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.



A\

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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Table of contents

Opening VCell

Defining compartments

Creating fluxes, reactions and species

Specifying kinetic laws

Creating applications

Importing images

Segmenting images

Editing computational domain size

Mapping geometry to compartments

Specifying initial conditions

Creating a simulation

Viewing simulation results
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First time opening VCell

rg Virtual Cell login | g _|‘|

User Name ||

Password

" [ Login ] l Cancel ]

' I Forgot Login Password...

| 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 the VCell database to store

| published research through the models that can be shared
VCell database. with collaborators.

You need to register as a
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Contents

I@ View Server Tools Help

Upen ViathiVicdel * KA Ny > e % ANN REL »°.°
Close Ctri+W Geometry @)\ N AR Nt %S EAL SOV A W ¢
Save 0
Save New Version
Save As...
o ur: ”
Revertte Saved To create a new VCell model, click “File

Compare with Saved

Permissions.,.
Model Annotation ...
Edit Annotation...

! Field Data...

Import...
Export...

New BioModel ﬁ-@ Reactions | (7 Structures | 77 Species|

m | sabio|

> “New” > “BioModel”.

<

[ Delete I ] Pathway Links = ‘ Search |

Exit
-] My BioModels (tanyamiller 1221) (3)
-] Shared BioModels (0)

-] Public BioModels (519)
-] Tutorials (5)
(L] Education (33)

v

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

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

FONNECTED (tanyamiller 1221}

| 99.9MB/ 131.6M NN
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% BIOMODEL: BioModel1 (NoVersion) (NoDate) — VCell 5.3 (build 4) i il e E
File View Server Tools Help
E BioModel1 7 Reaction Diagram | () Reactions | (™ Structures | 7 Species|
= Physiology —
; S— ' RA MK # o a% ANN %, REL 20
B2 Rcaction Diagram | R ToB RO o - Y r

f:. (7 Reactions (0)

- Structures (1)

To create a new compartment, click on compartment tool.

----- ) Species (0) . . . .
i Apphiations (6} Two Flashed vertical lines W|II‘appez‘:1r that will let you to
- Paraieters sad Funciies specify membranes surrounding this compartment.

[+ Pathway

%I Add Membrane

|
|
|
|
I
| Add Compartment
I
|
|
|
|

.\ 4
VCell DB | BioModels.net | Pathway Comm | Sabio |

BioModels | MathModels I Geometnesl
|-# Search
__| Biological Models

@-(__] My BioModels (tanyamiller 1221) (3)
-] Shared BioModels (0)

-] Public BioModels (519)

L] Tutorials (5)

-] Education (33)

<

| Delete | [ Pathwaylinks v | Search| |
.\ 4
Object Properties | Problems (0 Errors, 0 Warnings) |

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

To create a new membrane, right click
on one of the black lines so that they
turn green. Select “add membrane”.

FONNECTED (tanyamiller 1221] e [ 130.598 |
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BioModel1
- Physiology
- ) Reactions (0)
- Structures (2)

¥ Reaction Diagram | (7 Reactions | (7 Structures | £ Spedes| l

KA MW &+ % ANN * REL °°
D\ EACAR %t S8 EAL oot Ax ome r
0

C

i+ Applications (0)
- Parameters and Functions
[+ Pathway

Add Compartment
Add Membrane
I

Ay
VCell DB | BioModels.net | Pathway Comm [ Sabio

BioModels | MathModels I Geometnesl
[+ Search
| Biological Models
Ei_] My BioModels (tanyamiller 1221) (3)
-] Shared BioModels (0)

-] Public BioModels (519)
E}_] Tutorials (5)
(-] Education (33)

| Delete | | PathwayLinks » | Search | l

.\ 4
Object Properties | Problems (0 Errors, 0 Warnings) |

Select only one object {e.q. spedies, reaction, simulaﬁonl to view/edit properties.

To create a volumetric compartment within a
membrane, right click on the dotted black
lines and select “add compartment”.

