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Advancing the phenome alongside the
genome in epilepsy studies

The development of high-throughput sequencing
technologies has led to remarkable progress in under-
standing the genetic basis of human epilepsies. Over
the last 5 years, more than 20 genes have been iden-
tified through genome-first approaches, identifying
novel genes first and then working backwards to
understand the associated phenotypes. This approach
has been useful in epileptic encephalopathies, where
family-based exome studies have identified a growing
list of genes with causative de novo mutations.1

The reliance on genetic rather than phenotypic
data has led to an unusual schism in the epilepsy field.
Historically, precise and detailed phenotyping was the
key component to successful gene identification. For
example, the discovery of SCN1A in genetic epilepsy
with febrile seizures plus relied on phenotypic sub-
tleties between febrile seizures and febrile seizures
plus, and the identification of CHRNA4 as the first
gene in human epilepsy required a careful distinction
between nocturnal frontal lobe seizures and parasom-
nias.2,3 However, in 2017, precise phenotyping is
often perceived as a bottleneck in large-scale studies
that is dependent on human effort.

In the current issue ofNeurology®, Tobochnik and
collaborators4 present a novel approach to reconcile
the discrepancy between detailed phenotyping and
large-scale studies. Using the Epilepsy Phenome/
Genome Project (EPGP) dataset, the authors demon-
strate the surprising aspects of epilepsy genetics when
phenotypic features are taken into account. The
EPGP dataset is remarkable as one of the few epilepsy
datasets where detailed and uniform phenotyping has
been performed in every participant. The authors ask
the question whether certain phenotypic features in
focal epilepsies are seen more often in affected rela-
tives than expected. There is some precedence to sug-
gest that such an approach is worthwhile: the LGI1
gene was initially discovered in familial lateral tempo-
ral lobe epilepsy, where phenotypic details such as the
presence of auditory features determined whether
a family was positive for segregation with this gene.5

To approach the question of familial aggregation
of focal seizures symptoms, 149 families with

nonacquired focal epilepsy in the EPGP cohort were
investigated.4 The authors found that motor, auto-
nomic, psychic, and aphasic seizure semiologies clus-
tered in families. Even subtle phenotypic features
such as whole body posturing, diaphoresis, dyspnea,
fear, and dej́a ̀ vu/jamais vu showed familial aggrega-
tion. Also, the type of focal seizure, including simple
partial seizures, complex partial seizures, and second-
arily generalized seizures, clustered in families. The
long list of phenotypic features that demonstrate
familial aggregation in the EPGP dataset is remark-
able. It conflicts with our current understanding of
disease genetics and suggests a component in human
epilepsy that is yet to be identified. Many of the
features identified as present in up to 40% of patients
have an odds ratio of 2 or higher—no genetic factor
known to date in human epilepsy is compatible with
such a model. Accordingly, the study by Tobochnik
and collaborators raises 2 main questions.

First, can the identified phenotypic features help
in discovering novel genes? Particularly in milder
nonlesional epilepsies, few genetic risk factors are
known and novel strategies to find causative genes
are needed. The current study builds upon the
authors’ previous work on familial clustering in
seizure types and epilepsy syndromes.6 Various
genetic models for familial clustering have been dis-
cussed; for example, allelic heterogeneity of a major
gene, multiple interactions between genes, imprint-
ing, interaction with environmental factors, and
interaction between a major gene and modifier genes.
So far, the discussion had been theoretical given the
lack of available genetic data. However, the EPGP
cohort has been exome-sequenced within the Epi4K
project.7 Combining the findings by Tobochnik et al.
with the existing genetic data is therefore feasible in
the near future.

Second, what are the future possibilities of pheno-
typing in epilepsy genetic studies? It is tempting to
speculate that detailed phenotypes in large-scale studies
may help prioritize novel genes. However, the tradi-
tional phenotyping approach is labor- and cost-
intensive. The cost for phenotyping a single patient
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in the EPGP cohort approached $1,000—equaling the
cost of a human genome sequence in 2017. But there
are interesting advances in the phenotyping field.
Novel technologies using data extraction from elec-
tronic medical health records or standardized pheno-
typic languages such as Human Phenotype Ontology
may facilitate the inclusion of phenotypic datasets.8

Furthermore, integration of imaging and EEG datasets
as in the ENIGMA or iEEG project may result in new
insights through cross-modal analyses.9,10

The study by Tobochnik and collaborators dem-
onstrates that systematic phenotyping in large epi-
lepsy datasets can reveal phenotypic aggregations
that are beyond our current understanding of disease
genetics. It is a good reminder that even in the era of
genome-first study, there is a primacy of the phenome
that needs to direct future studies.
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