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The	  Collabora7on	  

•  Tobin	  Sosnick	  and	  Michael	  Wilde,	  SCI	  PIs	  
•  Karl	  Freed	  and	  Jinbo	  Xu,	  protein	  folding	  PIs	  
•  Aashish	  Adhikari:	  InsEnds	  loop	  algorithm	  design,	  implementa7on,	  

execu7on	  and	  analysis	  
•  ItFix	  &	  Raptor:	  Joe	  DeBartollo,	  Glen	  Hocky,	  Jian	  Peng	  
•  SwiL	  team:	  Jus7n	  Wozniak,	  Mihael	  Hategan,	  Luiz	  Gadhela,	  Sarah	  

Kenny,	  David	  Kelly,	  Jon	  MoneCe,	  Ben	  Clifford,	  Yong	  Zhao,	  Allan	  
Espinosa,	  Zhao	  Zhang,	  Ian	  Foster	  

•  Portal	  team:	  Tom	  Uram,	  Wenjun	  Wu,	  Mark	  Hereld,	  Mike	  Papka	  
•  MRSA	  Research	  Center:	  Robert	  Daum	  and	  Susan	  Boyle-‐Vavra	   2 
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•  Skin	  infec7ons	  and	  numerous	  complica7ons	  
•  Prevalent	  in	  hospitals,	  prisons	  

–  Over	  18,000	  deaths	  annually	  
–  $5	  billion	  healthcare	  costs	  

•  Mul7ple	  strains	  

MRSA: Methicillin-resistant Staphylococcus aureus 
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Primary	  target	  community	  
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Template : 2nrk (unknown function) 
Confidence: High 
Polymorphism: 

Ref 
Var 

Ref 
Var 

murB CDS 593 

SACOL0802 

srrB srrA rluB scpB scpA xerD 
Tcx 
 regulator  
(fur) 

SACOL1539 
Template : 2ijq (unknown function) 
Confidence: High 
Polymorphism: 

A. B. 

Hypothetical Mc resistance genes in mecA-negative MRSA: 
What are they doing? 

•  Current	  S.	  Aureus	  campaign:	  
–  20	  proteins/68	  loops	  x	  2,000	  jobs	  per	  loop,	  4.5	  hours	  each	  =	  612,000	  

hours	  
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Protein	  Structure	  Predic7on	  at	  UChicago	  

•  Joint	  effort	  of:	  
–  Ins7tute	  for	  Biophysical	  Dynamics	  

o  Tobin	  Sosnick,	  Director	  and	  PI	  
o  Aashish	  Adhikari,	  Joe	  DeBartollo,	  many	  other	  PhD	  students	  and	  postdocs	  

–  Department	  of	  Chemistry	  
o  Karl	  Freed,	  PI	  

–  Toyota	  Technological	  Ins7tute	  
o  Jinbo	  Xu,	  PI	  

–  Computa7on	  Ins7tute	  
o  T.	  Sosnick,	  K.	  Freed,	  and	  M.	  Wilde	  

•  Mul7-‐stage	  pipeline	  is	  used	  for	  predic7on	  
–  RAPTOR	  (Xu)	  used	  for	  “template-‐based	  modeling”	  
–  “OOPS”	  Open	  Protein	  Simulator	  –	  “protlib2”	  used	  for	  template-‐free	  modeling	  
–  “Loop	  modeling”	  (by	  Aashish	  Adhikari)	  used	  for	  detailed	  simual7on	  of	  specific	  

loop-‐like	  regions	  that	  RAPTOR	  cannot	  model	  well.	  This	  takes	  >>	  CPU	  7me.	  
–  Applied	  in	  CASP9	  compe77on	  (just	  completed)	  and	  S.	  Aureus	  (in	  progress)	  

•  SwiL	  parallel	  scrip7ng	  system	  enables	  parallel	  compu7ng	  on	  diverse	  
plaporms	  
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Themes	  of	  protein	  folding	  
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2° structure 

backbone  
twist 

3° structure, packing 

ψ	
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Structure	  predic7on	  pipeline	  

Sequence 
to predict 

Y 

N 

Need 
OOPS 

Y 

N 

Need 
ItFix 
2°,3° 

ItFix RAPTOR 
Provides  
structure 
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Use 
ItFix 
Prediction 
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Multi 
templates 