FONNECTED (tanyamiller 1221 [ 75.4v5 / GO |
3 ;e.f:
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File View Server Tools Help

! 5 X 2

BioModel1 7 Reaction Diagram | [7) Reactions | (™) Structures I D Species|

= Physiology :

| yi 3 i © 2 L — KA uy o2 2 ANN o:o REL o r
=24 Reaction Diagram © i ¢ % EAL S ax W

- ) Reactions (0)
- Structures (5)
(@ Species (0)

i+ Applications (0)

- Parameters and Functions
[i_l-“Pathway

>

ml el

m

To rearrange compartments and
membranes, click selection mode and
drag the compartments by their label.

VCell DB | BioModels.net | Pathway Comm | Sabio |

BioModels | MathModels | Geomemesl : | = :
[+l Search - T | Pathway Links ¥ ‘ Search | ‘
Biological Models AV
[#-__] My BioModels (tanyamiller 1221) (3) Object Properties | Problems {0 Errors, 0 Warnings) ]

-] Shared BioModels (0)

-] Public BioModels (519)
&L Tutorials (5) -
[#-__) Education (33) Size Variable Name 'c1 [um?]

Select only one structure to edit properties

Structure Name c1

Continue creating compartments and membranes
until you have reached your desired model. This
model has extracellular, cytosol, and nucleus as
compartments separated by membranes (pm and
nm)

Annotation

FONNECTED (tanyamiller 1221] | 83.3MB / 1308E0E |
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| BioModel1
- Physiology
- ) Reactions (0)
- Structures (5)
() Species (0)

(- Applications (0)

- Parameters and Functions
[':rijathway

\ 4
VCell DB | BioModels.net | Pathway Comm | Sabio |

BioModels | MathModels | Geometries |

|+ Search

Biological Models

L] My BioModels (tanyamiller 1221) (3)
-] Shared BioModels (0)

(] Public BioModels (519)

&L Tutorials (5)

-] Education (33)

KA Ny 2 e e
N AR e

ANN %, REL o0 ¢

EAL ‘est A% ov

>

Cyt

To change the structure name, double
click on the structure’s label, or type
in the desired name under “Object
Properties” > “Structure Name”.

m

Pathway Links =

Object Properties | Problems (0 Errors, 0 Warnings)

Select only one |

I Structure Name EC

tructure to edit properties

Size Variable Name EC [um3]

| Annotation Extra Cellular |

To annotate compartments,
type notes under “Object
Properties” > “Annotation”.

FONNECTED (tanyamiller 1221}

s | Do e
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BN, - ion Disoram S RA I i ¢
) Reactions (1) : N -
- Structures (5) o T
- Spedies (0)
i+ Applications (0)
‘| .~ Parameters and Functions
[+ Pathway To create a flux reaction, click on =
| o . . f
the FluxReaction tool, then click in
a membrane you want to place a
flux.
AV
VCell DB | BioModels.net | Pathway Comm | Sabio | =
BioModels | MathModels | Geometries | : . ki '
[ Search i Delete ' Pathway Links = ‘ Search ‘ ‘
| Biological Models \ 4 ' :

@_l My BioModels (tanyamiller 1221) (3)

R0 Object Properties | Problems (0 Errors, 0 Warnings) |
(#-{__| Shared BioModels (0)

- ) Public BoModels (519) I Select only one structure to edit properties
@_] Tutorials (5) HERLERaNE ‘,
W/l G- ) Education (33) Size Variable Name |NM [um?]
Elect: *h_lo

i Voltage Variable Name 'Voltage_NfVl [mVv]

Positive (inside feature) I

Negative (outside feature) [

membrane voltage: "oltage_NM" = voltage(inside (+) compartment) - voltage(outside (-) compartment)

inward currents: from compartment “outside (-) compartment” into compartment "inside {(+) compartment”

Note: VCell reactions and fuxes speafy inward currents (- to +) rather than convensional currents (+ fo -).
Annotation | ]

FONNECTED (tanyamiller 1221} g sve (133248 |
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File View Server |Tools| Help
[ BioModel1

2> Reaction Diagram L@ Reactions I D Structures I O Spedes|

| 5 Physiology I
; KA MY 2o o . oo
=44 Reaction Diagram ©\ P AR % 52 EEE coe %Ef o ¢

) Reactions (1)
D Structures (5)
.. (7 Species (1)

i+ Applications (0)

- Parameters a .
- Pathway To connect a reactant species to a
flux reaction, click on the reaction
tool, click on a reaction node, and
keeping the left button pressed drag

a line to the flux symbol.

