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Cardiogenetics 

i. * Congenital heart disease 

i. structural heart malformations at birth 

ii. * Dysrhythmias 

i. abnormalities of heart rhythm 

iii. * Cardiomyopathies 

i. diseases of heart muscle 

 

 

 



     HCM: Left ventricular hypertrophy   

NCCM: Noncompaction left ventricular hypertrophy; trabecularisation 

DCM: Dilated cardiomyopathy 

     (ARVC: Arrhythmogenic right ventricular cardiomyopathy) 

        (RCM: Restrictive cardiomyopathy) 

Cardiomyopathy; Structural defect in the cardiac muscle leading 

to abnormal function/sudden death 

 

HCM NCCM Normal DCM 



Sarcomere 
    basal contractile unit of the striated muscle  



Diagnostic routing cardiomyopathies 

before NGS 

  
 -check 3 founder mutations MYBPC3 

 -analyse MYBPC3 and MYH7  

 -6 additional genes 

6 months 

45% HCM patients with pathogenic mutation 

10% HCM patients with unclassified variant 

DCM and NCCM; 16% and 20% pathogenic mutations 



HCM population ErasmusMC 

Sarcomeric mutation

No mutation

MYBPC3

MYH7

TNNT2

TNNI3

MYL2

TPM1
55% 

34% 

6% 

 700 index patients; 45% pathogenic mutation  

35 VUS in sarcomere genes 



CM 

Z-disc associated genes 
titin, muscle LIM, telethionin, myozenin 

<5% 

sarcomere genes 

Ca2+ regulated genes 
phospholamban, sorcin,  

calreticulin, calsequestrin, 

sarcolipin, calmodulin, calstabin 

Other genes? 

<2% 

Genes associated with HCM/DCM/NCCM

  

50% 



Advantages    
-Diagnostic yield higher   

-More genes tested in shorter time  

-Cheaper   

Drawbacks    

-Multiple VUS? Is this true..? 

(=variants with unknown significance) 

 

Classification VUS necessary 

- VUS1; silent variants and low-frequent variants (0,5-1%) 

- VUS2; new nonsynonymous variants 

- VUS3; likely pathogenic 

 

Report only VUS2 and VUS3 

Common database cardiogenetics (through Cartagenia?) 

 

    

NGS targeted core gene panels 



Genelist targeted approach I 
Validated genes  

MYBPC3  TNNT2  MYH7   

TNNI3  MYL2  TPM1 

MYL3  CSRP3  TCAP   

PLN  CALR3  TAZ 

LMNA  ACTC1  TNNC1 

   

Titin 

TTN 

  

Other genes  

MYPN  LDB3  ACTN2  

MYOZ2  NEXN  FHL1   

CASQ2  BAG3  CAV3  

PRKAG2 (WPW) DES  SCN5A 

EMD  SGCD  GLA (Fabry)  

JPH2  LAMP2 (Danon) TBX20 

ABCC9  LAMA4  ANKRD1   

NRG1  PDLIM3  VCL 

CRYAB  RBM20  FKTN   

TMPO  ILK  TTR 

 



Targeted diagnostics 

Bait design; Agilent Sureselect; 46 genes, 790 exons 

 

• Quality check (3 parameters) 

• Sample prep and Run Miseq; 12 patients in 1 run 

• Data analysis with software SeqNext (JSI) 

• 1st run; validation 10 patients with pathogenic 

mutations and 190 SNPs in 15 genes 

 



Validation Targeted NGS 

Validation: 10 patients with 200 variants in 15 genes 

 

-Sensitivity; can we pick up all variants that 

 were found with Sanger  screening? 

-Minimum read depth 

-Heterozygosity for variants 

-What are problem areas? 

-Optimize process 

-Include same control sample in each run 

 



Variant detection settings 



Problem areas 

GT-stretches in introns    
-ACTC1; exon 6   

-MYL2; exon 4 

-MYH7; exon 33    

Homologous genes    
-ACTC1 

-MYH7 and MYH6  

-FHL1   

FHL1 exon 9 

 ignored 30-45 

filtering option 



JSI: SexNext software analysis 



JSI: SexNext software analysis 



Results first 10 runs 
(110 patients) 

-33 patients with pathogenic MUT 

-58 patients with VUS2/VUS3 (1-4) 

-19 patients with no mutation/VUS 

-66 HCM patients 

-30 DCM patients 

-14 NCCM patients 

? 

-80 new patients 

-30 “Sanger-negative” patients 



33 pathogenic mutations 

new patients (80) 
-HCM (17/50)= 29% 

-DCM (6/20)= 30% 

-NCCM (5/10)= 50% 

 

“Sanger-negative” patients (30) 
-HCM (3/16)= 19% 

-DCM (2/10)= 20% 

-NCCM (0/4) 

28/80 5/30 

No founder mutations; explanation that % HCM is lower? 

1/3 mutations not found with Sanger screening  

Mutations in MYPN 

  



Patients with no pathogenic mutation 
(n=19) 

Sanger-negative patients 
-HCM 

 

18 1 

new patients  
-HCM (9/50)= 18% 

-DCM (5/20)= 25% 

-NCCM (4/10)= 40% 

 

sample ID check 



VUS2/VUS3 detection and 

interpretation 

Majority in TTN 

On average 1-4 per patient 

 

Report all VUS? Confirm all VUS2/VUS3?  

 

Delay report, while often family studies are not indicated 



Reporting targeted diagnostics 

1 report: too much information in 1 letter   

3 reports: distinguish between Sanger validated genes,  

                TTN and 30 additional genes 

   
15 genes from validation set (Sanger quality; every base in  

    exon +/- 20 intronic sequence at least 40x vertical covered 

   

TTN 

30 additional genes   



Selection “Sanger-negative” 

patients 
 

 

1) Patients with family history 

2) Young patients with 1 pathogenic mutation 

3) DCM and NCCM patients 



Genelist targeted approach II 

(consensus cardio centers ; 46 genes) 

Important changes 

-ARVC (Aritmogene right ventrikel cardiomyopathy) added  

-TTN complete (cardiac isoform) 

-Delete “hobbygenes” with no convincing evidence 

 

New cardio core-panel 



New developments/challenges 

Detection of (exonic) dels and dups 

 

Detection of mosaics 

 

Detection indels in repeat regions 

 

 



Detection of mosaics 

GLA; c.447dupT 



Detection of dup29 in TSC2 



Detection of del65 in TSC2 



Conclusions 

 

1) Increase diagnostic yield with 33% 

2) VUS2 and VUS3 detection; varies 0-4 patient 

3) Detection larger dels/dups with platform possible 

4) Detection mosaics possible 

 



New panels 

 

1) Neuronal migration disorders (kick-off May 2013) 

2) Ciliopathies and Ceroidlipofuscinosis (CLN) 

3) (Disorders of sexual development-DSD) 
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