Loop 
modeling 

Combine 
templates 
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N Model 
loops 

Done 
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RAPTOR 

Done 
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Loop	  modeling:	  “InsEnds”	  

9 
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Rama-Based SPEED 
enhanced Pivot moves 

MCSA 
X 1000 

cluster Ligation  = 
Springends 
+ 
Springcut 
site 

ENERGY = DOPE-PW + ligation 

InsEnds	  folding	  algorithm	  
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Swift 

	  CI-‐	  PADS,Teraport	  

	  TeraGrid	  -‐	  Ranger	  

IBI	  and	  PSD	  clusters	  

	  ALCF	  BlueGene/P	  

Open	  Science	  Grid	  

So
ftw

ar
e 

Su
pe

rc
om

pu
te

rs
 

Staph!! 

SwiL	  system	  runs	  pipeline	  on	  diverse	  parallel	  
systems	  from	  central	  server	  

Portal by MCS Futures Lab 
provides interface for science users  

Submit requests 

View, download, share results 
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CASP-‐9	  Results	  for	  Loop	  models	  

T0594,14 res.  
2.2Å to 1.7Å 

T0464,24 res.  
9.6Å to 4.5Å 

T0623, 25 res.  
8.2Å to 6.3Å  

 (excluding tail region) 

TR606,30 res. 
 (multiple regions 

simultaneously)  
4.9Å to 3. 8Å 

T0622,18 res.  
7.5Å to 5.6Å 

T0585,45 res.  15.5Å to 
9.1Å 

T0612,17 res.  
7.3 Å to 6.6Å 

Native 
RaptorX 
Ins&Ends 

CASP 9 campaign 
150 proteins x 800 jobs/seq x 2.75hours  = ~ 330,000 CPU hours 



13 Protein	  Structure	  Predic7on	  on	  TG	  &	  OSG	  

Clouds:	  Magellan,	  
Amazon,	  

FutureGrid,	  
BioNimbus	  

compu7ng	  resources	  

•  Parallel	  distributed	  
compu7ng	  is	  HARD	  

•  SwiL	  harnesses	  diverse	  
resources	  with	  simple	  
scripts	  

•  Many	  applica7ons	  are	  well	  
suited	  to	  this	  approach	  

•  Mo7vates	  collabora7on	  
through	  libraries	  of	  
pipelines	  and	  sharing	  of	  
data	  and	  provenance	  

Challenge:	  Complexity	  of	  parallel	  compu7ng	  



Submit host 
(Laptop, Linux server, …) 

Workflow 
status 

and logs 

????? 

Compute 
nodes 

f1 

f2 

f3 

a1 

a2 

Data server 

f1 f2 f3 

Provenance 
log 

script 

App 
a1 

App 
a2 

site 
list 

app 
list 

File	  
transport	  

Clouds	  

Solu7on:	  
SwiI	  

SwiA	  supports	  clusters,	  grids,	  and	  supercomputers.	  
Dowload,	  untar,	  and	  run	  



foreach sim in [1:1000] { 
    (structure[sim], log[sim]) = predict(p, 100., 25.); 
} 
result = analyze(structure) 

…
1000 

predict() 
calls 

Analyze() 

T1af7	   T1r69	  T1b72	  
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Powerful	  parallel	  predic7on	  loops	  in	  SwiL	  

1.  Sweep(	  )	  
2.  {	  
3.  	  	  	  int	  nSim	  =	  1000;	  
4.  	  	  	  int	  maxRounds	  =	  3;	  
5.  	  	  	  Protein	  pSet[	  ]	  <ext;	  exec="Protein.map">;	  
6.  	  	  	  float	  startTemp[	  ]	  =	  [	  100.0,	  200.0	  ];	  
7.  	  	  	  float	  delT[	  ]	  =	  [	  1.0,	  1.5,	  2.0,	  5.0,	  10.0	  ];	  
8.  	  	  	  foreach	  p,	  pn	  in	  pSet	  {	  
9.  	  	  	  	  	  	  foreach	  t	  in	  startTemp	  {	  
10.  	  	  	  	  	  	  	  	  	  foreach	  d	  in	  delT	  {	  
11.  	  	  	  	  	  	  	  	  	  	  	  	  ItFix(p,	  nSim,	  maxRounds,	  t,	  d);	  
12.  	  	  	  	  	  	  	  	  	  }	  
13.  	  	  	  	  	  	  }	  
14.  	  	  	  }	  
15.  }	  
16.  	  	  
17.  Sweep();	   16 

