VCell Tutorial
BioModel with Multiple Applications

Create a single biomodel of RAN nuclear transport then use different
modeling strategies to solve simulations.

Part 1: Spatial Deterministic Application using a
3D geometry derived from an image stack



The Multi-App Tutorial

e Part 1: Spatial Deterministic Application using
a 3D geometry derived from an image stack

Create the Physiology for a simple Biomodel of RAN nuclear
transport, create a 3D geometry directly from a z-stack of
microscopy images, and run a deterministic spatial

simulation.

e Part 2: Additional Applications

Compartmental stochastic application with data export;
compartmental deterministic (ODE) application with
parameter estimation parameters using external data;

stochastic spatial application.



In Part 1 of this tutorial...

Create a Biomodel Physiology with species, reactions and fluxes
Create a spatial deterministic application of the Physiology

Import a fluorescence images into Vcell and segment a 3D image
stack within VCell to create a geometry

Create a simulation and specify solver, time, and computational
mesh.

Run the simulation, view results and create graphs
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First time opening VCell

r% Virtual Cell login - |

User Mame ||
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i | Login | | Cancel |

Forgot Login Password... ;
You need to register as a

New User Registration... \ new user if you want to run

Use this link for details on how to simulations on VCell

acknowledge Virtual Cell in your compute resources, or use

|publication and how to share your msdveclseltlhiit:ab:iee t:hztr:je
published research through the .

VCell database. with collaborators.
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£ BIOMO

To create a new VCell model, click “File” > “New” > “BioModel”

File View Server Tools Help

% BioModel3
& Physiology

.4 Reaction Diagram
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Object Properties | Problems {0 Errors, 0 Warnings) |

Select only one object (2.q. species, reaction, simulation) to view fedit properties.
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To create new compartment, click on compartment tool. Two dashed vertical lines will
appear that will let you to specify membranes surrounding this compartment.
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_| Shared BioModels (0} Delete | | Pathway Links + |
[#-_] Public BioModels (512)

_| Tutorials {5)
_| Education (33)
_| Tutorial VCell 6.0 (Rule-based) (7)

i
Object Properties | Problems (0 Errors, 0 Warnings) |

Select only one object (e.q. spedes, reaction, simulation) to view fedit pro To create a nhew membra ne, Click on
one of the black lines so that they turn
green. Select “add membrane”.
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%% BIOMODEL: BioModel3 (NoVersian) (NoDate) -- VCell 6.0 (build 3) -

=R

File View Server Tools Help

[ BioModel

= Physiology

> k& Reaction Diagram

- Reactions (0)

----- 2 Structures (2)

----- @ Molecules (0)

----- @ Observables (0)

----- Applications (0)

----- Parameters, Functions and Units
[+ Pathway

.

4:” Reaction Diagram | (7 Reactions | (2 Structures | (2 Species | (2 Molecules | () Observables
M@(‘Jl/l/,lgl@\ A ww e oste BNt REL o ¢

L ] - ailie

u AR ot vt ERAL eee AX e

VCell DB | BioModels. net I Pathway Comm | Satml

BioModels | MathModels | Geometries |

Search
" | Biological Models

[ My BioModels (astfh234) (1)
_| Shared BioModels (0)

-] Public BioModels (5132)

_| Tutorials (&)

(-] Education (33)

_| Tutorial YCell 6.0 (Rule-based) (7)

Delete || Pathway Links + | Search
% y 4

Object Properties | Problems {0 Errars, 0 Warnings) |

Select only one object {e.q. species, reaction, simulation) to view fedit properties.

To create a volumetric compartment within
a membrane, click on the dotted black lines
and select “add compartment”.
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i Continue creating compartments and membranes e x|
until you have reached your desired model. ﬁ

P

@ BICMODEL: BioModel3 (NoVersion) (NoDate] -- VCell 8.0 (build 3)

File View Server Tools Help

[ Biotodels
£ Physiology
) Reactions (0)
i Structures (5)
) Species (0)
2 Molecules (0)
----- " Observables {0)
----- Applications (0)
----- Parameters, Functions and Units
- Pathway
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r
> | To rearrange compartments and membranes, return to
VCell OB | BioModels.net | Pathway C . i
| Botodsnet | Patway Comm |3 <00 ction mode and drag them by their label.

BioModels | MamModelsl Geometriesl
Search -

_| Biological Models 4 [Tl r
-] My BioModels (astfh234) (1)

_| Shared BioModels (1) Pathway Links Search

[-__| Public BioModels (512) e

—I Tutorials (5) Ohbject Properties | Frobleme {0 Errors, 0 Warnings) |
_| Education (33) e e

-] Tutorial vCell 6.0 (Rule-bazed) (7) Structure Name m1
Size Variable Name | \m1 [um3]
Electrophysiology
Voltage Variable Mame |Voltage_m1 [mV]
Positive (inside feature) -
Megative (outside feature) ' -

membrane voltage: "oltage_m1" = voltage(inside (+) compartment) - voltage{outside (-) compartment)
inward currents: from compartment "outside (-) compartment” into compartment “inside {+) compartment”
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Mup=— — “ : Contents
To name compartments and membranes, return to selection mode.

—
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File View Server Tools Help

[ Biotodels
- Physiology
7 Reactions (0)
) Structures (5)
2 Species (0)
f:} Molecules (0)
----- ﬂ} 0Observables (0)
----- Applications (0)
----- Parameters, Functions and Units
[ Pathway To change the structure name yoOu Can

double click on the label to change
the name, or you can change the
name under “Object Properties”.

E =action Diagram | ) Reactions | 7 Structures | ) Spedies | 7 Molecules | (7 Observables
’ EA ww *+ o%e pHN % REL =
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[EC ] PM Cyt NM

VCell DB | BioModels.net | Pathway Comm | Sabio

BioModels | MamModelsl Gemetriesl
Search
_| Binlogical Models

_| My BioModels (astth234) (1)
-] Shared BioModels (0) Delete
_| Public BioModels {512) e
&L Tutorials (3) Object Properties | Problems (0 Errors, 0 Warnings) |
_| Education (33)

-] Tutarial VCell 6.0 (Rule-based) (7) Select only one structure to edit properties
Structure Name |EC

Pathway Links w

Size Variable Mame |EC [um?]

To annotate compartments,
&= type notes under “Object
Properties”.

