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INTERPRETATION
USING ACMG/AMP CRITERIA TO CLASSIFY VARIANTS
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Introduction

In this portion of the class, you will learn:
• The importance of ACMG criteria
• The 5 variant classifications
• The type of evidence considered by ACMG criteria
• An overview of how this evidence is weighted
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Review: Terminology …

To make sure we’re all on the same page, some terms:

Variants
• Missense variant: variant leading to a protein change (ex. Arg515Ser)
• Nonsense variant: variant leading to the introduction of a premature stop codon (ex. Ser44Ter)
• Silent variant: variant leading to no protein change (but may have an effect on splicing)
• Indel: an (usually small) insertion and/or deletion
• Loss of function (LOF) variant: a variant leading to truncation of the gene / protein.

Other terms
• Proband: the individual presenting with disease
• Penetrance: the proportion of individuals with a pathogenic variant in a given gene who express the 

associated trait (disease).
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Genome Sequencing Yields Many Variants

4.1 – 5.0 million total variants

40,000 – 250,000 rare variants

Rare variants in disease relevant genes (n = ?)

High impact, rare variants in disease relevant genes (n = ?)

• How do we determine which variants are disease-causing in a consistent way?
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VUS

90% 99%<1% 10%

LB LPB P

Probability of Pathogenicity

ACMG Criteria 2015
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ACMG Criteria 2015

• The American College of Medical 
Genetics (ACMG) criteria provide a 
common language for variant 
classification.

• 8 categories of evidence for either 
benignity or pathogenicity

• Evidence is ranked in different 
“strengths”

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

https://pubmed.ncbi.nlm.nih.gov/25741868/
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Criteria Evidence

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

Population frequency
BA1, BS1, BS2, PM2

In silico predictions
BP1, BP3, BP4, BP7, 
PVS1, PM4, PP2, 
PP3

Case level evidence
PS1, PS4, PM3, PM5 

Familial evidence
BS4, PS2, PM6, PP1

Functional data
BS3, PS3, PM1

Specific phenotype
PP4

https://pubmed.ncbi.nlm.nih.gov/25741868/
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Criteria Naming Convention

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

PM1

type evidence; P = supports pathogenic, B = supports benign 

strength of evidence
• P = supporting
• M = moderate
• S = strong
• VS = very strong

differentiating number

https://pubmed.ncbi.nlm.nih.gov/25741868/
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ACMG Criteria Beyond 2015 …

ACMG Publications

Major papers

• 2015 original paper - https://pubmed.ncbi.nlm.nih.gov/25741868/ 
• 2019 overview of updates - https://pmc.ncbi.nlm.nih.gov/articles/PMC6885382/
• 2020 recommendations for CNVs - https://pubmed.ncbi.nlm.nih.gov/31690835/ 

Specific criteria updates

• End of the “reputable source” criteria (BP6 / PP5): https://pubmed.ncbi.nlm.nih.gov/29543229/
• Updated recommendations for BA1: https://pubmed.ncbi.nlm.nih.gov/30311383/
• Updated recommendation for PM3: https://clinicalgenome.org/site/assets/files/3717/svi_proposal_for_pm3_criterion_-_version_1.pdf
• Updated recommendation for PS2: https://clinicalgenome.org/site/assets/files/3461/svi_proposal_for_de_novo_criteria_v1_1.pdf
• Calibration of in silico tools for PP3 / BP4: https://pubmed.ncbi.nlm.nih.gov/36413997/
• Updated recommendation for PVS1: https://pubmed.ncbi.nlm.nih.gov/30192042/
• Applying PVS1 to splicing variants: https://pubmed.ncbi.nlm.nih.gov/37352859/
• PM2 transition to PM2_supp: https://clinicalgenome.org/site/assets/files/5182/pm2_-_svi_recommendation_-_approved_sept2020.pdf

Miscellaneous 

• Transition to Bayesian (points) system - https://pubmed.ncbi.nlm.nih.gov/29300386/

https://pubmed.ncbi.nlm.nih.gov/25741868/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6885382/
https://pubmed.ncbi.nlm.nih.gov/31690835/
https://pubmed.ncbi.nlm.nih.gov/29543229/
https://pubmed.ncbi.nlm.nih.gov/30311383/
https://clinicalgenome.org/site/assets/files/3717/svi_proposal_for_pm3_criterion_-_version_1.pdf
https://clinicalgenome.org/site/assets/files/3461/svi_proposal_for_de_novo_criteria_v1_1.pdf
https://pubmed.ncbi.nlm.nih.gov/36413997/
https://pubmed.ncbi.nlm.nih.gov/30192042/
https://pubmed.ncbi.nlm.nih.gov/37352859/
https://clinicalgenome.org/site/assets/files/5182/pm2_-_svi_recommendation_-_approved_sept2020.pdf
https://pubmed.ncbi.nlm.nih.gov/29300386/
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Strengths of ACMG Criteria