AV

VCell DB | BioModels.net I Pathway Comm I Sablo! |
BioModels | MathModels | Geometries |

¥ Search J

_| Biological Models

-] My BioModels (tanyamiller 1221) (3)

-] Shared BioModels (0)

-] Public BioModels (519)

(-] Tutorials (5)

-] Education (33)

>

NM ' Nuc P

m

< [ ] ’

| Delete | [ PathwayLinks v Search || ‘
. 4
Object Properties | Problems (0 Errors, 0 Warnings) |

Select only one object {e.q. spedies, reaction, simulation) to view/§dit properties.

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.

FONNECTED (tanyamiller1221]}
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File View Server Tools Help
EE; BioModell » Reaction Diagram |L“'_j. Reactions | ) Structures | D Specie5|

[ Py

b S0 | G—— LAy ran

f:',l Heactions (1)

[+ Applicafiions (0)
----- Parameters and Functions
[+ Pathwaly

reaction node.

To create a reaction, select the
reaction tool. If you click then on a
species, it will become marked
<<REACTANT>>, and you drag a line
from it to a point inside the
compartment where you will create a

’ KA Wy &% a% ANN Y REL
| = :)\ :)\ W AR Wt RS EAL M aw W r
Cyt NM Nuc il
CREACTANT 3
Fluz=0 sl
s0 = -
L
| 1 3
way Links = Search

Problems (0 Errors, 0 Warnings) |

flux0

DISCONMNECTED

include molecular flux

Kinetic Type :General Flux Density (uM-um)s)

[]indude electric current {into inside structure "undefined”)

v': [ Convert to [molecules.s-1] ]

Name Description Global Expression Units I
] reaction rate a0 pM,pm.s-1
I imward current density .0 pA.m-2
netValence net charge valence 1.0 1

Annotation and Pathway Links
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[+ Applications (0)

----- Parameters and Functions
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File View Server Tools Help
EEiI BioMedell » Reaction Diagram | () Reactions | ) Structures | D Specie5|

Drop your mouse, and a reaction

symbol will be created for you.

WCell DB | BioMudels.netI Pathway Comm | Sabiu|

BioModels | Maﬂ"lhﬂodelsl Gemetriesl

[ Search

A ww .

¥ AR .

M ONM 2

0t EAL see

REL **
Y

| Olefd.|=| &

MM

Y

Muc

Y

(P

m

[ Delete ] [ Pathway Links ]

not connected

MOT COMMECTED |

w

1L

Search |

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

Reaction Mame |rU

Kinetic Type [Mass Action [pM/s] (recommended for stochastic application) v] [ Convert to [molecules.s-1] ]

Name Description Global Expressic Units I
] reaction rate Ki- =l pM,s-1
kf forward rate constant a0 g-1
Kr reverse rate constant oQ pM,s-1
50 Spedes Concentration Variable e

Annotation and Pathway Links

130MB
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Contents
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=% BIOMODEL: BioModel1 (NoVersion) (NoDate) - VCell 5.3 (build 4) B
File View Server Tools Help
EE; BioModell » Reaction Diagram @ Reactions | 3% Strucmresl D Specie5|
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M ¥'-.ction Dingram| R| Olef|A].|=| BEAR ST E 55 o Bl b B r

i i | Muc
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m

(P

To create a product species, use the
reaction tool to drag from the

reaction symbol to a point inside the
compartment where your product n | Pathwiay Links ~_| Search
species will be located.

'arﬁes | Problems (0 Errors, 0 Warnings) |

MOT COMMECTED |

Reaction Mame |r0

Kinetic Type :Mass Action [pM/s] (recommended for stochastic application) v': [ Convert to [molecules.s-1] ]

Name Description Global Expression Units I
] reaction rate Ki- =l pM,s-1
kf forward rate constant a0 g-1
Kr reverse rate constant oQ pM,s-1
50 Spedes Concentration Variable e

Annotation and Pathway Links

130MB
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File View Server Tools Help

