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The Problem: Circa 2010
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Research Databases

Often without common data standards
and approaches for interpretation

Ability to detect DNA variants has greatly
surpassed our ability to interpret their clinical

~ 20,000 genes and > 88 million known variable
sites in the human genome
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Clinical Testing Lab Databases

Largely absent from public
domain



The ClinGen Program

Increase data sharing and
build an authoritative resource
to define the clinical relevance

of genes and variants for use
in medicine and research.

 Launched: Sept 2013

— J. Berg, K. Goddard, M. Watson, M.

Williams
— C. Bustamante, S. Plon
— H. Rehm, C. Martin, D. Ledbetter
— $33M, includes co-funds

 Phase ll: Sept 2017
- $39M
— NICHD curation program

NHGRI

Defining the clinical relevance of genes & variants for precision medicine and research...
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Sharing Data. Building Knowledge. Improving Care.
1 i n suthoritative central resource that defines the clinical relevance of genes and variants for use in precision

is dedicated to building 8 ce
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ClinGen-ClinVar Partnership How to share genomic & health data Learn about ClinGen curati tivit
AL ZRN KA .-": @
Gen C t Patient Regist View ClinGen's Resources & Tools Get Involved

ClinGen Receives Recognition Through New FDA Human Variant Database Program

| n expert curated variants are available for unrestrictad use in the community vis ClinVar, an archive which is funded and maintained
2 stions! Library of Medicine.

[www.clinicalgenome.org]
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Sharing Genetic and Health Data

--------------------

CIinGen’s Critical Questions

(
Is this gene : : Is this
associated with Iscguz g’t?\jg‘;‘t information
a disease? actionable?
L\ Clinical Validity Pathogenicity Clinical Utility

Bundlng a Genomic Knowledge Base
Clinvar & Other Resources ST
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: Through Genomic Medicine :
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ClinGen developed semi-quantitative framework to classify
strength of evidence for the role of genes in disease

Evaluating the Clinical Validity of Gene-Disease
Associations: An Evidence-Based Framework
Developed by the Clinical Genome Resource

Natasha T. Strande,'.'#4 Erin Rooney Riggs,>'+ Adam H. Buchanan,> Ozge Ceyhan-Birsoy,*5.6.7
Marina DiStefano,* Selina S. Dwight,® Jenny Goldstein,! Rajarshi Ghosh,? Bryce A. Seifert,!
Tam P. Sneddon,® Matt W. Wright,® Laura V. Milko,! J. Michael Cherry,® Monica A. Giovanni,?

Michael F. Murray,® Julianne M. O’Daniel,! Erin M. Ramos,'® Avni B. Santani,!!.!? Alan F. Scott,!3
Sharon E. Plon,? Heidi L. Rehm,*5.6.7 Christa L. Martin,%3* and Jonathan S. Berg'*

Limited

my

No Evidence Reported

J

Genetic Evidence: Case-level, family

segregation, or case-control data — -
Disputed

Experimental Evidence: Expression,  Refuted

1 Conflicting B
Evidence
. Reported

model organism, rescue studies, etfc.

NHGRI



MSRB3 - nonsyndromi

Autosomal racessive inhaniance

MSRB3
HGNC Symbol: MSRB3 &
NCBI Gene ID: 253827 (&

ClinGen's Cur

MSRBS3 -

Curated by

Genetlc Evidence

Case-Level Data

Case-Control Data

Affillation: Haarinno Lnss FP

0 To chanoa vour affillation. oo to &

PMIDs/Notes

670 gene-disease
pairs classified by
Expert Panels as of

Case Guidelines
Evidence Type Information
Type Default Range Max Count
ariant is de novo 2 0-3 12
Proband with
Autosomal predicted or proven 5 0-2 10
Dominant or null variant
X-linked
Disorder Proband with other
8 variant type with 05 015 -
g some evidence of
T gene impact
=
w
‘E Two variants in trans
il and at least one de
& nove or 3 2 0-3
= predicted/proven null
Autosomal variant
Recessive 12
Disease Two variants (not
predicted/proven
null) with some 1 0-15

evidence of gene

impact in trans

Ahmed ZM et al

Ahmed ZM et al

21112019

2011 Jan 07 (PMID:21185008)

2011 Jan 07 (PMID:211850089)

Segregation
Evidence

Case-Control
Study Type

Single Variant
Analysis

Aggregate Variant
Analysis

Family

Count

Summed LOD

Candidate gene sequencing

Exome/genome or all genes
sequenced in linkage region

'S
(a2}
=

w

Ahmed ZM et al. 2011 Jan 07 (PMID:21185009)

Total Summed LOD Score

Case-Control
Quality Criteria

1. Variant Detection
Methodclogy

2. Power

. Bias and
onfounding
Statistical
ignificance

S W

0

Guidelines
Points/Study

1466

Total Genetic Evidence Points (Maximum 12)

Max Count Points Counted

PMIDs/Notes

bility = Contact ClinGen




@ Select Gene Curation Expert Panel Results

ORIGINAL RESEARCH ARTICLE QI'LQu'l'a'tm

Reappraisal of Reported Genes for Sudden

Arrhythmic Death

Evidence-Based Evaluation of Gene Validity for Brugada

Syndrome

S. Mohsen Hosseini, Raymond Kim, Sharmila Udupa, Gregory Costain, Rebekah Jobling, Eriskay Liston, Seema M. Jamal
Marta Szybowska, Chantal F. Morel, Sarah Bowdin, John Garcia, Melanie Care, Amy C. Sturm, Valeria Novelli, Michael J. Ackerman,

James S. Ware, Ray E. Hershberger, Arthur A.M. Wilde, Michael H. Gollob =], and

and On behalf of the National Institutes of Health Clinical Genome Resource Consortium Show less Authors

Originally published 29 Jun 2018 | https://doi.org/10.1161/CIRCULATIONAHA.118.035070 | Circulation. 2018;138:1195-1205
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@ Select Gene Curation Expert Panel Results

MW Definitive
Colorectal
Brugada B Strong
Syndrome Cancer
21 gene-disease ¥ Moderate 40 gene-disease
pairs ¥ Limited pairs
W Refuted or Disputed
[Circulation 2018] [Gen In Med 2018]
Hypertrophic Hearing Loss

Cardiomyopathy

37 gene-disease pairs

164 gene-disease pairs

NHGRI [Circulation Gen 2019] [Hum Mutat 2018]



Patients Clinicians Laboratories Researchers

Sharing Genetic and Health Data

ClinGen’s Critical Questions

/ IS this \

information

actionable?
Clinical Utility /

/ Is this gene
associated with

a disease”?
\ Clinical Validity

|s this variant
causative?

