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Figure	
   2.	
   This	
   photograph	
   shows	
   an	
   oplophorid	
   shrimp,	
  
Acanthephyra	
   purpurea,	
   uDlizing	
   a	
   bioluminescent	
   spew	
   to	
  
distract	
  or	
  blind	
  a	
  viperfish,	
  Chauliodu	
  danae.	
  	
  

Figure	
   1.	
   PhylogeneDc	
   tree	
   of	
   Oplophoridae,	
   pelagic	
   deep	
   sea	
   shrimps	
   which	
  
excrete	
   a	
   bioluminescent	
   spew.	
   	
   Some	
   oplophorids	
   addiDonally	
   possess	
  
bioluminescent	
  photophores.	
   	
   The	
   spew	
  has	
  been	
   shown	
   to	
  produce	
  a	
   slightly	
  
different	
  emission	
  spectra	
  than	
  the	
  photophores	
  (i.e.	
  blue-­‐green	
  versus	
  near-­‐UV	
  
light).	
  Photos	
  by	
  Tin-­‐Yam	
  Chan	
  and	
  Johnsen	
  Lab,	
  Duke	
  University	
  

•  We	
  found	
  two	
  copies	
  each	
  of	
  the	
  r-­‐	
  and	
  c-­‐opsins	
  in	
  Oplophorus	
  and	
  Systellaspis,	
  and	
  one	
  copy	
  
of	
  each	
  in	
  Benthesicymus.	
  

•  BLAST	
  results	
  suggest	
  some	
  sequences	
  matched	
  exclusively	
  blue-­‐green,	
  while	
  others	
  match	
  a	
  
mixture	
  of	
  blue-­‐green	
  and	
  UV-­‐like	
  opsins.	
  	
  The	
  sequences	
  that	
  match	
  a	
  mixture	
  of	
  blue-­‐green	
  
and	
  UV-­‐like	
  eye	
  pigments	
  may	
  represent	
  opsins	
  that	
  detect	
  in	
  the	
  shorter	
  wavelength	
  end	
  of	
  
the	
  blue	
  spectra,	
  detecDng	
  near-­‐UV	
  light	
  emiWed	
  from	
  photophores.	
  

•  It	
   is	
   possible	
   that	
   species	
   such	
   as	
   S.	
   debilis,	
   which	
   posses	
   both	
   bioluminescent	
   spew	
   and	
  
photophores,	
  have	
  two	
  types	
  of	
  eye	
  pigments	
  that	
  are	
  able	
  to	
  detect	
  and	
  disDnguish	
  between	
  
blue-­‐green	
  and	
  near-­‐UV	
  light	
  of	
  their	
  respecDve	
  bioluminescent	
  mechanisms.	
  

•  In	
  the	
  future,	
  we	
  would	
  like	
  to	
  characterize	
  other	
  visual	
  genes	
  within	
  Oplophoridae	
  and	
  link	
  
them	
  to	
  visual	
  funcDon.	
  

•  Future	
   studies	
   may	
   include	
   an	
   expansion	
   of	
   this	
   transcriptomic	
   approach	
   to	
   include	
   other	
  
caridean	
  shrimp	
  outside	
  of	
  the	
  family	
  Oplophoridae.	
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The	
  r-­‐	
  and	
  c-­‐opsin	
  genes	
  were	
  found	
  in	
  all	
  three	
  shrimp	
  species	
  (Figure	
  4).	
   	
  UDlizing	
  GenBank	
  BLAST,	
  
similarity	
   searches	
   from	
   other	
   species	
   revealed	
   genes	
   comparable	
   to	
  MWS,	
   SWS2,	
   and	
   SWS1	
   eye	
  
pigments	
  (Table	
  1).	
  	
  

Table	
   1.	
  A	
   subset	
   of	
   the	
   returned	
   similarity	
   results	
   aker	
   running	
   the	
   sequences	
  
through	
   BLAST.	
   	
   MWS,	
   SWS2,	
   and	
   SWS1	
   type	
   pigments	
   are	
   color-­‐coded	
   green,	
  
blue,	
  and	
  purple	
  (represenDng	
  UV).	
  	
  (	
  )	
  =	
  number	
  of	
  gene	
  copies	
  per	
  opsin	
  

•  RNA	
  was	
  extracted	
  from	
  the	
  eyes	
  of	
  3	
  shrimp	
  species	
  (Benthesicymus	
  bartleQ,	
  Systellaspis	
  
debilis,	
  and	
  Oplophorus	
  gracilirostris)	
  using	
  a	
  NucleoSpin	
  RNA	
  kit.	
  

