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VCell Tutorial

Building a Multi-compartment Rule-Based Model

In this tutorial, we will demonstrate how to create a compartmental rule based model of translocation through the
nuclear pore of a cargo protein via the GTPase protein Ran. Specifically, this model displays the export part of the
cycle. The nuclear Ran is (implicitly) phosphorylated by the shown interaction with its nucleotide exchange factor:
the chromatin-associated RCC1 protein. The activated Ran then binds to the cargo molecule, creating a ternary
complex with the (not shown) exportin, facilitating translocation into the cytosol. Ran and cargo are then
dissociated via the hydrolysis of Ran by the membrane-bound Ran-GAP protein (not shown). The cytosolic cargo

molecule may be phosphorylated on any of its three tyrosines while in cytosol.
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In this tutorial you will learn how to:

* Create a compartmental rule-based Physiology with Molecules, Species, Rules and Observables.

* Simulate a model using Deterministic application that expands rules into a reaction network using the
BioNetGen engine.

* Simulate a model using a Stochastic application that simulates the reaction network generated by
BioNetGen.

* Simulate a model using Network-Free application that skips network generation and directly computes
Observables using NFSim engine.

* Create a 3-D model in VCell using existing 3-D image slices.

* Simulate a 3-D model using Deterministic application that expands rules into a reaction network using
BioNetGen engine.

* Simulate a 3-D model using a Stochastic application that simulates the reaction network generated by
BioNetGen.

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 Rule-based Ran_transport in the Tutorial folder in the VCell
Database.


https://vcell.org/support
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Tl

%% Virtual Cell login

User Name |
Password The first step to any VCell
project is signing in. It is
. important to do so because
Login ’ [ fancel J only those that are signed in
will be able to run simulations
Forgot Login Password... ’ using VCell high-performance
- - ] computers remotely, use the
New User Reglstratlon... | VCell database, and save
o . work. If you are new to VCell,
Use this link for details on how to create an account by clicking
acknowledge Virtual Cell in your I b T LSRG S

publication and how to share your
published research through
the VCell database.
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1. Start By creating a new BioModel in
which to do your work. Click on
File > New > BioModel.

[File] Server Window Tools Help

New 4

BioModel e = 0bservab|es|
Sa ent: X

Open L MathModel * w s —

Close Ctrl+W Geometry ? Seach

Save Advanced >>

Save New Version

Cave A Search Show All

| Biological Models
Save As Local. BB 1y Biovodels (20isnathans7s1) (o)
[#__] Shared BioModels (0)
HEVER 10 agd [+ Public BioModels (601)
Compa¥e with Saved t-L] Tutorials (8)
T [+-__1 Education (34)

Permissions...

Model Anndtatian ... 3. Update the name of

Edit Annotation... N the Model to an

Field Data..  \ \ accurate descriptor.

Import... Selected BioModel Summary Then, save the new

Export... Model under My

Exit \ - / BioModels by clicking
i search | T on the desired domain

1 Dinlanical Madale \ Delete |

| 2. Now, save your new BioModel

1 online by clicking File > Save As. You
1 can also save your file to the computer
by clicking File > Save As Local.

and clicking Save.

Please type a new name: /

}Rule-Based_Ran_Transport ’

[ Save ] l Cancel l
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TIP: You can also create new structures using a non-visual format by clicking on the
Structures tab and pressing either New Compartment or New Membrane.

File Server Window Tools Help

[ BioModel1

## Reaction Diagram I (" Reactions I 2 Structures I ) Species [@ Molecules I () Observables]

E—'_'JPhVSIo = A N e AN e RE L
X caction Diagram Olo|r| =] ® @ 223 7B TR ’

2 Reactions (0)
- Structures (1)
2 Molecules (0)
“.. @ Observables (0)

| 1. To create and edit structures, click

on Reaction Diagram. Double click
on the title of the compartment (c0),
and rename it EC. Press Enter to
confirm. Alternatively, you can alter the
name of the compartment in the box
labeled Structure Name.

