
Bi/CNS/NB 150:  Neuroscience

Lecture 

Wednesday, Nov. 25, 2015
Ralph Adolphs

Autism

1

1



Neuropsychiatric Disorders

Cardiovascular Disease

Malignant Neoplasms

Unintentional Injuries

Sense Organ Disorders

Respiratory Diseases

Musculoskeletal Diseases

Digestive Diseases
0 8.75 17.50 26.25 35.00

3.31

3.84

6.57

6.61

6.69

12.57

13.94

28.47

Burden of Disease: Lead Contributing Disease Categories to DALYs

Percent of Total DALYs; U.S. & Canada

SOURCE: WHO 2008

MORBIDITY FROM MEDICAL CAUSES

2



3

What distinguishes brain diseases?

- The brain is extremely complex
(so it is hard to find the cause)

- The brain requires glucose and oxygen
(so cells can die easily)

- Most neurons do not divide after birth
(the brain cannot repair itself)

Two big challenges:

- Development
- Aging
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What is Autism?

DSM Diagnosis
Research-quality Diagnosis

Research findings (genes, brain scans, etc.)
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Autism Spectrum Disorders: 
Pervasive Developmental Disorders

• Difficulties interacting with people
• Delayed and abnormal language
• Repetitive behaviors, desire for sameness

Kanner (1943).  Autistic Disturbances of Affective Contact, Nervous Child, 2: 217-250.

“there have come to our attention 
a number of children whose 
condition differs so markedly and 
uniquely from anything reported 
so far, that each case merits - 
and, I hope, will eventually receive 
- a detailed consideration of its 
fascinating peculiarities.”
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Leo Kanner 
“Autistic Disturbances of 
affective contact” 1943.

Hans Asperger (1944)
-lack of empathy, 
“little professors”
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de novo change to genes, such as the 
CNVs. Holt concludes that “the study 
by Hallmayer et al. itself still points to 
a sizeable genetic contribution, and 
over the last decade the search for 
genetic factors for autism has met 
with significant success. Given their 
variance from previous studies, it will 
be interesting to see if these estimates 
are replicated in future work.”

Girls’ and boys’ networks
One other important question on 
which the two recent CNV studies 

diverge is the gender asymmetry. 
Autism and ASDs affect many more 
boys than girls, and simple genetic 
explanations such as recessive genes 
on the X chromosome (which explains 
the asymmetry in haemophilia) have 
been ruled out. Sanders et al. say 
they can derive no explanation of 
the gender imbalance from their 
results, while Levy et al. conclude that 
their results are in agreement with 
the hypothesis that girls are more 
resistant against the effects of a given 
genetic burden. 

This conclusion is supported by 
the results of a group from Columbia 
University (New York), who developed 
a new analysis tool called NETBAG 
(network-based analysis of genetic 
associations) and applied it to the 
CNV results of Levy et al. Essentially, 
the authors constructed a network of 
genes where a connection between 
two genes represents the likelihood 
that these genes contribute to similar 
phenotypes. Locating the genes 
affected by significant CNVs in the 
study of Levy et al. in this network, 
the authors identified clusters of 
functionally related genes that are 
perturbed by de novo CNVs in some 
of the probands. 

The analysis of these clusters 
revealed that many of the processes 
likely to be perturbed by the CNVs 
identified by Levy et al. are linked to 
“the development and maturation 
of synaptic contacts in the brain,” 
the authors write. Specifically, their 
analysis links adhesive proteins like 
neurexin and neuroligin, complex 
structures like the postsynaptic 
density, and processes like axon 
guidance and neuron motility to ASDs. 
The NETBAG analysis supports the 
hypothesis, the authors summarise, 
“that perturbed synaptogenesis is at 
the heart of autism.” 

On the gender issue, the data from 
Levy et al. suggest that the CNVs 
found in female probands are affecting 
a larger number of genes than in 
males. In addition to this, the network 
analysis indicates that the genes 
affected in female probands are more 
important for the functional network 
in which they are involved than those 
found affected in males. Both findings 
are consistent with the hypothesis that 
it takes a stronger genetic disruption 
to produce the autistic phenotype in 
females than in males. 

Once more, additional research 
targeted specifically at the new 
candidate genes and their functional 
context will be necessary to confirm 
and flesh out these suggestions. 

Testing times 
The realisation that CNVs and de novo 
CNVs in particular play a significant 
role in autism raises the question 
of whether it would be useful to 
test patients for these variations. 
Yiping Shen et al. (Pediatrics (2010) 
125, e727) have recently reported a 
detailed comparison of chromosome 
microarray (CMA) testing for CNVs 

Labelled autistic: Temple Grandin, one of the first generation of children to be diagnosed 
with autism, managed to build a successful career in animal science partly by using her own 
unusual sensitivity and anxieties to better understand animals. She is the author of a widely 
known memoir (Emergence: Labeled Autistic) and the subject of a recent HBO film in which the 
actor Claire Danes impersonates her. (Photo: Jonathan D. Thoreson.)