— BioModel1 [

species or reaction and,
keeping the left button

desired location within a

compartment.
=

To rearrange the position of
species and reactions, click on
selection mode and click on a

pressed, drag the item to the

VCell DB | BioModels.net | Pathway Comm | Sabio|

BioModels | MathModels | Geometries |

|+ Search

not connected

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

") Reactions | (7 Structures I 5 Speciesl

KA Ny 2 e e
N AR Nt %

ANN

*
*°ee

** EAL oee

REL =
T r

Ole|x = &

s3

NM

>

Nuc <

m

(]

Y

T

Search |

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

‘ Species Name |s0

Linked Pathway Object(s)

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

Annotation

| NOT CONNECTED

[ 93.1MB / 116, v
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\ 4
VCell DB | BioModels.net I Pathway Comm I Sabto' : =

BioModels | MathModels I Geomemesl > | 1] ’
[ Search y [ Delete ] [ Pathway Links ¥ ] Search | \
_| not connected v - -

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

| Species Name 3RanC_Nuc| Iel 1

Linked Pathway Object(s) ) ) ) ;
To rename species, click on a species and type in a
oo o o |
case-sensitive name under “Object Properties” >
“Species Name”. !
Annotation

NOT CONNECTED IR / 1248M8 |
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.
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VCell DB | BioModels.net | Pathway Comm | Sabio |

BioModels | MathModels | Geometries |
|+ Search v
| not connected

‘ | 1 ’

| . . ——

| peete | [ patwayiy To change the reaction rate of a flux reaction, |

\ 4 | click on the flux and under “Object Properties”,
Object Properties | Problenf i) the “reaction rate” row and “Expression”

Reaction Name  flux0 column type in the de5|red reaction rate.
Electrical Properties  [7] indige morecul . - 2 :

ined”)
v_)[ Convert to [molecules.s-*] ] q

Kinetic Type {Generd Flux Denscty (uM-um/s)

Name Description Global ' Units |
eaction rate {<flux * (RanC_Cyt - RanC_Nuc))| ||
I inward current density ] 0.0 pA.um-2 1
netValence net charge valence ] 1.0 1 3 H
Kflux user defined [ 0.0 pm.s-* b
RanC_Cyt Species Concentration [V] Variable M -

| 7l Annotation and Pathway Links

NOT CONNECTED e 121.1M8 |
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----- Parameters and Functions
[+ Pathway £
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WCell DB | BioMudels.netI Pathway Comm | Sabiu| -
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Search [ Delete ] [ Pathway Links + ] Sear |

To change the Kflux, click on the flux and under
“Object Properties”, in the “Kflux” row and
“Expression” column, type in the desired value.

Electrical Properties incudel -

Kinetic Type [General Flux Density (uM-um)s) - ] [ Convert to [molecules.s-1] ]
Mame Description Global Expression Units

] reaction rate Kt - i Ran_Cyt - RanC_iuc ) pM.pm.s-* i

I imward current density .0 pA.m -2
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Annotation and Pathway Links
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/- Applications (0) -
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'I [+ Pathway E
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AV
VCell DB | BioModels.net | Pathway Comm | Sabio | To change the forward rate constant of a reaction, I -
BioModels | MathModels | Geometries | click on a reaction and under “Object Properties”, in s
3] Search the “forward rate constant” row and “Expression” | |
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. < 7 ——
|

Reaction Name {ro ]
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To change the reverse rate constant of a reaction,
[ click on a reaction and under “Object Properties”, in |
" the “reverse rate constant” row and “Expression”
1 column, type in the desired value. j

| |
Kinetic Type [Mass Action [pM/s] (recommended for stochastic appllaﬁon] v] [ Convert to [molecules.s-1] ]

MOT COMMECTED |
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] reaction rate AR ﬁ'gv‘ Cyt - Kr- C_Owt- Ran_ Gyt ) [pM.s-?
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m
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Use the “Reactions”, “Structures” and “Species”
tabs to look up specific details of the physiology,
which are useful when working with large and

complicated models. >

m r
ioModels | MathModels | Geometries | L i I
-7 Search - 5 Delete | | Pathway Links + Search | ‘

not connected v
Object Properties | Problems (0 Errors, 0 Warnings) |

Y

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

I The Physiology of your model is now complete. I

NOT CONNECTED | | 82.3mB / 122,505 |
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[+ Applications (0)
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To re-open a model, click on the folder that the
model was saved in and double-click on the model.
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Private Thu Jun 25 16: [ (IS -2 geom_20150625_105028 (3D) '
- Quontal T ) e Simulation0
- -] Tutorial_MultiApp - NonSpatialStoch =
__|SharedBioModels (0) || || &3 Stochastic
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VCell User Guides

User Guide

Relzase version now has online help from wathin the VCell interface. From
the Help top menu select "Help™ to open the guide.

