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Reinforcement	  
«	  Prezygo/c	  isola/ng	  barriers	  are	  strenghtened	  	  

in	  contact	  zones	  	  
as	  a	  consequence	  of	  selec/on	  against	  hybridisa/on	  »	  

Dobzhansky,	  1937	  

1940-‐2000:	  highly	  debated	   2000+:	  increasing	  empirical	  and	  theore/cal	  support	  
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Current	  challenges	  	  

Studying	  reinforcement	  

	  
•  Characterise	  gene/c	  changes	  underlying	  
prezygo/c	  divergence	  

	  
•  Evidence	  the	  signature	  of	  reinforcing	  selec/on	  in	  
natural	  systems	  	  

	  
•  Iden/fy	  gene/c	  factors	  favouring	  reinforcement	  
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Genomics	  of	  sexual	  isola/on	  and	  
reinforcement	  in	  the	  house	  mouse	  
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Research	  objec/ves	  
	  

Iden/fy	  genomic	  regions	  underlying	  
behavioural	  divergence	  between	  allopatric	  

and	  contact	  popula/ons	  
	  

Test	  for	  the	  role	  of	  vomeronasal	  receptors	  in	  
sexual	  isola/on	  
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Main	  results	  

Differen/al	  expression	  analyses	  
	  

Musculus	  vs.	  domes/cus	  
	  

Musculus	  	  
choosy	  vs.	  non	  choosy	  

Differen/al	  expression	  	  
(Loire	  et	  al.	  2017	  Mol	  Ecol)	  
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A. Comparison between M. m. musculus and M. m. domesticus
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A. Comparison between M. m. musculus and M. m. domesticus
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B. Comparison between choosy and non!choosy samples 
 within M. m. musculus
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Main	  results	  

Over-‐representa/on	  of	  vomerosasal	  receptors	  of	  type	  2	  

Vomeronasal	  
receptor	  family	  1	  

Vomeronasal	  receptor	  family	  2	  

Differen/al	  expression	  	  
(Loire	  et	  al.	  2017	  Mol	  Ecol)	  



<;
8Q
("
V)
"+
B"
1&%

"#
2)

5-&#)1"(,.2()

7B"'&-.&(-/$#)$*)(,P'.-0")Z)&#)(,P(B"'&"()1"'$F#&/$#)
-#0)-(($12-/@")%-2")B1"*"1"#'"b)

L3A.$F"#"/')0&(2-#'")(%-.."1)23-#)
"+B"'2"0)PA)'3-#'")JB)q)I6II\K)

\)$,2)$*)c)P".$#F)
2$)(,P'.-0")Z)

L3A.$F"#"/')'.,(2"1&#F)$*)0&e"1"#/-..A)"+B1"(("0)n<()
)

9&e"1"#/-.)"+B1"((&$#))
Jd$&1")"2)-.6)OIM[)5$.)?'$.K)



<;
8Q
("
V)
"+
B"
1&%

"#
2)

5-&#)1"(,.2()

7B"'&-.&("0)B3A.$F"#"/')n<)'.,(2"1()J>($F-&)"2)-.)OIMM);-2,1"K)
)

S"2"1$(B"'&a')(&F#-.()JB1"0-2$1(=)
'.$(".A)1".-2"0)(B"'&"(K)

C"%-.")(&F#-.()

5-.")(&F#-.()

rB7"!7":%!,&C/5&s)n;l(])

9&e"1"#/-.)"+B1"((&$#))
Jd$&1")"2)-.6)OIM[)5$.)?'$.K)



<;
8Q
("
V)
"+
B"
1&%

"#
2)

5-&#)1"(,.2()

7B"'&-.&("0)B3A.$F"#"/')n<)'.,(2"1()J>($F-&)"2)-.)OIMM);-2,1"K)
)

S"2"1$(B"'&a')(&F#-.()JB1"0-2$1(=)
'.$(".A)1".-2"0)(B"'&"(K)

C"%-.")(&F#-.()

5-.")(&F#-.()

7,P'.-0")Z)D)1$.")&#)1"'$F#&/$#)
$*)B7"!7"!5&/5*5&)('"#2())

rB7"!7":%!,&C/5&s)n;l(])

9&e"1"#/-.)"+B1"((&$#))
Jd$&1")"2)-.6)OIM[)5$.)?'$.K)



9&@"1F"#'")-2)'-#0&0-2")F"#"(b)

Expression 

<;8Q("V)$#)
n;l()

Copy Number 
Variation 

(CNV) 

Sequence 
7;L)

Other loci, non-coding regions 

Genetic architecture 

i3$.")F"#$%")
B$$.Q("V)

!"#$%&'()$*)("+,-.)&($.-/$#)-#0)1"&#*$1'"%"#2)
) )) ) )) ) )) ) )) ) )) ) )) ) )) ) )) )&#)23")3$,(")%$,(")

i3$.")F"#$%")JZ!PK)
n$%"1$#-(-.)
1"'"B2$1()
Jn<(K)



Po
ol
	  se

qu
en

ci
ng
	  

1.	  To	  be	  done	  

•  More	  detailed	  sequence	  analysis	  in	  these	  candidate	  regions	  

•  Analysis	  of	  paoerns	  of	  recombina/on	  and	  linkage	  disequilibrium	  (LDx	  
program,	  Feder	  et	  al.	  2012)	  

	  

Genome-‐wide	  paoerns	  of	  divergence	  
	  (Loire	  et	  al.	  in	  prep)	  

2.	  First	  conclusions	  

•  ORs	  and	  VRs	  as	  the	  most	  differen/ated	  genes	  

•  Regulatory	  regions	  par/cularly	  differen/ated	  



Genomics	  of	  reinforcement	  in	  the	  house	  mouse	  
Conclusions	  and	  perspec/ves	  

Expression	   Sequence	  
RNA-‐seq	   Pool-‐seq	  

CNV	  ?	  
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Genomics	  of	  reinforcement	  in	  the	  house	  mouse	  
Conclusions	  and	  perspec/ves	  

Expression	   Sequence	  
RNA-‐seq	   Pool-‐seq	  

VR	  cluster	  on	  chromosome	  7	  

OR	  clusters	  (chr	  7,	  9)	  

In	  line	  with	  theory	  (Yeaman	  &	  Whitlock	  2011,	  Yeaman	  2013)	  
predic/ng	  /ght	  linkage	  among	  barrier	  loci	  	  

-‐	  due	  to	  tandem	  gene	  duplica/ons	  -‐	  
=>	  should	  favour	  coupling	  and	  divergence	  with	  gene	  flow	  

=>	  could	  be	  selected	  for	  in	  popula/ons	  experiencing	  gene	  flow	  



Genomics	  of	  reinforcement	  in	  the	  house	  mouse	  
Conclusions	  and	  perspec/ves	  

Expression	   Sequence	  
RNA-‐seq	   Pool-‐seq	  

VR	  cluster	  on	  chromosome	  7	  

Olfactory	  
receptors	  
clusters	  

•  Role	  of	  both	  Vomeronasal	  and	  Olfactory	  Receptors?	  
•  Role	  of	  learning	  and	  imprin/ng	  ?	  
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