\ Pathogenicity /

Clinvar & Other Resources

on |
coeeeeeeeeneiImproved Patient Gare
: Through Genomic Medicine :

NHGRI

[Building a Genomic Knowledge Base]




V Multi-pronged effort needed for variant curation
and interpretation

e Public sharing of variant interpretations via ClinVar
* Inter-laboratory conflict resolution

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

* Sequence Variants and Copy Number Variants

!
m f.w.T
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ClinGen ClinVar
(consortium of people sharing data, (database for ingesting and
developing standards and curating knowledge) sharing variant level knowledge) 11
NHGRI
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& NCBI

The ClinVar Database

Resources [¥) How To (V) Sign in to NCBI

NM_004360.5(CDH1):c.3G>A (p.Met1lle)

Clinical
significance
(Last
evaluated)

Likely
pathogenic
(Nov 21,
2018)

Likely
pathogenic
(Jul 26, 2017)

Pathogenic
(Jul 11, 2017)

Review status
(Assertion method)

reviewed by expert panel
ClinGen CDH1 ACMG

Specifications v1

criteria provided, single
submitter

Invitae Vanant
Classification Sherloc
(09022015)

criteria provided, single
submitter

Ambry Autosomal
Dominant and X-Linked

criteria (3/2017)

Collection
method

curation

clinical
testing

clinical
testing

Condition(s)
(Mode of inhentance)

Hereditary diffuse gastric

cancer (Autosomal dominant

inhertance)

[MedGen | Orphanet | OMIM]

Hereditary diffuse gastric
cancer

[MedGen | Orphanet | OMIM]

Hereditary cancer-
predisposing syndrome
[MedGen]

Origin

germline

germline

germline

Citations

PubMed (3)
[See all records that
cite these PMIDs]

Other citation [

PubMed (2)
[See all records that
cite these PMIDs]

Submitter - Study name

ClinGen CDH1 Variant
Curation Expert Panel
FDA Recognized Database

Invitae

Ambry Genetics
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761,048 variants with interpretations submitted to ClinVar
from 1,122 submitters across 67 countries

750,000 , == fotal .
c w== clinical testing
700,000--2 === literature only
A 0 === research
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Genetics
V ACMG STANDARDS AND GUIDELINES | inMedicine

May 2015

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

Sequence Variant Interpretation WG

* Refine the ACMG/AMP guideline as they are
deployed by the community

-
Benign Pathogenic
Strong Supporting Supporting Mod Very Strong
Population MAF is too high for Absent in population Prevalence in
o eention i conrrs | - I
inconsistent with controls PS4

disease penetrance BS2

Computational Multiple lines of Multiple lines of 1ange [ Same amino acid Predicted null
And Predictive computational evidence computational idue| change asan variant in a gene
Data suggest no impact BP4 evid port a established where LOFisa
Missense when only pathogenic variant known
truncating cause disease 8P1 < Jeen see ps1 nye(hamsmuf
. product PP3 before PM5 disease
Silent variant with non pVS1
predicted splice impact BP7 Protein length changing
ariant PM4
In-frame indels in repeat
w/out known function BP3
Functional Well-established Missense in gene with | Mutational hot spot Well-established
Data functional studies show low rate of benign or well-studied functional studies
no deleterious effect missense variants and | functional domain show a deleterious
BS3 path. missenses without benign effect PS3
common PP2 /ariation PM1
Non-segregation Co-segregation with
Segregation with disease BS4 disease in multiple Increased segregation dafa
Data affected family
members PP1
De novo De novo (paternity &
Data maternity confirmed)
PS2
Allelic Data Observed in trans with
a dominantvariant BP2
Observed in cis with a PM3
pathogenic variant BP2
Other Reputable source w/out Reputable source
Database shared data = benign BP6 = pathog 5
Found in case with an Patient’s p 7"'7”' pe or
Other Data alternate cause BP5 FH highly specific for
gene PP4

Benign, Likely Benign,
Uncertain Significance, Likely
Pathogenic, Pathogenic

NHGRI

Human Mutation HGVE|

Human Mutation HGVS)

Variation, Informatics, and Disease

SPECIAL ARTICLE (3 Free Access

Recommendations for interpreting the loss of function PVS1
ACMG/AMP variant criterion

Ahmad N. Abou Tayoun s, Tina Pesaran, Marina T. DiStefano, Andrea Oza, Heidi L. Rehm, Leslie G.

