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Background: Idiopathic generalized epilepsy is the most common
group of epilepsy disorders in children and adolescents. Various types
of genetic abnormality were identified among the hereditary factors
that explain epilepsy.

Aims: To determine the variations in the etiopathogenesis, treatment
protocol planning, and prognosis of idiopathic generalized epilepsy
using the next-generation sequencing method.

Study Design: A cross-sectional study.

Methods: This study included 32 patients with idiopathic generalized
epilepsy. Genomic DNA was obtained from peripheral venous blood
samples taken from the patients. A total of 18 genes encoding ion

channel subunits that are involved in monogenic disorders and are
associated with idiopathic generalized epilepsy were included. The
targeted custom next-generation sequencing panel was designed to
cover all coding exons and all exon/intron splice site regions of 18
genes.

Results: We detected 9 (28%) variations, including 1 likely pathogenic
(a variant in the SCN14 gene) and 8 of unknown clinical significance
(2 in the CLCN2 genes, GABBR2, SCN1B, SLC2A41, SLC4A410 genes,
and 2 in the 7TBC1D24 gene).

Conclusion: Study results should be supported by functional advanced
studies, with increased existing knowledge in the relevant variations.

INTRODUCTION

Idiopathic generalized epilepsy (IGE) is the most common
group of epilepsy disorders in children and adolescents,
constituting approximately one-third of all cases. IGE syndromes
are characterized by generalized spike-wave discharges,
differences in age of onset, different seizure types, characteristic
electroencephalography (EEG) abnormalities, absence of structural
brain lesions, and normal developmental abilities."> Various types of
genetic abnormality, such as monogenic, complex, mitochondrial,
chromosomal, and imprinting, were identified among the hereditary
factors that explain epilepsy. However, the underlying genetic
abnormalities remain unclear in most clinical cases.? To date, studies
have elucidated the genetic etiology of epilepsy syndromes whereby
several genetic abnormalities are associated with or contribute to
this condition.* In recent years, important discoveries have identified
genes in monogenic forms of epilepsy.’ Next-generation sequencing
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(NGS) has the potential to detect epilepsy-associated causative
mutations and empower molecular diagnosis to explain variable
phenotypic disorder status. NGS potentially detects epilepsy-
associated causative mutations and empowers molecular diagnosis
to explain variable phenotypic disorder status. The widespread use
of NGS technologies in research and diagnostic laboratories has
facilitated rapid epilepsy-related gene identification.* Herein, we
report a clinical genetic study of a Turkish population with IGE
using targeted NGS. The targeted custom NGS panel contained 18
genes that are involved in monogenic disorders and are associated
with IGE.

MATERIALS AND METHODS

Patients

The study included 32 patients (22 females and 10 males) diagnosed
with IGE from December 2018 to October 2019. The patients’ ages
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ranged from 17 to 57 years, with a mean age of ~28.9 years.The
patients and their parents were informed about the study before
obtaining signed voluntary consent forms. This study was approved
by the Scientific Research Ethics Committee of Trakya University
Faculty of Medicine.Inclusion criteria were IGE diagnosis, ages
of 16-60 years, and without additional neurological findings,
consanguinity, traumatic findings in their epilepsy history, and
clinically known syndrome or findings incompatible with the
disease. Patients with a history of intellectual disability and major
congenital anomalies were excluded from the study. Parents
in cases with genetic variation were included in the segregation
analysis.

Genomic DNA (gDNA) was extracted from peripheral blood
samples following the manufacturer’s protocol using the EZ1
Advanced XL automated nucleic acid isolation device operating
with the EZ1 DNA Blood isolation kit (Qiagen, Germany). The
final volume of the obtained gDNA was adjusted to 100 pl. All
samples with DNA purity grades of 260/280 less than 2 and
concentrations of >20 pl/ng were included in the study.