Criteria code Brief Description Strength 2015 Strength Range Today
PVS1 Loss of function very strong moderate – very strong

PS1 Same AA change strong supporting – strong 

PS2 De novo strong supporting – very strong

PS3 Functional evidence strong supporting – very strong

PS4 Prevalence in affected pop. strong supporting – strong 

PM1 Functional domain moderate supporting – strong 

PM2 Rare in pop. controls moderate supporting

PM3 In trans moderate supporting – very strong

PM4 Length changing moderate supporting – moderate 

PM5 Same position, different AA moderate supporting – strong 

PM6 Assumed de novo moderate supporting – very strong

PP1 Cosegregation supporting – strong supporting – strong 

PP2 Intolerant to missense supporting supporting

PP3 In silico supporting supporting – moderate 

PP4 Specific phenotype supporting supporting – moderate

PP5 Reputable source supporting discontinued

The strength of most criteria is no longer static:



©2026 Mayo Foundation for Medical Education and Research  |  slide-11

Strengths of ACMG Criteria

Criteria code Brief Description Strength 2015 Strength Range Today
BA1 Population prevalence stand alone stand alone

BS1 MAF is too high strong supporting – strong 

BS2 Present in healthy adults strong supporting – strong 

BS3 Functional evidence strong supporting – strong 

BS4 Non-segregation strong supporting – strong 

BP1 Missense in a LOF gene supporting supporting

BP2 In cis with recessive / in trans 
with dominant

supporting supporting

BP3 Indel in a repeat region supporting supporting

BP4 In silico supporting supporting – moderate 

BP5 Alternative cause found supporting supporting

BP6 Reputable source supporting discontinued

BP7 Splice variant with no prediction supporting supporting

The strength of most criteria is no longer static:
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(Modified) Criteria Naming Convention

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

PM1_supp

modified strength

https://pubmed.ncbi.nlm.nih.gov/25741868/
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ACMG Point System

Type Strength Bayesian points

Pathogenic

very strong +8

strong +4

moderate +2

supporting +1

Benign
strong - 4

moderate - 2

supporting - 1

Score Range Class
≤ -6 Benign

-5 to -1 Likely benign

0 to 5 VUS

6 to 9 Likely pathogenic

≥ 10 Pathogenic

• Rather than combinations of codes, classifications are now 
encouraged to be assigned with a Bayesian classification 
framework (Tavtigian 2018)

• By 2026, criteria code names will be changed, and the points 
system will be made “official”. 

• The underlying logic of the criteria will remain the same.

Being Phased Out Now

https://pubmed.ncbi.nlm.nih.gov/29300386/
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Summary of Overview

• ACMG criteria give us a common language with which we can 
characterize variants

• Variant interpretation involves both assigning criteria and determining 
the strength of the criteria assigned

• Strength of criteria has evolved over time

• Summation of the assigned criteria’s associated Bayesian points yields a 
final classification
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Specific Criteria
In this portion of the class, you will learn:
• How to apply the specific ACMG criteria.
• How strength of the criteria is 

determined.
• Tools / databases used to apply criteria.
• Specific examples of the criteria being 

applied to variants. Population frequency
PM2, BA1, BS1, BS2

In silico predictions
PVS1, PM4, PP3, 
BP1, BP3, BP4, BP7

Case level evidence
PS1, PS4, PM3, PM5, 
BP2, BP5 

Familial evidence
PS2, PM6, PP1, BS4

Functional data
PS3, PM1, PP2, BS3

Specific phenotype
PP4
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Population frequency
PM2, BA1, BS1, BS2

Fundamental principle(s): disease-causing variants should not be 
more prevalent in healthy individuals than affected individuals; the 
rarer a condition, the rarer the variant should be. 
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Criteria assignment:
• PM2: variant is absent/rare in control populations.

• “Rarity” is specific for the gene, inheritance pattern, and penetrance of the disorder.
• A good rule of thumb is ≤ frequent than the most frequent variant known to cause disease

• BA1: allele frequency is > 5% in control populations.

• BS1: allele frequency is greater than expected for the disorder (i.e., more common than the known 
incidence / carrier frequency of the disease).