-I Biesecker, Steven M. Harrison, ClinGen Sequence Variant Interpretation Working Group (ClinGen SVI)

Move towards a more gquantitative framework

Modeling the ACMG /AMP variant BAAtlSUG
classification guidelines as a Bayesian
classification framework

Sean V Tavtigian phDB&, Marc S Greenblatt MD, phD, Steven M Harrison phD, Robert L Nussbaum MD,
Snehit A Prabhu phD, Kenneth M Boucher phD, Leslie G Biesecker MD & on behalf of the ClinGen
Sequence Variant Interpretation Working Group (ClinGen SVI)

Genetics in Medicine 20,1054-1060 (2018) Download Citation ¥
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A Variant Curation Interface

BA1 BS1 BS2 BSI BS4 BP1 BP2 BPI BP4 BPS BPS BPT PP1 PP2Z PP PP4 PPS PM1 PM2 PM3I PM4 PMS PMS PS1 P52 PS3 PS4 PVSY

Variant Interpretation Record

@ Pomon e g Colculated Pathogenicity
No criteria met No criteria met Uncenain significancs - insufficiant evidence
Highest Minor Allele Frequency
Population: European (Finnish) Source: ExAC
# Variant Alleles: 147 Allele Frequency: 0.02223

Total ¥ Alleles Tested: 6614
Desired CI: 85

ClI - lower: 0.01694
ClI - upper: 0.02607

Population Criteria Evaluation T — ~
Not Evaluated
BA1: Allele frequency is > 5% in EXAC, 1000 - t
' BA1: ¥ Not Met H MAF cutoff: 5 %%

Genomes, or ESP BA1_Supporting .

-of - BA1_Strong

or - .

PM2: Absent from controls (or at extremely Cplenstion:
low frequency if recessive) in ExAC, 1000 PM2: Not Evaluated :$
Genomes, or ESP

- m-
BS1: Allele frequency greater than expected
due 10 disorder BS1: Not Evaluated H

l T ———— J

ClinVar

Clinically relevant variation

CTGATGGTATGGGGCCAAGAGATA
AGGTACGGCTGTCATCACTTAGAC
AGGGCTGGGATAAAAGTCAGGGC
CATGGTGCATCTGACTCCTGAGG

CAGGTTGGTATCAAGGTTACAAGA
GCACTGACTCTCTCTGCCTATTGG




ClinGen Allele Registry

Canonical Allele Identifier: CA321211
Gene: NDUFS8

Identifiers and link-outs to other resources

ClinVar Variation Id: 214835 & ClinVar RCV Id: RCV000196794 & RCV000276295 & dbSNP Id: rs369602258 &
RCV000389629 & ExAC: 11:67799758 C/ T®
gnomAD: 11:67799758 C / T MyVariant Identifiers: chr11:9.67799758C>T (hg19)&

chr11:9.68032291C>T (hg38) &

Calculator JSON-LD 3

Genomic Alleles
HGVS Genome Assembly
NC_000011.10:9.68032291C>T , CM000673.2:9.68032291C>T
NC_000011.8:9.67556334C>T NCBI36
NC_000011.9:9.67799758C>T , CM000673.1:9.67799758C>T [ GRCh37 |

NG_017040.1:9.6675C>T

Transcript Alleles
HGVS Amino-acid change
ENST00000313468.9:c.64C>T
ENST00000526339.5:¢.64C>T

ENST00000531228.1:c.119C>T
This allele is not present in the allele registry. To get CA identifier, please click on the "Get CA identifier" below.

Canonical Allele Identifier: Get Identifier v

Gene: NDUFS8

ClinGen Allele Registry
provides identifiers (CAID)
for > 910 million variants

Allows user to quickly and
easily get identifiers for
new variants

‘d{\"AT8 ClinGen CAIDs

CLINICAL INTERPRETATIONS OF

RELLIEENE  used in key

CTGATGGTATC

ol[l7\'/z12¢ = resources

Clinically relevant

EMBL-EBI

https://reg.clinicalgenome.org



V.. ClinGen’s Variant Curation Expert Panels - Progress

_ : Step 2: Develop _
[Step 1B [2EUIE } LVariant Classification } [Step 3: Pilot Rules } {Step 4 }

WG and plans Rules Implementation
Coagulation Factor Creatine deficiencies Brain Malformations Cardio/MYH7
FBN1/Aortopathy HHT/Vascular Hypercholesterolemia CDH1
HBOC/pancreatic cancer Platelet Disorders KCNQ1 Hearing Loss
Peroxisomal disorders Malignant hyperthermia Mitochondrial PAH
Von Willebrand Monogenic Diabetes Myeloid Malignancies PTEN

Myopathies Storage Diseases RASopathy
Rett-Angelman TP53 CFTR2*
VHL INSIGHT™
CFTR2*
17

NHGRI *Curated by other efforts



\.! ClinGen’s Variant Curation Expert Panels - Progress

Step 2: Develop
Variant Classification

Step 1: Define

Step 3: Pilot Rules S

WG and plans Rules Implementation
Coagulation Factor Creatine deficiencies Brain Malformations Cardio/MYH7
FBN1/Aortopathy HHT/Vascular Hypercholesterolemia CDH1
HBOC/pancreatic cancer Platelet Disorders KCNQ1 Hearing Loss
Peroxisomal disorders Malignant hyperthermia Mitochondrial PAH
Von Willebrand Monogenic Diabetes Myeloid Malignancies PTEN

Myopathies Storage Diseases RASopathy

Rett-Angelman TP53 CFTR2*

VHL INSIGHT*
m) CFTR2:

NICHD

NHGRI *Curated by other efforts



V. ClinGen’s Variant Curation Expert Panels - Progress

Step 2: Develop

&gpa:: dnsgzz Variant Classification Step 3: Pilot Rules ﬁrtl:?e‘:r:lentation
Rules
Coagulation Factor Creatine deficiencies Brain Malformations Cardio/MYH7
FBN1/Aortopathy HHT/Vascular Hypercholesterolemia CDH1
HBOC/pancreatic cancer Platelet Disorders KCNQ1 Hearing Loss
Peroxisomal disorders Malignant hyperthermia Mitochondrial PAH
Von Willebrand Monogenic Diabetes Myeloid Malignancies PTEN
Myopathies Storage Diseases RASopathy
Rett-Angelman TP53 CFTR2*
VHL ' INSIGHT*
CFTR2*

