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Talk Overview
1. Why consider genetics for intellectual disability

2. Genetic testing 101

- a practical guide to the key genetic tests for my 

patient

- what do I need to cover in pretest counselling

- how do I read the reports 

3. Where can I go for resources for my patient 

with a genetic condition 



Why think about genetics for intellectual 

disability?

ID caused by a variety of 

environmental and genetic 

causes, often combined 

with each other.

Chiurazzi P and Pirozzi F. Advances in 

understanding – genetic basis of intellectual 

disability

F1000 Research 2016, 5



Genetics can improve holistic care

• Management: May provide information about expected natural history and 

avoid the need for other investigations/procedures. For some disorders, 

condition‐specific management and surveillance guidelines are 

available. 

• Genetic counselling: A diagnosis also provides information about chance of 

recurrence in future pregnancy and, where necessary, the options of 

prenatal diagnosis and pre‐implantation genetic testing. 

• Support: May help patients and families access condition‐specific family 

support. Can help alleviate guilt, provide an explanation. 

• ? Targeted therapies
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But….genetics can be 



…and genetic test reports can be disappointing

Your child has 

Rhubarb Custard 

Disease…

I don’t know anything 

about RCD…

There’s no support 

group for RCD…

There’s no treatment 

for RCD…

There are only 10 

children in the world 

with RCD

The genetic test 

shows … your child 

MIGHT have RCD The genetic 

test did not find 

anything 



But when it works….. it can be 

magic 



1950s 1970-90s 

One family’s story



1950s 1970-90s 2000s           2016

X linked CLCN4 related 

condition



Family participating in ongoing studies to better 

understand this condition 

Palmer et 

al., 2018



One mother’s thoughts on finding “the gene”

“Oh what can I say?....It’s the end of a life time of 
searching for answers”

“If I was in my twenties, I would have the choice…..I 
would not have chosen to bring handicapped children 
into the world…..I’m so happy that other women will 
have choices.”

Slides courtesy Jackie Boyle, GC GoLD, with permission of the family for 
photographs to be used for teaching purposes. 

End Diagnostic Odyssey

Reproductive Choices



We can use clinical matchmaking to find new  

diagnoses



and connect and empower families. 
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So now we agree it is important .. Buckle up 

for genetic testing 101 in 

neurodevelopmental disorders!



https://www.genomicsinfo.org.au



The cat sat on 
the mac.

Genetic variation is the rule, finding the 

pathogenic variant is hard work!



Chromosomal microarray in 

Australia: a guide for paediatricians 

Palmer, Peters and Mowat, 2012

A smorgasbord of genomic 

tests



Your patients will be asking these questions

https://www.australiangenomics.org.au

https://www.australiangenomics.org.au/


- Chance of test getting a diagnosis for this patient (sensitivity)

- Chance of test finding a variant of uncertain significance (specificity)

- Chance of test providing about other unrelated genetic conditions (“medically 

actionable results”)  [consent]

- Time

- Cost 

- Availability

- Medicare

The best test for each patient is a balance of:



Diagnostic pathway for intellectual disability

Amor DJ. J Paediatr Child Health. 2018 Oct;54(10):1154-1158. Investigating the child with intellectual disability.
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Test 1: chromosomal microarray

This test finds deletions or duplications of chromosomal material: 

• Use: CMA is a first-line test for developmental delay/intellectual disability/ autism, with or without epilepsy. 
This test cannot screen for all genetic causes. It does not screen for Fragile X syndrome which has a 
separate Medicare item. 

• Yield: CMA has a diagnostic yield of 10-15% for intellectual disability/autism1. The yield is lower if cognition is 
normal. 

• Sample requirements: Important to check with individual genetic laboratories. Most labs require 5-10ml 
EDTA but some can provide saliva collection kits.  

• Result turnaround: typically, 4-6 weeks. 

• Medicare: rebate is available for this test [item number 73292] if the affected patient has developmental 
delay/intellectual disability and/or autistic spectrum disorder and / or two or more congenital abnormalities. To 
ensure Medicare rebate is provided, and to aid result interpretation, clinical informationchrom should be 
included in request forms.



