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Monogenic inheritance
Mendelian traits

Polygenic inheritance
Complex (discontinuous) traits



Oligogenic inheritance
Familial traits – sporadic cases





Idiopathic Generalized Epilepsies



Genetic architecture of IGE
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Temporal lobe epilepsies 

• Hippocampus-
amigdala (mesial)

• Temporopolar region

• Dorsolateral region





Model A = TLE, AD, 80% penetrance Model C = All Epilepsies, AD, 80% penetrance

Model B = TLE, AD, 60% pentrance Model D = All Epilepsies, AD 60% penetrance



Rare penetrant allelesRare penetrant alleles

-

Familial traits



Generalized Epilepsy and Febrile Seizures plus

Clinical features 

- Clinical Variability 

- Febrile Seizures (< 6 y)

- Febrile Seizures “plus” (> 6y)

- Afebrile seizures, usually generalized 

(tonic-clonic, absence, myoclonic, 

Genetic features

(tonic-clonic, absence, myoclonic, 
atonic)

- Benign outcome

-No brain lesions or metabolic disorders



GABRG2
GABAA receptor

γγγγ2222 subunit

Generalized epilepsy with febrile convulsions plus 

SCN1A – SCN1B
Voltage-gated Na+ channel 

subunits





Unreported nonsynonymous variants 
(dbSNP132)(< 1% in 760 caucasian controls) 

N° Variants

N° genes with 

variants Families Segregation

70 35 82 60

Screening of 66 ion channel genes in 95 families with IGE 
(at least three affected cases per family)

Linkage analysis assuming 

an autosomal dominat model 

with reduced penetrance
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Preliminary conclusions

• allelic diversity

• low clustering of rare variants in individual genes

• most variants do not segregate

• cosegregation may be casual











Genetics of the Epilepsies

> 95% sporadic cases with Complex inheritance

< 5% Families with Monogenic inheritance



Susceptibility genes 

––

Common (sporadic) traits



Common Disease – Common Variants Hypothesis



Genome-wide Association Studies

- Copy Number Variations (CNVs)

- Single Nucleotide Polymorphisms (SNPs)











Idiopathic Generalized 

Epilepsy (All)

Idiopathic Absence 

Epilepsy

Juvenile Myoclonic 

Epilepsy







International League Against Epilepsy 

International Consortium 

on the Genetics of Epilepsies
London, Royal Society, 26th March 2012



9,681 Epilepsy cases 

vs

25,824 controls 

2,607 IGE cases 

vs 

18,987  controls 



Common Disease – Rare Variants Hypothesis

Population data Individual data

- 500.000 different coding SNPs - ∼13.595 coding SNPs

- 86% rare (< 0,5%) - ∼ 320 functional coding SNPs

- 82% previously unknown - 97,5% of functional important SNPs rare

- 82% population specific

Exome Sequencing of 2440 individuals (1351 European, 1088 African)
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The promise of genomics



SNP Arrays

DIRECT IDENTIFICATION OF MUTATIONS: GENOME-WIDE APPROACHES

Copy Number Variations (CNVs)

CGH-Arrays



Next-Generation Sequencing (Point and Indel mutations)

DIRECT IDENTIFICATION OF MUTATIONS: GENOME-WIDE APPROACHES

Exome Sequencing









CNVs in Ion Channels genes in IGE

• 440 genes encoding protiens involved in transmembrane transport 
of ions or neutransmitters

• 60.000 probes covering introns and exons of candidate genes 
(spacing range 100 – 1.000 bp)

• 44.000 genome-wide backbone probes (average spacing 75 kb)• 44.000 genome-wide backbone probes (average spacing 75 kb)

• 227 familial cases of IGE/GEFS+ (two affected cases)

• 248 controls

� Identification of rare highly penetrant CNVs

� Identification of common recurrent CNVs

� Functional studies



TRANSIENT RECEPTOR POTENTIAL CATION CHANNEL, SUBFAMILY M, 

MEMBER 3; TRPM3 



GAMMA-AMINOBUTYRIC ACID RECEPTOR, GAMMA-2; 

GABRG2 



POTASSIUM VOLTAGE-GATED CHANNEL, SHAL-RELATED SUBFAMILY, 

MEMBER 2; KCND2



POTASSIUM CHANNEL TETRAMERIZATION DOMAIN-CONTAINING 1; 

KCTD1









De novo mutations

1 de novo nonsynonymous coding SNP is expected to occur in each individual







CONCLUSIONS

• The genetics of Epilepsy emerged as extremely complex. 

• Susceptibility to common forms of epilepsy likely involve hundreds 

or thousands of rare alleles with a variable degree of penetrance 

and expressivity.

• At the clinical level, neurologists should recognize familial traits, 

which are indeed present among the bulk of sporadic cases.

• Identification of susceptibility/low penetrant alleles has limited 

clinical utility and inestimable impact on the understanding 

of epileptogenesis.




