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Why	care	about	recurrent	muta%ons?	



Recurrent	muta%ons	are	a	hallmark	of	some	
Mendelian	diseases	

Gene	 Disease	

CFTR	 cys%c	fibrosis	

SCN8A	 epilep%c	encephalopathy	

PKD1	 polycys%c	kidney	disease	

FGFR1	 Pfeiffer	syndrome	

FGFR3	 achondroplasia	

LMNA	 Hutchinson–Gilford	progeria	syndrome	



Recurrent	muta%ons	are	used	to	iden%fy	genes	
associated	with	complex	disease	
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These	studies	rely	on	family-based	sequencing	to	iden9fy	recurrent	muta9ons	
	
	



Family-based	study	



Family-based	study	 Popula9on-based	study	



What	features	can	dis%nguish	recurrent	
and	IBD	alleles?	



Differences	in	tMRCA	for	IBD	vs.	recurrent	alleles	
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Popula%on-level	sequencing	data	with	
diploid	genotypes	
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If	the	tMRCA	of	two	alleles	is	known,	the	condi%onal	probability	
distribu%on	of	the	recombina%on	distance	is:	
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If	the	tMRCA	of	two	alleles	is	known,	the	condi%onal	probability	
distribu%on	of	the	recombina%on	distance	is:	
	
	

With	the	probability	distribu%on	of	the	tMRCA	for	recurrent	and	
IBD	alleles,	we	can	calculated	the	probability	of	dL:	
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Theory	vs.	data:	recurrent	muta%ons	
UK10K	mul9allelic	8ton	

Theore9cal	recurrent	8ton	



UK10K	biallelic	8ton	
Theore9cal	IBD	8ton	

Theory	vs.	data:	IBD	muta%ons	



Recombina%on	distances	follow	a	predictable	pa^ern	
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Sta%s%cal	approach	

•  Calculate	likelihood	of	observed	data	under	2	
scenarios	(IBD	or	recurrent):	
– Recombina%on	distances	on	right	&	le`	hand	sides	
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Sta%s%cal	approach	

•  Calculate	likelihood	of	observed	data	under	2	
scenarios	(IBD	or	recurrent):	
– Recombina%on	distances	on	right	&	le`	hand	sides	
– Distance	ranks	on	right	&	le`	hand	sides	

•  Compute	test	sta%s%c	of	composite	likelihood	ra%o	



Sta%s%c	performance	depends	on	allele	count	
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Applica%on	to	UK10K:	CpG	enrichment	



Applica%on	to	UK10K:	CpG	enrichment	
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What’s	next?	
•  Applica%on	to	empirical	datasets	(e.g.	UK10K)	

–  Updated	measurement	of	SFS	
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•  Rare	variant	burden	tests	
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