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INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is an adult-onset neuro-
degenerative disorder characterized by loss of upper and lower 
motor neurons, progressive paralysis, and death within an aver-
age of 2–5 years after symptom onset. Diagnosis is based on 
clinical features, electrodiagnostic testing, and exclusion of other 
diseases with overlapping symptoms. Treatment is palliative, and 
there are currently no effective disease-modifying medical thera-
pies other than riluzole, which slows progression and prolongs 
survival by an average of 3 months.1 Although the majority of 
cases appear to occur as sporadic ALS (sALS), approximately 
5–10% of ALS patients have a family history of ALS (familial ALS 
(fALS)).2,3 Clinically, fALS and sALS are similar. However, fALS 
cases are distinguished by an earlier mean age of onset (46 years) 
than sALS cases (56 years).4,5 Disease progression in fALS may be 
significantly shorter or longer than in sALS and may be associ-
ated with specific genetic mutations.4,6 The distinction between 
fALS and sALS is increasingly blurred as common biologic and 
genetic features are recognized, although classifying ALS cases as 
familial or sporadic remains useful in clinical practice.7

Patients with ALS often ask why they developed the disease, 
what the chance is that they will pass it on to their children, 
and how quickly their condition will progress.8,9 Historically, 
the majority of patients (with sALS) were reassured that no 
one else in their family was at risk. Patients with fALS were told 
that their condition could be passed on to children, but because 
genetic testing was limited to SOD1, accounting for 20% of 
fALS cases, most patients had to accept that the precise cause of 
their condition could not be determined.10

In recent years, the landscape of genetic testing and genetic 
counseling for ALS has been transformed with the identification 

of novel genes, including C9orf72, the recognition of the link 
between ALS and frontotemporal dementia (FTD), and the advent 
of next-generation sequencing technology. The genetic basis of 
two-thirds of fALS and 10% of sALS case has now been estab-
lished. The 2011 discovery of the hexanucleotide repeat expansion 
in C9orf72 led to the identification of pathogenic expansions in a 
significant percentage of both fALS and sALS and revealed a com-
mon genetic etiology of ALS and FTD.11,12 Although ALS patients 
desire access to genetic testing,13 genetic advances have been slow 
to reach the clinical care of the ALS patient.10

In this article, we review the current understanding of ALS 
genetics, outline genetic counseling considerations, and sum-
marize testing options and factors to consider when deter-
mining appropriate genetic testing for ALS patients. This 
information may be useful to geneticists, genetic counselors, 
neurologists, and other clinicians who provide care and educa-
tion to patients with ALS. With increased access to genetic test-
ing and counseling, ALS patients and families may benefit from 
the many recent advances in the field of ALS genetics.

OVERVIEW OF ALS GENETICS
Study of fALS pedigrees has led to the discovery of more than 
25 ALS genes,14 which account for two-thirds of fALS cases and 
approximately 11% of sALS cases7 (see Figure 1). The majority 
of ALS genes are inherited in a dominant fashion with variable 
and age-dependent penetrance. Significant intrafamilial and 
interfamilial variability in age of onset and disease progression 
is observed.15 Genes that may cause recessive disease include 
OPTN, SPG11, FUS, and SOD1 (specifically, the homozygous 
Asp90Ala mutation), among others; the UBQLN2 gene is 
X-linked dominant. Here, we review the most prevalent ALS 
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Patients with amyotrophic lateral sclerosis (ALS) often have questions 
about why they developed the disease and the likelihood that family 
members will also be affected. In recent years, providing answers to 
these questions has become more complex with the identification of 
multiple novel genes, the newly recognized etiologic link between ALS 
and frontotemporal dementia (FTD), and the increased availability of 
commercial genetic testing. A genetic diagnosis is particularly impor-
tant to establish in the era of emerging gene-based therapies, such as 

SOD1 antisense oligonucleotide trials. In the span of a few years, ALS 
genetic testing options have progressed from testing of a single gene 
to multigene next-generation sequencing panels and whole-exome 
sequencing. This article provides suggestions for genetic counseling 
and genetic testing for ALS in this new environment.
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genes and highlight several minor genes associated with unique 
“crossover” motor neuron disease phenotypes.

