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clinicalgenome.org/tools/h3africa-rdwg-workshop/copy-number-variant-interpretation-dosage-sensitivity-curation/Start here:

https://www.clinicalgenome.org/tools/h3africa-rdwg-workshop/copy-number-variant-interpretation-dosage-sensitivity-curation/


Challenges with CNV Interpretation

• Most CNVs are unique: variable breakpoints, gene content
– Recurrent CNVs: many with variable clinical findings, reduced penetrance 
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Challenges with CNV Interpretation
• Genes that are disease-associated may do so by mechanisms 

other than deletion/duplication (dosage sensitivity)
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New Change: Officially Adopt the 5-Tier Variant 
Classification System

Former

• Pathogenic
• Uncertain Clinical Significance

– Uncertain, Likely Pathogenic
– Uncertain (VUS)
– Uncertain, Likely Benign

• Benign

*New

• Pathogenic
• Likely Pathogenic
• Uncertain 

Significance (VUS)
• Likely Benign
• Benign

*These are the standardized classification categories that should be used. Using other terms causes confusion for 
clinicians and families – additional information can be provided in the report to further explain the result



Evidence category Points
Very Strong +/- 0.90

Strong +/- 0.45

Moderate +/- 0.30
Supporting +/- ≤0.15

New Change: Numerical Scoring System
for Deletions and Duplications

• Start at VUS=0
• Points used to up- or down-

grade CNV classification
• Points values for each piece of 

evidence correspond to 
sequence variant evidence 
categories (ClinGen SVI, 
ACMG/AMP)

Key Features

• Default values provided for all, ranges 
included for many evidence categories



Key Evidence Types for CNV Classification

1) Gene/exon/regulatory element content
2) Overlap with established DS and Benign genes/regions

• Rules for intragenic CNV evaluation
• HI Predictors for deletions

3) Gene count (protein-coding genes, gene families)
• Different values for deletions vs. duplications

4) Literature and database review
• Phenotype specificity
• Inheritance patterns
• Common variation and case-control data

5) Inheritance patterns/family history for patient being studied

• Evidence types separated out, scored independently



Points Classification
0.99 or more Pathogenic (P)
0.90 to 0.98 Likely Pathogenic (LP)

0.89 to -0.89 Uncertain (VUS)
-0.90 to -0.98 Likely Benign (LB)
-0.99 or less Benign (B)

New Change: Numerical Scoring System
for Deletions and Duplications

• Scores are summed to a total value and 
assigned a corresponding classification 

• Total point values correspond to 
confidence levels that a particular CNV 
is disease-causing or benign 

• Greater than 99% certainty of 
Pathogenic and Benign

• Greater than 90% certainty for LP 
and LB

Key Features



Case 1 

Newborn male with poor feeding, small for gestational age

Cytogenomic Nomenclature (ISCN):
arr[GRCh37] 20p12.2(9,862,861_10,745,240)x1 dn

 An 882 kb de novo deletion



“NR_” = noncoding RNA“NM_” = mRNA (coding)Protein Coding? More: en.wikipedia.org/wiki/RefSeq
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Input format: chr20:9,862,861-10,745,240 (use GRCh37/hg19)



Section 2: Overlap with Established DS/Benign Genes/Regions



Riggs et al., Genetics in Medicine (2019)

 “The ClinGen Dosage Sensitivity Map specifically annotates 
and scores genes and genomic regions in relation to dosage 
sensitivity, and should be used to interrogate most CNVs”



About Us...

 https://clinicalgenome.org/curation-activities/dosage-sensitivity/

https://clinicalgenome.org/curation-activities/dosage-sensitivity/


Dosage Sensitivity Ratings

Modified from Riggs et al., Clin Genet (2012)

Score Strength of Evidence Potential Clinical Classification
3 Sufficient Evidence Pathogenic
2 Emerging/Some Evidence Likely Pathogenic or Uncertain
1 Little/Limited Evidence Uncertain
0 No/Insufficient Evidence Uncertain or Likely Benign

40 (DSU) Dosage Sensitivity Unlikely Benign
30 (AR) Autosomal Recessive Autosomal Recessive



About Us...