• BS2: observed in homozygous state (for recessive disorders), heterozygous state (dominant disorders), or 
hemizygous state (X-linked disorders) in healthy adults for fully penetrant diseases with early onset

Population frequency
BA1, BS1, BS2, PM2



©2026 Mayo Foundation for Medical Education and Research  |  slide-18

Strength determination:
• PM2 is applied only at supporting

• Rationale: rare variants are rare at the population level, but it is very common for an individual 
to have several rare variants

• See ClinGen PM2 recommendation 2020

• BA1: automatically makes a variant benign. These variants are usually filtered out before any formal 
classification occurs.

• BS1: usually applied at strong, but for certain genes, MAF cutoffs have been defined for applying at 
supporting. Difficult to apply because the disease incidence is not usually known for rare disorders.

• BS2: usually applied at strong, but for some genes, defined counts are allowed at supporting.

Population frequency
BA1, BS1, BS2, PM2

https://clinicalgenome.org/site/assets/files/5182/pm2_-_svi_recommendation_-_approved_sept2020.pdf
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Tools / databases:

Population frequency
BA1, BS1, BS2, PM2

• 730,947 exomes and 76,215 genomes from 
individuals without severe pediatric disease

• 5X larger than in 2023

• Allows for analysis of whether variants are rare 
or common in the generally healthy population

• Caveats:
• Data has a sample bias towards 

individuals of European descent
• Not as useful for adult-onset disorders
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Population Data: gnomAD

Example: ARID1B variants:
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Exceptions to BA1
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Fundamental principle(s): the presence of the same or very similar 
variants in similarly affected individuals supports pathogenicity

Case level data
PS1, PS4, PM3, PM5, 
BP2, BP5 
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Prevalence in Affected Population (PS4)

Criteria assignment & strength:

• Variant is associated with an odds ratio > 5.0 of causing disease with a lower bounded confidence 
interval > 1.0. 

• Odds ratio: 𝑂𝑂𝑂𝑂 =
( 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

( 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

• The odds ratio calculation works best for more common variants that are associated with an 
incompletely penetrant phenotype (like cardiomyopathy or breast cancer). 

• For most rare disease, the number of affected non-carriers is hard to estimate, and the number of 
unaffected carriers is often 0, making the equation mathematically meaningless. 
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Prevalence in Affected Population (PS4)

Criteria assignment & strength:

• Variant is associated with an odds ratio > 5.0 of causing disease with a lower bounded confidence 
interval > 1.0. 

• Odds ratio: 𝑂𝑂𝑂𝑂 =
( 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

( 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

• The odds ratio calculation works best for more common variants that are associated with an 
incompletely penetrant phenotype (like cardiomyopathy or breast cancer). 

• For most rare disease, the number of affected non-carriers is hard to estimate, and the number of 
unaffected carriers is often 0, making the equation mathematically meaningless. 
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Population Data: 
Prevalence in Affected Population (PS4)

Criteria assignment & strength:

• Most PS4 assessments are now “proband counting”:

https://pubmed.ncbi.nlm.nih.gov/31479589/ 

https://pubmed.ncbi.nlm.nih.gov/31479589/
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Allelic Data (BP2, PM3)

Assignment: 
• BP2 – in cis with a recessive pathogenic variant OR 

in trans with a dominant pathogenic variant. BP2 is 
used sparingly.

• PM3 – see table

Strength determination: see table.

Notes:
• Individual in whom the variants are present must 

be affected
• PM2 should be applicable for PM3 to be applied.
• Pay attention to the max point allowances for the 

homozygous occurrences and the in trans variant 
being of uncertain significance https://clinicalgenome.org/site/assets/files/3717/svi_proposal_for_pm3_criterion_-_version_1.pdf 

https://clinicalgenome.org/site/assets/files/3717/svi_proposal_for_pm3_criterion_-_version_1.pdf
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Other Data (BP5)

Assignment: Variant is found in a proband with an alternative cause of disease.

Strength determination: supporting.

Notes:
• Used VERY sparingly, as probands can have multiple variants that contribute to disease, the 

variant could be in a gene with incomplete penetrance, etc.
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Highly similar variants known to cause disease (PM5, PS1)

Criteria assignment:
• PM5 is assigned when a novel missense change is seen at the same position as a likely pathogenic 

or pathogenic variant.

• LDLR: c.1721G>A (p.Arg574His)
Likely pathogenic

• LDLR: c.1721G>T (p.Arg574Leu)
Variant under curation  PM5

• PS1 is assigned when a novel nucleotide change leads to the same missense variant previously 
classified as likely pathogenic or pathogenic.

