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During the cortical development, cells in the brain acquire 

somatic mutations that can be implicated in various neurode-

velopmental disorders. There is increasing evidence that brain 

somatic mutations lead to sporadic form of epileptic disorders 

with previously unknown etiology. In particular, malformation 

of cortical developments (MCD), ganglioglioma (GG) associ-

ated with intractable epilepsy and non-lesional focal epilepsy 

(NLFE) are known to be attributable to brain somatic muta-

tions in mTOR pathway genes and others. In order to identify 

such somatic mutations presenting as low-level in epileptic 

brain tissues, the mutated cells should be enriched and se-

quenced with high-depth coverage. Nevertheless, there are a 

lot of technical limitations to accurately detect low-level of 

somatic mutations. Also, it is important to validate whether 

identified somatic mutations are truly causative for epileptic 

seizures or not. Furthermore, it will be necessary to under-

stand the molecular mechanism of how brain somatic muta-

tions disturb neuronal circuitry since epilepsy is a typical ex-

ample of neural network disorder. In this review, we overview 

current genetic techniques and experimental tools in neuro-

science that can address the existence and significance of 

brain somatic mutations in epileptic disorders as well as their 

effect on neuronal circuitry. 
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INTRODUCTION 
 

Somatic mutations, which arise in somatic cells and are not 

inherited to offspring, can occur during cell division (Bae et 

al., 2018). Although these somatic mutations are well 

known as the major causative genes for cancer (Lee et al., 

2012; Poduri et al., 2012; Shirley et al., 2013), their exist-

ence in the brain and their pathological role in neurodevel-

opmental disorders have recently begun to be discovered 

(Lim et al., 2017). During the cortical development in the 

brain, neuronal cells undergo 105 divisions per minute (Insel, 

2014). About five single nucleotide variations per day per 

neuronal progenitor accumulate during neurogenesis (Bae 

et al., 2018; Lodato et al., 2018). Unlike other organs, the 

human brain consists of ~100 billions of neurons connected 

to each other through synapses and its unique function de-

pends on where it is located in the brain, so that somatic 

variations affecting neuronal function in the focal area can 

alter the function of surrounding neurons as well as the en-

tire brain (Bargmann and Marder, 2013; DeFelipe, 2010). 

Epilepsy, a neurological disorder characterized by recurrent 

seizures, affects more than 50 million people worldwide 

(Singh and Trevick, 2016). Two-thirds of epilepsy are 

thought to be attributable to the genetic etiology (Hilde-

brand et al., 2013; Myers and Mefford, 2015). There are 

rare epileptic disorders with Mendelian inheritance, but most  
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of epileptic disorders occur sporadically without any family 

history, suggesting de novo genetic variations including 

germline and somatic mutations may contribute to these 

conditions (Briellmann et al., 2001). In a recent genetic study 

of 264 epileptic encephalopathy trio populations, de novo 

germline variation was found in only 8% of patients (Allen 

et al., 2013). Evidence that epilepsies negative for germline 

mutations can be caused by somatic mutations has begun to 

be revealed (Lee et al., 2012; Lim et al., 2015; 2017; Shirley 

et al., 2013). Since the cause of epilepsy is directly related to 

the choice of treatment, identifying genetic etiologies in 

patients is important in therapy. 

To identify somatic mutations in epileptic brains, there are 

several technical issues to be considered. Since brain somatic 

mutations are an organ-specific genetic variation, genomic 

DNA in the affected brain tissues should be analyzed com-

pared to that in the unaffected tissues (e.g. blood or saliva) 

from the same patient. Cells carrying somatic mutations do 

not appear as the tumor mass with high-level of mutational 

burden, so a high depth of sequencing in the bulk tissue or 

single cell sequencing is necessary to detect a small fraction 

of cells with somatic mutations. Advanced sequencing tech-

nology and analysis tools to find out causative mutations or 

genes in epilepsy patients are getting the spotlight in the 

epileptology and allow to achieve the precision medicine in 

epilepsy by providing a new genetic biomarker, an accurate 

genetic diagnosis, and an etiology-specific treatment. 

In this review, we describe brain somatic mutations caus-

ing epilepsy found so far and a methodological aspect to 

identify somatic mutations in epileptic brain tissues. In addi-

tion, we discuss a modeling strategy to capture the neuronal 

network altered by somatic mutations and studies how so-

matic variations lead to epileptogenic neural network circuits. 