Temple Grandin: NOT your typical person with autism
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Stephen Wiltshire
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DSM-‐IV	  Criteria	  (au0sm)

• Social	  Impairments
– Lack	  of	  social	  or	  emo0onal	  reciprocity
– Diminished	  gaze,	  facial	  expression,	  or	  body	  posture	  which	  would	  normally	  

regulate	  social	  interac0on
– Marked	  difficulty	  sharing	  enjoyment	  with	  others

• Communica2on	  Deficits
– Language	  delay
– Echolalia—stereotyped	  language
– Reciprocal	  conversa0on	  skills—language	  pragma0cs

• Stereotyped	  Interests	  and	  Rigid	  or	  Repe22ve	  behavior
– Unusual	  interest	  (intensity	  or	  content)
– Inflexible	  adherence	  to	  rou0nes
– Motor	  stereotypies
– Preoccupa0on	  with	  parts	  of	  objects
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How accurate is diagnosis?

Sensitivity vs. Specificity

Autism vs. “neurotypical”

Autism vs. other psychiatric illness

Low-functioning vs. high-functioning
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- incidence: close to 1% for ASD

1975 1985 1995 2001 2004 2007 2009

1 in 5,000
1 in 2,500

1 in 500

1 in 250

1 in 166

1 in 150

1 in 110

Study publication date

Diagnosis: rising
By some counts, autism diagnoses have climbed steadily 
since the 1970s. Some research has found explanation 
for more than half of the rise (right). Diagnostic
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Phenotype (social, language, behavioral)

Endophenotype (cognition, emotion)

Neural circuits (connectivity, fMRI)

Synapses

Networks of proteins

Genetic/ epigenetic factors + environmental
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Autism is a pervasive developmental disorder
-early onset (2 years of age for diagnosis)
-lifelong

Autism runs in families
-very high heritability (0.8-0.9 perhaps)
-mostly males
-there is a spectrum (Asperger’s, autism, etc.)

Autism is psychiatrically defined illness
-diagnosis on behavioral criteria only
-but there are many biological “markers”

Children with autism have larger brains
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Heritability of Autism

-MZ twins: 70% autism, 90% ASD

-DZ twins: 5%, 10%

- more frequent in males than females (4:1; 10:1 for high-
functioning)
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autism early in life,” and that eye tracking 
could conceivably assist diagnosis in primary 
care settings21.

The classification approach has attracted 
criticism, particularly because the media 
reported some findings inaccurately as 
discoveries of new autism biomarkers in 
infants22,23. As in the case of machine learn-
ing algorithms for diagnostic biomarkers, 
a major limitation of this kind of study is 
that the sensitivity and specificity of the 
proposed candidates as predictors of autism 
will probably be very different when applied 
to the general population. Second, previ-
ous studies that used laboratory measures 
similar to the proposed biomarkers suggest 
that these measures are highly sensitive to 
age24. To accurately evaluate the utility of 
these measures as predictors of autism, the 
developmental course of these candidate 
measures within the period of infancy and 
toddlerhood needs to be determined in  
large samples of participants. Last, the value 
of the proposed biomarkers as predictors of  
autism is based on the assumption that 
observed differences in infants who are at 
risk for autism necessarily reflect later symp-
tomatology in the subgroup who will go on 
to develop autism. This assumption has been 
challenged by findings that suggest that the 
neurodevelopmental process in infants who 
are at risk is atypical. In those infants  
who do not develop the disorder, observed 
neural differences may reflect the brain’s 
resilience and adaptation in the face of 
genetic risk3.

Despite the promise of these recent 
findings regarding how autism develops in 
infancy and the insights that they provide 
for models of complex multifactorial aetiol-
ogy, premature claims of the clinical utility 
of predictive biomarkers may only serve 
to undermine the value of these scientific 
advances. Indeed, the challenges outlined 
above have already been recognized in the 
broader field of developmental psycho-
pathology, and new concepts have been 

adopted. One idea that has been adopted in 
autism studies25 and that has more recently 
been applied to studies of infants at risk3 is 
the concept of using more proximal endo-
phenotypes (or intermediate phenotypes) in 
the path towards biomarker development26. 
Such endophenotypes are considered to 
reflect the genotype better than does com-
plex clinical characterization. Intermediate 
phenotypes index susceptibility and are 
expected to be present in both diagnosed 
individuals and in their unaffected family 
members. Some intermediate phenotypes 
will also be associated with other conditions 
that share genetic, environmental and neu-
robiological risk pathways. Given their inter-
mediate status, endophenotypes may have 
limited clinical significance but may be  
found to be clinically valuable when com-
bined with other measures and/or when they 
are evaluated over a long developmental 
period. In general, the promise of predictive 
biomarkers is more likely to be fulfilled if 
the scientific community continues to focus 
on building the understanding of autism 
as a complex condition that is probably 
determined by multiple, yet to be under-
stood pathways that lead to heterogeneous 
outcomes.

