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Disease Transmission from One Parent (Autosomal Dominant)  



Disease Transmission from One Parent (Autosomal Dominant)  



Disease Transmission from Both Parents (Autosomal Recessive)  



Disease Transmission from Both Parents (Autosomal Recessive)  



Disease Transmission from Carrier Mother (X linked) 



Disease Transmission: De Novo Origin 



Disease Transmission: De Novo Origin 



Gonadal Mosaicism 

Courtesy:	Nottingham	University	Hospitals	NHS	Trust	



Cell, Chromosome and Gene 



Different types of Mutations 

CAGAGGCAGATGACGCTG	
			Q					R					Q				M					T						L	
	CAGAGGTAGATGACGCTG	
			Q					R					X				M					T						L	
	

TCCTTCCGCAGGCGCACGGACAAGGACACG	
		S						F					R					R						R					T					D						K					D					T	

TCCTTCCGCAGGCGCACGGACACGGACACG	
		S						F					R					R						R					T					D						T					D					T	

TCCTTCCGCAGGCGCACGGACTAAGGACACG	
			S					F					R					R						R					T					D					X	

Missense	

Non-sense	

Insertion	of	a	nucleotide	

TCCAGTGGCCCCTCCAGCCCTGAGAGC	
			S					S					G						P				S						S					P					E					S	

TCCAGTGGCCCCTCCAGCTGAGAGC	
			S					S					G						P				S						S					X	

Deletion	of	nucleotides	

Normal	or	Wild	type	



● Clinical phenotype 
 
● Type of Mutation/Variation 
 
● Frequency of the variation in Genome data base 
 
● Involved Gene 
 
● Mutation previously reported or not   
   Is the published data convincing ? 
 
● Is there any functional analysis data available 
 
● Location of the Mutation in the Gene 
 
● Conservation of the involved amino acid 
 
● Family history for the disease 
 
 
 

Factors to consider while analysing genomic data 



Splice Site Mutation 



Splicing Result 

Complete skipping  
of exon-2 

90% skipping of exon-2 
10% normal splicing 

Bhuiyan et al. 2007 

Zehelein J et al. 2006. J Biol Chem. 

c. 477 +1G>A 

c.387 -5 T>A  

Splice Site Mutations their Consequence 



ExAC Browser (Beta) | Exome Aggregation Consortium 

H558R:SCN5A	



Ion Channels in the Heart 



Cardiac Ion Channels and long QT syndromes 

Amin	et	al.	J	Physiol.	2013;	591:	4125–4139.	

SCN5A,	CAV3,	SCN4B,	SNTA1		

CACNA1C	

KCNH2,	KCNE2	

KCNQ1,	KCNE1,	AKAP9		

KCNJ2	



Pore-forming (α) subunits of cardiac Nav (A) and Kv (B and C) channels 
linked to inherited arrhythmias.  

Jeanne M. Nerbonne, and Robert S. Kass Physiol Rev 2005;85:1205-1253 



Liu,	M.	et	al.	(2014).	Nat.	Rev.	Cardiol.	doi:10.1038/nrcardio.2014.85	

The Nav1.5 (SCN5A) channel is part of a macromolecular 
complex 



•  	Type	1 	KCNQ1	(KvLQT1) 	50%	

•  	Type	2 	KCNH2	(HERG)	 	35%	

•  	Type	3 	SCN5A 			8%	

		

Predominant Genes in Long QT Syndrome 



Remaining	LQTS	 	Gene 	 	Protein 	 	Current	
Type	4 	 	 	Ankyrin	B 	Ankyrin 	 	Na+/K+	ATPase	and	

	 	 	 	 	 	 	others	
	
Type	5 	 	 	KCNE1 	 	MinK 	 	Iks	
Type	6 	 	 	KCNE2 	 	MiRP1 	 	Ikr	
Type	7 	 	 	KCNJ2 	 	Kir2.1 	 	Ik1	
Type	8 	 	 	CACNA1C 	CaV1.2 	 	ICa-L	
Type	9 	 	 	CAV3 	 	Caveolin	3 	INa	
Type	10 	 	 	SCN4B 	 	SCNβ4	subunit 	INa	
Type	11 	 	 	AKAP-9 	 	Yotiao 	 		Iks	
Type	12 	 	 	SNTA-1 	 	Syntrophin-α1 		INa	
Type	13 	 	 	KCNJ5 	 	Kir3.4 	 	IkAch	
	