Click bere for 3 Quick Start guide for Release.

html version of VCzell help program (siso available from Help menu of VCall
softwars)

Tutorials

The tutorials have been provided to work in conjunction wath the users
guide for the release version of Vintual Cell. The tutorials l=ad the user
step by step through the construction of the BioModel, Application and
Simulation. There are public versions of the BioModels, Applications and
Simulations available in the Tutonal folder, Go to File Open BioMods! Mods!
Neighborhood Tutorial folder

Links

Share your published VCell
Models
_

Tutorial Guides (paf)
Software Support

vesll_support@uche.edu

simpie FRAP

FRAP with binding
AP wath binding =
VCell Discussion Forum

-~ -

PH-GFP Translocation
sakile: Acobiation of & Nasta Trastsiort Blomadel In this tutorial, example 3D neuroblastoma

Using Pathway Commmons 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.

Video Tutorials
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s 1/3% zoom{D); contrinone) To edit the geometry domain manually,

ViewZ: click “1. Add empty Domain”.
Active Domain: v [ Add Domain... ] | Delete Domain... Clear Selections
Domains - |] mage Originallj " Smoother

Domgaj T : li‘. ‘%‘

4 !Q.‘} The current image [contains 252 distinct non-zero pixel values. Segmenting an
T image begins with {lefining Domain(s) manually or automatically. Editing tools are 2
used to create/edif more Domains. Choose an action: ¥
1. Add an 'empty’ Qomain to begin segmenting manually.

2. Pre-Segmented Jadd Domains for every distinct pixel value).

I [ 1. Add empty Pomain ]I[Z Assume Pre-Segmented] }

Auto-Merge

&l o1

zo0m [} Histogram Tool scol | ~ Apply..

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

| Finish || Atibutes.. || Bxport.. || Cancel |
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Data Info: ; Z=1/34; zoom(1); contr(none)

View Z: 1 34
Active Domain: Add Domain... Delete Domain.. Clear Selections
Pomains H Image Original| J Smoother,

Domain Regions

M bkgrnd (2228224) -

( e Enter new Domain name:
|
L 4 I Nud|

Cancel

sl
To name the domain, type
the domain name under

“Enter new Domain name:” Histogram Tool scol ADDYY..
and the click “OK”.

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

| Finish || Attributes... || Export.. || Cancel
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To change which domain is
being worked on, click on the
drop down menu next to

“Active Domain”.

To change the image
being worked on, use
your cursor to move
the Z slider to see
different slices of the
image

Histogram Tool scol

| Finish || Attibutes.. || Export.. || Cancel
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Data Info: ; Z=12/34; zoom(1); contr(bright+1)
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Domain Regions
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»~

area of the imported
images, click on the
crop tool, and use your
cursor to drag over an
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cursor and click “OK”.
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(Plxel Values ) Cllck-Dragmouse to cre hht reglons

Apply...

| Finish || Attibutes.. || Export.. || Cancel
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M bkarnd (898450)

b
Q

m

To magnify the
image, click the
magnifying glass
tool.

351981 zoom || Histogram Tool scol

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

|l [ Finish H Attributes... H Export... H Cancel
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View Z: i 34
Active Domain: . MNuc v [ Add Domain... ] [ Delete Domain... Clear Selections
| J
Domains U Image Originalﬁ ' ‘ l Smoather

Domain Regions
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To make images
easier to edit, hold
down and drag the
slider to perform a
smoothing function
on the image.

m

Histogram Tool scol

EIITTITTT]

5 ( Pixel values ) Ii-Drag mouse to creat hlgt rion

DOy

| Finish || Attibutes.. || Export.. || Cancel
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Data Info: ; Z=12/34; zoom(1.69); contr{bright+1)
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- [ Add Domain... ] [ Delete Domain... ] [ Clear Selections

Domains

Image Originalﬁ I-, |

Smoother

Domain Regions
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3

>
.35

)
ad

To select pixels with
defined pixel values,
hold down the left
button on your

m

B o4 E (@8
(o

cursor and drag over u‘;‘—

the Histogram Tool to .:v

select a range of 53]

values. ys0l

7 o (E328

A e 3 @T
539957 200 U Histogram Tool scol V Apply...