C9orf72. A pathogenic hexanucleotide (G4C2) repeat expansion 
in the first intron of C9orf72 accounts for approximately 40% 
of fALS and approximately 7% of sALS, approximately 25% 
of familial FTD,7,16 and up to 88% of cases of combined ALS/
FTD.17 These frequencies far exceed those of any other ALS 
or FTD gene; however, pathogenic C9orf72 repeat expansion 
frequencies vary greatly by ethnicity/geographic origin. 
The highest frequencies are reported in northern European 
(particularly Scandinavian) countries, with low frequencies 
reported in Asian countries.17 To date, the C9orf72 repeat 
expansion is the only ALS mutation found at >2% frequency 
in sALS.7

In addition to the upper and lower motor neuron dysfunc-
tion characteristic of ALS, the C9orf72 repeat expansion causes 
frontotemporal lobar degeneration, manifesting clinically with 
behavior changes, executive dysfunction, and/or language 
impairment. Brain MRI may show symmetric bilateral frontal 
lobe atrophy.17 On FDG PET, ALS patients with C9orf72 expan-
sions may show hypometabolism in the anterior and posterior 
cingulate cortex, insula, caudate, and thalamus, and the left 
frontal and superior temporal cortex, and hypermetabolism in 
the midbrain, bilateral occipital cortex, globus pallidus, and left 
interior temporal cortex compared to patients with sporadic 
ALS.18 In addition to ALS and FTD, C9orf72 expansions may 
cause parkinsonism (typically the akinetic rigid type without 
tremor19) and psychotic symptoms.20 Age at onset is most often 
between 30 and 70 years. The first symptoms may be solely FTD 
or ALS, with additional symptoms developing with disease 
progression.21

The size of the G4C2 repeat in C9orf72 alleles ranges from 
2 repeats to more than 4,000 (refs. 11,12); disease alleles are 
characterized by repeat expansion. Repeat alleles of <25 G4C2 
units are typically considered normal.16,22 The repeat size at 
which pathogenicity occurs is not precisely clear. As outlined 
by Gijselnick et al.,23 establishing a clear repeat size cutoff for 
pathogenicity has been complicated by the identification of 
intermediate size alleles of 25–60 repeat units in FTD and ALS 
(but not consistently segregating with disease) and variable 
laboratory methods and imprecision in sizing larger repeats. 
Additionally, intraindividual variation of repeat sizes may be 
significant in expansion carriers, with larger repeat sizes occur-
ring in neural compared to nonneural tissues.24 Although there 
are literature reports of anticipation, this has not been clearly 
established as a feature of C9orf72 ALS/FTD.7,23

The C9orf72 repeat expansion is transmitted in an auto-
somal-dominant fashion, with variable and age-dependent 
penetrance. Most affected individuals have an affected parent. 
However, lack of knowledge of family history, lack of recogni-
tion of disease in a parent, death of a parent before symptom 
onset, and other circumstances can lead to an apparently nega-
tive family history. Early studies have estimated cumulative age-
dependent penetrance of 0% at age 35 years, 50% at 58 years, 
and almost 100% by 80 years.16,25 However, neurologically 
healthy and elderly obligate carriers of disease alleles are known 
to occur in ALS/FTD families, and expanded repeat alleles have 
been identified in 0.2–0.6% of unaffected population controls, 
including the elderly.21 Further study is needed to understand 
the penetrance of the C9orf72 repeat expansion. Preclinical 
efforts are currently underway to investigate the use of allele-
specific oligonucleotides (ASOs) to treat the pathologic features 
of the C9orf72 expansion.26

