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The Genetics of Autism & 
Neurodevelopmental Disorders

The term “neurodevelopmental 
disorders” is clinically defined in 
psychiatry as “a group of conditions 
with onset in the developmental 
period… characterized by 
developmental deficits that produce 
impairments of personal, social, 
academic, or occupational functioning” 
[DSM-5]. 

This term encompasses the clinical 
categories of intellectual disability (ID), 
developmental delay (DD), autism 
spectrum disorders (ASD), attention-
deficit hyperactivity disorder (ADHD), 
speech and language disorders, 
specific learning disorders, tic 
disorders and others.



Timeline of key discoveries in the history of NDD research
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Diagnostic Challanges

Comorbidities

Combining its two Greek roots, syndrome means basically
"running together". So when diagnosing a condition or disease, 

look for a group of symptoms existing together.

• Intellectual
disability

• Motor 
problems

• Language 
deficit

• Epilepsy

ASD/NDD



*consider EEG, earing and visual testing
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Modified from: Moeschler, John B., and Michael Shevell. "Comprehensive evaluation of the child with intellectual disability
or global developmental delays." Pediatrics 134.3 (2014): e903-e918.

AND
Miller, David T., et al. "Consensus statement: chromosomal microarray is a first-tier clinical diagnostic test for individuals
with developmental disabilities or congenital anomalies." The American Journal of Human Genetics 86.5 (2010): 749-764
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Modified from: Moeschler, John B., and Michael Shevell. "Comprehensive evaluation of the child with intellectual disability
or global developmental delays." Pediatrics 134.3 (2014): e903-e918.

AND
Miller, David T., et al. "Consensus statement: chromosomal microarray is a first-tier clinical diagnostic test for individuals
with developmental disabilities or congenital anomalies." The American Journal of Human Genetics 86.5 (2010): 749-764
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CNVs

Originally defined as ≥ 1 kbp in length; the 
definition has been extended to include 

differences ≥ 50 bp in length

AutDB





CNVs
CNVs often arise mechanistically as a result of elevated mutation rates in
regions flanked by segmental duplications (long DNA sequences
with > 90% sequence similarity that exist in multiple locations across the
genome) due to unequal crossing over between the repeats during meiotic
recombination





Recurrent Segmental Aneuploidies & 
ASDs

Regioni
subtelomeriche

Regioni
pericentromeriche

ACMG  Practice Guidelines ofn ASDs Genetics in medicine | Volume 15 | Number 5 | May 2013





The 7q11.23 region
del 7q11.23

Williams–Beuren Syndrome
[OMIM 94050]

7q11.23 Duplication
Syndrome

[OMIM 609757]

 Dilation of the ascending aorta in 46%
 Hypotonia
 Childhood apraxia of speech and/or 

dysarthria and phonologic disorders; 
 Social anxiety disorder [social 

phobia]), selective mutism
 Attention deficit hyperactivity

disorder (ADHD)
 Oppositional disorders, physical

aggression, and autism spectrum
disorders (ASD)



The 17p11.2 region
dup 17p11.2

Potocki-Lupski Syndrome
[OMIM 610883]

del 17p11.2
Smith-Magenis Syndrome

[OMIM 182290]



The 17p11.2 region neuro-phenotype
dup 17p11.2

Potocki-Lupski Syndrome
[OMIM 610883]

del 17p11.2
Smith-Magenis Syndrome

[OMIM 182290]

NEUROLOGIC
Central Nervous System
- Speech delay
- Intellectual disability (IQ 20-78)
- Sleep disturbance
- Structural brain abnormalities

Peripheral Nervous System
- Peripheral neuropathy
- Decreased pain sensitivity

Behavioral Psychiatric Manifestations
- Hyperactivity
- Polyembolokoilamania (insertion of foreign
bodies into body orifices)
- Behavioral problems
- Self-destructive behavior
- Onychotillomania (pulling out nails)
- Wrist-biting
- Head-banging

NEUROLOGIC
Central Nervous System
- Developmental delay
- Intellectual disability, mild
- Hypotonia
- Speech delay
- EEG abnormalities
- No overt seizures
- Delayed myelination
- Hypoplastic corpus callosum

Behavioral Psychiatric Manifestations
- Autistic features
- Attention-deficit disorder
- Hyperactivity