Annotation
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@ BICMODEL: BioModel3 (NoVersion) (NoDate] -- VCell 8.0 (build 3) -

File View Server Tools Help

E BioModel3 d ##* Reaction Diagram Reactions | () Structures | () Species | 2 Molecules
R oo oo S QA oM aE
7 Reactions (1)
) Structures (5)
) species (0)
2 Molecules (0)
----- " Observables {0)
----- Applications (0}
----- Parameters, Functions and Units
- Pathway

77 Observables

To create a flux reaction, click on

the FluxReaction tool, then click
the area you want to place a flux. \

ViCell DB | BioModeIs.netl Pathway Comm I Sabio|

BioModels | MamModelsl Gecmetriesl
Search

| Biological Models

_| My BioModels (astfh234) (1)
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-] Tutorials (5)

_| Education (33)

-] Tutorial Vel 6.0 (Rule-based) (7)

AV
Object Properties | Problems {0 Errors, 0 Warnings) |

Select only one object {e.q. species, reaction, simulation) to viewfedit properties.
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@ BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3) | = | = 58

File View Server Tools Help
ﬁ BioModell #* Reaction Diagram | &) peactions | ) St’ucthesl ) Spedies | 2 Moleaules | () Observables

Ileacl:inn Diagram = @)\ E)\ : : : : :.: ':::' EEE by E'. RHEXL ':.:'
- () Reactions (1)}
- Structures (5)
) species (2)
-3 Molecules (0)
“.-{) Observables (0)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway

W
VCell DB BioModels.netl Pathway Comm | Sabio
Biolodels | MathModels | Geometries| To connect a reactant species to a
Search . . q
| Biological Modsls flux reaction, click on the reaction " :
E-(1 My BioModels {astfh234) (1) . : Search
[ 2 Shered Hobodets ) tool, click on a reaction node, and \
-] Public BioModels (512) drag a line to the flux symbol
_| Tutorials (5)
—| Education (33) Select only one object (e.qg. spedes, reaction, simulation) to view fedit properties.
| Tutorial VCell 6.0 (Rule-based) {7) .
To create a product of flux reaction, use

the reaction tool to drag a line from the
flux to a point inside a compartment
where a product species will be
located.
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To create a reaction, click the
reaction tool. If you click then on a
species, it will become marked
"% <<REACTANT>>. Drag a line from it to
a point inside the compartment

.1 where you will create a reaction

ﬂ node.

SREACTANT=>

N MNuc
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|

'(0 Errars, 0 Warnings)
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_| Education {33)
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COMNECTED (astth234)

Spedes Mame |s0

Linked Pathway Object(s) ‘ ‘

Annotation

9

1@ species: s0

Adjust the position of the
reaction using the selection tool
(mouse symbol).

T |
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g BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3) | = | = 58
File View Server Tools Help
E BioModell 3 Reaction Diagram | ) Reactions | ) St’ucthesl ) Spedies | 2 Moleaules | () Observables

F

£+ Physiology
-2 Reactions (2)
-7 Structures (5)
- Spedies (2)
: 'D- Molecules (0)
‘.. ) Observables (0}
----- Applications (0)
----- Parameters, Functions and Units
[+- Pathway

Drop your mouse, and a reaction
symbol will be created for you.

W
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[ [+ Search
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e
Object Properties | Problems (0 Errors, 0 Warnings) |
Reaction Mame |r0 |
Kinetic Type [Mass Action [uM/s] {recommended for stochastic application) - ] [ Convert to [molecules.s-1] ]
MName Description Global Expression Units
] reaction rate K- =0 uM.s-1
Kf forward rate constant a.d gt
Kr reverse rate constant 0.6 pM.s-1
=0 Species Concentration Variable pM

+ Annotation and Pathway Links

COMMECTED (astth234)

|5 MB [ 73 vER




Multi-App tutorial part 1

Contents

g BIOMODEL: BicModell (NoVersion) (MoDate) -- VCell 6.0 (build 3) = | (5] X |
File View Server Tools Help
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> f} Molecules (0)
‘.. ) Observables (0}
----- Applications (0)
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[ Pathway
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To create a product species, use the DB/
reaction tool to drag from the 5 _ = <1
L p—
reaction symbol to a point inside the 0
compartment where your product
species will be located.
= 4 1 [ 3
2 Biological Models
#-L_] My BioModels (astth234) (1) [ Delete l [ Pathway Links l Search
_| Shared BioModels (0) v
_| Public BioModels (512) Object Properties | Problems (0 Errars, 0 Warnings) |
[#-___] Tutorials (5)
_| Education (33) Reaction Mame |r0
B Tutorial VCell 6.0 (Rule-based) (7) Kinetic Type :Mass Action [uM/s] (recommended for stochastic application) Convert to [molecules.s- 1] ]
MName Description Global Expression Units
] reaction rate K- =0 uM.s-1
Kf forward rate constant 0.0 g1
Kr reverse rate constant 0.6 pM.s-1
=0 Species Concentration Variable pM

+ Annotation and Pathway Links
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@ BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3)

= =] &3

File View Server Tools Help

...(7) Reactions (2)

- (D Structures (5)
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----- Applications (0)
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B[] Education (33)
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To rearrange the position of species and
reactions, click on selection mode and click on
a species or reaction and drag the item to the
desired location within a compartment.

MM

e
—

1

MNuc

| Continue creating reactions and species until
{ you have reached your desired model.

Sel

Delete

Pathway Links +

Search

TOpErties | Problems (0 Errors, 0 Warnings) |

ct only one object {e.q. species, reaction, simulation) to viewfedit properties.

CONNECTED (astth234)

To remove a species or reaction from your model, click
on the species or reaction and click on either the
“Delete” button or the backspace button on your

keyboard.
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File View Server Tools Help
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Search 7 1
2 Biological Models
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(-] Shared BicModels (0) v
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F-{_] Tutorials (5)

B[] Education (33) Species Mame | RanC_MNuc I :0 Species: RanC_MNuc

_| Tutorial VCell 6.0 (Rule-based) (7) Linked P ) | ‘

Anriiation
Q To rename species, click on a species and under
— | “Object Properties” > “Species Name”, type the  ——
desired name which is case-sensitive.

COMMECTED (astth234)




Multi-App tutorial part 1

Contents

g BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3) | = | = 58
-
File View Server Tools Help
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E BioModell p 3% Reaction Diagram | ) Reactions | ) St’ucthesl ) Spedies | ) Molecules | 0 Dbseruables|
F
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- (D Structures (5)
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-3 Molecules (0)

‘.. ) Observables (0}
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----- Parameters, Functions and Units
[+ Pathway
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VCell DB | BioModels.net | Pathway Comm | Sabio|

BioMadels | MamModelsl Geomeh'ies|

[ [+ Search

Biological Models
_| My BioModels {astth234) (1)
G- Shared BioModels (0}
& ] Public BioModels (512)
() Tutorials (5)
B[] Education (33)
_| Tutorial VCell 6.0 (Rule-based) (7)

ﬂ To change the reaction rate of a flux reaction, q -

I click on the flux and under “Object Properties”,

[ Delete l [ Pathway Links + l . " . ” " . ”
e in the “reaction rate” row and “Expression
Object Properties | Problems (0 Errors, 0 Warnings) . . ]
| column, type in the desired reaction rate.
Reaction Name | fiux0 I
Electrical Properties incude malecular flux [ indude electric curflent {into inside structure “undefined”)
Kinetic Type :General Flux Density (uM-pm/fs) - ’ Convert to [molecules.s-1] ]
Mame Description Global | Units
action ra Kﬂux"ﬂ%anC_Cyt—RanC_Nuc} I
I imward current density | pA.pm-2
Il netValence net charge valence 1.8 1
Il Kfiux user defined [ 0.0 pm,s-t A8

