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Design Reguirements

» Resources
Compilers, libraries, add-ons, HPC hardware — NO!

» Portability
Run on Windows, Mac, Unix

» Availability
Some simulations run for weeks...

» Sharing and Persistence
Collaboration; immutable and reproducible public medels

» Maintenance and Interoperability

Continuous feature updates; backwards compatibility; links to
other data/services; interchange with other tools



Minimal Usage Requirements

» Registration
Free; open source

» Java
Version 1.5 or later (except Mac — 1.4 required)

» Internet connection

Required for:
» Database access
» Running simulations
» Viewing results

But also standalone versions...
» A large monitor... !



Distributed Architecture

Physiology Editor Application Editor Geometry Editor Document Compute Cluster
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| Electrical Circuit Analyzer | | Parameters | | Parameter Overrides |
4
| Math Description Generator | | Equations | | Solver Specifications | Data Viewer - Compiled
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Physiology
Molecules Reactions
Structures Fluxes
(topology)
I |
Applications

Structure mapping

(topology to geometry)

Initial Conditions

Boundary conditions
Diffusion constants (if spatial)
Electrophysiology protocols
Enable/disable reactions
Fast reactions

Model analysis

Stochastic rate conversion

B APPLICATION: 30 PIP2_ewparimentally derived goometry

Results

Simulations

Timecourse
Timestep

Mesh size

Solver type

Solver settings
Parameter changes
Parameter scans
Parameter sensitivity

Mathematical Description
(view-only, automatically
generated)
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re Mapping | inial Condibons | Reaction Mapy S .
ODEs, sensitivity analysis
—— multiple simulations

T Gray

Distanca Along Sampla
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S R0 spatial apps
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o0 e 1D,2D,3D PDEs
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Math Models

non-spatial “Math Model”

ODEs, sensitivity analysis
multiple simulations

spatial “Math Model”
1D,2D,3D PDEs

reaction/diffusion/advection
multiple simulations




Current Scope and Future Plans

» Intended Users
Biologists
Biophysicists/Mathematicians

» Modeling Demain
Compartmental (OD) or Spatial (1D, 2D, 3D)
Reaction/Dififusion/Membrane Transport
Electric Potentialland Currents
Advection & Directed! Transport
Membrane Diffusion

» Algorithms and Solvers
Deterministic — ODE and PDE
Stochastic and Hylbrid
Parameter Scans
Parameter Estimation

» Under development

Protecols: & VitaiFEXPERMENnLS
RlUgrns; Modules; WeL SERVICES
Constrami Hanadling



1. Extracellular stimuli 6. Growing filarments push membrana forward

N

2 Produce [ ]

active (3TPases K
& FIP2 : . : 7. Capping protein
3. Activate B L 7 | : _
' 4. Activatle Arp2/3 | 9 § terminates elongation
WASp/Scar complex to initiate : —
new filaments
Activated /
GTPases 12. LIM-kinase
&FIF2 @ inhiblts ADF/cofilin

WASHScar B
Arp2/3 complex @

8. ADF/cofilin severs | %
o & depolymerizes
ADP- filaments .

"
3

- 3

2 kinds of end: -'_ o e ®
- L

L
L
i o e oo -
barbed, pointed oG g o o 0" " o B
) 3 & |::|':' . @ . D‘ 'AﬂF'-auti anneal and fragment
- ';._.i . ] -
“ Pollard & Borisy, 2003 10, Profilin catalyzes exchange of ADP for ATP

ATP, ADPPi, ADP

2 @
11. Poal of ATP-actin ~ o, i Fa
. N bound to profilin - ? '
3 kinds of actin: &, | 13%Thymosin-r4
buffers G-actin
Q_ L]







Reaction Network in Virtual Cell

At the Membrane In the Cytosol
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VCell Top-Level Documents

« Database object containers
— BioModel
— MathModel
— Geometry

» Referential objects

— ResultSet
— FieldData



& Database Manager
File Edit Compare With ‘Wiew Search

Biohodelz | Mathhodels | Geometries |

EioModel Database
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BioModel Object Hierarchy

Biomodel Maodel

MName : Siring

Mame : String

’ ’ 1 Compound

MName : String
1 Model
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— a.k.a. “Application” wizard, a.k.a. SimulationContext object —

SimulationSpec Element

SimulationSpee

Name : String
Stochastic? ; String

1

Version

1
i 1 1 0. *
Geometry GeometryContext MathDescription simulation
]\;;lmu.: . !':IL-|-1|-'I‘; 5 Name ; String MName : Strine
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. deshSpecifice 0.
Subvelume (1 .. *) MeshSpecification ( 1)
SurlfaceDescription (0., 1) ReactionContext
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T