Chromosomal microarrays(CMA) now (largely) 

replace karyotypes

Karyotype diagnoses about 1-3% of 
children with a suspected genetic 
condition (e.g. Down syndrome)

CMA diagnoses about 10-15% of children with a suspected 
severe genetic condition (due to extra or missing 
chromosomal segments)



More information



Printable guide: https://www.genetics.edu.au/testing-guide-

chromosome-microarray-cma-children-and-adults 



Flow chart

• Uncertainty interpreting a laboratory report

• Uncertainty re significance of CNV–especially 

for variants of uncertain or unknown 

significance, and variants on the X 

chromosome

•Uncertainty re need to test relatives–especially 

for parent with neurocognitive phenotype

•If CMA is normal (i.e. no CNV or benign CNV) 

but genetic condition is still suspected 

and/or family concerned re recurrence in 

future pregnancies

•Prior to genetic testing if mother is pregnant

•Family require more detailed information re: 

recurrence risk/prognosis

•Long continuous stretch of homozygosity: is 

there are concerns re child protection or a 
specific recessive condition

When to consider 

referral to clinical 

genetics 



Not all lab tests and reports are created 

equal!



My lab uses a SNP array what does that 

mean?

Can detect: COPY NUMBER NEUTRAL CHANGES 

such as uniparental isodisomy (UPD) where both of a pair of chromosomes inherited from 

one parent

https://www.angelman.org/individuals-

with-as-photo-gallery Prader-Willi syndrome association of Victoria 

Maternal UPD chromosome 15Paternal UPD chromosome 15



SNP arrays also reveal degree of parental 

relatedness
In known consanguineous partnerships – can be 

helpful in narrowing down regions of loss of 

homozygosity where more likely gene causing 

autosomal recessive condition may be present. 

Can also be red flag for possible child protection issue 



Where to go if a microdel or dup detected

Microdeletions
Microduplications

Deletion of the 

MEF2C gene 

causing ID, 

severely impaired 

language 

development, 

Autism (50%)/ 

stereotypical 

behaviours, 

https://www.rarechromo.org/



Consent
Similar principles to consent 

for any genomic test

J Paediatr Child Health. 2017 

Jul;53(7):650-656. 

Current use of chromosomal microarray 

by Australian paediatricians and 

implications for the implementation 

of next generation sequencing.

McKay V, Efron D, Palmer EE, White SM, 

Pearson C, Danchin M



CMA for other disorders 
CMA is being investigated for use in other patient populations, and its uses will expand 

over time. In these cases it may be especially useful when other tests have failed to 

yield a diagnosis such as :

• Unexplained seizure disorder

• Growth delay

• Psychiatric illness

• Neuromuscular conditions

Yield ranges based on condition (6-20%).

• The yield is low for ASD or psychiatric disorders  without intellectual disability. 

Guidelines would be helpful.

• For these conditions, a panel or exome might be a better test, with array reserved to 

look for larger deletions and duplications that the test can’t pick up 
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Test 2: screening for Fragile X syndrome 

Fragile X Association of 

Australia



Fragile X PCR

This test checks for expansion in the Fragile X gene (FMR1) and is a screen for Fragile X 

syndrome.

Use: Fragile X PCR is a first-tier test for both boys and girls with unexplained intellectual 

disability. Fragile X syndrome is NOT screened for by chromosomal microarray (CMA) 

and needs to be separately requested. 

Yield: Fragile X syndrome is the most common known cause of inherited intellectual 

disability, affecting around 1 in 4000 males and about 1 in 6,000 females. Testing is not 

recommended for children with epilepsy who do not have developmental delay or 

intellectual disability. 

Sample requirements: Important to check with individual genetic laboratories. Most labs 

require 5-10ml EDTA but some can provide saliva collection kits.  

Result turnaround: typically 2- 4 weeks. 



Medicare rebate

Clinical information should be included on the test request form to 

ensure rebate. Rebate is available for this test under the following 

clinical situations: 

(a) The patient exhibits intellectual disabilities, ataxia, 

neurodegeneration, or premature ovarian failure consistent with a 

FMR1 mutation; or

(b) The patient has a relative with the FMR1 mutation.