19
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ClinGen Receives FDA Recognition for Expert Curated
Variants Using ClinGen Process and Tools

First FDA-recognized public
genetic variant database

NHGRI



FDA Recognized Genetic Variant Database

 Data and assertions in the database are

considered valid scientific evidence

» Genetic/genomic test developers can
use these assertions to support clinical
validity during FDA's regulatory review

 FDA hopes this program will:
— Increase public sharing
— Reduce regulatory burden on test
developers
— Advance the evaluation and
implementation of precision

medicine

NHGRI

2y U.S. FOOD & DRUG

ADMINISTRATION

Medical Devices

Home > Medical Devices > Products and Medical Procedures > In Vitro Diagnostics > Precision Medicine

FDA Recognition of Public Human Genetic
Variant Databases

» FDA Recognition of Public

Human Genetic Variant
Databases f sHare in UNKEDIN | @ PINIT | & E =
List of Recognized Databases
Database Database Scope of Recognition (if applicable) Date
Recognition Recognized
Decision
Summary
Clinical Decision Germline variants for hereditary disease where there is a high likelihood 12/4/2018
Genome Summary that the disease or condition will materialize given a deleterious variant
Resource (such as high penetrance)
(ClinGen)

Data / People / Process



FDA Recognized Genetic Variant Database

© Filters activated: Expert panel. Clear all to show 1602 items.

Variation
Location
NM_000257 3(MYH7).c.5740G>A (p.Glu1914Lys) MYH7
1. GRCh37: Chr14:23883018
GRCh38: Chr14:23413809
NM_000257 3(MYHT7).c.5736C>T (p.lle1912=) MYH7
2. GRCh37: Chr14:23883022

GRCh38: Chr14:23413813

NM_000257.3(MYHT7).c.5726G>C (p.Arg1909Pro) MYH7
3. GRCh37: Chr14:23883032
GRCh38: Chr14:23413823

NM_000257.3(MYH7).c.5704G>C (p.Glu1902GIn) MYH7
4. GRCh37: Chr14:23883054
GRCh38: Chr14:23413845

NM_000257.3(MYHT7).c 5588G>A (p.Arg1863GIn) MYH7
5. GRCh37- Chr14:23883283
GRCh38: Chr14:23414074

NM_000257.3(MYH7).c.5401G>A (p.Glu1801Lys) MYH7

6. GRCh37: Chr14:23884362
GRCh38: Chr14:23415153

NHGRI

Gene(s)

Condition(s)

Primary dilated cardiomyopathy,
Dilated cardiomyopathy 1S,
Myopathy, distal, 1

not specified, Hypertrophic
cardiomyopathy, Cardiovascular
phenotype

Primary dilated cardiomyopathy

Myosin storage myopathy, Myopathy,

distal, 1, not specified,
Hypertrophic cardiomyopathy,
Scapuloperoneal myopathy, Left
ventricular noncompaction
cardiomyopathy,

Cardiovascular phenotype, Dilated
Cardiomyopathy, Dominant

not specified, Hypertrophic
cardiomyopathy

Primary dilated cardiomyopathy,

Myopathy, distal, 1, Cardiomyopathy,

not provided, Hypertrophic
cardiomyopathy, Left ventricular
noncompaction cardiomyopathy

Clinical significance
(Last reviewed)

Likely pathogenic
(Dec 15, 2016)

Benign

(Dec 15, 2016)

Likely pathogenic
(Dec 15, 20168)

Uncertain significance
(Dec 15, 2016)

Uncertain significance
(Dec 15, 2016)

Likely pathogenic
(Dec 15, 2016)

Review status

reviewed by expert panel

FDA Recognized Database
reviewed by expert panel

FDA Recognized Database
reviewed by expert panel

FDA Recognized Database
reviewed by expert panel

FDA Recognized Database

reviewed by expert panel
FDA Recognized Database

reviewed by expert panel
FDA Recognized Database



FDA program led to improvements In transparency and access

Guideline: MYH7-associated inherited cardiomyopathies - adapted from ACMG/AMP (%

NM_000257.3(MYH7):c.2608C>T (p.Arg870Cys)

CA012732 (£

HGVS expressions

161326 (ClinVar) 2
NM_000257.3:¢.2608C>T

Open API - Scientific
Evidence and Provenance

information Ontology
(SEPIO) compliant JSON-LD

Statistically significant clustering of pathogenic variants in the head region (amino acids 181-937, NM_000257)

No code specific comments provided, please refer to the summary above or general recommendations provided in

Sena: Myiiz XR 245686 3:0.2714C>T
Condition:
Inheritang
Link to MON Met criteria codes
PM1 ~/ head region (amino acids 181-937)
PubMed (¢
PM5 e Clinvar Variation ID: 14120; c.2609G>A (p.Arg870His)
PM2 4 1/66728 Eurcpeans in EXAC
PS4_Supporting 7 Variant identified in 5 probands with HCM (3 literature; 2 from SCV000203913)
Variant identified in 1 proband with HCM PubMed £
Variant identified in 1 proband with HCM PubMed &
Variant identified in 1 proband with HCM pubMed
PP3 v
the guideline

w  ClinGen Evidence Repository

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



NHGRI

Global Alliance

Collaborate. Innovate. Accelerate.

Genomic Knowledge Standards
Workstream

— Variant Modeling Collaboration
— Interpretation Data Model
(SEPIO with Monarch)

Clinical & Phenotypic Data
Capture Workstream
Discovery Workstream

— Variant Knowledge Sharing API

SEPIO Class Association Diagram (Qualified Contribution Model)

.i for Genomics & Health ClinGen is a GA4GH Driver PrOjeCt

Associative relationships between the high-level classes in the SEPIO Data Model.
Classes in orange are the subset implemented in the ClinGen Model.
The 'qualified contribution model' implemented by ClinGen is shown here, wherein
a Contribution object is reified to capture agetns, roles, and time/place of a

contribution to an artifact .