IGE NGS Panel

A total of 18 genes that are involved in monogenic disorders
and are associated with IGE were included based on the Online
Mendelian Inheritance in Man (OMIM) database and literature
review. A Qiagen Targeted Custom NGS panel was designed to
cover all coding exon regions and all exon/intron splice regions of
the genes of interest. The CHRNA2, CHRNA4, CHRNB2, CLCN2,
GABRAI, GABR2, GABRD, KCNQ2, KCNQ3, KCNT1, SCN14,
SCNIB, SCN24, and SCN94 genes encoding the subunits of ion

TABLE 1. Identification, Transcript Information, and Exon Number of the Genes
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channels and IGE related/candidate genes EFHCI, SLC2101,
SLCD241, and TBCID24 genes were included in the study.
Canonical transcripts, transcript ID, and exon numbers of the 18
studied genes are presented in Table 1.

RESULTS

Patient Characteristics

This study included 32 patients with clinical IGE pre-diagnoses.
The patients consisted of 22 (68.75%) females and 10 (31.25%)
males. The patients’ ages ranged from 17 to 57 years, with a
median of 28.9 years.

Clinical follow-up was indicated due to the suspicion of Marfan
Syndrome based on the neurological examination of 32 patients.
Therefore, the NGS results of the patients were excluded from the
presented NGS data.

The earliest age of onset was 8 years and the latest was 34 years.
The age of onset for 3 patients could not be determined. Table 2
shows the patients’ age, age of onset, gender distribution, seizure
type, syndrome type, electroencephalogram (EEG)/video EEG
findings, and notable features.

The EEG results revealed anomalies in 19 (59.3%) patients. Venous
malformation was detected in the right cerebellar hemisphere
as a result of magnetic resonance in patient 7 only, and the other
patients’ magnetic resonance imaging (MRI) results were evaluated
as normal. Of the patients, 17 did not have any history of seizures in
family or close relatives, while 15 had a family history of seizures
(53%). A risk factor for IGE was detected in 4 (12.5%) patients.

Gene Gene description Transcript ID Exons

CHRNA2 Cholinergic Receptor, Neuronal Nicotinic, Alpha Polypeptide 2 ENST00000407991.3 7 Exon
CHRNA4 Cholinergic Receptor, Neuronal Nicotinic, Alpha Polypeptide ENST00000370263.9 6 Exon
CHRNB2 Cholinergic Receptor, Neuronal Nicotinic, Beta Polypeptide 2 ENST00000368476.4 6 Exon
CLCN2 Chloride Channel 2 ENST00000265593.9 24 Exon
GABRAI Gamma-Aminobutyric Acid Receptor, Alpha-1; Gabral ENST00000393943.10 10 Exon
GABRA2 Gamma-Aminobutyric Acid Receptor, Alpha-2 ENST00000381620.9 10 Exon
GABRD Gamma-Aminobutyric Acid Receptor, Delta ENST00000378585.7 9 Exon
KCNQ?2 Potassium Channel Voltage-Gated Kqt-Like Subfamily Member 2 ENST00000359125.6 17 Exon
KCNQ3 Potassium Channel Voltage-Gated Kqt-Like Subfamily Member 3 ENST00000388996.10 15 Exon
KCNT1 Potassium Channel, Subfamily T, Member 1 ENST00000371757.7 31 Exon
SCNI1A Sodium Channel, Neuronal Type I, Alpha Subunit ENST00000674923.1 29 Exon
SCNIB Sodium Channel, Voltage-Gated, Type I, Beta Subunit ENST00000262631.11 6 Exon
SCN24 Sodium Channel, Voltage-Gated, Type I1, Alpha Subunit ENST00000375437.7 27 Exon
SCN94 Sodium Channel, Voltage-Gated, Type Ix, Alpha Subunit ENST00000642356.2 27 Exon
EFHCI Ef-Hand Domain (C-Terminal)-Containing Protein 1 ENST00000371068.11 11 Exon
SLC241 Solute Carrier Family 2 (Facilitated Glucose Transporter Member 1) ENST00000426263.10 10 Exon
SLC4A410 Solute Carrier Family 4 (Sodium Bicarbonate Transporter-Like), Member 10 ENST00000446997.6 27 Exon
TBCI1D24 Tbcl Domain Family, Member 24 ENST00000646147.1 8 Exon
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IGE syndrome type was found in 16 patients as juvenile myoclonic
epilepsy (JME) (50%) and generalized tonic-clonic (TC)
seizure (GTCS) in 6 (18.75%). Table 3.1 shows the syndrome
type information of the other 11 patients. The seizure type was
evaluated as TC and myoclonic (43.75%) in 14 patients. Seizure
type information for 18 patients is given in Table 3.1. Additionally,
17 (53%) patients had no seizures in the past year, 10 (31%) had
less than one seizure per month, and 5 (15.6%) had more than one
seizure per month.

