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 Genetics of rare epilepsy syndromes 



Are these “rare” epilepsy 
syndromes really rare? 

• Individually “rare” but “as a group 
“common” 



Where do these monogenic 
“rare epilepsy syndromes” hide? 

• Families 
– Autosomal dominant 

– Autosomal recessive 

– X-linked 

 

• Isolated, early onset epilepsies 

 



MONOGENIC 
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SCN1A channelopathies 

Generalized epilepsy with 
febrile seizures plus (GEFS+) 

Dravet Syndrome; 

SMEI 

Missense mutations: 

altered kinetics 

Loss of function 

 

De novo 

Missense mutations 

Nonsense mutations 

 

whole gene deletions  

= CNV 

Families 

Isolated patients 



Early onset absences epilepsy 



SLC2A1 mutations in IGE 



Aims 

• 1. Achieve a molecular genetic 
diagnosis in rare epilepsy cases 
– Better and easier diagnosis 

– Prognosis 

– Genetic counselling 

– Enable pharmacological studies in 
homogeneous patient groups… 



Broader Aims … links with 
other CRPS 

• 2. Novel genes and pathways 
– Novel insights in seizures and 

epileptogenesis 
– Construction of cellular and animal 

models 
– Identification of novel therapeutic 

targets 
• Seizures 

• More disease specific 
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Expertise 

• Patient populations 
– Large Index families/ trios 
– Follow up cohorts 

• In depth phenotyping 
– Clinical; electrophysiology; imaging (MR) 

• Technology platforms 
– Large capacities 
– High troughput 
– Complementary technologies 

 



Positional Cloning 

Genome search chromosome locus 

Gene  mutation 
N

C



Designation Locus Chromosome Gene 

Benign familial neonatal seizures (BFNS) EBN1 20q13.3 KCNQ2 

EBN2 8q24 KCNQ3 

EBN3 5p15-q11 - 

  unknown ≈ 30% - - 

Autosomal dominant nocturnal frontal lobe epilepsy 

(ADNFLE) 

EFNL1 20q13 CHRNA4 

EFNL2 15q24 - 

EFNL3 1q21 CHRNB2 

EFNL4 8p21 CHRNA2 

3p22-p24 - 

8q11.2-q21.1 CRH 

  unknown > 80% - - 

Lateral temporal lobe epilepsy (ADLTE) 10q23–26 LGI1 

  unknown ≈ 50% - - 



Chromosome Phenotype/Syndrome No of families Model of inheritance* LINKAGE Program Max Lod Score Reference Replication studies 

19q BFIS 5 ad - > 8 Guipponi et al. 1997 

16p12–q12 BFIS 7 AD MLINK 3.32  Caraballo et al. 2001 3 

2q24 BFIS 8 AD ALLEGRO 6.29 Malacarne et al. 2001 

1p36.12-p35.1 BFIS 1 AD not determined 3.27 Li et al. 2008 

16p12–q12 ICCA 4 AD MLINK 6.76 Szepetowski et al 1997 2 

16p11.2-q12.1 PKC 8 AD VITESSE 11.51 Tomita et al. 1999 3 

16p12–q11.2 Rolandic epilepsy 

+PED+writers'cramp 

1 AR MLINK 3.68 Guerrini et al.1999 

2p24 GEFS+ 1 AD MLINK 4.22 Audenaert et al. 2005 

21q22 GEFS+ 1 AD FASTLINK 3.35 Hedera 2006 

5q14.3-q23.1 GEFS+ 1 AD FASTLINK 3.12 Deprez 2006 

3p23-p24 GEFS+ 1 AD LINKMAP 4.82 Nabbout et al. 2007 

18p11.2 GEFS+ 1 AD LINKMAP 2.02 Nabbout et al. 2007 1 

6q16.3-q22.31 GEFS+ 1 AD SIMWALK2 4.68 Poduri et al. 2008 

8p23-p21 GEFS+ 5 AD MLINK 3.00 Baulac et al. 2008 

17q12-q24 GEFS+ 1 AD ANALYZE 2.84 Siren et al. 2010 

8q24 IGE 10 model free - 3.40 Zara et al. 1995 

2q36 IGE 130 model free GENEHUNTER 2.98 Sander et al. 2000 

14q23 IGE 130 model free GENEHUNTER 3.28 Sander et al. 2000 

18q21 IGE 91 AR GENEHUNTER 4.50 Durner et al. 2001 

5p15 absence seizures 91 AR GENEHUNTER 3.80 Durner et al. 2001 

8p11 IGE, non JME 91 AR GENEHUNTER 3.80 Durner et al. 2001 

9q32–33 IGE (GTCS) 1 AR ALLEGRO 2.9 Baykan et al. 2004 

10q25–q26 GTCS in JME 11 model free GENEHUNTER 4.20 Puranam et al. 2005 

10p11 IGE 20 AD GENEHUNTER 4.23 Kinirons et al. 2008 

8q24 CAE 1 AD MLINK 3.60 Fong et al. 1998 1 

15q14 JME 34 AR GENEHUNTER 4.42 Elmslie et al. 1997 

6p21 JME, IGE 24 AR LIPED 3.04 Greenberg et al. 1988 5 

5q12–q14 JME 1 AD GENEHUNTER 3.33 Kapoor et al. 2007 

2q23.3, 2q24.1 JME 1 AR MERLIN 2.62 Layouni et al. 2010 

2q33–q36 JME 1 AD GENEHUNTER 9.92 Ratnapriya et al. 2010 

8q23-24 BAFME 1 AD MLINK 5.42 Mikami et al 1999 1 

2p11.1–q12.2 BAFME 2 AD - 3.32 de Falco et al 2003 2 

* AD = autosomal dominat, AR= autosomal resessive 



Questions raised 

• Are we really so succesful? 
• Why is the pace of gene-discovery slowing down? 
 
• Potential hurdles: 

– Some loci may be false positive 
– Mistakes in delineation of linkage intervals 
– Loci to big to handle with classical Sanger 

sequencing 
– Unusual mutation mechanisms (CNV, promotor…) 
– Difficulties in recruiting large families… 
 

 





Spectrum of phenotypes within a single 
family 

Generalized Epilepsy with Febrile Seizures 
Plus (GEFS+) 

Febrile seizures (FS) 

Febrile seizures plus (FS+) 

FS/FS+ atone 
FS/FS+ myoclone 
FS/FS+ absences 
CAE 
JME 
PE 

MAE 
SMEI 

TLE 



Human Genome project 

• Start: 1990 

• Completed: 2003 

• Total cost: ∼$3 
billion 

Complete mapping and 
sequencing of all 20.000 genes 



New tools  
• Targeted next gen sequencing 

– “Epilepsy panels” e.g. 50 known “Epilepsy genes” 
 

• Whole exome sequencing 
– 20.000 genes 

 
• Whole genome sequening  

 
• Genome-wide Copy Number Variant (CNV) 

analysis 
 

 
 



Revolution in research and 
diagnostics 
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