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Inconsistent variant classification



Next generation sequencing identifies 
more novel/rare variants

Single gene          Small panel      Large panel            Exome Genome
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Summary of evidence framework

Richards et al 2015 Genetics in Medicine; Jarvikand Browning 2016 Am J Hum Genet



Rules for combining evidence criteria



Assess the evidence for a variant across all 
patients for which information is available

Publications 

Public/NHS databases

Laboratory database

Patientreferred
for testing



Putting the ACMG guidelines into practice

Principles

ÁUse the guidelines as a framework to determine whether there is 
sufficient evidence to classify the variant as likely pathogenic or 
likely benign

Á¦ǎŜ ŜŀŎƘ Řŀǘŀ ƛǘŜƳ ƻƴƭȅ ƻƴŎŜ όƭƛƪŜ  .ŀȅŜǎΩ ǘƘŜƻǊŜƳύ

ÁIncorporate clinical data (functional and gene specific phenotype)

ÁUse your professional judgement 



Patient Name: X

Gene: RYR1

Variant description: HGVS NM_000540.2: c.7306T>C (p.Cys2436Arg)

Variant location: GRCh37 (hg19): 19:38,990,639

Variant classification:

(Pathogenic/Likely pathogenic/ Uncertain 

significance/Likely benign/Benign)

Likely Pathogenic

Evidence for variant classification (ACMG code ςlevel)

Á Cysteine is present at position 2436 of RYR1 in 150 orthologues, paraloguesand other 

homologous sequences. This residue is known to be important for redox-sensing.  In silico

protein modelling suggests that a p.Cys2436Arg substitution would cause perturbation to the 

secondary structure within that region and also to that of the neighbouring RYDR_ITPR 

domain sequences. This variant maps to a known mutation hotspot for malignant 

hyperthermia (PM1 - supporting).

Á This variant has not been reported in the ExACdatabase (PM2 ςmoderate).

Á The p.Cys2436Arg variant has been inherited in trans with a p. Glu3035Gln variant (PM3 ς

moderate).

Á The p.Cys2436 residue is conserved across 14 species from human to lamprey (Consurfscore 

9) and is predicted likely to be deleterious using SIFT, PolyPhenand AlignGVGD(PP3 ς

supporting).

Appendix 1 - Evidence for variant classification using ACMG guidelines (Richards et al 2015 PMID 25741868)

https://www.ncbi.nlm.nih.gov/pubmed/25741868


Variant classification and interpretation 
workshop: November 4th 2016



Improving the quality of variant 
interpretation for clinical diagnosis

Train the trainers: February 28th 2017



Monthly WebEx for regional trainers

Cases

ÁTwo cases per month circulated

ÁSubmit classifications before meeting

ÁReview cases at meeting

ÁPresent previous worked case examples

ÁShare ideas for local implementation

ÁForum for questions/discussion



Draft UK guidelines for variant classification



Additional guidance for de novo variants

PS2 ς(Strong) De novo (both maternity and paternity confirmed) in a patient with the 

disease and no family history.

Note that the genotype must be consistentwith the phenotype. 

If a de novovariant was identified by trio exomeor genome sequencing then maternity and 

paternity have alreadyboth been confirmed . If a de novovariant is identified by trio exome

ƻǊ ƎŜƴƻƳŜ ǎŜǉǳŜƴŎƛƴƎ ŀƴŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǇƘŜƴƻǘȅǇŜ ƛǎ ƴƻƴ-specific (egintellectual disability), 

this criterion would be used at a lower level.



Mutation hotspot and/or functional domain

PM1 ς(Moderate) Located in a mutational hot spot and/or critical and well-established 

functional domain (egactive site of an enzyme) without benign variation.

Plot functional domains, ExAC/gnomADvariants, HGMDPro/ClinVar/LOVD etc variants and 

Consurf/conservation plots to show reported pathogenic variants, proxy population and 

benign variants and amino acid conservation for a region of a gene.

PM1 Plot for SOX10variant



Setting a threshold for constraint scores

PP2 ς(Supporting) Missense variant in a gene that has a low rate of benign missense 
variation and in which missense variants are a common mechanism of disease.

ExACconstraint scores can be used as evidence for a low rate of benign variation (Leket 
al 2016 Nature 536:285-нфмύΦ ½ ǎŎƻǊŜǎ җо όƳŀǊƪŜŘ ŀƳōŜǊ ƛƴ ExAC) are significant but it is 
important to consider constraint for the region encompassing the variant, not just across 
the entire gene (see Samochaet al 2017 bioRxiv).



Specificity of the phenotype

PP4 ςό{ǳǇǇƻǊǘƛƴƎύ tŀǘƛŜƴǘΩǎ ǇƘŜƴƻǘȅǇŜ ƻǊ ŦŀƳƛƭȅ ƘƛǎǘƻǊȅ ƛǎ ƘƛƎƘƭȅ ǎǇŜŎƛŦƛŎ ŦƻǊ ŀ ŘƛǎŜŀǎŜ 

with a single genetic aetiology.

This incorporates the prior probability that a patient will have a pathogenic variant in a 

particular gene or genes. It does not have to be limited to diseases where there is a single 

genetic aetiology. 

Á Test strategy ςsingle gene, panel or trio exome/genome?

Á Genetic heterogeneity of the disorder

Á Specificity of the phenotype 



Is the variant allele frequency too high? 

Classifying benign variants

BS1 ς(Strong) Allele frequency is greater than expected for disorder.

A very useful tool is available to determine whether the allele frequency of the 
variant is greater than expected for the disorder (Whiffin et al2016 bioRxiv). In the 
absence of precise information about the disease prevalence and penetrance we 
recommend using conservative settings (by selecting the highest likely prevalence and 
the lowest likely penetrance) to see if the variant frequency on the ExACdatabase 
exceeds the maximum credible allele frequency. The tool can be accessed at 
http://cardiodb.org/allelefrequencyapp/ . 

http://cardiodb.org/allelefrequencyapp/


NOTCH2p.Arg1895His variant in patient with ?Alagillesyndrome

http://cardiodb.org/allelefrequencyapp/
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