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or a symptom of a genetic disorder
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Aetiology of ASD ?

• Does ASD is an environmental disorder?

• Does ASD is a genetic disorder ?

• Does ASD is a feature of several genetic disorders?

• Why having an answer?

• What is the goal ?



Why an exact aetiology ?

• A precise diagnostic to propose a precise counselling and a precise 
care (treatment?)



Aetiology of ASD ?

• What lead to the increase of the incidence of ASD ?

• Environment ? Toxics?
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How to reach the precise aetiology ?



• Heritability in ASD around 80%

Genetic could help in ASD?

Genetics
Environment



• Heredity (different from heritability)

• Several mode of inheritance are observed

• No familial history doesn’t means no Mendelian disorders

Concepts in genetics



Increased maternal and paternal age ?

France

Insee Institut national de la statistique et des études

économiques

Mesurer pour comprendre

USA



Increased maternal and paternal age ?



71 patients ASD, non affected siblings, parents)

Does de novo mutation due to increase paternal age is responsible for the 

increasing of the prevalence of ASD ?



• De novo mutations seems frequent in ASD (and ID)

• Could Explain 

• absence of familial history

• Increased incidence of ASD

De novo mutations are frequent in ASD



• ASD observed in an isolated or in a syndromic form

• ID is a comorbidity ?

Does ASD is a disease or feature of genetic disorders ?



• Co-existence of ID and ASD

Stratification into ASD patients +/- ID

2006



2012• Co-existence of ID and ASD

Stratification into ASD patients



Focus on genetic of ID 



Array CGH

NGS

Does Mendelian disorders are frequent in ID ?



Array CGH

NGS

Does Mendelian disorders are frequent in ID ?



A link between the genetic of ID and ASD ?



Does ASD as well as ID are features of genetic disorders ?



Concept of features Vs co-morbidities

ID is a comorbidity or a feature?



• Penetrance of features, including ASD, in X fragile syndrome

Concept of features Vs co-morbidities

Developmental Delay (DD) or Intellectual Disability (ID): 96%

Attention Problems: 84%

Anxiety: 70%

Hyperactivity: 66%

Autism: 46%

Self-Injury: 41%

Aggressiveness: 38%

Obesity: 30% (near general population in USA)

Seizures: 18%

Depression: 12%



• Penetrance of ASD in fragile-X syndrome

• Variability of the expression of features in a genetic disorder

Penetrance of features in a precise diangosis = genetic disorder



Expanding features in Fragile X syndromes

Deciphering the genetic aetiologies = knowledge for patients

Fragile X syndrome



Expanding features in Fragile X syndromes

Deciphering the genetic aetiologies = knowledge for patients

Fragile X syndrome

Premature ovarian failure

preservation of fertility

pre implantatory

prenatal procedures



Expanding features in Fragile X syndromes

Deciphering the genetic aetiologies = knowledge for patients

Fragile X syndrome

POF carrier

FXTAS



Does ASD is a feature of genetic disorders ? Examples



• POGZ – De Novo mutation

Examples of variability of genetic disorders



• POGZ
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Examples of variability of genetic disorders



• CNOT3

• De novo NM_014516.3:c.439G>A, p.(Glu147Lys) 

Severe ID

Walk 30 months

no language

Seizures

ASD

Short stature

Relative macrocephaly

Examples of variability of genetic disorders



• CNOT3

• De novo NM_014516.3:c.1537_1540delAGTG, p.(Ser513Metfs*27) 

Learning difficulties

ASD

No Seizures

Normal growth parameters

Examples of variability of genetic disorders



Mendelian is not All 



Environment and ASD



ASD and valproic acid

In France 2007-2015

15 000 pregnancy with in utero exposition to valproic acid

1,9/1000 pregnancy

Indications

seizures

Bipolar

2017 



Conclusions (for now)

• We need to decipher using exome or genome the ASD “feature” 
in an attempt to 

• Have a precision diagnostic = genotype = Mendelian disorder

• Propose a genetic counselling
• Recurrence or not

• Adapt the cure and the prevention of the features (phenotype)  based 
on 

• the knowledge of the genetic disease, 

• the penetrance of the associated features

• and the age of apparition of these features

• Avoid exposition to known exogenous factors (valproic acid for 
instance)





Deciphering ASD on other features

536 patients with ASD > 294 genes tested (genes supposed to be involved in brain size) > 22 patients with mutations



Deciphering ASD on other features

536 patients with ASD > 

294 genes tested (genes 

supposed to be involved in 

brain size) > 22 patients 

with mutations = 4%



Epigenetics or mutations in genes controlling epigenetics ?



Constant progression of Knowledge



Effect of genetic variants

Rare variant with strong effect vs frequent variant without or only weak effect

Concepts in genetics

Mendelian disorders

Penetrant variant

• Mutation

• CNV

• 22q13 (SHANK3)

• 22q11,2

Frequent variant

Weak effect

• SNP from GWAS

Predisposition variant

Often inherited from 

an unaffected parent

16p



CNV in ASD (and ID)

2446 patients



5000 gènes 

à fonctions 

connues

� Genetic information in DNA

� 46 (2x23) ADN molecules
(chromosomes)

� 2x20 000 genes

Emerging Knowledge

2X20 000 genes



5000 

genes with

known

functions

?
1/4

Emerging Knowledge



3800 genes

associated

with a 

mendelian

disease

?
1/5

Emerging Knowledge



8000 genetic

diseases

?

Emerging Knowledge

3800 genes

associated

with a 

mendelian

disease



8000 genetic diseases

4 to 5 

New diseases by 

week

60 new genes in ID 

in 2016

?

Emerging Knowledge

3800 genes

associated

with a 

mendelian

disease



Increased maternal and paternal age and incidence of ASD?



Complexe diseases

Familial aggregation of cases

But not classical heredity
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Multifactorial aetiology



The same gene is responsible for several disorders