•  Full-­‐length	
   mRNAs	
   were	
   made	
   into	
   cDNA	
   using	
   the	
   Clonetech	
   SMARTer	
   kit	
   and	
  
normalized	
  to	
  trim	
  high	
  copy	
  genes	
  expressed	
  in	
  these	
  Dssues.	
  

•  Samples	
   were	
   submiWed	
   to	
   the	
   Brigham	
   Young	
   University	
   next-­‐generaDon	
   sequencing	
  
center	
  for	
  purificaDon,	
  emPCR,	
  and	
  pyrosequencing	
  on	
  a	
  454	
  plalorm	
  (Figure	
  3).	
  

Figure	
  3.	
  454	
  pyrosequencing	
  	
  
Rachael	
  Chicoine	
  	
  

Oplophorid	
   shrimp	
   are	
   deep-­‐sea	
   pelagic	
   depacods	
   that	
  
exhibit	
   extraordinary	
   mechanisms	
   of	
   bioluminescence	
   (Figure	
   1).	
  
All	
  secrete	
  a	
  luminescent	
  spew,	
  which	
  is	
  emiWed	
  as	
  a	
  bright	
  cloud	
  
from	
   the	
   base	
   of	
   the	
   antennae	
   or	
   legs,	
   for	
   defense	
   against	
  
predators	
   (Thomson	
   et	
   al.,	
   1995)	
   (Figure	
   2).	
   	
   In	
   addiDon	
   to	
   the	
  
spew,	
   three	
   oplophorid	
   genera	
   possess	
   luminescent	
   photophores	
  
that	
  can	
  be	
  found	
  along	
  the	
  length	
  of	
  the	
  body,	
  which	
  are	
  used	
  for	
  
counterilluminaDon	
  (Herring,	
  2007).	
  	
  	
  

Eye	
  pigment	
   spectral	
   sensiDviDes	
  are	
  oken	
  defined	
  as	
   long-­‐,	
  
medium-­‐,	
   or	
   short-­‐wavelength	
   sensiDve	
   (LWS,	
  MWS,	
   SWS).	
   	
   LWS	
  
detects	
   wavelengths	
   between	
   495-­‐570	
   nm	
   (red/green),	
   MWS	
  
detects	
  470-­‐540	
  nm	
  (green),	
  SWS2	
  detects	
  415-­‐480	
  nm	
  (blue),	
  and	
  
SWS1	
   detects	
   355-­‐450	
   nm	
   (UV/violet)	
   (Land	
   and	
   Nilsson,	
   2002).	
  	
  
Previous	
   studies	
   have	
   determined	
   that	
   oplophorid	
   photophore	
  
luminescence	
  emits	
  at	
  a	
  slightly	
  shorter	
  wavelength	
  (near-­‐UV)	
  than	
  
spew	
  luminescence,	
  which	
  emits	
   in	
  the	
  blue-­‐green	
  spectrum	
  (Latz	
  
et	
   al.,	
   1988).	
   	
   Subsequent	
   behavioral	
   and	
   physiological	
   studies	
  
determined	
   that	
   species	
   containing	
   only	
   the	
   spew	
   have	
   a	
   peak	
  
spectral	
   sensiDvity	
   in	
   the	
   blue-­‐green	
   light	
   spectrum	
   (between	
  
490-­‐510	
   nm),	
   whereas	
   species	
   containing	
   both	
   the	
   spew	
   and	
  
photophores	
  posses	
  an	
  addiDonal	
  pigment	
  which	
  allows	
  for	
  a	
  peak	
  
spectral	
   sensiDvity	
   to	
   near-­‐UV	
   light	
   (about	
   410	
   nm)	
   (Frank	
   and	
  
Widder,	
   1994;	
   Cronin	
   and	
   Frank,	
   1996).	
   	
   Here,	
   we	
   invesDgate	
  
representaDves	
   from	
   two	
   oplophorid	
   genera	
   that	
   possess	
   both	
  
bioluminescent	
  spew	
  and	
  photophores.	
  	
  We	
  also	
  include	
  a	
  penaeid	
  
shrimp,	
  Benthesicymus	
  bartleQ.	
   	
  Other	
  dendrobranchiate	
  shrimp,	
  
such	
  as	
  Sergestes	
  similis,	
  have	
  been	
  discovered	
  to	
  possess	
  only	
  one	
  
visual	
   pigment	
   with	
   a	
   peak	
   sensiDvity	
   in	
   the	
   blue-­‐green	
   light	
  
spectrum	
  (Lindsay	
  et	
  al.,	
  1999).	
  	