Type	14 	 	 	CALM1 	 	Calmodulin	1 	Defective	Ca2+	 	

	 	 	 	 	 	 	signalling	
Type	15 	 	 	CALM2 	 	Calmodulin	2 		
Type	16 	 	 	CALM3 	 	Calmodulin	3 		

	 	 		

Genes in Long QT Syndrome 



Remaining	LQTS		 	Gene 	 	Protein 	 	Current	
Type	4 	 	 	Ankyrin	B 	Ankyrin 	 	Na+/K+	ATPase	and	

	 	 	 	 	 	 	others	
	
Type	5 	 	 	KCNE1 	 	MinK 	 	Iks	
Type	6 	 	 	KCNE2 	 	MiRP1 	 	Ikr	
Type	7 	 	 	KCNJ2 	 	Kir2.1 	 	Ik1	
Type	8 	 	 	CACNA1C 	CaV1.2 	 	ICa-L	
Type	9 	 	 	CAV3 	 	Caveolin	3 	INa	
Type	10 	 	 	SCN4B 	 	SCNβ4	subunit 	INa	
Type	11 	 	 	AKAP-9 	 	Yotiao 	 		Iks	
Type	12 	 	 	SNTA-1 	 	Syntrophin-α1 		INa	
Type	13 	 	 	KCNJ5 	 	Kir3.4 	 	IkAch	
	
Type	14 	 	 	CALM1 	 	Calmodulin	1 	Defective	Ca2+	 	

	 	 	 	 	 	 	signalling	
Type	15 	 	 	CALM2 	 	Calmodulin	2 		
Type	16 	 	 	CALM3 	 	Calmodulin	3 		

	 	 		
Type 17 or CPVT3: Bi-allelic mutation in TECRL gene (Trans-2,3-Enoyl-CoA 
Reductase-Like) 

Genes in Long QT Syndrome 



Pore-forming (α) subunits of cardiac Nav (A) and Kv (B and C) channels linked to inherited 
arrhythmias.  

Jeanne M. Nerbonne, and Robert S. Kass. Physiol Rev 2005;85:1205-1253 



Makiyama	et	al.	J	Am	Coll	Cardiol.	2008;52:1326–34	

Gain of Function Mutation in SCN5A 



What Happens Inside a Single Cell 

Wild	type	

Mutant	



Diminution or Loss of IKs current in LQT1 due to KCNQ1 Mutations 



 Wu et al. Molecular pathogenesis of long QT syndrome type 1. Journal of Arrhythmia. 2016;32: 381–388 
 

 Predicted topology of the IKs channel 

Amino terminus: 1-121 
Transmembrane, Linker and Pore: 122-348 
C-terminus: 349-676 
 
 



Pathogenicity prediction for Missense Mutations in KCNQ1 



Pathogenicity prediction for Missense Mutations in KCNH2 



Transmembrane	and	Linker	Region:	EPV	88%	

Pathogenicity prediction for Missense Mutations in SCN5A 



C-loop Mutations in KCNQ1 gene are more pathogenic 



Transmembrane vs C-Terminus Mutations in KCNQ1  



Moss	et	al.	Circulation.	2007;115:2481-2489	

Missense vs Non-Missense Mutations in KCNQ1  



Moss	et	al.	Circulation.	2007;115:2481-2489	

Dominant negative vs Haploinsufficient Mutations in KCNQ1  



Barsheshet	et	al.	Circulation.	2012;	125:	1988-1996	

C-loop Mutations in KCNQ1 gene are more pathogenic 



Barsheshet	et	al.	Circulation.	2012;	125:	1988-1996	

Risk for life-threatening cardiac events by mutation location and β-blocker treatment  



Beta-1	adrenergic	receptor	activation	leads	to	activation	of	Protein	Kinase	A	(PKA)	