SOD1. SOD1 was the first gene reported as a cause of fALS and was 
identified via linkage analysis.27 Mutations in SOD1 are the second 
most common known cause of fALS after C9orf72, and they are 
reported to occur in approximately 12% of fALS and approxi-
mately 1–2% of sALS cases.28 The frequency of SOD1 mutations 
varies widely by population, occurring in 38% of fALS cases in 
Iran29 and 0% in Ireland.30 Clinically, SOD1 mutations are usually 
not associated with cognitive impairment, and bulbar onset is less 
common than in other fALS types.31 Some genotype–phenotype 
correlations are known; the Ala5Val mutation (denoted in older 
reports as Ala4Val) accounts for half of SOD1 mutations in North 
America and causes a rapidly progressive course and death within 
1 year of symptom onset.6 Other mutations are associated with a 
prolonged disease course of 10 years or more, including Gly37Arg, 
Gly41Asp, His46Arg, Glu100Lys,4,6 and Asp90Ala.32

SOD1 mutations are typically inherited in an autosomal-
dominant manner. The Asp90Ala mutation, however, is reces-
sive in northern Scandinavia33 and may be dominant in other 
populations.34 Dominant SOD1 mutations are associated with 
variable and age-dependent penetrance. Penetrance figures 
may overestimate risk because of ascertainment bias of families 
with high penetrance mutations. In a large pedigree with the 

Figure 1  The proportion of amyotrophic lateral sclerosis cases 
attributable to each gene in populations of European descent.
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Ile113Thr mutation, penetrance was estimated as 50% by age 60 
years and 88% by age 80 years.35

A phase I trial of low doses of a therapeutic oligonucleotide 
targeting SOD1 was completed in 2012 with no adverse effects 
compared to placebo.26 Several clinical trials are currently inves-
tigating therapies in SOD1 mutation carriers (clinicaltrials.gov 
NCT01083667, NCT00706147, and NCT02623699).

TARDBP. Mutations in TARDBP are dominantly transmitted 
and found in up to approximately 4% of fALS and approxi-
mately 1% of sALS cases.36 Prior to the discovery of mutations 
in this gene in fALS, its protein product (TDP-43) was found 
to be a component of the ubiquitin-positive neuronal inclu-
sions characteristic of both ALS and FTD.37 TARDBP mutations 
have been identified in geographically diverse ALS families; a 
founder effect in Sardinia is associated with a high frequency 
of the Ala382Thr mutation.36 TARDBP-associated ALS is con-
sidered to have a typical clinical presentation that may involve 
FTD and, rarely, FTD without motor neuron disease.38,39

FUS. FUS mutations are reported to account for approximately 
4% of fALS and approximately 1% of sALS cases overall,7,40,41 
with the highest frequency (8.7%) identified in German fALS 
cases.42 Recurrent mutations identified in multiple families 
include Arg521Cys and Arg521Gly.43 Review of clinical 
information for 20 affected individuals revealed even gender 
distribution, average age of onset of 44.5 years, and cervical 
onset in 10, lumbar onset in five, and bulbar onset in three.41 
FUS mutations have been reported in FTD.44 FUS mutations 
have been associated with a shorter life span, although extensive 
intrafamilial variability has been observed.31 Truncating 
mutations have been identified in patients with early onset and 
an aggressive disease course.42 Recently, de novo FUS mutations 
were shown to be the most frequent cause of early-onset ALS 
(onset at age younger than 35 years) in a German series.45 
FUS mutations are typically dominant, although recessive 
inheritance of the homozygous His517Gln mutation has been 
reported in a fALS family of Cape Verdean origin.40

VCP. Mutations in VCP were first reported in families with 
inclusion body myopathy, Paget disease, and frontotempo-
ral dementia, and were later recognized as a cause of fALS.46 
Mutations in VCP may lead to a range of clinical presentations, 
even within the same family: ALS, ALS-FTD, ALS with Paget’s 
disease, and inclusion body myopathy and FTD.46–48 VCP muta-
tions are dominantly transmitted; the percentage of fALS cases 
attributable to VCP is estimated at 1–2%.46,48