I Annotation and Pathway Links
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g BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3)

File View Server Tools Help

) Structures (5)
- Spedies (4)
; @ Molecules (0)

‘.. ) Observables (0}
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway
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BioModels | MathMadels | Geometries |

4

Cyt

Ran_Cyt

RanC| Cyt

[ Delete l[ Pathway Links + l

Biological Models

B-[1 My BioModels (astfh234) (1)

[ ] Shared BioModels (0)

-1 Public BioModels (512)

1 Tutorials (5)

r-__ ] Education (33)

-] Tutorial vCell 6.0 (Rule-based) (7)

W

To change the Kflux, click on the flux and under

Reaction Name |ﬂux0

NM

Object Propertes | problems (0Ermars, awarnines) || “Object Properties”, in the “Kflux” row and
| “Expression” column, type in the desired value.

MNuc

RanC_Muc

Electrical Properties include molecular flux

Kinetic Type ’Genera] Flux Density (uM-pm/s) - ] ’ Convert to [molecules.s-1] ]

Mame Description Global (pressic Units
] reaction rate Kl - ( RanC_Cyt - RanC_Nuc ) pM.um.s-*
I imward current density 0.8 pA.pm-2
netValence net charge valence 1.8 \ 4 1

d d 2.0 I um.s-*
RanC_Cyt Species Concentration Variable pM
Species Concentration Variable pM

Il RanC_MNuc
Il

|/ # Annotation and Pathway Links

[+ Search
I
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@ BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3)

File View Server Tools Help

E BioModell " 3% Reaction Diagram | ) Reactions | ) St’ucthesl ) Spedies | ) Molecules | () Observables
= Physiology P s ave - . e
B Reoction Diaoram| ] ©|e|A|=| B ST 50l 0
) Structures (5) PM Cyt | Nuc
- Species (4)
> @- Molecules (0)
... 7 Observables (0)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway
RanC_MNuc
=
-—._.______:__,..—-—""
T : To change the forward rate constant of a reaction,
VCell DB | &oModels.netI Pathway Comm | Sabml

BioModek | Mathilodels] Geometres] click on a reaction and under “Object Properties”, in
[ Search the “forward rate constant” row and “Expression” I
: Biological Models . .
(I My BioModels (zstf234) (1) column, type in the desired value. I
_| Shared BioModels (0)
-] Public BioModels (512) Reaction Name |rd
B+ Tutorials (5) ] r - : — "
_| Education (33) Kinetic Type | Mass Action [uM/s] {recommended for stochastic application) - [ Convert to [molecules.s-1] ]
-] Tutorial VCell 6.0 (Rule-based) (7) r— Description Global | Expression
] reaction rate A RanC Gyt - By Y Cyt- Ran Gyt )
| orward rate consta 10 |
Kr reverse rate constant 0.6 5-i,uM-2
RanC_Cyt Species Concentration Variable pM
C_Cyt Species Concentration Variable uM
Ran_Cyt Species Concentration Variable pM
+ Annotation and Pathway Links ]
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@ BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3)

File View Server Tools Help

E BioModell " 3% Reaction Diagram | ) Reactions | ) St’ucthesl ) Spedies | ) Molecules | () Observables
El- Physiology
R cocion psorom X Ole|A|.|=| QA ol & & &
. Reactions (2) e
) Structures (5) PM Cyt | Nuc
- Species (4)
> @- Molecules (0)
... 7 Observables (0)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway

RanC_Muc

— S
—

- To change the reverse rate constant of a reaction,
Veelos |E|“'°”°"E‘S'”Et:'°aﬂ”“a" ‘:"|’””1|Sa“°| click on a reaction and under “Object Properties”, in
BioModels | MathModels | Geometries 1 “« ” “« QD
s the “reverse rate constant” row and “Expression

: column, type in the desired value.

: Biological Models
[+ My BioModels (astfh234) (1)

_| Shared BioModels (0) !
-] Public BioModels (512) Reaction Name |r0
-1 Tutorials (5) ] : : — : —
_| Education (33) Kinetic Type | Mass Action [uM/s] {recommended for stochastic application) - [ Convert to [molecules.s-1] ]
-] Tutorial VCell 6.0 (Rule-based) (7) Name T Global e Urits
J reaction rate (KT RanC_Cyt HRr- C_Cyt- Ran_Cyt) pM,s-t
Kf forward rate constant 14 gt
| e | |
RanC_Cyt Species Concentration Variable pM
C_Cyt Species Concentration Variable uM
Ran_Cyt Species Concentration Variable pM
+ Annotation and Pathway Links ]
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g BIOMODEL: BioModell (NoVersion) (NoDate) -- VCell 6.0 (build 3)

File View Server Tools Help
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- (D Structures (5)
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> f} Molecules (0)

... ) Observables (0)
----- Applications (0)
----- Parameters, Functions and Units
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) Reactions | ) St’ucthesl ) Spedies | 2 Moleaules | © Dbseruables| I
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models.

Use the “Reactions”, “Structures”, “Species”, o1

“Molecules” and “Observables” tabs to look up 5 /O

specific details of the physiology, which are e
useful when working with large and complicated =

Eima s | Geomeries |

[+ Search

Biological Models

-] My BioModels (astfh234) (1)
| Shared BioModels (1)

F#-__] Public BioModels (512)

-] Tutorials (5)

-] Education {33)

-] Tutorial vCell 6.0 (Rule-based) (7)

COMNECTED (astth234)

1 3

Delete Pathway Links + Search |

F N 4

Object Properties | Problems (0 Errors, 0 Warnings) |

Select only one object (e.qg. spedies, reaction, simulation) to view/edit properties,

I The physiology of your model is now complete. I
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@ BIOMODEL: BiocMadel2 (MaVersion) (MoDate) -- VCell 6.0 (build 3)

File View Server Tools Help

[ Biottodel2

- Physiology

k& Reaction Diagram

- Reactions (0)
... Structures (1)

----- 72 Molecules (0)

----- ) Observables (0)

----- Applications (0)

----- Parameters, Functions and Units
[+ Pathway

S, 4

vCell DB | gioModels.net | Pathway Comm | Sabia

BioModels | MathModels | Geometries|

| ] Search

#* Reaction Diagram | @ R.eacﬁonsl @ Structures | lz.:} Species | @ Malecules | @ Observables

= KA My psoste AN 3, REL 0
@ @l .l/l,' |=| :)\:)\.r\. Ao S W EAL NN RO

co

To re-open a model, click on the folder that the

model was saved in and double-click on the model.