Section 2: Overlap with Established DS Genes/Genomic Regions

DS

DS

DS

DS





In general, if a CNV reaches a 1 or -1 score due to complete 
overlap with an established dosage sensitive or benign gene or 
region, users of these metrics may not need to proceed further

Evidence Score Notes
1A Protein-coding gene? 0 Yes

2A Complete overlap with established HI 
gene? 1 Yes, JAG1

Total points 1

Classification: Pathogenic



Kamath et al., Hum Mutat. 2009

 Section 4 (lit review) may be helpful to evaluate additional genes 
in the interval, genotype-phenotype correlation 





Useful files: https://ftp.clinicalgenome.org/

https://ftp.clinicalgenome.org/


Annotation file-available on our FTP site



New Change: “Uncouple” Variant Classification from 
Clinical Significance

• Two different concepts:
– CNV Classification: Is there enough evidence that this CNV causes disease?
– Clinical Significance: Is this CNV causing my particular patient’s phenotype?

• Examples:
– Deletion of 17p12 (PMP22 gene) causing autosomal dominant HNPP, 

observed in a newborn patient referred for MCA or an adult with foot drop
– Deletion of Xp22.31 (STS gene) causing X-linked recessive ichthyosis in males, 

observed in a 10 y/o female referred for dysmorphism and severe ID/DD



Classification vs. Clinical Significance
• In both scenarios, the CLASSIFICATION of the variant should remain the same

– The evidence supporting these classifications (at the same point in time) is the same
– Therefore, the variant should receive the same CLASSIFICATION (P, LP, VUS, LB, or B) 

regardless of the context in which it is observed
• In each scenario, the CLINICAL SIGNIFICANCE of the variant could be different

– In scenario 1 (later-onset), the variant could represent a incidental finding in one 
patient but explain the indication for testing in another

– In scenario 2 (X-linked), the variant could be disease-causing in a hemizygous male, 
but represent a carrier state in a heterozygous female

• Clearly labeled sections on a report delineating findings related to the RFR, findings that 
may be incidental, and findings that may represent carrier status could be utilized to 
clarify these situations



Example Report: Pathogenic CNV, Incidental Finding

Riggs et al., Genetics in Medicine (2019), Supp 4



Updated: Secondary/Incidental Findings
• A CNV may be identified that involves a DS gene unrelated to the 

patient’s reason for referral:
– e.g. a large 17q deletion causing syndromic features in a child that also 

includes the cancer risk gene BRCA1 
– e.g. focal BRCA1 gene deletion identified in a fetal specimen referred for 

ultrasound anomalies 
• If the mechanism of disease is consistent with haploinsufficiency or 

triplosensitivity, these CNVs should be reported
– Be sure to consider the mechanism for pathogenicity (not all due to DS)

• Resource: genes listed on the ACMG SF list curated by ClinGen Dosage 
Sensitivity Curation Working Group: 
(Go to dciw.clinicalgenome.org/acmg.shtml)



New Change: CNV Reporting Criteria for 
Prenatal Testing

• The CNV (del and dup) metrics and evaluation process should 
be used in the same manner for prenatal and postnatal testing

• Laboratories offering prenatal CNV testing should clearly 
outline which CNVs they will report, for example:
– Only likely pathogenic and pathogenic variants
– Only VUS larger than a specific size threshold



New Resource: CNV Technical Standards Web Series
clinicalgenome.org/tools/cnv-webinar/ Go to...

Recorded Jan-March 2020

*New* Recorded Nov 2020

https://www.clinicalgenome.org/tools/cnv-webinar/


Case 2
arr[GRCh37] 2q11.2(96603509_97794149)x1

3 y/o male referred for genomic microarray testing for DD
Inheritance unknown

 https://cnvcalc.clinicalgenome.org/cnvcalc/cnv-loss

https://cnvcalc.clinicalgenome.org/cnvcalc/cnv-loss


RefSeq Genes 
(protein-coding)



Section 2: Overlap with Established DS/Benign Genes and Regions



No HI Genes



https://decipher.sanger.ac.uk/
https://gnomad.broadinstitute.org/

https://decipher.sanger.ac.uk/
https://gnomad.broadinstitute.org/




Section 4: Detailed Evaluation of Genomic Content Using Published 
Literature, Public Databases, and/or Internal Lab Data

• De novo or Inherited?
• Segregating?
• Phenotype specific or nonspecific?
• Common?





https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495

https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495


https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495

Literature summary (up to 3 references)

Explanation for dosage score

Description of genomic region

Additional relevant literature

https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495


https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495

Description of genomic region

https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495




Score Strength of Evidence Potential Clinical Classification
3 Sufficient Evidence Pathogenic
2 Emerging/Some Evidence Likely Pathogenic or Uncertain
1 Little/Limited Evidence Uncertain
0 No/Insufficient Evidence Uncertain or Likely Benign

40 (DSU) Dosage Sensitivity Unlikely Benign
30 (AR) Autosomal Recessive Autosomal Recessive

Are we done yet? 



