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Research into the
genetics of the
autism spectrum
IS increasing our
understanding of
these conditions,
and may lead

to better ways

to diagnose and
manage them.

By Andreas Chiocchetti

he first time I encountered au-
tism was in the summer of 2004
while working as a children’s

camp counsellor. That year, one boy
stood out. His name was Peter, but
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The autism awareness ribbon.
The jigsaw puzzle pattern
symbolises the complexity of
the autism spectrum

everyone called him ‘the professor’.

Peter knew a great deal and read a lot;
to the others he seemed to be a genius.

However, he didn’t make friends
easily and mainly played alone. Staff
became concerned when they real-
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ised that Peter didn’t laugh at jokes,
avoided eye contact and grew angry
if he couldn’t sit in the same seat. The
camp manager thought Peter might
have autism. His parents then admit-
ted that Peter had been diagnosed

This informative article gives an insight into the autism spectrum dis-
orders (ASD) and their distinguishing features. It is helpful as a source
of information for any teachers who have students with ASD, for un-
derstanding the genetic mutations associated with ASD, and as an
example of how genetics and environment can affect phenotype.

The article could be used in biology lessons about the brain or behav-
iour, or in discussions of synaptic plasticity. Suitable comprehension

questions include:

1. How do studies show that autism is largely inherited?

2. What are the risk factors for autism?

3. What kind of genetic variations are linked to autism?

Shaista Shirazi, UK
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Figure 1: Autism spectrum
disorders are defined by
social, communication and
behavioural impairments and
are associated with a range of
symptoms
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with Asperger’s syndrome but that
they hadn’t mentioned it because
Peter was so keen to attend the camp.
‘The professor’ was able to stay

until the end of the camp and we all
learned a lot from him.

Asperger’s syndrome is one of a
group of similar disorders
My experiences with Peter made me

want to understand and research the
biological basis of Asperger’s Syn-
drome. This is one of three disorders
with similar, but distinct, symptoms
(see box), which are classified as au-

Behavioural tism spectrum disorders (ASD). ASD

The autism spectrum disorders

Autism spectrum disorders (ASD) are defined by cer-
tain communication, social and behavioural difficul-
ties (figure 1). ASD is a ‘spectrum’ because different
people experience the symptoms differently, and with
varying degrees of severity. There are three sub-types

Figure 2: The three sub-types of ASD vary in
the severity of their symptoms and mental
impairment. People diagnosed with early
childhood (classical) autism display a range
of symptoms, such as those in figure 1.
Asperger’s syndrome has similar symptoms
to early childhood autism, but with normal
language development and 1Q. PDD-NOS
is the mildest form and is often referred to
as atypical autism or sub-threshold autism

High 1Q

Early childhood (or classical) autism

Onset Early childhood
Social level Impaired
Language level Impaired
Behavioural level  Impaired

1Q High functioning: IQ > 70;

low functioning: 1Q < 70

Asperger’s syndrome

— Asperger’s syndrome, early childhood (or classical)
autism and pervasive developmental disorders not oth-
erwise specified (PDD-NOS) — with varying symptoms
and severity (figure 2 and table 1).

Weak symptoms

Low 1Q

Strong symptoms

Asperger’s syndrome PDD-NOS

Usually later onset Not specified

Impaired

) ) At least two of these
Not impaired three are affected
Impaired
1Q>70 1Q > 35

Table 1: Differences between the three sub-types of autism spectrum disorders
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starts in early childhood and contin-
ues throughout adulthood. Sometimes
people are not aware that they have

it. Common symptoms include lack of
eye contact and difficulties maintain-
ing relationships, often combined with
learning difficulties (figure 1). It can
be hard for sufferers to integrate into
society or to live independently.

ASD has both genetic and
environmental causes

ASD prevalence in the general
population is estimated at about 1 %
and rising, mainly due to increased
awareness and a broader diagnosis.
It is estimated that up to 80 % of ASD
has a genetic basis (see box). Geneti-
cists believe that ASD is caused by a
combination of different variations in
several genes, rather than one single
mutation or gene variant.