Entity
iIsAbout
1.m
|
isSpecifiedBy
—>  Method < 0.1 Assertion Agent <
qualified
|sExp(;ersnsedln hasEvn(()!enceLme Contribution hasAgent
- \L“ 1.m 1.m
F’ L :
evidence ) 2 qualified . s
Document eﬂassuppomng_ Evidence Line |—contibuion—>| Contribution
Reference 1.m
0.m =
hasEvidenceltem qualified hasAgent
isDescribedBy 0.m Contribution 1.m
isSpecifiedBy o \v im
0.1 |_
Evidence Item* isOutpuiOr_ Activity .
—  1m




NHGRI

Patients

Clinicians Laboratories

......... » O D AP B B (R

Researchers

Sharing Genetic and Health Data

ClinGen’s Critical Questions

Is this gene

associated with lscg‘dz g’t?\;ggt
a disease? '
Clinical Validity Pathogenicity

Is this
information

actionable?
Clinical Utility

Bundlng a Genomic Knowledge Base)

ClinVar & Other Resources

A4

Improved Patient Care

: Through Genomic Medicine :

L L IRE it 5 .
3505 D s o
\ Nl s B
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N .

.

ClinGen
.

Clinical Genome Resource  ’
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A ClinGen developed a framework to provide a transparent
and systematic evidence base for prioritizing genes based
on their clinical actionability.

Original Research Article OPEN Published: 28 Apri1 2016 C I i n ical Actio n a bi I ity

A standardized, evidence-based protocol

to assess clinical actionability of genetic « \Well established clinical interventions
disorders associated with genomic

variation Genetics « Specific to the genetic disorder under
Jessica Ezzell Hunter MS, PhD B4, Stephanie A. Irving MHS, Leslie G. Biesecker MD, Adam Buchanan ConSid e ratio n

MS, MPH, Brian Jensen MD, Kristy Lee MS, Christa Lese Martin PhD, Laura Milko PhD, Kristin Muessig

MS, Annie D. Niehaus BA, Julianne O’Daniel MS, Margaret A. Piper PhD, MPH, Erin M. Ramos MPH,

 |Lead to di o ti delayed
PhD, Sheri D. Schully PhD, Alan F. Scott PhD, Anne Slavotinek MBBS, PhD, Nara Sobreira MD, PhD, ea O Isease reven IOn Or e a e

Natasha Strande PhD, Meredith Weaver ScM, PhD, Elizabeth M. Webber MS, Marc S. Williams MD,

Jonathan S. Berg MD, PhD, James P. Evans MD, PhD & Katrina A.B. Goddard PhD ; on behalf of the Onset, |Owe red CI i n ical b u rd e n ! O r
ClinGen Resource imprOved Clinical OutCOmeS

Genetics in Medicine 18,1258-1268 (2016)  Download CitationX

Effectiveness Nature of
of Intervention Intervention

Severity Likelihood

26




A ) Actionability Working Group Progress and Impact

CHEK2

nereditary breast carclnoma

Breast cancer (CHEK?) / Surveillance

Quicome Severity- Possible death or Maior Morbidity B Vicw Dotails _ 10/20/2017

140

120

100

80

60

N Topic Counts

40

20

0

NHGRI

2013 2014 2015

2016

|

—Sum of scored

Pediatric Topics and Topics
WG which did not
pass Stagel
Genetics

inMedicine \.::) ACMG

American College of Medical
Genetics and Genomics

ACMG Statement = Published: 17 November 2016

Recommendations for reporting of

ClinGen’s Actionability Process and

Results integrated into the ACMG
Secondary Findings WG

secondary findings in clinical exome and
genome sequencing, 2016 update (ACMG
SF v2.0): a policy statement of the
American College of Medical Genetics and
Genomics

27



Patients Clinicians Laboratories Researchers

Sharing Genetic and Health Data

ClinGen’s Critical Questions

/Isthisgene h 4 w Is this )

associated with Iscguzgt?\slea’?t information
a disease”? ' actionable?

\ Clinical Validity /\\ Pathogenicity //\ Clinical Utility /

[Building a Genomic Knowledge Base]

Clinvar & Other Resources

on |
coeeeeeeeeneiImproved Patient Gare
: Through Genomic Medicine :

NHGRI




GenomeConnect

Patient portal to engage 1,826 Participants
patients in data sharing: 805 ClinVar submissions

» Collects patient-entered health
information and genetic data
extracted from genetic test reports

47.9% o
 Transfers data into secure No previous Adding
ClinGen-hosted environment record in phenotype
clinVar information
« Connects patients with to an existing
researchers and with other record

patients with the same condition

www.genomeconnect.org

NHGRI
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Exploring how race, ethnicity, and
ancestry information is used in
clinical genomics

Aim to provide guidance on how
to best use this information in a

way that is scientifically rigorous
and ethically responsible

seotre,

Ancestry and Diversity WG

Received: 1 May 2018 | Revised: 17 August 2018 Accepted: 30 August 2018
DOI: 10.1002/humu.23644

SPECIAL ARTICLE WILEY -HGV§
The clinical imperative for inclusivity: Race, ethnicity,

and ancestry (REA) in genomics

Alice B. Popejoy* | Deborah I.Ritter? | Kristy Crooks®4 | ErinCurrey® |

Stephanie M. Fullerton® | Lucia A.Hindorff° | BarbaraKoenig’ | ErinM.Ramos® |
Elena P.Sorokin® | HannahWand! | Mathew W. Wright?! | James Zou® |

Christopher R. Gignoux* | Vencel.Bonham® | SharonE.Plon? |
Carlos D. Bustamante! | on behalf of the Clinical Genome Resource (ClinGen) Ancestry
and Diversity Working Group (ADWG)

Survey of clinical laboratory directors, clinical
geneticists, genetic counselors, researchers

involved in variant interpretation and/or curation.