1 Biological Models [ Delete ]| [ Patiwaylinks v | Search | |

B |1y BioModels (Zkhan) (8)

(-] Shared BioModels (0) Object Properties | prpblems (0 Errors, 0 Warnings) |

&-{_] Public BioModels (639) — =
-] Tutorials (8) Select only one structure to edit properties
; Structure Name |E

@#-___] Education (33)

Size Variable Name ’EC [um3] ‘

Annotation




Rule Based Ran Transport VCell Tutorial (7.0): Physiology: Structures

TIP: You can not edit a structure’s name or its components while using the Structure Tool. Therefore,
when creating and naming structures, you have to switch back and forth between said Construction
Tool, and the Select Tool immediately to its left.

File Server Window Tbor—rremp

E BioModell #» Reaction Diagram | (¥ Reactions | T es | O
LiJ»--l:hy:iology iR BI @; )I( R;d;l @sﬁm&L J 2. Click on the dashed border,
Q. "caction Diagram Olx| =] “  then click Add Membrane.

@ Reactions (0)
- (2 Structures (1)
- Species (0)

1. Click on the Structure Tool. A
| dashed border should appear on
the sides of the EC compartment.

Name the membrane pm

fira]
R 2 i

vCell DB | BMDB | Pathway Comm | ==5ic |
BioModels | MathModels | Geometries|

= Search i
‘_ Biological Models { Delete ‘ ‘ Pathway Links » ‘ Search ’
&-{_] My BioModels (Zkhan) (8) — T
- Shared BloModels (0) Object Properties | Problems (0 Errors, 0 Warnings) |
@1 Public BioModels (633)
(-] Tutorials (8) Select only one object (e.g. species, reaction, simulation) to view/edit properties.

@#-{__] Education (33)
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TIP: Compartments have a white background, while membranes have a grey background.

TIP: The goal of these structures is to roughly mimic the basic structure of the cell so as to
create an environment for reactions to take place.
File Server Window Tools Help

B Rule-Based_Ran_Transport q ¥+ Reaction Diagram | ™ Reactions | 2 Structures | © Species | © Molecules | © Observables|

=} Physiology —

- - P L ] * * . oo .

L veaction Disgram R [DO = @ @ 5Z 3 ool 8 i 9|0 ctt
- Reactions (0)
O Structures (5)

e O Specim (0)
(2 Molecules (0)

[+ Pathway

1. Continue to make alternating compartments
and membranes until you have, starting with a
compartment: EC, pm, Cyt, nm, Nuc. (Also
illustrated in the image.)

AY
VCell DB | BMDB | Pathway Comm | =-: /- |

BioModels | MathModels | Geometries|

1+ Search § :
_1 Biological Models Delete | | Pathway Links v Search
E-1 My BioModels (2018nathans751) (18) AV
(-1 Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Warnings) |
[+-__1 Public BioModels (601)
[ Tutorials (8) Select only one object (e.g. species, reaction, simulation) to view/edit properties.
Y ] g.sp prop

(] Education (34)
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TIP: For some reactions, like a neuron firing, adjusting the membrane potential can be very
important in corrct simulation. In this case, the membrane potential is not very important.

File Server Window Tools Help

10

Rule-Based_Ran_Transport
=+ Physiology

- i Reaction Diagram

- Reactions (0)

- Molecules (0)

- observables (0)
----- Applications (0)
----- Parameters, Functions and Units
[+-Pathway

:| ¥+ Reaction Diagram | (2 Reactions| © Structures | Species | (2 Molecules | © Observables|
Name Type Electrical (Membrane Polarity)
Cyt Compartment
EC Compartment
Nuc Compartment
pm Membrane Cyt(+) EC(-)

properties of this membrane will appear.

1. Click on nm. At the bottom of the screen, the

3. Do steps 1-2 for the pm membrane as well. Note
4% that pm separates EC and Cyt.

VCe

2. Change the Positive dropdown to nuc and
the Negative to cyt (optional, necessary only if
voltages across membrane will be
considered).