MATR3. A missense mutation in MATR3, Ser85Cys, was first 
reported in two families with autosomal-dominant distal 
myopathy49; different missense mutations were later found in 
patients with sALS and fALS.50 Re-examination of one of the 
originally reported families identified brisk reflexes in some 
individuals, indicating motor neuron pathology. Individuals in 
that family developed progressive respiratory failure resulting 

in death, typically 15 years after symptoms onset, whereas other 
MATR3 mutations have been associated with a more typical 
ALS progression.50 MATR3 mutations are dominantly transmit-
ted and appear to be a rare cause of ALS.50,51

CHCHD10. The Ser59Leu mutation in CHCHD10, a nuclear gene 
encoding a small mitochondrial protein, was first reported in 
a large family with late-onset motor neuron disease, cognitive 
decline resembling FTD, cerebellar ataxia, and myopathy. Muscle 
biopsy specimens of affected individuals showed ragged-red and 
cytochrome c oxidase–negative fibers with combined respiratory 
chain deficiency and abnormal assembly of complex V.52 Other 
mutations have been subsequently reported in ALS, ALS-FTD, 
and FTD patients.53–58 CHCHD10 mutations are dominantly 
transmitted and appear to account for <1% of ALS cases.59

GENETIC COUNSELING AND GENETIC TESTING
Genetic risk assessment
As with all clinical genetic evaluations, family history is a 
fundamental component of ALS genetic risk assessment and 
genetic counseling. The clinician should document a three-
generation pedigree (at a minimum) that ascertains ALS, FTD, 
other dementias, parkinsonism, psychiatric disorders, and 
suicide.9,60 The pedigree should be reviewed for evidence of 
dominant transmission because the majority of ALS genes are 
dominant. However, nonpenetrance, incomplete family infor-
mation, misdiagnosis, false paternity, early death, undisclosed 
adoption, and other circumstances may obscure a clear pattern. 
For example, the presence of affected siblings is classically asso-
ciated with recessive inheritance, but in ALS it may also be seen 
in dominant transmission with nonpenetrance, early death, or 
other issue obscuring a parent’s genetic status.

In ALS patients who do not have a history of ALS or FTD in 
a first- or second-degree relative, empiric data may be offered 
to estimate the chance that relatives would develop ALS. The 
lifetime risk of ALS in first-degree relatives appears to be 1–3% 
(toward the higher end of this range in male relatives and 
toward the lower end in female relatives). Risks for second-
degree relatives are increased to a lesser degree, and risks for 
more distantly related family members do not appear to be 
increased.3,61 It is appropriate to discuss this risk information 
with families of probands of European descent with no close 
family history of ALS or FTD. Data on familial clustering of 
ALS in other populations is not readily available, and the dif-
ferent geographic distribution of the C9orf72 repeat expansion 
is one reason why European-derived empiric data may not be 
applicable to individuals of non-European descent.

The likelihood of a known, highly penetrant mutation in 
apparently sporadic cases is approximately 11%, with C9orf72 
accounting for the majority of this risk.7 A notable exception 
to this is cases of combined ALS/FTD, which are highly associ-
ated with C9orf72 repeat expansions (at frequencies as high as 
88%),21 even in the context of a negative family history.

