Meets Additional Achievements

Requirements  _qoo from  Discrepancy  Consenting

Laboratories Meeting Minimum Requirements S SeE S
for Data Sharing to Support Quality Assurance : )

Ambry

3@

ARUP

b 1Y

Athena Diagnostics Inc.

@ 3@

G oa I S ] Center for Genomics, Ann & Robert H. Lurie
° Children's Hospital of Chicago
Center for Pediatric Genomic Medicine, Children's

1. To publicly recognize clinical labs who support data Ve testimdcii

sharing and incentivize others to share as well S iain ' '
GeneDx ®
GeneKor MSA \;-.)

2. To provide a list of clinical labs to hospitals, i
healthcare providers, and insurers who wish to e
only order from, or reimburse, labs meeting a vt
certain standard in data sharing and quality Myriad Womers Heslth
assurance Ty o e s

W =

® @

I @ @ @ @ 0

3@

Quest Diagnostics Nichols Institute San Juan

15 labs meet requirements Capistrano
USA(14), Greece University of Chicago

3®

O 0O 000 OO0 OO0V OO
I 30 @ 10 @ 0 10 W 0 W W W W 10

3@

Some reguirements and oddtionat ochievements based on self.reported data by loborotory

www.clinicalgenome.org/lablist

*Most recent suDmMESon pending CinVar processing
»95% of ciassfed zequence and/or Copy numder varants from past 5 years submittec

Actively werking to rescive interiab interpretation gifferences
'Laboratory actively supports use of 3 consent ng Mechanism 10 enabie Daterts to drectly consent 10 share cetaied, iInCvidud-ievel Cinica

0ata (a9, &1 Maernal patient registry made avaliabie for COllSDOralive resednch, Of report Ianguade hQNIgMIng externa registries such


http://www.clinicalgenome.org/lablist
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/\/> Australian Genomics
V\/ Health Alliance

w

Shariant - A Country-Specific Variant-Level Database

Share clinically curated
variants with structured
supporting evidence and
phenotypes between

Australian labs

Allow collaborative
monitoring & review of

curated variants

Act as a central
administrative node for
submission to international
databases such as ClinVar

Shariant = share variants
VARIANT CLASSIFICATION SHARING PLATFORM

."-‘~“,
O 6
A Ner T
I =] L
Sharing of Expertise

-

Submission to
International Databases

Discrepancy Resolution
via emad noli fions and

=

Controlled Access

ic fica
in-built communication platform



Database Ecosystems Needed for Each Country

* Every lab/country needs a place to maintain their own variant
classifications (often with case-level data) that can be managed
on a daily basis. ClinVar does not serve this purpose.

» Case-level data storage requires additional protections (e.g. controlled access).

* ClinVar has become the primary database for “sharing, comparing, distributing
and accessing” variant interpretations with the community

\

Country/Lab-Specific
Case-level database
(genotypes and phenotypes)

ClinVar

Country/La b-SpeCiﬁc\

Variant Database

f

. )

i

ClinGen’s VCl is a possible solution



O from cship ong on March 28, 2019 - Published by Cold Sprng Mamor Laboratory Press

