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VCell Image-Based Geometry

Objective:

Create a single Biomodel of Ran nuclear transport using Virtual Cell modeling and
analysis software.

Goals:

-> Use the model created in Tutorial | to import fluorescence images into VCell
and segment a 3D image to create a geometry.

General familiarity with VCell software is recommended. Although this tutorial can be followed by a
VCell novice, it is recommended that novice users first look through the VCell tutorials available at
https://vcell.org/support

Model building can be matched to the BioModel Tutorial_MultiApp in the Tutorial folder in the
VCell Database.



https://vcell.org/support#gsc.tab=0
https://vcell.org/support#gsc.tab=0

Table of Contents

Click on a section title to go to that section.

1. Starting Image-Based Geometry...........ooveviiiiiiiiiiinnnnn. Slide 4

2. Creating and Editing Image-Based Geometry................. Slide 9

3. Viewing and Defining Image-Based Geometry Size....... Slide 34
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% Choose new geometry type to create
Geometry Type

Analytic Equations (1D)
Analytic Equations (2D)
Analytic Equations (3D)

. Image based (import from file, zip or directory)
Starting Image-Based | oo
New Blank Image Canvas

Geometry

e Define an application to create a
geometry ok | [ Cancel

e Import a 3D microscopy image that
consists of a z-stack of 34 2D images
of a neuroblastoma cell.




The Virtual Cell

Home Download

@ VCell Open Discussion Forum

For all questions related to VCell use.

Tutorial Guides (pdf) for VCell

Multiple Application of a Nuclear TransporI(Neuroblastoma Stack for Tutorial) @W

7.0)

Support

ications

About

e VCell Help Menu

Rule-Based Modeling (single compartment) EGFR model (ver 6.1)

Rule-Based Modeling (multiple compartments with transport and anchoring) Ran model (ver 6.1)

simple FRAP (ver 6.0)
FRAP with binding (ver 6.0)

PH-GFP Translocation (ver 6.0)

News

An example of neuroblastoma image is located on
vcell.org. Navigate to Support > Tutorial Guides.
Download the Neuroblastoma Stack for Tutorial.

Search .. Q

@ Contact VCell Support

For all personal user issues relating to fonnectivity,
login credentials, passwords, etc.

Quick Start Guides

Rule-based Modeling Guide VCell 6.1
(single compartment)

Rule-based Modeling Guide VCell 6.1
(compartmental/spatial)
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http://vcell.org

File Server Window Tools Help

E MultiAppRanModel

= Physiology
3> Reaction Diagram
) Reactions (2)
) Structures (5)

© Species (4)
‘ Ilmn‘ahh ‘n\ L1l
— = LI .
— :
i New Application > Deterministic ‘
[#-- Pathway Expand All Stochastic
- Scripting Collapse All Network-Free

Il

A ¥ N

[ Math Type [ Annotation

Select Application. Then right click and select
“New Application” » Deterministic for this
tutorial.

You can also select New Application from the
drop down menu and choose from Deterministic,

AV

VCell DB BMDB Pathway Comm

BioModels MathModels Geometries
# Search
DIOIOGICAT MOUETS
[#-___] My BioModels (ACowan) (91)
[#-_) Shared BioModels (42)
[#-__] Public BioModels (597)
=-__] Tutorials (12)
[#-[__) facilitated_ca_diffusion
[#-__] Hodgkin_Huxley
[#-__] Membrane Frap
(-] Tutorial_FRAP
(-] Tutorial_FRAPbinding
=] Tutorial_MultiApp
0 Public Wed Jan 13 16:12:33 EST
[#-[__] Tutorial_PathwayCommons
[#__) Rule-based eafr_full v

< >

New Application v

Deterministic
Stochastic

Network-Free

s Aml Stochastic, or Network-Free.

1

0 Errors, 0 Warnings) ) Database File Info

. species, reaction, simulation) to view/edit properties.




File Server Window Tools Help

[ BioModel2

%4 Geometry 4 Spedifications prdnulations l |/ Parameter Estimation

&) Physiology 2.

