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GENETICS	AND	MUTATIONS	
The	basics	



Varia$ons	in	your	DNA	
•  muta$on=	varia$on	in	DNA	that	affects	func$on	

point-mutation 



Dele$ons-inser$ons	



What	determines	pathogenicity?	
-Nonsense/ affecting splicing 
-In silico predictions 
-Amino-acid properties 
-Evolutionary conservation  
-Functionally important domain 
-Absence in control group 
-Functional data 
-Co-segregation  
-Described before as...... 
-De novo 
 
 



		
	-	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	



Arrhythmias:	channelopathies	

•  Genes	encoding	different	subunits 	 	
	 	sodium/potassium/calcium	channels	

•  Associated	proteins		
•  Trafficking	proteins	



Disease		 yield	 major	genes	 Minor	genes	 elusive	

LQTS	 80%	 KCNQ1,	KCNH2,	
SCN5A,		(75%)	

KCNE1(<1%),	KCNE2(<1),	CAV3(<1),	
SCN4B(0.1),	SNTA1(<0.1),	AKAP9(<0.1),	
CACNA2D1(<1),	KCNJ5	(<1)	,	ANK2(<1)	

20%	

SQTS	 KCNQ1,	KCNH2,	KCNJ2,	CACNA1C,	
CACNB2,	CACNA2D1	

Brugada		 25%	 SCN5A	(20-25%)	 CACNA1C	/A2D1/B2B	(10%)	SCN1B	(1%),	
SCN3B	(1%),	GPD1L,	(<1)	MOG1(<1%),	
SLMAP,	KCNE3	(<1%),	KCND3	(<1%),	
KCNE5,	KCNJ8	(<1%)	TRPM4	(5)	

60-65%	

CPVT	 50%	 RyR2	(50%)		 CASQ2,		TRDN,	CALM1/2,	KCNJ2	 50%	

WPW	 LAMP2,	PRKAG2,	mt	

AF/SSS	 SCN5A,	HCN4,		

conduc$on	
disease	

SCN5A,	TRPM4	

Arrhythmias:	channelopathies	



PATTERNS	OF	INHERITANCE	AND	
PITFALLS	



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable	expressivity	

Reduced	penetrance	



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





DNA	DIAGNOSTICS	
Why	and	how?	



Why	DNA-analysis?	
•  Confirmation (Dx/pattern of inheritance/PNDx) 

•  Diagnostic (borderline cases; criteria) 

•  Facilitates cascade genetic screening 
  - early detection 
  - dismiss non-carriers from follow-up 

   
•  Study genotype-phenotype relations 

- risk stratification? 
- gene (mutation) dependent therapy? 





•  <1995:	nothing	
•  1995-2012:	1-2	genes	at	a	$me;	sequen$ally.	
Max	ca.	6	genes	

How?	Gene$c	analysis	in	cardiac	disease	

•  since	2012:	panels	23-100+	genes		
(cardiomyopathy/	arrhythmia/	aorta/	combina$ons)	
•  >2015	Exome	sequencing		±20.000	genes/	2%DNA	
•  >2017?	Genome	sequencing	



Exome	sequencing:	all	genes;	2%	of	DNA	

Unsolicited findings: 

Eur H J 2015;36:1367-70 



ANY	CAVEATS?	
Gene$cs	and	inherited	arrhythmias	

NOT	EVERY	GENE	IS	RELEVANT	(YET)	
NOT	EVERY	PUBLISHED	VARIANT	IS	 	

	 	 	 	 	DISEASE	CAUSING	



Heart 2011; 97:844-9 

Interpretation Genetic Data 	



PITTFALLS	DIFFERENT	TECHNIQUES	



Older	techniques		
(false	nega$ves)	

•  Older	techniques:	(dHPLC),	misses	muta$ons	
•  Sanger	sequencing:		

– misses	large	dele$ons/duplica$ons																					
	 	 	 	 	 	(add	MLPA)	

– Mosaicism	missed	

•  Panels	based	upon	WES:	coverage	



26y aortic dissection 

ACTA2:c.[116G>A];[=] p.(Arg39His) 

ü  Sanger: not detected 

60y aortic dilatation  
(root, ascending) 

? 
I.1 I.2 

II.1 

ACTA2:c.[116G>A]; 

p.(Arg39His) 

ü  NGS 



26y aortic dissection 

ACTA2:c.[116G>A];[=] p.(Arg39His) 

ü  Sanger: not detected 

ü  NGS: 4% (12/286 reads).  

60y aortic dilatation  
(root, ascending) 

? 
I.1 I.2 

II.1 

ACTA2:c.[116G>A]; 

p.(Arg39His) 

ü  NGS 

mosaicism 



<2y                   14y 
Dx: CPVT 

RYR2 Y4149S 

X-ECG: nl X-ECG: nl 

RyR2: Y4149S 
25% hair roots 
20% leucocytes 
15% buccal cells & 
skin 

Recurrence risk in 
de novo mutations: 
1-2% ! 



cardiogene$cs:	threshold-model:			
gender	+/-	mul$ple	genes	+/-	environmental	influences	

1	 2	 3	 4	 5	

Thresholdmodel	

male	gender	 mutaTon	1	 mutaTon	2	 exogeneous	

Mutation  1 

Disease 

Healthy  

♂ 
individuals	

Mutation  1 
Mutation  2 

Mutation  1 

Mutation  1 



SUMMARY	
•  Dominant:	reduced	penetrance/variability	
•  Gene$cs	Dx	mainly	for	family	cascade-screening	
(counseling)	

•  Careful	in	interpre$ng	gene$c	test	results:	dynamic	
	new	genes;	published	“muta$ons”	(false	+)	

•  Causal	muta$ons	can	be	missed	(technique,		
			mosaicism,	dele$ons)	(false	-)	
•  Gene$cs	points	the	gun,	addi$onal	factors	pull	the	
trigger	(threshold-model)	



Thank you 

A 
A 
a 



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	



AsserTon	criteria	 GeneTc	Evidence	
(0-12	points)	

Experimental	
Evidence	

(0-6	points)	

Total	Points	
(0-18)	

ReplicaTon	
Over	Time	

(Y/N)	

DescripTon	

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	replicaTon	
over	Tme	

Valid	contradictory	
evidence?	
(Y/N)	

List	PMIDs	and	describe	evidence:		

CURATOR	CLASSIFICATION	 STRONG???	

FINAL	CLASSIFICATION	





•  Mul$ple	lines	of	evidence:	
– >10000	Controls	0.94%	
– No	associa$on	with	electro/echographic	parameters	
–  In	vitro	studies	



Conclusion:	gene$cs	ACM		
	 •  Leu-right-biventricular	

•  mainly	desmosome	related:	muta$ons:			̴50%		(90%	fam)	
•  Genotype-phenotype	rela$onships:	

	“double	muta$ons”	(screen	all	genes);		
	DSP,	PLN,	TMEM43:	LV	involvement	

•  Careful	in	interpre$ng	gene$c	test	results:	dynamic	
•  New	monogenic-genes	claims:	be	aware	
•  Highly	penetrant	dominant	muta$ons	rare;	majority	of	
muta$ons	are	RISK	factors	(threshold	model)	

•  Counsel	genotype,	treat	phenotype	(limited	role	for	genotyping	in	
predic$on	of	outcome;	genotyping	for	cascade	screening)	



Pubmed:	no	publica$ons	
-pediatric-	cardiology	&	gene$cs	
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