{1 My BioModels {astfh234) (2)

LTl >

N @ Private Tue Jun 30 16:47:35 EDT 201!
ared oioModels (U

-] Public BioModels (514)

_| Tutorials (5)

-] Education (33)

-] Tutorial VCel 6.0 (Rule-based) (7)

»

Delete Pathway Links +

Search |

%

| Object Properties | Froblems (3 Errors, 0 Warnings) | () Datsbase File Info |

E Spacial Deterministic
- Deterministic
" geom_20150630_115645 (30)

CONMECTED (astfh234)
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r@ BIOMODEL: Tutorial (Mon Jun 29 09:35:44 EDT 2015) - VCell 53 (build 4) — o |

File Wiew Server Tools Help
B =
i Tusimekal f Name | Math Type | Annotation

- Physiology
:* Reaction Diagram
. Reactions (2) |
() Structures (5)

To create a new deterministic model, click

""" e “Applications” > “Add New” > “Deterministic”.
To rename the application, double click on the
label and type in a name.

VCell DB | BioModels.net | Path...| «| »

BioModels | Maﬂ"LModeIsl Gem:et'ies|
Search !
" | Biological Models
El_l My BioModels (tanyamiller 1221)
: _| Tutorial

=[] BioModel2

- {ig) Private Thu Jun 25 16:0
_| Tutorial_Multidpp
_| Shared BioModels (10}
-] Public BioModels (519)
_| Tutorials (5)
_| Education (33)

Delete

More Copy Actions + Search |

Object Properties | Problems (0 Errors, 0 Warnings) | () Database File Info

Select only one object {e.q. spedes, reaction, simulation) to viewfedit properties.

ONNECTED (tanyamiller 1221]) I ME o
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VCell - The Virtual Cell

m | USER GUIDE

VCell User Guides

User Guide

® Heahh Cenfer Web '

Release version now has online help from within the WCell interface. Fram

the Help top menu select “Help™ to open the guide.

Click here for a Quick Start guide for Release.

html version of WCell help program {also available from Help menu of WCell

software)

Tutorials

The tutorials have been provided to work in conjunction with the users
guide for the release version of Virtual Call. The tutorials lead the user
step by step through the construction of the BioModel, Application and
Simulation. There are public versions of the BioMedels, Applications and
Simulations available in the Tutorial folder. Go to File Open BioModel Modsl
Meighborhood Tutornial folder.

simple FRAP

FRAP with binding

PH-GFP Translecation

Multiple Application of a Nuclear Transport Biomodel

Tutorial Guides {pdf)

Using Pathway Commmons

YVideo Tutorials

WiCell Education YouTube Channel

WiGel tifpp Tutorial:

VT2l Mu

for tutorial)

WiCall MultiApp Tutorial:

[T)

Contents

Diraciary

Links

Share your published VCell
Models
_

Software Support
veell_supporti@ueche . edu

WCell Discussion Farum

In this tutorial, example 3D neuroblastoma
images will be used. These images are located on
the VCell website (vcell.org) under “User Guide”
> “Video Tutorials”. Click on “3D images for
tutorial”, which will download the necessary 3D
images, and then save and extract the files.
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% BIOMODEL: Tutorial (Mon Jun 29 09:35:44 EDT 2015) -- VCell 5.3 (build 4_1‘
e = P

File Wiew Server Tools Help

Tutorial
=) Physiology

:* Reaction Diagram

7, Geometry | 4 Specifications | Protocols | 2 Simulations | | Parameter Estimation|

Structure Mapping | Geometry Definition I

’ ) Reactions (2) Domain: 00, mmpartrnenEA- Edit Diomain. .., | | Export... -| | Edi
- () Structures (5) = - '
- Spedies (4) Name Value

=) Applications (1) B Compartment

= B€ Spatial Deterministic

T ccomerry IS

_____ i Fromt |
i e Ginnaslatinne B;Ek |
=

[

m 3 :
. Add Subdomain

VCell DB | ioModels.net | Path...! 4| »

BioModels | MathModels | Geometries |
Search |
" | Biological Models
El_l My BioModels (tanyamiller 1221)

: _| Tutorial
=[] BioModel2

- {ig) Private Thu Jun 25 16:0
_| Tutorial_Multidpp
__J Shared BioModels (10}

-] Public BioModels (519)
__J Tutorials (5)
_| Education (33)

i i i i “ ” [ I
To define the geometry of an application, click “Geometry” > i J

“Geometry Definition” > “Add Geometry” > “New”.

Object Properties | problems (0 Errors, O Warnings) | () Database File Info

Select only one object {e.q. spedes, reaction, simulation) to viewfedit properties.

CONMECTED (tanyamiller 1221
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¥2 BIOMODEL: Tutorial (Mon Jun 29 09:35:44 EDT 2015) -- VCell 5.3 (build 4) =[B] =& |

File View Server Tools Help

: Tutorial ~ | -, Geometry | & Speclﬁmbmsl P'rnmcol.sl __ﬁe S'H'rnjatimsl [<: Parameter Estmahon|
- Physiology : =
3T — | Structure Mml Geometry Definition
’ ) Reactions (2) Domain: 0D, compartmental Edit Domain.. , | | BExport.. | | Edit Image | | Add Geometry =
. Structures (5) . = : '
.7 Species (4) | Mame I Value
-
B....ﬁ:pprlcatlﬂ'l'ﬁ {1} b= | ChodBB new geometry type to create 3
= [B& spatial Deterministic
""" i Geametry Type
' """ & s P Analytic Equations {10) -
e Protocols = = Front |
L. op i Analytic Equations {20) ; —
i Simulatinne I ck
1 m Analytic Equations (30) Back ._|
]
[

Image based (import from file, zip or directory) Add Subdomain «

VCell DB | BioModels.net | Path...!

vlesh based {import from e [ Delete [

BioModels | MathModels | Geometri
Search
Biological Models
=-L] My BioModels (tanyamiller 12
© @] Tutorial
=] BioModel2
. 20) Private Thu Jun 25 1
- B Tutorial_MultiApp
-] Shared BioModels (1)

Mew Elank Image Canvas
Constructed Solid Geometry (30)

__J Public BioModels (519) ’ — ]
__J Tutarials (5) nee

-1 Education (33)

To define the geometry of an application from imported images,

click “Image based (import images from file, zip or directory)” and
IIOKI). i
2506 586, WB |

TONMECTED (tanyamiller 1221
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£2 BIOMODEL: Tutorial (Mon Jun 29 09:35:44 EDT 2015) -- VCell 5.3 (build 4) == = |

File Wiew Server Tools Help

4, Geometry | 5 Specifications | Protocols | 4 Simulations | | Parameter Estimation |

&) Physiology

| Structure Mapping | Geometry Definition

= Applications (1)
=g & Spatial Dete _ n neurcblastoma_30_images

1. Mew Folder

Recent Items

L
Desktop
F

Front

Back

Add Subdomain

Delete

To select images to import, click on the folder
containing the images and click “Open”.