- ¥ Reaction Diagram

Structure Mapping Geometry Definition

) Reactions (2)

Edit Image

- Structures (5)

Add Geometry v 1
ok New... 3-

! Compartment;

0
=
i
r

- Applications (1)
1 - 444 = Application0

R ccometry]

i _ﬁ Simulations

[ Parameter Estimation —
Parameters, Functions and Units
IE lvParhwav

vCell DB | BMDB | Pathway Comm [ =200 |

Open from...

ben f

ain *

BioModels | MathModels | Geometries AY

@ Search Object Properties [ Problems (0 Errors, 0 Warnings) ] () Database File Info

|| Biological Models

{#-{__] Shared BioModels (0)
[+ Public BioModels (633)
-] Tutorials (8)

(-] Education (33)

-] My BioModels (Arundeep2001) (9) Select only one object (e.g. species, reaction, simulation) to view/edit properties.

Once you have created an Application, expand the submenu
and select the Application you are working with. When an
Application is selected, the Geometry Definition tab will be
accessible.

From there, navigate to Add Geometry.
To choose an existing geometry, select
Open from. For this tutorial, select New
to create a brand-new geometry.
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§ Choose new geometry type to create X
Geometry Type
Analytic Equations (1D)
Analytic Equations (2D)

Image based (import from file, zip or directory)

Mesh based (import from STL file) s
New Blank Image Canvas /
Constructed Solid Geometry (3D) /

ncel 1

Select Image based (import
images from file, zip or
directory) and press OK.
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Creating and Editing
Image-Based
Geometry

e Create and an image-based
geometry model using a 3D image
of a neuroblastoma cell.




&

I X

1 :: i’E Import all files in directory 'C:\Users\Documents\VCell Tutorials\New
neuroblastoma stack of tiffs' as Z-Sections

Cancel

To adjust the resolution of your images, use your cursor to
adjust the slider to the desired scale factor. Images can either
be reduced or enlarged according to the original size.

For this tutorial, we keep the image the same.

After you have selected the folder containing
the series of images, confirm that you want to
import the stack.

§ Optionally convert imported images.

Image Name: C:\Users\Documents\VCell Tutorials\New neurob...
Original Size (x,y,z): (512,512,34)
Changed Size (x,y,z): 512,512,34
Move slider to change X,Y proportional scale factor.

Merge All Channels to One?

Select a TimePoint to import

OK Cancel

10



Manually segment the image by selecting 1. Add
empty Domain.

‘,r;!i The current image contains 253 distinct non-zero pixel values. Segmenting an
image begins with defining Domain(s) manually or automatically. Editing tools are

used to create/edit more Domains. Choose an action:

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

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

1. Add empty Domain | 2. Assume Pre-Segmented

1|II
|

11



Data Info: ; Z=1/34; zoom(1); contr(none)

View Z: I
1 34
Active Domain: Add Domain... Delete Domain Clear Selections
}Domams I Image  Original . Smoother|

Domain Regions

Define the new Domain

Name as Nuc for the nucleus

and press OK.

Add Geometry v

[l bkgrnd (2228224) A % @
= R .
0 Enter new Domain name: v <
Nud] | (n]
v P
< >
Auto-Merge @ @T
874463 zoom I Histogram Tool scol Apply...
(Pixel Values ) Click-Drag mouse to create highlight regions 255
Finish Attributes... Export... Import stl... Cancel

12
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After importing the images, adjust the z plane so you can see your cells. The stack
defaults to z=1, so you may not be able to see your cells until you focus up through the

stack.
%; Geometry Editor (Directory: C:\Users\Documents\VCell Tutorials\New neuroblastoma stack of tiffs) X
Ty Y
Data Info: @/‘9,00000&7: zoom(1.3); contr(none) ta Info: ; Z=15/94 3.81818E-7/9.00000E-7; zoom(0.592); contr{none)
View Z: I
liew Z: | Vigw Z:
View Z: 1 3| | 1 34
Active Domain: . Nuc v Add Domain... Delete Domain... | ctive Domain: . Nuc ~ Add Domain... Delete Domain...
Fomalns I Image Onglnal' Smoother| lomains I Image Original ' Smoother|
Domain Regions Domain Regions ~ | Diids %
Ml bkgrnd (8912896) A 0 bkarnd (8912896) A =
CIE) CIE)
¢ ¢ olle
8w w
ww N
RS