Wellcome Open Research Walicome Open Resaarch 2019, 422 Last cpcatad: 11 MAR 2019
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OPEN LETTER V
Genomic variant sharing: a position statement [version 1;
Points to consider for sharing variant- referees: 1 approved, 1 approved with reservations]
level information from clinical genetic Caroline F. Wright 21, James S. Ware ©2, Anneke M. Lucassen3, Alison Hall*,
testing with ClinVar Anna Middleton ©5.6, Nazneen Rahman?, Sian Ellard =1, Helen V. Firth ='89
Daw:ekm"&nmm“mm’ g 'institute of Biomedical and Clinical Scence, University of Exeter. Exster. UK
Laura WW Ramos,” Brandi Kattman,* Melissa J. Landrum* National Heart and Lung institute. Imperial Centre for Transiational and Experimental Medicine, London, UK
Christa L. Martin** and Heidi L. Rehm' = *Department of Cincal Etcs and Law. Faculty of Mediane, Universty of Scuth Southamton, UK
"Laboratery for Moiecudar Modone, Patnen HesthCars Perioralced Medicone, Cambrdge, Masaachusets 4PMG Foundation, Cambridge, UK
MN.L&‘W&WMWWAWZGW.WNV%M& squl'-* jon, Uni y of Cambridge. Cambridge, UK
INationai Human Genome Ressarch instituse, Nascnal insttutes of Mealth, Bethesca, Maryland LU
‘Naticral Center for Botechnology information, Natcral Library of Medicine, National Insetuses of Health, GCorImSmtn memm
Roxhorlle, Maryland 20894, USA. "Baghum & Women's Hopital and Harard Madical Schoal, Beston, 7Da of G and Epid gy. Institute of Cancer Research, UK, London, UK
Maszachusetss 02115, USA ‘Depammofcmemml jversity of Cambridge Addent 's Hospital Cambridge. Cambridge, UK
Trust Sanger institute. Camixidge, UK
Ab Data sh 7L lab ch ch “r > n emsen-
i for irmpe 20 standiaech = e dota
mm..hmd“wmdumww First published: 05 Feb 2019, 422 ( Olll Revie
mmwmm'w‘L‘ ~ d to g the clinical V1 hep=/idoi.org/ 10 12888/ wellcomecperres. 15080.1) g
reievance of genes and variants for use in precision medicine and research. Currently Latest published: 05 Feb 2019, 422 (
:Wl md“ yolg and its rels - e “p 1o he 2 hepsdoi :rg?DYZéé&wﬁ!cu‘ze:muH}}:‘J 1) Referee Status: ? v
wwnmwwumw-nmw
polices wch s the 2014 NiH GDS policy sre dear regarding the mandate for informed con- Abstract Invited Referees
:uumumzznmtmmhm-hmhw Sharing de-identified genetic variant data s essential for the practice of 1 2
appiepd haring of information cbtsned through cinical testing 10 : :
acvance knowledge. ClinGen has collsborated with ClnViar and the National Human “‘“'”"‘m”‘wamw”:m"&mm _
Genome Research Institiste to develop paints to consider for clinical lsboratories on sharing diagnoses that inform medical management cannot be made accurstely without o ;00 4 ? v
Mwhnmdwummmuumw reference to genetc test results from other patients, as well as population bt — scon
to the Commen Rule. We prop peciic dats el from ger controls. Efrors in this process can result in delayed, missed or enroneous 08 Fue 2013
arts that ame approps for subemiss: n&wd«mw—uw—-m diagnoses, leading o inappropriate or missed medical interventions for the
sought and describe sustions n which cbtainng s patient and their family. The benefits of sharing individual genetic variants, and
the harms of not shaning them, are numerous and well-established. Databases 1 e-nm@mumw-
Comsmpardng ashor and mechanisms already exist to facilitate deposition and sharing of
BnauSpaTen org mwwvmmmwwﬂmqﬂwﬂm = .-

practice is needed to encourage widespread use, prevent inconsistencies
between different communities, maximise individual privacy and ensure public

CoM AT n el Theamde s
Slr Eatacd e ha ey of The benefits of genomic data sharing (GDS), nchuding the potential to improve clinscal inter-

zmuvmﬂ pretation of genomic varants and acvance genomic medicine, are widely recognized, and trust. We therefore recommend that widespread sharing of a small number of

e e el s nid the practice has been endorsed by both professional societies and funding agencies indivedual genetic vanants associated with limited clinical information should

recturbation provied thee e (American Medical Associstion 2013; National Institutes of Heaith 2014; National Society become standard practice in genomic medicine. Informason robustly inking

.:::;_:-:a.*lmi;woal of Genetic Counselors 2015; ACMG Board of Directors 2017). One of the sims of the genetic vanants with specific conditions is fundamental biological knowledge,

' B National Insttutes of Health (NIH)}funded Clinical Genome Resource [ClinGen) (Rehm not personal information, and therefore should not require consent to share. For

i Ok ot B ot al. 2015) i to create a publicly available knowledge base of dinically relevant genes additional case-level detall about individual patients or more extensive genomic

_MM‘;,; -9 and vanants for use in precision medicine and research. As shared genomic data help information, which is often essential for clinical interpretation, it may be more
appropriate to use a controlled-access model for data sharning, with the ulimate

Sk W TI0 e T “Thass acfon eanthtnd equally s 8k werk aim of making as much information as open and de-identified as possible with
appropriate consent.

