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Single genes: Although variants in some single genes are reported to cause some of GGE/IGE 

syndromes, they are not likely to be a common cause. Some variants in GABA receptors, such 

as GABRG2 and GABRA1 genes are associated with childhood absence epilepsy and IGE. 

(Wallace et al., 2001; Lachance-Touchette et al., 2011) Mutations in SLC2A1 encoding the 

sole transporter of glucose into brain GLUT1 is associated with epileptic syndromes, and 

milder forms of GLUT1 deficiency may lead to otherwise typical GGE/IGE syndromes (Arsov 

et al., 2012). Other mutations mainly causing channelopathies have been described in case 

series or small family studies (see table 1 for a comprehensive list). It is also important to keep 

in mind that some single gene disorders may mimic GGE/IGE syndromes. Progressive 

myoclonic epilepsies, such as Unverricht-Lundborg disease, may mimic JME until additional 

clinical features such as ataxia set in (Amrom et al., 2014)  

Complex genetics: Copy number variants are defined as deletions and duplications of 

chromosomal segments and believed to play an important role in diseases with complex 

inheritance. Deletions on the long arm of chromosome 15 (15q13.3, 15q11.2) and short arm of 

chromosome 16 (16p13.11) have been associated with IGE/GGE syndromes, however, these 

variants can also be detected in healthy individuals (Helbig et al., 2009; de Kovel et al., 2010). 

Therefore, they are likely to be risk factors more than causative agents in GGE/IGE syndromes. 

Genome-wide associations and linkage analysis is a more sophisticated method to try to 

understand a disease with complex genetics. This requires a huge number of cases and a similar 

control group in order to determine single nucleotide polymorphisms (SNPs). Many SNPs have 

been associated with IGE/GGE syndromes, but relatively low replicability of the results 

connote an important limitation to generalizability of the findings. 

 
Gene/locus Inheritance Associated clinical syndrome References 

2q33-q36 AD Susceptibility to JME (Ratnapriya et al., 2010) 

5q12-q14 AD JME (Kapoor et al., 2007) 

6p21 ? JME (Greenberg et al., 1988) 

8q24 AD Susceptibility to GGE, CAE (Zara et al., 1995) 

9q32-33 AR Susceptibility to GGE (Baykan et al., 2004)  

10p11.22 ? Susceptibility to GGE (Kinirons et al., 2008) 

10q25-q26 ? Susceptibility to GGE (Puranam et al., 2005) 

14q23 ? Susceptibility to GGE (Sander et al., 2000) 

15q14 AR JME, Susceptibility to GGE (Helbig et al., 2009; Dibbens et al., 2009) 

BRD2 ? SNPs associated with susceptibility to JME (Pal et al., 2003) 

CACNA1A ? SNPs associated with susceptibility to GGE (Lee et al., 2018; Chioza et al., 2001) 

CACNA1H ? Susceptibility to CAE, GGE (Chen et al., 2003; Vitko et al., 2005; Heron et al., 2004) 

CACNB4 AD Susceptibility to JME, GGE (Escayg et al., 2000)  

CACNG3 ? Susceptibility to CAE (Everett et al., 2007) 

CASR ? Susceptibility to JME (Kapoor et al., 2008) 

CHRFAM7A ? Lowers risk for IGE (Rozycka et al., 2013) 

CHRNA7 ? JME, susceptibility to GGE (Elmslie et al., 1997) 

CLCN2 AD Susceptibility to JME, JAE, GTCS, GGE  (Haug et al., 2009) (Retracted in 2009) 

CPA6 AD, AR, ? Susceptibility to JME, GGE (Sapio et al., 2015) 

del15q11.2 ? Susceptibility to GGE (de Kovel et al., 2010) 

del16p13.11 ? Susceptibility to GGE (de Kovel et al., 2010) 

EFHC1 AD Susceptibility to JME, JAE (Suzuki et al., 2004; Stogmann et al., 2006)  



 
 