I
v

Note: The Z-Slider is used to view different slices of the cell

g“x

v || ot
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% Geometry Editor (Directory: C:\Users\Documents\VCell Tutorials\New neuroblastoma stack of tiffs)

Data Info: ; Z=17/34 4.36364E-7/9.00000E-7; zoom(1); contr(bright+1)

View Z:
1 34
Active Domain: . Nuc Add Domain... Delete Domain...
Domains I Image  Original ' Smoother|

Domain Regions
M bkarnd (8912896) A

R
v %
< >
< el @1
_— zoom | Histogram Tool scol
=
|§l|
0 “l”””””””||””|”||||]“][H||||H]HIlllllllllllllllllllllll[lllIIIIIIllllIIIIIlllllIllIIllllllIllllIlllIlIIlIllII
3 (Pixel values ) Click-Drag mouse to create highlight regions 255
Finish Attributes... Export... Import stl... Cancel

/ ~Zoom In

® =

;41

The tools on the
Geometry Editor
are set up with
tooltips. As you
hover over a tool, a
description of that
function will
appear.

14



I X and Y values of mouse cursor I

I Brightness of pixel I

View Z:

Active Domain: . Nuc

Data Info: ; Z=13/'3456;56; z00m(1); contr(bright+1); val a
1

v Addw - -
% Confirm Crop Data to new boundaries.

Fomams

I ImaI

Domain Regions
Il bkarnd (2228224)

Use the manual or
automatic crop tool to
select an area of the image
and reduce its size. Select
the crop tool, and use your
cursor to drag over a specific
area. Let go of your cursor

~

34

NOTE: Crop the image to the
dimensions (217, 239) to (453,
508) by dragging the mouse.
The number at the top will
show the location and change
as you move the cursor.

X
Undo %
Crop data to new bounds?: (217,239) to (453,508) )

Cance ]

¢ @
1] ]

WY QY

p VI:Il

&l @1

and click OK.

=
3| k
o

I3
0

zoom I

Histogram Tool scol

Apply

H Pixel \/aue) ||rag mouse to create ghghteglos - ”-”. 255

Finish Attributes... Export...

Import stl... Cancel

NOTE: You cannot uncrop the
image after you hit “OK,” and
would have to restart.

15



Use the zoom tool to increase,
(zoom in) or decrease (zoom
out) the image magnification.

o[[e

16



In order to reduce noise in the images,
you can apply an averaging filter to
the stack.

| & Geometry Editor (Directory: C:\Users\skrueger\Doc ell Tutorials\N ¢ stack of tiffs) 3

8 Geometry Editor (Directory: C:\Users\skrueger\Documents\VCell Tutorials\New neuroblastoma stack of tiffs) X
Data Info: ; Z=17/34 4.36364€-7/9.00000E-7; zoom(0.592); contr (bright+1) Data Info: ; Z=17/34 4.36364E-7/9.00000E-7; zoom(0.592); contr(bright+1)
‘ |
View Z: w Z:
1 34 e 34
Active Domain: | [ Nudeus | | AddDomain... Delete Domain... Active Domain: | [ Mudeus | | Add Domain... Delete Domain... Cle
—
Fomams I Image  Original ' I Original ' Smoother I Fomalns I Image  Original Original ' Smoother’
= = .
Domain Regions ~ | Bada Domain Regions | Bads [%
W bkornd (8912896) A =2 W bkgrnd (8912896) A 9
CHIE) ® O
o= cll=
| ¢ @ ¢ @
A A
| o g o
01
v -@ ¥ v p o
< > < >
v/ @t v/ | 61
e zoom | Histogram Tool saol Apply p— zoom | Histogram Tool saol Apply
Y I Ui
a a
3 (Pixel Values ) Click-Drag mouse to create highight regions 255 (Pixel Values ) Click-Drag mouse to create highight regions 255
Fiish | Attbutes... Export... Import st... Cancel Finish Attributes... Export... Import sti.. Cancel

With the Averaging Filter, each pixel and it's immediate neighbor’s intensity values are averaged.
For example, in a 2-D image, each pixel has 8 surrounding neighbors. The 9 values are added
together and divided by 9; that value replaces the center pixel's value.




