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Objectives

◼ Neurodevelopmental disorders (NDDs), including global 

developmental delay (GDD), intellectual disability (ID), and autism 

spectrum disorder (ASD), represent a continuum of developmental 

brain dysfunction

◼ Basic concepts in genetic and genomic testing

◆ Genetic counselling

◆ Basic principles – cell, chromosome and genes

◆ Variations (mutations) and inheritance

◼ Genetic and genomic testing 

◼ Role of genetic counselling
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Overview

◼ Neurodevelopmental disorders (NDDs), including global developmental delay 

(GDD), intellectual disability (ID), and autism spectrum disorder (ASD), represent a 

continuum of developmental brain dysfunction.

◼ Although the aetiology of NDD is heterogeneous, genetic variations account for the 

largest component, thus supporting the recommendation for genetic evaluation in 

individuals with NDDs.

◼ Rapid technological advances now allow for a specific and early genetic diagnosis 

with implications for treatment, prognosis, and recurrence risk, as well as 

psychological and social benefits for the family. 

◼ Genetic counseling is a vital service to enable patients and their families to 

understand and adapt to the genetic contribution to NDDs. 

◼ Blesson et al 2020 Genetic Counseling in Neurodevelopmental Disorders
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Definitions

◼ The prevalence of GDD/ID in the United States is estimated to be 1%–3% 

(Moeschler et al. 2014).

◼ The Diagnostic and Statistical Manual of Mental Disorders, (DSM-5), included ID, 

ASD, attention deficit hyperactivity disorder, communication disorders, motor 

disorders such as cerebral palsy, and specific learning disorders (American 

Psychiatric Association 2013). These conditions are typically diagnosed after 

comprehensive assessments by developmental paediatricians, child psychologists 

and neurologists.

◼ According to American Association on Intellectual and Developmental Disability, 

ID (formerly called mental retardation) is “characterized by significant limitations 

both in intellectual functioning and in adaptive behavior as expressed in 

conceptual, social, and practical adaptive skills. The disability originates before 

age 18 years” (Schalock et al. 2007). 
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Definitions

◼ Standardized measures of adaptive functioning and intelligence are typically reliable 

in children over age 5 years. Before that time, a diagnosis of GDD is often given 

when a child presents with significant delays in two or more developmental 

domains.

◼ ASD is characterized by deficits in social communication and interactions, along 

with restrictive, repetitive patterns of behaviors, interests, and activities (American 

Psychiatric Association 2013)

◼ According to the Autism and Developmental Disabilities Monitoring (ADDM) 

Network study from surveillance year 2014, one in 59 children (1.7%) aged 8 years 

has been identified with a diagnosis of ASD (Baio et al. 2018)

◼ There are many genetic disorders that mimic as cerebral palsy, epilepsy, psychiatric 

disorders and may also have ID and/or ASD as a feature (Lee et al. 2014b 
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Environmental factors

◼ Epidemiologic studies have attempted to establish the association of various 

environmental factors with NDDs, such as maternal health conditions, perinatal 

infection, malnutrition, trauma, and many others (Gentner and Leppert 2019). 

◼ For example, prenatal exposure to alcohol and lead are confirmed to be associated 

with an increased risk for GDD/ID. 

◼ On the other hand, any association between vaccines and ASD has been 

thoroughly debunked by many studies, including those conducted by the CDC, 

USA (DeStefano et al. 2013).

◼ Guidelines: 

◆ The American College of Medical Genetics and Genomics (ACMG) for ASD (Schaefer 

et al. 2013) 

◆ The American Academy of Pediatrics (AAP) for GDD and ID (Moeschler et al. 2014)
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Genetic counselling

◼ a process where an individual or family obtains information regarding 
a real or possible inherited disorder, to make an informed decision
about their reproductive options and to assist them in coming to 
terms with issues they face

◆ Accurate diagnosis of genetic condition

◆ Documentation of family tree and pedigree

◆ Recognition of inheritance patterns and risk estimation

◆ Information on available options, including treatment and reproductive options

◆ Effective communication and empathy

◆ Support in decision-making by clients

◼ Non-directive; allows individuals or couples to make the best choice for 
themselves



Extraordinary Measures

Rare disorders: Pompe disease

Multiple disabilities

Life-threatening, medical condition

Chronic diseases

Psychosocial issues: genetic guilt; 

shame and blame

Expensive therapy

Muscat M. Chemical Pathology in the 

Movies: Extraordinary Measures, directed by 

Tom Vaughan, 2010. J Med Humanit. 2016 

Jan 15

//upload.wikimedia.org/wikipedia/en/5/59/Extraordinary_measures_poster.jpg


The human genome

❑ Estimated 25,000 genes in the human genome

❑ Two unrelated persons share over 99% DNA 

sequences

❑ Over 14,000 single gene disorders recognised; 

over 8,000 gene loci identified.



