
THE HELIX

Nicholas E. Johnson, MD
Deputy Editor

Correspondence to
Dr. Johnson:
nicholas.johnson@hsc.utah.edu

Neurol Genet
2015;1:e37; doi: 10.1212/
NXG.0000000000000037

Whole-exome sequencing in neurologic
practice
Reducing the diagnostic odyssey

The current issue of Neurology® Genetics emphasizes
the unparalleled role of next-generation sequencing
(NGS) in defining an expanding spectrum of genetic
neurologic disorders. Clinically, NGS encompasses
the use of large gene panels, whole-exome sequencing
(WES), or whole-genome sequencing (WGS). The
impact of NGS technology is twofold. First, research-
ers have discovered novel genes as the cause of neu-
rologic disorders. This research includes the efforts of
Martikainen et al.1 to define further the phenotype of
a previously reported SNCA mutation that is associ-
ated with autosomal dominant Parkinson disease.
Second and more common is the connection of novel
phenotypes with previously described genes. Several
articles in the current issue highlight the role of NGS
in this effort. For example, Schottman et al.2 identi-
fied REEP1 mutations as the cause of a severe axonal
neuropathy with a spinal muscular atrophy with res-
piratory distress (SMARD) phenotype. This gene was
previously associated with a hereditary spastic para-
plegia phenotype. Similarly, Shieh et al.3 expand the
phenotype associated with mutations in L1CAM to a
neuronal migration phenotype.

When evaluating the impact of NGS, it is clear that
previously described genetic disorders include a wider
spectrum of phenotypes than previously appreciated.
This makes it challenging for the practicing clinician
to see a patient, identify a candidate mutation, and test
for a single genetic disorder with relative efficiency.
Sequential gene testing or Sanger-based genetic panels
are time-consuming for both the practitioner and the
patient and may lead to a prolonged diagnostic odyssey
at great expense. The estimated cost for full-panel test-
ing for Charcot-Marie-Tooth disease ranges from
$1,500 to $7,000, compared to the cost of CLIA-
conforming WES at $4,500. Clearly, NGS technology
has the potential to cast a wide net and may arrive at a
conclusive diagnosis with relative efficiency. However,
as Dr. Angelini4 notes, cost is still a factor in the use of
this technology.

Given the increasing availability of NGS testing as
highlighted by this issue of Neurology: Genetics, we

would like to review some best practices for ordering
NGS. For a complete review, please see the American
College of Medical Genetics and Genomics policy
statement on this issue.5

The first issue to consider concerns the selection of
patients who are the best candidates for testing using
NGS techniques. A single genetic test may still be best
to assess classic genotype–phenotype correlations. A
patient with grip myotonia and early-onset cataracts
would require a genetic test only for myotonic dystro-
phy type 1. The currently available NGS technology
may not be able to detect individuals suspected of
having a repeat expansion disorder (e.g., spinocerebel-
lar ataxia) or a mutation in a noncoding region (e.g.,
facioscapulohumeral muscular dystrophy).

WES may better assess phenotypes with broad phe-
notypic variability and overlap of many potential
genetic causes. Several reports in the current issue pro-
vide evidence of this and start with a population-based
cohort. In these articles, the yield for NGS was 5.6%–

59%, which is similar to previous reports of a 32.1%
positive diagnostic rate with NGS.6–8 Some of this
variation in the diagnostic sensitivity of NGS is the
result of how selective the cohort was relative to the
phenotype.

In the United States, insurance approval may be
an issue, although we would argue that the positive
yield for appropriately selected cases is higher than
that of other commonly approved tests (e.g., chromo-
somal microarray).9 Overall, for individuals suspected
of having a genetic disorder, NGS may provide a cost-
effective diagnostic tool and should not be reserved as
a “last resort.”

The process of identifying variants and accepting
them as pathogenic is a second practice worth not-
ing. The increasing use of sequencing technology
in a larger population of individuals has identified
increasing variation in the genome. Should a clini-
cian order NGS (especially WES or WGS) for a
patient, there is a high likelihood that a list of
“variants of uncertain significance” will be issued.
Many of these variants will prove benign, and most
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laboratories doing NGS testing will provide an
assessment of the pathogenicity of the variant, but
it should be considered with caution. Currently
available informatics tools to assess pathogenicity
require significant expertise. Any rare variant has
the potential to be pathogenic even if bioinfor-
matics tools predict that the variant is benign. Sim-
ilarly, variants with predicted pathogenicity are
commonly proved benign in later studies. Much
like any other type of referral, the discovery of a rare
variant in a patient thought to be pathogenic may
prompt a referral to a colleague with specialized
interpretation in this area. Indeed, both Nascimen-
to et al.10 and Sullivan et al.11 report novel muta-
tions in previously associated genes. Whenever
possible, sequencing of both parents and the pro-
band will substantially increase the interpretability
of any variants detected. Of course, clinicians also
need to prepare for unexpected results. For example,
test results may identify BRCA1 mutations in a
patient with a hereditary neuropathy. Often, a
genetic counselor can be invaluable for navigating
the results.

As the current issue of Neurology: Genetics shows
us, NGS technology has had a profound impact on
how we practice neurology. The expanding pheno-
types of these genetic disorders have blurred classi-
cally defined genotype–phenotype correlations,
sometimes making it difficult for both clinicians
and patients to know how to proceed with genetic
testing. We hope that the best practices delineated
here will provide some guidance to the practicing
neurologist and offer this revolutionary tool to all
patients who need it.
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