Cta this amcie 35 Azzant et 3. 2018 Cold Sprng Marb Mol Case Stud & 2002345 10f9 Keywords

medical genomics, variant, data sharing, data ethics




summarized evidence

* Individual consent allows more detailed sharing

* ClinGen videos in English, French, Spanish and Chinese explain the difference

English - Clinical Broad Data Sharing Consent Video

GENE VARIAN

English - Clinical Broad Data Sharing Consent Video

RACE/ETHNICITY HEALTH DETAIL

Summary Information

Consent not required

BRCA1 R1495M 5 4 2 B
‘ ‘ ; Individual Information

N PAATY PACLATONCITY MEALM DALY NG
BRCAY 634!0;.7 Female 50 Aftican American Breast cancer
) ‘ S74GCY Female ELY Caucasian Breast cancer
' ' . ' . #a B54GE] Female 34 Unknown Ovarian cances

‘(F}MN Female 23 Caucasian Breast cancer Yes
Developmental delay cheB 103066066-1044304
{GRCh37/Mg 19

M 917HB Make 5 Unknawn Breast cancer

Consent required

https://www.clinicalgenome.org/consent-to-share-genetic-and-health-information/videos/



https://www.clinicalgenome.org/consent-to-share-genetic-and-health-information/videos/

Supporting Variant Classification

Use of common standards

— Terminology Sequence -~

Variant

— Rules for variant interpretation nterpretation [l '"terpretation
WG

WG
Public sharing of variant classifications

— Creates transparency and crowd-sources Sequence
the work canant

CNV

Discrepancy
Resolution WG

i i Discrepancy
Inter-laboratory conflict resolution ]

WG

Resolution
Engaging experts in systematic
consensus driven classification of
. ClinGen- Variant
variants (Expert Panels) o .

Partnership Expert Panels




Concordance in ClinVar

Data from ClinVar Miner on January 25t, 2021

= P/LP vs VUS/LB/B mmmp

= VUS vs LB/B

confidence conflict
(Pvs LPORB vs LB)

>2 concordant
submissions

m 1 submission

ClinVar
Review
Levels

10,640 medically
significant conflicts

!

5594 medically significant conflicts
from 1 star clinical lab submitters

Practice Guideline ' 6 6 6
Expert Panel (EP) Submitter w W W
Multiple Non-EP Submitters Agree w W

Single Non-EP Submitter

OR ¢

Multiple Non-EP Submitters Disagree

No Assertion Criteria Submitter(s) Only 0 Stars




Variant Discrepancy Resolution - Phase 1

No difference
(new interpretation not

Differences in yet in ClinVar) 17%

internal data

« 87% resolution (211/242)

— - Major time commitment

updated classification

criteria (consistent (an estimated 1-2 hours per variant per
with ACMG-AMP

idelines) laborato
e y)
B/LB freq
thresholds

9%

Differences in the

use or weighting
of public data

Harrison et al, 2017, Genetics in Medicine



ClinVar Variant Discrepancy Resolution

Phase 1

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

87%

4 labs - full data
sharing

Phase 2

63%

41 labs - outlier
approach

Steven Harrison Jill Dolinsky

Phase 3

54%

108 labs - outlier
approach

Harrison et al. Genet Med 2017

1
68% (488/721)

Harrison et al. Hum Mutat. 2018

24%

Unprompted
resolution

1

24% (106/437)