Variants (mutations)
◼ Alterations to DNA sequences are called variants/ mutations

◼ Contribute to natural variation between individuals. It may ‘pathological’ –

detrimental depending upon their nature and their position.

◼ There are two major classes of genetic variations: copy number variations (CNVs) 

and single-nucleotide variants (SNVs). 

◼ A CNV is defined as a change in length of 1,000 or more base sequences. 

Genome-wide CNVs can be detected using a chromosomal microarray (CMA) with 

high resolution. 

◼ SNVs take place when a single nucleotide (e.g., A, T, C, or G) is altered in the DNA 

sequence. SNVs are the most frequent genomic variations



what if chromosome number is different?

Chromosomes are then arranged 

according to number and structure



FISH Microdeletion syndrome – chromosome 22q11 deletion 
syndrome (DiGeorge syndrome)



Genetic testing: Fragile X syndrome



Principles of array comparative 
genomic hybridization (aCGH)

Breaking the waves: improved detection of copy number variation from microarray-based comparative genomic hybridization.

Marioni JCME Genome Biol. 2007;8;R228. 



Patient 1: Developmental delay, 

seizures and dysmorphism

Microarray analysis showed microdeletion chromosome 16p13.3 

involving the CREBBP gene

Diagnosis made within 3 months of life, thus reducing the ‘diagnostic 

odyssey’



Autistic spectrum disorder: 
diagnosis by microarray test 

Phelan-McDermid syndrome

Deletion 22q13.3



Massively parallel genomic sequencing 
(next generation sequencing)

❑ Sequencing refers to reading the DNA base sequence 

containing genetic information in order. 

❑ DNA sequencing can be broadly divided into Sanger 

sequencing and next-generation sequencing (NGS)

❑ The Sanger method involves sequencing single 

strands of DNA, whereas in NGS, one long DNA 

strand is cut into millions of strands, and then genes 

are amplified and sequenced at once



Genetic testing in neurodevelopmental disorders

Blesson et al 2020 Genetic Counseling in Neurodevelopmental Disorders

Prof MK Thong Genetics UM



Genetic testing in intellectual disability

Srivastava et al. 2019 Genetics in Medicine 
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Genetic and genomic tests

Clinical utility

◼ Confirmation of diagnosis

◼ Determination of  pathogenicity of variants detected

◼ Prognosis

◼ Carrier detection in cascade screening

◼ Prenatal diagnosis

◼ Targeted therapy

Limitations

❑ A negative genetic test result does not exclude the diagnosis

❑ The problem of “one gene many diseases”

❑ Deletion may be missed by sequencing

❑ Incidental / actionable findings

❑ Variants of uncertain significance



Interpretation of a genetic 
test: tuberous sclerosis

Gene
Location and 

position of 

variant

Inheritance

Pathogenicity

Angiomyolipoma: 70-80% 

of TSC patients
(Bausch et al 2021)



Pathogenicity

◼ Determination of pathogenicity

◆ Physicochemical differences and properties of 

amino acid residues e.g conserved

◆ Normal population genomic database

◆ Disease databases: previous reports

◆ In-silico analyses

◆ Parental and family studies



How to read a genomic report? 



Interpretation of sequence variants



Examples of molecular diagnosis: 
utility and pitfalls
Positive reports:

◼ Ataxia-telangiectasia: One gene, two diseases

◼ X-linked adrenoleukodystrophy

◼ Gaucher disease: Prognosis changed

◼ Spinal muscular atrophy: Early diagnosis and cascade 

screening

Negative reports:

◼ Wrong diagnosis or wrong test? 

Variant of unknown significance: what to do? 

Whole exome sequencing: incidental finding – to tell or not 

to tell? 



