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The Spectrum of Autism



What is Autism?

• Characterized by difficulties in social 
interaction, verbal and nonverbal 
communication and repetitive behaviors

• Can be associated with intellectual disability, 
but some excel in music, math and art



Is Autism All or None?

Autism “Normal”



What Causes Autism?



The Gender Conundrum



Male: Female Ratio in Autism

• In the population at large the ratio is 4:1

• In the high IQ end, the ratio is 8:1

• In the low IQ end, the ratio is 2:1

• In Baby Sibs studies the ratio is 3:1



Autism is at least in part genetic

Identical Twins Fraternal Twins Siblings

77% 31% ~20%



Increasing Heritability

Heritability of Various Conditions

Multiple 
Sclerosis

Cancer Heart Disease Diabetes Autism Psoriasis



Autism

Not all Genetic Conditions Run in Families













Rapidly Decreasing Cost of DNA Sequencing

http://www.genome.gov/images/content/cost_per_megabase.jpg
http://www.genome.gov/images/content/cost_per_megabase.jpg






Simons Simplex Collection Identified De Novo Mutations 

as the cause of 25% of Autism

Eichler, State, Wiglerhttps://sfari.org/resources/simons-simplex-collection



Although there are many different genes, many of the genes work 
together in a common mechanism



Is The Gender Difference in Autism 
Due to the X Chromosome?



Are Females Protected from Autism?  
If so, is it because of how we raise girls?

Do girls internalize more and boys externalize?

Autism “Normal”



Single Genetic Causes are More Commonly Found 
in Girls with Autism



Causes of Autism Spectrum Disorder

16p11.2 accounts for 1% 

of ASD

Unknown

~75%
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Identify medical, cognitive, neural and 

behavioral profiles in 16p11.2 to improve 

treatment and care

How does this change over time?

Goals of Simons VIP







Simons'VIP'Connect'Family'Map

Data Collection Site

Registered 16p11.2 Family (+61 non-US)

Updated: 4/24/12



Family Flow

Emory/

Geisinger

Recruitment

Core

• Children’s 
Hospital, 
Boston

• Texas 
Children’s, 
Houston 

• UW Seattle

Phenotyping 
Cores

• UCSF
• CHOP

2nd Level 
Imaging

Cores 

Multiple day visits
All family members
Neurocognitive Testing
MRI
Feedback

2 days
Additional 
neurocognitive 
measures
fMRI, MEG

Screening
Medical records



Assessment Measures

Diagnostic 
Assessment

- Autism Diagnostic Interview
- Autism Diagnostic Observation 
Schedule
- Broad Autism Phenotype 
Questionnaire
-Social communication 
Questionnaire
- Social Responsiveness Scale
- Child Behavior Checklist
- Diagnostic Inventory for 
Screening Children
- Symptom checklist-90

Motor
- Purdue Pegboard
- Movement ABC-II

Cognitive
- Differential Abilities Scale-II
-Mullen
-Wechsler Abbreviated Scale of 
Intelligence

Language
- Comprehensive Assessment of 
Spoken Language
- Children’s Communication 
Checklist
- Comprehensive Test of 
Phonological Processing
- Macarthur Child 
Developmental Inventory
- Obseration of Spontaneous 
Expressive Language
- Clinical Evaluation of Language 
Fundamentals*

Learning/Achievement
- Wechsler Individual Achievement 
Test

Parental Stress
- Parental stress index

Repetitive Behaviors
- Behavior and Sensory Interests 
Questionnaire

Adaptive Behaviors
-Vineland

Executive Function
- Delis-Kaplan Executive Function 
System*

History
- Education History Interview
-Intervention History Interview
-Previous Diagnosis Interview

Medical*

* Measures done at UCSF and CHOP 
or Emory



UCSF, CHOP, Harvard, UW Seattle, Baylor

Sherr         Nagaraja Mukherjee   Buckner      Roberts  Grant          Aylward      Hunter           

Glenn

Neuroimaging

 Neurological exam

 MRI: structural and volumetric 

studies

 Functional imaging (fMRI and 

MEG)

Diffusion fMRI MEG



BMI increases over time in 16p11.2 
deletion carriers



16p11.2 deletion carriers: neurological 
phenotype



16p11.2 deletion carriers have IQs ~2 SD lower 
than their family members



16p11.2 deletion carriers have Social Responsiveness 
Scale (SRS) ~2 SD higher than their family members



Diagnostic Profile: 16p11.2 Deletion
23% have ASD



Deletion carriers are less likely to be right handed

p<0.002



Chiari I Malformation Polymicrogyria



Children                               Adults
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Brain Volume in Increased in 16p11.2 Deletion 
Carriers and Decreased in Duplication Carriers

*

*



Cortical Surface Area is Increased in 16p11.2 
Deletion Carriers

Cortical Surface AreaCortical Thickness

*

*



Imaging Brain Signals
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Understanding the genetics of autism informs brain function