All of Us Variant Classification Harmonization

)

e

-.,q_k_

Baylor
25,009

/

49

Unique sequence
vana nts

943

,,—

76% (38,130 / 49,943)
Interpreted by 1 lab

Resolved:
46%
(47/102)
By outlier or

oldest
classification

-

Variantsin
ACMGS9
genes

24% (11,813 /49,943)
Interpreted by 22 labs

_—\

0.9% (102) 99.1% (11,711)
Disagreement in Agreement in
reportability reportability
(P/LPvs. VUS/LB/B) (P/LP vs. VUS/LB/B)
“Round3 ) I_Outcome |
Resolved:
54% 100%
= (55/102) —> (102/102)
By sharing R Ived!
rationale and esolvea:
evidence

reassessment

1

€ e em em Em mm Em Em Em Em e o Em Em Em e e = =

Initial export

|
4 v

Variant

Classification
Harmonization

Real-time
s Color
Color LMM
24 899 8,434 4, 762

Real-time
Baylor
|
|
: "
, Real-time
| —
|
|
|
|
|
|
|

€ = = =

v

Variant
Adjudication
Committee

low penetrance variants
unanticipated findings

Challenging variants
(borderline classifications or
discrepant with ClinVar or
between genome centers)

-

ClinGen

Expert Panels

All of Us
ROR/Omics
Committee




We don’t expect 100% concordance

o Goal to resolve interpretation differences due to differences in
data sources, out-dated data, or older classification algorithms

o Resolving remaining interpretation differences will require expert consensus

48%

45% Evidence categories causing persistent
interpretation differences

0%

Functional Population Other Computational Other data Segregation Allelicdata  De novo data
data data databases & Predictive




Supporting Variant Classification

Use of common standards

— Terminology

— Rules for variant interpretation

Public sharing of variant classifications

— Creates transparency and crowd-sources
the work

Inter-laboratory conflict resolution

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

Sequence CNV

Interpretation
WG

Variant
Interpretation
WG

Sequence
Variant
Discrepancy

CNV
Discrepancy

Resolution Resolution WG

WG

Variant
Curation
Expert Panels

ClinGen-
ClinVar

Partnership




Expert Panel Submissions Can Resolve
Differences in Classification in ClinVar

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

Interpretation: Pathogenic
Review status: 17 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
2 VUS
2 Likely Benign
Multiple Non-EP Submitters Agree 2 Benlgn

Single Non-EP Submitter
OR

Multiple Non-EP Submitters Disagree

No Assertion Criteria Submitter(s) Only 0 Stars




About ClinGen Expert Panels

Clinical Domain Working Groups Gene Curation

Working Grc

Gene Curation Expert Panels Variant Curation Expert Panels Working Group
Cardiovascular CDWG | Arrhythmogenic Right Ventricular Cardiomyopathy Gene Curation Expert Panel | in srecen il
Brugada S f rati rt £
Farr ) holesterolemia Irat inel 1 -
Fami ' m and Dissection Gene Cura ; =
BN1 Vanan rat Par .
hi f ! ration E 1 -
KCNQ1 Varia P: = |
ong Q e Cura . il
Hearing Loss COWG | Hearing Loss Gene Curation Expert Pane

Hemostasis/Thrombosis CDWG | Coagulation Factor Deficiency Variant Curation Expert Panel 2o

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

W
8

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




ClinGen Expert Panels Span Many Time Zones!

GREENLAND

RUSSIA

KENYA

INDONESIA

vvvvv

ARGENTINA

1557 researchers & cIinician\s ffom 36 countries

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



ClinGen Variant Curation Expert
Panel Approval Steps

>
A. ldentify EP leadership
and membership
B. Define scope (disease
focus and gene list)
C. Address COI

A WSS

"“i

-

‘Step 1: Define WG

.“

Submit completed Step 1

application materials

ClinGen affiliated groups -

>

D. Specify ACMP/AMP rules for
genes in scope

Review SVI guidance and other
EP disease-specific rule

specification as examples

%
-

Step 2: Develop Variant

ClassificationRules

Submit completed Step 2
application materials and

present to the SVI WG <

F. Define plans for ongoing variant
review and reanalysis and
discrepancyresolution

G. Provide example evidence

E. Validate specified rules with
known variants and refine as

needed :
10-12 P/LP per gene summaries .
10-12 B/LB per gene H. & |. Provide attestations for
- 10-12 VUS per gene | these sections
4 ~ Step4: Final VCEP
| ‘approval
Submit completed Step 3 Submit fully completed VCEP
application materials application and present to
the CDWG OC