TABLE 2. Patient and disease characteristics

15

NGS Panel Screening Results

A coverage percentage of >96 was found in 280 exons and exon/
intron splicing regions in terms of the 18 targeted genes. The
unique molecular index coverage of target genes was observed as
>99%, on average, at >10 and >30 times. The reading depth was
considered at least 50 when evaluating the NGS data for detected
nucleotide changes.

We detected 9 (28%) variations, including one likely pathogenic (a
variant in the SCNI4 gene) and 8 of unknown clinical significance

P.no Age (y) Onset age (y) Gender Syndrome
1 18 14 F IME
2 58 8 M IME
3 26 15 F JME
4 29 21 F JME
5 23 16 M JME
6 35 17 F IME
7 21 10 M --

8 26 15 M GTCS
9 23 15 F -
10 58 16 M -
11 42 17 F GTCS
12 23 15 M GTCS
13 25 13 F JME
14 24 17 F IME
15 32 14 F JME
16 30 15 F JME
17 48 34 F IGE-TCS
18 31 10 F IGE-TCS
19 24 16 M IME
20 23 8 F CAE
21 32 18 F GTCS
22 18 16 M AE
23 51 - F AE
24 47 12 F CAE
25 37 - F AE
26 38 18 F IME
27 20 - F GTCS
28 22 14 F IME
29 20 13 F IME
30 20 15 M IME
31 21 13 F GTCS
32 25 18 M IME

Seizure EEG/VEEG Remark
TC, MC - Nuchal cord
TC,MC IGE anomalies
TC,MC --
TC,MC IGE anomalies
TC, MC
TC, MC IGE anomalies
TC Cerebral venous thrombosis
TC IGE anomalies
Tonic -
Tonic --
TC --
TC IGE anomalies Febrile convulsion
TC, MC -
TC, MC --
TC,MC IGE anomalies
TC, MC IGE anomalies
TC --
TC --
TC, MC IGE anomalies
IGE anomalies
TC IGE anomalies
TC IGE anomalies
TC - Birth asphyxia
Absance IGE anomalies
TC IGE anomalies
TC, MC --
TC IGE anomalies Premature birth, afebrile
convulsion
TC, MC IGE anomalies
2.JM IGE anomalies
MC IGE anomalies
TC IGE anomalies
TC, MC IGE anomalies Facial dysmorphism

P: patient, y: year, EEG: electroencephalography, VEEG: video electroencephalography, F: female, M: male, JIME: juvenile myoclonic epilepsy, GTCS: generalized tonic-clonic seizure,
idiopathic generalized epilepsy with tonic-clonic seizures alone, CAE: childhood absence epilepsy, AE: absence epilepsy, TC: tonic-clonic, MC: myoclonic
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(2 in the CLCN2 genes, GABBR2, SCNIB, SLC2A1, SLC4A410
genes, and 2 in the TBC1D24 gene).

Table 3 provides patient genotypes, family segregation results,
in silico prediction scores, Database of Single Nucleotide
Polymorphisms (dbSNP) records, American College of Medical
Genetics (ACMG)-2015 pathogenicity scores, and ClinVar data, as
well as pathogenicity information of the variations detected in the
patients. Figure 1 presents the integrative genomics viewer (IGV)
image and sanger sequence analyzes of the segregation results of
the variations.

