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DNA: Blueprint of life

• DNA (deoxyribonucleic acid) is the molecule that 
carries genetic information for the development 
and functioning of an organism.

• A gene is a region of DNA that codes for a 
particular protein.

• Each protein carries out specific function.

https://www.irunfar.com/



How does genetic disease occur?
• A genetic disease is caused by a change in the 

DNA sequence of a particular gene affecting its 
function.

• Genetic diseases can be:
1. Genetically determined 

2. Environmentally determined

3. Combination of gene mutations and environmental factors

• Genetic disease are hereditary (derived from parent(s)) or 
sporadic (not inherited from the parents).

• Not all genetic diseases are present or apparent at birth                       
e.g. Huntington disease 
❖ degeneration of nerve cells in the brain

❖ 3rd to 4th decade of life.



Inborn errors of immunity (IEI)

• Primary immunodeficiency (PID)

• are genetic disorders that result in the specific 
impairment of normal immune development and 
function.

• IEI present clinically as increased susceptibility to

❖ infections, autoimmunity, autoinflammatory 
diseases, allergy, bone marrow failure and/ or 
malignancy (Tangye et al., 2022).

• 485 conditions (> 400 genes) (Tangye et al., 2022)

Clinical presentations of some IEI patients



Disease diagnosis

• Identification of the nature of an illness 

• Clinical diagnosis:
❖ clinical signs and symptoms, 
❖ family history, 
❖ physical examinations, 
❖ laboratory diagnostic tests (Balogh et al., 2015)

• Genetic testing:
❖ PCR & Sanger sequencing 

– identification of DNA mutation

PCR: Polymerase Chain Reaction



Sample collection for genetic testing

• Add text

Venipuncture DNA sample ready for 

genetic testing
Cell separationWhole blood Centrifugation

DNA extraction



Workflow for Genetic Testing (1)
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SNP: Single Nucleotide Polymorphism



Publications
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Case study

• 7 year-old Malay boy

Chear et al., 2013 (APJAI). doi: 10.12932/AP0304.31.4.2013.

History of pyogenic 
infections since      

1 year-old

Recurrent          
otitis media

Recurrent 
bronchopneumonia 

Asthma Failure to thrive Bronchiectasis

• Routine immunology tests:

➢ Patient had no B cells, low serum immunoglobulin isotypes

➢ Suspected to have Predominant antibody deficiencies? 

(i.e. X-linked agammaglobulinemia)



X-linked agammaglobulinemia (XLA)

Genes required for B cell development

• Bruton's agammaglobulinemia or Bruton's disease, is a rare, 
recessive genetic disorder caused by mutation in the Bruton’s 
tyrosine kinase (BTK) gene.

• XLA is characterized by the improper development of B cells, 
leading to a lack of mature B cells and antibodies



Genetic testing- Single gene testing

Genetic testing confirmed 

i) Diagnosis of XLA for the patient 

ii) Carrier status in the mother and sister

Sequencing of BTK gene



Challenges

• Disease diagnosis remains difficult solely based on clinical phenotypes:
❖ Common symptoms among different kind of diseases (Bousfiha et al., 2020). 

❖ Complex or atypical clinical phenotypes (Gallo et al., 2016). 

• Other challenges in disease diagnosis:
❖ Disease caused by multiple genes or variants (Tangye et al., 2020).

• Patients exhibiting complex phenotypes without a pronounced candidate 
gene for testing, may have delayed disease diagnosis.
❖ Single gene testing appears to be costly and inefficient when a serial 

testing of each candidate gene is required.  
❖ A confirmed molecular diagnosis can only be obtained                       

after months, or even years (Haworth et al., 2016).  



Whole-exome sequencing (WES) in rare 
genetic disease diagnosis

• Human genome: ~3 billion nucleotides (Hawkins, 2017)

• Protein coding region: ~1-2% of the human genome (Haworth et al., 2016)

• ~85% of disease-causing mutations occur at exonic region (Petersen et al., 2017).

• WES: sequencing ~20k protein-coding genes (Meyts et al., 2016)

❖cost- and time-effective strategy

• Application in the molecular diagnosis of genetic disorders:

❖ Complex clinical presentations (Gallo et al., 2016; Seleman et al., 2017)
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Bioinformatics 
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Workflow for Genetic Testing (2)

Benefits of WES:

• WES is a large-scale, massively parallel DNA-sequencing technology that 
concurrently sequencing of thousands of genes (Resta et al., 2018).

• A virtual gene panel can be generated and applied to the analysis of DNA 
sequence data obtained from a whole-exome.  

• Addition or removal of genes can be done for revisiting 

the investigation using virtual gene panel, without the 

need for a repeated sequencing (Haworth et al., 2016). 



Publications



Evolution and future of genetic testing

www.hudsonalpha.org/
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