BioModels | MathModels | Geometries| “
[+l Search

= Aéiﬂologicai Models [ New Compartment ] [ New Membrane [ Delete ] Pathway Links Search |
1 My BioModels (2018nathans751) (18) AV

(1 Shared BioModels (1)
[#-__] Public BioModels (601)
{1 Tutorials (8)

Object Properties | Problems (0 Errors, 0 \Marnings) l ) Database File Info\

_Select only one structure to edit properties

Structure Name :hm

[ Education (34) il
Size Variable Name ET‘,",‘,,[P",‘Z]

Electrophysiolog

Voltage Variable Name Voltage_nm [mV]
Positive (inside feature) iNuc

Negative (outside feature) cyt

membrane voltage: "Voltage_nm" = voltage(Nuc) - voltage(Cyt)
inward currents: from compartment "Cyt" into compartment "Nuc"
Note: VCell reactions and fluxes specify inward currents (- to +) rather than conventional currents (+ to -).

Annnftatinn [
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TIP: The color of a molecule is assigned based on the order in which it was created. It is not possible
to customize or change the colors of molecules.

File Server Window Tools Help

% Rule-Based_Ran_Transport

=+ Physiology

- ¥ Reaction Diagram

- Reactions (0)

- Structures (5)

-~ © Species (0)
“-( Observables (1)

~~~~~ Applications (0)

----- Parameters, Functions and Units

[+-Pathway

AV

VCell DB | BMDBl Pathway Comm| Sv;’::.fl

BioModels | MathModels | Geometries|

Search

_| Biological Models
[#-__1 My BioModels (2018nathans751) (18)
[#__] Shared BioModels (0)

[#__1 Public BioModels (601)
[H-__] Tutorials (8)

(-] Education (34)

VA

| 3 Reaction Diagram | (2 Reactions | © Structures | 2 Species| © Molecules | © observables

Name Depiction BioNetGen Definition

1. To create molecules that will be involved in the
model, click on New Molecule. A new, generically
named molecule will appear.

2. To change the name, right click on the
/ molecule, and click Rename.

[ New Molecule { Delete ] Pathwayun')/v | Search \

. 4

Object Properties | Problems (0 Errors, 0 Wqﬁings) |
Anchor Molecule |

3. Change the name to Ran.

(@) No restrictions

N ename . .

() Only these: e 4. Right click on the molecule
= ‘ and select Add Site.

" Jpm fT:\nnotaﬁon

| oyt

[ |nm
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TIP: You can not delete a molecule until all observables, species, and reactions containing said
molecule are either altered to not include the molecule or deleted.

File Server Window Tools Help

% Rule-Based_Ran_Transport
=} Physiology
. #» Reaction Diagram Name Depiction BioNetGen Definition

@ Reactions (0) Ran(Cargo)

- Structures (5)

“ () Observables (1)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway

WV

| £ Reaction Diagram | (= Reactions | © Structures | (2 Species| © Molecules | © observables|

AY
VCell DB | BMDB | Pathway Comm | =51 |

BioModels | MathModels | Geometries|

-+l Search p = c . -
T — [ New Molecule » | [ Delete ] | Fathway Links~ | 1. Right click on the site and
_I My BioModels (2018nathans751) (18) ~ select Rename.

E+_1 Shared BioModels (1) Object Properties | Problems (0 Errors, 0 Warnings) | £ Database File/ Ii..—.