For ALS patients who have a first- or second-degree rela-
tive affected with ALS or FTD, genetic risk assessment for 
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family members should be informed by pedigree analysis and/
or results of genetic testing. If dominant transmission is con-
sidered a possibility, then the 50% chance that children could 
inherit an ALS mutation should be discussed. The likelihood 
that a known, highly penetrant mutation is present is estimated 
at 60–70%.7 The majority of combined cases of ALS/FTD with a 
positive family history of either condition are caused by C9orf72 
repeat expansions.21

Genetic testing options
Genetic testing options for ALS now include Sanger sequenc-
ing of individual genes, assays for the C9orf72 repeat expansion, 
sequential testing of multiple genes, next-generation sequenc-
ing panels (which are typically “bundled” with a C9orf72 assay), 
and whole-exome sequencing. Currently available tests, with 
estimated turnaround times and costs, are listed in Table 1. The 
information displayed in this Table was gathered by surveying 
the major commercial laboratories offering ALS genetic testing 
at the time of drafting this article. For the most current infor-
mation, the website or staff of the specific laboratory should be 
consulted at the time of testing.

There are several reasons to consider offering C9orf72 repeat 
expansion testing to all patients with ALS of European or par-
tially European descent, regardless of family history. The overall 
7% frequency of the C9orf72 repeat expansion in sALS,7 rela-
tively low cost of the test, potential import of the test result, and 
the current and imminent state of C9orf72-targeted therapeu-
tic trials may justify this approach. For fALS patients who test 
negative for C9orf72 expansion and for non-European patients 
with fALS, multigene panel testing should be offered (see 
Figure 2 for proposed testing schema). In our own clinic-based 
experience, this approach identifies a pathogenic mutation in 
63.6% of fALS cases,62 which concurs with published litera-
ture.7 One potential drawback of this approach is that it does 
not allow for identification of a second deleterious mutation or 
variant in patients who test positive for the C9orf72 expansion. 

Pedigrees with more than one segregating ALS mutation or 
variant have been identified at greater than expected frequen-
cies.63,64 In such cases where C9orf72 repeat testing is positive, as 
a first step, confirmation of a repeat expansion in each affected 
family member is particularly important.

Consideration should also be given to offering testing to 
sALS patients with early onset of symptoms (younger than 50 
years). Although extensive data on the yield of genetic testing 
in this population are not available, limited evidence suggests 
that patients with early-onset ALS, in the context of a negative 
family history, may harbor de novo mutations.45 If C9orf72 test-
ing is negative in a patient with early onset of symptoms, then 
multigene panel testing may be offered.

Although whole-exome sequencing has been fruitful in 
identifying ALS genes in research,65 the yield of whole-exome 
sequencing in the clinical evaluation of the ALS patient is 
unknown. In fALS pedigrees, there is frequently only one 
affected family member living and available for testing, thus 
limiting opportunities for segregation analysis. However, 
exome sequencing may be considered in certain circumstances 
if C9orf72 repeat expansion and panel testing are negative. sALS 
probands with early onset and both parents available for test-
ing/variant filtering may be appropriate candidates for exome 
sequencing. fALS cases in which two or more affected individu-
als are available for testing may also be considered candidates 
for exome sequencing.

Pretest counseling
Pretest genetic counseling should help patients anticipate the 
possible impact of genetic testing on themselves and their fam-
ily members. Patients who are cognitively impaired should be 
accompanied by a legal guardian or health-care proxy.60 The 
heterogeneity and variable penetrance of ALS genes should be 
emphasized. Patients and families should be informed of the 
limitations of genetic testing, including: (i) a negative result 
does not exclude a genetic basis or contribution to the proband’s 
ALS; (ii) the test may be uninformative if a variant of uncertain 
significance is identified; and (iii) positive results do not consis-
tently allow prediction of disease course. Families who are not 
ready to undergo genetic testing may consider DNA banking to 
permit future testing.