Ethical issues
Heterogeneity. The difficulties in the search 
for biomarkers for autism underscore the 
biological heterogeneity of the condition. 
This heterogeneity contributes to a complex 
phenotypic picture of autism, and it is this 
picture that most provokes ethical reflec-
tion on the therapeutic interventions that 
biomarkers could introduce. People with 
autism are located somewhere on a broad 
spectrum from low to high functioning. 
This is reflected, for example, in the range 
in IQ (from severe intellectual impairment 
to extremely high IQ) and communica-
tion styles (from no speech or language 
use to highly articulate, if eccentric, speech 
and language) that are associated with the 

condition. The concept of a spectrum is also 
used to capture the variability in health, in 
developmental difficulties and in sensory 
problems that contribute to the differ-
ent profiles of people who are affected by 
autism. The general public, however, rarely 
appreciate this level of complexity and the 
broad spectrum of functioning that charac-
terizes the condition. The quirky savantism 
of the person with autism depicted in the 
film Rain Man remains for many people the 
iconic representation of autism, whereas 
in reality the majority of diagnosed indi-
viduals are placed somewhere along the 
spectrum rather than at or near its extreme 
ends. Furthermore, in any given period, an 
individual with autism can fit descriptions 
of both high and low functioning in differ-
ent respects and even in different settings. 
Hence, a diagnosis of autism can represent 
a person who is extremely disabled but 
has unique strengths in some areas (such 
as art, music or mathematics), or some-
one who functions effectively when he or 
she can work in solitude and engage with 
colleagues in virtual discussions but who 
is profoundly disabled by social difficul-
ties in real-time encounters with them27. 
Moreover, the position of an individual 
on the spectrum is not fixed through the 
course of life, if only because environmental 
inputs may help them to learn social com-
munication behaviours and to adjust to 
their surroundings and, more generally, may 
minimize (or exacerbate) their symptoms. 
For example, a young withdrawn and non-
verbal child with autism may grow into a 
high-functioning adult.

Given the relatively plastic nature of 
autism symptoms (particularly early in life) 
and the possibility of movement within a 
broad spectrum from low to high function-
ing through the course of a life, it is impor-
tant that biomarker discovery in autism does 
not result in children being given a biologi-
cal label that fixes and defines their potential 
and treatments. Ideally, biomarker discovery 
should lead to an increased understanding of 
the complex nature of the autistic spectrum, 
rather than to deterministic or reductive 
thinking about autism.

Difference versus disability. The prospect of 
autism biomarkers sharpens the fundamen-
tal question of what value to place on autism 
as a condition, and on different aspects of 
the condition. Autism is generally described 
in a negative way by listing its core attributes 
as impairments in social communication, 
narrow but deep interests and stereotyped 
behaviour, but emphasis could also be placed 

Table 1 | Examples of proposed biomarkers for autism

Biomarker type Sample/measure Refs

Gene expression profile Blood samples 9

Proteomic profile Serum samples 62

Metabolomic profile Urine samples 63

Head size Head circumference trajectory 64

Brain size and structure MRI, DTI 13

Brain function Functional MRI, EEG, ERPs 20

Eye movement Looking measures, saccadic reaction time 21

DTI, diffusion tensor imaging; EEG, electroencephalography; ERPs, event-related potentials. 

PERSPECT IVES

606 | OCTOBER 2011 | VOLUME 12  www.nature.com/reviews/neuro

© 2011 Macmillan Publishers Limited. All rights reserved

Nature Reviews Neuroscience (2011) 12:603 
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Genes that contribute to autism:

-synaptic proteins: neuroligins, neurexins

-cell adhesion molecules

-receptors
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Related Disorders:

	
 ASD: autism, Asperger Syndrome, PDD-NOS

	
 Fragile X:  (FMR-1 gene triplet repeats)

	
 	
 --as high as 40% of FRAX may have autism

	
 	
 --but <5% of autism have FRAX

	
 Tuberous Sclerosis

	
 	
 --as high as 20-60% have autism

	
 	
 --but <3% of people with autism have TSC
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Endophenotype
A measurable trait that is both 
heritable and related to a 
specific aspect of a condition 
under investigation.

Hierarchical clustering
A statistical method in which  
a collection of objects 
(observations, individuals or 
risk loci) are grouped into 
subsets, such that those within 
each cluster are more closely 
related to one another than 
objects that are assigned to 
different clusters.

Principal components 
analysis
A statistical method used to 
simplify data sets by 
transforming a series of 
correlated variables into a 
smaller number of 
uncorrelated factors.

