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Introduction 

• Whole genome sequencing (WGS) is emerging as a first-tier diagnostic test 
for rare genetic diseases  

• However, standards addressing the definition and deployment practice of 
test are lacking  

 

• “Medical Genome Initiative” was formed to expand access to high quality 
clinical WGS   

 



Sanger sequencing 

 



Next Generation Sequencing(NGS) 
Illumina 

 





 





Detection of a broad range of variant types in a single assay  
 

Untargeted 
Add coverage of intronic, intergenic and regulatory regions  





Single-nucleotide polymorphism (SNP) 

• Variation at a single position in a DNA sequence among individuals 



Indel (insertion/deletion) 

• Insertion and/or deletion of nucleotides into genomic DNA and 
include events less than 1 kb in length 



Copy number variation 

• Type of structural variation 

• sections of the genome are repeated and the 
number of repeats in the genome varies between 
individuals 
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Primary analysis 



Primary analysis 

• DNA extraction 

• Library preparation 

• Sequence generation 

• Preliminary data quality control (QC) 



Secondary 
analysis 



Secondary analysis 

• Alignment of the raw sequence data to a 
genome reference 

• Variant calling 

• Further data QC operations 



Tertiary analysis 



Tertiary analysis 

• Annotation 

• Filtering 

• Prioritization 

• Classification of variants 

• Case interpretation and reporting 
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• Understanding drives selection of analysis strategy 
 Phenotype 

 Family history 

 Desired result 

 

• Phenotype capture 
 Staff extraction 

 Digital tools 

  Human Phenotype Ontology(HPO), OMIM, Disease Ontology… 

 

• Secondary/ Incidental findings 
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• The first step of tertiary analysis is data annotation 

• Data annotations determine which variants undergo 
expert review  

• Annotation source: dynamic database (Clinvar) 
 Database should be update quarterly 

• Extensive functional analysis of variant 
 Noncoding RNAs 

 Regulatory elements 

 Deep intronic region 

 





Clinvar 
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• Filtering 

• Prioritization 

• Genotype driven vs. Phenotype driven 

Genotype driven 

Phenotype driven  





(1) Unanticipated genetic diagnoses 
(2) Unusual presentations of established 

disorders  
(3) Multiple genetic diagnoses  
(4) Variants relevant to a secondary phenotype 
(5) Variants in novel disease genes  

Specific genes that are highly relevant to the 
patient’s phenotype  

Benign 
Variant of uncertain significance 

Pathogenic 
Likely-pathogenic 
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• What gene(s) does the variant impact?  

• Is the variant expected to impact the function 
of the gene(s) and if so, does it cause a human 
phenotype?  

• How well does the variant or gene’s disease 
association match that of the patient?  

• Has this particular variant (or this variant type, 
e.g. LOF variants) been shown to cause a 
phenotype?  

• Is the variant returnable as a secondary or 
incidental finding?  
 



• Triage efficiency can be influenced by the software used 
to support analysis  

• Variant prioritization can be considered as a means to 
improve overall analytical efficiency 

• Time-delay between publication and database 

 



Reporting 

• The lab should establish policies defining the types of 
findings that are considered for return 

• High-level descriptive statements are essential 

 “Positive” 

 “Positive: Findings explain indication for testing” 

• Integration of WGS result into medical record 

 

Reanalysis 

• It is recommended that lab provide an option for 
reanalysis of finalized WGS cases 

 

 

 

 





Thank you !! 


