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Past	  studies	  

Several	   previous	   studies	   have	   searched	   for	   cis-‐regulatory	   elements	   conserved	   between	  

deuterostome	   and	   protostome	   species	   [1–8].	   	   To	   our	   knowledge,	   the	   earliest	   such	   study	  

describes	  the	  HB1	  element	  in	  the	  intron	  of	  Hoxa7	  [1].	  	  HB1	  is	  a	  short	  36	  base	  pair	  sequence	  

consisting	   of	   three	   homeodomain	   binding	   sites.	   	   The	   sequence	   is	   conserved	   among	  

mammals	  but	  not	  well	   conserved	   in	  other	  vertebrates.	   	  Haerry	  and	  Ghering	  were	  able	   to	  

align	  HB1	   to	  Drosophila	  melanogaster,	  D.	  funebris,	   and	  D.	  virilis	  sequence	   [1,2].	   	  However,	  

only	  18-‐20	  of	  the	  36	  bases	  (~55%)	  match	  between	  mouse	  and	  fly.	  	  The	  longest	  contiguous	  

match	  is	  5	  bases.	  	  While	  HB1	  is	  found	  in	  the	  intron	  of	  Hoxa7,	  it	  is	  absent	  from	  the	  intron	  of	  

Ubx,	   the	   drosophila	   ortholog	   to	   Hoxa7.	   	   Instead,	   it	   is	   found	   in	   the	   5’	   UTR	   of	   Ubx	   [1].	  	  

Moreover,	   several	   other	   matches	   to	   HB1	   were	   found	   in	   drosophila,	   including	   matches	  

around	   non-‐hox	   genes	   [2].	   	  Mammalian	   and	   drosophila	  HB1	   elements	   are	   unlikely	   to	   be	  

truly	  orthologous	   sequences.	   	  Rather,	  HB1	  elements	   represent	  a	   common	  mechanism	   for	  

the	  regulation	  of	  genes	  by	  homeobox	  transcription	  factors.	  	  	  

	   Similarly,	  Kuntz	  et	  al.	  has	  found	  short	  (<30	  base	  pairs)	  sequences	  around	  hox	  genes	  

that	  are	  alignable	  between	  mammals	  and	  nematode	  worms	  [3].	  	  These	  sequences	  consist	  of	  
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only	  13-‐14	  matching	  bases,	  nearly	  all	  of	  which	  are	  A	  or	  T.	  	  These	  sequences	  likely	  represent	  

two	  closely	  spaced	  homeodomain	  binding	  sites,	  and	  Kuntz	  et	  al.	  finds	  numerous	  instances	  

of	  these	  sequences	  across	  the	  Hoxa	  locus.	  	  Many	  of	  these	  non-‐orthologous	  matches	  may	  be	  

noise,	   as	   we	   have	   found	   short	   AT	   rich	   sequences	   to	   align	   at	   high	   frequency	   across	   the	  

genome.	  	  	  

	   Others	   have	   taken	   whole-‐genome	   approaches	   to	   searching	   for	   deuterostome-‐

protostome	  conserved	  cis-‐regulatory	  sequences	  [4–8].	  	  As	  we	  have	  done	  here,	  these	  studies	  

began	  by	  defining	  conserved	  non-‐coding	  elements	  (CNEs)	  in	  the	  human	  genome.	  	  However,	  

these	   previous	   works	   focused	   on	   much	   smaller	   sets	   of	   CNEs,	   the	   largest	   being	   ~1,400	  

human-‐fugu	   conserved	   elements	   [6].	   	   Moreover,	   these	   studies	   were	   limited	   by	   the	  

availability	  of	  protostome	  genomes	  and	  searched	  only	  genomes	  from	  drosophila	  species	  or	  

nematode	  worms[4–7].	  	  	  	  	  

	   A	  more	   recent	   study	  also	   searched	   the	  genomes	  of	  Capitella	  teleta,	  Daphnia	  pulex,	  

and	   Lottia	   gigantea	  but	   discovered	   no	   elements	   conserved	   between	   deuterostomes	   and	  

protostomes.	   	   This	   study	   did,	   however,	   find	   an	   enhancer	   called	   Sox21-‐CNR	   that	   is	  

conserved	   between	   deuterostomes	   and	   the	   cnidarian	   sea	   anemone	   [8].	   	   The	   Sox21-‐CNR	  

element	   was	   excluded	   from	   our	   conservative	   set	   of	   vertebrate	   CNEs	   because	   it	   lies	  

immediately	  adjacent	  to	  a	  region	  that	  appears	  to	  be	  evolving	  like	  an	  exon,	  and	  overlaps	  two	  

sequences	  with	  conserved	  predicted	  RNA	  secondary	  structure.	  	  To	  more	  thoroughly	  search	  

for	   evidence	   of	   Sox21-‐CNR	   in	   protostomes,	   we	   subjected	   the	   element	   to	   the	   same	  

computational	   analysis	   we	   performed	   for	   the	   Bicores.	   	  We	   searched	   each	   deuterostome	  

instance	   and	   the	   sea	   anemone	   instance	   of	   Sox21-‐CNR	   against	   our	   database	   of	   non-‐

vertebrate	  metazoan	  sequence	  data	  (Supplemental	  Figure	  1).	  	  We	  found	  no	  syntenic	  hits	  to	  

any	  protostome	  species.	  	   	  
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