[#-__] Public BioModels (601) ¥
B Tutorials (8) Anchor Molecule ,
el © Norestrictions @ 2. Name the site cargo.

argo
(*) Only these: - Move right
== Move left
[Jec

[ oyt Add State

Clum

P

—i| L= Rename
[ |pm k bt Delete

v
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TIP: A molecule can also be renamed by double clicking on it in the name column.

File Server Window Tools Help

E Rule-Based_Ran_Transport al 3+ Reaction Diagram | (2 Reactions |  Structures | (2 Species| © Molecules | ™ Observables|

=} Physiology = e =
% Reaction Diagram Name Depiction BioNetGen Definition

- Reactions (0) Ran D Ran(Cargo)

- Structures (5) RCC1(Site)

- © species (0)

R Molecules (2)

“ () Observables (2)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway

AY
VCell DB | BMDB | Pathway Comm | =51 |

BioModels | MathModels | Geometries|

Search ;
= Biological Models [ New Molecule v | [ Delete | | Pathway Linksv | 1. Create new molecule RCC1. | |
[ My BioModels (2018nathans751) (18) v _—

[+ Shared BioModels (1) Object Properties | Problems (0 Errors, 0 Warnings)

[+ Public BioModels (601)

[+ Tutorials (8) Anchor Molecule ,

(] Education (34)

(@) No restrictions

2. Rename Site0 to Site

() Only these:

[C]ec

[] pm Bin ;\nnotation
o |1

[ Inm

] L
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File Server Window Tools Help

.ﬁ Rule-Based_Ran_Transport
=+ Physiology

- ¥ Reaction Diagram
- Reactions (0)

- Structures (5)

@ Species (0)

R Molecules (3)

[+-Pathway

14

| 3 Reaction Diagram | 2 Reactions | © Structures | = Species| © Molecules | ) observables

AY

VCell DB | BMDB | Pathway Comm | =51 |

BioModels | MathModels | Geometries|

Search

_1 Biological Models
[#-__1 My BioModels (2018nathans751) (18)
[#+__1 Shared BioModels (1)
(L1 Public BioModels (601)
[H-__] Tutorials (8)
(] Education (34)

Name Depiction BioNetGen Definition
Ran D Ran(Cargo)
RCC1 D RCC1(Site)

[ News Molecule » H Delete ]’ Pathway Links \
v — 1. Create new molecule C.

L

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

Anchor Molecule |

2. Add sites Site, Y1, Y2, and Y3.

(@) No restrictions

() Only these: -2 Move right

&= Move left

e

3. Right click on site Y1 and press

oyt Add State Y3 as well (2x for each site).

[ Inm

fl — = Rename
[1pm k b E L Delete 1 add state. Do this for sites Y2 and
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15
TIP: The BioNetGen Definition is another way of describing a molecule. The format is the name of the molecule followed

by closed parentheses, containing the names of sites, separated by comas. States are indicated by a adding a tilde to the

end of the site, followed by the name of the state. Multiple states can be created per site.
D

E Rule-Based_Ran_Transport

e :I ¥+ Reaction Diagram | ( Reactions | © Structures | 2 Species| © Molecules | © observables

" Py; :o :eg;ycmn Diagram Name Depiction BioNetGen Definition
- Reactions (0) Ran o) Ran(Cargo)
- Structures (5) @ RCC1(Site)
- © Spedies (0) [ ¢ [=ec¢e  |[c(siteYl~u~pY2~u~pY3~stateO~p) 00
B ioiccuies (3)
“-( Observables (3)

