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Targeted panel/ MIP testing versus WES (different per center)

Same test in each center possible?

Goal for now Screen the same core genes in each center

Agreement on classification and reporting



1. 1 panel fits all? Bigger is not always better; prescreen small panel?

Overlap HCM/DCM/NCCM

2. Variant classification: gnomAD/ splicing effect/ protein pred tools/

ACMG guidelines/

Gene variant resources: VKGL/ ClinVar/ ClinGen/ HGMD/ Alamut

Reporting variants; example RYR2/ TTN

3. How we use all these different tools in HCM diagnostics:

Successes/ Limitations and pitfalls

4. Follow up on VUS in future: where to start?

Diagnostics for Cardiomyopathies



NGS diagnostics for Cardiomyopathies 

Start NGS cardiomyopathies (HCM/DCM/RCM/NCCM) in 2012

46 genes (most of them were core-genes/ Sanger quality)

targeted enrichment

Update panel with ARVC and TTN “complete” in 2013

Change to WES approach in 2017

Evaluation ongoing 5 labs; which genes are core? 



In 2012 WES coverage In 2017 WES coverage

Improved WES coverage



Improved WES coverage

In 2012 WES coverage In 2017 WES coverage



WES coverage HCM genes

100%



NGS flow

Mapping reads and calling variants with bioinformatic tools

Filtering and annotation with Cartagenia software

Classification with Alamut and available resources



Cartagenia/ Alissa Interpret Filtering

Variants loaded with genepanel filter

Filtering: population frequency, in-house and VKGL database, 

coding +/- 10, + regions of interest added

Important:

-quality of reads

-quality of base BAM file

-coverage of variant



Variant classification

HGMD Professional



What to confirm/ report in this case?

Single HCM patient with current CMP panel;

Class 4 or 5 that confirms the diagnosis; MYBPC3 pathogenic variant

All other class 3 variants! EYA4 variant (involvement in DCM?); 

this might change in future

Conclusion in letter: Diagnosis HCM has been confirmed.

Further testing for the pathogenic variant in the familiy of tested person is possible

With smaller HCM panel only MYBPC3 found and reported



Diagnostic yield NGS for HCM

no pathogenic variant

MYBPC3

MYH7

other

TNNT2

other sarcomeric gene



Gene #

MYBPC3 430

MYH7 76

TNNT2 18

TNNI3 5

TPM1 7

MYL2 5

CSRP3 1

TCAP X

ACTC1 1

MYL3 3

GLA 2

LAMP2 1

PRKAG2 1

TTR 4

FHL1 1

FLNC X

DES X

Pathogenic variants HCM

Gene #

PTPN11 1

ACTN2 X

ALPK3 AD/ AR

DSC2 1XSS

TAZ 1

PLN 3

CRYAB 1XSS

PKP2 3

RBM20 X

TNNC1 1

TTN X

JPH2 X



UMCU AMC EURMC MUMC  UMCG

ABCC9 ABCC9 ABCC9

ACTC1 ACTC1 ACTC1 ACTC1 ACTC1

ACTN2 ACTN2 ACTN2 ACTN2 ACTN2

ANKRD1 ANKRD1 ANKRD1 ANKRD1

ALPK3 ALPK3 ALPK3

BAG3 BAG3 BAG3 BAG3 BAG3

CALR3 CALR3 CALR3 CALR3

CAV3 CAV3 CAV3 CAV3

CRYAB CRYAB CRYAB CRYAB

CSRP3 CSRP3 CSRP3 CSRP3 CSRP3

CTNNA3 CTNNA3 CTNNA3 CTNNA3 CTNNA3

DES DES DES DES DES

DSC2 DSC2 DSC2 DSC2 DSC2

DSG2 DSG2 DSG2 DSG2 DSG2

DSP DSP DSP DSP DSP

FHL1 FHL1 FHL1 FHL1 FHL1

FLNC FLNC FLNC FLNC FLNC

GLA GLA GLA GLA GLA

JPH2 JPH2 JPH2 JPH2 JPH2

JUP JUP JUP JUP JUP

LAMA4 LAMA4 LAMA4 LAMA4 LAMA4

LAMP2 LAMP2 LAMP2 LAMP2 LAMP2

LDB3 LDB3 LDB3 LDB3 LDB3

LMNA LMNA LMNA LMNA LMNA

MIB1 MIB1 MIB1 MIB1 MIB1

MYBPC3 MYBPC3 MYBPC3 MYBPC3 MYBPC3

MYH6 MYH6 MYH6 MYH6 MYH6

MYH7 MYH7 MYH7 MYH7 MYH7

UMCU AMC EURMC MUMC  UMCG

MYL2 MYL2 MYL2 MYL2 MYL2

MYL3 MYL3 MYL3 MYL3 MYL3

MYPN MYPN MYPN MYPN MYPN

NEXN NEXN NEXN NEXN NEXN

PKP2 PKP2 PKP2 PKP2 PKP2

PLN PLN PLN PLN PLN

PPA2 PPA2

PRKAG2 PRKAG2 PRKAG2 PRKAG2 PRKAG2

RBM20 RBM20 RBM20 RBM20 RBM20

RYR2 RYR2 RYR2

SCN5A SCN5A SCN5A SCN5A SCN5A

TAZ TAZ TAZ TAZ TAZ

TCAP TCAP TCAP TCAP TCAP

TMEM43 TMEM43 TMEM43 TMEM43 TMEM43

TNNC1 TNNC1 TNNC1 TNNC1 TNNC1

TNNI3 TNNI3 TNNI3 TNNI3 TNNI3

TNNT2 TNNT2 TNNT2 TNNT2 TNNT2

TPM1 TPM1 TPM1 TPM1 TPM1

TTN TTN TTN TTN TTN

TTR TTR TTR TTR TTR

VCL VCL VCL VCL

Panel evaluation



DEFINITIVE-MODERATE-LIMITED-NO EVIDENCE

Genes for HCM



Conclusions

 2500 patients screened/ diagnostic yield; 

HCM; 45%

DCM; 30%

NCCM; 26%

 Diagnostic yield in HCM is slightly increased

many patients that were negative for Sanger were tested again

less founder variants identified

 Diagnostic yield is doubled for DCM and NCCM (TTN)

 Turn-around-time improved

 Pathogenis variants found in HCM in ARVC genes

 Datasharing has improved diagnostic outcome



 Cardial screening because SCD brother 14-years 

 MRI: Dilated LV

 Dec 2017: hospitalized because chestpain and dyspnoea after alcohol 

consumption. Elevated CK and myoglobin; rhabdomyolyse

 ICD implantation

 NGS cardio and mitochip (MUMC) negative.

 Literature screen: alcohol induced phenotype: PPA2 gene.

 In WES data 2 known pathogenic missense variants in PPA2

Advantage WES in DNA diagnostics
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