Presymptomatic genetic testing
Presymptomatic testing may be offered to adult first-degree rel-
atives of ALS patients with established mutations. At-risk family 
members may have many reasons for seeking presymptomatic 
testing: to reduce uncertainty, to plan for the future, to make 
health or lifestyle choices, and to make decisions about family 
planning.66 Historically, published guidelines for presymptom-
atic genetic testing in ALS have been tailored after protocols for 
Huntington disease and Alzheimer disease,9,67,68 which include 
pretest genetic counseling, baseline neurologic and cognitive 
assessment, psychological evaluation, in-person disclosure, 
presence of support person, and posttest genetic counseling. 
More recently, Benatar et al. studied presymptomatic testing in 

Table 1 Clinically available genetic testing for amyotrophic 
lateral sclerosis

Type of testing Indication
Turnaround 

time (weeks)
Approximate 

cost

Single-site testing by 
repeat-primed polymerase 
chain reaction

C9orf72 3–6 $250–$1,150

Single-site testing by 
Sanger sequencing and/
or NGS

SOD1 3–6 $540–$1,510

FUS 3–4 $870

TARDBP 3–4 $580

ANG 3–4 $370

OPTN 3–4 $830

hnRNPA1 2–3 $680

NGS panel 17 genes 4–6 $8,990

20 genes 4–6 $1,540

36 genes 3–4 $1,950

NGS, next-generation sequencing.
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ALS and made detailed recommendations for practice. These 
authors suggest that the testing process should involve at least 
two genetic counseling sessions (which may include predeci-
sion, pretest, and posttest counseling) and specify that phone 
counseling is acceptable. A minimum time interval of at least 
1 week is suggested between initial genetic counseling and the 
decision to undergo testing to allow sufficient time for individu-
als to assimilate information and make an informed decision.69

Irrespective of the structure of presymptomatic genetic coun-
seling, individuals should be assessed for psychosocial readi-
ness to undergo testing. Testing should be deferred in persons 
with active psychiatric conditions, current substance abuse, 
suicidal tendencies, or those without social support systems.69 
Motivations for seeking testing should be explored during 
genetic counseling and the limitations of testing should be 
emphasized. A positive test result does not resolve uncertainty 
regarding penetrance or clinical heterogeneity; age of onset, 
symptomatology, and even whether disease will actually occur 
cannot be predicted in most cases. Additionally, it should be 
discussed that no proven health, lifestyle, or medical interven-
tions can reduce the risk of disease at this time. Pretest coun-
seling should also address concerns related to genetic privacy. 
It should be emphasized that while state and federal laws pro-
hibit genetic discrimination for health insurance, these do not 
encompass life, disability, or long-term care insurance60; per-
sons seeking presymptomatic testing should be encouraged to 
consider arranging the latter prior to undergoing testing.

Concern exists regarding the perceived psychological risk to 
persons undergoing presymptomatic genetic testing. Limited 
evidence suggests that increased posttest distress among at-
risk family members who undergo testing electively following 
genetic counseling is transient and not clinically significant.70 
In a retrospective study of 135 persons undergoing presymp-
tomatic testing for Huntington disease, Dufrasne et al. found 
that all participants expressed satisfaction regarding their deci-
sion to undergo testing, and none had a catastrophic reaction.71 
However, psychological harms in presymptomatic genetic test-
ing for ALS have not been studied, and the complexity of ALS 
genetics and penetrance may limit the applicability of data 
derived from studies of testing in other conditions.

Posttest counseling
Individuals receiving a positive test result should be given the 
information regarding the gene, specific mutation, and any 
established genotype–phenotype correlations. Family history 
should be reviewed in the context of the inheritance pattern 
of the mutation, and implications and risks for family mem-
bers, including offspring, should be reviewed. The possibility of 
incomplete penetrance should be discussed. fALS families often 
develop theories about why the disease occurs; these should be 
explored and respectfully addressed. Clinicians should provide 
families with a copy of the genetic test result to facilitate accu-
rate testing of relatives, as well as a brief summary letter outlin-
ing the results. Such letters often serve as a vehicle to inform 

Figure 2 Genetic testing options for patients with amyotrophic lateral sclerosis (ALS). Genetic testing for patients with ALS should be considered on 
a case-by-case basis. This chart demonstrates available options for initial and follow-up genetic testing. *Early onset may be defined as onset of symptoms 
before age 50 years. **The yield of clinical genetic testing in sALS patients of non-European descent is unknown. ***Commercial NGS panels for ALS are 
typically “bundled” with a C9orf72 assay. NGS, next-generation sequencing.
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family members of the genetic diagnosis72 and are particularly 
important in ALS because probands may die or become unable 
to communicate before results are received.