• Major caveat: do NOT apply if either variant is predicted to have a different splice effect

Strength:
• Some ClinGen groups reduce PM5 strength for likely pathogenic variants or increase strength if 

multiple pathogenic variants are seen at the same residue.
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Fundamental principle(s): 
• The presence of a de novo variant in a gene that matches the 

phenotype supports pathogenicity
• Family members that share a phenotype should share the variants 

being questionedFamilial data
PS2, PM6, PP1, BS4 
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De Novo Data (PM6, PS2)

Assignment: Variant is either de novo with confirmed 
parentage (sequencing has determined parents are 
biological parents; PS2) or assumed parentage (only 
point testing was done on the parents; PM6).

Strength determination: see tables.

Notes:
• “Assumed de novo” does NOT mean de novo is 

assumed because of the severity of the condition. It 
means we assume the individuals presenting as 
mother and father are the proband’s biological 
parents. 

• For X-linked disorders that primarily affect males, 
you can apply de novo criteria if the variant is 
inherited from a mother in whom the variant was de 
novo.
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Segregation Data (BS4, PP1)

Criteria application:
• PP1 can be applied based on the total 

number of probands within a family OR by 
the number of informative meioses

• “Informative meioses” allows for the 
counting of unaffected non-carriers

• BS4 is applied when the variant does not 
segregate with disease within a family

• Disease must be fully penetrant to 
apply BS4
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Fundamental principle(s): 
• The presence of a de novo variant in a gene that matches the 

phenotype supports pathogenicity
• Family members that share a phenotype should share the variants 

being questionedFamilial data
PS2, PM6, PP1, BS4 
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Phenotypic Data (PP4)

The patient’s phenotype is highly specific for the affected gene:
• This means the phenotype points to a single (or a very limited number) gene. A variant in a gene 

that causes seizures in a proband with seizures cannot have PP4 applied on that basis alone 
because hundreds of genes cause seizures.

symptom / phenotype

tissue / organ level change

cell level change

molecular level change
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Phenotypic Data (PP4)

The patient’s phenotype is highly specific for a gene:
• This means the phenotype points to a single (or a very limited number) gene. A variant in a gene 

that causes seizures in a proband with seizures cannot have PP4 applied on that basis alone 
because hundreds of genes cause seizures.

For example:

https://cspec.genome.network/cspec/ui/svi/summary 

https://cspec.genome.network/cspec/ui/svi/summary
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Phenotypic Data (PP4)

Important note:
• For some criteria, the patient’s phenotype is considered as part of the strength determination (for 

example, in PS2). In these cases, PP4 is not applied as a separate criteria.
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Fundamental principle(s): pathogenic variants should significantly 
alter the function of the affected protein.

In silico predictions
BP1, BP3, BP4, BP7, 
PVS1, PM4, PP3
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Quick Primer

Missense
variants

Silent
variants

Intronic
variants

LOF / truncating
variants

Splicing predictors (Splice-AI)

Missense predictors
(REVEL, AlphaMissense, etc.) LOF Flowchart

ANY variant can cause errors in mRNA splicing and should be considered first

• mRNA splicing precedes protein translation!
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Computational and Predictive Data:
Splicing in silico predictions (BP7, BP4, PP3)

• Splice AI is an in-silico tool that predicts:
• Loss of canonical donors (DL)
• Loss of canonical acceptors (AL)
• Creation / strengthening of cryptic donors (DG)
• Creation / strengthening of cryptic acceptors (AG)

• ANY variant has a potential impact on splicing, not just variants within the intron.

WT

Donor loss

Acceptor loss

Donor gain

Acceptor gain
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Computational and Predictive Data:
Splicing in silico predictions (BP7, BP4, PP3)

• Follow this decision tree to 
determine which criteria to apply

• All criteria applied on the basis of 
SpliceAI is applied at supporting 
strength.

