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•  Compute	
  distance	
  matrix	
  
using	
  backbone	
  atoms	
  	
  

•  Apply	
  	
  
	
  	
  	
  mulF-­‐dimensional	
  scaling	
  	
  

•  Use	
  3	
  leading	
  
eigenvalues	
  
for	
  (x,	
  y,	
  z)	
  	
  

atoms	
  

at
om

s	
  

From	
  RNA	
  sequence	
  to	
  metadata	
  
•  IdenFfy	
  inversions	
  in	
  the	
  sequence	
  

Dataset	
   ScienDfic	
  problem	
   Metadata	
   Analysis	
  
	
  	
  	
  	
  	
  	
  	
  	
  2D:	
  ACGUGCCACGAU…	
  
	
  

ClassificaFon	
  of	
  
RNA	
  secondary	
  
structures	
  
	
  

Strings	
  represenFng	
  
chunk-­‐based	
  secondary	
  
structures	
  
…(((….)))…	
  

ClassificaFon:	
  
staFsFcal-­‐based	
  	
  

	
  	
  	
  	
  	
  	
  3D:	
  x1,	
  y1,	
  z1,	
  x2,	
  y2,	
  z2,	
  …	
  
	
  

Clustering	
  of	
  ligand	
  
geometries	
  
	
  
	
  

3D	
  point	
  	
  
represenFng	
  	
  
geometric	
  shape	
  	
  
features	
  

Clustering:	
  	
  
octree-­‐based	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  4D:	
  xt1,yt1,	
  zt1,	
  xt2,	
  yt2,	
  …	
   Clustering	
  of	
  
protein-­‐folding	
  
trajectories	
  
	
  
	
  

	
  
A	
  set	
  of	
  3D	
  	
  
points	
  	
  
represenFng	
  geometric	
  
shape	
  features	
  in	
  Fme	
  

Clustering:	
  
hierarchical	
  
probabilisFc-­‐based	
  

t1	
  	
  	
  	
  	
  	
  	
  t2	
  	
  	
  	
  	
  	
  	
  	
  t3	
  
Fme	
  

ScienDfic	
  Problem	
  
Enable	
  scalable	
  secondary	
  structure	
  
predicFons	
  of	
  long	
  RNA	
  sequences	
  	
  

acGUGCCACGauucaaCGUGGCACag	
  

uCGACUGuAAAaaaGCGGgGCGACUUUCAG
UCGcucuuuuuGUCGCgCGC	
  

Hairpin	
  structure	
  

Pseudoknot	
  structure	
  

Method	
  Thesis	
  Statement	
  
•  A	
  distributed	
  classificaFon	
  and	
  clustering	
  of	
  structural	
  biology	
  datasets	
  is	
  feasible	
  and	
  scalable	
  
•  Our	
  approach	
  uses	
  the	
  MapReduce	
  programming	
  model	
  to	
  transform	
  relevant	
  data	
  properFes	
  
into	
  metadata	
  concurrently	
  and	
  to	
  extract	
  science	
  from	
  metadata	
  
• We	
  assess	
  out	
  approach	
  on	
  three	
  structural	
  biology	
  datasets	
  and	
  relevant	
  scienFfic	
  problems	
  

•  Build	
  inversion	
  excursions	
  	
  
•  Select	
  chunks	
  iteraFvely	
  

•  Predict	
  secondary	
  structure	
  for	
  each	
  
chunk	
  using	
  well-­‐known	
  programs	
  

•  Reconstruct	
  the	
  enFre	
  secondary	
  structure	
  by	
  
concatenate	
  	
  chunked	
  structures	
  

..((((.(((….))).))))…	
  

…..(((((((………)))))))………..((((..(((..)))…..	
  ((…)).))).	
  

…..(((((((………)))))))..	
   …..((((..(((..	
  )))….((….).)))…	
  +

•  Access	
  likelihood	
  vs.	
  known	
  structure	
  and	
  
non-­‐chunked	
  (whole)	
  approach	
  

..((((.(((.(..).))).))))..	
  

..((((.(((....)))((..))...	
  

..((((.(((.(..).)))(::))).	
  

Agreementwhole	
  

Agreementchunking	
  

Chunk-­‐based	
  

Known	
  

Whole-­‐based	
  
AR	
  >	
  1:	
  predicFons	
  
with	
  our	
  method	
  
are	
  more	
  accurate	
  

AR	
  =	
  	
  
Agreementchunking	
  
Agreementwhole	
  

From	
  metadata	
  to	
  scienFfic	
  knowledge	
  

Results	
  
ExecuFon	
  Fme	
  of	
  our	
  chunk-­‐based	
  method	
  vs.	
  
tradiFonal	
  method	
  on	
  8	
  Hadoop	
  nodes	
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AR

ScienDfic	
  Problem	
  

Enable	
  comparison	
  of	
  ligand	
  
conformaFons	
  and	
  idenFfy	
  
predominate	
  conformaFons	
  
across	
  distributed	
  disks	
  

Node	
  2	
  

Node	
  1	
  

Method	
  
From	
  metadata	
  to	
  scienFfic	
  knowledge	
  

Results	
  
Five	
  datasets	
  with	
  different	
  metadata	
  clusters	
  

HIV protease Trypsin P38alpha
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•  ExecuFon	
  Fme	
  of	
  
