
• The	   output	   contains	   informa1on	   such	   as	   the	   signal	   area,	  
fi6ng	  error	  and	  posi1on	  of	  each	  signal.	  

• And	   all	   the	   quan1fica1ons	   that	   have	   not	   passed	   a	   quality	  
threshold	  will	  be	  saved	  in	  a	  folder.	  

• The	  MANUAL	  PANEL	  is	  the	  most	  editable	  and	  user-‐interac1ve	  func1on	  in	  the	  package.	  It	  allows	  the	  user	  to	  adjust	  signal	  parameters,	  
visualize	  spectra	  and	  try	  different	  quan1fica1on	  modes	  in	  order	  to	  op1mize	  the	  analysis.	  It	  also	  suggests	  signals	  that	  may	  be	  found	  in	  
a	  selected	  ROI.	  Our	  fi6ng	  algorithm	  quality	  has	  been	  already	  tested	  in	  a	  previous	  version	  of	  the	  package	  called	  Dolphin	  [3].	  Images	  of	  
each	  quan1fica1on	  mode	  performance	  are	  shown	  below.	  

WHALE:	  A	  PACKAGE	  COMBINING	  FINGERPRINTING	  AND	  TARGETED	  
METABOLITE	  PROFILING	  TO	  IMPROVE	  THE	  EXTRACTION	  OF	  
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INTRODUCTION	  
Nuclear	  Magne1c	  Resonance	  (NMR)	  spectroscopy	  has	  been	  established	  as	  one	  of	  the	  most	  popular	  tools	  for	  high-‐throughput	  characteriza1on	  of	  metabolites	  present	  in	  complex	  biological	  mixtures.	  It	  is	  a	  non-‐destruc1ve,	  highly	  reproducible	  and	  versa1le	  technique,	  
and	  allows	  the	  user	  to	  “interrogate”	  the	  same	  sample	  in	  different	  ways	  by	  selec1ng	  different	  pulses	  and	  acquisi1on	  parameters	  in	  order	  to	  obtain	  complementary	  informa1on	  [1].	  An	  NMR	  spectrum	  is	  composed	  by	  resonances	  of	  a	  huge	  number	  of	  metabolites	  where	  
each	  metabolite	  may	  contribute	  to	  the	  NMR	  spectra	  with	  many	  individual	  signals.	  Depending	  on	  the	  final	  goal,	  different	  approaches	  can	  be	  applied	  to	  analyze	  the	  samples	  in	  a	  dataset.	  An	  untargeted	  analysis	  of	  the	  sample	  fingerprint	  can	  be	  enough	  to	  discriminate	  
groups	  in	  a	  study,	  or	  very	  useful	  for	  finding	  'hot	  spots'	  in	  an	  exploratory	  analysis.	  Otherwise,	  a	  targeted	  analysis	  of	  the	  metabolite	  profile	  using	  regions	  of	  interest	  (ROIs)	  can	  be	  performed	  in	  order	  to	  find	  molecular	  pajerns	  of	  the	  samples	  under	  study	  [2].	  We	  present	  a	  
package	  that	  allows	  the	  user	  to	  use	  both	  approaches	  and	  to	  include	  unknown	  signals	  and	  2D	  acquisi1ons	  for	  an	  exhaus1ve	  analysis	  of	  the	  NMR	  data.	  

CONCLUSIONS	  
• The	  fingerprint	  analysis	  allows	  the	  user	  to	  find	  hotspot	  regions	  through	  correla1on	  and	  covariance	  func1ons	  using	  all	  the	  spectra	  and	  the	  metadata,	  
which	  is	  very	  useful	  to	  detect	  relevant	  informa1on	  in	  an	  untargeted	  step.	  
• The	   combina1on	   of	   user-‐interac1on	   and	   automa1c	   quan1fica1on	  methods	  makes	   this	   tool	   a	   good	   agreement	   between	   editability	   and	   robustness,	  
avoiding	  black-‐box	  processes	  and	  subjec1vi1es	  sample-‐sample.	  	  
• The	  reference	  panel	  helps	  the	  user	  to	  iden1fy	  metabolites	  using	  different	  NMR	  pulses	  of	  reference	  compounds.	  It	  allows	  the	  user	  to	  visally	  check	  	  
• The	  output	  Plots2Check	  allows	  the	  user	  to	  visually	  check	  the	  quan1fica1ons	  that	  have	  not	  passed	  a	  quality	  threshold	  and	  rapidly	  detect	  the	  variables	  to	  
correct	  for	  improving	  the	  results.	  
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• The	   reference	  panel	  gives	   the	  user	   the	  chance	   to	  visualize	   reference	  compounds	   in	  1D	  NOESY,	  2D	   JRES,	  2D	  COSY	  and	  2D	  
HSQC	  and	  generate	  reference	  mixtures	  in	  order	  to	  compare	  them	  with	  the	  target	  sample.	  
• Here	  in	  this	  figure	  we	  show	  the	  Branched-‐Chain	  Amino	  Acids	  (BCAAs)	  region	  in	  our	  sample	  spectra	  in	  1D	  NOESY	  (upper-‐ler	  
corner)	  and	  2D	  JRES	  (lower-‐ler	  corner);	  and	  the	  superposi1on	  of	  those	  BCAAs	  in	  1D	  NOESY	  (upper-‐right	  corner)	  and	  2D	  JRES	  
(lower-‐right	  corner)	  using	  reference	  spectra	  stored	  in	  the	  repository.	  