Mame : Siring
koeyValue: String
Hrachld : String
Archived | String
IYate : String
FromYersionable

Crwner  Llser

String

LiroupAccess | siring




Reactions Database Retrieval

E& BIDMODEL: Smith et al 2002 Systems Analysis of Ran Transport (Wed Nov 24 14:18:24 GMT-05:00 2004)

File Wiew Server Help

E3jModel

Phyziology: Applications

A Reactions for Cvinsnl _ ;

= oA Create Reaction within structure "Cytosol' [l &' 200= Systems Anelysis of Ran Tran
b et al 2002 'System Analyzis of Ran ]

-Resolve Reaction Participants with Model mal madel parameters

roinjection - 30

microinjection of FRanGDP inta righting

"Aliciazpacial' (Tue Oct 12125215 G

math

2 tyrPstat3 —> tyrPstat3dimer “3'”’3“"3”

Steady State check

mictainjection turned off

Ccompatt with 30050 & WY

‘Reaction Stoichiometry

rAssign Reaction Participants To Model

R¥ Elements  Assign to Model Species Assion to Model Compartment

trrP statadimer |E}{isting Carrier ;l |Cy’tnan| ;l

trrP stata |New Species ;l |Cy’tnan| ;l

Mewy Species

Existing Carrier

Existing Carrier_RanGTR

Existing RanGAP

Existing RanBP1

Existing RanBF1_Carrier_RanGTP
Existing RanGDP

Cancel

anGTP




File ‘Miew Server

E3jModel

Reactions Database Retrieval

E& BIOMODEL: Smith et al 2002 Systems Analysis of Ran Transport (Wed Mov 24 14:18:24 GMT-05:00 2004)

Help

Phyy=iology:

FNTF2_RanGDP

Cytosol
NTF2_RanGDP

affier RanGTP

FCarrie

RanGTP

2gBP1_Cargier RanGTP

FRanBP1_Cagier_Ra

Applications

@ Stnith et al 2002 Systems Analysis of Ran Trat
Stnith et al 2002 'Syatem Analysis of Ran 1
Mormal model parameters
Ivli 3D
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# math
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Controlled Vocabulary

KEGG LIGAND database

— COMPOUND: small molecules

— ENZYME: enzyme classifications

— REACTION: enzymatic reactions

— GLYCAN: glycolipids, glycoproteins

SwissProt database

— proteins
Species binding

Import Enzymatic
Reactions

Search |

Search Fitter I-:ah:ium
Search From
" MyModelz=  { Allbodels % Dictionary

Search For - KEGGwenewy kego.org) - sewewe genome.ad jpidbget-binsaenewye_bfind ?compound

Compound | Enzyme | Protein |

(08078
[CO007E]
(08128
[C081249)
[C08130]
[CO8131]
[C08132]
[C08133)
[C08134]
[C08135)
[C07595)
[C08168)

[ Fndm bn P T )|
ﬁ

Atorvastatin calcium  ( casID[134523-03-8]) 2C33HI4FM205.Ca ) =
Calcium [ casiD[7440-F0-2] Ca)

Calcium acetate ([ casiD[E2-24-4] 2C2HIOZ2.Ca)

Calcium carbonate [ caslD[471-34-1] CO3.Ca)

Calcium chioride [ casiD[10043-52-4] Cacl2 )

Calcium citrate [ casiD[E13-94-5] 2CEHS0OY 3Ca )

Calcium gluceptate [ casliD[20039-00-F] 2CTH1308.Ca )

Calcium Gluconate [ casliD[289-28-5] 2CEH1107.Ca)

Calciutn lactate [ casiD[314-80-2] 2C3HS03.Ca )

Dibasic calcium phosphate dibvydrate | Calcium phosphate, dibasic, dibydrate
Edetate calcium dizodium | EDTA, calcium derivative, dizodium salt [ casID[E27

Fenoprofen calcium | Fenoprofen calcium salt dibydrate [ casID[SSNE-ﬁiI_I
-
4

Cmmmemd e, momlmioee O 00T S0 20T T I

14 items found

2k Cancel |




V/Cell Database (—60 tables)

Phys Model BioModel
Instance
[cached XML]

Controlled
Vocabulary

Reference Data

Experimental Context

Geometry/
Images




Database design features

Sterage el ntermediate moeels:
Manage multiple editions of same model.
Client allows compare/merge
REcorads are immutanie
Entire models cached ini XML (fast loads)
Incrementall saves (fast saves).
Aceess Contral
Users have private storage
supports collaboeration (with list of users)
Scalanle:
multiple stateless servers
Relianle:
Distributed transactions, persistent messaging middleware
Searchanle (as permitiedt )y access contrel).
Search for reactions from: users models or Kegg
Bind molecular species to controlled vocabulary (Kegg, SwissProt.)



