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RAPD	
  

•  RAPD	
  (Rapid	
  Automated	
  Processing	
  of	
  Data)	
  
•  SoEware	
  Suite	
  for	
  Automated	
  Macromolecular	
  
Crystallographic	
  Data	
  Analysis	
  in	
  Real	
  Time	
  

•  IniIal	
  goal:	
  Quickly	
  provide	
  automaIc	
  autoindexing	
  
and	
  data	
  collecIon	
  strategies	
  

•  Morphed	
  into	
  much	
  larger	
  suite	
  with	
  addiIonal	
  
pipelines	
  for	
  data	
  processing	
  and	
  structure	
  
determinaIon	
  

•  PI	
  can	
  monitor	
  progress	
  from	
  home	
  
•  Results	
  stored	
  in	
  database	
  for	
  improving	
  RAPD	
  or	
  
database	
  mining	
  



RAPD	
  Pipelines	
  

•  Autoindexing	
  and	
  strategy	
  
•  STAC	
  
•  Data	
  (re)processing	
  and	
  merging	
  (David	
  Neau)	
  

•  Data	
  analysis	
  
•  SAD	
  
•  Molecular	
  replacement	
  



•  MulIple	
  Labelit	
  runs	
  with	
  
different	
  peak	
  picking	
  seQngs	
  
for	
  Distl	
  

•  Sort	
  by	
  highest	
  symmetry	
  
•  Raddose	
  
•  BEST	
  strategies	
  calculated	
  for	
  

regular	
  and	
  anomalous	
  data	
  
collecIons	
  

•  If	
  BEST	
  fails,	
  Mosflm	
  strategy	
  
calculated	
  

•  Highly	
  parallelized	
  code	
  with	
  
several	
  layers	
  of	
  error	
  
detecIon/correcIon	
  

•  Run	
  Ime:	
  ~25s	
  on	
  an	
  Intel	
  
Core	
  i7	
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RAPD	
  Autoindex/Strategy	
  



ADSC	
  Q315	
  

Dectris	
  Pilatus	
  

Labelit	
  run	
  number	
   1	
   2	
   3	
   4	
   5	
   6	
  

distl.minimum_spot_area	
  (10)	
   6	
   7	
   8	
   6	
  

distl.minimum_spot_height	
  (3.5)	
   6	
  

distl.minimum_signal_height	
  (1.5)	
   4.3	
   1.2	
  

distl_highres_limit	
   5	
  

Labelit	
  run	
  number	
   1	
   2	
   3	
   4	
   5	
   6	
  

distl.minimum_spot_area	
  (5)	
   3	
   2	
   3	
   2	
  

distl.minimum_spot_height	
  (3.5)	
   6	
  

distl.minimum_signal_height	
  (2.5)	
   4	
   2.3	
  

distl_highres_limit	
   5	
  

Distl	
  SeQngs	
  



•  The	
  code	
  will	
  acempt	
  to	
  fix	
  common	
  
autoindexing	
  errors	
  and	
  rerun	
  Labelit	
  
–  If	
  too	
  few	
  spots,	
  resets	
  min	
  #	
  of	
  spots	
  required	
  
–  If	
  unit	
  cell/SG	
  (specified	
  by	
  user)	
  fails,	
  resets	
  
without	
  cell/SG	
  restraints	
  

–  If	
  Mosflm	
  step	
  fails,	
  lowers	
  resoluIon	
  limit	
  
– And	
  any	
  combinaIon	
  of	
  the	
  previous	
  errors	
  

Labelit	
  Error	
  Checking	
  



RAPD	
  Autoindex	
  and	
  Strategy	
  



RAPD	
  Autoindex	
  and	
  Strategy	
  



RAPD	
  Autoindex	
  and	
  Strategy	
  



RAPD	
  Pipelines	
  

•  Autoindexing	
  and	
  strategy	
  
•  STAC	
  
•  Data	
  (re)processing	
  and	
  merging	
  (David	
  Neau)	
  

•  Data	
  analysis	
  
•  SAD	
  
•  Molecular	
  replacement	
  



RAPD	
  Autoindex	
  and	
  Strategy	
  



STAC	
  OpIons	
  

•  Alignment	
  opIons:	
  
–  smart,	
  long,	
  anomalous,	
  
a*,b*,c*,	
  split	
  a*b*,	
  split	
  
a*c*,	
  split	
  b*c*,	
  all	
  

–  Can	
  align	
  crystal	
  to	
  
previously	
  collected	
  
crystal	
  



STAC	
  Alignment	
  Results	
  



Send	
  STAC	
  Alignment	
  to	
  Beamline	
  



RAPD	
  Pipelines	
  

•  Autoindexing	
  and	
  strategy	
  
•  STAC	
  
•  Data	
  (re)processing	
  and	
  merging	
  (David	
  Neau)	
  

•  Data	
  analysis	
  
•  SAD	
  
•  Molecular	
  replacement	
  



Data	
  Analysis	
  Pipeline	
  

•  Unit	
  cell	
  analysis	
  
•  Xtriage	
  
•  Xtriage	
  plots	
  
•  Molrep	
  self-­‐rotaIon	
  funcIon	
  

•  labelit.precession_photo	
  



Unit	
  Cell	
  Analysis	
  



RAPD	
  Pipelines	
  

•  Autoindexing	
  and	
  strategy	
  
•  STAC	
  
•  Data	
  (re)processing	
  and	
  merging	
  (David	
  Neau)	
  

