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Esmé Savoie

2011 (birth) – hypotonic, FTT; frequent seizures; cardiac arrest 3.5 mo

▫ 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
▫ 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”
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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. 

I 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



6 years later we now have:



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

New interpretation in ClinVar: We observed the Ile208Val 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 found in the general 
population at a frequency of 3/276842 alleles (gnomAD, rs727504571). Ile208Val has been reported in a melanoma cell line 
which also carried Val600Glu, a well-characterized activating mutation (Ikediobi 2006). Computational analyses (biochemical 
amino acid properties, conservation, AlignGVGD, PolyPhen2, and SIFT) do not provide strong support for or against an impact 
to the normal function of the protein. In summary, based upon the 3 observations in the general population and the two 
observations in unaffected parents this variant is likely benign.



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



What’s the difference between 
ClinGen and ClinVar?

ClinGen
(consortium of people sharing data, 

developing standards and curating knowledge)

ClinVar
(database for sharing 
variant level knowledge) 

ClinicalGenome.org
(database for sharing gene level 
knowledge) 





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)
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Adopted worldwide

ClinGen Sequence Variant Interpretation 
Working Group

Les Biesecker Co-Chairs Steven Harrison

Goals of ClinGen SVI

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

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

3. Move the ACMG/AMP guideline towards a 
more quantitative framework

Pathogenic
Likely pathogenic
Uncertain significance
Likely benign
Benign



https://www.clinicalgenome.org/working-groups/sequence-variant-interpretation
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Rare Variants in African Individuals with Rare Disease

Majority are VUS

Common in Ancestrally 
Matched Population

Common in Ancestrally 
Distinct Population

Rare in All 
Populations

It is Critical to Obtain
African Data for 

African Rare Disease 
Studies

It is Also Critical to Access
Non-African Data for 
African Rare Disease 

Studies

Need global data 
sharing of evidence 

and shared efforts in 
variant classification 

Benign Benign



Global ClinVar Submissions – January 18th, 2020
1,341,674 submissions on 858,329 unique variants
1790 submitters from 80 countries Invitae

Illumina
GeneDx
Ambry Genetics
Emory/Eurofins 
Color
OMIM
Partners LMM
Counsyl
CeGaT - Tuebingen
LabCorp/Integrated
Prevention Genetics
Cincinnati CHMC
Natera
Univ Chicago
Quest Diagnostics
Athena Diagnostics
ARUP Laboratories
Mendelics
ENIGMA

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

392984
208455
121912

72593
45028
43495
32020
24235
20976
20219
18507
18417
17788
15814
15337
13734
13050
10411

9265
7456

•
•
•
•
•

89% Clinical testing
5% Online resources (OMIM, GeneReviews, UniProt, LSDBs)
5% Research
1% Expert Panels and Professional Guidelines



Each country defines 
arguments for sharing 
variant-level classifications

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

Arguments for Clinical Labs:

ü Improved Variant Classification 

ü Shared Evidence Base

ü Standardization and Quality Control 

ü Addresses Evolving Regulatory and Medical Standards

ü Keep Providers Up-to-Date with Variant Knowledge  

2013

2015

2017

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


Laboratories Meeting Minimum Requirements 
for Data Sharing to Support Quality Assurance

Goals:
1. To publicly recognize clinical labs who support data 

sharing and incentivize others to share as well

2. To provide a 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

www.clinicalgenome.org/lablist

15 labs meet requirements
USA(14), Greece

http://www.clinicalgenome.org/lablist
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Submissions to ClinVar by Country

Africa 1164
Morocco 995
Egypt 134
Tunisia 20
South Africa 10
Sudan 5



Shariant = share variants
VARIANT CLASSIFICATION SHARING PLATFORM

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 - A Country-Specific Variant-Level Database



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)

Country/Lab-Specific
Variant Database

ClinVar

ClinGen’s VCI is a possible solution





When is consent required for sharing?
• Consent is not required for sharing variant interpretations with       

summarized evidence
• Individual consent allows more detailed sharing
• ClinGen videos in English, French, Spanish and Chinese explain the difference

Consent not required 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
– Rules for variant interpretation

• Public sharing of variant classifications 
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variants (Expert Panels)
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Concordance in ClinVar

Data from ClinVar Miner on January 25th, 2021

10,640 medically 
significant conflicts

5594 medically significant conflicts 
from 1 star clinical lab submitters

ClinVar 
Review 
Levels



• 87% resolution (211/242)

• Major time commitment         
(an estimated 1-2 hours per variant per 
laboratory)

