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Follow of Data through ClinGen



ClinGen Efforts to Support Variant Interpretation

• ClinVar

▫ Assertion criteria

▫ Variant review status

• Interpretation discrepancies 

▫ How to identify discrepancies

▫ Resolution attempts and progress

• ClinGen Disease Area ACMG specification

▫ RASopathy

▫ Cardiomyopathy / MYH7

• ClinGen Gene Curation



• Public archive of reports of the relationships among genomic 

variants and phenotypes. 

• ClinVar aggregates submissions of the same variant and 

determines if the submitted clinical interpretations are 

conflicting or concordant

• Currently 139,791 unique variants represented (3/28/16)

▫ 126,247 variants with interpretations (90%)



ClinGen developed a tiered rating system to designate 

the review level of each variant in ClinVar 
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ClinGen developed a tiered rating system to designate 

the review level of each variant in ClinVar 

3% of all 

interpreted 

variants

97% of 

interpreted 

variants 

from single 

sources



Assertion Criteria

ClinVar acknowledges and more heavily weights interpretations 

from submitters who attest to certain approaches and provide 

documentation of methods

1. Attest to a comprehensive review of variant evidence 

2. Use a scoring system with at least 3 levels (e.g. pathogenic, 

uncertain significance, benign for Mendelian disease variants)

3. Share criteria used to assign a variant to each category

4. Inclusion of supporting evidence or a rationale for the 

classification of variants and/or willingness to be contacted by 

ClinVar users to provide supporting evidence. 





ClinVar Variant Review Levels

0.02%

2.9%

6.5%

46.7%

2.4%

41.4%



NM_020632.2(ATP6V0A4):c.1739T>C (p.Met580Thr)

Clinical significance: Pathogenic

Review Status: (0/4) no assertion criteria provided

NM_007294.3(BRCA1):c.5363G>T (p.Gly1788Val)

Clinical significance: Pathogenic

Review Status: (3/4) Reviewed by expert panel



Interpretation Discrepancy Identification 

and Resolution

• Identify interpretation differences
▫ Monthly ClinVar report

 Available on FTP site (updated monthly)

▫ VariantExplorer.org

• Resolution process with ClinGen



variantexplorer.org Justin Aronson, Steven Harrison, Larry Babb, Sandy Aronson, Heidi Rehm



variantexplorer.org

Significance 

Name
Pathogenic

Likely 

pathogenic

Uncertain 

significance
Likely benign Benign

Pathogenic 985 779 130 166

Likely 

pathogenic
389 40 38

Uncertain 

significance
1296 1062

Likely 

benign
2878

Benign

1.2% (1542/124494) 

of ClinVar has 

medically significant 

differences in 

interpretation

Justin Aronson, Steven Harrison, Larry Babb, Sandy Aronson, Heidi Rehm
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1. Identify variants interpreted by ≥2 labs

2. Reassess variants using ACMG/AMP 

guidelines

3. Share internal evidence

4. Identify persistent interpretation differences due 

to varying application of ACMG/AMP rules

5. Assess reason for initial discordant 

interpretation

6. Update ClinVar

ClinGen Inter-Laboratory Discrepancy Resolution WG



Steven Harrison, Jill Dolinsky, Lisa Vincent, Amy Knight Johnson, Danielle Azzariti, 

Tina Pesaran, Elizabeth Chao, Soma Das, Sherri Bale, Heidi Rehm 

Submitted by
# shared 

variants

# Agreed

(%)

# VUS vs. 

LB/B 

differences

# P/LP vs. 

VUS/LB/B 

differences

Lab 1 / Lab 2 2318 2035  (88%) 125  (5%) 158  (7%)

Lab 3 / Lab 1 2312 2068  (89%) 200  (9%) 44  (2%)

Lab 1 / Lab 4 1256 1086  (86%) 160  (13%) 10  (1%)

Lab 4 / Lab 2 513 478  (93%) 30  (6%) 5  (1%)

Lab 3 / Lab 4 86 77  (90%) 9  (10%) 0

Lab 3 / Lab 2 65 62  (95%) 2  (3%) 1  (2%)

All 4 Labs 6169 5445 (88%) 508 (8%) 216 (4%)

Comparison of ClinVar Submitted Variants Across Four Labs: 
Ambry, GeneDx, Partners LMM, Univ. Chicago - 49,734 unique variants

1. Identify variants interpreted by ≥2 labs



Comparison of ClinVar Submitted Variants Across Four Labs 

Resolution Outcome of 104 Reassessed P/LP vs VUS/LB/B differences
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Comparison of ClinVar Submitted Variants Across Four Labs 

Resolution Outcome of 104 Reassessed P/LP vs VUS/LB/B differences

Observation in controls

No functional impact

Functional studies

Reputable source

Hotspot/functional domain



Comparison of ClinVar Submitted Variants Across Four Labs 

Resolution Outcome of 128 Reassessed VUS vs. LB/B differences



Comparison of ClinVar Submitted Variants Across Four Labs 

Resolution Outcome of 128 Reassessed VUS vs. LB/B differences

Observation in controls

No functional impact



Basis for Interpretation Differences for 87 
resolved variants

• Out of date 

classifications 

accounted for most 

discrepancies 

• Lab reassess 

rules

• Internal evidence 

facilitated 21% 

resolutions



Steven Harrison, Jill Dolinsky, Lisa Vincent, Amy Knight Johnson, Danielle Azzariti, 

