
		

DIPLOMA/MASTERS	THESIS	AVAILABLE	
Montpellier/Perpignan	(France),	living	allowance	577,50€/month	

Epigene6cs	:	effects	of	increased	water	temperatures	on	the	DNA	
methylome	during	the	masculinisa6on	of	the	Nile	6lapia	

Background:	
Epigene=cs	are	the	response	mechanisms	to	an	environment	which	regulate	gene	expressions.	

These	mechanisms	do	not	change	the	DNA	sequence	but	they	are	nevertheless	inherited,	impac=ng	
phenotypic	 variability	 (Jaenisch	 and	 Bird,	 2003).	 DNA	 methyla=on	 is	 one	 of	 the	 most	 studied	
epigene=c	 changes	 with	 important	 effects	 in	 development	 and	 diseases	 (Zhang	 and	 Ho,	 2011).	 It	
consists	in	the	addi=on	of	a	methyl	group	to	the	fiUh	carbon	of	cytosine	forming	5-methylcytosine	in	
CpG	 dinucleo=des	 in	 genic	 and	 intergenic	 regions	 in	 vertebrates	 (Grunau,	 2001).	 During	 embryo	
development	 in	mammals	the	paYerns	of	DNA	methyla=on	are	reversible	and	not	seen	at	 later	 life	
stages	 (Cantone	 and	 Fisher,	 2013).	 Fish	 in	 contrast,	 retain	 the	 DNA	 methyla=on	 marks	 produced	
during	development	for	longer	periods,	making	fish	ideal	models	to	study	DNA	methyla6on	during	
gonad	sex	differen6a6on.		

In	many	 fish	 species	 considered	 thermosensi=ve,	 high	 temperatures	 can	 affect	 the	 sex	 ra=o	
(Baroiller	et	al.,	2009a).	Water	warming	due	to	climate	change	will	have	effects	on	some	of	these	
species	affec6ng	 reproduc6ve	 cycles	and	 sex	differen6a6on	 (Strüssman	et	 al.,	 2010;	Baroiller	 and	
D’CoYa,	 2016).	 Changes	 in	 sex-ra=os	 can	 strongly	 impact	 the	 effec=ve	 gene=c	 size	 of	 wild	
popula=ons,	 their	demography	and	 resilience.	We	have	 shown	 that	 in	 the	Nile	6lapia	cichlid,	high	
temperatures	 induce	 a	 func6onal	 sex	 reversal	masculinising	XX	 females,	 despite	 their	 XX/XY	 sex	
chromosomes	 (Baroiller	 et	 al.,	 2009b).	 This	 thermosensi=vity	 varies	 depending	 on	 the	 wild	
popula=on	and	the	families	analysed	(Bezault	et	al.,	2007;	Baroiller	et	al.,	2009).	

We	showed	that	one	of	the	mechanisms	of	temperature-masculinisa=on	is	by	decreasing	the	
expression	 of	 the	 key	 ovarian-differen=a=ng	 gene,	 aromatase	 cyp19a1a	 (an	 enzyme	 that	 converts	
androgens	into	oestrogens),	leading	to	tes=s	differen=a=on	(D’CoYa	et	al.,	2001).	In	sea	bass	exposed	
to	 elevated	 temperatures,	 hypermethyla=on	 of	 gonad	DNA	was	 found	 in	 the	 aromatase	 promoter	
correlated	 with	 the	 decrease	 of	 cyp19a1a	 gene	 expression	 and	 the	 increase	 in	 male	 propor=on	



(Navarro-Mar=n	et	 al.,	 2011).	Methylome	 studies	performed	 in	 the	 tongue	 sole	 (ZZ/ZW)	 showed	a	
hypermethyla=on	 of	 the	 tes=s-differen=a=ng	 gene	 dmrt1	 (Shao	 et	 al.,	 2014)	 and	 the	 DNA	
methyla=on	 marks	 were	 shown	 to	 be	 inherited	 trans-genera=onally	 in	 temperature	 induced	 ZW	
males	(Chen	et	al.,	2014).	A	methylome	study	has	also	been	performed	 in	a	domes=cated	strain	of	
Nile	=lapia	masculinised	by	temperature	but	it	has	leU	many	unresolved	ques=ons	(Sun	et	al.,	2016).		

