
1st National Neurogenetic Variant 
Interpretation Course 

Lecture by: 

Sali Farhan, PhD, FCCMG (Assistant Professor, Clinical Molecular Geneticist)
Allison Dilliott, PhD (Post-Doctoral Scholar)
Alana Mistry, MSc, Nellie Fotopoulos, PhD, and Kayla Horowitz, MSc                
(Genetic Counsellors at The Neuro)

November 28th, 2022



#OpenScience

Meet Our Genetic Counselling Team

Alana Mistry, MSc, CGC
Clinical Genetic Counsellor

Kayla Horowitz, MSc, GC
Clinical/Research Genetic 

Counsellor

Nellie Fotopoulos, PhD, CCGC
Clinical/Research Genetic 

Counsellor
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Meet Our Genome Analysis Team

Sali Farhan, PhD, FCCMG
Assistant Professor and Clinical 

Molecular Geneticist

Allison Dilliott, PhD
Post-Doctoral Scholar

• Isabela Bucco, 
Genome Analyst

• Mia Ginsberg, 
Genome Analyst
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Outline - Learning Objectives

Part I:
1. Understand the role of genetic 

counsellors in neurology.
2. Recognize when an underlying genetic 

cause should be considered.
3. Become familiar with the process of 

gene panel selection and lab report 
interpretation.

Part II:
4. From DNA to data - the process of 
generating meaningful results.
5. Review ACMG criteria for variant 
classification and VUS interpretation.
6. Introduction to frequently used variant 
interpretation resources.



#OpenScience

What is Genetic Counselling?

“Genetic counselling is the process of helping people 
understand and adapt to the medical, psychological, and 
familial implications of genetic contributions to disease”

– NSGC Definition Task Force, 2006.

Genetic counselling       Genetic testing
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Genetic Counsellors can work in… 

Oncology Prenatal care & 
family planning

CardiologyOphthalmology

Neurology

Pediatrics
Personalized 

medicine

Education

Research and more…

Lab
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Clinical
GC Role

Psychosocial 
counselling 

Family 
history, mode 
of inheritance, 

risk 
counselling 

Education, 
support, 

advocacy

Family 
communication

Review 
potential 

results and 
implications 

Expertise in 
gene panel 
selection

Partnership 
with 

healthcare 
team 



#OpenScience

Why take a family history?

Eliciting the family history can allow for recognition of 
inheritance patterns and the opportunity for diagnosis, 

counselling, potential targeted prevention and treatment, 
and the identification of at-risk relatives
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When to Consider a Referral to Neurogenetics

§ Two or more family members with the same disease on same   
side of the family
§ ++ suspicion for rare diseases in multiple relatives (i.e. ALS)

§ Vertical transmission of disease in a family
§ Earlier age of onset than expected in the general population
§ A hereditary condition reported in a close relative 

(i.e. Huntington’s) 



Factors that complicate the interpretation of a pedigree

• Incomplete or reduced penetrance
• Variable expressivity 

• Small families 
• Premature death of relatives 
• De novo (“new”) mutation
• Recessive disorders 
• Genetic anticipation  
• Complex sociocultural factors 



Inheritance pattern - Autosomal Dominant (AD)

Affected Unaffected

Affected AffectedUnaffected Unaffected

Children are 
at 50% risk



Inheritance pattern - Autosomal Recessive (AR)

Carrier Carrier

CarrierNon-carrier Affected Carrier

➔ Carriers are typically unaffected 
➔ Often no family history seen
➔ Consanguinity is a key risk factor

Children are 
at 25% risk



Genetic Anticipation



Common Neurogenetic Indications
Condition Genes Type of Variant

CADASIL NOTCH3   Sequence (~95%)
Alzheimer’s APP, PSEN1, PSEN2; APOe4 Sequence; risk allele; late-onset

Frontotemporal Dementia (FTD) C9orf72, GRN, MAPT >60 G4C2 rpt expansion; sequence

Parkinson’s disease 
(AD or AR)

GBA, LRRK2, SNCA, PARK2, PARK7,PINK1, 
VPS35, etc.