Penetrance
The frequency with which 
individuals that carry an allele 
of a given gene will show the 
manifestations associated with 
the variant. If the penetrance of 
a disease allele is 100% then 
all individuals carrying that 
allele will express the 
associated disorder.

Dysmorphic
Showing a structural 
abnormality of a body  
part or facial feature.

Interstitial
A chromosomal segment that 
is located between the 
centromere and telomere.

Isodicentric
A genetic abnormality 
characterized by the presence 
of two additional and identical 
DNA segment copies that are 
joined end to end to form a 
forty-seventh chromosome.

Syndromic ASD
An ASD case that is observed 
in the context of a recognized 
syndrome (for example, fragile 
X syndrome).

rearrangements in unrelated individuals or the discovery 
of point mutations within individual genes.

The clues obtained by these studies have proven 
important in our understanding of ASD aetiology. 
Within the 15q11–15q13 locus, ubiquitin protein ligase 
E3A (UBE3A) and gamma-aminobutyric acid A receptor 
beta 3 (GABRB3; an inhibitory neurotransmitter receptor) 
are currently thought to be central. Similarly, deletions 
involving 22q13 have been recognized for some time, but 
the important role of SH3 and multiple ankyrin repeat 
domains 3 (SHANK3; a synaptic adaptor protein) was 
appreciated only after resequencing and CNV analysis21,22. 
Deletions involving 2q37 are also common, having been 
observed in more than 70 cases. Although it is less clear 
which gene or genes within this region are contributory, 
patient-specific missense substitutions and positive link-
age results highlight the potential involvement of centaurin 
gamma 2 (CENTG2; a GTPase-activating protein)23. Other 
regions that are implicated in the ASDs by chromosomal 
abnormalities in multiple patients include 5p15, 17p11 
and Xp22 (REF. 19). As a result of the large regions that are 
typically isolated by analysis of chromosomal anomalies, 
these methods cannot alone inform us about particular  
molecular functions that might be impaired in the ASDs.

ASD-related syndromes. Considerable insight into poten-
tial candidate genes was obtained from the study of molec-
ularly defined syndromes in which ASD was observed at 
higher than expected frequencies. Several of these con-
ditions, such as fragile X syndrome and Rett syndrome,  

suggest synaptic dysfunction as a unifying aetiology6, 
whereas others, such as tuberous sclerosis, highlight the 
diversity of signalling pathways that seem to be related to 
the ASDs. Note that not all ASD-related syndromes are 
limited to the brain. For example, in Timothy syndrome, 
mutations in the calcium channel voltage-dependent L 
type alpha 1C subunit gene (CACNA1C) cause a multi-
system disorder presenting with cardiac arrhythmia, 
webbing of digits, MR and an ASD in ~70% of patients24. 
Syndromes such as this — with prominent features outside 
the central nervous system — reinforce the notion of plei-
otropy and argue for caution in the pursuit of candidates 
on the basis of tissue-restricted gene expression.

Although these ASD-associated syndromes involve 
genes with multiple molecular functions, it seems 
increasingly plausible that they converge on common 
biological pathways or brain circuits to give rise to ASDs7. 
In support of this notion, links between these syndromes 
are beginning to emerge. Levels of UBE3A and GABRB3, 
for example, are reduced in each of Angelman syndrome, 
Rett syndrome and idiopathic autism25. Further evidence 
for molecular overlap between different forms of syndro-
mic ASDs comes from a subset of clinically identified 
‘Angelman cases’ that are due to mutations in the Rett 
Syndrome gene, methyl CpG binding protein 2 (MECP2) 
(REF. 26). Comparative study of these rare syndromes 
should be useful in identifying molecular features com-
mon to a variety of ASDs. Within disorders, contrasting 
cases with and without ASD-like features is also likely to 
prove informative (BOX 2; TABLE 1), although such studies 

