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● A low throughput technology that is expensive 
 One gene at a time, one patient at a time                                       

$500-1500 per gene per case 
 

● Cannot deal with genetic heterogeneity,                                                           
because a number of genes have to be sequenced 

 e.g. deafness >100; retinitis pigmentosa >50; familial spastic 
paraplegia >40 
 

Sanger sequencing from 1977  

http://en.wikipedia.org/wiki/File:Radioactive_Fluorescent_Seq.jpg


      

      

Next generation (massively parallel) sequencing (NGS/MPS) 



Processing power of computers 
will double every two years 



Genetic diagnosis with NGS 

1- 5,000 genes with known phenotypes in one go 
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Simple clinical phenotypes/confident diagnosis:  

• Single gene   e.g. Cystic fibrosis, familial adenomatous polyposis 

• Focussed gene panel   e.g. familial Alzheimer, auto-inflammatory disorders  

Heterogeneous disorders and complex clinical phenotypes:  

• Broad panel that covers the diagnostic group                                                      
e.g. intellectual disability 400 genes; retinal dystrophy 127 genes 

• Clinical exome (~5,000 genes associated with known phenotypes)             
e.g. patient with epilepsy and intellectual disability 

• Whole Exome Sequencing (~20,000 protein coding genes)                                  
e.g. long differential with possibility of a novel gene cause 

• Whole Genome Sequencing   e.g. long differential with possibility of a 
novel gene cause and/or a cause outside the exome 

Choosing the right sequencing test 



      

      

DARS gene:  
Hypomyelination 
with brain stem and  
spinal cord 
involvement  
and leg spasticity 

SPR gene: Dopa-responsive dystonia due to sepiapterin 
reductase deficiency 
Treated with L-Dopa and 5-hydroxytryptophan 

XIAP gene: X-linked lymphoproliferative 
syndrome 
Treated with cord blood cell transplant 



Identifying the cause of ‘severe’ intellectual disability 

Gilissen et al. Nature 2014; 511, 344 

Extrapolated diagnostic yield 60% 



      

      

Rapid diagnosis of Glycogen Storage Diseases by NGS 
Abbs et al.  International Congress of Human Genetics 2011, Abstract 265  

Patient with clinical and biochemical features of GSD type III, VI, IX 

Over 12 years, patient had repeated enzyme analysis, a liver biopsy 
and conventional sequencing of three GSD IX genes, without a 
definite diagnosis 

NGS identified a homozygous pathogenic variant in the PYGL gene, 
finally confirming a diagnosis of GSD type VI 

NGS made a diagnosis in weeks, at 10% of the combined cost of all 
the inconclusive tests performed over 12 years - $1,700 vs $17,000 

The ‘diagnostic odyssey’ can become a ‘diagnostic stroll in the park’, 
which is time- and cost-effective and minimises invasive procedures 



Variants of uncertain significance 
An annoyingly common outcome 

Significance may become clear over time or after family studies 

TEST RESULT  
No clearly pathogenic variant detected 
Variant of uncertain pathogenic potential detected: COL4A5 c.892-18T>G 
  
SUMMARY 
The COL4A5 c.892-18T>G sequence variant may affect the splicing of the COL4A5 
transcript (in silico analysis shows the creation of a new acceptor splice site), 
however the pathogenic potential of this sequence change is uncertain. 
   
The diagnosis of Alport syndrome or TBMN has NOT been confirmed. 
 



= Sudden death 

= Long QT syndrome 
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Family studies can be helpful 



Incidental (secondary) findings: 1-3% of genome studies 



Genetic testing outcomes 

Maron, Maron and Semsarian.  J Am Coll Cardiol 2012; 60: 705-15 



Consent – things to discuss 

• What will be done: gene/panel/WES/WGS 
 

• Possibility of finding: 
• ≥1 pathogenic variant 
• nothing relevant – clinical diagnosis/inheritance unchanged! 
• variants of uncertain significance, incidental findings and 

variants causing recessive / X-linked disorders –                                   
and does the patient want to know about them 

• Non-paternity/maternity 
 

• Implications of finding a disorder-causing variant – for tested 
individual and family (including for some types of insurance) 

 

• Use of results and DNA for research  



Genetic diagnosis made – does it help the patient? 

• Provide or support a clinical diagnosis 

• Determine/confirm inheritance pattern 

• Allow prognostication/risk stratification 

• May lead to improved management 

• Reproductive options 



Genetic diagnosis made – useful for relatives 

Makes possible predictive testing to assess susceptibility:  

• if mutation present, possibilities may include 

o surveillance for early diagnosis 

o preventative strategies 

o early management 

o genetic counselling, including reproductive options 

• if mutation not present, risk becomes low for patient 
and offspring, and surveillance, if in place, can stop 

 



Diagnostic technologies converge 

A single platform for common genetic mechanisms (?) 

• Single nucleotide variants 

• Copy number variants (deletions/duplications) 

• Repeats  

• Epigenetic modifications 

• RNA sequence variation (gene expression) PacBio RS II 



      

      



Genetic diagnosis the ‘old’ way 

Spending limits reached quickly ! 

Decide on most likely diagnosis in the genetic 
differential, or most likely gene in the diagnostic group 
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