~~~~~ Applications (0)

»»»»» Parameters, Functions and Units

[+-Pathway

1. To rename the state, right
click on it and select Rename.

AY
VCell DB | BMDB| Pathway CommI Sabig [

BioModels | MathModels | Geometries|

2. Rename the states so that

S : each site has two states; p on
_1 Biological Models [:New Molecle ¥| the top and u on the bottom. earch |
[#-__1 My BioModels (2018nathans751) (18) ¥ -
f_1 Shared BioModels (1) Object Properties | Problems (0 Errors, 0 War#ngs) | © patabase File Info|/
[#__1 Public BioModels (601) y
f) Tutorials (8) Anchor Molecule ||
k-8 Fducation (34) (@) No restrictions
() Only these: Rename
Delete
[Jec el
[ lpm _ " Annotation

| oyt

[ |nm
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TIP: Each Observable corresponds to a sum of species selected by species patterns. Specific species are identified the
network is generated using reaction rules. An observable corresponding to the total amount of all species that include
r| this molecule is automatically generated for every molecule.

@ Rule-Based_Ran_Transport
=} Physiology

- ¥ Reaction Diagram

- Reactions (0)

- Structures (5)

- Spedies (0)

- Molecules (3)

g Observables (3)
- Applications (0)

-Parameters, Functions and Units

[+-Pathway

AY
VCell DB | gMDB | Pathway Comm |

BioModels ’ MathModeIsI Geometries
't Search

:‘ ¥+ Reaction Diagram | (2 Reactions | © Structures | (2 Species | (= Molecules| © Observables

Name Structure Depiction BioNetGen Definition Count
00_Ran_tot Cyt D Ran() Molecules
00_RCC1_tot Cyt D RCC1() Molecules
00_c_tot Cyt (SoTT ey () Molecules

When a molecule is created, an
observable for that molecule
should also automatically be
created. Therefore, there
should already be three
observables.

To view, edit, and add
observables, Click on the
Observables tab.

Observables are defined in the
default compartment, we will
explain how to change the
compartment later.

_1 Biological Models

[#-_1 Shared BioModels (1)
[+ Public BioModels (601)
[£- Tutorials (8)

[H1 Education (34)

[+__] My BioModels (2018nathans751) (18)

[ New Observable v ] Duplicate v

Delete

Pathway Links ¥ Search

AW
FObJ'ECt Properties | Problems (0 Errors, 0 Warnings) I ) Database File Info

Select only one object (e.g. species, reaction, simulation) to view/edit properties.
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TIP: Not all of the observables were automatically created in the correct structure.

File Server Window Tools Help
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% Rule-Based_Ran_Transport
=} Physiology

- ## Reaction Diagram
) Reactions (0)

@ Structures (5)

- Molecules (3)

R, Observables (3)]

----- Applications (0)
----- Parameters, Functions and Units

: | £ Reaction Diagram | (™ Reactions | © Structures | © Species | 2 Molecules| © Observables
Name Structure - Depiction BioNetGen Definition Count
Ra ole
0_RCC1_] Cyt @ RCC1() Molecules
IOlJ_c_tot \ Cyt SoTT ey c() Molecules

S\

[+-Pathway

Ran_Cyt

1. Rename O0_Ran_tot to

You can rename observable by
double clicking on their name.

AV

VCell DB | BMDB | Pathway Comm | =51 |

BioModels | MathModels | Geometries|

To better identify the observables,
their names can be changed.

1+ Search

_| Biological Models
(1 My BioModels (2018nathans751) (18)

[ 1 Shared BioModels (1)

[#__1 Public BioModels (601)
[H-] Tutorials (8)

[H-_1 Education (34)

[ New Observable v ] [ Duplicate ¥ ] [ Delete ] \ F’éfﬁwayri;iﬁksv 1

Search [

. 4

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

Add Pattern

(@) Multimolecular
Polymer of

@ length= |2
(") length > E}

Pl

? underneath the site means
that other molecules can be
bound to Ran at this site.

| »

1

1

- Annotation




Rule Based Ran Transport VCell Tutorial (7.0): Physiology: Observables

File Server Window Tools Help
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E Rule-Based_Ran_Transport

d[ #2 Reaction Diagram I o) Reactionsl 5] Structures] 5} Speciesl (5] Molecules] © Observables |

" Phy;:o ,';’;ycm g I Name Structure Depiction BioNetGen Definition Count
- Reactions (0) | Ran_cyt Cyt D Ran() Molecules
- Structures (5) argo ole
e g Species (0) RCC1_Nuc Oyt @ RCC1() Molecules
(2 Molecules (3)
_,__A,;,,Dﬁca 2. Change the structure for both
e Cargo_Nuc, and RCC1_Nuc
observables to Nuc.
Select observable. In the
1. Change bottom of the screen, the
names as observable will be visually
indicated. displayed.
VCell DB | BMDB | Pathway Comm | ==0c |
BioModels | MathModels | Geometries| 3 Right click th b
[# Search . RIgNt CliCK on the grey pox -
_| Biological Models [ New Observable v ] [ Duplicate v ] [ Delete ]j/éhway Links ¥ | < that says the name Of the ]

[H+__1 My BioModels (2018nathans751) (18)
(-] Shared BioModels (1)

(-1 Public BioModels (601)

(-] Tutorials (8)

(-] Education (34)

AV

Object Properties | Problems (0 Errors, 0 Warningsﬁ@ Database File Info

observables current structure.