VCell Database Contents

Top-level object containers

— BioModels, MathModels, Geometries

— All their elements (fine granularity)

— Link tables and references
References to external objects

— ResultSets, FieldData (file-based storage)
Ancillary data

— User data (registration info, preferences)
— Access control lists

Controlled vocabulary data

— Kegg, Swissprot bindings



The Center for
Cell Analysis and Modeling

National Technology Center for Networks and Pathways

VCell Usage

Feb-09  May-08 diff Increase

Users Who Ran Simulations 2224 1885 339 18%
Currently Stored Models 29117 25204 3913 16%
Currently Stored Simulations 160539 118403 42136 36%
Publicly Available Models 687 626 61 10%

Publicly Available Simulations 2377 1945 432 22%



Standards and Resources

» Languages and Ontologies

CellML
» VCell imports/exports SBML, CellIML... €= VCML

SBO
KISAQO...
SBGN

» Repositories
DeQCS, JWS Online
CellIML model repository
PID, BioCyc



Modell or Pathway Representations?

» Pathways » Models
Qualitative Quantitative
Static Dynamic
No kinetics Kinetics
Often lack spatial Usually encode some
context spatial context
Minimal merging Freguent merging and
Minimal experimental other approximations
context Often encode/depend

on experimental context



vy

VCMIL and Moedel Exchange

Where are the problems?

VVCML Is not the DOM for VCell

\/Cell separates models from eguations (Imposes math restrictions)
The math is always derived!
No support for Rate Rules, Algebraic Rules
Units...

VCell automates compartmental to spatial porting of models (imposes
physical “realizability” restrictions)

Reactions must have location
Molecules can’t cress double boundaries
\/Cell supports spatial information
\V/Cell has hierarchical structure
Multiple “Applications™
Multiple “Simulations”, includes simulator specification
\/Cell includes database and ontelogy information
Externall bindings, native “roles”



EBI collaboration

1. What?

2. Why?

3. How?

Con neCt Vce” to B M D B EMBL-EBI ::' SE;FE . EntrText Here .
Simu Iate BM D B models With ) — ::cn\s. — = Training Industry About Us

Submit Sign In Support

VCell and search/import from
BMDB

& Simulation Resull | GIF Reaction Graph | VG Reaction Graph | Dynamic Reaction Graph | Online Simulation

Provide a source of public, peer-

reviewed, curated quantitative © Sumioss Canments
models to VCell users I BIOMODEL: Oregonator (Sun Mar 29 12:57:09 EDT 2009)

File View Server Window BioMetGen Tool Resources Help

Provide support for modules ¢
model aggregation

Model
Physiology:

e ——
— Y~
VCell Collaboration -- BioModels.net Resource X Oreganatg

le [@%]

. . . - w8 ode
Publish VCML specification s e e | B D
Create Standalone batch SB store, search and retrieve published mathematical mod...

of biological interest. [ phosphoryla

<—> VCML converter

Create automated links on B
web interface

Customize granular
query/retrieval API

| nhttp://www.ebi.ac.uk/biomodels/ |

| Open Curated Model in VCell... | _




CMU collaboration

1 . Wh at? Pleass cick ’m. the leaves of the consensus tree to see the reprecentative images of that gene
— Connect VCell to PSLID and SLIF

— Use generative models for
“virtual” geometries and “virtual”
molecular distributions

2. Why?

— Provide a large source of public
image-based geometries and
quantitative data to VCell users

— Provide realistic “artificial” data to
complement/supplant real data

4= ]
L —
?%_
Ev)
%

Nuber of inages shown for each gene (Masiman 83§
3. How? o
— Search/import interface for CMU Teiages
databases
— XML repository of generative oy

models ;::em
— Server-side Matlab libraries
— Use field data for conversion

Seale bar kength: 10 nsicron




PSLID Modules for VCell

1. Asynchronous Communication Layer

— XML parser for PSLID script queries and
downloads

2. Generalized Data Structure

— Combined geometry regions and protein
distributions

3. Custom User Interface
— Experimental images and generated images



Field Data Structure
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