Patient 7 had a heterozygous ¢.560G>A (p.Arg187GIn) variation in
the SCN1A4 gene, which was defined with the number rs777631884
in the dbSNP database, and its global allele frequency was reported
as 1/250522 in the genome aggregation database (GnomAD)
exome. A missense variant was predicted as “likely pathogenic”
and inherited from the patient’s father.

The ¢.2481T>G, (p.1le827Met) variation in the CLCN2 gene was
detected in patient 11. A paternally inherited missense variant
was revealed as damaging and rated as having “unknown clinical
significance” according to the ACMG-2015 criteria. A maternally
inherited ¢.1603A>G (p.Met535Val) variation in the CLCN2 gene
was found in patient 29. It was defined in dbSNP as rs1313875037
and not found in the gnomAD database. The pathogenicity
prediction was a “variant of unknown clinical significance
(Vus.).”

We found 2 heterozygous TBCID24 gene variations, ¢.*1C>T
and ¢.641G>A (p.Arg214His), in patients 12 and 30, respectively.
Segregation analysis was not performed in families because the
inheritance pattern of the TBC1D24 gene is autosomal recessive
although the pathogenicity assessments of both variants were VUS.

Patient 15 carried the ¢.2575G>A (p.Asp859Asn) variation in the
GABBR2 gene asheterozygous. Therelated variation is defined inthe
dbSNP database with the code rs79773606.A heterozygous SCNIB
gene variation ¢.632G>A (p.Cys211Tyr) was found in patient 26.
It was identified as rs150721582 in dbSNP, and its global allele
frequency was reported as 104/251424 in the GnomAD_exome.

TABLE 3. Information on Detected Variations by Databases and In Silico Tools
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The relevant variant was reported with a “conflicting assessment
of its pathogenicity” according to the ClinVar assessment. In silico
analysis of the variant was determined as damaging.

Patient 2 had the heterozygous SLC2A1 gene variant ¢.814A>G (p.
11e272Val), which was not reported in the dbSNP and GnomAD _
exome. This novel variation of the SLC2A1 gene was predicted as
“VUS.” Segregation analysis of the relevant variation could not be
performed because the patient’s parents were no longer alive.

A heterozygous SLC4A410 gene variation c.2852G>A
(p-Arg951Gln) was found in patient 16, which was reported with
the number rs748518515 in dbSNP, and the global allele frequency
was reported as 3/248636 in the GnomAD_exome. Pathogenicity
assessment according to ACMG-2015 criteria in the in silico
analysis was damaging.

DISCUSSION

Advances in genetic technology have led to an increased number
of discovered epilepsy-related genes since 2005. Recent studies
identified more than 500 epilepsy-related genes that play critical
roles in the steps of synaptic transmission, cortical development,
and neuron excitability. In 2017, at least 66 of the ion channel
genes were associated with epilepsy. The International League
Against Epilepsy (ILAE) has reported 76 epilepsy-associated
genes, mostly according to seizure types and other associated
characteristics, most of which were defined as associated with
various discrete age groups.®’?*"We identified the heterozygous
NM 001165963.2 (SCNI14):c.560G>A (p.Argl87Gln) variation
in patient 7. The segregation analysis determined the variation as
inherited from the father (paternally), but the patient’s father did
not have clinical complaints of IGE. The SCN/4 (OMIM #182389)
gene, which encodes the alpha-1-subunit of the sodium channel,
was associated with some epilepsy syndromes and several other
diseases ®. It is the most clinically well-known epilepsy-associated
gene with over 1,700 reported variants to date in various epilepsy
phenotypes.” SCN14, which is responsible for coding the pore-
forming unit of the sodium ion channel, was associated with IGE.'°
SCN1A-related seizure disorders are inherited in an autosomal
dominant manner. The missense variants near p.Argl87GIn