(Pixel Values ) Click-Drag mouse to create

hlgt rion ]

| Fnish || Atmbutes.. || Export.. || cancel
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=)

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

View Z: i A 34

Active Domain: .Nuc v [ Add Domain... ] [ Delete Domain... J [ Clear Selections J

Pomains U Image  Original l J Smoather,

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

Domain Regions
M bkarnd (398450) &

To finalize the
selected pixels,
click “Apply”.

m

: .
539957 zoom || Histogram Tool scol

EIITTITTT] 3 £ SITPNIA

5 ( Pixel Values ) Ii-Drag mouse to creat hlgt rion

l | Finish || Attibutes.. || Export.. || Cancel
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Data Info: ; Z=21/34; zoom(1.69); contr{bright+1)

View Z: i 34
Active Domain: . Muc v . Add Domain... ] [ Delete Domain... J [ Clear Selections
Domains U - Image  Original U Smoother

Domain Regions |
W bkarnd (898450

Apply histdgram highlighted regions. Choose an action:
1. Update the current Domain 'Nuc' using the histogram highlight.
2. Create 3@new Domain with the histogram highlight.

|
EUpdate Domain§| I Create Domain ] [ Cancel

>

m

539957 zo0m [} Histogram Tool sool |

- ' ( Pixel values ) Click-Drag mouse to creaitregis

© 255

| Finish || Atibutes.. || Bxport.. || Cancel |
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&= = - recognize the nucleus as
g Geometry Editor (Directory: C\Users\Tanya\Downloads\VCell\neuroblastomall
only the nucleus (more
Data Info: ; Z=13/34; zoom(2.86); contr{bright+1) than the nucleus is
ViewZ: | [ highlighted in orange)
Active Domain: .Nuc v [ Add Domain... ] [ Delete Domain... ] Clear Selections In order for the
Domains U Image  Original U Smooth g e to recc.)gnlze
the nucleus by itself,
619 Domain Regions use the eraser tool to
. [
W bkgrnd (869703) erase parts of the
W Nuc (13722) = o
& Noc (5297) k highlighted membrane
B Nuc (2387) that are close to the
I Nuc (1123) nucleus
B Nuc (1065)
B Nuc (545)
W Nuc (432)
M Nuc (377)
W Nuc (372) :
|| e (253)
I Nuc (188)
W Nuc (171) X
< » =
Auto-Ve In order to change eraser @ 601
3 - size, right click on the
_ zoom || Histogram T 18 o Apply..
! eraser icon and click “brush
size manual”.
(TR~
J ol
[ Finish ] [ Attributes... ] [ Export... J [ Cancel ]
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5% Geometny Editor (Ditectons CAUsers\Tanva\Rownloads\VCell\neuroblasioma. 30 images) o
Data Info: ; Z=25/34; zoom(2.86); contr{bright+1) |
= i Scroll through the Z slider
View Z: : . . . . .
11 34 to view more slices in which
‘ , — the nucleus and membrane
Active Domain: - Nuc v [ Add Domain... J [ Delete Domain... Clear Selectons ) L.
» . are in close proximity
Domains U Image  Original l J Smoother

2] [Dndd [N

Continue erasing the

615 Domain Regions
M bkarnd (869703)

>

W Nuc (13722) =

W Nuc (5297) " membrane until there are
W Nuc (2387) .

e e no parts of the highlighted
M Nuc (1065) membrane that touch the
M Nuc (545) highlighted nucleus in all z
M Nuc (432)

W Nuc (377) sections.

W Nuc (372) = l‘?\e:’ [ ,:T'
M Nuc (253) ‘ .
I Nuc (188) .L@’ 80 |
W Nuc (171) X ‘
< » T
539957 200 !Jl Histogram Tool scol Apply...
=
2
3
U 0 e ITET . s 2e0vcv o T oreT rrvsvrrevivevrasvEil
5 ( Pixel Values ) Click-Drag mouse to create highlight regions 255
[ Finish ] [ Attributes... ] [ Export... J [ Cancel
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% Geometry Editor (Directory: C:\Users\Tanya\Downloads\VCell\neuroblastoma_3D_images)

View

Active

Data Infar—?=08020: sanonld 220 contrfheicbt 11

To view how selectively you erased, click the first

(largest) domain. If the an item besides the nucleus is
orange and not red, you need to continue erasing in

order to improve the quality of the domain.

