
 

Page 1 of 4               17 December 2020  
 

Illumina Clinical Services Laboratory Copy 
Number Variant Classification for Rare 
and Undiagnosed Genetic Disease 

Summary 
Classification of copy number variants (CNVs) in nuclear genes for rare and undiagnosed genetic disease 
(RUGD) in the Illumina Clinical Services Laboratory (ICSL) is performed in accordance with established joint 
recommendations of the American College of Medical Genetics and Genomics (ACMG) and ClinGen (Riggs 
et al. 2020). The recommendations utilize an integrated evaluation of knowledge including copy number 
content, such as number of protein coding genes and other known functionally important elements, 
information on dosage sensitivity of the region and/or genes contained within the CNV, evidence gleaned 
from the literature, public databases, and/or internal laboratory data, inheritance pattern and family 
history of the proband under study, and frequency of similar CNVs identified in control populations. For 
CNVs overlapping or contained within a single gene, ICSL also follows the guidance described by Brandt et 
al. (2020), who have adapted the recommendations of the ACMG for the interpretation of single 
nucleotide variants (SNVs) (Richards et al. 2015) for use for single-gene copy number variants.  

Gene Curation and Classification 
• In instances where a CNV of interest overlaps or is contained within a single gene or where a 

single gene in the CNV interval is identified as a candidate based on overlap with the proband’s 
phenotype, the strength and classification of the associated GDR is established through gene 
curation in accordance with the ClinGen framework for evaluating the clinical validity of a GDR 
(Strand et al. 2017). 

o Within this framework, GDRs may be classified as Definitive, Strong, Moderate, Limited, 
No Known Disease Relationship, or Conflicting Evidence Reported (Disputed or Refuted). 

o If a GDR has been previously curated by ClinGen, by Ceyhan-Birsoy et al. (2017), or by 
ICSL, and classified as Strong or Definitive, further gene curation is not required, and 
these data are utilized to support CNV classification and reporting. 

o If gene curation data are unavailable or if the curated GDR is classified as Moderate or 
below, gene curation is performed following the gene-disease validity standard 
operating procedure available from ClinGen at the time of curation. 

o Where applicable, professional judgement and expertise are utilized in determining the 
evidential strength and the final clinical validity classification. 

• For CNVs with two or more overlapping genes, full assessment through the ClinGen framework 
of all associated GDRs generally may not be feasible. In these instances, potential GDRs are 
examined using information from resources such as OMIM, GeneReviews, ClinVar, and primary 
literature to determine whether any genes within the CNV are implicated in a disease with 
phenotypic features that overlap those reported in the proband. 
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Copy Number Variant Curation and Classification 
• CNVs of interest are subjected to a manual curation. Evidence is collected to support the 

application of appropriate criteria as described by Riggs et al. (2020) or Brandt et al. (2020), 
depending on the content of the CNV. 

• CNV visualization is performed in the University of California Santa Cruz (UCSC) Genome Browser 
and the CNV of interest is compared with other CNVs in the region as identified in tracks from 
ClinGen, ClinVar, DECIPHER (Firth et al. 2009), Database for Genomic Variants (DGV) (MacDonald 
et al. 2014), and Developmental Delay cases and controls (Cooper et al. 2011; Coe et al. 2014). 

• Control population frequency information is gathered from the Genome Aggregation Database 
(gnomAD). Frequency information also may be interrogated from our internal database of whole 
genome sequences. 

• Literature searches are performed in PubMed, PubMed Central, Google, and Google Scholar for 
each CNV using the gene name(s), event (gain/duplication or loss/deletion), chromosomal band, 
and or chromosome position.  

• Additional resources are consulted as required. 

• Evidence is scored following the guidance outlined in Riggs et al. (2020) using the separate scoring 
matrices for copy number gains or copy number losses as appropriate, due to their inherent 
distinct properties and differences. The ClinGen CNV Pathogenicity Calculator is used to help 
assess the evidence type and reach a final classification. 

• For CNVs better suited for assessment following the guidance provided by Brandt et al. (2020), 
criteria are applied as supported by available evidence.  

• Each CNV classification is subject to professional review. 

• ICSL’s classification system follows the joint recommendations of ACMG and ClinGen for CNV 
classification and reporting as outlined by Riggs et al. (2020) or the guidance provided by Brandt 
et al (2020) as appropriate for the CNV. 

• Variants may be classified as Pathogenic, Likely Pathogenic, Variant of Uncertain Significance, 
Likely Benign, or Benign, depending on the points scored for available evidence. 

Sources Used in CNV and Gene Curation 
Frequency information: 
Genome Aggregation Database (gnomAD): http://gnomad.broadinstitute.org/about 
 
Literature searches: 
PubMed: https://www.ncbi.nlm.nih.gov/pubmed 
PubMed Central (PMC): https://www.ncbi.nlm.nih.gov/pmc 
Google Scholar: https://scholar.google.com/ 
Google: https://www.google.com/ 
 
Gene and disease information: 
GeneReviews: https://www.ncbi.nlm.nih.gov/books/NBK1116/ 
Genetics Home Reference: https://ghr.nlm.nih.gov/ 
Orphanet: http://www.orpha.net/consor/cgi-bin/index.php?lng=EN 
Online Mendelian Inheritance in Man (OMIM): https://www.ncbi.nlm.nih.gov/omim 
 
Additional resources: 



   

ClinGen: https://clinicalgenome.org/ 
ClinGen CNV Pathogenicity Calculator: https://cnvcalc.clinicalgenome.org/cnvcalc/ 
ClinGen Dosage Sensitivity: https://www.clinicalgenome.org/curation-activities/dosage-sensitivity/ 
ClinVar: https://www.ncbi.nlm.nih.gov/clinvar/ 
DECIPHER: https://decipher.sanger.ac.uk/ 
DGV: http://dgv.tcag.ca/dgv/app/home 
The Human Protein Atlas: http://www.proteinatlas.org/ 
NCBI Gene: http://www.ncbi.nlm.nih.gov/gene 
NCBI Protein database: https://www.ncbi.nlm.nih.gov/protein 
UCSC Genome Browser: http://genome.ucsc.edu 
Uniprot: https://uniprot.org 
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