Tina Pesaran, Elizabeth Chao, Soma Das, Sherri Bale, Heidi Rehm 

Submitted by
# shared 

variants

# Agreed

(%)

# VUS vs. 

LB/B 

differences

# P/LP vs. 

VUS/LB/B 

differences

Lab 1 / Lab 2 2318 2035  (88%) 125  (5%) 158  (7%)

Lab 3 / Lab 1 2312 2068  (89%) 200  (9%) 44  (2%)

Lab 1 / Lab 4 1256 1086  (86%) 160  (13%) 10  (1%)

Lab 4 / Lab 2 513 478  (93%) 30  (6%) 5  (1%)

Lab 3 / Lab 4 86 77  (90%) 9  (10%) 0

Lab 3 / Lab 2 65 62  (95%) 2  (3%) 1  (2%)

All 4 Labs 6169 5445 (88%) 508 (8%) 216 (4%)

Comparison of ClinVar Submitted Variants Across Four Labs: 
Ambry, GeneDx, Partners LMM, Univ. Chicago - 49,734 unique variants

5645 (92%) 398 (6%) 126 (2%)86% (200/232) 

resolved



Lessons Learned

• The majority of differences in variant classification are 

resolvable through consensus and data sharing

• Variant classification often requires professional 

judgment (even when using the same rules) and 

therefore complete consensus may not occur 

• But all evidence must be accessible and rules should 

be applied correctly

• The ACMG/AMP rules would benefit from added 

quantitative guidance as well as gene/disease specific 

guidance



Population
Data

Computational 
And Predictive 
Data

Segregation 
Data

Other 
Database

Prevalence in 
affecteds statistically 
increased over 
controls PS4

MAF frequency is too 
high for disorder BSI OR 
observation in controls 
inconsistent with  
disease penetrance BS2

Truncating variant 
in a gene where 
LOF is a known 
mechanism of 
disease
PVS1

De novo (paternity & 
maternity confirmed)
PS2

Well-established 
functional studies 
show a deleterious 
effect PS3

Novel missense change 
at an amino acid residue 
where a different 
pathogenic missense 
change has been seen 
before PM5

Multiple lines of 
computational 
evidence support a 
deleterious effect 
on the gene /gene 
product PP3

De novo (without 
paternity & maternity 
confirmed) PM6

Non-segregation 
with disease BS4

Patient’s phenotype or 
FH highly specific for  
gene PP4

For recessive 
disorders, detected 
in trans with a 
pathogenic variant 
PM3

Found in case with 
an alternate cause 
BP5

Missense in gene 
where only 
truncating cause 
disease BP1

Multiple lines of 
computational 
evidence suggest no 
impact on gene 
/gene product BP4

Well-established 
functional studies show 
no deleterious effect 
BS3

Located in a 
mutational hot spot
and/or known 
functional domain 
PM1 

In-frame indels in a 
repetitive region 
without a known 
function BP3

Same amino acid 
change as an 
established 
pathogenic variant 
PS1

In-frame indels in a 
non-repeat region or 
stop-loss variants PM4

Observed in trans with 
a dominant variant BP2

Functional 
Data

Co-segregation with 
disease in multiple 
affected family 
members PP1

De novo 
Data

Allelic Data

Absent  in 1000G and 
ESP PM2

Strong

Observed in cis with a 
pathogenic variant BP2

Reputable source
= benign BP6

Strong Very StrongModerateSupporting Supporting

Reputable source
= pathogenic PP5

Missense in gene with 
low rate of benign 
missense variants and 
path. missenses 
common PP2

Other Data

Benign Pathogenic

Increased segregation data

Quantifiable
Need tool/resource



ClinGen Sequence Variant 

Interpretation Work Group
(Co-Chairs Les Beisecker and Marc Greenblat)

Interlab Seq Var 

Discrepancy 

Resolution

Task Team

Noonan 

Spectrum 

Expert Panel

Developmental 

Delay Expert 

Panel

Hereditary 

Cancer 

Expert 

Panels

Others…….
Cardiomyopathy 

Expert Panel

Metabolic 

Disease 

Expert Panel

ACMG/AMP 

Rules

Gene and disease-specific ACMG/AMP rule specification 

(frequency thresholds, acceptable functional assays, etc)

Short term: Refine and clarify current ACMG/AMP criteria
Medium term: Modify ACMG/AMP criteria
Long term: Move to quantitative Bayesian framework



Optimization and Utilization of ACMG Variant Classification 

Criteria for the RASopathies: A ClinGen Initiative
Lisa M. Vincent ,Heather Mason-Suares, Rong Mao, Mitchell W. Dillon, Brad Williams, Patroula Smpokou,  Karen W. Gripp, Katherine A. Rauen, 