Sequence

OPMD PABPN1 11 to 18 GCN rpt exp (99%)

FSHD D4Z4 <9 rpt contraction

Huntington’s HTT >40 CAG rpt expansion

ALS
(AD, AR)

C9orf72, SOD1, FUS, ATXN2, etc. >60 G4C2 rpt expansion; sequence; risk 
allele

SCA (>60 types)
(AD, AR, X-linked)

ATN1, ATXN1,  ATXN2, ATXN3, CACNA1A, etc. CAG rpt exp; # pathogenic rpts depend 
on gene

HSP
(AD, AR, X-linked)

SPAST, ATL1, SPG31, KIF1A, REEP1  etc. Sequence (~80%)

CMT
(AD, AR, X-linked)

PMP22 Duplication (80%)

Myotonic Dystrophy Type 1, 2 DMPK; CNBP >100 CTG rpt exp; 75-11K CCTG rpt exp



Sporadic vs. Familial ALS

“Familial”/Hereditary 
ALS

Family with reduced 
penetrance

Isolated case with 
an identified gene 

variant

“Sporadic” ALS



MNI Criteria for Genetic Testing in Alzheimer’s Disease

For patients with a diagnosis of Alzheimer’s: 
§ Offer testing to all early-onset cases (diagnosed before age 65) with 

or without family history and those diagnosed older than 65 with at 
least 1 close relative with early-onset diagnosis 

§ For those diagnosed after age 65 without a family history of early-
onset, genetic testing is generally not offered but clinical judgement 
can be used in cases of many relatives with late-onset diagnosis 

Genetic testing for symptomatic patients only. If clinical trials or treatments 
become available, then asymptomatic patients with a significant family history 
could be tested. Can quote empiric lifetime risk based on family history. 



“Predictive patient”: 
an asymptomatic at-risk individual 
for an incurable neurodegenerative 
disease (i.e. Huntington’s, genetic 

ALS/FTD, CADASIL, etc.)

Please always refer these cases to 
Genetics for pre-test counselling!



Typical Genetic Testing Process 
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Genetic counselling or 
MD appointment 

Referral from MD or    self-
referred to Genetics Historically, almost all genetic 

testing ordered in Medical Genetics

Now, mainstreaming has become 
more common in neurology and 

other specialties 



Typical Genetic Testing Process 
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Lab selection and  
patient blood draw 

Genetic counselling or 
MD appointment 

Referral from MD or self-
referred to Genetics

in-province vs 
out-of-province 
vs out-of-country 
testing options 



Typical Genetic Testing Process 
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Result disclosure and 
family letter if 

indicated 

Lab selection and  
patient blood draw 

Genetic counselling or 
MD appointment 

Referral from MD or  self-
referred to Genetics

in-province vs 
out-of-province 
vs out-of-country 
testing options 

If +, referral from 
MD to Genetics 



Type of results 
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Pathogenic/ 
Likely Pathogenic 

Variant

identified

Variant of 
uncertain 

significance
identified

Negative 
(benign or likely 
benign changes 

identified)

Based on current 
knowledge

May or may not lead 
to more testing

Can confirm 
diagnosis

Testing available for 
all relatives

Result is 
inconclusive

Recontact clinic in 1-
2 years



Example Report: Positive
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Example Report: Negative
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Example Report: Variant of Uncertain Significance (VUS)
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What to do with VUS?
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ACMG guidelines: 

VUS should not be used in clinical decision-
making. All clinical decisions should be based 

on personal and family history alone.  
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Part I: Q&A
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Part II
1. From DNA to data - the process of 
generating meaningful results

2. Review ACMG criteria for variant 
classification and VUS interpretation

3. Introduction to frequently used variant 
interpretation resources



Marshall et al., 2020. PMID: 33110627

Example of supplementary information in a clinical lab report:

• Test limitations
• Test methods
• Sensitivity (true positive) and specificity (true 

negative) metrics of test
• Recommendations



• Genetic testing typically 
encompasses next-generation 
sequencing:
• Genome
• Exome
• Targeted gene panels

• Most tests are built on an 
exome backbone, but are often 
offered as disease-specific 
panels that sequence pre-
determined gene sets

Genetic testing methodology



Genetic testing methodology

FASTQ:
Raw sequencing data

G _ A

BAM:
Alignment to the human genome 

“reference sequence”

VCF:
Variant calls

#CHROM POS REF ALT QUAL FILTER

22 6,352,492 T G 52 PASS

22 6,352,496 TG G 7 q10

22 6,352,501 T A 29 PASS



Protein truncating variants Missense variants

c.126G>C
p.Trp42Ter

c.119_120insG
p.Ile40fs

c.A118C
p.Ile40Leu

Variant types detected from sequencing data



Additional variation detected from genome sequencing

Marshall et al., 2020. PMID: 33110627
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Variant Annotations
Gene-disease associations

