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Inconsistent variant classification
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Next generation sequencing identifies
more novel/rare variants
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Pathogenic
Likely pathogenic (>90%)
Uncertain significance
Likely benign (>90%)

Benign

a ¢ Kesuit does not confirm a
diagnosis of disorder X and should
not be used for clinical decision
YI 1Ay 3eE
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We should also note that those working
in specific disease groups should continue to develop more
focused guidance regarding the classification of variants in spe-
cific genes given that the applicability and weight assigned to
certain criteria may vary by gene and disease.



Summary of evidence framework

& Benign y & Pathogenic .
Strong Supporting Supporting Moderate Strong  Very Strong

Population WUAF is too high for Absent in population Frevalence in

Data disorder BAI/B51 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with cantrals P54

disease penetrance 852

Computational Multiple lines of Multiple lines of Novel missense o Same amino acid Predicted null
And Predictive computational evidence computational at an amino change as an variant in a gene
Data suggest no impact B804 evidence support 2 where a differ established pathogenid where LOF s a
Missense when only deleterious effect pathogenic missense variant known
truncating cause disease AP1| On the gene /gene Fil mechanism of
. . . product PP3 disease
Silent variant with non R
. P51
predicted splice impact BPF
In-frame indels in repeat
w/out known function BP3
Functional Well-established Missense in gene with | Mutational hot spot Well-established
Data functional studies show ow rate of benign or well-studied funcbional studies
no deleterious effect B3 missense variants and | functional domain shiow a deleterious
path. missenses without benign effect P53
common PRZ variation PA1
Segregation Non-segregation M= 1/8if 1 family N < 1716 if 1 family W< 132 if 1 family
Data with disease 854 M= 1/4if 3 M < 1/8if > 1 family W= 171G i1 = 1 family
De nova De povo (without De novo (paternity &
Data paternity & maternity maternity confirmed)
confirmed) PAE P52

Allelic Data Obszerved in trans with
a dominant variant BP2

a pathoge
Obzerved in cis with a

pathogenic variant BP2

Other Reputable source wiout Reputable source
Database shared data = benign BP& pathogenic PPS

Found in case with an Panient’s phenotype or
Other Data alternate cause BPS FH highly specific i
rene Pog

Richards et al 2015 Genetics in Medicidarvikand Browning 2016 Am J Hum Genet



Rules for combining evidence criteria

Pathogenic

Likely pathogenic

(i) 1 Verystrong (PV51) AND
(@) =1 Strong (PS1-P54) OR
(b) =2 Moderate (PM1-PMB) OR

{c) 1 Moderate (PM1-PM6) and 1 supporting
(FP1-PF5) OR

(d} =2 Supporting (PP1-PP5)
(iiy =2 Strong (PS1-PS4) OR
(iiiy 1 Strong (PS1-PS4) AND

(a)=3 Moderate (PM1-PM&) OR

(b)2 Moderate (PM1-PM&) AND =2
Supporting (PP1-PP5) OR

(c)1 Moderate (PM1-PM6) AND =4
supporting (PP1-PPS)

(i) 1Verystrong (PVS1) AND 1 moderate (PM1-
PME) OR

{ii) 1 Strong (PS1-PS4) AND 1-2 moderate
(PM1-PME) OR

{iiiy 1 Strong (PS1-P54) AND =2 supporting
(PP1-PPS) OR

(iv) =3 Moderate (PM1-PME) OR

(v) 2 Moderate (PM1-PM6) AND =2 supporting
(PP1-FPL) OR

(vi) 1 Moderate (PM1-PM&) AND =4 supparting
(PP1-PPS)

Benign

Likely benign

Uncertain
significance

(i) 15tand-alone (BA1) OR
(i) =2 Strong (B51-B54)

(i) 1Strong (B51-B54) and 1 supporting (BP1-
BP7) OR

(i) =2 Supporting (BP1-BP7)
{iy Other criteria shown above are not met OR

(il) the criteria for benign and pathogenic are
contradictory




Assess the evidence for a variant across
patients for which information is availabl

Patientreferred
for testing



Putting the ACMG guidelines into practi

Principles

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

A4S SIFOK RFOIF AO0SY 2yfteée 2yO0OS

A Incorporate clinical data (functional and gene specific phenotype

KEEP
CALM &

A Use your professional judgement

USE YOUR

PROFESSIONAL
JUDGEMENT




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

Patient Name:

RYR1
Variant description: HGVS NM_000540.2: ¢.7306T>C (p.Cys2436ArQ)
Variant location: GRCh3'h¢§19: 19:38,990,639

Variant classification:
(Pathogenic/Likely pathogenic/ Uncertain Likely Pathogenic
significance/Likely benign/Benign)

Evidence for variant classificatio®cmG code level)

Cysteine is present at position 2436 of RYR1 in @BOologues paraloguesand other
homologous sequences. This residue is known to be important for redersing. Irsilico
protein modelling suggests that a p.Cys2436Arg substitution would cause perturbation to
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).

This variant has not been reported in thexAClatabase (PM2; moderate).

The p.Cys2436Arg variant has been inherited in trans with a p. Glu3035GIn variant (PM3
moderate).

The p.Cys2436 residue is conserved across 14 species from human to lanGoeyuifscore
9) and is predicted likely to be deleterious using SIP@lyPherand AlignGVGLRPP3¢
supporting).