Table 1 | ASD-related syndromes

Syndrome Gene(s) 
associated with 
the syndrome

Proportion of patients 
with the syndrome that 
have an ASD 

Proportion of patients 
with an ASD that 
have the syndrome 

Refs

15q duplication — 
Angelman syndrome

UBE3A (and others) >40% 1–2% 101–103

16p11 deletion Unknown High ~1% 20, 35, 44

22q deletion SHANK3 High ~1% 21, 22, 104

Cortical dysplasia-focal 
epilepsy syndrome

CNTNAP2 ~70% Rare 37

Fragile X syndrome FMR1 25% of males; 6% of females 1–2% 105

Joubert syndrome Several loci 25% Rare 106

Potocki–Lupski syndrome Chromosome 
position 17p11

~90% Unknown 107

Smith–Lemli–Optiz 
syndrome 

DHCR7 50% Rare 108

Rett syndrome MECP2 All individuals have Rett 
syndrome

~0.5% 109

Timothy syndrome CACNA1C 60–80% Unknown 24

Tuberous sclerosis TSC1 and TSC2 20% ~1% 110
The rates quoted in the table depend on the population that is being evaluated. For example, rates are higher in individuals from 
simplex families compared with multiplex families, and are higher in dysmorphic and mental retardation populations compared 
with idiopathic populations. ‘High’ is used for syndromes in which no good estimates exist (that is, only a handful of individuals with 
the syndrome in question have been identified). It should also be noted that none of the studies cited here indicates that 
assessment for the autism spectrum disorder (ASD) was performed blind to a patient’s primary diagnosis. An expanded version of 
the table with additional variables can be found in Supplementary information S1 (table). CACNA1C, calcium channel voltage-
dependent L type alpha 1C subunit; CNTNAP2, contactin associated protein-like 2; DHCR7, 7-dehydrocholesterol reductase; 
FMR1, fragile X mental retardation 1; MECP2, methyl CpG binding protein 2; SHANK3, SH3 and multiple ankyrin repeat domains 3; 
TSC1, tuberous sclerosis 1; TSC2, tuberous sclerosis 2; UBE3A, ubiquitin protein ligase E3A.

REVIEWS

344 | MAY 2008 | VOLUME 9  www.nature.com/reviews/genetics
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• Autism is a primarily multigenic, genetically heterogeneous 
disease, with each gene contributing a small amount of risk. It does 
not run in families in either a dominant or recessive pattern. (But it 
DOES run in families).

• In addition, several rare, single gene mutations and chromosomal 
abnormalities can strongly increase risk for autistic features: 
Fragile X (FRAXA), tuberous sclerosis (TSC), Smith-Lemli-Opitz 
syndrome (dehydrocholesterol reductase), Rett (MeCP2), Prader-
Willi/Angelman (15q11-g13 breaks).  Only a small percentage of 
autism can be attributed to these.

19
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that may be very frequently observed clinically, such as gastrointes-
tinal complaints, seizure or sleep disorders in children with ASDs4, 
do not presently contribute to categorical diagnosis. Whether these 
co-occurring conditions represent features that could distinguish sub-
sets of affected individuals in genetically meaningful ways remains 
understudied but may well be the case5, as discussed below.

Emerging views of the genetic architecture of ASD
Challenges aside, the last several years of investigation have resulted 
in the identification of specific alleles contributing to these syn-
dromes (see recent reviews in refs. 4,6,7). As these hard won suc-
cesses begin to shed light on pathogenic mechanisms, they also have 
prompted a reappraisal of the conventional wisdom regarding the 
nature of the variants that are likely to contribute to ASDs and the 
predictability of the relationship between genetic variation and brain 
function and dysfunction.

For several decades, the predominant theory in psychiatric genetics 
generally has been the common disease–common variant hypothesis: 
namely, that the majority of the risk for neuropsychiatric disorders will 
be found in a conspiracy of common alleles (>5% allele frequency), 
each conferring modest risk, either for the overall phenotype or for 
subcomponents of a complex presentation8–10. However, despite both 
the intuitive attractiveness of the hypothesis and feasibility of under-
taking case-control studies to search for associated common alleles in 
or near candidate genes, such approaches have struggled to provide 
replicable results for any common psychiatric condition.

The fairly recent development of unbiased genome-wide association 
approaches, facilitated by the emergence of microarray technology, has 
changed this equation for much of medicine and is now being applied 
with some success to neuropsychiatric disorders. Notably, a host of 
reproducible results in other clinical areas, ranging from diabetes to 
inflammatory bowel disease to intracranial aneurysm, have provided 
important insights into the reasons for earlier difficulties11: Initial 
cohorts were markedly underpowered as a result of an overestimation 
of allelic effect sizes; the prior probability of choosing one or a small 
number of common alleles correctly from among the several million in 
the genome was fleetingly small, and genetic case-control studies were, 
and remain, highly sensitive to cryptic sources of mismatch, including 
for ancestry. Moreover, when viewed cumulatively, the common risk 
alleles reproducibly identified by genome-wide association studies 
have, in most instances, accounted for only a small fraction of the 
anticipated risk for common conditions. This has led to a preoccu-
pation with ‘missing heritability’ in complex disorders12–14, attrib-
uted variously to a combination of an initial overestimation of the 
 contribution of genetics, the involvement of hundreds to thousands 

of common risk variants of extremely small effect, and/or a substan-
tial role for alleles that are either rare (minor allele frequency (MAF)  
<5%) or very rare (MAF < 1%)15 in the population.