Polymer of
() length =
(©) length >

I Add Pattern

(@ Multimolecular

[2]
Al

o ——— e S TR
site Y1 Y2 Y3
Cyill|iol=—di =i ey =

Delete Species Pattern

Add Molecule Kl
Specify structure (for all) *»

Then, select Specify
Structure, and a list of all the
structures will appear. Clicking
on one changes the Structure
where the selected observable
is present.

[ 1

|A I'\nnotation
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TIP: A duplicate observable can be created by selecting the desired observable and clicking Duplicate.

File Server Window Tools Help

E Rule-Based_Ran_Transport

V.

| i Reaction Diagram | (2 Reactions | © Structures | ( Species | © Molecules| © Observables l

=} Physiology
|18 Banction Disgisin Name Structure Depiction BioNetGen Definition Count
- Reactions (0) Ran_cyt Oyt D Ran() Molecules
----- © Structures (5) RCC1_Nuc Nuc @ RCC1() Molecules
@ Species (0) Cargo_Nuc Nuc eC ey c0 Molecules
-~ Molecules (3)
g Observables (3)
----- Applications (0)
----- Parameters, Functions and Units
[+-Pathway
To create a new observable, click
on New Observable, then specify
av the structure where it should be.
VCell DB [ BMDBI Pathway Comml ‘i‘.{::f::?l
BioModels | MathModels | Geometries| /
[+ Search = =
_1 Biological Models [ v New Observable( Duplicate v | | Delete Pathway Links ¥ 7 Search \

[#-__1 My BioModels (2018nathans751) (18)
[ Shared BioModels (1)

F#-__] Public BioModels (602)

[ Tutorials (8)

(-] Education (34)

(ONONONON)

In Compartment EC
In Compartment Nuc
In Compartment Cyt
In Membrane pm

In Membrane nm

Errors, 0 Warnings) l ) Database File Infol

ies, reaction, simulatipa)tosinusladit

1. Create a new
observable in the
Cyt compartment.
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File Server Window Tools Help
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B Rule-Based_Ran_Transport
= Physiology

- ¥ Reaction Diagram
- Reactions (0)

@ Structures (5)

-~ Molecules (3)

g3 Observables (4)
vvvvv Applications (0)
----- Parameters, Functions and Units
[+ Pathway

:I ¥+ Reaction Diagram | ( Reactions | © Structures | = Species | © Molecules| © Observables
Name Structure Depiction BioNetGen Definition Count
Ran_cyt Cyt D Ran() Molecules
RCC1_Nuc Nuc (¥oY RCC1() Molecules
Cargo_Nuc Nuc (Soc ey c() Molecules
G

1. Rename the new observable to
Cargo_Cyt. It will count all
molecules of cargo in cytosol.

AV

vCell DB | BMDBI Pathway Comm | .5.»:::::@]

BioModels | MathModels | Geometries|

[+ Search

2. Right click on the grey area.

Biological Models

[#+__] Shared BioModels (1)
[+ Public BioModels (602)
[+ Tutorials (8)

[+ Education (34)

[#-__] My BioModels (2018nathans751) (18)

~ New Observable Duplicate v Delete | |
| = | | ] Select Add Molecule -> C.
Object Properties [ Problems (0 Errors, 1 Warnings)l ) Datavase Fire Wi —

—

Add Pattern

(@) Multimolecular

Delete Species Pattern/

Add Molecule & | Ran

Polymer of
©length= 2] Specify structure (for all) } < ECCl
() length > 1‘ —_——
3. The generated observable will have all sites of cargo
~ Annotation molecule in grey with question marks, meaning that all

tyrosines can be either phoshporylated or not, and other

molecules can be bound or not.

=8
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TIP: For some observables it is important to specify certain sites being bound or
unbound, phosphorylated, or unphosphorylated.
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Rule-Based_Ran_Transport
=1 Physiology

-~ Molecules (3)

g3 Observables (5)
----- Applications (0)
--Parameters, Functions and Units
[+ Pathway

V.

| & Reaction Diagram | (2 Reactions | © Structures |  Species | © Molecules| © Observables

1. Create a new observable

named Ran_Bound_Cyt in the

Cyt compartment.