Amy E. Roberts, Bruce D. Gelb, and Sherri Bale



RASopathy (Noonan spectrum) 
12 genes: BRAF, HRAS, KRAS, MAP2K1, MAP2K2, NRAS, PTPN11, RAF1, RIT1, 

SHOC2, SOS1, and SOS2

12 genes: BRAF, HRAS, KRAS, MAP2K1, MAP2K2, NRAS, 

PTPN11, RAF1, RIT1, SHOC2, SOS1, and SOS2

• Add specificity to ACMG/AMP guidelines with:

▫ Gene-specific data, such as:

 Functional domains / hot spots

 Validated functional assays

▫ Disease specific data, such:

 Prevalence & penetrance

 Disease mechanisms





Defined: 

BA1 – 0.05%

BS1 – 0.025%



Defined: 

BA1 – 0.05%

BS1 – 0.025%

Very Strong
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Defined: 

BA1 – 0.05%

BS1 – 0.025%

Very Strong

≥ 2 cases

Moderate

Non-

approved 

assay

Defined assays



• Expert panel concordance on 82/83 variants reassessed 

with RASopathy-customized ACMG guidelines

• RASopathy-customized ACMG criteria influenced 
▫ ~58% (n=48) with criteria strength adjustments

▫ ~47% (n=39) with criteria based on curated gene-specific data

▫ ~8% (n=7) with new RASopathy specific criteria

• Sharing clinical laboratory data influenced ~26% (12/46) 

classification calls with insufficient historic or literature-based 

data

Assess reliability of refined criteria using ~15 variants in each 

gene with different classifications
~5 variants deemed historically pathogenic by literature review 

~5 variants with consistent ClinVar classifications (≥2 submitters)

~5 variants with different ClinVar classifications (≥2 submitters) 

RASopathy (Noonan spectrum)



Lab 1

Lab 2

Lab 3

MYH7 variant classifications across 3 ClinVar submitters

Birgit 

Funke

Develop framework + process for establishing validity of 

variant-disease relationships

Cardiomyopathy – MYH7



0 2 4 6 8 10

Instiutional criteria

ACMG criteria Concordant

Discordant

3 cardiomyopathy experts classified 

10 MYH7 variants 2 x

1) Institutional rules

2) ACMG rules 

• Lack of familiarity with 

ACMG rules

• Lack of ACMG rule 

specificity
Birgit 

Funke







3 segs 5 segs 7 segs



PS1

PS3

PM5

PP3 

PP5 
PS2 

PM4 

PP1

PVS

1 

PM1 

PM3 

PP4

PS2 

PS4 

PM2 

PM6 

PP2

PM7 BP6 

BS2 

BP1 

BP3 

BP5

BA1 

BS1 

BS4 

BP2 

BS3 

BP4 

BP7 
0

1

2

3

4

5

6

7

8

9

10

General
Adjustments

Disease/Gene
Specific

No changes Not
Applicable

Added Removed

Benign Pathogenic

PS2 
PM4 
PP1

PS2 
PS4 
PM2 
PM6 
PP2

BA1 
BS1 
BS4 
BP2 

PVS1 
PM1 
PM3 
PP4

BS2 
BP1 
BP3 
BP5

PS1
PS3
PM5
PP3 

BS3 
BP4 
BP7 PM7

PP5 

BP6 

Birgit 

Funke

Summary MYH7 ACMG Guideline Specification
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ClinGen Variant Curation Interface (in progress)



What about genes? 

How do we evaluate whether a 
gene has sufficient evidence for 

an association with disease?



The two axes of implication

Gene-level evidence

V
ar

ia
n

t-
le

ve
l e

vi
d

en
ce

VUS in a GUS
VUS in CFTR

Phe508del in CFTRcan’t exist

Modified from Daniel MacArthur



ClinGen Gene-Disease Validity Classification

http://www.clinicalgenome.org/knowledge-curation/gene-curation/



ClinGen Clinical Validity Summary Matrix
Assertion 

criteria
Description

Number of Points

0 1 2 3 4 5 6 7

# Probands

and/or 

Case-Control 

Data

Total # of unrelated probands with 

variants that provide convincing

evidence for disease causality across 

all curated literature or case-control 

data

N/A 1-3 4-6 7-9 10-12 13-15 16-18 19+

Experimental 

evidence

Points given based on the gene-level

functional evidence supporting a role 

for this gene in disease
0 1 2 3 4 5 6+

# Publications  
# of curated Independent publications 

reporting human variants in the gene 

under consideration
N/A 1 2 3 4 5+

Time (yrs)

# of years since first publication 

reporting a disease association (if ≤2 

publications --> then 1 is max 

score for time)

this yr 1-3 yr ≥3 yr

Is there valid contradictory evidence? Y/N? Classification
Total 

Score

Assertion: Description of 

Contradictory 

Evidence:

Limited: 0-8

Moderate: 9-12

Strong: 13-16

Definitive: 17-20



Data sharing and expert interpretation 

will improve 

our knowledge of DNA variation 

and develop consistency in variant 
classification 
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