_ Biological Models -
El_l My BioModels (tanyd e
© -] Tutorial

¢ b-do0l Private Th
&[] Tutorial_Multiagls Computer
_| Shared BioModels (4
_| Public BioModels (51
_| Tutorials {5) @:
&) Education (33)

File name: |neurublastoma_ﬂ]_images

|
Files of type: [ .,,] I Cancel J

TOMMECTED (tanyamiller 1221]

S -5V | 586. 4B |
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@ BIOMODEL: Tutorial (Mon Jun 29 09:35:44 EDT 2015) -- VCell 5.3 (build 4} | = | = 2 |
File Wiew Server Tools Help
= i
Tutorial + |8 24 Geometry | 4 spedifications | Protocols | # SH'nL.dationsl |2 Parameter Estimation
- Physiology _ =
2> Reaction Déagram | Structure Mappmgl Geometry Definition
’f:" Reactions (2) Domain: 00, compartmental " Edit Domain... -_ Export... ! _ Edit Image ! Add Geometry -
f:‘ i res (5) 3 L A L ||
ﬁ Species (4} Mame Value
= Applications (1) [l compartment
=+ A& spatial Deterministic
""" i [ % Optionally convert imported images. ﬂ
1" Specifications
----- Protocols Image Mame: C:\UsersiTanya\Downloads\WCell\neuroblastoma_30_ima... Front ;
| ----- A Simulatinne b = : ; P o — =
T — Original Size Ex,y,z]lc.i (512,512, 34) | Back
e Change e -
: 255,256,334 Add Subdomain * |
VCell DB | ioModels.net | Path...! 4| » - : :
e,y,2): j Delete

BioModels | Maﬂ"u'u}odelsl Gem:et'ies|

Search ] & D
" | Biological Models
EI_I My BioModels (tanyamiller 1221) A2 3 4.5 .6 T 8008 e v 3xche M6 P 8x S 10x
—I Tutorial Channel Count; (1) | | Merge All Channels to One?
=] BioModel2 _ -
- {0 Private Thu Jun 25 16:0 I TmePaints: |0.0 + | Select 2 TimePoint to impjrt |

-] Tutorial_MultiApp [ |
[#-__|| Shared BioModels {0) I’ 0K lI’ Cancel ]

f-_] Public BioModels (519) _
_| Tutorials {5) —_—
-1 Education (33)

To adjust the resolution of imported images, holding down
on your cursor, adjust the slider to the desired scale factor of
the image sizes, and then click “OK”.

TONMECTED (tanyamiller 1221

|mi|: /585, MB
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@ Geometry Editor (Directory: CAUsers\Tanya'\Downloads\VCell\neuroblastoma_3D_images) | 28 ]

Data Info: ; Z=1/34; 1); tr . .
== f35% zoom(3); contrifone) To edit the geometry domain manually,

View Z: Er click “1. Add empty Domain”.
Active Domain: [ Add Domain. .. ] Delete Domairn. .. Clear Selections
Domains - ” mage Drigin.alxr,l Smoother
Domai

M bkaorna

The current image ontains 252 distinct non-zero pixel values. Segmenting an
image begins with Jefining Domain{s) manually or automatically. Editing tools are G_
used to create/edil more Domains. Choose an action: !

1. Add an "'empty’ Domain to begin segmenting manually.

2. Pre-Segmented add Domains for every distinct picel value).

I ’ 1. Add empty Dormnain ]||2 Assume Pre-Segmented] | Cancel | i

a74467 bl ” Histogram Tool scol Apply...

{ Pixel Values ) Click-Drag mouse to create highlight regions 255

| Finish || Atributes... || Export.. || Cancel
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@ Geometry Editor (Directory: Ch\Users\Tanya'\Downloads\VCell\neuroblastoma_3D_images) 2
Data Info: ; 2=1/34; zoom(1); contr{none)
View Z: 1 34
Active Domain: Add Domain... | Delete Doma Clear Selections
Domains [I Image  Original G Smoother
Domain Regions [Tndo
M bkaornd (2228224) - ) _%
INPUT: I\ _l\
R — + =
To name the domain, type '.0.' Enter new Domain name: v | |
the domain name under & Nud
“« 8 N A
Enter neYV Domain name: I oK ‘ | P g
and the click “OK”. E —
_§> -0l
4 F
074463 zoom || Histogram Tool sool Apply...
=
£
U 0
4 ( Pixel Values ) Click-Drag mouse to create highlight regions 255
| Finish | | Attributes. .. | | Expart... | | Cancel
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% Geometry Editor (Directory: ChAUsers\Tanya'\Downloads\WCell\neuroblastoma_3D_images) [ii-J

Data Info: ; Z=12/34; zoom{1); contr{bright+1)
View Z: | - \ T
Py i . Nuc B Add Dnmair\ | [ Delete Domain. .. Clear Selection

N =
Domains A |J Image OrigineN Smoother

Domain Regions
]

M bkarnd [Tzs 224) -

LA

To change which domain is To change the image

o ||w
being worked on, click on the being worked on, use —
drop down menu next to your cursor to move E g
“Active Domain”. the Z slider to see = e

different slices of the S (N

Image E %

4 [ S
Auto-Merge . I ﬁ!
craea zoom || Histogram Tool sl Apply...

4 { Pixel Values ) Click-Drag mouse to create highlight regions 255

I Finish H Attributes. . H Export... || Cancel

& =
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% Geometry Editor (Directory: CAUsers\Tanya'\Downloads\WVCell\neuroblastoma_3D_images)

Data Info: ; Z=12/34; zoom{1); contr{bright+1)

View Z: i U 34

Active Domain: . Muc

Domains

Domain Regions
]

M bkarnd (2228224) -

8%
PE

v ||o
Touse only aselectx,y || -— =
area of the imported =1
images, click on the E |i
crop tool, and use your |-j-:v

cursor to drag over an

0l
area. Let go of your “iﬁ
cursor and click “OK”.

zoom |] Histogram Tool sool Apply...