Accurate and correct diagnosis

10 year old boy with 

multiple skin patches of 

hyperpigmentation and 

frecklings and learning 

disability



Mistaken diagnosis of neurofibromatosis

◼ Diagnosis: SPRED1 pathogenic variant confirmed diagnosis 

of Legius syndrome and not neurofibromatosis 
◼ Legius syndrome  is characterized by the presence of multiple cafe-au-lait spots, 

and axillary and inguinal freckling. Notably,neurofibromas, Lisch nodules, and 

optic gliomas have not been reported in individuals with Legius syndrome.



One gene associated with multiple diseases 

A 10-year-old boy presented with ataxia. History of recurrent 

episodes of pneumonia Clinical findings of cerebellar ataxia and 

conjunctival telangiectasia. Genetic testing of ATM gene:

The ATM gene is associated with an increased risk for 

autosomal dominant breast, pancreatic and prostate cancers 

and autosomal recessive ataxia-telangiectasia (A-T).

Implications: Genetic counselling

Increased risk for cancers for parents



X-linked adrenoleukodystrophy
5-year-old boy who presented with progressive deterioration 

in learning ability and behavioural difficulties

Cranial MRI imaging showed white matter changes

Plasma VLCFA (very long chain fatty acid) was elevated

Younger sibling did not carry this ABCD1 variant and was the 

hemopoietic stem cell transplant donor

Transplantation was successful; patient’s condition stabilized



Gaucher disease: modifying the prognosis

4-year-old boy who presented with progressive pallor and 

hepatosplenomegaly

Routine test: Pancytopenia

Initially investigated for acute leukaemia

Parents are 1st cousins



Gaucher disease: genetic test modifying 
the prognosis

The diagnosis of Gaucher disease is confirmed.

Patient is homozygous for the L444P, c.1448C>T variant

There is a high risk for neuronopathic type III Gaucher disease 

with implications for prognosis and treatment options



Spinal muscular atrophy: genetic 
screening for carriers
Multiplex ligation probe amplification (MLPA) is used  for 

semiquantitative detection of  gene deletion or duplication

Patient has spinal muscular atrophy. Genetic study showed 

homozygous deletion of exon 7 and exon 8 for SMN1 gene. 

Patient’s maternal uncle is getting married and wish to know 

his genetic status 



Prenatal diagnosis: GM1 gangliosidosis

Previous child died of GM1 gangliosidosis.

Prenatal diagnosis with chorionic villus sampling was 

performed at 11 weeks of gestation

Molecular testing GLB1 gene confirmed fetus was a carrier 

and pregnancy was continued



Genetic result: Negative
◼ Infant  presented with weakness and peripheral hypotonia. 

◼ No fasciculation noted

◼ Suspected Pompe disease

◼ Genetic panel testing for neuropathies (72 genes; sequencing and MLPA)

Genetic test did not exclude Pompe disease (GAA gene not 

tested). A negative report does not exclude the diagnosis



Duchenne muscular dystrophy: UMMC

Thong MK*, et al. Developmental 

Medicine and Child Neurology 2005; 

47: 474-477

◼ Genetic studies to identify 

nonsense mutations in 

dystrophin gene. 

◼ On-going clinical trials of 

targeted therapy



Acute stroke 

◼ 8-year-old boy, presented with acute 
hemiparesis

◼ Cranial MRI showed multiple transient 
ischaemic sites. MRS:  raised lactate

◼ Family history: short stature, seizures, 
hearing loss, diabetes mellitus

◼ Mitochondrial DNA study: 3243 A>G 
mutation (MELAS) Mitochondrial 
encephalopathy, lactic acidosis and 
stroke-like episodes 

◼ Treatment of acute stroke: IV L-arginine 
and citrulline



First patient treated with gene therapy in Malaysia

First use of gene therapy: zolgensma (onasemnogene abeparvovec) at University 

of Malaya Medical Centre (2020)  by the Genetic Medicine team Department of 

Paediatrics

Child with spinal muscular atrophy type 1 (SMN1: 0 copy; SMN2: 2 copies) 



American College of Genetic and Genomic Medicine 
(ACMG) Policy Statement

◼ ACMG recommendations for reporting of incidental 

findings in clinical exome and genome sequencing

Green RC, Berg JS, Grody WW, et al. ACMG recommendations for reporting of incidental 

findings in clinical exome and genome sequencing. Genet Med 2013;15:565–574.