<



Benign Pathogenic

- - - = h Supporting T Supporting Moderate Strong Very strong 3
crlterla req u I rl ng Population MAF is too high for Absant in population Prevalenca in
- data disorder BA1/BS1 OR databases PM2 affecteds statistically
g en eld isease observation in controls increased over
inconsistent with controls PS4
- gm - disease penetrance BS2
specification |
Computational . Same amino acid Pradicted null
T e prs S whoro LOF 53
;);;hoge ;uc vanant kn;:r-v;
.o PS1 mechanism of
Gene-specific data, such as: Missanso n gono wh sore PM: dscase
PM1: Functional domains / hot spots B el
. . Silent vanant with non
PS3/BS3: Validated functional assays predicted spiice impact BP7
Disease specific data, such as: ERRSE o S
BAl/BSl/BSZ/PMZ/BS4 Functional Well-lestablished I Missense in gene witt Mutational hot spot We Ias:abd.shad
data functional studies show ( enigr or v f_JrLcnoFr\al_s_tu-:{:'es‘_
MAF/Prevalence/penetrance e oo
PP4: Phenotype specificity
. .. . Nonsegregation
PVS1: Pathogenicity mechanism Sogregation | With disease BS I — mi
data | S 4
De novo De De novo (paternity and
d pa & maternity atarnity confirmed)
RASopathy VCEP: " e bt~ B B
Final classification of >60% of | Alelic data Obsarved i trans wih

a dominant variant BP2

RASopathy variants were impacted
by the specified criteria.

Observed in cis with a
pathogenic variant BP2

DY =
- 0

Labs reached 100% concordance for | St Tt Dy B06 | e pon
discrepancies reassessed with Found in case with

Other data an alternate cause

RASopathy-specific criteria 8PS




Sequence Variant Interpretation

The goal of the Sequence Variant Interpretation Working Group (SVI WG) is to support the refinement and
evolution of the ACMG/AMP Interpreting Sequence Variant Guidelines to develop quantitative approaches to

variant interpretation.

Subgroups @  Documents@® Tools@  Membership @

The Sequence Variant Interpretation WG also consults with and supports Expert Panel groups to develop gene- and ; G i
Chairs ( e’g’ﬁ?
disease-specific refinements of the ACMG/AMP Interpreting Sequence Variant Guidelines to increase the uniformity and i ] Ol vl o1 0 Aarasn Coage of M Qo a0 Gonsss SPECIAL ARTICLE | inMedicine
consistency of the Expert Panel recommendations.The SVI WG has representation from the Biocurators WG, CNV Histie'. Blesacker. M2 Open
Steven Harrison, PhD

Interpretation WG and Variant Curation Interface development team and all ClinGen Expert Panels.

Adaptation and validation of the ACMG/AMP variant

SVI General Recommendations for Using ACMG/AMP Criteria Coordinators classification framework for MYH7-associated inherited
, ) , . ) ) _ cardiomyopathies: recommendations by ClinGen’s Inherited
SVI provides general recommendations for using the ACMG/AMP criteria to improve consistency in usage and P‘easé contact a coordina Cardiomyopathy Expert Panel
transparency in classification rationale. questions. ‘ z ; T : ;
Danielle Azzariti, MS, C( Melnss;A Kc:ldy. MS .vCollc::DC‘aIscshu. béIS .Ar:(;foalcs'.‘:ﬂswhll)l[rs Bwnlf’zbéena ‘:Jr?g; PhD’,
e Guidance on how to rename criteria codes when strength of evidence is modified dazzarit@broadinstitute.c Edc:f;'f:l_,ﬁ:;_"::;;‘ Toin b',:“?;g;’;td‘ PhD". '&nim ,‘_hi_,yfl‘ P,;D‘v. i,jr:m ,_:f:'m_ P,;Da“
5 A r 3 TR ~N/ N/ icity Criteri Vari = ie - Kate Orland, MS?, Gabriele Richard, MD’, Katherine Spoonamore, MS'%, Matthew Thomas, MS'’,
e BA1: Updated Recommendation for the ACMG/AMP Stand Alone Pathogenicity Criterion for Variant Classification Kate Thomson, BSCH2, Lisa M. Vincent, PhD”. Roddy Walsh, PhO™. Hugh Watkins, MO PO™,
o BA1 Exception List (July 2018) Nicola Whiffin, PhD*™, Jodie Ingles, PhD'S, J. Peter van Tintelen, MD PhD'®,
: . . : Christopher Semsarian, MBBS PhD'5, James S. Ware, PhD MRCP*', Ray Hershberger, MD? and
o BA1 Exception List Nomination Form Birgit Funke, PhD"'"'%; for the ClinGen Cardiovasaular Clinical Domain Working Group'®