The 22q11.2 region

DiGeorge Syndrome
[OMIM 192430]

22q11.2 proximal
microduplication Syndrome

[OMIM 608363]

intellectual disability/learning disability, delayed
psychomotor development, growth retardation, and 

muscular hypotonia, epilepsy, ASD

cleft palate/
velopharyngeal insufficiency, cardiac anomalies, 

hypoplasia of the thymus, hypoparatiroidsm, global 
developmental delay,

intellectual disability, ASD



The 22q11.2 region

DiGeorge Syndrome
[OMIM 192430]

22q11.2 proximal microduplication Syndrome
[OMIM 608363]

Aggernæs, B. (2018). European Journal of Neuroscience, 47(6), 515-
533.

Distal 22q11.2 microdel/dup syndrome



Gulsuner, S., et al. (2013). Cell, 154(3), 518-529.

Sun, D., (2018). Molecular psychiatry.



Stoll, Georg, et al. 
Nature neuroscience 16.9 (2013): 1228.

Haploinsufficiency: intellectual disability
Nullisomy: intellectual disability + schizophrenia



Greene, C., et al. "Dose-dependent expression of claudin-5 is a modifying factor in schizophrenia." Molecular psychiatry (201



The Genetics of Autism & 
Neurodevelopmental Disorders



Monogenic Disorders & Non Syndromic Autisms

Developmental Medicine & Child Neurology 2010, 52: 130–138

C. R. Biologies 339 (2016) 300–307

Nature Reviews Genetics,2017, 18(6), 362.



Monogenic Disorders & Non 
Syndromic Autisms



Monogenic Disorders & Autisms

Cornelia de Lange   NIPBL, SMC1A,SMC3, 
RAD21, HDAC8

Delayed Mild to severe ASD, increased anxiety, 
selective mutism, 

synophrys, long eyelashes
low-set ears, small, upturned nose

Microcephaly,
growth retardation



Sindrome dell'X fragile (FXS)
Head
- Macrocephaly

Face
- Coarse facies, large forehead, long 
face, prominent jaw, large ears

External Genitalia (Male)
- Macroorchidism

Central Nervous System
- Intellectual disability (moderate to 
severe in males) & seizures
- Abnormal head movements
- Periventricular heterotopia

Behavioral Psychiatric Manifestations
- Hyperactive behavior & ASD

Prevalence approximately 1 in 4,000 males



*

Modified from: Moeschler, John 
B., and Michael Shevell. 

"Comprehensive evaluation of the
child with intellectual disability or

global developmental delays."
Pediatrics 134.3 (2014): e903-e918.

AND
Miller, David T., et al. "Consensus

statement: chromosomal
microarray is a first-tier clinical

diagnostic test for individuals with 
developmental disabilities or 

congenital anomalies."
The American Journal of Human 

Genetics 86.5 (2010): 749-764

*



Colpisce prevalentemente il sesso femminile ed è una delle cause più comuni di deficit 
cognitivo grave nelle ragazze (decorso severo in epoca di vita prescolare nel sesso 
maschiile). La prevalenza è stimata in 1/9.000 ragazze di 12 anni e la prevalenza nella 
popolazione generale è stimata in circa 1/30.000. 

La RTT classica è caratterizzata da sviluppo apparentemente normale nei primi 6-18 mesi di 
vita e, successivamente, perdita della motricità grossolana e fine già acquisita, perdita della 
capacità di interagire e socializzare e comparsa di movimenti stereotipati delle mani.

Sindrome di Rett

Head
- Normal birth head circumference
- Deceleration of head growth
- Microcephaly

Central Nervous System
- Normal development until 6-18 
months
- ID, profound
- Spasticity
- EEG abnormalities
- Seizures
- Reduction or loss of acquired skills
- Cortical atrophy (frontal area)
- ASD & Hand stereotypies



Macrocephaly/autism syndrome
(PTEN-related, OMIM 605309)

Central Nervous System: Developmental delay & ID

Behavioral Psychiatric Manifestations: Autism



Biological pathways associated with ASDs

BAF
com
plex

Wnt

Nicolaides-Baraitser
/Coffin-Siris

CdLS
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Neurodevelopmental Disorders



Unraveling a genetic network linked to Autism
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