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Summary:

Complex	diseases,	 such	as	obesity	or	 autism,	 are	 caused	 in	most	 cases	by	a	 combination	of	 environmental	 and	genetic	 factors.	Genetic	 factors	 can	be	 classified	 as
pathogenic	or	disease	susceptibility	variants,	depending	on	the	strength	of	their	association	with	the	phenotype.	On	one	hand,	pathogenic	variants	are	genetic	variants
enough	to	cause	the	disease	with	high	penetrance.	These	variants	are	normally	ultra	rare	(<0.1%),	preventing	the	application	of	association	studies	and	usually	requiring
family	studies	and/or	other	functional	studies	for	their	validation.	On	the	other	hand,	disease	susceptibility	variants	increase	the	risk	to	suffer	the	disease	but	they	are	not
enough	by	 themselves	 to	 cause	 it,	 requiring	additive	 effects	of	other	 concurrent	genetic	or	 environmental	 factors.	These	 susceptibility	variants	 tend	 to	be	 relatively
common	in	the	population	(from	0.1%	to	50%)	and	association	studies,	comparing	their	frequency	in	cases	and	controls,	can	be	used	to	define	and	quantify	their	relation
to	disease.	The	results	of	these	association	studies	can	be	collapsed	in	Polygenic	Risk	Scores	(PRS).	PRS	are	a	measure	of	the	risk	alleles	for	a	disease	carried	by	an
individual.	Thanks	to	the	availability	of	big	public	datasets,	PRS	have	improved	their	performance	and	can	identify	individuals	with	high	susceptibility	to	disease	(Khera
et	 al	 2018).	In	 recent	 years,	 both	 approaches	 have	 been	 independently	 applied	 to	 study	 complex	 diseases.	 For	 instance,	 the	 genetic	 heritability	 of	 autism	 has	 been
estimated	to	be	3-10%	due	to	de	novo	rare	variants,	3-10%	to	inherited	rare	variants	and	around	50%	due	to	common	variants	(Alonso-Gonzalez	et	al,	2018).	Despite
this	 success,	a	 significant	proportion	of	heritability	 is	 still	missing.	We	hypothesize	 that	missing	heritability	 is	mainly	due	 to	 rare	variants	with	 low	penetrance,	 i.e.
variants	 that	are	only	pathogenic	 in	a	specific	genetic	background	(Fahed	et	al,	2020).	In	this	project,	we	propose	to	combine	the	analysis	of	common	and	ultra	rare
variants	 to	 improve	our	understanding	of	 some	common	diseases.	We	propose	 three	main	 tasks:	 -	Compare	PRS	between	controls	and	cases	with	and	without	high
penetrant	variants	-	Prioritize	variants	considering	PRS	-	Propose	new	candidate	genes	We	will	use	autism	as	an	example	of	a	complex	disease	and	we	will	apply	our
methods	 to	data	from	public	repositories	(dbGAP,	SFARI,	UK	Biobank)	and	 internal	data.	 The	applicant	who	will	work	in	 this	project	will	 learn	to	perform	variant
calling,	 prioritize	 genetic	 variants,	 define	 and	 compute	 polygenic	 risk	 scores	 (PRS),	 work	 with	 public	 data,	 develop	 analysis	 pipelines	 and	 work	 with	 software
containers.
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Expected	skills::

Good	level	of	bash	and	R	scripting	and	a	good	background	in	human	genetics.

Possibility	of	funding::

No

Possible	continuity	with	PhD:	:

To	be	discussed

Comments:

Lab	experiments	to	confirm	the	project	results	might	be	considered.
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