EFHC2 ? Associated with JME (Gu et al., 2005) 

GABRA1 ? Susceptibility to JME, CAE (Cossette et al., 2002; Johannesen et al., 2016; Maljevic 

et al., 2006; Lachance-Touchette et al., 2011)  

GABRA6 ? Risk factor for IGE, CAE (Prasad et al., 2014; Hernandez et al., 2011) 

GABRB3 ? Susceptibility to CAE (Urak et al., 2006; Tanaka et al., 2008) 

GABRD AD GGE, JME susceptibility (Dibbens et al., 2004) 

GABRG2 AD Associated with CAE (Tian and Macdonald, 2012)  

GJD2 ? SNPs associated with susceptibility to JME (Mas et al., 2004) 

ADGRV1 ? Susceptibility to GGE (Lee et al., 2018) 

GRM4 ? SNPs associated with susceptibility to JME (PARIHAR et al., 2014) 

ICK AD Susceptibility to JME (Bailey et al., 2018) 

JH8 (JRK) ? Associated with CAE (Moore et al., 2001) 

KCNJ10 ? Susceptibility to GGE (Dai et al., 2015; Phani et al., 2014) 

KCNMA1 AD Susceptibility to GGE (Lee et al., 2018; Li et al., 2018) 

KCNMB3 ? GGE, especially with absences (Lorenz et al., 2007) 

LGI4 ? Susceptibility to GGE (Gu et al., 2004) 

ME2 ? SNPs associated with susceptibility to JME, 
GGE 

(Greenberg et al., 2005) 

NEDD4L ? Associated with JME with PS (Dibbens et al., 2007)  

NIPA2 ? Haploinsufficiency may cause CAE (Jiang et al., 2012) 

RORB AD Susceptibility to GGE (Rudolf et al., 2016) 

SCN1A ? Associated with JME (Binini et al., 2017; Chan et al., 2019) 

SLC12A5 AD Susceptibility to GGE (Kahle et al., 2014) 

SLC2A1 AD Susceptibility to GGE (Striano et al., 2012) 

SYN2 ? Risk factor for IGE (Prasad et al., 2014; Lakhan et al., 2010) 

SYT11 ? Possible association with GGE (Yilmaz et al., 2014) 

TOP3B ? SNPs associated with susceptibility to JME (Daghsni et al., 2018) 

TRPC4 ? SNPs associated with GGE+PS (Von Spiczak et al., 2010)  

VAMP2 ? Possible association with GGE (Yilmaz et al., 2014) 

 

Amrom, D. et al. (2014) Benign form of Unverricht–Lundborg disease (ULD) mimicking 

juvenile myoclonic epilepsy (JME) in adulthood. Clinical Neurophysiology. 125 (11), e49. 

 

Arsov, T. et al. (2012) Glucose transporter 1 deficiency in the idiopathic generalized 

epilepsies. Annals of Neurology. 72 (5), 807–815. 

 

Bailey, J. N. et al. (2018) Variant Intestinal-Cell Kinase in Juvenile Myoclonic Epilepsy. New 

England Journal of Medicine. 378 (11), 1018–1028. 

 

Baykan, B. et al. (2004) Autosomal Recessive Idiopathic Epilepsy in an Inbred Family from 

Turkey: Identification of a Putative Locus on Chromosome 9q32-33. Epilepsia. 45 (5), 479–

487. 

 

Binini, N. et al. (2017) Identification of two mutations in cis in the SCN1A gene in a family 

showing genetic epilepsy with febrile seizures plus (GEFS+) and idiopathic generalized 

epilepsy (IGE). Brain Research. 167, 726–732. 

 

Chan, C.-K. et al. (2019) Whole exome sequencing identifies a novel SCN1A mutation in 

genetic (idiopathic) generalized epilepsy and juvenile myoclonic epilepsy subtypes. 

Neurological Sciences. 4, 591-598. 



