Reading a Genetic Test Report

Common components of a genetic testing report:

. | Variant
Main Results Pathogenicity
& Summary Information

Technical
Information

Gene
Information

[ MAIN RESULTS AND SUMMARY ]

On the first page of the report, you will typically find basic information about the
patient and test, such as:

Patient information: name, date of birth, medical record #
Ordering provider

Indication for test performed

D N N NN

Type of test performed - examples include: single gene analysis, multi-gene panel, familial
variant test, karyotype, microarray, exome or genome sequencing

TIP: Not all testing methodologies can detect every type of genetic variant. Please see Table 1
for more information about these tests and what they can and cannot detect

\
Result Summary:
v Positive: the analysis has detected a genetic variant that is interpreted as likely disease
causing, or implies that the patient is a carrier of a recessive condition
v" Negative: no gene variants were identified on analysis, further genetic testing may be
indicated and/or current testing cannot identify a genetic etiology
v Inconclusive: one or more genetic variants were identified on testing that we do not know the
impact of. It may be that the variant itself is a Variant of Uncertain Significance (VUS), or that
the variant(s) are not able to fully explain the patient's phenotype
TIP: Over time, our understanding of VUS results may change - clinicians can reach out to the
\_ lab to ask for updates to variant classifications over time )
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Variant Pathogenicity:

Benign Pathogenic

v' Benign/Likely Benign: these variants typically will not appear on genetic testing reports.

the clinical importance of this variant is uncertain, there may
be little or no evidence that this variant causes disease or there may be conflicting evidence

v the variant is probably disease causing

v Pathogenic: the variant has strong evidence to be disease causing

C

v

ariant Nomenclature:

~

Transcript: Typically starts with NM_ followed by a set of numbers (eg NM_000399.3). One
gene can have many transcripts (unique combination of exons and introns that make up an
mRNA). Since the same variant can have different nomenclature depending on the transcript
itis reported on, it is important to refer to a variant by both the transcript and c. (or p.).

Coding (c.): the specific nucleotide change on the DNA reference sequence
Protein (p.): the amino acid change at the protein level

Zygosity:

Heterozygous: Only one copy or allele of the patient's gene has this variant

Homozygous: Both copies of the patient's alleles for this gene contain the variant (please note
it is possible that a variant may appear homozygous when it is actually heterozygous if a
deletion is found on the other copy)

Hemizygous: For variants found the sole copy of a gene. In most cases, this refers to variants
on the X-chromosome, where males are considered hemizygous if one copy of the variant is
found (as they typically do not have a second X-chromosome)

Compound Heterozygous: When two variants are found in the same gene and are shown to
be in trans (see below).

Cis: two variants in the same gene are found, however they are on the same copy/ allele of the
gene, and may not be sufficient to explain the disease

Trans: two variants in the same gene are found, they are on different copies of the gene,
therefore both alleles are affected

J
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GENE INFORMATION

Summary of the gene's role in disease and related phenotype(s)

The report should include the following information about the gene that is reported:

v
v

v

The gene name

Disease that this gene has been associated with and what body system(s) this gene has an
impact on

Relevant publications that support an association

Inheritance pattern of the related conditions:

Recessive: Both copies of the gene must be affected in order for an individual to have the
condition. Therefore the patient must have a homozygous variant or two compound
heterozygous variants in trans. If only one copy is affected, this individual is a carrier (see
below)

Carrier status: If a patient is listed as a carrier for a recessive condition, it typically
has an associated reproductive risk but typically does NOT implicate disease risk for the
patient themselves i.e. if a patient is a carrier for Pompe disease, we do not expect that
they will have clinical features related to that condition, but if they reproduce with another
carrier their offspring has a 25% risk of having the condition

Dominant: Only one copy of the gene needs to be affected in order for the individual to
have the condition, or an increased risk for the condition.

X-linked Dominant: Males and females will both present with the condition if the variant is
in the heterozygous or hemizygous state

X-linked Recessive: Males will present with the condition if the variant is in the hemizygous
state. Females need both copies of the X chromosome to be affected. In some cases,
females may still have symptoms, but a milder form of the condition.