Proband Gene Genotype Segregation Inheritance Transcript

2 SLC241  Heterozygous NA AD NM_006516.3

7 SCNIA Heterozygous Paternal AD NM_001165963.2

11 CLCN2 Heterozygous Paternal AD NM_004366.6

12 TBCID24 Heterozygous NA AR NM_001199107.2

15 GABBR2  Heterozygous Maternal AD NM_005458.8

16 SLC4410 Heterozygous NA UN NM_001178015.2

26 SCNIB Heterozygous NA AD NM_001037.5

29 CLCN2  Heterozygous Maternal AD NM_004366.6

30 TBCID24 Heterozygous NA AR NM 001199107.2 c.641G>A

HGVSc HGVSp dbSNP ClinVar ACMG Pathogenicity
c.814A>G  p.lle272Val  1s773478979  -- PM1,PM2,PP2  VUS
c.560G>A  p.Argl87GIn rs777631884 VUS PM1,PM2, Likely
PP2,PP3 pathogenic
c.2481T>G  p.Ile827Met  -- - PM2,PP3 Vus
c*1C>T -- 13370047688  VUS PM2,BP4 Vus
c.2575G>A  p.Asp859Asn r1s79773606  Benign PM2, VUS
PP2,PP3,BS2,
c.2852G>A  p.Arg951GIn  rs748518515 -- PM2,PP3 Vus
c.632G>A  p.Cys211Tyr rs150721582 Conflict PM2,PP3,BP6,  VUS
c.1603A>G p.Met535Val  1s1313875037 -- PM2,PP3 VUS

p.Arg214His 15200324356 Conflict PMI1,PP2,PP3 VUS

NA: not applicable, A.D: autosomal dominant, A.R: autosomal recessive, UN: unknown, VUS: variant of unknown significance
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(p-R187Q) (p.D188V, p.W190R, p.N191Y, and p.N191K) were
reported in the Human Gene Mutation Database in association
with an SCNIA-associated disorder, supporting the functional
significance of this protein region. All the developed algorithms
to predict the impact of missense variations on protein structure
and function (SIFT, PolyPhen-2) suggest the destructiveness of
this variant. However, these estimates have not been supported
by published functional studies. Suls et al. revealed that SCN1A4
haploinsufficiency can cause significant intra-familial clinical
variability, even in moderately affected patients with epilepsy.
The inclusion of multiple genetic and environmental factors may
underlie this difference in phenotype severity.!! Our 21-year-old
male patient, who had TC seizures, had a disease onset of 10 years
old, and he also had a history of cerebral venous malformation
suspicion on MRI. Among the presenting symptoms of cerebral
venous malformation, epileptic seizures have been reported in

17

previous studies.'>"* Recurrence has rarely been reported although
epileptic seizures are a common symptom of cerebral venous
malformation and early seizure recurrence is common. This variant
could be explained by the clinical findings and genetic variation of
this case. Therefore, further functional studies are needed to predict
the effect of the SCN1A4:¢.560G>A (p.Argl87Gln) variant on the
clinical findings in our patient.

Single nucleotide polymorphisms in the chloride channel genes,
CLCNI and CLCN2, were 3 times more common in many patients
with epilepsy compared to controls.'"* Mutations in the CLCN2
gene were screened in 52 unrelated patients from the IGE family
and 23 patients with Doose syndrome to investigate the role of
CLCN?2 in another independent sample and revealed that it may
cause intracellular chloride accumulation and a loss of function
that could contribute to neuronal overstimulation.'”> In 2003,
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FIG. 1. IGV image and sanger sequence analyzes of segregation results of the variation detected in patients 2, 7, 11, 15, 16, and 29.
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Haug et al.' revealed that CLCN2 mutations are responsible for
common IGE subsyndromes, such as JME, childhood absence
epilepsy (CAE), juvenile absence epilepsy, and GTCS.A paternally
inherited NM_004366.6 (CLCN2):c.2481T>G (p.[le827Met)
in patient 11 was indicated as damaging and rated as “VUS”
according to the ACMG-2015 criteria. A maternally inherited
¢.1603A>G (p.Met535Val) variation in the CLCN2 gene was also
detected in patient 29, which was a “VUS” variation pathogenicity
prediction.”. No effect was expected on the phenotype of patients
because both variations were defined as inherited from the
unaffected parent familial inheritance. Therefore, the pathogenicity
evaluation of both variations supports a benign finding in terms of
the literature and databases. The etiopathogenesis of epilepsy in
these 2 cases could not be clarified with this study.

