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The Heterogeneity Challenge



Autism varies widely in traits and in genes

We know autism is about 80% heritable (strongly 
genetic), but we've only found the specific cause 

for about 1 in 5 autistic people — even after 
studying thousands of genes



Do autistic individuals with similar 
traits also have similar genetics?



Brief history of autism diagnosis and subtypes

1943: first description of “infantile autism”

1980: DSM III includes autism as an official diagnosis

1994: DSM IV introduces an umbrella of 
“pervasive developmental disorders”

Autistic Disorder

PDD-NOS

Rett’s Disorder
Asperger’s DisorderChildhood Disintegrative


Disorder

2013: DSM V includes single diagnosis of autism 
spectrum disorder (ASD) based on multiple dimensions
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300,000 individuals and growing



Cohort description
All probands < 18yo (N = 105,082)

+ SCQ (N = 55,277)

+ background history (N = 37,721)

+ RBS-R (N = 33,790)

+ CBCL (N = 5,392)

Females (N = 1,218)

Males (N = 4,174)

Females

Males



Cohort description
All probands < 18yo (N = 105,082)

+ SCQ (N = 55,277)

+ background history (N = 37,721)

+ RBS-R (N = 33,790)

+ CBCL (N = 5,392)



A person-centered approach: find subgroups based on 
traits and look at their underlying genetics

5392 autistic children x 239 traits

Replication in independent cohort 
Clinical validation 

Common variant signals 
de novo and inherited variation 

Pathways and processes 
Developmental gene timing

Social Communication Questionnaire 
Repetitive Behavior Scale 
Child Behavior Checklist 

Background History



What is a “person-centered” approach?

Trait-centered 
approach

Communication challenges

Repetitive behaviors

Intellectual disability

Sensory sensitivities

…

Group 1

Group 2

Group 3

Person-centered 
approach



What is mixture modeling?

• Mathematical way to look for underlying groups that best explain the data

• Estimates how many distinct groups naturally exist in the population



We identified 4 groups within our autism cohort

5392 autistic children x 239 traits



Characteristics of 4 autism classes
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When we tried this with another group of autistic children 
(Simons Simplex Collection), we saw very similar groups



Clinical validations and characterization
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Clinical validations and characterization



Are there coherent genetic patterns underlying 
these trait-based groups?

?
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Human genetic variation

4-5 million genetic variants

~300,000 
rare

~4 million common

~70 de novo 4-5 million inherited

Benign or

no effect Pathological
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Polygenic risk scores add up common variant 
contributions to traits or diseases

Polygenic risk scores add up thousands of tiny genetic effects from common variants

Variant 1   +0.02

Variant 2   +0.01

Variant 3   +0.03

Variant 4   +0.01

… …

Variant 10,000   +0.004



Polygenic risk scores add up common variant 
contributions to traits or diseases

Polygenic risk scores add up thousands of tiny genetic effects from common variants

Variant 1   +0.02

Variant 2   +0.01

Variant 3   +0.03

Variant 4   +0.01

… …

Variant 10,000   +0.004

Polygenic score = 0.87



These groups have very different polygenic scores for 
common traits and comorbidities
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The polygenic scores match up with real diagnoses



These groups have very different polygenic scores for 
common traits and comorbidities



Human genetic variation

4-5 million genetic variants

~300,000 
rare

~4 million common

~70 de novo 4-5 million inherited

Benign or

no eff Pathological



The groups also show different patterns in rare de 
novo and rare inherited variants

* FDR < 0.1
** FDR < 0.05
*** FDR < 0.01



Genes work together in biological pathways

Figure adapted from Khan Academy

• Genes can be grouped into pathways by 
the shared jobs they perform in a cell

• Disruptions in multiple genes in the same 
pathway can lead to the same outcome

• Looking at pathways lets us understand 
broader biological explanations than 
single genes



Unique pathways and processes are associated with 
each subclass



Genetic variants can display their effects at different 
times in development

Even though the vast majority of genetic variants are present at 
fertilization, they may not have any effect until later in development 
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Genetic variants can display their effects at different 
times in development

Even though the vast majority of genetic variants are present at 
fertilization, they may not have any effect until later in development 

Gene 1 Gene 2 Gene 3 Gene 5 Gene 6Gene 4



Developmental timing gene sets
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Groups show different patterns of disruption in 
developmental timing genes
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Groups show different patterns of disruption in 
developmental timing genes



Developmental gene patterns match up with 
developmental milestones



Conclusions

• A person-centered framework allows us to associate complex trait 
profiles with underlying genetics

• Maybe one of the reasons we have struggled to find genetic patterns 
across autistic individuals is that we were grouping everyone together

• There are underlying differences in how the brain develops that may affect 
how different individuals with the same diagnosis of autism see and 
experience the world

• We see genetically grounded differences that align with complex 
phenotypic profiles



Important topics this study doesn’t answer

• These are not clinically validated subtypes - your doctor 
cannot give you a formal diagnosis according to these groups

• How do these groups relate to adults with autism?

• Are there exactly four groups across the whole autistic 
population? Could there be more than four?

• Could these change over time? Could people “switch” classes?
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