34

Domains

Smoother

5 ( Pixel Values ) Click-Drag mouse to create htghhght regions

RIESIN
% | | 5]
M Nuc (2387) —+ L :
M Nuc (1123) ey llira
M Nuc (1065) (EEE) |
I Nuc (545) o
W Nuc (432) u f
M Nuc (377) ==
M Nuc (372) = % S
W Nuc (253) |
M Nuc (188) Pl
I Nuc (171) X _@
& ; ==
[ Autoerge | @t
| - T
539957 zoom | Hlstogram Tool sl Apply...

[ Finish H Attributes... H Export...

J [ Cancel
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View Z: 1

Active Domain: . Nuc

Data Info: ; Z=28/34; zoom(3.71); contr({bright+1)

v [ Add Domain... E

Domains

H Image  Original

381 Domain Reglons

] bkagrnd ’882988)

—2]

To remove non-nucleus regions, hold
down on “ctrl” and “a” on your
keyboard at the same time, and then
while continuing to hold on to the
“ctrl” button, click on the top
“bkgrnd” and “Nuc” to deselect them.
Next, click “Auto-Merge”.

A8

EN
K
L3

Histogram Tool scol Apply...

(Puxel Values ) Cllck-Drag mouse to create hnghhght reglons

| Fnish || Attributes...

H Export... || Cancel

Contents
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% Geometry Editor (Directory: C\Users\Tanya\Downloads\VCell\neuroblastoma_3D_images) &
Data Info: ; Z=18/34; zoom(3.71); contr({bright+1) 1
i To add a domain, click “Add
View Z:
1 Domain”, type in the name of
. [ — 1 3 ] [T the additional domain, and
Active Domain: Nuc Add Domain. .. elete Domain... e .
% click “OK”.
Domains U Image  Original U Smoother

2 Domain Regions
'l bkgrnd (889292)

»~

Enter new Domain ngyfie:

llcH
©][pe

-
| M e
l Cancel j E l
Lw| |[Cow
..‘ . N
B
< ) ) - |
A—W‘ | < | m § ¥ @ T
539957 zoom | Histogram Tool scol ADDly—

5 (Puxel Values ) CI|d<-Drag mouse to create hnghhght reglons 255

[ Finish H Attributes... H Export... |l Cancel
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% Geometry Editor (Directory: C:\Users\Tanya\Downioads\VCell\neuroblastoma_3D_images) ld?—J
Data Info: ; Z=25/34; zoom(2, 2); contr{bright+1) l
s ] To create a domain, click and drag
le‘A' : D . . . .
k using the Histogram Tool to highlight
_ . : f - —1 and select your desired domain region.
Active Domain: Cyt v ( Add Domain. .. } [ Delete Domain... ’ [ o |
Domains H Image Original U Smoother
2 Domain Regions | Dnda
|| bkornd (389292) 4 . RS
M Nuc (9158) Q Q
Sl
e Ty
| vl o
g _
| | ,—ﬁ .v'0|
4 » =
- | 1

539957 zoom U Histogram Tool scol I Iply_,_ I

=
pm’
- Sk
u OELIH
5

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

e AR e L e ey

Use the Z slider to make sure all parts
of the cytoplasm are highlighted
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Data Info: ; Z=25/34; zoom(2, 2); contr{bright+1)

e O I To update the domain, click “Apply” and then “Update Domain”. I
Active Domain: . Cyt v [ Add ,omain. » ] [ Delete Domain... ] [ Clear Selections ]
{ =
Domains Im’ge Original I J Smoother
2 Domain Regions__| » | D4do
M bkgrnd (889292 28 [ :
I Nuc (9158) A
A i ram highlighted regions. Choose an action: — | — T
T 1. Update tfie current Domain 'Cyt’ using the histogram highlight. §
2. Create alhew Domain with the histogram highlight. —
UpdateDomam Create Domain l [ Cancel
‘ 5
ol

zoom” Histogram Tool scol

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

255

| Finish || Attributes... || Export.. || Cancel
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Some areas of the new Domain Regions overlap with existing Domain Regions.