  	
  

•  Visual	
  target	
  genes	
  were	
  isolated	
  from	
  transcriptome	
  
data	
  using	
  the	
  transcriptome	
  annotaDon	
  pipeline	
  
PhylogeneDcal	
  Informed	
  AnnotaDon	
  (PIA)	
  of	
  the	
  Light	
  
InteracDon	
  Tool	
  Kit	
  (LIT)	
  (developed	
  by	
  the	
  Oakley	
  Lab	
  
at	
  UC	
  Santa	
  Barbara).	
  

•  Comparisons	
  were	
  made	
  to	
  genes	
  reported	
  in	
  
GenBank	
  using	
  BLAST	
  (hWp://	
  www.ncbi.nlm.nih.gov/
BLAST/).	
  

	
  

Unfortunately,	
   the	
   study	
   of	
   bioluminescence	
   and	
   visual	
  
structures	
  in	
  the	
  marine	
  environment,	
  parDcularly	
  the	
  deep	
  sea,	
  	
  

separated	
   into	
   rhabdomeric	
   or	
   ciliary	
  
photoreceptors,	
   which	
   differ	
   in	
  
morphology.	
   	
   Here,	
   we	
   take	
   a	
  
transcriptomic	
   approach	
   to	
   idenDfy	
  
and/or	
   verify	
   genes	
   expressed	
   in	
   the	
  
visual	
   system	
   that	
   may	
   play	
   a	
   role	
   in	
  
detecDng	
   bioluminescence.	
   	
   In	
   this	
  
current	
   study,	
   we	
   focus	
   on	
   r-­‐	
   and	
   c-­‐
opsin	
   type	
   genes.	
   	
   We	
   hypothesize	
  
that	
   two	
   separate	
   opsins	
   may	
   be	
  
responsible	
   for	
   blue-­‐green	
   and	
   UV	
  
l ight	
   detecDon,	
   which	
   we	
   wil l	
  
invesDgate	
   using	
   transcriptomic	
  
analysis.	
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  Figure	
  4.	
  This	
  Venn	
  diagram	
  shows	
  	
  

all	
  of	
  the	
  eye	
  genes	
  that	
  were	
  hit	
  	
  
upon	
  for	
  the	
  three	
  species	
  in	
  quesDon.	
  	
  
Each	
  gene	
  has	
  been	
  categorized	
  by	
  	
  
funcDonal	
  gene	
  set	
  and	
  is	
  color-­‐coded	
  
appropriately.	
  The	
  genes	
  that	
  we	
  focused	
  	
  
on	
  (c-­‐	
  and	
  r-­‐opsin)	
  are	
  highlighted	
  yellow.	
  

has	
   been	
   challenging	
   due	
   to	
   the	
   perils	
   of	
   collecDng	
   and	
   observing	
   live	
   organisms.	
   	
   And	
   although	
  
behavioral	
   and	
   physiological	
   studies	
   on	
   the	
   detecDon	
   of	
   the	
   emiWed	
   light	
   have	
   been	
   conducted,	
  
characterizaDon	
  of	
   the	
  genes	
   involved	
   in	
  detecDon	
  has	
  not	
   yet	
  been	
  examined.	
  The	
  advent	
  of	
  novel	
  
molecular	
  techniques	
  applied	
  to	
  transcriptomics	
  allow	
  us	
  to	
  study	
  the	
  evoluDon	
  of	
  bioluminescence	
  at	
  
a	
  geneDc	
  level	
  and	
  may	
  provide	
  insight	
  into	
  the	
  genes	
  involved	
  in	
  the	
  detecDon	
  of	
  light.	
  	
  Proteins	
  in	
  the	
  
opsin	
   family	
   regulate	
   the	
   phototransducDon	
   pathway,	
   the	
   pathway	
   in	
   which	
   a	
   light	
   signal	
   from	
   the	
  
environment	
  is	
  converted	
  into	
  an	
  electrical	
  signal	
  in	
  photoreceptor	
  cells	
  (Rivera	
  et	
  al.,	
  2010).	
  Two	
  major	
  
opsin	
  clades	
  are	
  the	
  r-­‐	
  and	
  c-­‐opsins	
  that,	
  along	
  with	
  their	
  associated	
  pathway	
  proteins,	
  are	
  typically	
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