• For missense variants that also 
have a predicted SpliceAI effect, 
apply whatever gives you the 
highest PP3 strength. 

https://www.cell.com/ajhg/fulltext/S0002-9297(23)00203-3 

https://www.cell.com/ajhg/fulltext/S0002-9297(23)00203-3
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SpliceAI Example

SCN1A:c.3879+5G>A

• PP3 is applicable – BUT it is important to consider what is predicted to occur
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SCN1A:c.3879+5G>A

Out-of-frame cryptic donor Canonical donor In-frame cryptic donor Canonical acceptor

• Splice-AI predicts weakening of the canonical donor, but not complete loss
• Additionally, 2 potential cryptic donors are predicted with 2 different consequences

Mobi Details: https://mobidetails.iurc.montp.inserm.fr/MD/
  

SpliceAI Example

https://mobidetails.iurc.montp.inserm.fr/MD/
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Computational and Predictive Data:
Missense in silico predictions (BP4, PP3)

Criteria assignment:

• Multiple in silico tools predict the variant is benign (BP4) or pathogenic (PP3). If 
conflicting, neither criteria is assigned.

• The most recent in silico tools like REVEL or AlphaMissense combine many forms of 
analysis into a single score. Thus, a REVEL score, for example, constitutes “multiple” in 
silico tools.

• It is recommended that groups pick a tool and only use that tool to prevent selection 
bias. ClinGen VCEPs primarily use REVEL currently.
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• REVEL is a conglomeration of 18 in silico 
tools that assess how damaging a 
particular missense variant is

• REVEL gives you a 0 to 1 score of how 
“damaging” a variant is

• NOT as good at predicting gain of function 
variants:

Computational and Predictive Data:
REVEL
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Strength determination:
• Most variant intepretation 

groups are not currently 
applying PP3 above 
moderate strength

• The combination of PP3 
and PM1 cannot be > 4 
points

Computational and Predictive Data:
Missense in silico predictions (BP4, PP3)

https://pubmed.ncbi.nlm.nih.gov/36413997/ 

https://pubmed.ncbi.nlm.nih.gov/36413997/
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Computational and Predictive Data: 
In-frame indels (BP3, PM4)

Criteria assignment:
• PM4 is assigned for in-frame deletions or duplications in non-repetitive regions
• BP3 is assigned for in-frame deletions or duplications in repetitive regions

Strength:
• PM4 is often applied at supporting for single residue dels/dups. Otherwise, it is applied at moderate.
• BP3 is applied at supporting.

Example of a repetitive region in CHD7
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Computational and Predictive Data: 
Missense variant in a LOF gene (BP1)

Criteria assignment:
• BP1 is assigned when a missense variant is seen in a gene where only truncating (LOF) variants 

are known to cause disease. 
• Be cognisant of confirmation bias when applying this criteria

Strength:
• BP1 is assigned at supporting.

Clinvar path / 
likely path 
variants

Image made in ProteinPaint (https://proteinpaint.stjude.org/) 

https://proteinpaint.stjude.org/
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Computational and Predictive Data (PVS1)

Criteria assignment:
• PVS1: LOF variant in a gene where LOF is an established disease mechanism
• How do you establish LOF as a disease mechanism?

• Many LOF variants are associated with disease (best evidence)
• LOF predictors (use caution)

Strength determination:
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Computational and Predictive Data (PVS1)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6185798/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6185798/
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Computational and Predictive Data (PVS1)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6185798/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6185798/
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Computational and Predictive Data (PVS1)

My quick and dirty guide to PVS1 strengths that doesn’t involve blurry 
flowcharts …

PVS1 – any variant leading to NMD, deletion, or non-expression of the entire gene

PVS1_strong – any variant leading to in-frame removal of either a critical region of the gene (e.g. the 
active site) or > 10% of the protein

PVS1_moderate – any variant leading to in-frame removal of either < 10% of the protein or a region 
with unknown or non-critical function
• This is essentially the same as PM4

Note: PVS1 is not applicable at any strength if LOF is not a disease mechanism, LOF variants are 
common in the affected exon, or if the affected exon is absent from disease-relevant transcripts
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Computational and Predictive Data (PVS1):
Selected examples

Example 1: CDKL5:c.555-1G>A, found in a proband with developmental encephalopathy

From Franklin:
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Computational and Predictive Data (PVS1):
Selected examples

• ClinGen curates dosage sensitivity
• Pay attention to the report date – if it’s old you may want to double check the current level of evidence

Example 1: CDKL5:c.555-1G>A, found in a proband with developmental encephalopathy
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Computational and Predictive Data (PVS1):
Selected examples

Example 1: CDKL5:c.555-1G>A, found in a proband with developmental encephalopathy

There ARE some cryptic acceptor sites, but all of them are out of frame.
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Computational and Predictive Data (PVS1):
Selected examples

Example 2: SYN1:c.1941_1947dup, p.A650Rfs*36 found in a proband with global delays and seizures

From Franklin:
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Computational and Predictive Data (PVS1):
Selected examples