Q: which of these individuals have 

Fragile X syndrome 



A: All of them 

Female with full 

mutation in FMR1
Fragile X Association Australia 

Female with Fragile X 

Tremor Ataxia syndrome
Fragile X Association USA

Male with Fragile 

X syndrome 
Hagerman et al., 2009



A family affair 
Fragile X syndrome

• ‘Full mutation’ in the Fragile X gene: 

leading cause of inherited intellectual 

disability / autism in males and 

females

Fragile X related conditions 

• ‘Pre-mutation’ in Fragile X gene 

linked to array of medical and 

psychological conditions in females 

and males. Advances in the treatment of fragile X syndrome.

Hagerman RJ1, Berry-Kravis E, Kaufmann WE, Ono MY, 

Tartaglia N, Lachiewicz A, Kronk R, Delahunty C, Hessl D, 

Visootsak J, Picker J, Gane L, Tranfaglia M. Pediatrics. 2009 

Jan;123(1):378-90. doi: 10.1542/peds.2008-0317.



Molecular underpinnings of Fragile X related 

conditions: a triplet repeat expansion disorder 
See also video 

https://fragilex.org.au/what-is-fragile-

x/what-causes-fragile-x/

Figure courtesy of Melanie Leffler, GOLD Service

Fragile X protein (FMRP) has key role 

in neurodevelopment and function 

(Hagerman et al., 2017)



Characteristics of Fragile X syndrome 

Intellectual disability

Ranges from mild – severe. 2/3 females have IQ in 

normal range. 

Behavioural and Emotional features

Anxiety and shyness

Attention Deficit Hyperactivity Disorder (ADHD)

Autistic type and challenging behaviours often linked 

to hyperarousal and anxiety.

Physical features

Physical features may be subtle or not present they can 

include

Low muscle tone and loose joints, high palate.

Long narrow face, prominent ears and larger testicles (in 

older males)

Important to screen for otitis media, hearing loss, mitral 

valve prolapse

Extensive research efforts on targeted therapeutics. SSRI 

can help learning through reduction anxiety. Fragile X syndrome

Hagerman et al., Nature Reviews Disease 

Primer, 2017. 

Hagerman et al., 2017



Fragile X premutation

associated disorders 

Fragile X Associated Tremor and Ataxia (FXTAS)

• Up to two in five (20-40%) male carriers over the age of 

50 develop Fragile X Tremor Ataxia Syndrome 

(FXTAS).

• FXTAS is a neurological condition similar to Parkinson’s 

disease that causes ataxia intention tremor and 

memory problems. It is seen less commonly in females 

carrying a premutation.

Premature Ovarian Insufficiency  (FXPOI)

• Approximately one in five (20%) female carriers 

experience early menopause

• Important implication for genetic counselling: early 

review with fertility specialist recommended. 

Hagerman and Hagerman, Nature Reviews Neurology,  

2016

Postulated to be 

progressive toxic 

pathophysiology



Consent for Fragile X testing should cover

As a minimum verbal consent should be documented in the medical notes.  An information 

sheet should be provided to all families and these important points covered:

• The test screens for Fragile X Syndrome (FXS), the most common cause of inherited 

intellectual disability. 

• People with FXS can have developmental delay, learning difficulties, anxiety, autism 

and epilepsy. 

• The features of FXS vary from mild to severe with males more likely to be severely 

affected than females because the gene is found on the X-chromosome.

• Screening can also reveal carrier status (intermediate or premutation expansion) which 

can have implications for the health of the child and other members of the family, as 

well as genetic counselling implications. 



Patient factsheets

Fragile X PCR Testing guide

https://www.fragilex.org.au/
understanding-fragile-
x/testing-and-screening-for-
fragile-x/

https://fragilex.org.au/what-is-fragile-x/testing/


Fragile X and related conditions: key 

resources Fragile X Association of Australia: 

https://fragilex.org.au/

Fragile X syndrome.  Hagerman et al., Nature 

reviews. Disease primers. , 2017, Vol.3

Gene reviews:  FMR1-Related Disorders Robert 

A Saul, MD, and Jack C Tarleton

Fragile X-associated tremor/ataxia syndrome 

— features, mechanisms and management 

Randi J. Hagerman and Paul Hagerman  Nature 

Reviews Neurology, 2016
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This test involves an extended urine metabolic screen which includes an 

Amino Acid quantitation, Creatine metabolites, selected Purines and 

pyrimidines, Piperidine-6-carboxylate, GAG (Glycoasaminoglycan) 

screen and Organic Acids.  