Central Nervous 

System

Systems

Maps

Networks

Synapses

Molecules

Churchland & Sejnowski

1992



Conclusions
• Deletion carriers have a shift in IQ and SRS of approximately 2 standard deviations 

lower than non-carrier family members

• Language deficits are a core feature

• Only a subset of children meet criteria for ASD but all carriers have features of all 
the essential aspects of ASD

• Disturbed brain lateralization

• Seizures are common and associated with lower IQ

• 16p11.2 CNV affects the brain volume in a dose-dependent manner.
1 copy > 2 copy > 3 copy
Effects are pervasive throughout brain



There is a Significant Overlap in the Genes Causing Autism With 
Other Neuro and Developmental Disorders



Early Diagnosis Makes a Difference

Klin and Jones



Early Diagnosis Makes a Difference

• Some of the younger siblings in Baby Sibs 
studies “lost” their diagnosis of autism



Future Support for Autism Will Include 
Multiple Modalities



The New Challenge is for Adults with Autism

• Once educational infrastructure ends, young 
people get lost

• Modified college curriculum

• Living independently or with assistance

• Job interviews and training

• Social skills coaching

• Medical care is problematic



What is the goal of the new Simons Foundation cohort?

To recruit, engage and retain a community of 50,000 individuals 

with ASD and their family members in the United States to:

• Identify the causes of ASD

• Accelerate clinical research by providing the autism research 

community with a genotyped cohort of consented participants



Individual genetic results about cause of child’s ASD

Printable results or summary document of surveys to share

Monetary compensation up to $50

Notifications about additional research

Access to a genetic counselor to walk through results

Community Input: Top Three Features that Would be an 
Incentive to Join the National Autism Cohort



Access to autism-specific educational apps and websites

Articles about latest findings in autism research

Local / regional listings of autism service providers

Interactive webinars on the latest findings in autism

Ways to connect individuals and families with others

Top Three Informational Resources To Provide



How did we get here? 

SAB Member 
Feedback

Qualitative Interviews: 
Adults with ASD & Parents

(n=29)

Quantitative Survey 1: 
Adults with ASD & Parents

(n=496)

Feedback from 
Scientific Community, 

Parents, Adults 
w/ASD

(n= 263)

Quantitative Survey 2: 
100 Adults with ASD & 

900 Parents
Interactions

with various groups
with similar missions



Recruitment

Anyone w/ a 
professional diagnosis 
of autism & their family 

members (biological 
mom, dad, unaffected 

siblings)

Clinical sites 

(ASD clinical 
research centers)

Advocacy & 
Community-based 

organizations

Community at large 
(national media 

campaign)

Interactive 

Autism Network



• Established in 2006 to accelerate 

ASD research by building a web-

based registry of individuals with ASD 

and their families

• Provides researchers with access to 

parent report data and links families 

with opportunities to participate in 

research

• Approximately 20K families 

participate in IAN

Recruitment sources for the cohort:

Interactive Autism Network (IAN)



Recruitment sources for the cohort:

Clinical Site Network



Recruitment sources for the cohort:

Community-based organizations

• Disability organizations (i.e. The 

ARC)

• ASD-specific advocacy groups (e.g. 

Autism Science Foundation; GRASP)

– Parents

– Self-advocates

• Resource and advocacy 

organizations supporting underserved 

communities

• Professional societies



How will families participate in the cohort?

Register 
online

Consent 
online

to share 
data

Enter basic 
information 
about family 

structure

Consent 
online

to DNA 
analysis

Complete 
surveys

Provide 
saliva



Resources for families during registration

• Infographic about 

genetics and providing 

saliva

• Videos and social 

stories about saliva 

collection

• Downloadable and 

printable versions of 

both the data and 

genetics consents



Resources for participants and researchers

Participants

• Educational materials; 
webinars; articles

• Individual and aggregate 
behavioral results

• Individual and aggregate 
genetic results
– Report sent to designated 

physician / genetic counselor

Researchers

• Open access to deidentified
data

• Application process for 
recontacting participants

• Clinical sites
– Participants can opt to share 

their data back with clinical site 
researchers



Genetics for pilot phase

• All samples to be received into a CLIA lab and DNA extraction 

performed

• All exome production to take place in a research setting

• Bioinformatics pipeline to pull all variants to be sent for clinical 

confirmation to be done at SFARI or outsourced

• Genetic results for pre-defined list of genes returned to participant-

designated physician or genetic counselor



Timeline

Pilot: December 2015 - February 2016

Recruit 500 individuals with autism and their biological parents to evaluate:

Recruitment via Friends of the cohort, 
Clinical sites, community partners, IAN

Online registration & online consents

Delivery and return of saliva kits

DNA sequencing and analysis

Clinical confirmation & Return of results 
to participants and research community

NATIONAL 
LAUNCH

APRIL 
2016



Conclusion

• Autism is not a single disorder but is a spectrum
• Autism is more common in males
• The causes of autism are many, and genes play an 

important role
• There are other causes besides genes, but they 

are harder to define
• We are beginning to understand the molecular 

basis of autism and to develop methods of early 
diagnosis with positive effects of early 
intervention
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