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Inherited arrhythmia syndromes V: 
Gene$cs	of	Sudden	Cardiac	Death	

Targeted	screening	or	whole	genome	sequencing?	



Why	gene(c	tes(ng	in	SCD	pa(ent?	

•  Confirm	gene(c	character:	
–  Recurrence	risk	
–  enables	gene(c	cascade	screening	in	family	members												
(presymptoma(c/	prenatal)	

•  Confirm	diagnosis	
	

•  Risk	stra(fica(on	(limited;	e.g.	LQTS/	LMNA/	PLN/	mul(ple	
muta(ons)	

•  Scien(fic	point	of	view	(understanding	disease;	finding	new	
genes/modifiers)	



Not every published 
”pathogenic” variant 
is really pathogenic! 
(10-30%?) 



		
	-	class	5 	pathogenic	(>99%)	

	
	-	class	4 	likely	pathogenic	(95-99%)	

	
	-	class	3 	variant	unknown	significance	(5-95%)	

	
	-	class	2 	unlikely	to	be	pathogenic	(1-5%)	

	
	-	class	1 	not	pathogenic	(<1%)	

	

Classifica(on	variants	 www.clinicalgenome.org 



SCD 13 yrs  
(brief) SV parox.  
VT: judged as NSVT 
 
Dx LQTS 
 
KCNQ1-V133I 
“probable 
deleterious mutation.” 
 
ICD 

>24 family members identified! 
 
 Yet: “mutation” not present in 13 yo boy! 

WES: de novo DES N342D mutation (class 5!)  

Mayo Clin Proc 2016;91:1606-16 

Neth Heart J. 2012 ;20(5):
219-28 



Paramount	in	gene(c	tes(ng		
•  Test	the	right	person	(Dx)	
•  Do	your	own	homework		

																						(confirm	diagnoses/	ECGs/	gene(cs/pathology)	

•  Let	phenotype	guide	your	ac(ons!	
•  Related	test	result	to	clinical	diagnosis		
			(pretest	probability)	
•  Be	cri(cal:	10-30%	published	muta(ons	wrongly	
classified!	



WHICH	DIAGNOSTIC	DNA	TEST?	



Next	genera(on	sequencing:	DNA	
	
•  single	gene(s)	
•  panels	23-100+	genes		
																(cm/	arrh/		etc	combi)	
•  Exome	sequencing	20,000	genes	

(=1%-2%	of	DNA)	

•  Genome	sequencing?			



 
 
 
Filteren en interpreteren van 
varianten 

Ø Data per sample (patiënt) 
Ø Map reads against 
   “reference genome” 
Ø Detect variants 
Ø Annotate variants 

 
 
 
 
 

Next	genera(on	sequencing:	DNA	



•  Targeted	Panels:	
+:	high	quality	,	cheap	(less	(me	molecular	gene(cist)	
+:	no	incidental	findings,	CNV	
-:	inflexible	(new	genes),	enrichment	
•  Whole	Exome	sequencing:		
+:	fast,	flexible,	1	test,		
+/-:	costs	
-:	quality/coverage	of	some	“core”	genes,	enrichment,	CNV	(>3	exons)	
-:	incidental	findings	
	
•  (Panel	based	upon	WES)	
	
•  Whole	Genome	Sequencing:	
+:	no	enrichment,	fast,	highly	flexible,	coverage?,	detects	CNV,	one-
test	
-:	quality	(increasing);	costs,	incidental	findings	



panel-exome-genome	

panel	 WES	 WGS	
Quality/coverage	 +++	 ++	 ++(+)	
CNVs	(large	ins/del)	 ++	 +	 ++	
enrichment	 yes	 yes	 no	
flexible	 -	 +	 +	
Incidental	findings	 no	 yes	 yes	
costs	 $	 $$	 $$$$	



Panel-exome-genome:	
The	more	you	evaluate,	the	more	you	will	find	

•  Propor(onality	WGS	if	you	only	need	12	genes	?	

•  Genes	of	interest	

•  Unsolicted	findings!		
N=600 WES 
 
2% unsolicited/ incidental findings  
 
7% heterozygote carrier (for recessive 
disease like Cystic Fibrosis, Tay Sachs etc)  
 



Pugh et al Genet Med 2014 

DCM patients 

Class 5 

Class 3 

Class 4 

Panel-exome-genome:	
The	more	you	evaluate,	the	more	you	will	find	



WHICH	TEST	TO	USE?	
PANEL-WES-WGS?	