Indeed the potential contribution of rare genetic variation has gar-
nered tremendous interest of late, driven by both the experience with 
GWAS and new genomic technologies, including next generation 
sequencing, that make the investigation of low-frequency alleles on a 
genome-wide scale increasingly feasible. In practice, the search for rare 
variants in common disease typically focuses on one or both of two strat-
egies: identifying extremely rare, Mendelian examples of common dis-
orders and/or investigating the cumulative contribution of rare mutation 
to common phenotypes. The driving rationale for the former is that gene 
discovery, even in the rarest examples, has the potential to illuminate key 
molecular and cellular mechanisms leading, in turn, to new opportuni-
ties for intervention. The latter seeks to account for a substantial propor-
tion of population risk, based on the notion that individually rare alleles, 
given a sufficiently high degree of genetic heterogeneity, may account 
for most or all of the risk for commonly occurring illnesses.

The notion that rare mutations may underlie a common syndrome 
such as ASD may at first blush seem counterintuitive, but a number 
of considerations would suggest otherwise. First, purifying selection 
would indeed be expected to drive down the population frequency 
of highly deleterious transmitted alleles, particularly for early onset 
conditions that affect reproductive fitness (Fig. 1). In this context, one 
might also expect a substantial number of sporadic cases to result from 
de novo mutation, something that is well described in the ASD litera-
ture16–22. Clearly, if rare variants were to account for a substantial por-
tion of the risk for ASDs, the number of potential gene targets across 
the genome would be expected to be large, but would also be expected 
to converge on a coherent set of biological processes. In support of this, 
the structural variation and single gene mutations identified thus far 
have pointed to convergent neurodevelopment and molecular path-
ways (discussed below), and no single recurrent variation has so far 
been found in more than about 1% of the affected population.

Rare and common alleles in ASDs
In fact, although the common and rare variant perspectives have 
tended to be offered as stark counterpoints, evidence suggests that 
both are likely to contribute to risk and, given the rudimentary under-
standing of pathophysiology of ASDs, both have clear potential to 
offer new and important insights.

Common variation.  As noted above, until early in the current cen-
tury, most studies of common variation selected candidate gene(s) 
based on their biological plausibility and evaluated the contribution 
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Figure 1 Allele frequency and effect size in ASDs. The graph illustrates 
the relationship of allele frequency to effect size for ASD-related variants. 
Rare mutations, as expected, have been found to carry larger effects than 
common variations. Consistent with the broad medical literature, the 
scale of effects for common alleles implicated in ASDs has been quite 
modest. The linkage (blue) and association (green) sections illustrate 
the historically divergent approaches to demonstrating the role of rare 
versus common variation in disease; rare alleles have been expected to 
show an approximately 1:1 relationship with a given phenotype, often 
demonstrated via linkage analyses, whereas common polymorphisms 
have been expected to show more probabilistic outcomes, typically 
demonstrated by some type of case control–association methodology. 
The shaded area illustrates that the range of effect sizes for rare alleles 
identified in ASDs to date have been broader than those expected for 
strictly Mendelian disorders and that association approaches have often 
been necessary to confirm the relationship of rare genotype to phenotype.
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Autism can arise very early in development

Rodier, 2000

Autism risk
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What causes Autism?
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Genes Brain Behavior
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Simon Baron-Cohen’s 
“Extreme male brain hypothesis”
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Figure 1.
Multifactorial liability models for ASDs. A) Multiple-threshold model in which genetic
liability for ASD is normally distributed in the population and the minimum genetic liability
sufficient to cause ASD (liability threshold) in females is greater than in males. B)
Multifactorial liability model in which total liability for ASD, including contributions from
genetic variation, environment, and other biological factors, is distributed in the population;
female-specific factors shift females’ total liability distribution away from, and male-
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Genes Brain Behavior
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Hormones

Genes Brain Behavior
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Hormones

Genes Brain Behavior
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Hormones

Environment

Genes Brain Behavior
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Social Cognition and Behavior

Attention Motivation
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Comparisons between Autism and Amygdala Lesions

36



Dynamic, semi-naturalistic/semi-realistic stimuli

The Office, © NBC Universal
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Low-level visual features - Image saliency
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each ‘‘emotion’’ label is on a ‘‘face.’’ To make each
attribute in this analysis independent, the ‘‘face’’ group
is split into ‘‘face with emotion’’ and ‘‘face without
emotion.’’ We subsequently compared these fixations to
a control group of fixations that are from objects that
have no defined semantic attributes. Fixations were
randomly and independently sampled and their salien-
cy values from the corresponding saliency maps (i.e.,
ground truth fixation density maps from human data)
were compared using a one-tailed t test (see Table 3).
The false positive rate was set at 0.05/12 (Bonferroni
correction for 12 comparisons in total; Bland &
Altman, 1995). We found that the mean saliency for
most semantic attributes was significantly larger than
that of the control group, with the exception of
‘‘sound,’’ ‘‘smell,’’ ‘‘touch,’’ and ‘‘operability.’’ Our data
suggest that our defined semantic attributes are valid

and reasonable and have positive impacts on objects’
saliency.

