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Learning objectives

• Distinguish between the interpretation of germline and somatic 
variants

• Determine the elements involved in interpretation of germline and 
somatic variants

• Understand the process of clinical characterization of variants in the 
context of tissue or disease site



Taken from BMJ 2018 361:k1687



Variant (mutation) types- not all variants are 
the same

https://useast.ensembl.org/info/genome/variation/prediction/predicted_data.html



Germline vs somatic variants

- Initiates in germ cell- therefore 
every cell in the body 

- Often contribute to monogenic 
disease

- May contribute to risk of 
developing disease

- When linked to disease often 
involved in disease pathogenesis

- Concept of polymorphism
- Concept of benign, pathogenic

-Originates in a non-germline 
cell- therefore, not every cell 
in the body
-Most often in the context of 
cancer
-When linked to tumours
may be diagnostic, 
predictive, prognostic
-Interpretation must include 
the tissue type
-Concept of drivers and 
passengers
-Concept of actionable or not



Generic Massively Parallel Sequencing
TUMOUR
DNA/RNA 

GERMLINE
DNA/RNA



Germline vs somatic variants

https://gatkforums.broadinstitute.org/gatk/discussion/11127/somatic-calling-is-not-simply-a-difference-between-two-callsets



Pathway to variant calling

Taken from Kamps et al 2017 Int J Mol Sci 18:308

Annotation = identification of variant characteristics

Interpretation = synthesis of characteristics and relation to clinical context



Example from Hereditary cancer testing case



Example from somatic cancer



Variant Interpretation Classifications
Germline Variants

Pathogenic
Likely 

Pathogenic
Uncertain 

Significance 
(VUS)

Likely 
Benign Benign

Benign Pathogenic

Strong    Supporting Supporting Moderate Strong       Very 
Strong

Richards et al, Genet Med, 2015



Allele frequency in large 
studies of control 
chromosomes- is the allele 
frequency too high?  Has the 
allele been seen in 
homozygous state? Is it 
particular to some ethnic 
group? Is the prevalence in 
disease increased over 
controls?

Computational predictions 
are just that- predictions. 
Generally not assigned a high 
impact and can only be used 
if all tools point in the same 
direction, which becomes 
more unlikely the more tools 
one tries. However some can 
be very strong- ie null 
variants

Functional data requires 
actually reading the papers 
and assessing the work-
requires the interpreter is 
expert in all fields of 
physiology, biochemistry, 
metabolomics, genomics, 
statistics, analytics

Segregation data can be 
highly impactful if sufficient 
meiosis are examined- the 
more meiosis where 
segregation works out, the 
stronger the evidence

De novo- did the variant 
appear in the affected 
individual for the first 
time when parents are 
unaffected and this is 
confirmed

Has the variant been seen in 
trans or in cis with another 
variant? Depending on 
inheritance mode, this will 
have different impact



NM_005228.3(EGFR):c.2361G>A(p.=)

• Synonymous variant- does not 
change amino acid

• No indication that it could affect 
splicing either

• Population data says it is found 
across all tested populations at a 
frequency of 40%, reaching 53% 
in some populations

• This is sufficient to know that 
this is not a pathogenic germline 
variant

• Falls clearly into the neutral or 
benign polymorphism category

• No need to do additional work



NM_000059.2(BRCA2):9976A>T(p.Lys3326*)

• Truncating variant- in a disease 
where this is a known mechanism -
but the variant is in the last exon, 
towards the end- the last amino 
acid should be 3419

• Population data shows that the 
variant has been identified across 
all populations at a frequency of 
~0.6%- much higher than the 
frequency of hereditary 
breast/ovarian cancer syndrome

• In some populations, frequency 
>1%, defining this as a 
polymorphism

• More recently, literature shows this 
variant impacts HR ability, although 
does not abolish it

• May be associated with specific 
cancers (i.e. not necessarily breast 
or ovarian)

• Large study of ~400,000 cases and 
controls suggests it is associated 
with cancers with environmental 
genotoxic risk factors



Somatic genomics is different

• The goal of interpretation of somatic genomic variants is to 
guide/change patient management

• Unlike germline variants, won’t necessarily see variant allele fractions 
of 50% or 100%, although that’s possible

• Have issues of sensitivity that are different from germline analysis
• Issues of tumour heterogeneity as well



Rationale for developing a new scheme for 
somatic variant interpretation



AMP/ASCO/CAP levels of evidence 

Taken from Li et al 2017 JMD 19:4



AMP/ASCO/CAP Interpretation scheme

Taken from Li et al 2017 JMD 19:4



Taken from Sukhai et al 2016 Genet Med 18:128



NM_004333.4(BRAF):c.1799T>A(p.Val600Glu)

Obvious clinically relevant call in 
the context of melanoma

But what about other tumours?

Also need to consider the 
proportion of the case that was 
tumour cells versus the variant 
allele fraction seen in the analysis



10% tumour cells
All are heterozygous 
for variant of 
interest
Variant is present at 
5%

Beyond variant interpretation 

Established the assay with a limit of 
detection for an SNV of 5% at a depth 
of 400

25% tumour cells
40% of them are 
heterozygous for 
variant of interest
Variant is present 
at 5%

Identify an EGFR L858R variant present at 5% 
VAF

Both patients eligible for targeted therapy, but 
will both respond equally well?  If information 
not conveyed, missing opportunity to look for 
other strategies? If tumour % estimate way 
off, is this predictive information less useful?



When two worlds collide



Summary

Taken from Lee et al 2015 JMD 17:339

Interpretation of germline 
variants generally uses a 5 
category schema

All variants are assessed 
using a combination of 
population, computational, 
literature and physical data

Variants are generally 
associated with diagnosis or 
prediction of risk- to that 
extent variants are 
interpreted in the context of 
disease

Interpretation of somatic 
variants is more complex in 
the sense that they may be 
more difficult to identify

They require interpretation in 
the context of clinical 
management

They require interpretation in 
the context of disease
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