1. | Use the Histogram Tool to select pixel
values in your image for thresholding
specific regions. Hit Apply to accept
the values. In the tutorial, the range
77-109 was used.

Domain Regions
M bkarnd (769692) A

zoom || Histogram Tool scol

HiH LR VTRTRTTNIIN
< ( Pixel values ) Click-Drag mouse

1 SRR S R T RN TR REEiig JETTE
to create highlight regions 255

An Update Domain confirmation will
appear. You can update the domain you
initially defined, or you can create a new
domain and apply the threshold values.
For this tutorial, click Update Domain.

/

®

=

! & Apply histogram highlighted regions. Choose an action:
et 1. Update the currffnt Domain 'Nuc' using the histogram highlight.
2. Create a new QPmain with the histogram highlight.

Create Domain Cancel

Esate Doman]

The Histogram Tool is used to visualize the distribution of pixels in your image.

18



Click on a Nuc domain; pixels included in that

domain will be highlighted in orange 34
Active Domain: . Nuc v Add Domain... Delete Domain... Clear Selections
Domains Image  Original ' Smoother

The largest Nuc
domain contains
the pixels of the
nucleus, but may
include pixels
that are outside
of it.

58 Domain Regions
[l bkarnd (2149168) A

M Nuc (1285)
M Nuc (1031)
M Nuc (489)
M bkarnd (442)
M Nuc (39)

M bkarnd (64)
M Nuc (62)

M Nuc (58)

W Nuc (57)

Il Nuc (40)

W A os (240N
<

Auto-Merge

365758

Bl
o Count

>

zoom | Histogram Tool scol

it

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

Finish Attributes... Export... Import stl... Cancel

19



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

View Z:
1

Active Domain: . Nuc

34

v Add Domain... Delete Domain... Clear Selections

Fomams

Image Original ' Smoother|

436 Domain Regions

M bkornd (854342) A

M Nuc (1652)

W Nuc (74)
M Nuc (30)
M Nuc (29)
W Nuc (26)
W Nuc (21)
M Nuc (19)
M Nuc (17)
M Nuc (17)
M Nuc (149)
M Nuc (14)

<

>

Auto-Merge

v

IMPORTANT: Start from z=1and go through all
the slices in order for these next few steps.

Select the largest Nuc domain. Use the eraser
tool to erase orange highlighted pixels in the
membrane that are not part of the nucleus.
Pixels in red belong to other domain regions, so
you don't need to erase them yet (see the next
slide). You will have to select the largest Nuc
domain every time you erase, as it will deselect.

brush size manual...

brush size click/drag...

365758

=
5
=
|3
0

5

RO | Histogram Tool scol

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

Finish Attributes. .. Export... Import stl... Cancel

Right click on the tool to access the menu for
adjusting the eraser size.

Note: You must go through ALL 34 slices and ensure that only the nucleus is highlighted for this domain.

20



Data Info: ; Z=9/34; zoom(1.69); contr(bright+1)

Largest Nuc
domain

Red further away -
. KEEP

View Z: I
1

Active Domain: - nuc v Add Domain... Delete Domain... Clear Selections

58 Domain Regions
M bkarnd (21493149) A
Il Nuc (1285)
Il Nuc (1031)
Il Nuc (489)
W bkarnd (442)
H Nuc (99)

I bkarnd (69)
W Nuc (62)

M Nuc (58)

W Nuc (57)
M Nuc (40)
Bl Ak~ F2a
<

Orange near the
nucleus » ERASE

Auto-Merge

unt




The largest “Nuc”
domain may also be
missing some pixels
that should be part
of the nucleus.

Use the paint tool to
add highlighted
pixels that should be
within the nucleus.

brush size manual... |

brush size click/drag...