PKA	phosphorylates	the	KCNQ1	subunit	and	increases	the	IKs	function	

Beta adrenergic stimulation and Protein kinase A mediated phosphorylation 

 Wu et al. Molecular pathogenesis of long QT syndrome type 1. Journal of Arrhythmia. 2016;32: 381–388 
 



10/03/13

GGGACGGAGTACGTGGTCCGCCTC AACGAGTCAGGCCGCGTGGAGTTC 
G     T      E      Y     V      V     R    L N     E     S      G      R     V      E     F 

Val172Met/S2-S3 region Arg293Cys/S5-Pore region 

I:1 I:2 

II:1 II:3 II:4 II:2 

Phenotype is Extremely Important: Not all pathogenic mutations are pathogenic 

KCNQ1	gene	
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Family Pedigree 



ECG of the Proband 



ECG of the Proband 
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months	

neonatal		
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		10		
months	

asymptomatic	 6	months	

R18W:	SCN5A	
E1550Q:	ANK2	
V1790G:	AKAP9	
	

13	yrs	

Heterozygous:	

Dark Side of the Moon 



		10		
months	

neonatal		
period	

		10		
months	

asymptomatic	 6	months	

R18W:	SCN5A	
E1550Q:	ANK2	
V1790G:	AKAP9	
	

13	yrs	

Heterozygous:	

R18W:	SCN5A	
E1550Q:	ANK2	
V1790G:	AKAP9	
	

Heterozygous:	

Dark Side of the Moon 



		10		
months	

neonatal		
period	

		10		
months	

asymptomatic	 6	months	

R18W:	SCN5A	
E1550Q:	ANK2	
CALM3:	D130G	
V1790G:	AKAP9	
	

Chr3:	R18W:	SCN5A	
Chr4:	E1550Q:	ANK2	
Chr	10:	ANK3:	P2490L	

Chr7:V1790G:	AKAP9	
Chr	10:	ANK3:	P2490L	

E1550Q:	ANK2	
V1790G:	AKAP9	

13	yrs	

Homozygous:		
ANK3:	P2490L	
CCDC154:	R386X	

Homozygous:		
Chr	10:	ANK3:	P2490L	
Chr	16:	CCDC154:	R386X	

Heterozygous:	Heterozygous:	

Heterozygous:	

Heterozygous:	

ANK2:	E1550Q	
CALM3:	D130G	
ANK3:	P2490L	

Heterozygous:	

Moon Explored 

Calm3	is	Germline	mosaic	in	sperm	or	oocytes	



Annotation	et	
filtration	

qualité	

……	

fréquence	

dbSN
P In house 

db 

et	plus….	

Nr	de	variants	

type	de	variant	

§ 	Programmes	commerciaux	
§ 	Pipeline	bioinformatique	
“maison”	(basé	sur	des	algorithmes	“open	
source”)	
§ 	Externaliser	l’analyse	(?)	

Exome	complet	
“whole	exome-	WES”	Exome	clinique	

panels	
commerciaux	

Données	brutes	
FASTQ	

1.	Alignement	des	séquences	(BAM)	
2.	Identification	des	variants	dans	le	

panel	de	gènes		

…
ACGTTGC
A…	
…
ACGTTGC
A…	
…
ACGTTGC
A…	
…
ACGTTGC
A…	
…
ACGTTGC
A…	
…
ACGTTGC
A…	
…
ACGTTGC
A…	

Analyse	in	silico	
Panel	de	gènes	selon	la	clinique	

Bioinformaticien	

guidelines	
généticien	

FAMH	
Expert	

d’laboratoire	

Clinicien	
spécialisé	

Variant(s)	pathogène(s)	?	

Classification,	
lien	clinique	

Rapport		



Conclusion 

● Clinical Phenotype, Family History for the Disease,  
 ECG phenotype, QTc interval 

 
● Main Genes: KCNQ1, KCNH2, SCN5A 
 
● Multiple Genes might be involved, which has to be 
considered 
 
● Mutation severity should be evaluated 
 
● Location of the Mutation is Important 
 
● Electrophysiology data, In vitro functional data,  

 Animal data is important. 
 
● Overinterpretation could be dangerous 



Thank you 


