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

• ~ 20,000 genes and > 88 million known variable 
sites in the human genome 

The Problem: Circa 2010

Largely absent from public 
domain

Often without common data standards 
and approaches for interpretation 2



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 II: Sept 2017
− $39M
− NICHD curation program

The ClinGen Program

[www.clinicalgenome.org]
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Leadership and Coordinators





ClinGen developed semi-quantitative framework to classify 
strength of evidence for the role of genes in disease
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Genetic Evidence: Case-level, family 
segregation, or case-control data

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



7Gene Curation Interface

670 gene-disease 
pairs classified by 
Expert Panels as of 

2/1/2019



Select Gene Curation Expert Panel Results
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ABCC9
ANK2
CACNA1C
CACNA2D1
CACNB2
GPD1L

HCN4
KCND3
KCNE5
KCNE3
KCNH2

KCNJ8
PKP2
RANGRF
SCN1B
SCN2B

SCN3B
SCN10A
SLMAP
SCN5A
TRPM4



Select Gene Curation Expert Panel Results

Brugada
Syndrome

21 gene-disease 
pairs

Colorectal 
Cancer

40 gene-disease 
pairs

Hypertrophic 
Cardiomyopathy
37 gene-disease pairs 

Hearing Loss
164 gene-disease pairs

[Circulation 2018] [Gen In Med 2018]

[Hum Mutat 2018][Circulation Gen 2019]
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• 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

Multi-pronged effort needed for variant curation 
and interpretation



12

The ClinVar Database

www.ncbi.nlm.nih.gov/clinvar



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

[Created by Natalie Pino, NHGRI]
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Top 5 ClinVar submitters are 
genetic testing companies 
(~470,000 variants, 62%) 



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

Sequence Variant Interpretation WG
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• Move towards a more quantitative framework

Benign, Likely Benign, 
Uncertain Significance, Likely 

Pathogenic, Pathogenic

May 2015



Variant Curation Interface



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

Allows user to quickly and 
easily get identifiers for 
new variants

ClinGen CAIDs 
used in key 
resources

https://reg.clinicalgenome.org



Cardio/MYH7

CDH1

Hearing Loss

PAH

PTEN
RASopathy
CFTR2*
InSIGHT*
CFTR2*

Brain Malformations

Hypercholesterolemia

KCNQ1

Mitochondrial

Myeloid Malignancies
Storage Diseases

TP53

Creatine deficiencies

HHT/Vascular

Platelet Disorders

Malignant hyperthermia

Monogenic Diabetes
Myopathies

Rett-Angelman

VHL

Coagulation Factor
FBN1/Aortopathy
HBOC/pancreatic cancer
Peroxisomal disorders
Von Willebrand

Step 1: Define 
WG and plans

Step 2: Develop 
Variant Classification 
Rules

Step 3: Pilot Rules Step 4: 
Implementation

ClinGen’s Variant Curation Expert Panels - Progress
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*Curated by other efforts
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*Curated by other efforts



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



• 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

FDA Recognized Genetic Variant Database

Data / People / Process



FDA Recognized Genetic Variant Database



FDA program led to improvements in transparency and access 
Open API - Scientific 
Evidence and Provenance 
information Ontology 
(SEPIO) compliant JSON-LD

https://erepo.clinicalgenome.org/evrepo/ClinGen Evidence Repository



ClinGen is a GA4GH Driver Project

• Genomic Knowledge Standards 
Workstream 

− Variant Modeling Collaboration
− Interpretation Data Model 

(SEPIO with Monarch) 
• Clinical & Phenotypic Data 

Capture Workstream
• Discovery Workstream

− Variant Knowledge Sharing API 
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ClinGen developed a framework to provide a transparent 
and systematic evidence base for prioritizing genes based 
on their clinical actionability.

• Well established clinical interventions
• Specific to the genetic disorder under 

consideration
• Lead to disease prevention or delayed 

onset, lowered clinical burden, or 
improved clinical outcomes 

Clinical Actionability

Severity Likelihood Effectiveness 
of Intervention

Nature of 
Intervention



Actionability Working Group Progress and Impact
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ClinGen’s Actionability Process and 
Results integrated into the ACMG 
Secondary Findings WG

Pediatric 
WG
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Patient portal to engage 
patients in data sharing:

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

• Transfers data into secure 
ClinGen-hosted environment

• Connects patients with 
researchers and with other 
patients with the same condition

GenomeConnect

29www.genomeconnect.org



Ancestry and Diversity WG

• 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

Survey of clinical laboratory directors, clinical 
geneticists, genetic counselors, researchers 
involved in variant interpretation and/or curation.



Maintenance of Certification:
Improvement in Medical Practice

ClinGen – Variant Interpretation 
Discrepancy Resolution Module

Engage and Train the Broader Community



[Created by Natalie Pino, Oct. 2018]

ClinGen Working Group and Expert Panel Membership

850 researchers & clinicians from 27 countries 



What’s coming in 2019-2021

• Update ClinGen/ACMG CNV 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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• May 29-31, Washington DC
• Topics including data 

sharing, variant 
interpretation, gene curation, 
population screening, 
sustainable partnerships

Registration Open

Early Bird Deadline
April 2019

Abstract deadline 
March 2019





Appendix
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Consent and Disclosure of Genetic Test Results (CADRe) WG

• Developed a conceptual rubric to define when 
traditional genetic counseling is recommended, versus 
other approaches

• Conducting a Delphi expert consensus model to define 
minimum components of a ‘targeted discussion’ consent 
approach

• Will test this with genetics professionals to determine if 
the Delphi approach resonates broadly.  



1,457 genes 
and genomics 
regions curated 



SOPs

Methods

Processes

Biocuration

Data management

Informatics

ClinGen “phase 1” ClinGen “phase 2”

Crowd sourcing

Analytics

Expert interpretation



BIOCHEMICAL/METABOLIC
CANCER
CARDIOVASCULAR
DEAFNESS 
NEURO (ID/Autism) 

CONNECTIVE TISSUE
GASTROINTESTINAL
IMMUNOLOGICAL
NEURO (Neurodegenerative)
PRENATAL/ REPRODUCTIVE
PSYCHIATRIC

HEMATOLOGICAL
NEURO (NMD) 
OPHTHALMOLOGIC

DERMATOLOGIC 
NEPHROLOGIC
PULMONARY
SKELETAL 
(Craniosynostosis)

ENDOCRINE (MODY)
DYSMORPHOLOGY (Rasopathy)

Initial CDWGs Developing CDWGs Planned CDWGs Unmet need



…to this?How do we go from this…

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

UNC FY18 Variation, Disease, Function Supplement



• Identify and curate functional 
datasets for aggregation/display in 
Variant Curation Interface (VCI)

• Design an UI component for 
displaying functional data in VCI

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

Functional Data Pipeline Architecture

Stanford/BCM FY18 Variation, Disease, Function Supplement

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



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

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



Clinical Laboratories meeting 
ClinGen Data Sharing Requirements

https://www.clinicalgenome.org/lablist/

• 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

Launched July 14th, 2017



ClinGen’s Education Working Group aims to foster 
community engagement through education, outreach, 

and resource development.

D. Azzariti, MS, CGC

E. Riggs, MS, CGC