AV

vCell DB | gMDB | Pathway Comm | 5010

BioModels | MathModels | Geometries|

-+ Search

_1 Biological Models

[+-__] My BioModels (2018nathans751) (18)
[#__] Shared BioModels (1)

F#+__1 Public BioModels (602)

[+ Tutorials (8)

(-1 Education (34)

2. Assign the observable the Ran

molecule.

Pathw

Object Properties | Problems\@(Errors, 0 Warnings) | € Databa

Add Pattern

2. Right click on the site Cargo,
and click Site Has External Bond.
This specifies that there is an
observable that selects all Ran
molecules that are bound to

Name Structure Depiction BiolNetGen Definition Count
Ran_cyt Cyt D Ran() Molecules
RCC1_Nuc Nuc D RCC1() Molecules
Cargo_Nuc Nuc (FoT Ty c() Molecules
Cargo_Cyt Oyt (~roceey c() Molecules

Ran_Bound_Cyt Ran() Molecules

something (and this “something”
can be only cargo molecule), and

located in the Cytosol.

Site is unbound

Site has external bond
Site may be bound
Site bond specified 4

@ Multimolecular | ¢yt ?:Cargo
Polymer of

(7) length = 2 |

)length> |1 7

P

~ Annotation
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TIP: A state of "p" means phosphorylated, while a "u" state means unphosphorylated.

File Server Window Tools Help

E Rule-Based_Ran_Transport
= Physiology

- ¥ Reaction Diagram
-~ Reactions (0)

- Structures (5)

- Molecules (3)

g3 Observables (6)
----- Applications (0)
----- Parameters, Functions and Units
[+-Pathway
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:I ¥+ Reaction Diagram | ( Reactions | © Structures | = Species | © Molecules| © Observables
Name Structure Depiction BioNetGen Definition Count
Ran_cyt Cyt Ran() Molecules
RCC1_Nuc Nuc RCC1() Molecules
Cargo_Nuc Nuc [Soc ey c() Molecules
Cargo_Cyt Oyt ey c() Molecules
Ran_Bound_Cyt Cyt Ran(cargo!+) Molecules

N

1. Create a new observable
named Cargo_Phosp_Cyt in the
Cyt compartment. Assign the

AV

vCell DB | gMDB | Pathway Comm | =010

observable the C molecule.

BioModels | MathModels | Geometries|

2. Right click on the states
above the Y sites. Set all
three states to p. This
creates an observable

-+ Search

_1 Biological Models
[#-__] My BioModels (2018nathans751) (18)
[+ Shared BioModels (1)
[#-__1 Public BioModels (602)
[+ Tutorials (8)
[H+__1 Education (34)

[ News Observable v ] [ Duplicate v ] [ Delete ]
. 4

Pathway Links ¥

selecting all species that
contain C molecule

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

phosphorylated at all Y

Add Pattern

sites.

|

|

(@ Multimolecular ol

/

Polymer of . ~ State:p y gl
(7) length = ;ZJ
() length > ;‘17J

- Annotation
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.% :ule—Based_Ran_Transport :I 3+ Reaction Diagram | (2 Reactions | (2 Structures | © Species | 2 Molecules| © Observables
[=}-Physi
y; :o ::::::tlon Diagram Name Structure Depiction BiolNetGen Definition Count
- Reactions (0) Ran_cyt Cyt ~oY) Ran() Molecules
2 Structures (5) RCC1_Nuc Nuc @ RCC1() Molecules
- species (0) Cargo_Nuc Nuc D c() Molecules
© Molecules (3) Cargo_Cyt oyt SO c() Molecules
A Ran_Bound_Cyt Cyt (~o Ran(cargo!+) Molecules
---- pplications T = = =
_____ Ptk Fanctions aid Uiks Cargo_li’hosp_cyt Cyt O C(Y1~p!?,Y2~p!? Y3~p!?) Molfacules
[+-Pathway SpLRALE :
1. Create a new observable
named Cargo_Phosp_Cyt_Tot in
the Cyt compartment. Assign the
Av
vCell 05 |(GaDB EathmoncomenEabio] observable the C molecule.
BioModels | MathModels | Geometries| [ New Observable v ] [ Duplicate ¥ ] [ Delete ] ‘ ‘Pathway Links v 1 Search |