MapReduce-­‐MPI	
  
and	
  different	
  
metadata	
  on	
  1024	
  
cores	
  of	
  Gordon	
  
(SDSC)	
  
•  Our	
  method	
  is	
  not	
  
sensiFve	
  to	
  
metadata	
  	
  
clustering	
  

ScienDfic	
  Problem	
  
Enable	
  clustering	
  paaerns	
  in	
  
folding	
  trajectories	
  based	
  on	
  
geometrical	
  variaFons	
  

Method	
  
From	
  protein	
  conformaFons	
  to	
  metadata	
   From	
  metadata	
  to	
  scienFfic	
  knowledge	
  

Results	
  
Compare	
  our	
  approach	
  with	
  tradiFonal	
  
clustering	
  method	
  [Philip	
  et	
  al.	
  2013]	
  
•  Folding	
  trajectories	
  of	
  villin	
  headpiece	
  
subdomain	
  (HP-­‐35	
  NleNle)	
  
•  Parallel	
  MATLAB	
  on	
  256	
  Gordon	
  
compute	
  cores	
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Conclusion	
  

Ligand	
  conformaFon	
   3D	
  property	
  point	
  A	
  ligand	
  docked	
  into	
  a	
  
protein	
  pocket	
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•  Project	
  conformaFon	
  to	
  2D	
  planes	
  

Similar	
  conformaFons	
  	
  mapped	
  to	
  closer	
  3D	
  points	
  in	
  space	
  

From	
  ligand	
  conformaFon	
  to	
  metadata	
  

•  Compute	
  best-­‐fit	
  
linear	
  regression	
  line	
  

of	
  the	
  2D	
  points	
  

•  Use	
  slops	
  of	
  three	
  
lines	
  for	
  (x,	
  y,	
  z)	
  

RNA	
  Secondary	
  Structures	
  

Ligand	
  Geometries	
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•  Build	
  octree	
  by	
  
assigning	
  an	
  octkey	
  to	
  
each	
  point	
  based	
  on	
  
its	
  posiFon	
  in	
  space	
  

•  Perform	
  search	
  through	
  
octree	
  hierarchy	
  	
  

•  Find	
  the	
  deepest,	
  
densest	
  octant	
  	
  

Near-­‐naFve	
  ligand	
  
structures	
  

Deepest,	
  densest	
  
octant	
  found	
  by	
  
our	
  algorithm	
  

Three	
  datasets	
  from	
  Docking@Home	
  simulaFons	
  	
  
•  23,	
  21,	
  and	
  12	
  ligands	
  dock	
  into	
  HIV,	
  trypsin,	
  and	
  p38alpha	
  	
  
•  Search	
  across	
  56	
  datasets	
  of	
  100,000	
  conformaFons	
  each	
  	
  
•  Compare	
  selecFon	
  based	
  on	
  lower	
  energy	
  vs.	
  our	
  method	
  
Our	
  method	
  shows	
  significantly	
  beaer	
  accuracy	
  in	
  idenFfying	
  
naFve-­‐like	
  ligand	
  conformaFons	
  

1D	
  

UN	
  

2D	
  

2S	
  1S	
  

Protein-­‐folding	
  Trajectories	
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ConformaFon	
  

•  Cluster	
  set	
  of	
  points	
  using	
  
hierarchical	
  fuzzy	
  c-­‐means	
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TransiFon	
  

•  Compare	
  with	
  observed	
  
crystal	
  structure	
  	
  

Study	
  accuracy	
  of	
  3D	
  point	
  
mapping:	
  
•  451	
  villin	
  folding	
  trajectories	
  
•  Assess	
  linear	
  correlaFon	
  (co)	
  
between	
  protein	
  conformaFons	
  
and	
  3D	
  points	
  using	
  Pearson	
  test	
  
–	
  strong	
  correlaFon	
  	
  for	
  co>0.5	
  

We	
  proposed	
  a	
  general	
  method	
  for	
  classificaFon	
  and	
  
clustering	
  analysis	
  for	
  large	
  computaFonal	
  structural	
  biology	
  
datasets	
  on	
  large	
  distributed	
  memory	
  systems	
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HotKnots	
  

RNA	
  Secondary	
  Structures:	
  
•  Extend	
  chunking	
  to	
  explore	
  inversions	
  that	
  are	
  far	
  away	
  

from	
  each	
  other	
  and	
  have	
  unlimited	
  length	
  (mega	
  chunk)	
  
Protein-­‐folding	
  Trajectories:	
  
•  Evaluate	
  performance	
  scalability	
  for	
  larger	
  plaoorms	
  (>1K	
  

cores)	
  and	
  trajectory	
  datasets	
  (>1TB	
  data)	
  
•  Study	
  protein	
  structures	
  that	
  include	
  both	
  alpha	
  helix	
  and	
  

beta	
  sheet	
  

Work	
  in	
  Progress	
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HIV protease Trypsin P38alpha
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Our	
  method	
  

Energy	
  