 “For some CNVs, particularly those with incomplete 
penetrance and/or variability expressivity, additional 
evaluation may be necessary, and caution is recommended 
before interpreting a CNV based on this information alone”

Riggs et al., Genetics in Medicine (2019)



https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495

Literature summary (up to 3 references)

https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495


• Inheritance:
• Deletion of Subject 1 was paternally inherited with the father 

noted to have “trouble in school”
• The deletion of Subject 2 was de novo
• The deletion of Subject 3 was maternally inherited (no phenotypic 

information available)
• Subjects 4 and 5 are similarly affected siblings (no parental 

phenotype information)
• Deletion of patient 2 from Rudd et al (2009) was unknown

• Five cases across two studies (Riley et al., 2015, Rudd et al., 2009)

Non-specific

2q11.2 Recurrent Deletion- Literature Review

• Phenotype: speech delay, ADHD, dysmorphic features, other 
variable features



Section 4: Detailed Evaluation of Genomic Content Using Published 
Literature, Public Databases, and/or Internal Lab Data
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2q11.2 Recurrent Deletion- Literature Review



Section 4: Detailed Evaluation of Genomic Content Using Published 
Literature, Public Databases, and/or Internal Lab Data

X
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• The deletion of Subject 2 was de novo
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• Subjects 4 and 5 are similarly affected siblings (no parental 

phenotype information)
• Deletion of patient 2 from Rudd et al (2009) was unknown
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variable features
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2q11.2 Recurrent Deletion- Literature Review



Section 4: Detailed Evaluation of Genomic Content Using Published 
Literature, Public Databases, and/or Internal Lab Data

X



• Inheritance:
• Deletion of Subject 1 was paternally inherited with the father 

noted to have “trouble in school”
• The deletion of Subject 2 was de novo
• The deletion of Subject 3 was maternally inherited (no phenotypic 

information available)
• Subjects 4 and 5 are similarly affected siblings (no parental 

phenotype information)
• Deletion of patient 2 from Rudd et al (2009) was unknown

• Five cases across two studies (Riley et al., 2015, Rudd et al., 2009)

Non-specific

2q11.2 Recurrent Deletion- Literature Review

• Phenotype: speech delay, ADHD, dysmorphic features, other 
variable features

X

X
X
X

0.1
(Range:0-0.3)



Section 4: Detailed Evaluation of Genomic Content Using Published 
Literature, Public Databases, and/or Internal Lab Data



Coe et al., Nat Genet. 2014

See also: Rees et al (2016) JAMA Psych SZ: 6 [0.03%] vs 1 [0.004%]; p=0.37, OR= 9.3 (1.03-447.76) 

https://www.ncbi.nlm.nih.gov/pubmed/21841781


Coe et al., Nat Genet. 2014

See also: Rees et al (2016) JAMA Psych SZ: 6 [0.03%] vs 1 [0.004%]; p=0.37, OR= 9.3 (1.03-447.76) 

 “CNVs [counted in this category will be observed at a significantly 
higher frequency in cases versus controls (p<0.05), and with a 
strong effect size (odds ratio or likelihood ratio >5) and relatively 
narrow associated 95% confidence interval (lower bound >1)”

p-values show nominal statistical significance, LR/OR CI’s are 
wide…

https://www.ncbi.nlm.nih.gov/pubmed/21841781


Section 4: Detailed Evaluation of Genomic Content Using Published 
Literature, Public Databases, and/or Internal Lab Data

(Range:0-0.3)
2x.10=0.20





 “Special considerations that preclude confident inference 
and may only be well defined after ascertainment of multiple 
families include the following:

• Incomplete penetrance: The CNV may be pathogenic but 
non-penetrant in the carrier parent

• Variable expressivity: The carrier parent may have 
subclinical features that will later be shown to be in the 
spectrum of the disorder caused by the CNV”

Riggs et al., Genetics in Medicine (2019)

Section 5: Inheritance Pattern/Family History



 “Use of these metrics for recurrent regions other 
than those with definitive evidence 
classifications should be performed with 
caution.” 