Engage and Train the Broader Community

ABMGG

American Board of Medical Genetics and Genomics

Maintenance of Certification:
Improvement in Medical Practice

Interested in volunteering for curation efforts,

take our survey!

If you have any questions, please feel free to email us at volunteer@clinicalgenome.org

ClinGen — Variant Interpretation
Discrepancy Resolution Module

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
delivered to your inbox.

Learn more »

E Volunteer to Curate
Interested in volunteering to curate for
ClinGen? Please complete this brief survey.

Learn more »

Clinéeh

Clinical Genome Resource

Attend ClinGen Events

Find when and where ClinGen is exhibiting and
hosting events.

Learn more »

Join the ClinVar Community Call

Join a monthly call bringing together Clinvar
users to discuss topics related to ClinVar.

Learn more »
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Evaluating Sequence Variants

377 views * 3 years ago
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Evaluating the Clinical
Significance of Cytogenomi...

251 views * 3 years ago

ClinGen Gene-Disease

Why Clinicians Should Learn
Validity Scoring Overview

About Variant Interpretation

Gene Disease Validity
Classifications

GenomeConnect

232 views + 3 years ago

179 views * 1 year ago 167 views *+ 11 months ago 141 views * 11 months ago

Introduction to Genome
Builds and Transcripts

147 views * 11 months ago

GenomeConnect: How to
Upload Genetic Test Reports

65 views + 1 year ago




GREENLAND
MEXICO CuBA
p—
.
BELIZE JAMAICA  HAITI fico
o
R R
ot I
w N & &
CoSTRRC VENEZUELA ~ ©" & grench
pt <" GUIANA
COLOMBIA
ECUADOR
BRAZIL
PERU
BOLIVIA
PARAGUAY
CHILE
ARGENTINA  URUGUAY

850 researchers & clinicians from 27 countries v

ICELAND SWEDEN

FINLAND

4y

&
$

DENMARK 2
'-.

EsTous

‘
LATVIA

umhuANA

BELARUS

2. 2
IRELAND

UKRAINE

MOLDOVA

&
GEORGy, 305/\7&)

inGen Working Group and Expert Panel Membership

RUSSIA

KAZAKHSTAN

BANGLADESH

v
i, AZERBAIAN
PORTUGAL , . ' GREECE TURKEY RN TAIKISTAN
-~ i
SYRIA SR
i - N
& d™IRAQ IRAN — ean®
o Qmw N
o ALGERIA prest Mg
LIBYA avAN
wesTEnN EGYPT -
ol
SAUDI ARABIA ™
MAURITANIA AL 0@" INDIA
- NIGER SUDAN ERITREA MEN
e, CHAD \E
e cavein () 0 o
GUINEA-BISSAU GUINEA 7o F -l
) £ IR sour ETHIOPIA
e FBRE ‘}@é’ e SN SOMALIA
&
EQ GUINEA 0@“‘@
o Qé’o o KENYA
© DR CONGO s
TANZANIA
ANGOLA MALAWI
ZAMBIA A
S
ZIMBABWE MOZAMBIQUE G.
NAMIBIA ! S
aoﬁwx =

[Created by Natalie Pino, Oct. 2018]

MONGOLIA

NORTH KOREA

'H KOREA JAPAN

- ,"ﬁ

HONG KONG

[ 4

THAILAND

o) |V ETHAM PHILIPPINES

BRUNE!

MALAYSIA
prosis

INDONESIA

TIMORLESTE

PAPUA NEW GUINEA

LY
NEW ZEALAND*



N

N e AN

"™, Whats coming in 2019-2021

ClinGen
Clinical Geno source

me Re

Update ClinGen/ACMG CNYV Interpretation Guideline
Structure functional assay data for curation

Develop clinical validity & actionability frameworks for
polygenic risk scores

Machine learning methods to improve curation efficiency

New disease areas (e.g., Hemostasis & Thrombosis,
Ophthalmology, Neuromuscular)
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Genome Meeting 2019

* May 29-31, Washington DC

 Topics including data
sharing, variant
interpretation, gene curation,
population screening, Abstract deadline
sustainable partnerships March 2019

Registration Open

Early Bird Deadline
April 2019
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Consent and Disclosure of Genetic Test Results (CADRe) WG

Genetics . :
—— ARTICLE | inMedicine Testing complenity? e/l
L | Clinician with genetics
l €8S complex expertise discusses key
issues
Developing a conceptual, reproducible, rubric-based (modeled after traditional
approach to consent and result disclosure for genetic testing Condition associated with g genetic counseling)
. = = . - - increased risk of adverse es
by clinicians with minimal genetics background pychological impact?
Kelly E. Ormond, MS, LCGC', Miranda L G. Hallguist, M5¢ LGC?, Adam H. Buchanan, M5, MPH, LGC, -
Danielle Dondanville, MS, LCGC", Mildred K. Cho, PhD*, Maureen Smith, MS, LCGC®, No Pe;:::‘ggi‘r:s"d
Myra Roche, M5, CGC®, Kyle B. Brothers, MD, PhD’, Curtis R. Coughlinll, M5, MEe, CGC®, pa
Laura Hercher, MS, CGC®, Louanne Hudgins, MD, FACMG'®, Seema Jamal, MSc, (C)CGC™,
Howard P. Levy, MD, PhD'?, Misha Raskin, M5, CGC", Melissa Stosic, M5, CGC™,

15 1&
Wendy Uhlmann, MS, CGC', Karen E. Wain, MS, LGC, Erin Currey’® and Condition with significant

