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The whole exome study was high quality. We found 49 small
(1–3 bp) insertions/deletions in coding regions with an allele
frequency less than 2% and 1,496 nonsynonymous single
nucleotide variations (SNVs) in coding and splice sites again
with an allele frequency less than 2%. These changes occurred
in heterozygous or homozygous state.

Having a single family wewere particularly concernedwith
deleterious mutations and variants on the genes related to the
clinical phenotype along with probable disease-causing mu-
tations or variants of unknown significance. KCNQ2 gene’s
involvementfitswellwith the clinical presentation in this case.

The KCNQ2 c.849delG is novel as compared with the
following control databases: (1) NHLBI Exome Sequencing
Project (ESP) Exome Variant Server (http://evs.gs.washing-
ton.edu/EVS/), (2) dbSNP-National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/SNP/) and http://
www.ncbi.nlm.nih.gov/clinvar, (3) 1000 Genomes Project
(www.1000genomes.org), (4) Yale proprietary internal data-
base of 2,500 individuals, (5) recently released exomedatabase
of the Broad Institute, Exome Aggregation Consortium (http://
exac.broadinstitute.org), which later includes data from a total
of 61,486 unrelated individuals sequenced as part of various
projects, both disease related and population genetic studies.

We have conducted a detailed analysis of the entire exome
dataset. No additional rare variants or mutations (SNVs in
coding and splice sites or few nucleotide insertions/deletions)
were identified in genes related to this patient’s phenotype.
Specifically, wehad a rather large array of consensus candidate
genes implicated in genetic forms of epilepsy, including non-
syndromic and syndromic presentations, which were evaluat-
ed in detail, including genes encoding voltage-gated
potassium, sodium and calcium channels or neurotransmitter
receptors, amongothers (see the list and definitions belowand
the control databases used for comparison above).

Candidate Gene List
ABAT, ABCB1, ADSL, ALDH7A1, ZEB2, ZIC2, ARFGEF2, ARH-
GEF9, ARX, ASPM, ATP1A2, PPT1, PRICKLE1, PRICKLE2, AT-
P6AP2, ATR, BRD2, BCKDK, PRRT2, PTCH1, CACNA1A,
CACNA1H, CACNB4, CASK, CASR, CCL2, CDK5RAP2, CDKL5,
CDON, CENPJ, RELN, CEP152, CHRNA2, CHRNA4, CHRNB2,
CLCN2, CLN3, CLN5, CLN6, CLN8, CNTNAP2, TGIF1, DEPDC5,
CSTB, CTSD, DCX, EFHC1, EFHC2, EMX2, EPM2A, VANGL1,
WDR62, FLNA, FLVCR2, FOLR1, FOXG1, FOXH1, GABRA1,
GABRB3, GABRD, GABRG2, GAMT, GATM, GLI2, GPR56,
GRIN1, GRIN2A, TPP1, HCN1, HCN3, HCN4, KCTD7, KCNA1,
KCNAB1, KCNJ10, KCNJ11, KCNMA1, KCNQ2, KCNQ3, KCNV2,
LGI1, SCN1A, SCN1B, SCN2B, SCN3A, SCN3B, SCN4A, SCN4B,
SCN5A, SCN7A, SCN8A, SCN9A, SCN10A, SCN11A, MAGI2,
MBD5, MCPH1, ME2, MECP2, MEF2C, MFSD8, SHH, SIX3,
SLC2A1, SLC9A6, SLC25A19, SLC25A22, TBC1D24, TSEN2,
TSEN34, TSEN54, TNK2, MTHFR, NDE1, NDUFA1, NHLRC1,
NODAL, NRXN1, OPHN1, OPRM1, SPTAN1, SRPX2, UBE3A,

PAFAH1B1, PCDH19, PCNT, STIL, STXBP1, SYN1, PHF6, PLCB1,
PNKP, PNPO, POLG

The criteria for calling variants/mutations used were
adapted from the publication ACMG recommendations for
standards for interpretation and reporting of sequence var-
iations: Revisions 2007. Genet Med. 2008 Apr;10(4):294–
300. Positive for a deleterious mutation: In genes known to
cause disease by loss of function, genetic alterations are
considered deleterious if they are predicted to truncate the
encoded protein; for example, premature termination co-
dons, frameshifts, splice site mutations in the invariant bases
adjacent to exons, and whole-exon deletions or duplications.
Missense alterations are considered definitely deleterious if
they have a well-established association with disease based
on multiple independent studies including segregation with
disease in high-risk families, functional assays of the encoded
protein, or demonstration of abnormal mRNA transcript
processing. Probable disease-causing mutation: This category
includes genetic variants for which the available evidence
indicates a high likelihood of functional significance. This
designation is used for missense alterations and in-frame
deletions affecting highly conserved amino acids and for
variants predicted to alter RNA splicing (BDGP splice predic-
tor program) but which are not located in the invariant splice
sites flanking the exons. Novel missense variants occurring in
the same codon as a well-established missense mutation are
also included in this category. Variant of unknown signifi-
cance: Missense variants which do not meet the criteria listed
above and intronic variants whose effect on splicing is
ambiguous, as well as nonsense and frameshift mutations
located very close to the normal stop codon, are included in
this category.Nomutation detected: If no differences from the
standard human genome reference sequence were found, or
only genetic variants known to be benign polymorphisms
were found, or only silent variants not predicted to affect
splicing were found.

The identification of a deleterious mutation of a gene
causing an autosomal dominant disease in a family with a
likelyautosomaldominant pattern of inheritance (father to son
transmission) makes other mode of inheritance less likely.
Specifically, biallelic patterns of disease presenting with epi-
lepsy are very rare (exemplified by only fewcaseswith distinct
presentations, including biallelic mutation of SZT2 gene in a
compound-heterozygous state causing a specific form of early-
onset epileptic encephalopathy1or biallelic deletion or dele-
tion/nonsense mutation of NRXN1 gene causing epilepsy in
the setting of profound developmental delay, precocious pu-
berty and GI problems, and Pitt–Hopkins syndrome).2 Similar-
ly, digenic mutation presenting with epilepsy are exceedingly
rare (few cases of Long QT syndrome associated with epilepsy
have been identified do far due to mutations of both KCNQ1
and KCNH2 genes or the KCNE2 and SCN5A genes in the given
patient).

We have provided an extensive list of genes implicated in
genetic forms of epilepsy, including nonsyndromic and
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syndromic presentations; the list includes the genes de-
scribed to be affected in the cases of biallelic and digenic
inheritance. This gene list was evaluated in detail and no
additional rare variants or mutations (SNVs or small nucleo-
tide insertions/deletions) were identified. In principle, the
role of additional genetic modifiers, among others, cannot be
excluded with any of the phenotypes.
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