I To keep multiple domain regions, click “Keep existing Domain Regions when overlapping”.

| Ovenwrite any existing Domain Regionss I II‘ Keep existing Domain Regions when overlapping I [

Cancel

= —
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£% Geometry Editor (Directory: C:\Users\Tanya\Downioads\VCell\neuroblastoma_3D_images) l__ﬁ’—‘J
Data Info: ; Z=25/34; zoom(2, 2); contr{bright+1) . l
To remove non-nucleus and non-cytoplasm regions, hold
Viewz: down on “ctrl” and “a” on your keyboard at the same time,
— and then while continuing to hold on to the “ctrl” button,
Active Dompin: | [ Cyt v | Addl click on the top “bkgrnd” , “Cyt” and “Nuc” to deselect
: them. Next, click “Auto-Merge”.
Domains 1l Ima

14 Domdin Regions
743415) &

5 (Puxel Values ) Chck-Drag mouse to create hnghhght reglons 255

l Finish H Attributes... ’l Export... || Cancel
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Data Info: ; Z=25/34; zoom(2, 2); contr{bright+1)

View Z:

34
Active Domain: Cyt v ] Add Domain. .. ] | Delete Domain... ’
Domains H Image  Original IJ Smoother
3 Domain Regions % Fndd L\\\
M bkarnd (744389) 5= L)
Cyt (144303) @.K GK
M Nuc (9158) L )
=I5
g
| k.v. S ¢
o _
4 » ‘
539957 zoom || Hist - .. e L
To finish segmenting images, click “Finish”.
g
O
1 = h* ~=
0 liﬁ!!!Hf!!l!!!!l!!!!!!!ﬁ!!l!!!{!!!!!!!u D T B e T TTITSTst)
5 Click-Drag mouse to create highlight regions 255
''''' Finish Attributes... ‘ ’ Export... ’ ‘ Cancel
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g Geometry Editor (Directory: C:\Users\Tanya\Downloads\VCell\neuroblastoma_3D_images) il
Data Info: ; Z=25/34; zoom(2, 2); contr{bright+1)
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Active Domain: . Cyt v [ Add Domain... ] [ Delete Domain... ] Clear Selections

To send unassigned pixels to the background, click “Assign as default ‘background”.

3D LiTad D&
W bkond
M Cyt( , Q
B huc (3 ! h Warning: some arneas of image segmentation have not been assigned to a Domain. e
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1. Leave as is, unfissigned areas should be treated as 'background'. L O
2. Cancel, back tq Geometry Editor. (hint: look at 'Domain Regions' list for 'bkgrnd’
entries)

539957 zoom || Histogram Tool scol Apply...

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

| Finish || Attributes... || Export.. || Cancel
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Data Info: ; Z=25/34; zoom(2, 2); contr{bright+1)

View Z: 1
Active Domain: . Cyt v Add Dg
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Do edge (boundary) of the simulation space.
s I —
M Cyt (

To insert a blank (background) image on top of the 15t
image and below the last image in the Z stack and to
pad the x,y boundary with a rows of background

pixels, click “Add empty border”. This is important to
ensure that in your final geometry a volume compartment
intended to be enclosed by a membrane does not reach the

B Nuc (3 ! h One or more Domain Regions touches the outer boundary on the XY and Z border.
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| Finish || Attributes... || Export.. || Cancel
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e & Spatial Deterministic Size. X175 um Y75 um Z 26| b =
'n’a =) :'f:_t.
& specifications Origin X 0.0 pm Y 0.0 pm Z 0.0 i
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the nucleus, drag the slider with your cursor.,

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

The geometry of your model is now complete.
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All structures and subdomains must be mapped to run a simulation.
Use line tool or drop down menu in the 'subdomain’ column.

To view the geometry of an
application, click “Applications”
“Geometry”.
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----- 74 Geometry :
B* Spcctcations
----- ~ Protocols
----- A Simulations
i--Parameters and Functions
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To create a new simulation, click “Simulations” and the new simulation icon.
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Settings:
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I To edit a simulation, click the edit simulation icon. I
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