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Abstract	
  
G-­‐protein	
   Coupled	
   Receptors	
   (GPCRs)	
   are	
   a	
   class	
   of	
   seven	
   transmembrane	
   (7TM)	
   proteins	
   involved	
   in	
  
signal	
   transduc>on	
   [1,	
   2]	
   that	
   respond	
   to	
   a	
   diverse	
   range	
   of	
   s>muli.	
   A	
   sign	
   of	
   their	
   importance	
   in	
  
regula>ng	
  many	
  physiological	
  processes,	
  GPCRs	
  are	
  rela>vely	
  abundant	
  in	
  metazoan	
  genomes	
  (1%	
  of	
  the	
  
Drosophila	
  melanogaster	
  and	
  1.6%	
  of	
  the	
  Anopheles	
  gambiae	
  genomes	
  [3,	
  4]).	
  Due	
  to	
  their	
  physiological	
  
importance,	
   abundance,	
   and	
   specificity,	
   GPCRs	
   are	
   aOrac>ve	
   targets	
   for	
   the	
   development	
   insec>cides,	
  
repellents,	
  and	
  other	
  products	
  for	
  the	
  control	
  of	
  vector	
  popula>ons	
  [5-­‐7].	
  

In	
  our	
  previous	
  work	
   [8],	
  we	
  evaluated	
  exis>ng	
  GPCR	
  classifiers	
  on	
  vector	
  pep>de	
   sequences,	
   showing	
  
that	
  their	
  accuracy	
  and	
  sensi>vity	
  are	
  less	
  than	
  desired.	
   	
  In	
  response,	
  we	
  developed	
  Ensemble*,	
  a	
  novel	
  
GPCR	
  classifier	
  tuned	
  for	
  arthropod	
  genomes.	
  Ensemble*	
  was	
  validated	
  on	
  test	
  sets	
  of	
  known	
  GPCRs	
  and	
  
applied	
  to	
  the	
  vector	
  species	
  Aedes	
  aegyp4,	
  An.	
  gambiae,	
  and	
  Pediculus	
  humanus,	
  resul>ng	
  in	
  52	
  novel	
  
hits.	
   	
  Valida>on	
  of	
  the	
  hits	
  confirmed	
  19	
  of	
  the	
  predic>ons	
  as	
  GPCRs	
  and	
  gave	
  evidence	
  that	
  another	
  11	
  
hits	
  were	
  puta>ve	
  GPCRs.	
  

The	
   genome	
   of	
   the	
   sand	
   fly	
  Phlebotomus	
   papatasi,	
  a	
   vector	
   of	
   leishmaniasis	
   and	
   pappataci	
   fever,	
   has	
  
recently	
   been	
   sequenced	
   and	
   assembled	
   [9].	
   Ensemble*	
   was	
   run	
   on	
   the	
   P.	
   papatasi	
   genome	
   pep>de	
  
transla>ons,	
   resul>ng	
   in	
  142	
  hits.	
   	
  Subsequent	
  valida>on	
  with	
  BLAST	
  against	
   the	
  NCBI	
  nr-­‐database	
  [10]	
  
and	
  ScanPROSITE	
  [11]	
  resulted	
  in	
  the	
  iden>fica>on	
  of	
  97	
  confirmed	
  and	
  7	
  hypothe>cal	
  GPCRs.	
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Comparison	
  of	
  P.	
  papatasi	
  Predicted	
  GPCR	
  
Distribu9ons	
  with	
  Other	
  Arthropod	
  GPCRs	
  

Conclusions	
  and	
  Future	
  Work	
  
Sta>s>cs	
   for	
   the	
   P.	
   papatasi	
   GPCRs	
   were	
   compared	
   with	
   those	
   for	
   Ae.	
   aegyp4,	
   An.	
   gambiae,	
   D.	
  
melanogaster,	
  and	
  P.	
  humanus.	
  The	
  total	
  number	
  (known,	
  confirmed	
  hits,	
  and	
  hypothe>cal	
  hits)	
  of	
  GPCRs	
  
and	
  rela>ve	
  abundance	
  in	
  the	
  respec>ve	
  genomes	
  agree,	
  sugges>ng	
  that	
  we	
  have	
  likely	
  found	
  a	
  majority	
  
of	
  the	
  P.	
  papatasi	
  GPCRs.	
  

