
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 

• 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. 

• 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 

 

 



Contents Multi-App tutorial part 1 

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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Contents Multi-App tutorial part 1 

First time opening VCell 

You need to register as a 
new user if you want to run 
simulations on VCell 
compute resources, or use 
the VCell database to store 
models that can be shared 
with collaborators. 



Contents Multi-App tutorial part 1 
To create a new VCell model, click “File” > “New” > “BioModel” 



Contents Multi-App tutorial part 1 
To create new compartment, click on compartment tool. Two dashed vertical lines will 
appear that will let you to specify membranes surrounding this compartment. 

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



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 
Continue creating compartments and membranes 
until  you have reached your desired model. 

To rearrange compartments and membranes, return to 
selection mode and drag them by their label. 



Contents Multi-App tutorial part 1 
To name compartments and membranes, return to selection mode. 

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

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



Contents Multi-App tutorial part 1 

To create a flux reaction, click on 
the FluxReaction tool, then click 
the area you want to place a flux. 



Contents Multi-App tutorial part 1 

To connect a reactant species to a 
flux reaction, click on the reaction 
tool, click on a reaction node, and 
drag a line to the flux symbol 

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. 



Contents Multi-App tutorial part 1 

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 
where you will create a reaction 
node.  

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



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

To create a product species, use the 
reaction tool to drag from the 
reaction symbol to a point inside the 
compartment where  your product 
species will be located. 



Contents Multi-App tutorial part 1 

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

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. 

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. 



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

To change the reaction rate of a flux reaction, 
click on the flux and under “Object Properties”, 
in the “reaction rate” row and “Expression” 
column, type in the desired reaction rate. 



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

To change the forward rate constant of a reaction,  
click on a reaction and under “Object Properties”, in 
the “forward rate constant” row and “Expression” 
column, type in the desired value. 



Contents Multi-App tutorial part 1 

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” 
column, type in the desired value. 



Contents Multi-App tutorial part 1 

The physiology of your model is now complete. 

Use the “Reactions”, “Structures”, “Species”, 
“Molecules” and “Observables” tabs to look up 
specific details of the physiology, which are 
useful when working with large and complicated 
models. 



Contents Multi-App tutorial part 1 

To re-open a model, click on  the folder that the 
model was saved in and double-click on  the model. 



Contents Multi-App tutorial part 1 

To create a new deterministic  model, click 
“Applications” > “Add New” > “Deterministic”. 
To rename the application, double click on the 
label and type in a name. 



Contents Multi-App tutorial part 1 

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. 



Contents Multi-App tutorial part 1 

To define the geometry of an application, click “Geometry” > 
“Geometry Definition” > “Add Geometry” > “New”. 



Contents Multi-App tutorial part 1 

To define the geometry of an application from imported images, 
click “Image based (import images from file, zip or directory)” and 
“OK”. 



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

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”. 



Contents Multi-App tutorial part 1 

To edit the geometry domain manually, 
click “1. Add empty Domain”. 



Contents Multi-App tutorial part 1 

To name the domain, type 
the domain name under 
“Enter new Domain name:” 
and the click “OK”. 



Contents Multi-App tutorial part 1 

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 



Contents Multi-App tutorial part 1 

To use only  a select x, y 
area of the imported 
images, click on the 
crop tool, and use your 
cursor to drag  over an 
area. Let go of your 
cursor and click “OK”. 



Contents Multi-App tutorial part 1 

To magnify the 
image, click the 
magnifying glass 
tool. 



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

To finalize the 
selected pixels, 
click “Apply”. 

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



Contents Multi-App tutorial part 1 

To update the domain, click “Update Domain”. 



Contents Multi-App tutorial part 1 

Click on the domain 
region that makes the 
nucleus orange 



Contents Multi-App tutorial part 1 
The program does not 
recognize the nucleus as 
only the nucleus (more 
than the nucleus is 
highlighted in orange) 

In order for the 
program to recognize 
the nucleus by itself, 
use the eraser tool to 
erase parts of the 
membrane that are 
close to the nucleus 

In order to change eraser 
size, right click on the 
eraser icon and click “brush 
size manual” 



Contents Multi-App tutorial part 1 

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

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



Contents Multi-App tutorial part 1 

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. 