Dependent	of	your	goal/	infrastructure	

•  Clinical	vs	research?	
•  Skills	and	infrastructure	“cardiogene(cs	
team”	(counseling,	interpreta$on	)		

•  Interpreta(on	is	teamwork		
	(-pediatric-	cardiologists,	pathologists,	clinical	gene(cists,	gen	counselors,	psychologist,	molecular	gene(cists)	

•  Families	available:	segrega(onal	studies?	
•  Network:		func(onal	follow	up	



	
Targeted	sequencing	(-exome	based-	
targeted	panel)	is	preferred	in	diagnos(cs	
		•  Given	the	goal	of	gene(c	screening	(Dx,	facilitate	cascade	
screening	&	some	risk	stra(fica(on):	solid	genes	&	
muta(ons)	

•  limited	set	of	solid	genes	cover	most	of	the	yield	

•  Whole	exome/genome	sequencing:	great	for	research	and	
specific	other	indica(ons	



Thank you! 

A 
A 
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Next	genera(on	sequencing:	DNA	
•  <1995:	niets	
•  1995-2012:	meestal	1-2	genen	per	
keer;	sequen(eel.	Max	ca.	6	

•  Vanaf	2012:	panels	23-100+	genen		
(cardiomyopathie/	aritmie/	combi/	
aorta-pakket)	
•  Na	2014		Exoom	sequencing	
20.000	genen	(=1%-2%	van	het		DNA)	

•  Na	2017?:	Genoom	sequencing?			

10000-15000 
 
 
800.000 
 
 
 
 
3.107 

 
 
 
3.109 



Keuze	genoom,	WES	of	pakket	
geen	verrijking

praktisch genoom WES genpakket
NIPT WES bindweefsel
arrays? ID	pakket BRCA1/2
research FADS	pakket

wittestofpakket
onco

snel flexibel hoge	kwaliteit
1	test	voor	alles

flexibiliteit hoog hoog laag

kwaliteit
te	laag	voor	
diagnostiek	(nog)

voldoende,	niet	
voor	core	genes hoog

kosten hoog gemiddeld laag

analyse

wel	verrijking

voordeel

Aantal genen (~50) 
Aantal core genes 
Aantal patiënten 
Aantal nieuwe genen 
Kosten 



Vb		verkeerde	interpr:	ookbs	

Ackerman MJ et al 
2015;12:2325-31 



Whole	Genome	Sequencing,	waarom?	

•  1	test	ipv	2	(of	meer)	want	ook	CNV	detec(e	mogelijk	
•  Betere	gemiddelde	coverage		
•  Gene(sche	informa(e	buiten	exoom:	verbetering	diagnos(ek	in	de	

toekomst	
–  Intronische	varianten	
–  Promoter	
–  Enhancers	
–  …	

•  Detec(e	structurele	varianten	mogelijk	
	
Huidige	stand	van	zaken:	
Outsourcing:	Hartwig	Medical	Founda(on	(samenwerking)	
Implementa(e	traject	gestart,	de	eerste	2	series	zijn	in	progress		

21	



Exome	sequencing:	all	genes;	2%	of	DNA	



Exome	sequencing:	all	genes;	2%	of	DNA	

Unsolicited findings: 



Experimental	Evidence	Scoring	

Evidence	
Category	 Evidence Type	 Score 

Range	

Recommended 
points/ 

evidence	
Points Given Max 

Score	

Function	

Biochemical Function	 ½ - 2	 ½ point for each 
piece of 

evidence in any 
category 	

1.5 2	Protein Interaction	 ½ - 2	

Expression	 ½ - 2	

Functional	
Alteration	

Patient cells	 1 - 2	 1 point	 1 
2	

Non-patient cells	 ½ - 1	 ½ point	 NA 

Models &	
Rescue	

Animal model	 1 - 4	 2 points	 NA 

4	

Cell culture model 
system	 ½ - 2	 1 point	 NA 

Rescue in animal model 	 1 - 4	 2 points	 NA 
Rescue in engineered 

equivalent	 ½ - 2	 1 point	 NA 

Total Final Score	 2.5 0 - 8	



AsserIon	criteria	 GeneIc	Evidence	
(0-12	points)	

Experimental	
Evidence	

(0-6	points)	

Total	Points	
(0-18)	

ReplicaIon	
Over	Time	

(Y/N)	

DescripIon	

Case-level,	family	
segrega(on,	or	case-
control	data	that	
support	the	gene-
disease	associa(on	

Gene-level	
experimental	evidence	
that	support	the	gene-
disease	associa(on	

Sum	of	
Gene(c	&	

Experimental	
Evidence	

>	2	pubs	w/	
convincing	

evidence	over	
(me	(>3	yrs)	

Assigned	Points	 9.75	 2.5	 12.25	 Y	

CALCULATED	
CLASSIFICATION	

LIMITED	 1-6	

MODERATE	 7-11	

STRONG	 12-18	

DEFINITIVE	 12-18	AND	replicaIon	
over	Ime	

Valid	contradictory	
evidence?	
(Y/N)	

List	PMIDs	and	describe	evidence:		

CURATOR	CLASSIFICATION	 STRONG???	

FINAL	CLASSIFICATION	