The test is available in NSW through the NSW Biochemical Genetics 

Department at the Children’s Hospital at Westmead. For other states 

contact your local Biochemical genetics team. 

Use: this testing can screen for metabolic causes of intellectual disability, 

including conditions with targeted treatments such as specialist diet. 

Should be especially considered when there is regression of skills, 

coarse features, organomegaly and additional neurological signs.

Yield: although overall yield is less than 1%, the screen may quickly reveal 

conditions (>80) with targeted therapies. 

Test 3: urine metabolic screen

https://www.schn.health.nsw.gov.au/find-a-service/laboratory-services/nsw-biochemical-genetics/tests-available


Sample requirement: random urine, 10 mL (minimum 2 mL), which the collection centre 

needs to deliver immediately on ice or freeze within 2 hours of collection and transport 

on dry ice with no added preservative to the NSW Biochemical Genetics Department at 

the Children’s Hospital at Westmead.

Result turnaround: typically, 2-3 days.

Medicare: Partial rebate is available for this testing (metabolic profile, amino acid – please 

refer to the Medicare website). Clinical information should be included on test form to 

aid interpretation and for Medicare rebate. 

Resources/links:

Urine Metabolic Screen information: http://www.schn.health.nsw.gov.au/find-a-

service/laboratory-services/nsw-biochemical-genetics-service

Other specialist metabolic tests may be organised by a neurologist or metabolic specialist 

http://www.schn.health.nsw.gov.au/find-a-service/laboratory-services/nsw-biochemical-genetics-service
http://www.schn.health.nsw.gov.au/find-a-service/laboratory-services/nsw-biochemical-genetics-service


Treatable-ID.org
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OK first tier testing was normal– what 

do I do now?



Test 4: Next generation sequencing

• Panel tests: test a set of genes causing a NDD. 
Gene panels vary widely in the genes that are 
included and will identify variants in the more 
common NDD genes, but may not include rarer 
or only recently described NDD genes. 

• Exome sequencing: can test most coding genes. 
Often exome sequencing is limited to genes 
currently known to cause a medical condition 
and may be referred to as a ‘Clinical Exome’ or 
‘Mendeliome’. 

• Whole genome sequencing (WGS): tests the 
majority of DNA, including coding genes and the 
DNA between genes. WGS has the potential to 
detect complex structural genetic 
rearrangements that may not be detected by 
chromosomal microarray, and variants in the 
mitochondrial DNA.

https://www.australiangenomics.org.au

https://www.australiangenomics.org.au/


Test 4: Next generation sequencing

• Panel tests: test a set of genes causing a NDD. 
Gene panels vary widely in the genes that are 
included and will identify variants in the more 
common NDD genes, but may not include rarer 
or only recently described NDD genes. 

• Exome sequencing: can test most coding genes. 
Often exome sequencing is limited to genes 
currently known to cause a medical condition 
and may be referred to as a ‘Clinical Exome’ or 
‘Mendeliome’. 

• Whole genome sequencing (WGS): tests the 
majority of DNA, including coding genes and the 
DNA between genes. WGS has the potential to 
detect complex structural genetic 
rearrangements that may not be detected by 
chromosomal microarray, and variants in the 
mitochondrial DNA.

https://www.australiangenomics.org.au

Medicare item number 

coming 2020

https://www.australiangenomics.org.au/
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https://www.australiangenomics.org.au/


https://www.genomicsinfo.org.au

Great resources about Next gen testing 

www.genomicsengland.co.uk/

https://www.genomicsinfo.org.au/
http://www.genomicsengland.co.uk/


Possible results of genomic test?

https://www.genomicsinfo.org.au/wp-

content/uploads/2019/02/What-is-genomic-testing-v9.pdf

Any genetic test
Array, gene panel, exome 

or genome 
sequencing



Some possible pitfalls 

Moratorium on genetic tests in life insurance came into place July 2019 and in place until June 2024: during 

moratoriu life insurance companies can no use genetic test results up to certain financial limits. 