Analysis on the relative attribute importance in
saliency

We used a support vector machine (SVM) classifi-
cation to analyze the proposed attributes and train the
saliency model directly from human eye-tracking data
(see Figure 7). For each image, we precomputed the
feature maps for every pixel of the image resized to 200
· 150 and used the maps to train our model. Figure 8
shows the feature maps computed for a sample image.
The pixel-level feature maps were generated with Itti et
al.’s (1998) algorithm, while the object- and semantic-
level feature maps were generated by placing a 2-D
Gaussian kernel at each object’s center, which models
the object center bias effect that we discussed above.
The Gaussian bandwidth approximates the standard
deviation of the object center bias discussed above,
which is 28 visual angle and 48 pixels in the images. The
Gaussian kernel generally falls within the object region,
and the magnitude of the Gaussian is the calculated
object-level or manually labeled semantic-level feature
value.

To train and test this model, we divided our dataset
into 500 training images and 200 testing images. From
the ground truth fixation map of each image, 20 pixels
were randomly sampled from the top 20% salient
locations, and 60 pixels were sampled from the bottom
60% salient locations, yielding a training set of 10,000
positive samples and 30,000 negative samples. The use
of a small coverage of salient regions and a relatively
larger nonsalient area is the consideration of the
interobserver congruency. That is, we chose only

Semantic attribute
Number of
fixations t(df) P

Face without emotion 16,591 125.8673 ,0.0001
Face with emotion 5,148 126.0089 ,0.0001
Touched 2,170 26.1691 ,0.0001
Gazed 528 37.6065 ,0.0001
Motion 8,047 25.9506 ,0.0001
Sound 63 !0.8475 0.8016
Smell 288 !0.3652 0.6425
Taste 5,046 15.5250 ,0.0001
Touch 2,592 0.9458 0.1721
Text 10,375 81.8678 ,0.0001
Watchability 6,858 45.0752 ,0.0001
Operability 1,998 !1.5488 0.9393
None (control group) 10,815

Table 3. The t test results on the fixation densities of each
semantic attribute.

Figure 7. An overview of the computational saliency model. The three levels of features are extracted from the input images.We use a
pixel-based random sampling to collect the training data and train a linear SVM classifier with the relative attribute importance. Given
a test image, the feature maps are linearly combined using the trained classifier to generate the saliency map.

Journal of Vision (2014) 14(1):28, 1–20 Xu et al. 10

regions fixated by multiple subjects as salient regions,
while leaving a large portion of the image as
background where fewer fixations occur. This method
is also consistent with the implementation in the MIT
model (Judd et al., 2009). The purpose of choosing a
1 : 3 sampling ratio is to balance the distributions of
positive and negative sample pixels in the same image,
since a large portion of the less salient region is the
background where no object or semantic attributes are
sampled. The training samples were normalized to have
zero mean and unit variance. The same parameters
were used to normalize the test set.

A linear SVM (Fan, Chang, Hsieh, Wang, & Lin,
2008) was first used to learn the weight of each pixel-,

object-, and semantic-level attribute in determining its
importance in attention allocation. The use of a linear
integration method is motivated by the neuronal
process mechanism of visual information. Linear SVM
is also faster to compute, and the resulting weights of
attributes are intuitive to understand—we also have
tested logistic and LASSO type algorithms for the same
purpose but have not found advantages in our specific
tasks; therefore, an L2-regularized L2-loss SVM
classification was applied and the misclassification cost
c was set to 1. The learned weight of each attribute is
shown in Figure 9a. For semantic attributes, consistent
with previous findings (Cerf et al., 2009), face and text
outweighed other attributes, followed by gazed, taste,

Figure 8. An example of the pixel-, object-, and semantic-level feature maps. The fixation map of the image is shown in the top-left
corner.

Figure 9. (a) The learned weights of all attributes. Face far outweighs other semantic attributes, followed by text, gaze, and taste. (b)
The importance of three levels of attributes.

Journal of Vision (2014) 14(1):28, 1–20 Xu et al. 11

Xu, J. et al. (2014).  Journal of Vision 14: 1-20
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Neuropathology:

	
 Amygdala  (post-mortem, structural, fMRI, lesions)

	
 Hippocampus (post-mortem, structural)

	
 Brainstem nuclei  (structural)

	
 Cerebellum (post-mortem, structural)

	
 Cortical regions  (structural and fMRI)

	
 White matter  (structural and DTI)
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Current Directions

- combine genotyping with structural, diffusion and functional 
MRI in humans

- do studies in very young infants

- animal models
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Autistic mice??