If 80 % of ASD is genetic, the other
20% must be explained by environ-
mental factors. Only a few environ-
mental factors have been proven to
increase the risk of ASD, including
parental age and rubella infection
during pregnancy. Despite the widely
publicised scare in the UK, however,
there is no evidence to suggest that
vaccines increase the risk of develop-
ing ASD*' ™2,
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ASD heritability

Twin studies have shown that the cause of ASD is largely genetic (up
to 80 %). These studies analyse twins who have grown up together
where at least one child has ASD. Monozygotic (identical) twins have
the same genetic information, whereas dizygotic (non-identical) twins
are more like normal siblings: they share around half of their genetic
information but have experienced many of the same environmental
factors (e.g. parents and home care).

If a disorder has a purely genetic basis, it will always affect both mo-
nozygotic twins. In dizygotic twins, if one has a genetic disorder there
is a 50 % chance that the other twin will have it too. Studies have
shown that if one twin has ASD, the chance of the other twin being
affected is around 80 % for identical twins, and about 30 % for non-
identical twins; these figures include both the genetic contribution
and the effect of the environment that was shared by the twins. From
these data, the average genetic contribution to ASD has been esti-
mated to be 50-80 %. The remaining contribution is environmental,
so to develop ASD, a person would usually need both a genetic pre-
disposition and an environmental trigger.

Another risk factor for ASD is gen-
der: boys are four times more likely
to be diagnosed with ASD than girls.
Perhaps some risk factors are carried
on the X chromosome (of which males
only have one copy, meaning they
have no second, healthy, chromosome
to compensate) or in genes that are

activated during male development.

Some other disorders, such as
fragile X syndrome, show similar
symptoms to ASD: around 50 % of
people with fragile X have autism-like
symptoms. Fragile X patients have a
known mutation in the FMR1 gene,
which alters a protein essential for
normal brain function.
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ASD is linked to synaptic plasticity, which is crucial for learning, memory, emotional recognition and use of language

ASD is linked to synaptic
plasticity

Genetic research on ASD focuses
on identifying variations linked to
ASD. Researchers are genotyping ASD
sufferers and their parents to identify
the inheritance patterns of particular
high-risk alleles. My collaborators
and I are also comparing the DNA
of healthy people with the DNA of
people diagnosed with ASD.

Studies have identified several rare
mutations and single nucleotide poly-
morphisms (SNPs, which are more
common; see box) linked to ASD.
Geneticists have also discovered that,
in ASD sufferers, copy number vari-
ations (CNVs; see box) affect coding
regions of DNA more often than in the
general population.

By analysing the proteins that these
genes encode, we have shown that
they are important for energy metabo-
lism, protein synthesis and signalling
in neurons. It seems that these vari-
ations affect the ability of brain cells
to make and maintain connections.
This process, called synaptic plastic-
ity, is crucial for learning, memory,
emotional recognition and the use of
language.

20 | Science in School | Issue 24 : Autumn 2012

Genetic diagnosis provides hope
for better treatment

Currently ASD is diagnosed by
interviewing the parents and observ-
ing the ASD sufferer. The diagnosis
can be influenced by the parents or
the psychiatrist’s personal bias. It is
also a very time-consuming process.
Therefore, a fast, objective and reliable
diagnostic tool is needed.

Knowing which genes or genetic
variations are responsible for ASD
makes it possible to design new diag-
nostic tools. Understanding the molec-
ular mechanisms involved might also
enable new medications or treatments
to be developed. Personally, my main
reason for doing this research is to
explain the biological basis of ASD to
both ASD sufferers and the general
public to help reduce the stigma as-
sociated with the condition.

Dr Andreas Chiocchetti was born
in South Tyrol, Italy, and is head of
the molecular genetics laboratory at
the University Hospital for Child and
Adolescent Psychiatry, Psychosomat-
ics and Psychotherapy in Frankfurt,
Germany. There, his research focuses
on the characterisation of genetic vari-

ations in children and families with
psychiatric disorders such as atten-
tion deficit / hyperactivity disorder
and ASD. In 2007, he graduated in
biotechnology and genetics from
the University of Salzburg, Austria,
and then gained a PhD in proteomic
biomarkers in ASD at the German
Cancer Research Center in Heidel-
berg, Germany.