We hope that this review provides the consideration of new 

aspect of epilepsy genetics and defective neural network 

related to brain somatic mutations. 

 

BRAIN SOMATIC MUTATIONS CONTRIBUTING TO 
EPILEPTIC DISORDERS 
 

Genetic evidence of somatic mutations revealed in epilepsy 
To date, several study groups have reported brain somatic 

mutations underlying intractable epilepsy using high-depth 

coverage sequencing in matched affected brain and unaf-

fected non-brain samples from patients. Brain somatic muta-

tions found in epileptic disorders are summarized in Table 1. 

Hemimegalencephaly (HME) is a rare and sporadic neurode-

velopmental disorder presenting enlargement of one side of 

cerebral hemisphere and intractable epilepsy. Brain somatic 

mutations in PI3CA, AKT3, and MTOR are strongly associat-

ed with HME. For example, a study showed 30% of HME 

patients (6 of 20) have brain somatic mutations in PI3CA, 

AKT, or MTOR. Because of the relatively large area affected 

by HME, the variant allele frequency of identified somatic 

mutations were observed between 10-40% across different 

brain regions (Lee et al., 2012). Focal cortical dysplasia (FCD) 

is a major cause of drug-resistant epilepsy in children. In 

particular, FCD type II (FCDII) is characterized by migration 

defects in cortical neurons and neuronal dysplasia (Barkovich 

et al., 1996). It had been a long-term hypothesis that somat-

ic mutations might be implicated in FCD, because this condi-

tion shows sporadic occurrence without familial history, and 

no abnormal pathologic features are observed in other parts 

of the body (Crino, 2009). Indeed, deep sequencing in 

matched brain and peripheral tissues has revealed that so-

matic mutation in MTOR found in an only small group of 

cells accounted for ~16% of FCDII patients (Lim et al., 2015). 

Their mutational burden ranged from 1 to 10% of variant 

allele frequency. Brain somatic mutations in TSC1 or TSC2 

with 1-2% of mutated allele frequency were further found 

in ~13% of FCDII patients negative for somatic mutations in 

MTOR (Lim et al., 2017). As a result, brain somatic muta-

tions activating mTOR kinase accounted for ~30% of FCDII 

patients. FCD can also occur in a two-hit fashion that somat-

ic mutations are added on pre-existing germline mutations 

in the same gene. It was recently reported that two-hit on 

domain-containing protein 5 (DEPDC5), which is subunit of 

the GTPase-activating proteins in Rags 1 (GATOR1) complex 

that modulates of MTOR, led to FCD (Ribierre et al., 2018). 

Somatic mutations have been also discovered in epilepsy-

related neurocutaneous syndrome. For example, p.Arg183Gln 

amino acid substitution in guanine nucleotide binding pro-

tein q polypeptide (Gαq) was reported to cause Sturge–

Weber syndrome characterized by a port-wine nevus in the 

skin, epileptic seizures, stroke, and intellectual disability 

(Shirley et al., 2013). Targeted deep sequencing study in a 

large cohort of patients with abnormal cortical development 

identified somatic mutations in genes regulating the devel-

opment of neuronal cells. For example, patients with double 

cortex syndrome (DCS), paraventricular nodular hyperplasia 

(PVNH), and pachygyria (PAC) with epileptic seizures were 

found to have somatic mutations in genes such as DCX (3 of 

30), LIS1 (3 of 30), FLNA (1 of 61), and TUBB2B (1 of 47) 

(Jamuar et al., 2014). Also, oncogenic somatic mutations 

found in epilepsy associated brain tumors may contribute to 

epileptogenesis. Somatic mutations in MTOR found in FCD 

and HME patients with intractable epilepsy were recurrently 

reported as tumor driving mutations in various cancers (Gra-

biner et al., 2014; Xu et al., 2016). In line with this, the BRAF 

V600E somatic mutation, which is thought to function as a 

simply tumorigenic gene in glioneuronal tumor, is strongly 

associated with epilepsy associated brain tumors in children 

(Blumcke et al., 2016). This mutation was found in >50% of 

patients with ganglioglioma (GG) presenting intractable 

epilepsy (Schindler et al., 2011). Recently, BRAF V600E mu-

tations is experimentally validated to contribute to intrinsic 

epileptogenesis in pediatric brain tumors (Koh et al., 2018). 