4 { Pixel Values ) Click-Drag mouse to create highlight regions 255

I Finish H Attributes. . H Export... || Cancel
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Active Domain: . Muc - | Add Domain. .. | | Delete Domain, .. Clear Selectior
Comains |J Image  Original |_J Smoother

Domain Regions

M bkornd (393450) -

@A

m

u.ﬂ.
To magnify the G
image, click the —

o ]
. magnifying glass
4 2 L=
tool.
551961 zoom || Histogram Tool sool
=
3
1 "EI"
5 ( Pixel Values ) Click-Drag mouse to create highlight regions 255

| | Finish || Attributes. .. || Expart... || Cancel
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% Geometry Editor (Directory: CAUsers\Tanya'\Downloads\VCell\neuroblastoma_30D_images) I,iz-,l
Data Info: ; Z=12/34; zoom{1.69); contr{bright+1)

View Z: i 34
Active Domain: . Muc - | Add Domain, .. | [ Delete Domain... Clear Selections
—
Comains |J Image Originalé |. | Smoother

Domain Regions
]

M bkornd (3958450) -

To make images

easier to edit, hold i -
down and drag the =
slider to perform a 1| g
smoothing function ey
on the image. e

4 [
ik o
— - J I nt
539957 zoom | Histogram Tool scol ApDIY...
=
3
L3
07y :
=] { Pixel Values ) Click-Drag mouse to create highlight regions 255

I Finish H Attributes. . H Export... || Cancel
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% Geometry Editor (Directory: ChAUsers\Tanya'\Downloads\WCell\neuroblastoma_3D_images)

Data Info: ; Z=12/34; zoom{1.69); contr{bright+1)

View Z: i 24
Active Domain: . Muc - | Add Domain. .. | [ Delete Domain. .. I | Clear Selections
Comains |J Image Originalé |_| Smoother

Domain Regions

M bkornd (3958450) -

values.

To select pixels with defined pixel  |&
values, hold down the left button
on your cursor and drag over the (g
Histogram Tool to select a range of |-

=G
F] b =l e
AL =
- [ @t
539957 zoom | Histogram Tool sool \ 4 Apply... |
..
v o !! [ TTT] LLLRELE L ] [T (1T b e w B3y Raw b di-d RETEN]
5 { Pixel Values ) Click-Drag mouse to create highlight regions 255

I Finish H Attributes. . H Export... H Cancel
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% Geometry Editor (Directory: CAUsers\Tanya'\Downloads\WCell\neuroblastoma_30_images)

=)

Contents

Data Info: ; Z=21/34; zoom(1.69); contr{bright+1)
View Z: i '?‘ 34
Active Domain: . Muc - Add Domain. .. | [ Delnite Domain. .. I | Clear Selections |
|
Comains |J Image  Original | J Smoother

Domain Regions

To view how well
the Histogram Tool
highlighted, hold
down and drag the
Z slider.

renit

M bkornd (3958450) -

To finalize the
selected pixels,
click “Apply”.

e
[ =]

m

=4 E] (@
4

539057 zoom || Histogram Tool sool

o Counk

5 { Pixel Values ) Click-Drag mouse to create highlight regions

Apply...

255

I Finish H Attributes. . H Export... || Cancel
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% Geometry Editor (Directory: CAUsers\Tanya'\Downloads\WVCell\neuroblastoma_30D_images)

Data Info: ; Z=21/34; zoom{1.69); contr{bright+1)

View Z: U

Active Domain: . Muc - Add Domain. .. ] [ Delete Domain. .. ] [ Clear Selections

1 34

Comains ” Image  Original U Smoother

Domain Regions

M bkornd (398450]

Apply hist:
1. Update
2. Create

ram highlighted regions. Choose an action:
e current Domain 'Muc’ using the histogram highlight.
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|
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Zoom [|

Histogram Tool sool

{ Pixel Values ) Click-Drag mouse to create highlight regions

255
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=

| Finish || Atributes... || Export.. || Cancel
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% Geometry Editor (File: C:\Users\voguest\Downloads\neuroblastoma_3D_images.zip)

Click on the domain |
region that makes the |
nucleus orange pr: |l e

Data Info: ; Z=15/34; zoom(1.69); contr(bright+1)

34

- | Add Domain... | | Delete Domain. .. | | Clear Selections

Darmains

Image  Original | J

Smoother

234 Domain Regions

L I
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m

B =4 ©
4

Histogram Tool sool

( Pixel Values ) Click-Drag mouse to create highlight regions

AN -\.l..
|-||.l|.l |
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| Finish || Attributes. .. || Expart... || Cancel

Contents
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The program does not

% Geometry Editor (File: C:\Users\voguest\Downloads\neuroblastoma_3D_images.zip) el the nucleus as
only the nucleus (more

Data Info: ; Z=13/34; zoom(1.69); contr(bright+1)

0 than the nucleus is
ViewZz: highlighted in orange)
Active Domain: . Muc - Add Domain... | | Delete Domain. .. | | Clear Salaction
_ _ In order for the
Domains |J Image  Original U program to recognize

the nucleus by itself,
use the eraser tool to
erase parts of the
membrane that are
close to the nucleus

234 Domain Regions
M bkaornd (362419)

L3

m

m

[ Autoerge | In order to change eraser @ @T
: size, right click on the
551192 zoom Histogram T{ o 556 jcon and click “brush | 222
= size manual”
03
5 ( Pixel Values ) Click-Drag mouse to create highlight regions 255

| Finish || Attributes. .. || Expart... || Cancel




Multi-App tutorial part 1

Contents

@ Geometry Editor (File: CA\Users\woguest\Downloads\neuroblastoma_3D_images.zip)

25|

Data Info:

View Z:

LT - - - - ight1) yalie —ds
| I

Active Domain: . Muc

[¥4]
i
m
m

]
m
o]

- I Add Domain. .. I I Delete Domain...

Domains

U

” Image  Original Smoother

Scroll through the Z slider
to view more slices in which
the nucleus and membrane
are in close proximity

237 Domain Regions

M bkornd (362438)
M Muc (20785)
M Muc (5954)
M Muc (534)
M Muc (555)
M Muc (437)
W Muc (310)
M Muc (48)

W Muc (42)

M Muc (35)

W Muc (29)

M Muc (23)

W Muc (25)
4 3

L3

m

I
m

[T
m

Continue erasing the
membrane until there are
no parts of the highlighted
membrane that touch the
highlighted nucleus in all z
sections.

ndo

26
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=

"':L

H:

Bl =2/[4lle (e

i)

z00m || Histogram Tool scol

{ Pixel Yalues ) Clicdk-Drag mouse to create highlight regions

255

Apply...

I Finish H Attributes. .. H Export... H Cancel
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% Geometry Editor (File: C:\Users\voguest\Downloads\neuroblastoma_3D_images.zip)
Data Ipfo: @ 7=18/34: zoom( 1,691 contribright4+11
s TO view how selectively you erased, click the first
(largest) domain. If the an item besides the nucleus is +
ac] Orange and not red, you need to continue erasing in Trm——
order to improve the quality of the domain.
Domains 1l & w.ﬁl 7 Smoother

234 Domain Regions

F

m

B =4 ©
4

PIBE

551199 zoom || Histogram Tool sool
t
]
S
Ub
5 ( Pixel Values ) Click-Drag mouse to create highlight regions

255

AN -\.l..
|-||.l|.l |

| Finish || Attributes. .. || Expart... || Cancel
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% Geometry Editor (File: C:\Users\vcguest\Downloads\neuroblastoma_3D_images.zip)

512 Domain Regions

M bkarnd (390951)
MNuc (10274)

down on “ctrl” and

while continuing to
button, click on the

click “Auto-Merge”.