• Online Mendelian in Man (OMIM®)
• ClinGen gene curations

General population databases - minor allele frequencies
• GnomAD - WES > 125,000 samples; WGS > 76,000 samples

In silico prediction tools
• Apply biochemical properties and conservation to predict variant 

pathogenicity

ClinVar - variant-level previous disease associations
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Gene-disease associations

OMIM® ClinGen Expert Panels
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General population databases
GnomAD
• WES > 125,000 

samples; WGS > 
76,000 samples

• Disease exclusion 
cohorts available, e.g. 
non-neurological

• Multiple ancestral 
populations, although 
largely European

SOD1 (gnomAD v2.1.1)
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In silico prediction tools

PolyPhen-2
• Score that incorporates biochemical/physical properties

SIFT
• Score that incorporates amino acid conservation information

REVEL
• Score that predicts the pathogenicity of missense variants based on a 

combination of scores from 13 individual tools



• Genomic variants are typically classified on a five-point scale to indicate the likelihood that the 
particular variant is associated with disease

• Pathogenic variants in disease genes related to phenotype (or symptoms) means that a cause of the 
patient’s symptoms has been identified

• Clinically, both pathogenic and likely pathogenic variants are treated the same—as if they are likely 
disease causing

• Variants of Uncertain significance (VUS) have an uncertain relationship to disease
• It is not recommended that Variants of Uncertain Significance be used for clinical decision making
• International efforts are underway to reclassify VUS variants as benign or pathogenic
• Finding a VUS is common among large-scale tests like gene panels, whole exome, and whole 

genome sequencing

Guide to Interpreting Genomic Reports: A Genomics Toolkit
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Evidence Framework: 

“Standards and guidelines for the 
interpretation of sequence variants: 
a joint consensus recommendation 
of the American College of Medical 
Genetics and Genomics and the 
Association for Molecular Pathology”

Richards et al., 2015. 
PMID: 25741868



Rules for Combining Criteria 
to Classify Sequence Variants

Richards et al., 2015. 
PMID: 25741868
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Variant level previous disease associations

ClinVar
• Public archive of relationships among human variations and 

phenotypes, with supporting evidence
• Submissions have differing levels of complexity



Marshall et al., 2020. PMID: 33110627

Conventional 
analytical approach:
1) genotype-driven
2) phenotype-driven
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Conventional analytical approach:
• What gene(s) does the variant impact?
• Is the variant expected to impact the function of the 

gene(s) and if so, does it cause a human 
phenotype?

• How well does the variant or gene’s disease 
association match that of the patient?

• Has this particular variant (or this variant type, e.g. 
LOF variants) been shown to cause a phenotype?

• Is the variant returnable as a secondary or 
incidental finding?

Marshall et al., 2020. PMID: 33110627
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Limitations of variant interpretations:
***Our variant interpretations are only as good as the resources available***

• Not all ancestries are adequately represented
• Not all types of variation are captured (somatic, mosaic, deep intronic); 

and even if captured, we do not fully know how to interpret them
• Not all genes are characterized
• Tissue and development-specific expression



What populations are represented in the gnomAD data?

…more likely to see ‘rare’ variants in patients from an under-represented population



Neurogenetic VUS Rounds at the Neuro

1 hour virtual bi-weekly meeting with our team to review and 
internally classify VUS identified in our patients 

All Canadian neurologists and genetic counsellors are welcome 
to submit cases and participate in our meetings! 

If interested, please contact: 
sali.farhan@mcgill.ca

alana.mistry@muhc.mcgill.ca
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Final Q&A



Additional resources

• Clinical variant interpretation: https://www.youtube.com/watch?v=VqrEtABxvhY&t=3s

• gnomAD tips: https://www.youtube.com/watch?v=Bh8AKkI-DhY

• Variant classification: https://www.youtube.com/watch?v=xVAnjg_AqSg;
https://www.youtube.com/watch?v=wTBxyT8a2PI

• General genome analysis: https://www.youtube.com/watch?v=yeUETPbzgGw

• ClinGen Resource videos, refreshers, etc: https://www.youtube.com/channel/UCsn4nEVUTpVQz70rClgMMsQ
; in silico tools: https://www.youtube.com/watch?v=MJtgahM5Zak

• Guide to Interpreting Genomic Reports: A Genomics Toolkit: 
https://www.genome.gov/sites/default/files/media/files/2020-
04/Guide_to_Interpreting_Genomic_Reports_Toolkit.pdf


