
➢ The aim of this external quality assessment (EQA) was to provide an online competency assessment for laboratories routinely performing

interpretation and classification of CNV and SNV variants.

➢ Participants were required to classify 10 copy number variants (CNVs) and 5 single nucleotide variants (SNVs) and state whether the variants

were consistent with the clinical phenotype.

➢ Participation was delivered using an online tool for CNVs and SNVs. This EQA has been developed for genomic centres to demonstrate the

competency of laboratories performing variant classification and to identify any unmet training needs.
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AIM OF EXTERNAL QUALITY ASSESSMENT EXERCISE

➢ Aim is to assess a laboratory’s competency to determine the pathogenicity (and classification) of CNVs and SNVs

➢ All clinical case scenarios were based on real patients

➢ Presented with 12 postnatal cases each with one CNV variant for classification

➢ Presented with 3 cases with clinical indication of a monogenic disorder with either one or two SNV variants for

classification

➢ Laboratories were provided CNVs or SNVs ranging from class 1 (benign) to class 5 (pathogenic)

➢ Participants were required to apply their usual processes to classify each variant

➢ Participants were required to check the referral information with either the array (CNV) or Next Generation

Sequencing (SNV) results

➢ More than 200 laboratories participated from 34 countries.

VARIANT CLASSIFICATIONS

➢ Variant(s) for review displayed

➢ Enter the variant classification and evidence

➢ Complete all cases on the survey

RESULTS OF CLASSIFICATION OF THE VARIANTS

CNV variant classification only

CNV variant classification with phenotype

SUMMARY
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➢There was global participation in both the CNV and SNV EQAs. The submissions were scored, reported to each laboratory and the Summary EQA 

Report provided the expected classification together with evidence for the classification and an overview of the findings. 

➢In some case scenarios where the laboratory classification was incorrect, this would have affected patient management adversely.

➢These EQAs provide competency assessment for laboratories routinely performing variant classification and also identifies any unmet laboratory 

training needs. We demonstrate the challenges associated with variant classification and highlight the need for education, competency 

assessment and standardisation worldwide.
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Bubble plots of expected classification versus other classifications for each variant
The size of the bubble indicates the proportion of individuals that provided a specific classification. The maroon bubble represents the expected classification

SNV variant classification with phenotype

Case 1 

Genes tested     Results Reference sequence
APP  c.2149G>A  p.(Val717Ile) Heterozygous NM_000484.3

PSEN1 c.953A>G  p.(Glu318Gly) Heterozygous NM_000021.3

The APP variant c.2149G>A p.(Val171Ile) is the one of the most common pathogenic APP variants and numerous functional studies have shown this 

variant to have a detrimental effect. The evidence from the ACMG criteria1 that apply are:

•  PS3 - Functional studies supporting a damaging effect on gene product

•  PS4 - Prevalence of variant is significantly increased compared to prevalence in controls

•  PM1 - Located in critical functional domain

•  PM2 - Absent from controls

•  PM5 - Amino acid change at a residue where a different missense has been shown to be pathogenic

•  PP1 - Co-segregation with disease in multiple family members

•  PP3 - Computational evidence is supportive

These lines of evidence are sufficient to give it a classification of “pathogenic” (Class 5).

The PSEN1 variant c.953A>G p.(Glu318Gly) fulfils the following ACMG criteria1:

• BS1 - Allele frequency greater than expected for disorder.

• BS4 - Lack of segregation in affected family members. 

• BP5 - Variant found in a case with an alternate diagnosis.

This level of evidence is sufficient to classify the variant as benign (Class 1). 

The evidence from the ACMG criteria1 that apply are:

• PVS1 - Null variant where LOF is a known mechanism of disease.

• PM2 - Absence from controls.

This evidence is sufficient to classify the variant as a class 4 “likely pathogenic” variant. However, its presence does not confirm the

involvement of this gene with the patient’s presentation as a second causative variant has not been detected.

The PANK2 c.377G>C p.(Gly126Ala) has been reported homozygously in 58,972 individuals on the gnomAD databaseand has an allele frequency of

0.8686 (http://gnomad.broadinstitute.org/variant/20-3870124-G-C).

This frequency is enough to classify the variant as benign using the ACMG criteria1 BA1. 

Case 2

Genes tested          Results Reference sequence

C19orf12 c.268G>T p.(Glu90Ter) Heterozygous NM_001031726.2

PANK2 c.377G>C p.(Gly126Ala) Homozygous NM_153638.3

The NIPBL variant c.5594G>C p.(Arg1865Thr) variant is not present on the gnomAD database, occurs in the highly conserved HEAT domain and has

been reported in the literature in two other affected individuals2,3. The parents of the patient in the question have been tested for the presence of the

variant. Therefore, the ACMG criteria that apply are:

• PM2 - Absent from controls.

• PM6 - Assumed de novo, without confirmation of paternity or maternity. 

• PP2 - Z score of 5.

• PP3 - Computational evidence is supportive. 

This level of evidence is sufficient to classify the variant  as likely pathogenic (Class 4).

Case 3 

Genes tested     Results Reference sequence
NIPBL c.5594G>C p.(Arg1865Thr)  Heterozygous NM_133433.3

Expected Classification: CNV variant classification in isolation

Case 1 (Class 5, Pathogenic): This is a high frequency pathogenic recurrent CNV. There is a recessive OMIM gene, NPHP1 present. The whole

gene is deleted.

Case 4 (Class 2, Likely benign): Frequently reported in the DGV as a gain. Recurrent CNV common in normal individuals.

Case 8 (Class 4, Likely pathogenic): This is a 14kb intragenic gain in a male involving exons 4 & 5 (out of frame) of the IL1RAPL1 gene which

has been reported in the literature in patients with intellectual disability.

Expected Classification: CNV variant classification in relation to the phenotype

Case 1 (Class 2, Likely benign): If this is a single copy of the deletion with no phenotype then there is no need to report it. However, if this is a

single copy deletion with a phenotype then the other copy of the gene needs to be investigated. If a homozygous deletion is present or a

combination of a deletion and mutation, then this is pathogenic. In this case the phenotype does not fit – The classification is likely benign as it

is in the DGV and the frequency is common.

Case 7 (Class 2, Likely benign): The pathogenic CNV doesn’t explain the clinical findings but the child may develop the phenotype as this is a late

onset disease. The phenotype of the father needs to be ascertained and further genetic testing requested. Likely benign based on the phenotype given

but this is a pathogenic incidental finding. The variation in responses for this case may have been due to the lack of suitable interpretation

options.

Case 11 (Class 3, VUS): The CNV does not match the phenotype which would be expected to be microcephaly and hypertonia with this CNV.

CNV                     

Case 1 : arr[hg19] 2q13(110732649_110964775)x1

Case 4: arr[hg19] 7q21.12q21.13(88192836_90112331)x3

Case 8:  arr[GRCh37] Xp21.2(29411764_29425056)×2

Phenotype

Case 1 :     8 years old male child with learning difficulties.  arr[hg19] 2q13(110732649_110964775)x1

Case 7:      8 years old male child with intellectual disability, language delay. arr[GRCh37] 17p12(14087933_15490100)x3 pat

Case 11:    3 years old male child referred for hypotonia, developmental delay, macrocephaly. arr[GRCh37] 7q11.22(69583363_69661867)×1

References: 1. Richards S et al., (2015) Genetics in Medicine 17(5):405-23, 2. Oliveira et al., (2010) Hum Mutat 31, 1216 and 3. Ansari et al., (2014) J Med Genet 51, 659.
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