Data Info: ; Z=17/34; zoom(1.69); contr(bright+1) .
View £ i ” 34
Active Domain: . Muc - Add Damain. .. | | Delete Domain. .. | | Clear Selectionz |
Daomains |J Image  Original |_J Smoother

To remove non-nucleus regions, hold

keyboard at the same time, and then

“Nuc (10274)” to deselect them. Next,

ou_n

a onyour

I”

hold on to the “ctr
top “bkgrnd” and

e
-l g9t

zoom | Histogram Tool sool

( Pixel Values ) Click-Drag mouse to create highlight regions

AN -\.l..
|-||.l|.l |

255

| Finish || Attributes. .. || Expart... || Cancel
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% Geometry Editor (File: C:\Users\vcguest\Downloads\neuroblastoma_3D_images.zip) 2
Data Info: ; Z=17/34; zoom(1.69); contr(bright+1) |
w2 ] To add a domain, click “Add
. Domain”, type in the name of
_ _ 1 anf c
Active Domain: . Muc - I[ Add Damain. .. I elete Domain. .. E tlr.eka?g:(t’l’onal domam' and
' ' clic .

Image Criginal r,l /gmn:n:nﬂ'ler

( Pixel Values ) Click-Drag mouse to create highlight regions

244 Domain Regions » | Thdo
W bkornd (9517200 - E‘_’}_ %
Enter new Domai i i
Cyt] M —
= &
QK Cancel % é
NS
B
] -| |k | 691
zoom [} Histogram Tool scol Apply...
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| Finish || Atributes... || Export.. || Cancel
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% Geometry Editor (File: C:\Users\voguest\Downloads\neuroblastoma_3D_images.zip)

Data Info: ; Z=13/34; zoom(1.69); contr(bright+1)

I

View £: i 34
Active Domain: Cyt - [ Add Damain. .. ] [ Delete Domain. .. ] [ Clear Selections
Daomains ﬂ Image  Original r,l Smoother

512 Domain R.egions
M bkarnd (390961)
M Muc (10274)

M Muc (5000)
W Muc (3033)
M Muc (3130)
M Muc (1191)

- U.rtljdn w

e =
To create a domain, click and drag
using the Histogram Tool to highlight
and select your desired domain region.

L3

m

M Nuc (333)

M Nuc (579) 1

M Muc (432)

I Muc (461) Ny .

M Muc (275) E

I Muc (218) il

e | ©
4 I

zoom [} Histogram Tool sl | loply... |

( Pixel Values ) Click-Drag mouse to create highlight regions 255

Use the Z slider to make sure all parts
of the cytoplasm are highlighted
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2 Domain Regions
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l L Apply histogram hig
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% Geometry Editor (Directory: Ch\Users\Tanya\Downloads\WCellh\neuroblastoma_30_images) 24
Data Info: ; Z=25/34; zoom(2.2); contr(bright+1)
[l
View £ 2 q .
e I To update the domain, click “Apply” and then “Update Domain”. I
. . 7
Active Domain: Cyt - [ Add Damain. .. ] [ Deleteﬁmain... ] [ Clear Selections ]

. . y 4

e

lighted regions. Choose an action:
1. Update the curyent Domain 'Cyt’ using the histogram highlight.
2. Create a new Pomain with the histogram highlight.

EUpdate Dor‘nainé Cancel

Create Domain l ’
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Histogram Tool scol

( Pixel Values ) Click-Drag mouse to create highlight regions
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% Geometry Editor (File: C:\Users\voguest\Downloads\neuroblastoma_3D_images.zip)

Data Info: ; Z=13/34; zoom(1.69 ) ) ) )
To keep multiple domain regions, click

1 “Keep existing Domain Regions when

: overlapping”.
Active Domain: . Cyt T

View Z:
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Darmains ﬂ Image Criginal

U Smoother
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Some areas of the new Domain Regiohs overlap with existing Domain Regions.
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564023 zoom || Histogram Tool sool

{ Pixel Values ) Click-Drag mouse to create highlight regions
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% Geometry Editor (File: C:\Users\voguest\Downloads\neuroblastoma_3D_images.zip) 2

Data Info: ; Z=13/34; zoom(1.69);

View Z: i

contr®right+4 14 remove non-nucleus and non-cytoplasm regions, hold
I down on “ctrl” and “a@” on your keyboard at the same time,
and then while continuing to hold on to the “ctrl” button,

Active Dofain: . Cyt

.| click on the top “bkgrnd” , “Cyt” and “Nuc” to deselect
' them. Next, click “Auto-Merge”.

Darmains ﬂ

IITL—- =

527 Dofhain Regions

(739219)
10089)

L3

m

m

’

Histogram Tool sool

{ Pixel Values ) Click-Drag mouse to create highlight regions 255

| Finish || Atributes... || Export.. || Cancel
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% Geometry Editor (File: C:\Users\voguest\Downloads\neuroblastoma_3D_images.zip)

Data Info: ; Z=13/34; zoom(1.69); contr(bright+1)

|

View £: i 34
Active Domain: Cyt - | Add Damain. .. | | Delete Domain. .. Clear Selectior
Daomains |J Image  Original | J Smoother

3 Domain Regions

M bkarnd (740097) -
Cyt (169423)
W Nuc (10316)

PIBE

-\ ;

m

B =4 ©
4

I To finish segmenting images, click “Finish”.

5 ) Click-Drag mouse to create highlight regions 255

| Finish || Attributes. .. || Expart... || Cancel
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|

Contents

View Z:

1

default ‘background”.

Data Info: ; Z=25/34; zoom(2.2); contr(bright+1) | To send unassigned pixels to the background, click “Assign as

Active Domain: .Cyt - [ Add Domain. .. l[ Delete Domain. .. ] Clear Selections

Domains

Image Dri*al G

M bkorna
W Cyt (1
M Muc (3

3 Dom=

Warning: some areas of im
Choose an action:

1. Leave as is, unassigned fireas should be treated as 'background'.

2. Cancel, back to Geom Editor. (hint: look at ‘'Domain Regions' list for ‘bkgrnd’
entries)

e segmentation have not been assigned to a Domain.

sign as default 'background' Cancel

zoom || Histogram Tool scol

( Pixel Values ) Click-Drag mouse to create highlight regions 255

| Finish || Atibutes... || Export.. || Cancel
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% Geometry Editor (Directory: Ch\Users\Tanya\Downloads\WCellh\neuroblastoma_30_images) | %

Data Info: ; Z=25/34; zoom(2.2); contr(bright+1)

