
Simmune	  and	  COMBINE	  Standards	  

Fengkai	  Zhang,	  Bas:an	  Angermann,	  Hsueh-‐Chien	  Cheng	  and	  Mar:n	  Meier-‐Schellersheim	  
	  

Computa(onal	  Biology	  Unit	  
Laboratory	  of	  Systems	  Biology	  

Na(onal	  Ins(tute	  of	  Allergy	  and	  Infec(ous	  Disease	  
Na(onal	  Ins(tutes	  of	  Health,	  USA	  

	  

COMBINE	  2014	  



Model	  (SQLite)	  

Geometry	  (XML)	  

Simula'on	  Descrip'on	  

	  

	  

	  
	  

Simmune	  	  

Cell	  Designer	  
•  Geometry	  in	  3D	  

•  Mul:ple	  cells	  and	  
organelles	  

•  Regions	  for	  complex	  
concentra:on	  configura:on	  

Simulation Engine 

Simulator	  
•  Ini:al	  concentra:ons	  

•  Configura:on	  for	  poNs	  
model	  based	  dynamic	  cell	  
morphologies	  

•  Interac:ve	  modifica:ons	  of	  
running	  simula:ons	  

•  3D	  display	  and	  analysis	  

Analyzer	  
•  Well-‐s:rred	  compartment	  

•  Mul:ple	  simula:ons	  

•  Parameter	  scans	  and	  fits	  

Network	  Viewer	  
Visualize	  networks	  for	  rule-‐

based	  models	  Modeler	  
•  Rule	  based	  models	  

•  Iconic	  representa:ons	  of	  
molecules	  and	  their	  
interac:ons	  

•  Graphical	  visualiza:on	  and	  
edi:ng	  

•  SBML	  export	  

Configuration and 
Results for Multiple 

Simulations 

(MongoDB) 

COMBINE	  2014	  



Simmune	  Model	  Graphical	  Language	  
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Simmune	  Modeler	  
•  En::es	  

–  Molecule	  	  
•  Component,	  feature	  and	  binding	  Site	  

–  Complex	  Species	  
•  One	  or	  more	  molecules	  

–  Complex	  
•  Specific	  state	  of	  complex	  species	  	  

–  Membrane	  associa:on,	  Diffusion	  Coefficient	  

•  Reac:on	  rules	  (Rela:ons	  among	  complexes)	  
–  Associa:on	  
–  Dissocia:on	  
–  Transforma:on	  
–  Produc:on	  
–  Degrada:on	  

•  Data	  export	  
–  Simmune	  model	  file	  (SQLite)	  
–  SBML	  L2V1,	  L2V4	  and	  L3V1	  
–  SBML	  Mul:	  1.01	  (libSBML	  5.9.0	  experimental	  release)	  
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Simmune	  Network	  Viewer:	  Level-‐based	  layout	  

COMBINE	  2014	  



Simmune	  Network	  Viewer:	  Circular	  layout	  
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Simmune	  Network	  Viewer	  

•  Network	  layout	  op:ons	  
–  Non-‐hierarchical	  layout	  
–  Level-‐based	  layout	  
–  Circular	  layout	  

•  Flexible	  and	  efficient	  model	  informa:on	  display	  
–  Tree	  view	  and	  reac:on	  list	  
–  Filtering	  
–  User	  interac:on	  

•  Automated	  layout	  
•  Customized	  layout	  
•  Zoom	  in	  and	  zoom	  out	  
•  Highligh:ng	  selected	  complex	  species	  and	  reac:ons	  
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Simmune	  CellDesigner:	  Cell	  and	  Organelle	  Morphology	  	  	  
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Simmune	  CellDesigner	  

•  3D	  morphology	  
–  Grid	  of	  volume	  elements	  

–  Flexible	  shape	  and	  size	  

–  Ruler	  for	  length	  scale	  calibra:on	  	  

•  Cell	  
–  With	  membrane	  

–  One	  or	  mul:ple	  cells	  

•  Organelles	  (op:onal)	  
–  With	  membrane	  

•  Region	  
–  For	  ini:al	  concentra:ons	  

–  Mul:ple	  regions	  for	  heterogeneous	  concentra:on	  ini:aliza:on	  	  
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Simmune	  Simulator2:	  simula:on	  configura:on	  	  
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Simmune	  Simulator2:	  3D	  visualiza:on	  and	  :me	  course	  plot	  	  
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Simmune	  Simulator2:	  cubng	  slice	  and	  spline	  plot	  	  
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Simmune	  Simulator2:	  membrane	  fragment	  	  
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Simmune	  Simulator2	  
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•  Simula:on	  descrip:on	  
–  Model	  from	  Simmune	  Modeler	  
–  Spa:al	  geometry	  from	  Simmune	  CellDesigner	  
–  Ini:al	  concentra:on	  
–  Protocol	  

•  Simula:on	  
–  Interac:ve	  protocol	  configura:on:	  Gradient	  concentra:on,	  etc	  

•  During	  and	  post	  simula:on	  analysis	  
–  3D	  visualiza:on	  

•  Cell	  morphology	  and/or	  complex	  concentra:on	  with	  color	  heat	  map	  
•  Display	  of	  selected	  cell(s)	  among	  mul:ple	  cells	  

–  Time	  course	  
•  Whole	  or	  sub-‐region	  

–  Image	  slice,	  spline	  and	  spline	  profile	  	  
–  Membrane	  fragment	  and	  profile	  



Simmune	  Analyzer	  
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•  Configura:on	  and	  management	  of	  mul:ple	  simula:ons	  

–  Local	  or	  distributed	  systems	  

•  Ini:al	  concentra:on	  distribu:ons	  

•  Protocols	  Configura:on	  

•  Parameter	  distribu:ons	  

•  Various	  plobng	  methods	  for	  simula:on	  analysis	  

•  Parameter	  fibng	  

•  Global	  sensi:vity	  analysis	  
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SBML-‐Mul:	  Export	  
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