e PVS1: Recommendations for Interpreting the Loss of Function PVS1 ACMG/AMP Variant Criteria

e PS2/PM6: Recommendation for de novo PS2 and PM6 ACMG/AMP criteria (Version 1.0)

e PS3/BS3: Recommendations for application of the functional evidence PS3/BS3 criterion using the ACMG/AMP .
sequence variant interpretation framework e e S ORIGINAL RESEARCH ARTICLE Eﬁlrl‘gctiﬁne

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

e PP5/BP6: Recommendation for reputable source PP5 and BP6 ACMG/AMP criteria

ClinGen’s RASopathy Expert Panel consensus methods for
variant interpretation

AT SVI Approved Expert Panel Specified T General SVI Publications

ACMG/AMP Variant Interpretation

Bruce D. Gelb, MD', Héléne Cavé, PharmD, PhD?, Mitchell W. Dillon, MS?, Karen W. Grip’p, MD*,

SITING IR ENG e LY
! . . ' > Recommendations for interpreting the lo; Jennifer A, Lee, PhD®, Heather Mason-Suares, PhD®, Katherine A. Rauen, MD, PhD
ClinGen Guidelines ClinGen OO T N Bradley Williams, MS®, Martin Zenker, MD®, Lisa M. Vincent, PhD" and
for the ClinGen RASopathy Working Group

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



ClinGen VCEP Classified Variants in ClinVar

Resolve Conflicts
11,579 Expert Classified Variants in ClinVar

CDH1 Hearing| Cardio- ) PTEN RASopa Total
Loss |[myopathy| Malignancy thy
PAH VCEP I @€2) 14 4 17 145 209
50 77 158 111 254 804

rren veer 2 @D 10 18 42 37 38
Total .. 102 52 coH1 VCEP ' €D 48 26 32 55 68
Submission
TPs3 VCEP X €D K 17 1 10 14
P/LP vs RAsopathy VCEP (' €22 128 61 38 19 83
VUS/LB/B 5 19 14 3 10 18 10 79
overwritten Hearing Loss VCEP ' @[D) 26 23 53 41 26
Myeloid Maligna... & XD 52 15 28 25 25
VUS vs LB/B 12 14 12 2 2 10 52 104 il Disrd.. 1@ X
overwritten
Lysosomal Stora... Zm 1 2 16 43 66
Cardiovascular C{@ 46 1 16 18 20
: : . &é & .ﬁbﬁ o &é
To track ClinGen FDA-recognized submissions go to: P &°
c\* \‘—0\ '-\\\\ ‘3\\\
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: Y7 reviewed by expert panel LY Zee e\ [FA I YT

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 e

Interpretation  Review Condition Submitter Supporting information

(Last evaluated) status (Inheritance) (See all)
(Assertion
criteria)

Pathogenic reviewed Usher ClinGen Hearing Loss Evidence details

(Sep 17,2018) by expert syndrome Variant Curation Expert Other databases . d
panel (Autosomal Panel, https://erepo.clinicalgenome.o... > VIeW StrUCtu re
E-\Clh:G =g inheritance) Asoo The p.Tyr3747X variant in USH2A is predicted to cause a premature stop evi d ence in
Specificati Allele origin: gty ) codon in biologically-relevant-exon 58/72 that leads to a truncated or absent . .
V{))ec: — germline DIt (2T, 2018) protein in a gene in which loss-of-function is an established mechanism CI N G e n’S EVI d ence
Method: (PVS1). The allele frequency of the p.Tyr3747X variant in the Ush2A gene is