• This	  panel	  offers	  the	  user	  3	  op1ons	  to	  explore	  the	  data	  in	  an	  untargeted	  way:	  
•  CORRELATE	   SAMPLE	   2	   REGION:	   Generates	   a	   colored	   spectra	  where	   the	   color	   is	   showing	   the	   correla1on	  
coefficient	  of	  each	  point	  of	  the	  spectra	  with	  the	  region	  selected	  

•  CORRELATE	  SAMPLE	  2	  METADATA	  VARIABLE:	  Generates	  a	  colored	  spectra	  where	  the	  color	  is	  showing	  the	  
correla1on	  coefficient	  of	  each	  point	  of	  the	  spectra	  with	  a	  variable	  stored	  in	  the	  metadata	  

•  FIND	  HOTSPOTS	  BETWEEN	  GROUPS:	  Generates	  a	  colored	  spectra	  where	  the	  color	   is	  showing	  the	   level	  of	  
covariance	  of	  each	  point	  between	  groups.	  

• Here	  in	  this	  figure	  we	  show	  the	  correla1on	  of	  one	  total	  serum	  sample	  with	  the	  metadata	  variable	  ‘Triglycerides’.	  

• The	  ‘CLEAN	  SUM'	  mode	  is	  very	  useful	  for	  those	  ROIs	  that	  
contain	   isolated	   and	   pure	   (without	   any	   baseline)	   signals	  
because	   the	   computa1on	   1me	   is	   severely	   reduced	   while	  
the	  quan1fica1on	  remains	  accurate.	  	  

• The	   ‘BASELINE	   SUM'	   mode	   is	   the	   best	   op1on	   for	   those	  
ROIs	   that	   contain	   isolated	   signals	   but	   overlapped	   with	   a	  
lijle	  and	  almost	  constant	  baseline.	  The	  computa1on	  1me	  
is	  almost	  the	  same	  than	  the	  ‘Clean	  Sum’	  op1on.	  	  

• The	   'CLEAN	  FITTING'	  mode	   is	  able	   to	  quan1fy	  accurately	  
overlapping	   signals	   in	   ROIs	   where	   neither	   baseline	   nor	  
broad	  signals	  are	  affec1ng.	  	  

• The	   'BASELINE	   FITTING'	   mode	   allows	   deconvolving	  
targeted	   signals	   in	   ROIs	   where	   baseline	   or	   broad	   signals	  
are	  affec1ng	  the	  final	  shape	  of	  the	  region;	  it	  will	  take	  more	  
computa1on	   1me	   but	   is	   the	   op1mal	   solu1on	   in	   those	  
cases.	  	  

• The	  package	  needs	  5	  inputs	  to	  perform	  an	  analysis:	  
•  NMR	  SAMPLES:	  A	  folder	  with	  the	  NMR	  samples	  dataset.	  
•  REPOSTORY:	  A	  folder	  with	  the	  reference	  compounds.	  
•  ROI	  PATTERNS:	  A	  folder	  with	  the	  quan1fica1on	  parameters	  for	  each	  ROI.	  
•  LIBRARY:	  A	  file	  containing	  the	  names	  of	  the	  signals	  to	  be	  quan1fied.	  
•  PARAMETERS:	  A	  file	  containing	  experiment	  parameters	  such	  as	  alignment,	  supression	  
and	  normaliza1on	  op1ons.	  

• This	  func1on	  analyzes	  all	  the	  ROI	  pajerns	  in	  all	  the	  samples	  of	  the	  dataset	  automa1cally.	  It	  is	  very	  useful	  in	  cases	  where	  
the	  user	  has	  already	  tested	  the	  ROIs	  and	  decides	  to	  let	  the	  sorware	  work	  by	  itself.	  	  