 
 

 

Chen, Y. et al. (2003) Association between genetic variation ofCACNA1H and childhood 

absence epilepsy. Annals of Neurology. 54 (2), 239–243. 

 

Chioza, B. et al. (2001) Association between the alpha(1a) calcium channel gene CACNA1A 

and idiopathic generalized epilepsy. Neurology. 56 (9), 1245–1246. 

 

Cossette, P. et al. (2002) Mutation of GABRA1 in an autosomal dominant form of juvenile 

myoclonic epilepsy. Nature Genetics. 31 (2), 184–189. 

 

Daghsni, M. et al. (2018) TOP3B: A Novel Candidate Gene in Juvenile Myoclonic Epilepsy? 

Cytogenetic and Genome Research. 154 (1), 1–5. 

 

Dai, A. I. et al. (2015) Contribution of KCNJ10 Gene Polymorphisms in Childhood Epilepsy. 

Journal of Child Neurology. 30 (3), 296–300. 

 

Dibbens, L. M. et al. (2009) Familial and sporadic 15q13.3 microdeletions in idiopathic 

generalized epilepsy: precedent for disorders with complex inheritance. Human Molecular 

Genetics. 18 (19), 3626–3631. 

 

Dibbens, L. M. et al. (2004) GABRD encoding a protein for extra- or peri-synaptic GABAA 

receptors is a susceptibility locus for generalized epilepsies. Human Molecular Genetics. 13 

(13), 1315–1319. 

 

Dibbens, L. M. et al. (2007) NEDD4-2 as a potential candidate susceptibility gene for 

epileptic photosensitivity. Genes, Brain and Behavior. 6 (8), 750–755. 

 

Elmslie, F. et al. (1997) Genetic mapping of a major susceptibility locus for juvenile 

myoclonic epilepsy on chromosome 15q. Human Molecular Genetics. 6 (8), 1329–1334. 

 

Escayg, A. et al. (2000) Coding and noncoding variation of the human calcium-channel 

beta4-subunit gene CACNB4 in patients with idiopathic generalized epilepsy and episodic 

ataxia. American journal of human genetics. 66 (5), 1531–1539. 

 

Everett, K. V et al. (2007) Linkage and association analysis of CACNG3 in childhood 

absence epilepsy. European Journal of Human Genetics. 15 (4), 463–472. 

 

Greenberg, D. A. et al. (1988) Juvenile myoclonic epilepsy (JME) may be linked to the BF 

and HLA loci on human chromosome 6. American Journal of Medical Genetics. 31 (1), 185–

192. 

 

Greenberg, D. A. et al. (2005) Malic Enzyme 2 May Underlie Susceptibility to Adolescent-

Onset Idiopathic Generalized Epilepsy. The American Journal of Human Genetics. 76 (1), 

139–146. 

 

Gu, W. et al. (2005) A new EF-hand containing gene EFHC2 on Xp11.4: tentative evidence 

for association with juvenile myoclonic epilepsy. Epilepsy research. 66 (1–3), 91–98. 



 
 

 

Gu, W. et al. (2004) Genotypic association of exonic LGI4 polymorphisms and childhood 

absence epilepsy. neurogenetics. 5 (1), 41–44. 

 

Haug, K. et al. (2009) Mutations in CLCN2 encoding a voltage-gated chloride channel are 

associated with idiopathic generalized epilepsies (Nature Genetics (2003) 33, (527-532)). 

Nature Genetics. 41 (9), 1043. 

 

Helbig, I. et al. (2009) 15q13.3 microdeletions increase risk of idiopathic generalized 

epilepsy. Nature Genetics. 41 (2), 160–162. 

 

Hernandez, C. C. et al. (2011) The  GABRA6  mutation,  R46W , associated with childhood 

absence epilepsy, alters α6β2γ2 and α6β2δ GABA A receptor channel gating and expression. 

The Journal of Physiology. 589 (23), 5857–5878. 

 

Heron, S. E. et al. (2004) Genetic variation ofCACNA1H in idiopathic generalized epilepsy. 