In non-lesional focal epilepsy (NLFE), significant radiologic 

or pathologic abnormalities are not observed in patients 

with this condition. Recently, brain somatic mutations in 

SLC35A2 gene associated with glycosylation defects and X-

linked epileptic encephalopathies are found in 17% of NFLE 

patients (Winawer et al., 2018). Although the mechanism of 

how SLC35A2 mutations cause epilepsy remain unknown, 

that aberrant glycation of brain cells in the focal area may 

play an important role in the development of epileptic disor-

ders.
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Table 1. Somatic mutations related to epileptic disorder. 

Genes Disorder Affected/ 

total (%) 

Platform Variant Average depth 

or read count 

Mutant 

allele (%) 

Biological 

validation 

References 

MTOR FCD II 2/4 (50) WES c.7280T>C X412–668 6-12 Yes (Lim et al., 2015) 

10/73 (13.7) TS c.1871G>A, c.4348T>G, c.4447T>C, 

c.5126G>A, c.5930C>A, c.6577C>T, 

c.6644C>T, c.7280T>A 

X100–347499 1-7 Yes 

6/13 (46.2) WES c.4376C>A, c.4379T>C, c.6644C>T, 

c.6644C>A 

X100-260 1.1-9.3 Yes (Nakashima et al., 2015)

1/1 (100) WES c.4487T>G >X80 8.3 No (Leventer et al., 2015)

4/8 (50) WES c.4379T>C, c.6644C>T, c.6644C>A X50-60 1.2-6.0 Yes (Mirzaa et al., 2016) 

FCD 6/20 (30) TS c.4379T>C, c.6644C>T, c.6644C.A >X2300 1.1-6.3 No (Moller et al., 2016) 

4/52 (7.7) TS c.4379T>C, c.4447T>C, c.6644C>A, 

c.5930C>G 

>X5000 2.3-10.6 No (D'Gama et al., 2017) 

HME 1/20 (5) WES c.4448C>T 23–159 reads 17.14 No (Lee et al., 2012) 

3/38 (7.9) TS c.6644C>T, c.6644C>A, c.5930C>A >X5000 7.1-20.6 No (D'Gama et al., 2017) 

GNAQ SWS 23/26 (88.5) TS c.548G>A X2400-93000 1.0-18.1 Yes (Shirley et al., 2013) 

12/15 (80) TS c.548G>A X708528 3.7-8.9 No (Nakashima et al., 2014)

TSC1 FCD II 4/40 (10) TS c.610C>T, c.64C>T X100-20012 1-2 Yes (J. S. Lim et al., 2017) 

1/52 (1.9) TS c.384C>T >X5000 5.1–6.7 No (D'Gama et al., 2017) 

TSC2 FCD II 1/40 (2.5) TS c.4639G>A X100-20012 1-2 Yes (J. S. Lim et al., 2017) 

FCD 1/52 (1.9) TS c.2251C>T >X5000 1.0 No (D'Gama et al., 2017) 

HME 2/38 (5.3) TS c.1759A>T, c.4672G>A >X5000 3.1-3.8, 7.5-

11.6 

No (D'Gama et al., 2017) 

AKT3 HME 1/20 (5) WES c.49C>T 23–159 reads 28 No (Lee et al., 2012) 

1/8 (12.5) TS c.49G>A - 4-17 Yes (Poduri et al., 2012) 

1/33 (3) TS c.49C>T X567 10-18 Yes (Jansen et al., 2015) 

1/38 (2.6) TS c.49C>T >X5000 3.4-4.4 No (D'Gama et al., 2017) 

1/14 (7.1) TS c.49G>A - 8-14 Yes (Alcantara et al., 2017)

AKT1 HME 1/38 (2.6) TS c.49G>A >X5000 8.1-9.3 No (D'Gama et al., 2017) 

PI3CA HME 4/20 (20) WES c.1633G>A 23–159 reads 28-30 Yes (Lee et al., 2012) 

1/39 (2.6) WES c.3140A>G - 13 No (D'Gama et al., 2017) 

1/39 (2.6) WES c.1624G>A - 28 No (D'Gama et al., 2015) 

FCD II 1/33 (3) TS c.3140A>G X567 4.7 Yes (Jansen et al., 2015) 

DEPDC5 FCD II 1/10 (10) TS c.865C>T X1505 10 Yes (Ribierre et al., 2018) 

SLC35a2 NLFE 3/18 (16.7) WES c.910T>C, c.634_635del, c.634_635del, 

c.164G>T, c.747_757dup 

X137-492 2-14 No (Winawer et al., 2018)