Technical challenges in ALS genetic testing
The accuracy of laboratory methodologies for C9orf72 clini-
cal testing has been questioned. Although the Southern blot 
is considered the gold standard for detection and sizing of 
repeat expansion, this test is expensive and not widely avail-
able.73 Most laboratories use repeat-primed PCR (RP-PCR), 
which identifies alleles with >60 repeats but cannot specify 
the number of repeats.17 In some cases, amplicon length 
analysis is also used and allows determination of the exact 
number of repeats up to 30. Akimoto et al.73 performed an 
international blinded study in 14 laboratories with sam-
ples from 78 affected patients and found wide variance in 
reported genotypes as compared to the reference Southern 
blot result. They identified significant rates of false positives 
and negatives, and one specimen could not be genotyped at 
all in 9/14 laboratories. They concluded that a combination 
of amplicon length analysis and RP-PCR should be used for 
research purposes and that Southern blotting should be used 
for clinical testing.

A particular challenge with multigene panels, including ALS 
panels, is the high rate of variants of uncertain significance 
encountered. The variant of uncertain significance (VUS) 
rate—excluding cases where a VUS is reported in addition to 
a pathogenic change—with commercial multigene ALS pan-
els is as high as 9% (J. Roach, personal communication). VUS 
interpretation is particularly difficult in ALS because affected 
family members are often not available for segregation analysis. 
Emerging data suggest that rare variant burden plays a role in 
the etiology of ALS30,63 but is not helpful in VUS interpretation 
in individual cases.

In considering the potential significance of a given VUS, it is 
helpful to consult population databases to assess the frequency 
of the variant in large, ethnically matched populations. Available 
databases include the Exome Aggregation Consortium (http://
exac.broadinstitute.org/), the 1000 Genomes Project (http://
browser.1000genomes.org), and ClinVar (http://www.ncbi.
nlm.nih.gov/clinvar). Although variants reported in population 
databases may be less likely to be pathogenic, the presence of 
a variant in a population database does not exclude pathoge-
nicity. The ALS Data Browser (http://alsdb.org/) is a catalog of 
genetic variants identified from 1,424 Caucasian ALS patients 
that estimates the pathogenic potential of each variant in the 
form of Combined Annotation-Dependent Depletion scores. 
Variant assessment should also include review of the medical 
literature. If affected family members are available for testing, 
segregation analysis can be a powerful tool in variant interpre-
tation. Despite these approaches, however, uncertainty regard-
ing the significance of a VUS often remains. DNA banking is an 
option in these cases to enable testing of additional genes and/
or segregation analysis in the future.

SUmmARY
Current management guidelines for ALS do not address the 
issue of genetic testing.74 Recent progress in gene discov-
ery and technology has both complicated and empowered 
the process of genetic risk assessment, genetic testing, and 
counseling in ALS. A relatively short time ago, genetic test-
ing in ALS was limited to SOD1 sequencing; clinicians now 
have a wide array of testing options, including the C9orf72 
repeat expansion assay, multigene NGS panels, and whole-
exome sequencing. However, fundamental clinical skills such 
as the family history, pedigree analysis, and risk assessment 
remain critical to the proper application of genetic testing 
and counseling in this population. Genetic testing may help 
ALS patients understand the basis of their condition, allow 
accurate risk assessment and genetic testing of family mem-
bers, and open the door for genotype-specific treatments. 
As the genetic basis of the remainder of fALS, and poten-
tially sALS, is unraveled, genetic testing and counseling will 
become increasingly vital and should be incorporated into 
the routine management of ALS.
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