Annals of Neurology. 55 (4), 595–596. 

 

Jiang, Y. et al. (2012) NIPA2 located in 15q11.2 is mutated in patients with childhood 

absence epilepsy. Human Genetics. 131 (7), 1217–1224. 

 

Johannesen, K. et al. (2016) Phenotypic spectrum of GABRA1. Neurology. 87 (11), 1140–

1151. 

 

Kahle, K. T. et al. (2014) Genetically encoded impairment of neuronal KCC 2 cotransporter 

function in human idiopathic generalized epilepsy. EMBO reports. 15 (7), 766–774. 

 

Kapoor, A. et al. (2007) A novel genetic locus for juvenile myoclonic epilepsy at 

chromosome 5q12–q14. Human Genetics. 121 (6), 655–662. 

 

Kapoor, A. et al. (2008) An idiopathic epilepsy syndrome linked to 3q13.3-q21 and missense 

mutations in the extracellular calcium sensing receptor gene. Annals of Neurology. 64 (2), 

158–167. 

 

Kinirons, P. et al. (2008) A novel locus for idiopathic generalized epilepsy in French-

Canadian families maps to 10p11. American Journal of Medical Genetics Part A. 146A (5), 

578–584. 

 

de Kovel, C. G. F. et al. (2010) Recurrent microdeletions at 15q11.2 and 16p13.11 predispose 

to idiopathic generalized epilepsies. Brain. 133 (1), 23–32. 

 

Lachance-Touchette, P. et al. (2011) Novel α1 and γ2 GABAA receptor subunit mutations in 

families with idiopathic generalized epilepsy. European Journal of Neuroscience. 34 (2), 

237–249. 

 

Lakhan, R. et al. (2010) Association of intronic polymorphism rs3773364 A&gt;G in 

synapsin-2 gene with idiopathic epilepsy. Synapse. 64 (5), 403–408. 



 
 

 

Lee, C. G. et al. (2018) Multi-gene panel testing in Korean patients with common genetic 

generalized epilepsy syndromes Emilio Russo (ed.). PLOS ONE. 13 (6), e0199321. 

 

Li, X. et al. (2018) De novo BK channel variant causes epilepsy by affecting voltage gating 

but not Ca2+ sensitivity. European Journal of Human Genetics. 26 (2), 220–229. 

 

Lorenz, S. et al. (2007) Allelic association of a truncation mutation of theKCNMB3 gene 

with idiopathic generalized epilepsy. American Journal of Medical Genetics Part B: 

Neuropsychiatric Genetics. 144B (1), 10–13. 

 

Maljevic, S. et al. (2006) A mutation in the GABA(A) receptor α (1)-subunit is associated 

with absence epilepsy. Annals of Neurology. 59 (6), 983–987. 

 

Mas, C. et al. (2004) Association of the connexin36 gene with juvenile myoclonic epilepsy. 

Journal of medical genetics. 41 (7), e93. 

 

Moore, T. et al. (2001) Polymorphism analysis of JRK/JH8, the human homologue of mouse 

jerky, and description of a rare mutation in a case of CAE evolving to JME. Epilepsy 

research. 46 (2), 157–167. 

 

Pal, D. K. et al. (2003) BRD2 (RING3) is a probable major susceptibility gene for common 

juvenile myoclonic epilepsy. American journal of human genetics. 73 (2), 261–270. 

 

PARIHAR, R. et al. (2014) Association of the GRM4 gene variants with juvenile myoclonic 

epilepsy in an Indian population. Journal of Genetics. 93 (1), 193–197. 

 

Phani, N. M. et al. (2014) Genetic association of KCNJ10 rs1130183 with seizure 

susceptibility and computational analysis of deleterious non-synonymous SNPs of KCNJ10 

gene. Gene. 536 (2), 247–253. 