W. Andrew Faucett, MS, LGC potential for near-term Yes d('Jlinicia_n hasat:_rget:d
snortalily? |ssc1.|ssmri;s ;geasr ing key
* Developed a conceptual rubric to define when No e
traditional genetic counseling is recommended, versus y Yes
Management of condition Per dinician and
other approaches cinically complex? pation desires
* Conducting a Delphi expert consensus model to define "
No
minimum components of a ‘targeted discussion’ consent T me::'cag;"r,‘n;:f;key
educational materials urther discussion of
approach available? v sues with ciian s
* Will test this with genetics professionals to determine if
. Fig. 2 Consent and Disclosure Recommendations (CADRe) Work-
roup ethical, legal, and social implications and medical factors
the Delphl approaCh resonates broadly' ?ELS_IEIué co_nse:g communigat_ion rzbricf1 Wod(ing Deﬁni'tior]s':' éto_m-
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ClinGen

Clinical Genome Resource

ClinGen Dosage Sensitivity Map

The Clinical Genome Resource (ClinGen) consortium is curating genes and regions of the genome to assess
whether there is evidence to support that these genes/regions are dosage sensitive and should be targeted on
a cytogenomic array.

All data are shown in GRCh37 and GRCh38 coordinates.

Search By Gene Name

Symbol: |

[Go]

Or click on the following examples: ZEB2, PTEN, MAPT

Genes/Regions Recently Reviewed

Search By Location (GRCh37

Location: |

example: chr2:44 000.000-45,500,000, 2p21-2p16.2

[Go]

Gene/Region name
MOV10

MYH10
HIVEP3

GNB1

Haploinsufficiency score

LAMAZ

KDMES
KATNAL2
GIGYF2
DLG2

NR3C2

ELAVL2

Triplosensitivity score

Not yet evaluated Not yet evaluated
1 0
1 0
1 0
1 0
2 1
2 1
3 2
1 0
30: Gene associated with 0
autosomal recessive phenotype

1 0
1 0
2 0
1 0
0 3
3 0

Date reviewed
2018-01-28
2018-01-23
2018-01-23
2018-01-23
2019-01-23
2019-01-10
2018-12-31
2018-11-19
2013-11-23

2013-11-23

2013-11-23
2013-11-23
2013-11-23
2013-11-23
2013-11-19
2013-11-19

Links

ClinGen Home Page

Help with this site

FAQ

Contact Us

Pathogenic CNV regions
Curation of the ACMG 59 Genes
FTP

Curation Team

Joo Wook Ahn
Erica Andersen
Swaroop Aradhya
Tracy Brandt
Rachel Burnside
Oscar Cano

Yang Cao

Laura Conlin
John Herriges
Ted Higginbotham
Benjamin Hilton
Vaidehi Jobanputra
Sibel Kantarci
Hutton Kearney
Wahab Khan
Kristy Lee

Guang Li

Cindy Lorentz
Christa Martin
Con Ngo

1,457 genes
and genomics
regions curated



ClinGen “phase 1” ClinGen “phase 2”



COMMENTARY

Competencies for the physician medical geneticist in

the 21st century

Bruce R. Korf, MD, PhD’, Mira Irons, MD?, and Michael S. Watson, MS, PhD’

Initial CDWGs

BIOCHEMICAL/METABOLIC
CANCER
CARDIOVASCULAR
DEAFNESS

NEURO (/D/Autism)

Developing CDWGs Planned CDWGs
HEMATOLOGICAL DERMATOLOGIC
NEURO (NMD) NEPHROLOGIC
OPHTHALMOLOGIC PULMONARY
SKELETAL

(Craniosynostosis)

ENDOCRINE (MODY)
DYSMORPHOLOGY (Rasopathy)

Unmet need

CONNECTIVE TISSUE
GASTROINTESTINAL
IMMUNOLOGICAL

NEURO (Neurodegenerative)
PRENATAL/ REPRODUCTIVE
PSYCHIATRIC



How should functional assay evidence be
structured for curation and computation?

How do we go from this... ...to this?

SEPIO Class Association Diagram (Qualified Contribution Model)
Associative relationships between the high-level classes in the SEPIO Data Model.
ARTICLE Classes in orange are the subset implemented in the ClinGen Model.
hitps://dol.org/10.1038/541586-018.0461-2 The 'qualified contribution model' implemented by ClinGen is shown here, wherein
a Contribution object is reified to capture agetns, roles, and time/place of a
s : s contribution to an artifact .
Accurate classification of BRCA1I variants
. 0 o, 0 En i
with saturation genome editing L
Gregory M. Findlay', Riza M. Daza', Beth Martin', Melissa D. Zhang', Anh P. Leith!, Molly Gasperini', Joseph D. Janizek',
Xingfan Huang', Lea M. Starita"?* & Jay Shendure!>%*
isAbout
a HOR genes a . b c 1.m
Essentiality rank (q value) Igzgg} 075 [I “ J E g ° I
o - £ o . Lo | Bw H e N
HAP genes - H . LIS g : isSpecifiedBy
L N inmlmj L > Method [T o Assertion Agent <
gense ;::(; § g é E Exon 'RNA score R1
SR crc o . ’ isExpressedin hasE 'd' Li qualified
S ] T L . oy . i Contribution hasAgent
Per RING and BRCT exon: = % w0 e & W Non-functional b b 1.m 1.m
4P colls Sty + — - s ]
1R ==  Caso, multiplex repair .
Corome aiion i _—— Function score Consequence evidence : ; qu alified y .
P Pepmt=d  — Document < Hassupporting_| Evidence Line [—contibuion—> Contribution
AR i oz Suve a pmme o weme Reference 1.m
Cetaunial § Pasmid GONA  mNA s - v S 0..m
T R oy BE sie e
EEECR EECE SRS 3 eroAl ; el ‘ » . hasEvidenceltem qualified hasAgent
27 : « A 3 ) isDescribedBy 0.m Contribution 1.m
a =Pathagemc b E = J Lir} 1:\:‘, -1!9—“ mnmnmrg isSpecifiedBy 0.m \v 1.m
Likely pathogenic a7 5 o
;::Z :emgn é ;gg i,—,i—,é—ﬁ ® \ SN‘\:‘S r:;ﬁl:led ?A..? 0.1 ; —]
g o7 score = 2 g%
. W o Evidence Item* | soupucor Activity  |—
% § 025 AUC =0.983 o O “Bmae ettty 0f Suy f e e ] m 9
i g 1 ST
0 * ety & )
-4 f -'2 o 114 119 124 129 134 192 197 202 207 212 5132 5137 5142 5147 5152