- emotion/anxiety: response to stress
- social: social preference test

- language: ultrasonic vocalization
- stereotypies: grooming
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Table 1 | Examples of autism-relevant behaviours in genetic mouse models of autism spectrum disorders

Mouse model Genetic characteristics Behavioural phenotypes relevant to the symptoms of autism*

Nlgn4 Null mutation in the murine orthologue of the human 
NLGN4 gene43

• Reduced reciprocal social interactions43

• Low sociability43

• Lack of preference for social novelty43

• Reduced ultrasonic vocalizations43

Nlgn3 Homozygous mutation of humanized R451C mutation of 
the Nlgn3 gene44,45

• No genotype differences in reciprocal social interactions44,45

• No genotype differences in sociability44,45

• No genotype differences in preference for social novelty44

• Reduced ultrasonic vocalizations44

Null mutation in the murine orthologue of the human 
NLGN3 gene41

• No genotype differences in reciprocal social interactions41

• Reduced preference for social novelty41

Neurexin 1α Null mutation in the murine neurexin 1α generated by 
deleting the first exon of the gene46

• No genotype differences in reciprocal social interactions46

• No genotype differences in sociability46

• Impaired nest-building behaviour46

• Increased repetitive self-grooming46

Nlgn1 Null mutation in the murine orthologue of the human 
NLGN1 gene47

• No genotype differences in reciprocal social interactions47

• No genotype differences in sociability47

• No genotype differences in preference for social novelty47

• Impaired nest-building behaviour47

Pten Conditional null mutation, inactivated in neurons of 
the cortex and hippocampus, mouse orthologue of the 
human PTEN gene68

• Reduced reciprocal social interactions68

• Low sociability68

• Impaired nest-building behaviour68

• Impaired social recognition68

Pten haploinsufficent mutant line in which exon 5, and 
thus the core catalytic phosphatase domain, is deleted48

• Low sociability in females48

En2 Null mutation in the murine  orthologue of the human 
EN2 gene49,50

• Reduced reciprocal social interactions49

• Increased repetitive self-grooming49

• No genotype differences in sociability, confounded by low activity levels50

15q11–13 Duplication in the genomic region on the mouse 
chromosome 7 homologous to the human genomic 
region 15q11–13 (REF. 29)

• Low sociability29

• Ultrasonic vocalizations elevated in pups and reduced in adults29

• Impaired reversal learning29

17p11.2 Duplication in the genomic region of murine 
chromosome 11 homologous to the human genomic 
region 17p11.2 (REF. 51)

• Low sociability51

• No genotype differences in preference for social novelty51

• Impaired nest-building behaviour51

Gabrb3‡ Null mutation in the murine orthologue of the human 
GABRB3 gene52

• Low sociability‡ (REF. 52)
• Lack of preference for social novelty‡ (REF. 52)
• Repetitive stereotyped circling patterns‡ (REF. 52)
• Impaired nest-building behaviour‡ (REF. 52)

Slc6a4 Null mutation in the murine orthologue of the human 
serotonin transporter (SLC6A4) gene50

• Low sociability50

• Lack of preference for social novelty50

Haploinsufficient mutant line of the human serotonin 
transporter SLC6A gene48

• Impaired social recognition48

Oxt Null mutation in the murine Oxt gene generated by 
either a deletion in the first exon40,53,54 or by deletions in 
the last two exons40

• Impaired social recognition53

• Reduced pup ultrasonic vocalizations54

• No genotype differences in sociability40

• No genotype differences in preference for social novelty40

Avpr1b Null mutation of the murine vasopressin receptor 1b 
Avpr1b gene55,56

• Impaired social recognition55

• Reduced pup ultrasonic vocalizations56

Mecp2 Heterozygous mutation in methyl-CpG-binding  
protein 2 (REFS 39,57,58,59)

• Hindlimb clasping57,58

• Social avoidance39

• Impaired social recognition59

• Reduced social interest in an arena59

Fmr1 Null mutant mouse with a targeted mutation in the Fmr1 
gene in three genetic backgrounds: C57BL/6J38,50,60,61; 
hybrid of FVB/NJ x C57BL/6J62; and FVB/N-129/OlaHsd50

• Increased social approach60,61

• Reduced reciprocal social interactions38

• No genotype differences in sociability62

• No genotype differences in preference for social novelty62

• Low sociability dependent on genetic background50

• No genotype differences in preference for social novelty50

Tsc Heterozygous mutation that replaces the second exon in 
the Tsc2 gene63

• No genotype differences in sociability63

Heterozygous mutation generated by replacing exons 
6–8 in the Tsc1 gene65

• Reduced reciprocal social interactions65

• Impaired nest-building behaviour65

REVIEWS
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Maternal influenza infection 
mouse model

Nasal application of human
         influenza virus 
      at mid-pregnancy 

Lethargic
Ungroomed, ruffled fur
Hunched posture
    -------------------
No detectable virus in 
pups or in fetal brain
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Other human diseases relevant to autism
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Agenesis of the Corpus Callosum
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Tractography of the brain of mouse strain BTBR, which has agenesis of the 
callosum and is a mouse model of autism.

Caltech Brain Imaging Center
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Williams Syndrome
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