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What evidence do we need to call a DNA variation 

pathogenic? 

 

When are we satisfied to use the exome/genome data 

in a clinical setting?  

-perform for instance prenatal diagnosis 

 



 

-the type of mutation (nonsense>missense     inherited>de novo)  

-in silico prediction  

 -expression pattern 

 -the protein function/ the protein network  

-absence in controls 

-the gene (prior of having a mutation in the gene/prior of being pathogenic) 

-animal models  

-segregation/number of families with a mutation in the gene   

-the disease / the clinical consequences 

-functional validation 
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-is the fact that the mutation is de 

novo enough to decide to use it in 

clincial practise?  

 

-we all have 1-2 de novo  

CDC mutations  
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Calling a variation pathogenic 

depends on: 



 

 kind of amino acid change 

 position of the amino-acid in the protein (domains) 

 evolutionairy conservation within the animal kingdom  

 evolutionairy conservation within protein super families  

 pathway-protein network 

 expression  

 literature 

 SPLICING  

 

 

 

 

In silico prediction programs 
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Calling a variation pathogenic 

depends on: 



-how many controls and which controls  

-number of variants found in the gene in controls 

 

 

 

 

 

 

-the prior of a UV being pathogenic 

  BRCA UVs 10%   

  MMR UVs 50% 

 

HMCN1 

mutations may be 

associated with 

age-related 

macular 

degeneration 

Calling a variation pathogenic 

depends on: 
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Calling a variation pathogenic 

depends on: 



   V-4 

Variants Identified  95826 

Variants PASS filtering  83279 

Not in dbSNP134 or 
1000G  1089 

* CDS Nonsynonymus  123 

* 3UTR  44 

* 5UTR  33 

* Exon (non-coding) 34 

* Splice site  0 

* Premature stop codon  7 

Candidate variants  241 

Exome Sequencing in a Family with HSCR  

Linkage to chr. 4 
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Chr position SNP ID dbSNP Build MAF Ref.  Alt. Read-depth Type 
Gene  

name 
Effect Exon CDS position  AA change 

chr4 151791682 rs140666848 134/137 0.001 T C 51 CDS LRBA missense (ns) 19 2445 814(N/S) 

chr4 153802060 rs80127385 131/137 0.414 A G 23 intron ARFIP1 - - - - 

chr4 155410650 rs72731014 130/137 0.164 T C 53 CDS DCHS2 missense (ns) 1 1859 619(T/A) 

chr4 155410731 rs72731016 130/137 0.164 G C 41 CDS DCHS2 missense (ns) 1 1778 592(Q/E) 

chr4 159514442 rs190934075 135/137 0.001 G A 13 intron RXFP1 - - - - 



Exome Sequencing in a Family with HSCR  

              RET mutation  
           IHH mutation  



288.6 Kb 

151,185,683 151,936,879 

 

Ex 20 Ex 24 

151,503,077 

Ex 25 Ex 58 

151,791,682 
MAB21L2 

285.8 Kb 

LRBA 



Ma Mb Mc Md Me 

Md: LacZ 
expression 

Mab21l2 ISH, 
E11.5 



 Segregation  > LD 

 Only one family 

 Absence in controls /data bases  

 >How many controls? 

  >Screen the entire gene or only the variant? 

  >polygenic inheritance? 

 The IHH we might use for HSCR  

      (but will a comparable mutation in BRCA be used diagnostically?) 
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Exome Sequencing in a Family with HSCR  



II-2 and II-3 are both affected with 

AVSD. The boy died three weeks 

postnatally from massive clotting in the 

pulmonary artery. 

AVSD 
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Table 1. Summary of overlapped homozygous variants in affected dizygotic twin 

Chr. Gene  Ref. Alternate II-2 II-3 II-1 I-1 I-2 
Type of 

inheritance 
Type Effect Exon 

CDS  

position 

 Amino Acid 

change 

7 ZAN T A A/A A/A A/A T/A T/A inherited CDS missense 11 1390 M463K 

7 SMO C T T/T T/T C/T C/T C/T inherited CDS missense 10 1725 R575W 

10 
ANKRD2

6 
T A A/A A/A A/A T/A T/A inherited CDS missense 18 1971 D656V 

10 CXCL12 T C C/C C/C C/C T/C T/C inherited 
Stop 

codon 
- - - - 

10 JMJD1C G C C/C C/C G/C G/C G/C inherited CDS missense 8 1859 P619A 

10 FRAT2 C T T/T T/T T/T T/T T/T inherited CDS missense 1 248 A82T 



Sonic Hedgehog Signaling 



Primary Cilia structural test 

Cultured fibroblasts, staining with immunofluorescent antibodies 

Green: anti-γ-tubulin  

Red: anti-acetylated-tubulin 

basal bodies 

3-6 µm 

nucleus 

fibroblast 

axoneme 
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Measure increase of GLI1 transcription by RTqPCR 

Sonic Hedgehog signalling test 

with Shh or Purmorphamine 
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Are functional assays the holy grail? 
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Ou et al. Hum Mut 2008 



 To validate the biochemical and 
functional MMR assays it is essential to have 
a large set of positive and negative controls. 

  

 Positive controls are those missense 
variants that are believed to be pathogenic, 
based on criteria other than 
biochemical/functional assays. 

Are functional assays the holy grail? 

 

-are the assays validated? 

 -positive and negative controls  

 

-can we deal with in-between values? 

 

 

 Algorithms, including functional assays should  

in the end be used to determine pathogenicity 

 

 



Desicion model  

In silico De novo segregation functional Animal 

models  

-each of these will add to some value  

-we have to decide how much each component 

contributes.  

-the outcome has to cross a certain probability  (>95% for 

instance) 

 

Additional 

patients  …. 





The study is designed to answer a number of questions: Whether trio 

exome sequencing – and eventually, whole genome sequencing – is 

valuable as a first-line diagnostic, how the data can be interpreted 

using computational tools alone, how much functional biological 

assays add to the interpretation, what can be learned about genetic 

architecture, and what useful information can be reported to patients 



Department of Clinical Genetics Erasmus MC opens 

a Diagnostic Functional Unit  

 

Perform for a restricted number of validated 

functional assays (diagnostic NOT research) 

 

 -ciliopathies  

 -lysosomal storage diseases  

 -FMR1 protein test 

 -TS 

 -… 

 

Divide assays (diseases) over the different labs  

(LOD) 

 



 

Exome- and genome-sequencing are prove powerful tools for diagnostics 

 

We do have to work on algorithms / decision trees for variants in new genes for  

diagnostic decision making   

 

Questions: 

What will happen when we will use exome /genome sequencing  

as a screening tool? 

 

What to do with coincidental findings?  

A likely pathogenic missense variant in BRCA? 
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Taking home message  