Nonsense mediated decay (NMD) is not predicted to occur if the premature stop codon is in the last exon or 
within the last 50 bp of the penultimate exon

Example 2: SYN1:c.1941_1947dup, p.A650Rfs*36 found in a proband with global delays and seizures

This frameshift occurs 35 bp from the final intron

PVS1 can be applied either at strong or moderate
• Strong if the truncated region is essential to disease-relevant protein function; moderate if not.
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Computational and Predictive Data (PVS1):
Selected examples

Example 2: SYN1:c.1941_1947dup, p.A650Rfs*36 found in a proband with global delays and seizures

SYN1

SYN2
SYN3

• Synapsin 1 encodes 2 of 5 of the 
major synapsin isoforms

• Synapsins regulate synaptic vesicle 
(SV) organization and 
neurotransmission by maintaining SV 
reserve pools

• The synapsins have 3 conserved N-
terminal domains (A-C) whereas the 
C-terminal domains are more 
heterogenous (D-J)

SYN1 D-domain: residues 421-655
SYN1 E-domain: residues 656-705
Frameshift begins at residue 650 
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Computational and Predictive Data (PVS1):
Selected examples

Example 2: SYN1:c.1941_1947dup, p.A650Rfs*36 found in a proband with global delays and seizures

• In this paper, they “scramble” or randomize the E domain residues, essentially replicating the effect of a 
frameshift

• They found the loss of the E-domain:
• Abolishes the attenuating effect of a-synuclein on synaptic responses
• Completely abolishes the interaction between synapsin and a-synuclein
• Re-introducing the E-domain (and only the E domain) restored the effect of a-synuclein
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Fundamental principle(s): experimental data demonstrating a 
variant’s effect or the importance of a protein domain supports 
pathogenicity 

Functional data
PS3, PM1, PP2, BS4
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Functional Data (BS3, PS3)

Criteria assignment:

• Very broadly: well-established functional evidence demonstrates your variant is deleterious 
(PS3) or has no effect (BS3)

• 2019 guidance (PMID:31892348) outlines 4 steps for applying PS3 and BS3, including what 
strengths are allowed:

(1) define the disease mechanism
(2) evaluate the applicability of general classes of assays used in the field
(3) evaluate the validity of specific instances of assays, and 
(4) apply evidence to individual variant interpretation.

https://pubmed.ncbi.nlm.nih.gov/31892348/
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Functional Data (BS3, PS3)

• PS3 is typically applied at 
supporting or moderate

• Statistical calculation of an odds of 
pathogenicity allows for PS3 at 
higher strength, but this is often 
only applicable in large-scale 
variant studies.
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Functional Data (BS3, PS3):
Example

A patient presents with sudden-onset hemiplegia. An MRI reveals a recent 
cerebral hemorrhage and evidence of several old microbleeds.

WGS reveals the variant COL4A1:c.2159G>A, G720D

1. Define the disease mechanism:
- The disease mechanism is thought to result from a lack of stable 

collagen being exported, leading to decreased integrity of the 
extracellular matrix.

2. Evaluate the applicability of general assay classes used in the field.
- WB is very commonly used and applicable to the mechanism.

3. Evaluate the validity of specific instances of assays
- Done in triplicate with WT control

4. Apply evidence to individual variant interpretation.
- Not enough known pathogenic variants to reach PS3_moderate. Apply 

PS3_supporting.
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Functional Data:
Gene intolerant to missense: (PP2)

Missense z-score

Criteria application: A gnomAD missense z-score of 3.09 corresponds to a p-value of 0.001 for the 
null hypothesis: the observed missense variants = expected missense variants. Genes with z-score > 
3.09 can have PP2 assigned to missense variants.

Strength: PP2 is applied at supporting. Some groups / clinical labs do not apply this criteria.
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Functional Data:
Functional Region: (PM1)

The variant lies in a mutational hotspot or well-studied functional domain without benign variation. 
Application & strength determination of this criteria is gene-specific; for example:

https://cspec.genome.network/cspec/ui/svi/summary 

https://cspec.genome.network/cspec/ui/svi/summary
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General Tools: Franklin
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Don’t use the Franklin 
classification 
• They don’t apply all ACMG 

criteria correctly

General Tools: Franklin
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Most helpful tab
General Tools: Franklin
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• They mine and link to ClinVar

General Tools: Franklin
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• They give multiple in silico scores, including REVEL and Splice-AI

General Tools: Franklin
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• They pull frequency data from gnomAD

General Tools: Franklin
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