Right click on the
tool to access the
menu for adjusting

0 Data Info: ; Z=21/34; zoom(1.69); contr(bright+1)
Again, start I
View Z: 1 34
from z=1and
WO rk you r Way Active Domain: . Nuc v Add Domain... Delete Domain... Clear Selections
t h rO U g h . Kee p Fomams I Image  Original ' Smoother|
a n eye OUt for 436 Domain Regions Undo [%
M bkgrnd (854342) 9
any changes to Ak :
@ e
1 M Nuc (1652)
your previous e (74)
M Nuc (30) +
work and alter s
M Nuc (26)
as needed. )
M Nuc (19)
W Nuc (17)
W Nuc (17)
I Nuc (14)
W Nuc (19) v
= i .
Auto-Merge
]
365758
-
I3
ol |
5 (Pixel Values ) Click-Drag mouse to create highlight regions 255
Finish Attributes. .. Export... Import stl... Cancel I

the brush size.

TIP: Do not hit the undo button while manually editing
because it will undo previous edits and/or the selection
from the histogram

22



TIP #1:

To select multiple regions at
a time, press Shift and the
Down Arrow Button.

To remove all non-nuclear regions, select all the regions
except the most numerous bkgrnd and Nuc regions,
which are usually the top two. With the remaining
regions selected, click “Auto-Merge”.

I Image Origm/ '

Fomalns

Smoother

Nuc (108
Nuc (10361)
Nuc (1619)
Nuc (817)
Nuc (349)
Nuc (159)
Nuc (125)
Nuc (79)
Nuc (78)
Nuc (60)
Nuc (58)

Auto-Merge

Undo

5
&/

=
8 ©

Be sure to scroll through all the sections once again to
ensure that you have properly removed all non-nuclear

regions. If you still have some areas, repeat the process.

TIP #2:

Select and auto merge
Nuc domains in sections
starting from the
smallest regions,
especially if you have
multiple domains with a
large amount of pixels.

23



Data Info: ; Z=15/34 3.81818E-7/9.00000E-7; zoom(1); contr(bright+1)

Now you have finished editing the
Nuc domain. Next, we will move on to
the cytoplasm.

View Z: I
1 34
Active Domain: . Nuc v Add Domain... Delete Domain...
*:)omains I Image  Original ' Smoother|
2 Domain Regions Undo %
I bkarnd (2025588) )
|IM Nuc (48684) @ @
¢ @
1
Z =
f-
Fogik 3
e zoom | Histogram Tool sol Apply...
g
=1
O
I3
0 Tiiiiisiiisiisisiity
4 (Pixel Values ) Click-Drag mouse to create highlight regions 255
Finish Attributes... Export... Import stl... Cancel
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| Active Domain: . Nuc ~ Add Domain... Delete Domain...

Data Info: ; Z=19/34; zoom(1.69); contr(bright+1)

View Z: I
1

Active Domain: - Nuc Delete Domain...

v Add Domain...

34

Clear Selections

To add another domain, click Add
Domain, and type in Cyt for

| Pomains ] image Orignal @ smother| | Cytoplasm. Click OK to accept
— the new domain.
2 Domain Regions
; W bkarnd (1922240) A =
i v @
|
1 A
) O n
I 6 Enter new Domain name: Sy El
Cyt p a0l
i ] @1
T zoom | Histogram Tool scol Apply
-
=
(=]
|13
0 ETTTRTTTITTe |
5 ( Pixel Values ) Click-Drag mouse to create highlight regions 255
Finish Attributes... Export... Import stl... Cancel

25



1 33 I

e P S | (Add soman | Be sure that the new domain is selected as the Active
Domain.
pomere I ™= 2 To define the cytoplasm, use the Histogram Tool to

highlight the region of interest and select your desired
domain region. In the tutorial, the range 67-255 was used.

