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In-­‐situ	
  Analysis	
  

•  The	
  perfect	
  in-­‐situ	
  analysis	
  algorithm:	
  	
  
•  Avoids	
  the	
  need	
  for	
  moving	
  data	
  
•  Uses	
  a	
  limited	
  amount	
  of	
  memory	
  
•  Executes	
  sufficiently	
  fast	
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Can	
  we	
  perform	
  in-­‐situ	
  analysis	
  	
  
on	
  trajectories	
  generated	
  in	
  	
  

protein	
  folding,	
  predic9on,	
  or	
  refinement	
  simula9ons?	
  

Dataset	
  NleNle	
  -­‐	
  PDB	
  ID	
  2F4K	
  	
  
	
  from	
  Vijay	
  Pande	
  group	
  



Protein	
  Folding	
  Process	
  

•  Start	
  from	
  unfolded	
  
conforma9ons	
  of	
  a	
  
protein	
  with	
  correct	
  
chemical	
  bonds	
  but	
  
random	
  torsion	
  
angles	
  

•  Search	
  for	
  a	
  
conforma9on	
  close	
  
to	
  the	
  observed	
  
na9ve	
  (folded)	
  
conforma9on	
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Scien9fic	
  Problem	
  

•  Cluster	
  folding	
  trajectories	
  into	
  recurrent	
  paVerns	
  based	
  on	
  
geometrical	
  varia9ons	
  in	
  9me	
  of	
  the	
  folding	
  protein	
  frames	
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Scien9fic	
  Problem	
  

•  Cluster	
  folding	
  trajectories	
  into	
  recurrent	
  paVerns	
  based	
  on	
  
geometrical	
  varia9ons	
  in	
  9me	
  of	
  the	
  folding	
  protein	
  
conforma9ons	
  

•  Intra-­‐trajectory	
  analysis	
  -­‐>	
  iden9fy	
  meta-­‐stable	
  and	
  transi9on	
  
stages	
  within	
  trajectory	
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Limits	
  of	
  Current	
  Prac9ce	
  

•  Centralized	
  clustering	
  analysis	
  [Phillips	
  et	
  al.	
  2013]	
  
§  Wait	
  for	
  a	
  job	
  to	
  end	
  before	
  to	
  move	
  its	
  data	
  (trajectory	
  
segment)	
  to	
  a	
  centralize	
  server	
  

§  Does	
  not	
  scale	
  when	
  the	
  dataset	
  is	
  large	
  
§  May	
  end	
  up	
  was9ng	
  compu9ng	
  resources	
  e.g.,	
  by	
  trying	
  to	
  
further	
  fold	
  proteins	
  that	
  are	
  already	
  in	
  a	
  stable	
  condi9on	
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From	
  Protein	
  Conforma9ons	
  to	
  Metadata	
  

•  From	
  a	
  single	
  protein	
  conforma9on	
  to	
  a	
  3D	
  point	
  capturing	
  
the	
  atom	
  distances	
  within	
  the	
  frame	
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  Knowledge	
  

8


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

 

Given	
  a	
  set	
  of	
  confirma9ons	
  and	
  
their	
  3D	
  points	
  in	
  a	
  segment	
  of	
  the	
  
trajectory:	
  
	
  

3	
  largest	
  eigenvalues	
  
as	
  (x,y,z)	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



9


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

 

Given	
  a	
  set	
  of	
  confirma9ons	
  and	
  
their	
  3D	
  points	
  in	
  a	
  segment	
  of	
  the	
  
trajectory	
  
•  Par99on	
  the	
  3D	
  points	
  into	
  2	
  

clusters	
  using	
  fuzzy	
  c-­‐means	
  
(with	
  c	
  =	
  2)	
  

	
  

From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

10


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

 

Given	
  a	
  set	
  of	
  confirma9ons	
  and	
  
their	
  3D	
  points	
  in	
  a	
  segment	
  of	
  the	
  
trajectory:	
  
•  Par99on	
  the	
  3D	
  points	
  into	
  2	
  

clusters	
  using	
  fuzzy	
  c-­‐means	
  
(with	
  c	
  =	
  2)	
  

•  Test	
  the	
  equality	
  of	
  the	
  2	
  
clusters	
  using	
  Welch’s	
  t-­‐test	
  
with	
  p-­‐value	
  <	
  	
  0.01	
  

	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

11


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

 

Given	
  a	
  set	
  of	
  confirma9ons	
  and	
  
their	
  3D	
  points	
  in	
  a	
  segment	
  of	
  the	
  
trajectory:	
  
•  Par99on	
  the	
  3D	
  points	
  into	
  2	
  

clusters	
  using	
  fuzzy	
  c-­‐means	
  
(with	
  c	
  =	
  2)	
  

•  Test	
  the	
  equality	
  of	
  the	
  2	
  
clusters	
  using	
  Welch’s	
  t-­‐test	
  
with	
  p-­‐value	
  <	
  	
  0.01	
  

•  Itera9ve	
  par99on	
  on	
  the	
  	
  
	
  	
  	
  	
  	
  cluster	
  with	
  more	
  points	
  	
  
	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

12


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

 