FCD I 2/38 (5.3) WES 19-53 No 

KRAS BAVM 4/26 (15.4) WES c.35G>A, c.35G>T X339±64 2.4-4.0 Yes (Nikolaev et al., 2018)

DCX DCS (SBH) 3/30 (10) TS c.556C>T, c.233G>T, 1270-1G>A >X200 5-15 No (Jamuar et al., 2014) 

LIS1 DCS (SBH) 3/30 (10) TS c.190A>T, 1002+1G>A, 

Chr17:2583480:G>C 

>X200 13-26 No 

FLNA PVNH 1/61 (1.6) TS S1449Pfs*10 >X200 35 No 

TUBB2B PAC 1/47 (2) TS Chr6:3225184:G>C >X200 23 No 

Abbreviation: TS, targeted sequencing; WES, whole exome sequencing; SWS, Sturge Weber syndrome; FCD, focal cortical dysplasia; 

HME, hemimegalencephaly; GG, ganglioglioma; NLFE, nonlesional focal epilepsy; BAVM, brain arteriovenous malformation; DCS, dou-

ble cortex syndrome (SBH, subcortical band heterotopia); PVNH, paraventricular nodular hyperplasia; PAC, pachygyria. 

 

 

 

The type of cells that carry somatic mutations and cause 

the epileptic seizure is not always necessary to be a neuronal 

cell. The somatic mutation in brain endothelial cells may play 

an important role in inducing the seizure. Brain arteriove-

nous malformation (BAVM) is characterized by abnormal 

blood vasculature structure connecting arteries and veins in 

the brain (Crawford et al., 1986). This condition is one of the 

causes of intractable epilepsy. In a recent whole exome se-

quencing study, KRAS somatic mutations in endothelial cells 

were identified in 15% of (4 of 26) BAVM patients (Nikolaev 

et al., 2018). This suggests that neuronal cells, as well as 

other types of cells with somatic mutations in the brain, can 

contribute to epileptogenesis. 

 

How to identify brain somatic mutation in epileptic 
disorders 
Patients with drug-resistant epilepsy often undergo surgical 

resection of the epileptogenic focus in the brain to control 
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Fig. 1. Process to discover brain somatic mutations in intractable epilepsy. (A) Post operation MRI image of epilepsy surgery and specimen 

collection process. (B) Enrichment of mutation carrying cells for sequencing ready samples. Note that percentage of cells with mutations 

is much higher than before enrichment. (C) Example of read stacks implying necessity of high coverage depth genome wide sequencing 

to emphasize epilepsy causing mutation without false negative. 

 

 

 

seizures (Fig. 1A) (Perry and Duchowny, 2013). However, 

some patients still continue to show epileptic seizures even 

after proper surgical treatment (Tezer et al., 2008). Also, 

most antiepileptic drugs do not target the underlying mo-

lecular genetic cause (Loscher et al., 2013). Thus, in order to 

develop the better therapeutic in intractable focal epilepsy, it 

is necessary to identify the molecular genetic etiology in epi-

leptic disorders. Unlike the common genetic tests in blood or 

saliva used to identify germline mutations in familial diseases, 

there are important consideration for examining brain so-

matic mutations in epileptic disorders. 

In the case of brain somatic mutations in epilepsy, it is dif-

ficult to accurately find a small fraction of variation. In cancer, 

mutated cells proliferate and form a clonal mass, showing a 

high rate of mutated allele frequency. In non-cancerous 

condition, neurons have a limitation of cell division. There-

fore, in order to find low-level of brain somatic mutation 

causing epilepsy, it is necessary to enrich the mutated cells or 

to perform sequencing with a high coverage depth by com-

paring affected brain tissues to unaffected other tissues from 

the same patient (Fig. 1B and 1C) (Lee, 2016). Since there 

are many kinds of cells in the brain, cells of interest can be 

isolated using several methods such as fluorescence activat-

ed cell sorting (Evrony et al., 2012) or laser capture microdis-

section (Lim et al., 2015; 2017). For example, in a recent 

FCD study, only ~20 dysmorphic neurons were enriched by 

laser capture method and the single nucleotide variation 

with 5% VAF found in each patient could be reaffirmed (Lim 

et al., 2015). It should be noted that some sequencing plat-

forms can produce sequencing errors up to 13% (Quail et 

al., 2012), which hamper to detect the true somatic muta-

tions with low VAF. In the library preparation phase, errors 

are caused by oxidative DNA damage such as G > T or C > A 

mutations originating from 8-oxoguanine (Chen et al., 

2017). For somatic mutations with less than 1% of VAF, 

conventional next-generation sequencing method is inaccu-

rate to detection them (Stead et al., 2013; Xu et al., 2014). 