10	  proteins	  x	  1000	  simula7ons	  x	  
3	  rounds	  x	  2	  temps	  x	  5	  deltas	  

=	  300K	  tasks	  	  



•  SwiA	  is	  a	  parallel	  scripDng	  system	  for	  Grids	  and	  clusters	  
–  for	  loosely-‐coupled	  applica7ons	  -‐	  applica7on	  and	  u7lity	  programs	  linked	  

by	  exchanging	  files	  

•  SwiA	  is	  easy	  to	  write:	  simple	  high-‐level	  C-‐like	  func7onal	  language	  
–  Small	  SwiI	  scripts	  can	  do	  large-‐scale	  work	  

•  SwiA	  is	  easy	  to	  run:	  contains	  all	  services	  for	  running	  Grid	  workflow	  -‐	  
in	  one	  Java	  applica7on	  
–  Untar	  and	  run	  –	  acts	  as	  a	  self-‐contained	  Grid	  client	  

•  SwiA	  is	  fast:	  Karajan	  provides	  SwiL	  a	  powerful,	  efficient,	  scalable	  and	  
flexible	  execu7on	  engine.	  
–  Scaling	  close	  to	  1M	  tasks	  –	  .5M	  in	  live	  science	  work,	  and	  growing	  

•  SwiL	  usage	  is	  growing:	  
–  applica.ons	  in	  neuroscience,	  proteomics,	  molecular	  dynamics,	  

biochemistry,	  economics,	  sta.s.cs,	  and	  more.	  
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Science	  portal	  for	  SwiL	  workflow	  
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ExTENCI	  OSG-‐TeraGrid	  NSF	  project	  supports	  
compu7ng	  for	  protein	  structure	  predic7on	  
•  Maximize	  resource	  availability	  and	  produc7vity	  

–  Run	  on	  most	  OSG	  sites	  and	  many	  TG	  sites	  
–  Op7mize	  choices	  for	  MPI	  vs	  sequen7al	  resources	  
–  Include	  local	  resources	  (PADS,	  IBI,	  PSD,	  ALCF+)	  
–  Manageble	  dataset	  tracking	  environment	  

•  Minimize	  distrac7on	  to	  scien7sts	  at	  increasing	  scales	  of	  
execu7on	  
–  Fully	  automated	  site	  selec7on	  
–  Maximal	  site	  (app)	  availability	  through	  dynamic	  build	  

•  Ability	  to	  frequently	  change	  &	  test	  algorithm	  (i.e.	  code)	  
•  Ability	  to	  maintain	  and	  query	  provenance	  

–  Parameters	  used,	  code	  versions	  used	  (7e	  to	  SVN)	  –	  key	  to	  scien7fic	  
experimenta7on,	  review,	  publica7on,	  compe77on	  	  

•  Provide	  online	  predic7on	  services	  to	  science	  community	  
•  Achieving	  >2,000	  core	  peaks	  for	  mul7-‐day	  workflows	  for	  a	  

single	  user	  on	  Open	  Science	  Grid	  
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To	  learn	  more…	  

•  UChicago	  /	  TTI	  protein	  structure	  predic7on	  
•  hCp://sosnick.uchicago.edu/research.html	  
•  hCp://home.uchicago.edu/~freed/	  
•  hCp://�c.uchicago.edu/~jinbo/	  

•  SwiL	  system:	  www.ci.uchicago.edu/swiL	  
–  User	  Guide:	  

•  hCp://www.ci.uchicago.edu/swiL/guides/userguide.php	  

–  Introductory	  SwiL	  Tutorials:	  
•  hCp://www.ci.uchicago.edu/swiL/docs/index.php	  

•  UChicago	  MRSA	  Research	  Center	  
•  mrsa-‐research-‐center.bsd.uchicago.edu/our_projects.html	  
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