Analysis	
   of	
   the	
   GPCR	
   pep>de	
   transla>on	
   sequence	
   length	
   distribu>ons	
   indicates	
   that	
   the	
   P.	
   papatasi	
  
GPCRs	
   (287	
   aa	
   on	
   average)	
   sequenes	
   are	
   significantly	
   shorter	
   than	
   those	
   of	
   the	
   other	
   organisms	
   (Ae.	
  
aegyp4	
  –	
  443	
  aa,	
  An.	
  gambiae	
  –	
  565	
  aa,	
  D.	
  melanogaster	
  –	
  692	
  aa,	
  and	
  P.	
  humanus	
  –	
  481	
  aa).	
  TMHMM	
  
[15]	
  was	
  used	
  to	
  predict	
  the	
  number	
  of	
  TM	
  helices	
  in	
  the	
  GPCRs	
  for	
  each	
  of	
  the	
  organisms.	
   	
  Comparison	
  
of	
  the	
  resul>ng	
  distribu>ons	
  indicate	
  that	
  many	
  of	
  the	
  P.	
  papatasi	
  sequences	
  have	
  fewer	
  TM	
  helices	
  than	
  
the	
  expected	
  seven	
  and	
  the	
  GPCRs	
  in	
  the	
  other	
  organisms.	
  Consequently,	
  the	
  P.	
  papatasi	
  sequences	
  may	
  
be	
  incomplete	
  due	
  to	
  incorrect	
  assembly	
  or	
  gene	
  predic>on,	
  requiring	
  addi>onal	
  cura>on	
  before	
  further	
  
analysis	
  can	
  be	
  done.	
  

Despite	
  the	
  poten>al	
  issues,	
  Ensemble*	
  was	
  able	
  to	
  successfully	
  iden>fy	
  the	
  GPCRs	
  in	
  the	
  novel	
  genome.	
  

In	
  the	
  future,	
  we	
  will	
  use	
  Ensemble*	
  to	
  iden>fy	
  GPCRs	
  in	
  the	
  Lutzomyia	
  longipalpis	
  sand	
  fly	
  genome.	
  We	
  
will	
  compare	
  the	
  GPCRs	
  from	
  P.	
  papatasi	
  and	
  L.	
  longipalpis	
  with	
  those	
  of	
  the	
  Glossina	
  morsitans	
  tetse	
  flies	
  
and	
  Rhodnius	
  prolixus	
  kissing	
  bugs	
  with	
  the	
  goal	
  of	
  rela>ng	
  differences	
  to	
  varia>ons	
   in	
  hosts,	
  parasites,	
  
and	
  physiological	
  mechanisms.	
  Furthermore,	
  species-­‐specific	
  GPCRs	
  could	
  prove	
  to	
  be	
  aOrac>ve	
  targets	
  
for	
  the	
  development	
  of	
  insec>cides	
  for	
  popula>on	
  control.	
  

Ensemble*	
  GPCR	
  Classifier	
  
Ensemble*	
  combines	
  the	
  predic>on	
  capabili>es	
  of	
  GPCRHMM	
  [12,	
  13]	
  and	
  the	
  Pfam	
  Clan	
  A	
  GPCR	
  Hidden	
  
Markov	
  Models	
   [14].	
  Discrete	
   func>ons	
   are	
  used	
   to	
  map	
   scores	
   to	
   likelihood	
   values	
  between	
  0	
   and	
  1,	
  
which	
  are	
  combined	
  via	
  a	
  linear	
  weigh>ng	
  to	
  produce	
  an	
  overall	
  likelihood	
  score	
  between	
  0	
  (not	
  a	
  GPCR)	
  
and	
  1	
  (a	
  GPCR)	
  for	
  each	
  input	
  sequence.	
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