Incidental and actionable findings

◼ Infant investigated for global developmental delay, hypotonia and central 

hypoventilation. Older died of similar condition. Diagnosis unknown. 

◼ Extensively investigated including whole exome sequencing was performed: No 

clinically relevant variants were detected

◼ ACMG recommended 73 genes as medically actionable and reporting as 

secondary findings

◼ An incidental finding of a clinical relevant deleterious variant of MYH11 

(associated with thoracic aneurysm) was found in patient and the father

Implications: Penetrance uncertain and variable expressivity

Difficulty with pre and post test genetic counselling

Regular surveillance (eg echo) needed for parent now



Variants of unknown / uncertain  significance

Infant with hypotonia and presented with severe generalised 

convulsions

Suspected: Infantile epileptic encephalopathy

Extensively investigated: metabolic and imaging studies normal



Limitations of genetic / genomic testing

◼ Lack of local population databases or genomic data

◼ Ethical concerns – genomic studies should not be performed in children unless 

there are important medical consequences 

◼ Availability and cost of the genetic tests. 

◼ Lack of genetic counsellors

◼ Challenges with interpretion of genomic results by clinicians

◆ Many DNA tests are done on a research basis only and not meant for diagnostic 

purposes. Research findings to be further confirmed by diagnostic tests. 

◆ A negative molecular result does not exclude a diagnosis

◆ Novel DNA variants or polymorphism may be mistakenly regarded as pathogenic

◆ Incidental findings; variants of unknown significance 

◼ Sensitivity of methodology of mutation detection is different for various techniques. 



Genetic counselling

◼ a process where an individual or family obtains information regarding 
a real or possible inherited disorder, to make an informed decision
about their reproductive options and to assist them in coming to 
terms with issues they face

◆ Accurate diagnosis of genetic condition

◆ Documentation of family tree and pedigree

◆ Recognition of inheritance patterns and risk estimation

◆ Information on available options, including treatment and reproductive options

◆ Effective communication and empathy

◆ Support in decision-making by clients

◼ Non-directive; allows individuals or couples to make the best choice for 
themselves



Genetic testing must be preceded by genetic counselling

◼ Genetic testing should not be used to replace conventional 
approach to disease diagnosis e.g. history, examination 
and laboratory investigations.

◼ Any genetic testing must have pre and post-testing genetic 
counselling by qualified genetic counsellor / personnel 
trained in medical genetics



Genetic counselling and communication

◼ To enable decision-making by a patient, parents or 

families, effective communication of genetic 

information is vital

◼ Genetic counselling process helps clients to make 

decisions which are: 

◆ complex, multi-layered and emotionally draining 

◆ have life-long consequences and affect a number of 

people beyond the immediate patient

◼ Sufficient time for consultation and involves repeated 

sessions



Family communications
◼ Genetic disease affects entire families

◼ Communicating about genetics may not occur 

within a family during a time of stress or crisis

◼ Factors influencing family communications:

• Interpersonal histories

• Family structures

• Members’ roles

• Gender

• Privacy issues

• Nature of the disorder

• Cultural factors 



Bringing the family together

◼ How is the diagnosis informed to family 

members?

◼ What is the response from family members?

◼ How can a genetic counsellor support 

communication? 



45 yrs

34 yrs

55 yrs

Family communication: what’s my risk?

Family members 

with 

neurofibromatosis 



Genetic counselling in intellectual disability

Blesson et al 2020 Genetic Counseling in Neurodevelopmental Disorders



Support for patients and families

❑ Stigmatisation and discrimination

❑ Achieving equitable access to 

services

❑ Insurance issues

❑ Difficulties with early interventional 

programs

❑ Ethical, legal, social and religious 

issues

❑ Lack of genetic counselors and 

genetic nurses

❑ Support groups in Malaysia



Summary

◼ Neurodevelopmental disorders (NDDs), including global 

developmental delay (GDD), intellectual disability (ID), and autism 

spectrum disorder (ASD), represent a continuum of developmental 

brain dysfunction

◼ Basic concepts in genetic and genomic testing

◆ Genetic counselling

◆ Basic principles – cell, chromosome and genes

◆ Variations (mutations) and inheritance

◼ Genetic and genomic testing 

◼ Role of genetic counselling
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Thank you
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