Contents Multi-App tutorial part 1 

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 (10274)” to deselect them. Next, 
click “Auto-Merge”. 



Contents Multi-App tutorial part 1 

To add a domain, click “Add 
Domain”, type in the name of 
the additional domain, and 
click “OK”. 



Contents Multi-App tutorial part 1 

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

Use the Z slider to make sure all parts 
of the cytoplasm are highlighted  



Contents Multi-App tutorial part 1 

To update the domain, click “Apply” and then “Update Domain”. 



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

To remove non-nucleus and non-cytoplasm 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” , “Cyt” and “Nuc” to deselect 
them. Next, click “Auto-Merge”. 



Contents Multi-App tutorial part 1 

To finish segmenting images, click “Finish”. 



Contents Multi-App tutorial part 1 

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



Contents Multi-App tutorial part 1 

To insert a blank (background) image on top of the 1st 
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 
edge (boundary) of the simulation space. 



Contents Multi-App tutorial part 1 

To view the surfaces in 3-D, click “Surface 
View”. 



Contents Multi-App tutorial part 1 

To edit the 3-D dimensions, click “Edit Domain”. 



Contents Multi-App tutorial part 1 

To adjust the dimensions, type in your desired 
values and when done, click “OK”.  



Contents Multi-App tutorial part 1 

The geometry of your model is now complete. 

To adjust opacity of the cytoplasm to better see 
the nucleus, drag the slider with your cursor., 



Contents Multi-App tutorial part 1 

To link physiology to geometry, click “Structure Mapping” and use the 
line tool to drag your cursor from a structure to its corresponding 
subdomain. 



Contents Multi-App tutorial part 1 

To change the concentration of a species, click “Specifications” 
and type in a value under the “Initial Condition” column. 



Contents Multi-App tutorial part 1 

To create a new simulation, click “Simulations” and the new simulation icon. 



Contents Multi-App tutorial part 1 

To edit a simulation, click the edit simulation icon. 



Contents Multi-App tutorial part 1 

To edit the mesh (resolution for the 
simulation), type in values under the 
“Mesh” tab and then click “OK”. The 
bigger the mesh size, the more accurate 
the simulation, but it will be slower.  To view the parameters (constants of 

certain rates in the model), click the 
“Parameters” tab. 

“Lock aspect ratio” keeps the values 
proportional 



Contents Multi-App tutorial part 1 

To edit the simulation solver, click the 
“Solver” tab, type in values and click “OK”. 

Click the drop down menu next to 
“Integrator” to change the type of 
solver. 



Contents Multi-App tutorial part 1 

To create a large simulation, click “OK”. 



Contents Multi-App tutorial part 1 

To run and save a simulation onto the main drive, click the green 
play icon. 

To run and save a simulation to the VCell database, click the green 
play icon. 



Contents Multi-App tutorial part 1 

To view the status of the simulation, look under the “Running Status” 
column.  



Contents Multi-App tutorial part 1 

To view simulation results, click the results icon. 



Contents Multi-App tutorial part 1 

To change the slice of the 
image you are viewing, hold 
down and drag on the Z-slicer. 



Contents Multi-App tutorial part 1 

To change the time frame being viewed, input a value 
under “Time” or hold down and drag the slider. 



Contents Multi-App tutorial part 1 

To change the color 
gradient, click either 
“Gray” or “BlueRed”. 

The Data Range shows the 
minimum and maximum 
concentrations, which 
correspond to the colors 
shown 

Click here to view the 
concentrations of 
different species 



Contents Multi-App tutorial part 1 

To create a time plot, click the dot 
tool and click on two different 
points within the simulation. (One 
in the cytoplasm and one in the 
nucleus) 

To view the time graph, click “plot” >  “time”. 



Contents Multi-App tutorial part 1 

To change what species  
concentrations are being viewed, 
click on different species under “Y 
Axis”. 



Contents Multi-App tutorial part 1 

Your deterministic spatial 
simulation is now complete. 



Next:   VCell Tutorial  
BioModel with Multiple Applications 

 
Part 2 Compartmental Applications and 

Parameter Estimation 
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