Some studies revealed SCNIB gene variations as the cause of the
epilepsy phenotype.!”!8 SCNIB mutations were initially identified
in families with epilepsy and febrile seizures. The SCNIB
phenotype displays similar clinical features as SCNIA, suggesting
that the mechanism underlying the SCN/B mutation pathogenicity
potentially involves the impaired function of the voltage-gated
sodium channel (NaV1). Some of the SCN/B variants (p.C121W,
p.I70 E74del, p.R85C, p.R85H, and p.R125L) were reported
in patients with IGE with a history of febrile and absence
seizure."*The heterozygous NM_001037.5 (SCN1B):c.632G>A
(p-Cys211Tyr) variant was detected in patient 26. A total of 7 records
were found in the ClinVar database, but 2 of them were reported as
having “unknown clinical significance” and 5 as “possibly benign.”
The relevant variant was reported as a “conflicting assessment of
its pathogenicity” in the ClinVar database. Pathogenicity scores
according to the ACMG-2015 criteria in the in silico analysis of the
SCNI1B:c.632G>A (p.Cys211Tyr) variant included “PM2, PP3, and
BP6”; DANN score of 0.9974; Gerp score of 3.91; MutationTaster
of Disease-Causing. It was determined as harmful in SIFT and
evaluated as “VUS.” The SCNIB gene has also been associated
with familial atrial fibrillation, Brugada 5 syndromes, nonspecific
cardiac conduction defects, and epileptic encephalopathy according
to ClinVar, apart from IGE disease. Our patient did not have any
cardiac findings or a history of any other accompanying disease.
The patient’s parents were unavailable for segregation analysis;
thus, it could not be performed. The relevant variant did not affect
the phenotype when all the present findings of our patient were
evaluated together. This variant is classified as benign according
to ClinVar information although prediction tools were assessed as
dangerous. The etiopathogenesis of epilepsy, in this case, could not
be clarified in this study.

SLC2A41 gene mutations were identified in various epilepsy
phenotypes, from the complex phenotype of “classic” GLUT1-DS
to IGE, which includes infantile seizures, developmental delay,
microcephaly, hypotonia, spasticity, and complex movement
disorder. The great clinical heterogeneity highlighted by various
genetic errors in the SLC241 gene has complicated the clinical
and genetic GLUTI1-DS diagnosis. Such SLC24/ mutations
lead to premature protein degradation and reduce the GLUTI
concentration to 50%, similar to the pathological effects of
hemizygous mutations.”’ Altiokka-Uzun et al.”> examined patients
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with IGE associated with eyelid myoclonia for the possible
presence of SLC2A1 gene variants, considering GLUT1 deficiency
as the cause of IGE in the study. SLC24/ was identified as one
of the most important epilepsy genes in drug-resistant patients
according to the ILAE guidelines, mainly due to its association
with the ketogenic diet, which is a treatment option. However,
Altiokka-Uzun et al.”? reported that SLC2A1 gene variants did
not play an important role in eyelid myoclonia-associated IGE. A
heterozygous NM_006516.3 (SLC2A41):c.814A>G (p. 1le272Val)
variant was identified in patient 2. The pathogenicity scores
according to the ACMG-2015 criteria in our in silico analysis of
the variant included the following: “PM1, PM2, and PP2”; DANN
score 0f 0.9956; Gerp score of 5.13; and Mutation Taster: Disease-
causing and evaluated as “Unknown clinical significance.” The
neurological examination of a 57-year-old male patient revealed
the age of onset of the first attack was 8 years, with normal EEG
findings, without a family history of consanguinity, and without
seizure history. We plan to conduct up-to-date functional research
and applications regarding the variant we have detected in our
patient due to the autosomal dominant inheritance in IGE disease
associated with the SLC241 gene. Segregation analysis could
not be performed because the patient’s parents were deceased.
Additionally, we plan to study this variant in surviving siblings,
children, and close relatives, if any, by contacting the patient.