Please note that the following may impact the patient's presentation:

Penetrance: usually represented as a percent - the proportion of people with a particular
gene change who will have signs/symptoms of a condition. In some cases (like hereditary
cardiovascular disease or cancers), there will be “reduced penetrance”. E.g., if someone
with a gene change had a 75% chance of having an arrhythmia

Expressivity: patients with the same gene change may have different presentations. E.g.,
one family member with a BRCA1/2 gene change may have breast cancer, while another
family member may have ovarian cancer.
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VARIANT PATHOGENICITY INFORMATION

The lab report should include information (such as a variant evidence summary) which describes
the evidence used to determine the pathogenicity of this variant. For more information on variant
interpretation and how to do your own variant assessment, please see the Variant Curation
Evidence Handout

In particular, take a look for the following information that may be included in the variant blurb:

m I -
0o000000 il-
fhenem _—
Population Literature and In Silico Functional
Database Publications Predictors Studies

Population Database

v Low frequency in population databases (like gnomAD) is considered a supporting piece
of evidence towards the variant pathogenicity

v Higher frequency in population databases implicates lower likelihood that that the variant
is pathogenic, and higher likelihood it is part of normal human variation

Literature and Publications

v If the variant is reported in the literature in affected individuals, particularly in the case of
rare variants and rare disorders, that is typically considered to be evidence supporting
that the variant is disease-causing. The more affected individuals reported with the same
variant and the same phenotype, the more compelling the evidence is.

In Silico Predictors

v Have computational tools predicted that this variant causes disease?
v" Particularly in the case of missense variants, pathogenic in silico predictions, in isolation,
are not highly weighted when determining pathogenicity

Functional Studies

v' Are there in vitro or in vivo functional studies which provide evidence of pathogenicity? If
so, this is typically evidence towards pathogenicity.

Recommendation for family testing

Some laboratories recommend family testing to confirm presence or absence in affected or
unaffected family members. Please see the Assessing a VUS Handoutfor more information about
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when it is appropriate to test family members. TIP: Some labs offer free family testing (sometimes
called VUS resolution) if they are close to reclassifying VUS towards LB or LP.

TECHNICAL INFORMATION

At the end of the report, the lab should include a methodology section, which gives you
information about the test that was run and any limitations of the testing that may exist. This
section may also indicate with types of findings might not be reported (for example, carrier
status, variants in genes that aren’t felt to be relevant to the patient’s reported clinical
phenotype, copy number variants, etc.)

Genes Analyzed

If itis an older report, newer genes of interest related to the disease in question may not have
been analyzed and more updated genetic testing can be considered. Look for a list of genes
which were included in a panel. For genome or exome sequencing, contact the laboratory
directly to see if the gene that you are interested would have been covered by the test.

Methodology

Test Method Description Detection Limitations

Gene panels (Sequencing Single gene or multi-gene DOES NOT identify:

+ / -deletion / panels typically include X Variants in genes not included on

duplication) sequencing of gene(s), the panel
however. Attention should be X Some Copy number variants
given to whether or not (CNVs) - dependent on size of the
deletion/duplication analysis variant
was performed, as all variant X Sometimes intronic variants

types may not be covered

Can identify variants like:

v" Single nucleotide variants
(SNVs): missense,
nonsense, frameshift

v Splice site variants

Family variant testing v Typically only test the DOES NOT identify:
variant identified in family X Variants or genes outside of the
member(s) or sequence of specific ones tested

whole gene of interest
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Exome sequencing
+ / - mitochondrial
analysis

Genome sequencing

Karyotype

Chromosomal microarray

Repeat expansion
analysis

Sequencing of coding DOES NOT identify:

regions of genes (exons) X Large copy number variants
Phenotype - driven analysis (depending on lab methods)
Re-analysis is typically X Repeat expansion disorders
offered and recommended X Variants in genes not related to the
if new phenotype indication for testing (secondary
information is gained findings may be included in some
May be ran as a “duo” or cases)

“trio" (biological parents X Some genes with homology,

may be included) repetitive regions or pseudogenes

(check with the lab about your
particular gene)

Sequencing of coding and DOES NOT identify:

some non-coding regions X Some repeat expansion disorders
of gene (check with individual labs)

Assay has more uniform X Some genes with homology,
coverage across the repetitive regions or pseudogenes
genome (check with the lab about your
Potential to detect certain particular gene)

repeat expansion disorders
and mitochondrial related
disorders (check with lab)

Analyzes full chromosome  DOES NOT identify:

differences - extra or X Genetic changes <5-10MB in size
missing chromosomes,

balanced/imbalance

chromosome translocation

or rearrangements

Can detect chromosomal ~ DOES NOT identify:
microdeletions and X Balanced rearrangements or small
duplications >1kb in size single gene exonic
deletions/duplications
X Low levels of mosaicism

Can detect repeat DOES NOT identify:
expansion disorders (i.e. X All other variant types including
Fragile X, SCAs, HD, SNV, CNVs

C9orf72, and some
neuromuscular conditions
Some labs can report exact
repeat number while others
may not, depend on the lab
technology
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Example Report:
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If you have any questions or feedback on this handout, would like to suggest changes or inquire
about additional training, please contact the Variant Curation Task Force at

variantcurationrequests@mgb.org.

Thank you to the following people for helping in the development of this handout:
Lauren Briere, MS, CGC, Helen Chen, MS, CGC, Emma Henricks, MS, CGC, Anna Nagy, MS, CGC,
Chelsea Stevens, MS, CGC, the Variant Curation Task Force members
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