0.017% (4/24020) of African chromosomes by the Genome Aggregation Re p Osito 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)

curation




L QI nQer

Varant Curation

ClinGen Variant & Gene Curation

Gene Curation

ClinGen Variant Curation Interface (VCI)

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

Breakout on VCI Training on Day 3

View Evidence —>

Assess Evidence
Evaluate Criteria

—> View Summary => Create Classification

BA1 BS1 BS2 BS) BS4 BP1 BP2 BP) BP4 BP5 BPE BPT PP PP’ZEPPJ PPS  PMI

Ml ( Not Applied |

V5 PM6 n PS2 B PS4  PVSH
Variant Interpretation Record m

o Benign Q Pathogenic E Calculated Pathogenicity
No criteria met Strong: Moderate: Pathogenic
Basc ormaton rsuin IR Sowwes | Swuoncms | Gmecewo |
‘ Missense Loss of Function Slient & Intron In-frame Indel
Not Evaluated |
Functional, Conservation, and Splicing Predictors S |
Not Met
PP3_Moderate
M I ) -
PP3: Multiple lines of computational : | v PP3_Strong ———
evidence support a deleterious effect on the a '
gene or gene product (conservation, o
evolutionary, splicing Impact, etc.) (has
caveat) BP4: Not Evaluated
BP4: Multiple ines of computational
evidence suggest no impact on gene or
gene product (conservation, evolutionary,
splicing impact, etc.) (has caveat)
: Missense variamt for which
sy e i BP1: Not Evaluated Explanation:
primarily truncating variants are known to
cause disease “or-
PP2: Not Evaluated
PP2: Missense variant In & gene that has a
low rate of benign missense variation and in
which missense variants are a common
mechanism of disease
Evaluations for PP3, BP4, BP1, PP2 saved successfully! m




Expert panels also combine evidence to reclassify VUSs

Cardiomyopathy Expert Panel

NM_000257.4(MYH7):¢c.2678C>T (p.Ala893Val)

Proband counts from public versus lab internal data sources

s A “
Interpretation: Likely pathogenic 30 :

25 £ "Privale

[ "y

Review status: 17 reviewed by expert panel [ IS e A T g @ € wpubic
Submissions: 4 (Most recent: Jun 3, 2020) 2 NS R §  Naeee N <l 2
Last evaluated: Dec 15,2016 .: 10 -
Accession: VCV000177763.5 g s
Variation ID: 177763

o

pArgdSiHis p.GlyS84Arg pArgT23Gly pGlyT41Arg p.Gly741Trp pArg1045Cys p.Glu1356Lys

Description: single nucleotide variant
Clinical
significance Review status Collection Condition(s) i s gro Submission
(Last (Assertion method) method (Mode of inheritance) Origin CAatons LDITIRIGES SHAN R 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 (MYHT7) [MedGen | Orphanet]
Uncertain criteria provided, clinical not specified germline PubMed (2) Laboratory for Molecular
significance single submitter testing [MedGen] [See all records that Medicine Pariners HealthCare
(Jan 21, 2016) LMM Criteria cite these PMIDs] Personalized Medicine
| Uncertain criteria provided, clinical not specified germline GeneDx
significance single submitter testing [MedGen]

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




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



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 ClinGen 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? Pleasz complete this brief
survey
« Join the ClinVar Community Call
Join a monthly czll bringing together Chnvar usars to discuss topics related
to Chn\ar.
« Share Your Data
Learn how clinicians, laboratories and patients can share their data
« Part IV Practice Improvement
Learn about 2 module towards Part IV Practive Improvement for clinica

laboratory geneticists

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

* |f 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

CinGen’s Expert Panets are impiernenting the standards deveioped by our qunation activities to improve genomics knowsedge.