To insert a blank (background) image on top of the 15t

View Z:
! image and below the last image in the Z stack and to
Active Domain: = - @ p.ad the >.(,y boundary with a rows of background
' ' pixels, click “Add empty border”. This is important to
Diomains ” Imall ensure that in your final geometry a volume compartment
intended to be enclosed by a membrane does not reach the
3 DomP™ edge (boundary) of the simulation space.
M bkorna
Cyt (1 E)\
M Nuc (3 l ki 0One or more Domain Regions touches the outer boupfary on the XY and 7 border. S
Choose an option: =
1. Keep as is, do not change. 1 g
2. Add empty 'background’ border around out#r boundary so no Domain Region
touches an outer edge. tl_'“'
‘ : N,
Keep as is | Add empty borde ’ Cancel N
‘ b

zoom | Histogram Tool scol Apply...
( Pixel Values ) Click-Drag mouse to create highlight regions 255
[ Finish ] [ Attributes. .. ] [ Export. .. ] [ Cancel

Contents
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File View Server Tools Help
[_J:: Tutorial |ﬂ: 24 Geometry | ¢ Spedifications Protocols | 4 Simulations
- Physiology =
} “*» Reaction Diagram Structure Mapping | Geometry Definition
_ Reactions (2) Domain: 3D, size=(52841.3,84404.8,9.00000E-7), origin=(0,0,0) | | Export.. || Editimage || Replace Geometry =
- Structures (5) -
) Spedies (4) = Mame Value
-~ Applications (1) [l background To view the surfaces in 3-D, click “Surface
= B& spatial Deterministic Nuc View” -
. ..... 5 . Cyt
- " specifications
""" Protocols Slice View | Surface View | Geometric Region Details
e __ﬁc-’ simulations |
..... Daramotore sl Fanetinnc i |R55Et "-"iE'-"‘-'|
e —
VCell DB | BioModels.net | Path... 3
BioModels | MathModels | Geometries
1| Search Opacity
|| disconnected 100
[ 5-75
50
25
a
W
Object Properties | Problems (0 Errors, 10 Warnings) Database File Info
Select anly one object (e.q. species, reaction, simulation) to viewfedit properties.
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% BIOMODEL: BioMadell (NaVersion) (MoDate) -- V'Cell 6.0 (build 3) = =
File View Server Tools Help
_t‘ BioModell : 4 Geometry | §3® Spedifications Praotocols _,ﬁE Simulations
- Physiology
.. Reaction Diagram Structure Mapping | Geometry Definition ‘
7 Reactions (2) Domain: 3D, size={72330.5,76864.2,9.00000E-7), origin=(0,0,0) || Edit Domain. .. Export.. || EdtImage || Replace Geometry =
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| Species (4) Name Value —
} Molecules (0) . background —
) Observables (D) Muc =
—---applicatkms(l} .C\,rt Add Subdomain
= dyy B Spacial Deterministic Delete

-
¥ specifications

Protocols
_# Simulations

----- Parameters, Functions and Units

+- Pathway

%

VCell DB | BioModels.net | Pathway Comm | Sabio

BioModels | MathModels | Geometries

+ Search
| | Biological Models
-] My BioModels (astfh234) (1)
| Shared BioModels (0)
.| Public BioModels (512)
| Tutorials (5)
| Education (33)
| Tutorial vCell 6.0 (Rule-based) (7)

O o I s IO s IO Y

Slice view | Surface View | Geometric Region

|Reset View |
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100
C275
50
25
0
AW

Object Properties | Problems (0 Errors, 10 Warnings)

Select only one object (e.q. spedies, reaction, simulation) to viewfedit properties.
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File View Server Tools Help

| | Tutorial e
- Physiology
“* Reaction Diagram

LN

7, Geometry | ® Specifications

Structure Mapping | Geometry Definition

Protocols _ﬁ Simulations

fnnn‘!.l— |

samanany

- Reactions (2)

wDﬁmain: 3D, sizi

Select only one object (e.q. species, reaction, simulation) to viewfedit properties.

L 0 Struct 5 _ i i i i i
e ruc "r;:}{ ) T To adjust the dimensions, type in your desired -
= SPECIES = values and when done, click “OK”. —
- Applications (1) Ba
'E Spatial Deterministic Size X |75 um ¥ |75 um 7|24 um Add S —
-k -
..... #F* Specifications Origin ¥ 0.0 pmo Y 0.0 pm  Z 0.0 um 1 SEEE
o Protocols 1
- _7{9 simulations
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+ Search
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100
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50
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File View Server Tools Help
E:‘ BioModel1 : 7 Geometry | & Specifications Pratocols | 8 Simulations
- Physiology
i * Reaction Diagram Structure Mapping | Geometry Definition
~ Reactions (2) Domain: 3D, size=(75.0,75.0,26.0), origin=(0.0,0.0,0.0) | EditDomain... | | Export.. || EditImage || ReplaceGeometry
* Structures (5)
) Species (4) Name Value E—
* Molecules (0) [l background . . —
") Observables (0) Nuc To adjust opacity of the cytoplasm to better see
= Applicati 1 . . Add Subdomain
\pplications (1) - Mo the nucleus, drag the slider with your cursor., -
=} dfdgE Spacial Deterministic O
=
i specifications Slice View | Surface View | Geomes#fC Region Details
; Protocols ——
_# simulations |Reset V|ew|
----- Parameters, Functions and Units
+- Pathway Opadty
101
L2 75
&
AV 50
VCell DB | BioModels.net | Pathway Comm | Sabio
BioModels | MathModels | Geometries
+ Search 25

B2 Biological Models
+-___| My BioModels (astfh234) (1)

: 0
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+_| Public BioModels (512) . d

e S | Tub:na.ls (5) Object Properties
+-{_] Education (33)

e

| Tutorial vCell 6.0 (Rule-based) (7) Select only one object (e.q

Problems (0 Errors, 10 W,

. species, reaction, simulation) to viewfedit properties.

The geometry of your model is now complete.
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=] ‘&u-ﬂ
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i Protocols
& simulations
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#-- Pathway
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Vel DF | Biotodets.net | Pathway Comm | Sabia|

|1 Biological Madels

=- L1 My BioMadets (astfhz34) (2)
-] Madelz
BT tutorial 3

-] Shared BioModels ()

-] Public BiMadels (514)
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+- ] Bducation [33)
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-2 Private Tue Jun 30 16:47: 35 EDT 2015

.E'ftja:hunmd_mmh'anu
-Eyt_m:_n'-:mbranc
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1111
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To link physiology to geometry, click “Structure Mapping” and use the
line tool to drag your cursor from a structure to its corresponding
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[ species (1)
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i

gr—
@ specifications | | protocols | 42 Smulations |

RanC_Muc
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Simuatons | Qutput Functions | Generated Math 0
2 5 I ] 110

Running Status:

| Resus

#-- Pathway

Vicell OF | Biotodeks.net | Patway Comm | Sabio|

BioModels | Mathiodels | Geometries |

—# Search

[ Binlngical Madels
-1 My BioMadets (astfhza4) (2)
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Select orly one object (e.g. species, reaction, simulation) to viewfedt properbes,
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) Structures :
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e “Mesh” tab and then click “OK”. The
o Applications (1) bigger the mesh size, the more accurate
; the simulation, but it will be slower.
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“Parameters” tab. 01
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Z |36
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