
Jacques L. Michaud

Strasbourg, September 30, 2015

SYNGAP1-related disorders: an overview

Jacques L. Michaud

Montréal, April 2018



Intellectual disability is mainly sporadic



Kloosterman et al. Genome Res. 2015;25:792-801

mutation rate (per generation)

De novo mutations

- 0.01-0,02 structural variants (>100 kb)

- 2.94 indels (1-20 bp) 

- 60-70 SNVs (1 SNV /exome)

- 0.16 structural variants (>20 bp)



A cohort of children with non-syndromic ID

- documentation of ID by psychometric testing

- unexplained ID

- negative investigation (including CGH studies, FMR1 testing

and brain imaging)

- absence of dysmorphic features; normal growth

- normocephaly or acquired microcephaly

- sporadic cases; no history of consanguinity 
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197 genes 
components of the glutamate receptor complexes

(coding regions: 90 Mb; intronic regions: 87 Mb)

2783 variants

Identification of de novo mutations in intellectual disability 

by a candidate gene approach

95 patients
non-syndromic intellectual disability

11 de novo variants

- 4 truncating variants

- 2 splice variants 

- 4 missense variants

- 1 synonymous variant
Hamdan et al., New Engl J Med, 2009

Hamdan et al., Am J Hum Genet, 2011

p.K138X p.R579X p.L813RfsX22



STUDY COHORT DE NOVO MUTATIONS YIELD

Hamdan et al.,  NEJM, 2009 NSID 3/94 3%

Hamdan et al., Biol Psych, 2011 NSID ±autism 3/60 5%

Rauch et al., Lancet, 2012 NSID 2/51 3.9%

De Ligt et al. NEJM, 2012 ID 1/100 1%

DDD study, Nature, 2014 developmental disorders 7/1133 0.6%

Mignot et al., J Med Genet, 2014 ID 3/246 1.2%

Gauthier et al., unpublished data ID 1/105 1.0%

Mutation analysis of the SYNGAP1 gene



Prevalence of pathogenic mutations

in SYNGAP1 in Québec

(population: 8M)

Moderate-severe ID: 0.5%  40 000

Unexplained ID: 50% 20 000

Mutations in SYNGAP1: 0.5% 100

Individuals with a diagnosis: 11



=

DDD, Nature, 2014

SYNGAP1-related disorders: a common monogenic form of ID



More than 50 individuals reported in the medical literature with

pathogenic mutations in SYNGAP1

Presentation with global developmental delay

Typically moderate to severe intellectual disability but can be mild 

Developmental delay in SYNGAP1-related disorders 

Hypotonia early in life

Average age at walking: 26 months

Ataxic gait  

Range of language development: single words only to 4-5 word sentences

No language at 5 years of age in a 1/3 of children



Study cohort de novo mutations yield

Carvill et al., Nat Genet, 2013 Epilepsy encephalopathy 5/500 1%

Hamdan et al., unpublished data Epileptic encephalopathy 1/200 0.6%

Epilepsy and mutations in SYNGAP1

Age at first seizure: 6 months to 7 years (mean age: 3.5 years)

Various types of seizures: typical or atypical absence seizures, 

myoclonic jerks with or without falls, eyelid myoclonia, tonic clonic

seizures, myoclonic absences, and atonic seizures

EEG: generalized discharges with posterior predominance

Photosensitivity

Normal brain imaging



Behavioral anomalies

Autism spectrum disorder (up to 50% of children)

Inattention 

Impulsivity

Self-directed and other-directed aggressive 
behavior

Elevated pain threshold

Sleep disorders 



40

45

50

55

60

65

70

75

80

1 2 3 4 5 6 7 8 9

C
B

C
L

 S
co

re
 T

 

Patients

Total Behavior Problems

Behavioral Profile
Child Behavior Checklist - CBCL

M Beauchamp



Behavioral Profile

Externalizing Problems

Aggressive behavior 

 gets in many fights

Attention problems 

 can’t sit still

Internalizing Problems

Withdrawal 

- prefer to be alone

Anxiety

- upset when separated from 

parents

Vineland Maladaptive Behavior Index

M Beauchamp



Miscellaneous anomalies

Acquired microcephaly

Strabismus

Musculoskeletal disorders, including hip rotation or

dysplasia, kyphoscoliosis, and pes planus

Constipation

Subtle but consistent facial appearance?? 

(mildly myopathic, open-mouth appearance) 



Summary of SYNGAP1 mutations identified in the literature

Cyril Mignot et al. J Med Genet 2016;53:511-522

©2016 by BMJ Publishing Group Ltd



Haploinsufficiency in SYNGAP1-related disorders



In conclusions

- Mutations in SYNGAP1 represent one of the most common

monogenic forms of intellectual disability.

- ID, generalized epilepsy and ASD represent the core features

associated with mutations in SYNGAP1.

- There is no apparent correlation between the genotypes and 

phenotypes in SYNGAP1-related disorders.

- There is a critical need for structured studies of the natural

History of SYNGAP1-related disorders.