Unexpected errors are generated and amplified in the pro-

cess of the library preparation, which seems to produce false 

positive variants (Schirmer et al., 2015). To solve this prob-

lem, an algorithm called ‘RePlow’ using platform independ-

ent and library level replicates has been recently developed 

to more accurately detect the low VAF and increase the sen-

sitivity and specificity (Kim et al., 2017). It is based on an 

algorithm, which basic principle is to probabilistically elimi-

nate common errors occurring between two independent 

library-level replicates, facilitating remarkable improved pre-

cision of detecting low VAF. Many mutation callers including 

MuTect, Strelka, VarScan2, and SomaticSniper are optimized 

for the analysis of somatic mutations in cancer. In these 

methods, if mutation burdens are less than 8% of VAF, the 

sensitivity of mutation detection begins to decrease signifi-

cantly (Xu et al., 2014). Therefore, it should be careful to 

analyze and interpret brain somatic mutations since there 

could be various sequencing errors arising from the various 

steps of sequencing process. 

 

In vivo modeling of brain somatic mutations in epileptic 
disorders and understanding of neural circuit abnormality 
Although evidence of somatic mutations leading to epileptic 

disorders is increasing (Table 1), little is known about how 

these somatic mutations make the epileptic neural network 

(McConnell et al., 2017). This is important for understanding 

the exact molecular mechanism of intractable epilepsy 
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caused by somatic mutations and providing a new targeted 

therapy accordingly. To confirm the causality of identified 

mutations, it is necessary to test whether brain somatic mu-

tations cause epileptic phenotype in the model organism 

and disturb neural network (Chin et al., 2011). Epilepsy is 

not simply a cytologic problem, but rather a disorder of the 

neuronal network (Bassett & Sporns, 2017). In the past, a lot 

of studies in epileptology have focused on electrical or 

chemoconvulsants induced seizure model using pentylene-

tetrazol (PTZ), kainic acid (KA) or electroshock focal applica-

tion (Löscher, 2011). However, they are inconsistent with 

the condition of the patient. Furthermore, in terms of the 

pathophysiology of focal epilepsy, epilepsy models with 

brain somatic mutations are totally distinct from previous 

epilepsy models. In the epilepsy models with brain somatic 

mutations, a small number of cells with somatic mutations in 

the affected brain is sufficient to induce epileptic seizures via 

unusual communication of surrounding cells and synapses, 

thereby destroying the whole cerebral balance (Lee, 2016; 

McConnell et al., 2017). In line with this, brain somatic mu-

tations in epileptic disorders have been recently modeled to 

elucidate their causality and to figure out novel therapeutic 

targets in vivo (Lim et al., 2015; McConnell et al., 2017). In 
utero electroporation in the embryonic mouse brain is one of 

the methods to introduce somatic mutations into a part of 

brain region (Fig. 2A) (Lim et al., 2015; 2017). Regarding 

the gain-of-function mutations like somatic activating muta-

tions in MTOR, overexpression of the mutated gene in the 

electroporated cell was sufficient to induce spontaneous 

behavioral seizure (Lim et al., 2015). Also, such mutations 

can be modeled in vivo by directly editing mouse genomic 

DNA via the CRISPR-Cas9 method (Lim et al., 2017; Shinmyo 

and Kawasaki, 2017) or the base editor technique (Gaudelli 

et al., 2017), which is closer to the patient's mutation. For 
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Fig. 2. In vivo epilepsy model with brain somatic mutations. (A) Schematic process of in utero electroporation of epilepsy causing genes. 

Scale bar = 5mm. (B) Viral injection of epilepsy causing mutated gene in focal brain region. SSc, somatosensory cortex. (C) Immunofluo-

rescence image of electroporated region of brain. Scale bar = 50μm. Note that the proportion of mutant cells is only about 3%, despite 

being the brightest region of the cortex. (D) Electroencephalography of mouse model carrying brain somatic mutation during seizure 

attack. (E) Rapamycin, MTOR inhibitor, injection into intraperitoneal space of brain somatic mutated mouse. The frequency of seizure in 

Rapamycin treated group (n = 6 mice) is significantly decreased compared to control (n = 9 mice) or vehicle injected group (n = 6 mice). 