2 Domain Regions
[l bkgrnd (758811) A
M Nuc (10881)

¢ @
Press Apply to accept the
threshold.
< >
Histogram Tool scol
— ( Pixel values ) Click-Drag mouse to create highlight regions 255

‘ Finish Attributes... Export... Import stl... Cancel




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

View Z:
1

|

Active Domain: E Cyt

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

Domains I

2 Domain Regions
Ml bkornd (758811) A
I Nuc (10881)

Create Domain Cancel

.U.pdate Dom

Since you have already created
the cytoplasmic domain, in the
previous steps, confirm the

< >
threshold by selecting Update
467978 zooml Histogram Tool scol Domain.
|18
'_ 5 (Pixel Values ) Click-Drag mouse to create highlight regions

Finish Attributes... Export... Import stl... Cancel
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To prevent the new domain selection from over-writing the

Nuc domain region, click Keep existing Domain Regions
when overlapping.

=

o
; !'E Some areas of the new Domain Regions overlap with existing Domain Regions.

Overwrite any existing Domain Regionss

I Keep existing Domain Regions when overlapping I Cancel

28



'& Geometry Editor (Directory: C:\Users\ACowan\Desktop\VCell\neuroblastoma_3D_images)

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

View Z: I
1
Active Domain: Cyt v Add Domain... Delete Domain... Clear Selections
Domains I Image  Original '

16 Domain Regions
M bkgrnd (1708011) A
W Cyt (213613)
W Nuc (43640)

Auto-Merge Jl ]|

34

Undo
)

To remove all non-cytoplasmic and
non-nuclear regions, select all the
regions except the most numerous
bkgrnd, Cyt, and Nuc regions,
(usually the three top regions). With
the remaining regions selected,
click Auto-Merge.

‘@ pl
& @1

_—

o zoom | Histogram Tool scol Apply...

=
=
(=1

I3
0 il

5 (Pixel Values ) Click-Drag mouse to create highlight regions 255
Finish Attributes... Export... Import stl... Cancel
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omains. a Smoother|

3 Domain Regions Undo
M bkgrnd (1773781) A ) [%
®e Use the Domains to Image display slider to adjust
e the way your image is displayed. This can show
oo the image as segmented domains, the image only,
VT or a overlay of the two.
This tool is helpful for visualizing your cell while
B @ .. .
defining the domains.
oooooo a Smoother omains | Image | Original [ ] Smoother
bt (77270 A el kg (72750 A 5 R
® e ® e
¢ ¢ ¢
o 4o
p o K) ol
B @t & @




Domains I Image Original ' Smoother|
3 Domain Regions Undo l%
MW bkornd (673167) A s
Cyt (80644)
Il Nuc (10881) @ @
o @
To finish segmenting your images, click
Finish.
o]
v p R0l
< >

738936 zooml istogram Tool scol Apply
H
= |
O
IS
0 1
- ixel Values ) Click-Drag mouse to create highlight regions 255
Finish Attributes... Export... Import stl... Cancel




Jata Info: ; Z=17/34; zoom(1.69); contr(bright+1)

View Z: I
1 34 Add Geometry v
Active Domain: . Cyt v Add Domain... Delete Domain... Clear Selections
Fomalns I Image  Original ' Smoother| Front
Back

Add Subdomain v

I x
® =

Delete

Warning: some areas of image segmentation have not been assigned to a Domain. =
Choose an action: (=]
1. Leave asis, d areas should be treated as 'background'.

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

E Assign as default 'background’ i

< *

Auto-Merge

6ot

467978 zoom | Histogram Tool sool Apply...
=
=
(=]
13
1] SEIRiALTaii |
5 ( Pixel values ) Click-Drag mouse to create highlight regions 255

Attributes... Export...

Import sti... Cancel

To send unassigned pixels to
the background, click Assign
as default “background”.
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Click Add empty border
to insert a blank
(background) image on

|| B

l A (()ncon::r:pmm Regions touches the outer boundary on the XY and Z border. i tOp Of the 1St image and
1. Keep as is, do not change. ~ below the last image in
2. Add empty ‘background’ border around outer boundary so no Domain Region | the Z stack and to pad

touches an outer edge. 1 i
» the x,y boundary with a

| | rowof background pixels.

Keep as is |Add empty border | Cancel

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 of the simulation space.
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Viewing and Defining
Image-Based Geometry
Size
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= core | soctaen o R s Click Slice View to view the
S S segmented compartments by
individual slices.