The SLC4A10 gene is associated with complex epileptic conditions,
ID, ASD, cognitive disability, and hearing impairment. SLC4A410
gene variants were reported to decrease neuronal excitability in
studies conducted in mice, resulting in increased seizure threshold,
visual acuity and contrast sensitivity deterioration, and hearing
loss. SLC4A410 is highly expressed in the cerebral cortex and
hippocampus, which are the 2 regions commonly associated with
epilepsy. Gurnett et al.”® reported the first patient with epilepsy
and cognitive impairment with changes in the SLC4410 gene, a
gene encoding the electroneutral sodium bicarbonate modifier.
The heterozygous NM_001178015.2 (SLC4A410):c.2852G>A
(p-Arg951GIn) variant was identified with the number rs748518515
in dbSNP, and the global allele frequency was reported as 3/248636
in the GnomAD exome. The constructor was determined to be
SIFT: Tolerable, and this variant was evaluated as “VUS.”.” The
neurological examination of a 30-year-old female patient (patient
16) revealed that the age of onset of the first attack was 15 years,
and EEG findings were accompanied by IGE anomalies. The
patient has no family history of consanguinity and no relative had
a history of seizures. Segregation analysis could not be performed
because the patient’s parents were unreachable. The variant we
detected in our patient was not expected to affect the patient’s
phenotype considering the studies supporting the autosomal
recessive inheritance pattern in SLC4A410 gene-related IGE
disease. Epilepsy-associated with the SLC4410 gene has not been
well studied in humans. The etiopathogenesis of epilepsy, in this
case, could not be clarified in this study.The ¢.2575G>A variant
detected in the GABBR2 gene in patient 15 was benign in the
ClinVar. Additionally, it does not explain the etiology of epilepsy
in this case, since the case also had a clinically unaffected mother.
The etiopathogenesis of epilepsy, in this case, could not be clarified
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with this study.

Heterozygous variants were detected in the TBCI1D24 gene in
patient 12 (c.*1C>T) and in patient 30 c.641G>A (p.Arg214His),
and both variants were classified as VUS but the inheritance
pattern of the TBCI1D24 gene is autosomal recessive. Pathogenic
variations observed in the TBC1D24 genes showed an autosomal
recessive inheritance pattern. Therefore, the TBCID24 variation
detected in patient 12 did not have a significant relationship with
the clinical status of the patients.A heterozygous SLC4410 gene
variation ¢.2852G>A (p.Arg951GIn) was found in patient 16,
which was reported with the number rs748518515 in dbSNP,
and the global allele frequency was reported as 3/248636 in the
GnomAD_exome. Pathogenicity assessment according to ACMG-
2015 criteria in the in silico analysis was damaging. We anticipate
that increasing the number of samples and investigating the
phenotype—genotype relationship in patients with IGE would allow
us to make significant contributions to the literature. The number
of patients in the sample group is one of the limitations of the study.
The effectiveness of our targeted NGS panel, which included 18
genes and was designed with unique primers in our study, can be
increased with new candidate genes. The NGS panel gene content
used in the study is another limitation. Additionally, the inability
to perform segregation analyses in some of the reported genetic
variations is an important limitation of our study. Large deletion
or duplication-type mutations were detected by array-CGH
analysis in the etiopathology of epilepsy cases, except for single
gene mutations detected by NGS technology. Studies reported
copy number changes in approximately 5%-12% of patients
with different epilepsy types. The clinical contribution of aCGH
findings in patients with IGE was not reported. NGS could be
applied to patients due to the budget of the study. The aCGH study
is also recommended to elucidate the etiopathogenesis of IGE. Our
study findings should be supported by functional advanced studies,
with an increased existing knowledge of the relevant variations.

Inheritance patterns in idiopathic epilepsies are often complex. The
effects of related genes and environmental factors on the disease are
seen in this form of inheritance. Additionally, genetic heterogeneity
is intensely observed in IGE syndromes, and the fact that more than
one gene is associated with these syndromes or that a single gene
is associated with more than one epileptic syndrome may create
difficulties in determining the genetic etiology underlying the
disease.?*?28
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