H UNC FY18 Variation, Disease, Function Supplement



The goal of the Functional Data Pipeline is to accelerate the
identification and curation of functional data

* |dentify and curate functional

datasets for aggregation/display in

Variant Curation Interface (VCI)

e Design an Ul component for
displaying functional data in VCI

e Testing and integration of
functional dataset
aggregation/display in VCI

Functional Data Pipeline Architecture

getFunctional
Statements(variant)

‘ LDH
FDP
get/add/update
FunctionalStatements(variant) add/updateFunctional
Functional Statement(variants)
VCEP member Statements
VCEP
GenboreekB coordinator
VCl get/add/update
get/add FunctionalStatements(variant)
FunctionalStatements(variant)
Bi Functional
locurator = " § ValueSets add/updateAproved
getAprove ValueSets()
del
ValueSets() Patalodele

Dev Team Component Ownership Audience (User Personas, )

|:| Baylor app or service

|:| Stanford app or service

|:| Geisinger/Broad app service
[] UNC app or service

|:’ 3rd party app or service

# ClinGen biocurator

# Clingen Variant Curation
Expert Panel

Stanford/BCM FY18 Variation, Disease, Function Supplement

NHGRI



ClinGen Pathogenicity Calculator: a configurable system for assessing pathogenicity of genetic variants

Recently interpreted variants

JADE2 0 1 0 0 0 0 0 0 0
1. CA534324 [
NM_001304360.1:c.310G>A (p.Ala104Thr) LRRC8C 0 0 0 0 1 0 0 1 0
CFAP74
MEMO1 0 0 0 0 1 0 0 0 0
MYH1/MYHAS 0 0 0 0 0 0 1 0 0
2. CA791502 [
NM_001852.3:¢.1288-17C>G (p.=) NDUFS8 0 0 0 0 0 0 0 1 0
COL9A2 1
PASK 0 0 0 0 1 0 0 0 0
POLG 0 1 0 0 1 0 2 0 0

3. CA16020684 [
NM_001278716.1:c.419T>C (p.Val140Ala) —~———— ~ ~ -~ ~ 4 ~ -~ ~ ~
FBXL4

Showing 1-25 of 29 genes

Variants Gene Description Assertion(s)/Tags Quick Links

CA16020684  FBXL4  c.419T>C (p.Val140Al) & Pm2, P, PR3, PP

c.419T>C (p.Val140Ala)
n.810T>C
n.810T>C
c.419T>C (p.Val140Ala)
c.419T>C (p.Val140Ala)
c.419T>C

SA3033430  FEXLA  G.1442T5C (p.Leuds1Pro) YR RN TR oo Y Ginaralcies Y Myariant o (hg36) Y Giinvar (arition) ] EXAG Y dbSNP Y MyVariantinto (ng19)

¢.1442T>C (p.Leu481Pro)
n.1487T>C
¢.1370T>C (p.Leu457Pro)
c.1370T>C
¢.1442T7>C (p.Leu481Pro)
¢.1370T>C (p.Leu457Pro)

(lide provided by R. Patel, BCM] https://calculator.clinicalgenome.org Genome Med. 2017 Jan 12;9(1):3



'/ Clinical Laboratories meeting

ClinGen Data Sharing Requirements

NHGRI

Recognize clinical labs who support data
sharing and incentivize others to share as
well

Provide list of clinical labs to hospitals,
healthcare providers, and insurers who
wish to only order from, or reimburse,
labs meeting a certain standard in data
sharing and quality assurance

17 labs meet requirements

https://www.clinicalgenome.org/lablist/
Launched July 14th, 2017

Laboratory

Ambry

ARUP

Athena Diagnostics Inc.

Centre for Mendelian Genomics, University Medical
Centre L,

ntre Ljubljana

Center for Pediatric Genomic Medicine, Children’s

Mercy Hospital and Clinics

Color Genomics, Inc

Integrated Genetics/Laboratory Corporation of

America

Invitae

Partners Laboratory for Molecular Medicine

Phosphorus Diagnostics LLC

Quest Diagnostics Nichols Institute San Juan

Capistrano

University of Chicago

Meets
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ClinGen’s Education Working Group aims to foster
community engagement through education, outreach,
and resource development.

“\\_ Cene-Disease Valdity

Gene-Disease Validity The Process Educational and Training Materials Interface Results

The following documents and presentations are available to help people learn and understand the Gene Disease Validity curation process. For guestions about existing materials or requests for
new materials, contact us at clingen@clinicalgenome.org.

Standard Operating Procedures

Detailed documentation outlining the gene disease validity
process.

Curation Spreadsheet Template version 5

An Excel spreadsheet to guide those groups not using the
ClinGen Curation Interface in collecting and documenting
evidence. This spreadsheet is for the most current framework
(Version 5) that includes the changes in segregation scoring.

Learn more »

Learn more »

General Training Presentation

Updated February 2018. Focuses on how to use the curation
spreadsheet, but also provides general instruction on gene
disease vailidty process.

Interactive Training Modules

Interactive Powerpoint training modules walk users through basic
gene-disease validity curation concepts.

Learn more »
Learn more »

E. Riggs, MS, CGC

NHGRI