Domain: 3D, sze=(100.0,100.0,26.0), origin=(0.0,0.0,0.0) Edit Domain.... Export... Edit Image

Geometric Region Details

0.4637224 18.927445 2B8.391167 37.85489 47.318612 56.782334 66.246057 75.709779 85.173502

Be sure to adjust the
scroll bars and Slice
indicator to ensure you
can see the displayed
image.

Slice [0-33]
Z[14] = 11.030303

as: @Qxy Cxz Ovz

Properties  Annotations  Problems (0 Errors, 2 Warnings)

Press the up or down arrow to increase or decrease the window size
to view more or less of the displayed image.
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Click Surface View to view the volume in ‘
3D.

XA Geometry ® Specifications Protocols __1,9 Simulations

Structure Mapping Geometry Dgfinition

Domain: 3D, size=(100.0,1g¥.0,1.0), origin=(0.0,0.0,0.0) Edit... Export... Edit Image Replace Geometry v
Name Value |
-background
= - The cell here looks flat
because there was no
Slice View Geometric Region Details data on Z d|menS|On |n

Reset View

the images to define the
domain size. This will be
corrected in the next
slide.

Opacity
100
75

A

Adjust the opacity, from O —100% for the ease of visualizing
the different domains within the volume.
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X4 Geometry & Specifications Protocols _',!F Simulations

Structure Mapping Geometry Definition  Kinematics

Domain: 3D, size=(100.0,100.0,26.0), origin=(0.0,0.0,0.0) \ Edit Domain...

Name

Export... Edit Image Replace Geometry =

,lzauikgmund | \ Select Edit Domain to

. Cyt

Slice View Surface View _Coomatric Doscian Datail

\ alter the size of the

volume you are

Geometry Size
Reset View

Y |100.0

Size X 100.0

pm

Origin X 0.0 pm Y 0.0

Set the X and Y values to 100.0um, and the Z
value to 26.0um. Press OK.

working with.
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The geometry of your model is now complete!

File Server Window Tools Help

[__) MultiAppRanHModel ~
Physiology
2> Reaction Diagram
2 Reactions (2)
) Structures (5)
) Species (4)
2 Molecules (0)
) Observables (0)
Applications (1)
"/&E Spatial Determinist
x4
{” Specifications
Protocols v

< >
AV

VCellDB BMDB Pathway C... RIL

MathModels Geometries
BioModels
+ Search
| | Biological Models
+-__| My BioModels (ACowan) (91)
+)-__] Shared BioModels (42)
___] Public BioModels (597)
__] Tutorials (12)
+)-__] Educatiol

(

: X4, Geometry @® Specifications Protocols __#Slmu\abons

Structure Mapping Geometry Definition

B ot

Slice View Surface View Geometric Region Details

Reset View

Opacity
100

50

Domain: 3D, size=(100.0,100.0,26.0), origin=(0.0,0.0,0.0) Edit Domain... Export... Edit Image
Name Value
[l backaround
Nuc

Replace Geometry »
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#4 Geometry &P Specifications

Protocols _}‘E Simulations

“ Structure Mapping - Geometry Definition Kinematics

| |\ All structures and subdomains must be mapped to run a simulation. Use line tool or drop down menu in the ‘subdomain’ column.

/|~

<

~

~

Physiology (structures)

. Cyto_EC_membrane
,Iﬂ Cyto_Nuc_membrane|

<

On the Geometry tab, click
Structure Mapping. Then use the
line tool to drag a line with a mouse
from the physiology structure to the
appropriate geometry subdomain.

Membrane boundary conditions are chosen alphabetically among the adjacent subdomains.

Structure Subdomain Size Ratio X- X+ (= Y+ Z Z+
Cyt B Cyto 1[1] Flux Flux Flux Flux Flux Flux
Nuc 1 Nuc 1[1] Flux Flux Flux Flux Flux Flux
EC MEC 1[1] Flux Flux Flux Flux Flux Flux
PM M Cyto_EC_membrane [1[1] fromM |fomM |fomM |fomMW |fom W |from W

|
IAV

Physiology Geometry
Cyt Cyto
Nuc Nuc
EC EC
PM Cyto_EC_membrane
NM Cyto_Nuc_membrane
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