Harrison et al, 2017, Genetics in Medicine

Variant Discrepancy Resolution - Phase 1



ClinVar Variant Discrepancy Resolution

87%

63%
54%

24%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

4 labs - full data
sharing

41 labs - outlier
approach

108 labs - outlier
approach

Unprompted
resolution

68% (488/721) 24% (106/437) 

Phase 1

Phase 2
Phase 3

Harrison et al. Hum Mutat. 2018Harrison et al. Genet Med 2017



Color

Baylor

UW

Variant 
Classification

Harmonization

Initial export

LMM

All of Us Variant Classification Harmonization

Real-time

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

Real-time

Real-time

Variant 
Adjudication 
Committee

Expert Panels

All of Us
ROR/Omics
Committee

low penetrance variants
unanticipated findings



We don’t expect 100% concordance
▫ Goal to resolve interpretation differences due to differences in                     

data sources, out-dated data, or older classification algorithms
▫ Resolving remaining interpretation differences will require expert consensus 

48%
45%

29%

16%
13%

6%
3%

0%

Functional
data

Population
data

Other
databases

Computational
& Predictive

Other data Segregation Allelic data De novo data

Evidence categories causing persistent 
interpretation differences



Supporting Variant Classification
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– Rules for variant interpretation
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22 Pathogenic
4 Likely Pathogenic
2 VUS
2 Likely Benign
2 Benign

Expert Panel Submissions Can Resolve 
Differences in Classification in ClinVar



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 



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 VCEP Classified Variants in ClinVar 
Resolve Conflicts

11,579 Expert Classified Variants in ClinVar

CDH1 Hearing 
Loss 

Cardio-
myopathy

Myeloid 
Malignancy PAH PTEN RASopa

thy 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

Breakout on VCI Training on Day 3



Expert panels also combine evidence to reclassify VUSs



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/

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/


Clinical Genome Resource

ClinVar Partnership
M. Landrum & H. Rehm

Data Platform
L. Babb, L. Madhavrao, T. 

Nelson, K. Riehle, C. Thaxton

Applications & 
Infrastructure

Steering Committee (*PIs)
Jonathan Berg, UNC* 

Thomas Montine, Stanford*
Katrina Goddard, Kaiser*

David Ledbetter, Geisinger*
Christa Lese Martin, Geisinger* 

Sharon Plon, Baylor* 
Heidi Rehm, Broad*

Marc Williams, Geisinger* 
Matt Wright, Stanford

Adam Buchanan, Geisinger
Carlos Bustamante, Stanford*

Andy Freedman, NCI
Steven Harrison, Broad

Aleksandar Milosavljevic, Baylor 
Kelly Ormond, Stanford

Erin Riggs, Geisinger
Brandi Kattman, NCBI

Melissa Landrum, NCBI
Erin Ramos, NHGRI

Education, Coordination and 
Training

E. Riggs & D. Azzariti

Consent and Disclosure 
Recommendations (CADRe)

A. Buchanan, M. Hallquist

Education, Engagement & 
Outreach

Danielle Azzariti
Hannah Dziadzio
Miranda Hallquist
Meredith Weaver

Deborah Ritter
Liz Kearns

Julie Kim
Kristy Lee

Xi Luo
Emma Owens
Brooke Palus
Natalie Pino

Regulatory
C. Thaxton

ClinGen Program Coordinators

Community Curation
C. Thaxton

Stakeholders Partnership
L. Milko & M. Watson

CNV Interpretation
S. Aradhya & D. Pineda-

Alvarez

Lumping and Splitting
J. Goldstein & C. Thaxton

Clinical Domain Working 
Groups

Adult Actionability
J. Hunter & A. Buchanan

Biocurators
J. Goldstein

Core Standards & 
Oversight

Gene Curation Expert 
Panels

Ancestry and Diversity
A. Popejoy & K. Ormond

Complex Diseases
K. Goddard, G. Wojcik

Gene Curation
C Thaxton & E. Riggs

CDWG Oversight
J. Berg, S. Plon & H. Rehm

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

John Carpten
Rex Chisholm
Deb Leonard

Holly Peay

Richard Sharp
Peter Tarczy-

Hornach
Georgia Wiesner

External Scientific Panel

Pediatric Actionability
K. Goddard & B. Powell

Application Stakeholder 
Feedback

Electronic Health Record
M. Williams

Expert Curation

Low Penetrance/Risk Alleles
M. Lebo & R. Schmidt

Sequence Variant 
Interpretation

L. Biesecker & S. Harrison

Data Access, Protection and 
Confidentiality

A. Popejoy

Dosage Sensitivity
E. Andersen & E. Thorland

Variant Curation Expert 
Panels
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