Riggs et al., Genetics in Medicine (2019)



CNV Scoring: 2q11.2 Deletion

Evidence Score Notes

1A Protein-coding gene(s)? 0 Yes

2A Complete overlap with established HI 
gene? 0 No

2H HI predictors (%HI AND pLI) 0 No
3A Gene count: 0-24 genes 0 20 protein-coding genes

4C Individual case evidence: “de novo”
inheritance, phenotype nonspecific 0.1 1 case only (others inherited, no 

parental phenotype/unknown)

4M Case-control, population evidence 0.2
2 case-control studies, both 
nominally significant, rare CNV

5F Inheritance for patient studied 0 Unknown
Total points 0.3

Classification: VUS



Haploinsufficiency phenotype comments:

Evidence in support of the pathogenicity of recurrent 2q11.2 deletion* is limited at 
this time. Five independent 2q11.2 deletion cases have been reported across two 
studies. Amongst affected carriers, clinical findings in common are nonspecific. The 
associated phenotypes include speech delay, ADHD, dysmorphic features and 
additional variable findings. Inheritance information is not well-understood (known 
in four cases): one case was de novo, three cases involve inheritance, but parental 
phenotypes are unknown/not well-characterized. In addition, nominal statistical 
significance has been observed from case-control comparison (reviewed below); 
observed deletions in both populations are relatively rare (wide CIs for OR/LR, 
lower bound <2). Therefore the haploinsufficiency score is 1.

https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495

Score Strength of Evidence Potential Clinical Classification
1 Little/Limited Evidence Uncertain

https://dosage.clinicalgenome.org/clingen_region.cgi?id=ISCA-37495


Got feedback/questions? Let us know!

https://dosage.clinicalgenome.org/contact.shtml

https://dosage.clinicalgenome.org/contact.shtml


• Erin Rooney Riggs
• Christa Lese Martin
• Daniel Pineda Alvarez
• Swaroop Aradhya
• Erica Andersen
• Athena Cherry
• Sibel Kantarci
• Hutton Kearney
• Ankita Patel

• Gordana Raca
• Deborah Ritter
• Sarah South
• Erik Thorland
• Outside Reviewers (11)
• ClinGen Genomic Variant and Sequence Variant 

Interpretation Working Groups
• Ronak Patel and ClinGen Baylor team for CNV 

calculator

ACMG/ClinGen CNV Interpretation
Guidelines Committee

ClinGen is primarily funded by the National Human Genome Research Institute (NHGRI), through the following three 
grants:U41HG006834, U41HG009649, U41HG009650



 George Burghel
 Guang Li
 Hiba Risheg
 Hutton Kearney
 John Herriges*
 Joo Wook Ahn
 Justin Schleede
 Kristy Lee
 Laura Conlin
 Lei Zhang
 Madeline Hughes
 Marsha Speevak
 McKinsey Goodenberger*
 Meng Su
 Minjie Luo
 Molly Schroeder
 Natalie Pino
 Oscar Cano

 Prabakaran Paulraj
 Preti Jain
 Rob Fullem
 Ross Rowsey
 Sainan Wei
 Shamini Selvarajah
 Shulin Zhang
 Sibel Kantarci
 Swaroop Aradhya
 Ted Higginbotham
 Tracy Brandt
 Vaidehi Jobanputra
 Wahab Khan
 Yang Cao
 Yiping Shen
 Zoe Lewis

 Andrea Vaags
 Angela Lager
 Benjamin Clyde
 Benjamin Hilton
 Bradley Coe
 Brynn Levy
 Cassandra Runke
 Cherisse Marcou
 Christa Martin*
 Con Ngo
 Coumarane Mani
 Dany Pineda-Alvarez
 Deborah Ritter
 Diogo Lovato
 Erica Andersen*
 Erik Thorland*
 Erin Rooney Riggs*

*DSC Leadership



Copy Number Variant Interpretation and 
Dosage Sensitivity Curation

Erica Andersen, PhD, FACMG
ARUP Laboratories, University of Utah

(On behalf of the ACMG/ClinGen CNV Interpretation Guidelines 
and ClinGen Dosage Sensitivity Curation (DSC) Working Groups)

Questions?
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