TER

CLINICAL LABORATORY


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

¢

1 12
Cases

A Two cases per month circulated

A Submit classifications before meeting
A Review cases at meeting

A Present previous worked case example
A Share ideas for local implementation

A Forum for questions/discussion

IDADUDATX

Genomics Education
Programme



Draft UK guidelines for variant classificatiol

About Us News & Evenis Jobs Commitiees Members Area  Archive

Association for Clinical Genetic Science
Part of the Bntish Society for Genetic Medicine

Follow us on: Facebook & Twitter

Summer Meeting Registration open!

26th-27th June 2017 in Austin Court, Birmingham. Registered Charity Number 11533828.

Feduced rates for A members.

REGISTRATION OFEM!

4 )

Latest News 4 ™\ Events Downloads
UK Practice Guidelines Audit of Errors & = :’O':C;':‘I?r:‘t’e Sukisinee
for variant classification Incidents Classification - last
25 May 2017 134 June 2017 ursday

25th May 20

ACGS Summer Meeting K Dosl RS j

Please see attached Draft UK Begl
Practice Guidelines for Vanant

Classification 2017




Additional guidance fode novovariants

PS2¢ (Strong) De novo (both maternity and paternity confirmed) in a patient with the
disease and no family history.

Note that the genotypemust be consistentvith the phenotype.

If ade novovariant was identified by triexomeor genome sequencing then maternity and
paternity havealreadyboth been confirmed If ade novovariant is identified by tri@xome
2NJ ASYy2YS &aSljdzSyOAy 3 | vy R-spackiSegintillectad disabidiy), |
this criterion would be used at a lower level.




Mutation hotspot and/or functional domain

PM1¢ (Moderate) Located in a mutational hot spot and/or critical and waktablished
functional domain ggactivesite of an enzyme) without benign variation.

Plot functional domainsExACgnomADvariants HGMDPréoClinVafLOVDetc variants and
Consurfconservation plots to show reported pathogenic variants, proxy population and
benign variants and amino acid conservation for a regiongeree.
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Setting a threshold for constraint score:

PP2¢ (Supporting)Missensevariant in a gene that has a low rate of benign missense
variation and in which missense variants are a common mechanism of disease

ExAConstraint scores can be used as evidence for a low rate of benign variagioet (

al 2016 Nature 536:2885 MU @ ¥ & O2 NB a BxAfaré NgnifichnSoRt itis Y 6
important to consider constraint for the region encompassing the variant, not just across
the entiregene (se€&samochaet al2017bioRxiy.

Gene: KMT2D

KMT2D lysine (K)-specific methyltransferase 2D Transcripts ~ Constraint Expected Observed Constraint
Number of variants 3389 (Including filtered: 3753) from EXAC no. variants no. variants Metric
Number of CNVs 5 (Including filtered: 41) L I E—
UCSC Browser 12:49412758-49453557 (' ENST00000301067 * Synonymous 792.9 919 z=-2.78
GeneCards KMT2D (7 ENST00000526209
OMIM KMT2D (4 Missense 1842.9 1571 zZ=
ENST00000552391
Other  E£yiornal References ~ LoF 1378 1 100
ENST00000549743 — : .
ENST00000549799 CNV 16.3 5 z=1.20
ENST00000550356
ENST00000547610

Gene summary
(Coverage shown for canonical transcript: ENST00000301067)



Specificity of the phenotype

PP4cO { dzLILI2Z NI AY 30 tF0ASYdQa LIKSyYy20eLIS 2N 7
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 sing

genetic aetiology.
A Test strategy; single gene, panel or triexomedgenome?
A Genetic heterogeneity of the disorder

A Decificity of the phenotype




Is the variant allele frequency too high"

Classifyingoenign variants

BS1¢ (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 disord@/i{iffin et al2016bioRxiy. In the
absence of precise information about the disease prevalence and penetrance we
recommend using conservative settings (by selecting the highest likely prevalence anc
the lowest likely penetrance) to see if the variant frequency onERAClatabase

exceeds the maximum credible allele frequency. The tool can be accessed at
http://cardiodb.org/allelefrequencyaph
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Allele Frequency


http://cardiodb.org/allelefrequencyapp/

Using high-resolution variant frequencies to empower clinical
genome interpretation biORXiY

Nicola Whiffin'?",Eric Minikel>*",Roddy Walsh'%,Anne O'Donnell-Luria®>* Konrad
Karczewski®* Alexander Y Ing>° Paul JR Barton'“ Birgit Funke®’,Stuart A
Cook'%%%1 Daniel MacArthur®>*'%T James S Ware!## 111

NOTCH®D.Arg1895His variant in patient withAlagillesyndrome

Inheritance: Maximum credible population AF:

= monaallelic

bialleiic 9.26e-08

Prevalence =1 in ... (people)

30000
Population Frequencies
Allelic heterogeneity: Population . Allele . Allele
i 1 Count ¥ Number
A — East Asian 8640
European (Non-
Genetic heterogeneity: Finnish)
g ! South Asian 1 16508
— African 0 10360
European (Finnish) 0 6606
Penetrance: Latino 0 11564
i ! Other 0 906
Total 16 121180
Confidence: . Maximum tolerated reference AC:
BeE O 1E e http://cardiodb.org/allelefrequencyapp/
Reference population size (alleles) 0

121180
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