One-way ANOVA with Dunn’s multiple comparison test. **P < 0.01. (E) Short- and long-range network affected by somatic mutations. 
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example, somatic knock out of the TSC1 or TSC2, similar to 

the loss-of-function mutations found in FCD patients, was 

reproduced in the mouse brain through in utero electro-

poration of Cas9 and Tsc1 or Tsc2 sgRNA expressing vector. 

These model mouse with brain somatic mutations in Tsc1 or 
Tsc2 were able to exhibit seizures as well as cortical abnor-

malities (Lim et al., 2017). The mutated gene is directly in-

troduced into the focal region of brain by viral injection, 

thereby mimicking a focal somatic mutation (Fig. 2B). Such 

mouse models with brain somatic mutations exhibit a small 

proportion of mutated cells similar to those in patient’s tissue 

and a prominent epileptic seizure on the EEG, so that it can 

be determined whether the mutation found in the patient is 

actually an epileptogenic and disease-causing variant (Fig. 

2C and 2D). These model mice also help to test novel an-

tiepileptic drugs directly targeting somatic mutations. For 

example, our group identified somatic activating mutations 

in MTOR in brain tissues from FCD patients (Lim et al., 2015). 

After generating the corresponding animal model via in 
utero electroporation of MTOR mutant expressing vectors, 

we found that these mouse models presented the epileptic 

seizures and were tested with MTOR inhibitor as new thera-

py for intractable epilepsy in FCD patients (Fig. 2E). 

Epilepsy mice with brain somatic mutations can be a useful 

model to reflect the actual pathogenesis of patients and 

study the change of neural network underlying intractable 

focal epilepsy. Previous electrical or chemoconvulsants in-

duced seizure models are not suitable for pinpointing the 

origin-of-cell for epilepsy at the molecular genetic level as 

well as the starter cells leading to epileptogenic neural net-

work. However, in epilepsy mice with brain somatic muta-

tions, it would be possible to confine the origin-of-cell with 

somatic mutations inducing focal epilepsy and examine 

short- and long-range networks disturbed by mutation-

carrying cells using the multi-electrode array (Ferrea et al., 

2012), multi-unit recording (Pinault, 2003), or genetically 

encoded Ca
2+

 indicator (GECI) with high-resolution two-

photon microscope (Tian et al., 2005) (Fig. 2F). Recently, a 

lot of experimental interfaces that record or manipulate neu-

ral activity in vivo have been developed. Optogenetic manip-

ulation uses light to control neurons genetically modified to 

express light-sensitive ion channels (Deisseroth, 2011). The 

expression of inhibitory channel opsins (halorhodopsin) in 

excitatory neuron or excitatory channelrhodopsin in GABA 

neurons could stop seizure in kainic acid (KA) injected tem-

poral lobe epilepsy model mouse (Krook-Magnuson et al., 

2013). Likewise, designer receptor exclusively activated by a 

designer drug (DREADD) is another tool of neuronal modu-

lation using chemicals (Katzel et al., 2016). If the methods 

described above are properly applied, it may be possible to 

specify the ictal focus of epileptic seizures and aberrant neu-

ral network caused by brain somatic mutations. 

 

CONCLUSION 
 

In this review, we described our current understanding of 

brain somatic mutations leading to epileptic disorders, ge-

netic consideration for examining somatic mutation in brain 

tissues from intractable epilepsy patients, and the possible 

methods to explain the change of brain network induced by 

brain somatic mutations. As we described above, accumulat-

ing evidence shows brain somatic mutation is a major cause 

of epileptic disorders. Identifying accurate somatic mutations 

in patients with refractory epilepsy, verifying their causality, 

and providing new the treatment will help to understand the 

molecular genetic basis and expand the therapeutic choices 

of intractable epilepsy. However, several fundamental ques-

tions remain to be answered in this field. For example, what 

is the exact mutation burden necessary for making the epi-

leptogenic network? Does the timing or brain region of so-

matic mutations affect the phenotype of epileptic seizures? 

What is the molecular genetic mechanism that a small frac-

tion of mutated neurons changes the entire brain network 

and function? The answers to these questions will provide a 

new insight into how the somatic mutation contributes to 

the network of epilepsy and its comorbid neuropsychiatric 

disorder (Insel, 2014; Lee, 2016; McConnell et al., 2017). 
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