 

Prasad, D. K. V. et al. (2014) Association of GABRA6 1519 T&gt;C (rs3219151) and 

Synapsin II (rs37733634) gene polymorphisms with the development of idiopathic 

generalized epilepsy. Epilepsy Research. 108 (8), 1267–1273. 

 

Puranam, R. S. et al. (2005) A locus for generalized tonic-clonic seizure susceptibility maps 

to chromosome 10q25-q26. Annals of Neurology. 58 (3), 449–458. 

 

Ratnapriya, R. et al. (2010) A locus for juvenile myoclonic epilepsy maps to 2q33–q36. 

Human Genetics. 128 (2), 123–130. 

 

Rozycka, A. et al. (2013) Association Study of the 2-bp Deletion Polymorphism in Exon 6 of 

the CHRFAM7A Gene with Idiopathic Generalized Epilepsy. DNA and Cell Biology. 32 

(11), 640–647. 

 

Rudolf, G. et al. (2016) Loss of function of the retinoid-related nuclear receptor (RORB) 

gene and epilepsy. European Journal of Human Genetics. 24 (12), 1761–1770. 



 
 

 

Sander, T. et al. (2000) Genome search for susceptibility loci of common idiopathic 

generalised epilepsies. Human Molecular Genetics. 9 (10), 1465–1472. 

 

Sapio, M. R. et al. (2015) Novel carboxypeptidase A6 (CPA6) mutations identified in 

patients with juvenile myoclonic and generalized epilepsy Coro Paisan-Ruiz (ed.). PLoS 

ONE. 10 (4), 1–17. 

 

Von Spiczak, S. et al. (2010) Association study of TRPC4 as a Candidate gene for 

generalized epilepsy with photosensitivity. NeuroMolecular Medicine. 12 (3), 292–299. 

 

Stogmann, E. et al. (2006) Idiopathic generalized epilepsy phenotypes associated with 

different EFHC1 mutations. Neurology. 67 (11), 2029–2031. 

 

Striano, P. et al. (2012) GLUT1 mutations are a rare cause of familial idiopathic generalized 

epilepsy. Neurology. 78 (8), 557–562. 

 

Suzuki, T. et al. (2004) Mutations in EFHC1 cause juvenile myoclonic epilepsy. Nature 

Genetics. 36 (8), 842–849. 

 

Tanaka, M. et al. (2008) Hyperglycosylation and Reduced GABA Currents of Mutated 

GABRB3 Polypeptide in Remitting Childhood Absence Epilepsy. The American Journal of 

Human Genetics. 82 (6), 1249–1261. 

 

Tian, M. & Macdonald, R. L. (2012) The Intronic GABRG2 Mutation, IVS6+2T-&gt;G, 

Associated with Childhood Absence Epilepsy Altered Subunit mRNA Intron Splicing, 

Activated Nonsense-Mediated Decay, and Produced a Stable Truncated  2 Subunit. Journal 

of Neuroscience. 32 (17), 5937–5952. 

 

Urak, L. et al. (2006) A GABRB3 promoter haplotype associated with childhood absence 

epilepsy impairs transcriptional activity. Human Molecular Genetics. 15 (16), 2533–2541. 

 

Vitko, I. et al. (2005) Functional Characterization and Neuronal Modeling of the Effects of 

Childhood Absence Epilepsy Variants of CACNA1H, a T-Type Calcium Channel. Journal of 

Neuroscience. 25 (19), 4844–4855. 

 

Wallace, R. H. et al. (2001) Mutant GABA(A) receptor gamma2-subunit in childhood 

absence epilepsy and febrile seizures. Nature genetics. 28 (1), 49–52. 

 

Yilmaz, M. et al. (2014) Genetic variants of synaptic vesicle and presynaptic plasma 

membrane proteins in idiopathic generalized epilepsy. Journal of Receptors and Signal 

Transduction. 34 (1), 38–43. 

 

Zara, F. et al. (1995) Mapping of genes predisposing to idiopathic generalized epilepsy. 

Human Molecular Genetics. 4 (7), 1201–1207. 

 

 