Chnical Domasn Worlang Groups Gene Curation Dosage Sensitivity Omical Actionability
Gene Curation Expers Pasely Variant Curation Expert Paned; Working Group Working Group Working Group

One specific goal of OinGen s 10 deveiop teams of experts In different dinical domains o evaluate the clinical vaidity of gene-disease refationships and

pathogenicity of individual genetic vanants

About Gene Curation Expert Panels

Gene Curstion Expert Panels impiement an approved process of

About Variant Curation Expert Panels
Variant Curation Expert Panels evaluste evidence o classify a genomic
ealuating the strangth of evicence supporting or refuting & daim that variant on a spectrum from pathogenic o benign with réspect o 2

Variation in a panticular gene Causes a particular disease partcuar gisease and inheritance pattem,

Interested in volunteering to curate for ClinGen? Pleaze take th's Interested in volunteering to curate for CinGen? Please take this
Drief survey to teil us more aDOUt your interests, expertse, and desired Drief survey to teil us more aDOUT your interests, expertise, and desred
evel of mvoivement 50 we Can pair you with an appropriate curation eve! of nvoivement 50 we can palr you with an appropriate curation

activity and/or Expert Panel, activity and/or Expert Panel,

Interested in starting an Expert Panel? See our gu de nes for apolyng Interested in starting an Expert Panel? See our gu de nes for spoiy ng

e Status Expert Pane! 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/

Clinical Genome Resource
ClinGen

WG and EP Members: >1,557 people from >36 countries

c N N e
Applications & Education, Engagement & Core Standards & .
Infrastructure Outreach Oversight Expert Curation
J J N .
; \; N > 3 h Steering Committee (*Pls)
Data Platform Education, Coordination and CDWG Oversight fCIinicaI Domain Working\ Jonathan Berg, UNC*
L. Babb, L. Madhavrao, T. Training L J. Berg, S. Plon & H. Rehm ) Groups Thomas Montine, Stanford*
kNelson, K. Riehle, C. Thaxton) L E. Riggs & D. Azzariti ) ( Gene Curation \ [ Gene Curation Expert ] Katrina Goddard, Kaiser*
[ ClinVar Partnership Biocurators ) (___CThaxton & E. Riggs Panels David Ledbetter, Geisinger*
i e N Variant Curation Expert i i iSi *
! M. Landrum & H. Rehm L J. Goldstein ) Lumping and Splitting [ . P } ChrlstahLese IVIIartln, Glels:knger
( ] N [ Stakeholders Partnership ) L J. Goldstein & C. Thaxton ) K j S a.rc?n Plon, Bay Or*
Electronic H.e:fllth Record | L Milko&M. Watson | e . N Heidi Rehm, Broad
§ M. Williams )¢ g Interpretation Dosage Sensitivity Marc Williams, Geisinger*
- N I;eijllatory | L. Biesecker & S. Harrison L E. Andersen & E. Thorland ) Matt Wright, Stanford
icati . Thaxton - . .
Appllcalt:lor:j ztalt(eholder > /( CNVInterpretation | - N Adam Buchanan, Geisinger
. eedhac ) Community Curation 5 (TRRINE) ([0 [FInEek: Adult Actionability Carlos Bustamante, Stanford*
© T . Alvarez y, J. Hunter & A. Buchanan
ClinGen P Coordi L : - : N L ) Andy Freedman, NCI
Danielle AzzattJulle ki [ Data Access, Protection and ) (Lo eneiisace/SSERReles T - TN - steven Harrison, Broad
. . : - ediatric Actionability . D
Hannah Dziadzio Kristy Lee Confidentiality ) : J | K. Goddard & B. Powell | Aleksandar Milosavljevic, Baylor
Miranda Hallquist Xiluo A. Popejoy J Complex Diseases ] N J Kelly Ormond, Stanford
Meredith Weaver ~ Emma Owens [ Consent and Disclosure | (___K. Goddard, G. Wojcik External Scientific Panel Erin Riggs, Geisinger
Deborah Ritter Brooke Palus Recommendations (CADRE) ( Ancestry and Diversity John Carpten Richard Sharp Brandi Kattman, NCBI
Liz Kearns Natalie Pino A. Buchanan. M. Hallquist . i .
. A. , M. quist ) A. Popeiov & K. Ormond Rex Chisholm Peter Tarczy .
~ Zby Deb Leonard Hornach Mel'_ssa Landrum, NCBI
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