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QUESTION,	  METHOD	  and	  DESIGN	  
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To	   answer	   if	   promoter	   of	   circadian	   genes	   interact	   with	   	   other	   genomic	   element	   (genes,	  
enhancers…etc),	  we	  used	  4C-‐seq	  assays	   that	   allows	   to	   reveal	   interac?ons	  between	  a	   single	  
restric?on	  fragment	  called	  the	  “bait”	  and	  the	  en?re	  genome.	  We	  performed	  4C-‐seq	  in	  mouse	  
liver	  and	  kidney	  of	  WT	  and	  BMAL1	  deficient	  mice.	  Therefore,	  we	  could	  evaluate	  the	  dynamic,	  
?ssue	  specific	  and	  genotype	  specific	  genomic	  interac?on	  profiles	  of	  our	  selected	  baits.	  

4C-‐seq	  workMlow,	  from	  Van	  de	  Werken	  et	  al,	  Nat.	  Methods	  2012	  

4C-‐seq	   profiles	   for	   Nr1d1	   (top	   panel)	   and	   Nampt	   (boMom	   panel)	   genes	   show	   a	   robust	   conserva?on	   of	   genomic	  
interac?ons	  paMern	  between	  circadian	  ?me	  point,	  genotype	  (Nr1d1	  &	  Nampt),	  and	  ?ssues	  (Nr1d1),	  independently	  
of	   their	   transcrip?on	   status.	  Moreover,	  we	  observed	   that	  most	  of	   the	   significant	  peaks	  are	   contained	   in	   the	  bait	  
TAD.	   Finally,	   we	   observed	   a	   strong	   enrichment	   of	   ac?ve	   chroma?n	   marks	   under	   4C-‐seq	   peaks	   such	   as	   DNase1	  
Hypersensi?ve	  sites,	  enhancer	  RNAs,	  enhancer	  associated	  histone	  modifica?on	  (H3K4me1,	  H3K27ac).	  

	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  Since	  topological	  organiza?on	  of	  chroma?n	  plays	  an	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	   	   	   important	   role	   in	   transcrip?on	   regula?on	   and	   the	  

circadian	   oscillator	   provides	   a	   unique	   model	   for	   dynamic	   gene	  
expression,	   we	   explored	   the	   topological	   organiza?on	   of	   chroma?n	  
surrounding	   promoters	   of	   core	   clock	   and	   rhythmic	   output	   genes	   in	  
mouse	  ?ssues	  of	  WT	  and	  BMAL1	  KO	  animal	  during	   the	   circadian	   cycle	  
using	  4C-‐sequencing	  (4C-‐seq).	  We	  found	  chroma?n	  interac?on	  paMerns	  
that	   are	   highly	   reproducible	   between	   biological	   replicates,	   conserved	  
across	   ?ssues	   and	   genotypes,	   and	   gene	   specific.	   Nevertheless,	   we	  
iden?fied	   ?me-‐varying	   chroma?n	   reorganiza?on	   and	   DNA	   loops	   that	  
depend	  on	  a	  func?onal	  molecular	  clock	  and	  correlate	  with	  transcrip?on.	  
As	   a	   highlight,	   we	   iden?fied	   a	   robust,	   conserved	   across	   ?ssues	   and	  
rhythmic	   interac?on	   between	   the	   Cry1	   promoter	   and	   its	   intronic	  
enhancer	  that	  depends	  on	  a	  func?onal	  molecular	  clock,	  sugges?ng	  that	  
regula?on	  of	   chroma?n	   topology	  by	   the	  circadian	  clock	   is	   a	   regulatory	  
layer	  for	  transcrip?on	  control.	  

ABSTRACT	  

GENOMIC	  INTERACTIONS	  ARE	  LOCALIZED	  NEAR	  BAITS	  
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Distance	  of	  peaks	  of	  interac?on,	  all	  baits,	  all	  condi?ons	  	  

4C-‐seq	  PATTERNS	  ARE	  CONSERVED	  ACROSS	  CIRCADIAN	  TIME	  POINTS,	  
GENOTYPES	  AND	  TISSUES.	  
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GENOMIC	  INTERACTIONS	  ARE	  ENRICHED	  FOR	  ACTIVE	  CHROMATIN	  MARKS.	  
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CRY1	  intron	  is	  an	  enhancer:	  
•  contains	  RRE	  rhythmically	  bound	  by	  REV-‐ERBα	  (-‐)	  (ZT10)	  and	  RORg	  (ZT22)	  
•  provides	  phase	  delay	  of	  CRY1	  expression	  transac?va?on	  effect	  on	  CRY1	  

reporter	  
Ukai-‐Tadenuma	  et	  al,	  Cell	  2011	  

Zang	  et	  al,	  Science	  2015	  
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4C-‐seq	  REVEALS	  CLOCK	  DEPENDENT	  INTERACTIONS	  

CONCLUSIONS	  
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Most	  of	  the	  4C-‐seq	  signal	  is	  localized	  in	  the	  bait	  Topologically	  Associated	  Domain	  (TAD),	  and	  most	  of	  the	  interac?on	  
peaks	  are	  within	  few	  kb	  to	  500kb	  window	  around	  the	  bait	  

Cry1	   promoter	   rhythmically	   interacts	   with	   its	   intronic	  
enhancer	   in	  mouse	   liver	  and	  kidney	  of	  WT	  animals.	  This	  
interac?on	   is	   maximum	   at	   ZT20	   and	   minimum	   at	   ZT8,	  
corresponding	   respec?vely	   to	   the	   maximum	   and	  
minimum	  of	  Cry1	  transcrip?on.	  This	  interac?on	  is	  strong	  
and	   constant	   in	   Bmal1-‐/-‐	   animals,	   while	   Cry1	   is	   highly	  
and	   constantly	   expressed.	   Thus,	   this	   par?cular	   example	  
highlights	   a	   rhythmic	   and	   clock	   dependent	   chroma?n	  
loop	  that	  correlates	  with	  gene	  transcrip?on.	  	  

	   	   Our	   study	   of	   chromaQn	   structure	   in	   the	   context	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	   of	   the	   circadian	   clock	   for	  mulQple	   Qssues	   in	  mouse	  

reveals	   the	  general	   stability	   of	   contact	   profiles	  within	   1	   -‐	   2	  Mb	  of	   4C	  baits.	   This	  
observa?on	   is	   consistent	   with	   the	   typical	   size	   of	   contact	   domains,	   and	   in	   most	  
cases,	   precisely	   consistent	   with	   domain	   boundaries	   measured	   recently	   in	   mouse	  
liver.	   Nevertheless,	   we	   find	   some	   excepQons	   to	   the	   general	   conserva?on	   of	  
contacts,	  notably	  at	  a	  known	  regulatory	  site	  (ROR/REVERB-‐response	  element)	  in	  the	  
first	  intron	  of	  Cry1,	  where	  we	  observed	  a	  rhythmic	  and	  clock	  dependent	  chromaQn	  
loop.	   Finally,	  we	   observed	   the	   tendency	   for	   contacts	   to	   associate	  with	   oscilla?ng	  
eRNAs	   and	   ac?ve	   chroma?n	  marks,	   indica?ng	   that	   circadian	   gene	   regula?on	  may	  
occur	   due	   to	   the	  ?me-‐dependent	   recruitment	  of	   transcrip?on	   factors	   on	   a	   stable	  
scaffold	  of	  interconnected	  chroma?n.	  