More information https://www.genetics.edu.au/publications-and-resources/facts-sheets/fact-sheet-20-life-insurance-

products-and-genetic-testing-in-australia

https://www.genetics.edu.au/publications-and-resources/facts-sheets/fact-sheet-20-life-insurance-products-and-genetic-testing-in-australia


Some possible pitfalls 

Moratorium on genetic tests in life insurance (July 2019 -June 2024 +): during moratorimu life insurance companies 

cannot use genetic test up to certain financial limits. 

results 

More information https://www.genetics.edu.au/publications-and-resources/facts-sheets/fact-sheet-20-life-insurance-

products-and-genetic-testing-in-australia

AJGP Volume 48, Issue 3, March 2019  Genetic testing and insurance in Australia

Otlowski et al. 

https://www.genetics.edu.au/publications-and-resources/facts-sheets/fact-sheet-20-life-insurance-products-and-genetic-testing-in-australia


Which consent form to use?
• Can be a little confusing, different forms in different hospitals, 

laboratories and states.

• Recommend discuss with local genetics service/ lab

NSW has own consent forms and 
patient booklets available 
through ACI:

https://www.aci.health.nsw.gov.au
/networks/clinical_genetics/g
enetic-and-genomic-testing-
consent-forms

For other states look at the newly 

released National Consent 

forms. 

https://www.australiangenomics.or

g.au/resources/for-

professionals/national-clinical-
consent/

https://www.australiangenomics.org.au/resources/for-professionals/national-clinical-consent/
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UNCERTAIN OR NO DIAGNOSIS 
– what next?

• ¼ - ½  children

There is a 
genetic 
condition but 
the ANALYSIS is 
not yet good 
enough to pick 
it up

RE-ANALYSIS



Re-analysis

Genetic testing is more 
advanced than our 
ability to interpret it. 



Enrol in genetic research 

Girl with 

severe 

epilepsy 

condition

Born                                            6 years                                           8 years   



Girl with 

severe 

epilepsy 

condition

DNA sent for exome 
sequencing

NO answer in >600 
genes known to 
cause brain 
conditions.

? Maybe damaging 
genetic variant in 
gene reported to 
cause brain 
condition in mice

Born                                            6 years                                           8 years   



Scientists do 
more work on 
gene in mouse 
and cell culture

10 years                                                                                                                     12 years                                                                                                                     



Scientists do 
more work on 
gene in mouse 
and cell culture

10 years                                                                                                                     12 years                                                                                                                    

International 
collaborations to 
find more patients



Scientists do 
more work on 
gene in mouse 
and cell culture

10 years                                                                                                                     12 years                                                                                                                    

International 
collaborations to 
find more patients

Scientific article 
published -> 
report back to 
family 





UNCERTAIN OR NO DIAGNOSIS 
– what next?

• ¼ - ½  children

There is a 
genetic 
condition but 

the TEST is not 
yet good enough 
to pick it up

RETEST



Whole genome 
sequencing

Exome 
Sequencing 

Multi-gene 
panel

Single gene

May be best test if clinical diagnosis 
points to one gene and you want best 
coverage of that gene

Good test for some type of genetic 
conditions caused by relatively 
limited number of genes. Relatively 
fast and cheap. Lower chance of 
uncertain result (VOUS) or incidental 
finding. 

Can look at protein 
coding part of ~20,000 
genes. Increased 
chance of finding 
uncertain or 
incidental results.

Looks at ALL of 
genetic code. 
Limitations in analysis, 
cost and time. 

MEDICARE 
ITEM
??2-10 years
?? moderate +
?? grace 
period up to 
18 years 



WGS potential 

Gene Panel Exome Genome

•Broadest detection of genetic 

alterations which can cause a disease 

in one single test

Why?

• (regions of) genes not covered by 

multigene panel (MGP) or exome

• non-coding variants

• variants in mitochondrial genome

• structural variants

-small and large deletions/ 

duplications

- complex e.g. inversions, 

translocations, insertions

• others e.g. expansion variants

Garvan



WGS potential 

Gene Panel Exome Genome

Cost 
(>$3,500 per 

patient)

Assessment of 

pathogenicity of non 

coding variants 
(MANY variants of uncertain significance)



Dark Emu, Black Seeds. Bruce Pascoe



UNCERTAIN OR NO DIAGNOSIS 
– what next?