Stage 1
Stage 2
Stage 3
Representative

Given	
  a	
  set	
  of	
  confirma9ons	
  and	
  
their	
  3D	
  points	
  in	
  a	
  segment	
  of	
  the	
  
trajectory:	
  
•  Par99on	
  the	
  3D	
  points	
  into	
  2	
  

clusters	
  using	
  fuzzy	
  c-­‐means	
  
(with	
  c	
  =	
  2)	
  

•  Test	
  the	
  equality	
  of	
  the	
  2	
  
clusters	
  using	
  Welch’s	
  t-­‐test	
  
with	
  p-­‐value	
  <	
  	
  0.01	
  

•  Itera9ve	
  par99on	
  on	
  the	
  	
  
	
  	
  	
  	
  	
  cluster	
  with	
  more	
  points	
  	
  
•  Finish	
  when	
  the	
  2	
  clusters	
  are	
  

equal	
  
	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

•  Intra-­‐trajectory	
  analysis	
  of	
  an	
  ensemble	
  of	
  400-­‐conforma9ons	
  
containing	
  one	
  meta-­‐stable	
  stage	
  followed	
  by	
  a	
  transi9on	
  
stage	
  and	
  another	
  meta-­‐stable	
  stage	
  

13


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

Our	
  clustering	
  iden9fies	
  two	
  stable	
  stages	
  
and	
  one	
  transi9on	
  stage	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

•  Intra-­‐trajectory	
  analysis	
  of	
  an	
  ensemble	
  of	
  400	
  conforma9ons	
  
containing	
  one	
  meta-­‐stable	
  stage	
  followed	
  by	
  a	
  transi9on	
  
stage	
  and	
  another	
  meta-­‐stable	
  stage	
  

14


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

50 100 150 200 250 300 350 400
0

2

4

6

8

10

12

Protein conformations

RM
SD

 

 
Stage 1
Stage 2
Stage 3
Representative

Our	
  clustering	
  iden9fies	
  two	
  stable	
  stages	
  
and	
  one	
  transi9on	
  stage	
  

RMSDs	
  of	
  protein	
  conforma9ons	
  
iden9fy	
  the	
  same	
  three	
  stages	
  	
  	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

•  Intra-­‐trajectory	
  analysis	
  of	
  an	
  ensemble	
  of	
  400-­‐conforma9ons	
  
containing	
  one	
  meta-­‐stable	
  stage	
  only	
  

15


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

Our	
  clustering	
  iden9fies	
  one	
  single	
  stage	
  	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



From	
  Metadata	
  to	
  Scien9fic	
  Knowledge	
  

•  Intra-­‐trajectory	
  analysis	
  of	
  an	
  ensemble	
  of	
  400-­‐conforma9ons	
  
containing	
  one	
  meta-­‐stable	
  stage	
  only	
  

16


0
2000

4000
6000

200
400

600
800

1000
1200

100

200

300

400

500

600

100 200 300 400
0

2

4

6

8

10

12

Protein conformations

RM
SD

 

 
Stage 1
Representative

Our	
  clustering	
  iden9fies	
  one	
  single	
  stage	
  	
   RMSDs	
  of	
  protein	
  conforma9ons	
  
iden9fy	
  one	
  single	
  stage	
  	
  	
  

Structural	
  Biology	
  Data	
  
Clustering	
  of	
  protein-­‐folding	
  trajectories	
  	
  
Problem	
  	
  	
  Limits	
  	
  	
  Research	
  	
  Evalua9on	
  



Our	
  method	
  performs	
  orders	
  of	
  magnitude	
  beVer	
  in	
  terms	
  of	
  
9me,	
  memory	
  	
  usage	
  and	
  data	
  movement	
  

Performance	
  

•  Compare	
  our	
  approach	
  with	
  tradi9onal	
  clustering	
  method	
  
proposed	
  by	
  Phillips	
  et	
  al.	
  
§  Folding	
  trajectories	
  of	
  villin	
  headpiece	
  subdomain	
  (HP-­‐35	
  NleNle)	
  
§  Parallel	
  MATLAB	
  on	
  256	
  Gordon	
  compute	
  cores	
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Lessons	
  Learned	
  and	
  Future	
  Direc9ons	
  
•  The	
  distributed	
  analysis	
  of	
  structural	
  biology	
  data	
  is	
  feasible	
  

and	
  scalable	
  
•  Our	
  approach	
  transforms	
  data	
  proper9es	
  into	
  metadata	
  

concurrently	
  and	
  extracts	
  scien9fic	
  insights	
  from	
  metadata	
  
with	
  small	
  data	
  movement	
  

•  Our	
  approach	
  makes	
  the	
  in-­‐situ	
  analysis	
  feasible	
  by:	
  
§  By	
  avoiding	
  the	
  need	
  for	
  moving	
  data,	
  using	
  a	
  limited	
  amount	
  of	
  

memory,	
  and	
  execu9ng	
  sufficiently	
  fast	
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Can	
  we	
  extend	
  our	
  approach	
  to	
  larger	
  scales,	
  i.e.,	
  larger	
  
datasets	
  and	
  more	
  diverse	
  datasets?	
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