Objec6ves:			
	 The	candidate	will	study	the	DNA	methylomes	in	males	and	females	to	iden6fy	the	genome	
regions	 that	 are	differen6ally	methylated	between	batches	 reared	at	 the	 control	 temperature	of	
27°C	and	the	masculinizing	temperature	of	36°C	in	a	wild	popula=on	of	Nile	=lapia.	The	student	will	
compare	 the	 methylated	 regions	 between	 a	 thermosensi=ve	 family	 and	 a	 non-thermosensi=ve	
family.	RNA	Seq	data	will	 be	available	 from	 the	 same	 individuals	 so	 that	 the	 student	 can	 correlate	
gene	expressions	with	methyla=on	 levels.	The	student	will	also	see	whether	 there	are	 transposons	
linked	 to	 the	 methylated	 regions	 iden=fied	 with	 temperature	 masculiniza=on	 and	 in	 which	
chromosomes	they	are	localised	using	the	ddRAD	Seq	data	that	will	also	be	available.			

Methodology	
	 This	 project	 is	 part	 of	 the	 ANR	 funded	 CLIMSEX	 Project	 (Water	 Warming	 :	 lessons	 from	
=lapia’s	adapta=on)		

- Samples	 are	 already	 collected.	 Two	 families	 from	 different	 XY	 fathers	 and	 XX	 mothers	 were	
produced.	At	10	days	post-fer=lisa=on	the	fry	were	divided	into	2	batches,	one	raised	for	30	days	
at	 27°C	 (control	 temperature)	 and	 the	other	 raised	 to	 36°C	 (masculinizing	 temperature).	 They	
were	 then	 reared	 at	 27°C,	 sacrificed	 and	 sexed	 at	 3-4	months.	 The	 gonads	were	 collected	 in	
ethanol	for	DNA	extrac=on,	and	RNAlater	for	RNA	extrac=on.	The	sex	ra=os	of	batches	treated	at	
36°C	were	59.8%	and	90%	males	 respec=vely	 for	 low	and	high	 temperature-sensi=ve	 families.	
During	the	internship	the	student	will	be	able	to	follow	a	comparable	experiment	on	=lapia,	with	
the	treatment	of	fry	from	another	family,	and	will	also	learn	how	to	sex	and	sample.	

- The	 student	 will	 extract	 the	 DNAs	 from	 these	 samples.	 Using	 already	 validated	 X	 and	 Y	
chromosome	markers,	he/she	will	iden=fy	the	gene=c	sex	of	individuals	in	the	different	batches	
in	order	to	iden=fy	XX	females,	XY	males	and	XX	males	(masculinized	by	high	temperatures).	

- Once	 the	 DNA	 has	 been	 extracted,	 he/she	 will	 construct	 MeDIP	 (methylated-DNA	
immunoprecipita=on)	libraries	at	the	IHPE	plaoorm	where	the	procedure	is	automated.	For	each	
of	the	2	families	with	different	thermosensi=vity,	several	individuals	per	batch	will	be	used.	The	
MeDIP	approach	has	iden=fied	differen=ally	methylated	regions	between	sexes	in	turtles	treated	
at	different	temperatures	(Radhakrishnan	et	al.,	2017).	

- The	 student	 will	 learn	 how	 to	 analyse	 MeDIP	 Seq	 data	 at	 IHPE.	 The	 RNA	 Seq	 data	 will	 be	
analysed	in	tandem	with	a	PhD	student	at	ISEM-Cirad.		

Localisa6on	:	UMR	116	ISEM	au	Cirad,	Campus	Interna=onal	de	Baillarguet,	Montpellier		
&	Labex	CeMEB	Plateforme	Epigénomique	Environnementale	IHPE	UMR	5244	at	the	University	of	
Perpignan	Via	Domi=a,	58	Avenue	Paul	Alduy	(Bât	R),	Perpignan.	
The	Universi=es	of	Montpellier	(UM)	and	Perpignan	(UPVD)	provide	a	s=mula=ng	research	
environment.	UM	was	ranked	world-wide	best	university	in	ecology	in	2018.	In	addi=on,	Southern	
France	has	a	high	quality	of	life	with	pleasant	natural	environment	to	relax	from	tough	lab	work.	
French	language	skills	are	not	required.		Start	flexible	between	November	2018	and	March	2019.	

Please	contact	with	CV	and	leYer	of	mo=va=on	
Supervisor:	Helena	D’CoYa	(Tél:	+33467593994),	dcoYa@cirad.fr	
Co-supervisor	:	Christoph	Grunau	(Tél:	+33468662180);	christoph.grunau@univ-perp.fr			

Living	allowance:	577,50€/month;	internship	for	~6	months	
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