• ¼ - ½  children

• The 
condition is 
not genetic
or is more 
complex

There is a 
genetic 
condition but 
the ANALYSIS is 
not yet good 
enough to pick 
it up

There is a 
genetic 
condition but 

the TEST is not 
yet good enough 
to pick it up

CONSIDER RESEARCH



Mosaicism?

• This cat has mosaicism 

• Some of it’s hair cells 
carry a gene change for 
fur pigment, some don’t 

The same can be true for people

Cell with ID gene change 
Cell with no ID gene change

Standard 
blood testing 
can ‘miss’ 
genetic 
mosaicism



A child may be undiagnosed from a blood test 
because they have mosaicism 

• Here the gene change is just in the child’s 
brain

• A standard genetic blood test is not likely to 
find the change 

• More specialist testing may be required

Parent 

without gene 

change



More than one gene change, gene-environment 
interactions



A sure diagnosis…what next?



Parent developed resources can be great start 



CLINGEN
Genetics 

Home 

Reference:  

patient 

information 

https://www.clinicalgenome.org/

Number 

included 

genes 

increasing

https://www.clinicalgenome.org/


GENETICS HOME REFERENCE : GENE SPECIFIC 

INFORMATION



CLINGEN

https://www.clinicalgenome.org/

GeneReviews: 

Expert written 

clinical 

summaries 

https://www.clinicalgenome.org/


https://www.ncbi.nlm.ni

h.gov/books/NBK1116/



CLINGEN

https://www.clinicalgenome.or

g/

Practice 

guidelines

https://www.clinicalgenome.org/


MEDGEN: LINK TO PRECISION MEDICINE

Medical article search

• Etiology

• Diagnosis

• Therapy

• Prognosis

• Clinical prediction guides

• Management Guidelines

https://www.ncbi.nlm.nih.gov/medgen/

https://www.ncbi.nlm.nih.gov/medgen/


VERY NEW GENES 



https://humandiseasegenes.n

l/

https://genida.unistra.fr/

https://humandiseasegenes.nl/
https://genida.unistra.fr/


UNIQUE    https://www.rarechromo.org/

https://www.rarechromo.org/
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Why should I bother about this: why 

don’t I just refer to Clinical 

Genetics for all testing?



Traditional genetic testing process

Individual +- family 
seen by [specialist] to 
think about diagnosis 

and treatment. 

Could this child have a 
genetic condition ?

Would finding a genetic 
condition be helpful for 

the child’s care ?

Child and family 
seen by Clinical 
Geneticist and 

Genetic Counsellor if

(i) VOUS

(ii) Genetic diagnosis  
for further genetic 

counselling 

(iii) Undiagnosed to 
consider further 

testing 

Genetics team 

Look for clues for a 
particular genetic 

condition

Consent for further 
genetic testing

(i) Multigene  panel

(ii) Exome 
sequencing

(iii) Whole genome 
sequencing

(iv) Research testing 

Offer support 
through testing 

process

Provide genetic test 
result, reproductive 

counselling, 
information and 

support 

YES

Genetic result informs counselling, support,  management +/- targeted therapies 

Specialist orders first tier genetic 

testing : Fragile X PCR and 

Chromosomal microarray 



But this is unsustainable 



Upskilling yourself

Two great starting points: 

Australian Genomics Health Alliance    

https://www.genomicsinfo.org.au

Centre for Genetics Education: 

https://www.genetics.edu.au

https://www.genomicsinfo.org.au/
https://www.genetics.edu.au/


Summary: We owe this to our 
patients.

•Genomic testing should be considered as part of 
clinical care for individuals with 
neurodevelopmental disorders

• it dramatically improves diagnostic yield
• It has important impacts for child and their family
• It is required to be ‘precision medicine’ ready

• To deliver genomic medicine we need to 
understand the capabilities, limitations and 
possible pitfalls of the tests we order.

• We need to better understand most appropriate 
testing when cognition normal. 

• …thank you for listening. 
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