Web references

w1 — Wikipedia offers a good over-
view of the controversy surround-
ing the combined measles, mumps
and rubella (MMR) vaccine. See
http:/ /en.wikipedia.org/wiki/
MMR_vaccine_controversy

w2 — The British medical community
also responded to the MMR scare.
See: www.bmj.com/content/342/
bmj.c7452

Resources

This novel is told from the point
of view of a boy with Asperger’s
syndrome:
Hadden M (2004) The Curious
Incident of the Dog in the Night-Time.
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Cutting-edge-science

Genetic variation

Each of us carries many genetic variations. These vari-
ations include single nucleotide polymorphisms (SNPs)
and copy number variations (CNVs), as well as rare mu-
tations. Mutations are alterations in the genetic code, in-
cluding deletions and insertions or nucleotide replace-
ments. SNPs occur when one single DNA nucleotide is )
different, e.g. at a particular place in the genome, one Rare mutations
person might have an adenine (A), whereas another per-

son might have a guanine (G) nucleotide.

Affected population Control population

Most people have two copies of each gene, one from
each parent. However, some people have CNVs: these
people might have more than or fewer than two copies
of a gene, or might even be missing a sequence entirely.

SNPs and CNVs are normal, fairly common (particularly
in non-coding DNA) and do not usually cause problems.
However, some variations, if they are found in or near

. . ) ) Affected population Control population
an important gene, can cause illness. Certain damaging ) .
SNPs, CNVs and rare mutations are associated with ASD Single nucleotide
(figure 3). polymorphisms (SNPs)

Figure 3: Genetic variations and ASD research. Research-
ers are investigating three types of genetic variation —
SNPs, CNVs and rare mutations — to assess whether they
increase the risk of ASD. This figure shows how certain
variations, which may also be present within the general
(control) population, are more common in people diag-
nosed with ASD. Some variations are very common and
associated with a low risk of ASD, whereas others are
very rare and considered high risk. The more risk factors
(genetic and environmental) a person is exposed to, the
more likely they are to be affected by ASD

Affected population Control population

Copy number variations (CNVs)

London, UK: Random House. ISBN: Bloomington, IN, USA: iUniverse, central figure in the 1988 film Rain
9781400032716 Inc. ISBN: 9780595378579 Man is based on a real person.

Fans of Jane Austen’s novels will find =~ Chapter 16 of Bad Science covers the If you have concerns about a pupil,
this a fascinating and enlightening MMR scare in the UK: family member or friend, it is advis-
study: Goldacre B (2008) Bad Science. able to speak to a doctor or psychia-
Ferguson Bottomer P (2007) So London, UK: Harper Collins. ISBN: trist. You should not rely on self-
Odd a Mixture: Along the Autistic 9780007240197 diagnosis or web-based diagnostic
Spectrum in ‘Pride and Prejudice’. The animated film Mary and Max tools, as there is a lot of misleading

MBY2201Y>) seaIpuy Jo Asarnod afeuw)

London, UK: Jessica Kingsley. ISBN:

9781843104995

ASD from the perspective of a special
education teacher:

Rich L (2005) Casey’s Wall: A Novel.
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(2009; Director: Adam Elliot; Aus- information on the Internet.
tralia) tells the curious and touching  The following websites, however, may
story of two unlikely pen pals, Mary be helpful:

and the autistic Max. The UK'’s National Autistic Society
The character of Raymond, the autistic provides information and support
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for people with ASD, and also for
their families. See: www.autism.org.
uk

Autism Speaks is the USA’s largest
autism science and advocacy or-
ganisation. See: www.autismspeaks.
org

If you found this article useful, you
may like to browse all the other
medicine-related articles in Science
in School. See www.scienceinschool.
org/medicine
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