•  Data	
  analysis	
  
•  SAD	
  
•  Molecular	
  replacement	
  



SAD	
  Pipeline	
  
•  SHELX(CDE)	
  
•  Run	
  all	
  possible	
  space	
  groups	
  and	
  cell	
  permutaIons	
  

simultaneously	
  
•  Code	
  wricen	
  to	
  parallelize	
  SHELXD	
  similar	
  to	
  SGXPro	
  and	
  

new	
  code	
  wricen	
  by	
  Sheldrick	
  to	
  parallelize	
  further	
  
•  Results:	
  960	
  trials	
  in	
  all	
  SG	
  ~1	
  minute	
  
•  SHELXE	
  autotrace	
  
•  SHELX	
  sites	
  given	
  to	
  AutoSol	
  for	
  another	
  autotrace	
  
•  ‘Hand’	
  and	
  SG	
  determined	
  automaIcally	
  
•  User	
  can	
  rerun	
  changing	
  the	
  resoluIon	
  cutoff,	
  number	
  of	
  

sites,	
  or	
  number	
  of	
  SHELXD	
  trials	
  
•  All	
  results	
  and	
  plots	
  presented	
  on	
  RAPD	
  GUI	
  and	
  are	
  

downloadable	
  



SAD	
  Pipeline	
  



SHELXD	
  Plots	
  



SHELXE	
  Plots	
  



Autosol	
  Results	
  



RAPD	
  Pipelines	
  

•  Autoindexing	
  and	
  strategy	
  
•  STAC	
  
•  Data	
  (re)processing	
  and	
  merging	
  (David	
  Neau)	
  

•  Data	
  analysis	
  
•  SAD	
  
•  Molecular	
  replacement	
  



Molecular	
  Replacement	
  

•  Run	
  in	
  all	
  possible	
  SG’s	
  and	
  cell	
  permutaIons	
  
simultaneously	
  

•  Run	
  Phaser	
  filtering	
  top	
  75%	
  peaks	
  greater	
  than	
  4	
  sigma	
  
(rotaIon	
  funcIon)	
  or	
  6	
  sigma	
  (translaIon	
  funcIon)	
  

•  User	
  can	
  input	
  PDB	
  code	
  or	
  file	
  
•  Machew’s	
  run	
  to	
  determine	
  number	
  of	
  molecules	
  in	
  the	
  
AU	
  automaIcally	
  (user	
  can	
  override)	
  

•  If	
  no	
  soluIons	
  found,	
  rerun	
  allowing	
  10%	
  clashes	
  	
  
•  StaIsIcs	
  presented	
  in	
  RAPD	
  GUI	
  
•  Results	
  are	
  downloadable	
  



MR	
  Pipeline	
  Results	
  



Current	
  CapabiliIes	
  of	
  RAPD	
  
•  GUI	
  can	
  be	
  viewed	
  and	
  results	
  downloaded	
  from	
  an	
  internet	
  browser	
  
•  AutomaIc	
  autoindex/strategy	
  in	
  ~20s	
  
•  AutomaIc	
  data	
  processing	
  in	
  ‘real’	
  Ime	
  
•  AutomaIc	
  data	
  analysis	
  
•  AutomaIc	
  MR	
  if	
  similar	
  structure	
  in	
  PDB	
  
•  Pipelines	
  for	
  SAD	
  and	
  MR	
  
•  Datasets	
  can	
  be	
  reprocessed	
  and	
  merged	
  
•  Results	
  stored	
  in	
  users	
  directory	
  
•  Details	
  of	
  each	
  result	
  stored	
  in	
  MySQL	
  database	
  
•  So	
  far:	
  	
  

–  276,444	
  autoindexing/strategy	
  	
  
–  25,141	
  datasets	
  processed	
  
–  1,539	
  SAD	
  jobs	
  
–  773	
  MR	
  jobs	
  
–  88,019	
  unit	
  cell	
  analysis	
  runs	
  (9,781	
  soluIons	
  with	
  LL-­‐gain	
  >	
  100)	
  



Future	
  Goals/Wishes	
  of	
  RAPD	
  

•  Speed…	
  much	
  more	
  speed	
  (threading	
  detector	
  modules)	
  
•  XDS	
  mosaicity	
  calculated	
  from	
  small	
  wedges	
  of	
  ‘snapshots’	
  
•  ShiE	
  libraries	
  to	
  CCTBX	
  for	
  compaIbility	
  
•  More	
  database	
  mining	
  
•  Run	
  auto-­‐beam	
  center	
  calculaIon	
  in	
  background	
  
•  MAD	
  and	
  MRSAD	
  pipelines	
  
•  New	
  GUI	
  
•  Becer	
  hooks	
  for	
  wrapping	
  
•  MulIple	
  laQce	
  integraIon	
  
•  Becer	
  support	
  for	
  mulI-­‐wedge	
  data	
  collecIon	
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