.\ 4

Search
_1 Biological Models

Object Properties | Problems (0 Errors, 2 Warnings)]

[#-__1 My BioModels (2018nathans751) (19)

Add Pattern ]

[ Tutorials (8)
-1 Education (34)

(-] Shared BioModels (1)

(@) Multimolecular

Polymer of

[#__1 Public BioModels (602)
2. Add a new species pattern into

the Add Pattern button (2X).

the existing observable by selecting

-~

-
Delete Species Pattern |
Add Molecule ' D Ran
Specify structure (for all) <@ RCC1
B C

‘ 

3. Specify the new

pattern as the C
molecule.

ﬂ[

4. Specify the third pattern
as molecule C as well.
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TIP: A grey site with a question mark at the bottom means that the site may or may not be bound.
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% Rule-Based_Ran_Transport :I 3+ Reaction Diagram | ( Reactions | (2 Structures | © Species | T Molecules| © Observables
[=-Physiology
%> Reaction Diagram Name Structure Depiction BiolNetGen Definition Count
- Reactions (0) Ran_cyt Cyt o) Ran() Molecules
- Structures (5) RCC1_Nuc Nuc <@ RCC1() Molecules
- Species (0) Cargo_Nuc Nuc (ToT Ty c() Molecules
© Molecules (3) Cargo_Cyt Oyt T c() Molecules
""" © 05&""3“&5 (7) Ran_Bound_Cyt oyt D Ran(cargo!+) Molecules
""" Applcationagfl), - Cargo_Phosp_Cyt |Gyt CY1~p!?2,Y2~p!?2,Y3~p!?) Molecules
----- Parameters, Functions and Units e LK K
- Pathway | Cargo_Phosp_Cyt_Tot |Cyt TOUTS’ Teow T’ oW |C(Y1~p!?) C(Y2~p!i?) C(Y3~p!?) Molecules

avy
VCell DB | BMDB | Pathway Comm | ==

BioModels | MathModels | Geometries| [ New Observable v ] [ Duplicate ¥ ] [ Delete ] ‘ Path\a/Lmkb :
i e ¥ 1. Set Y1 as phosphorylated on

1 Biological Models Object Properties | Problems (0 Errors, 0 Warnings) | .
&1 My BioModels (2018nathans751) (19) the first molecular structure.

[ Shared BioModels (1)
[ Public BioModels (602)
[ Tutorials (8)

(-] Education (34)

[ Add Pattern ]

(@) Multimolecular

Pomerct 2. Set Y2 as phosphorylated on
Olength= 2| i the second molecular structure.

() length > |1 }

3. Set Y3 as phosphorylated on
the third molecular structure.
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% Rule-Based_Ran_Transport
= Physnology

- i Reaction Diagram

- Reactions (0)

-~ Structures (5)

R Species (0)|

@ Molecules (3)

- Observables (7)
- Applications (0)

-~ Parameters, Functions and Units
[+-Pathway

AV

VCell DB | BMDB | Pathway Comm | ,iE:Duj;|

BioModels | MathModels | Geometries|

r- '+ Search

Biological Models
[#+__] My BioModels (2018nathans751) (18)
[H+__1 Shared BioModels (1)
[+ Public BioModels (602)
[+ Tutorials (8)
[+ Education (34)

h 7N

| $I Reaction Diagram | © Reactions | © Structures| © Species | = Molecules | = oObservables|

Name

| Structure | Depiction |

Link

BioNetGen Definition

1. To make a new species, click
the New Species button, then
specify the structure in which the
species will exist.

New Species ¥

( Duplicate v | \ Delete \ ‘7 Pathway Links v \ Search |

In Compartment EC
In Compartment Nuc
In Compartment Cyt
In Membrane pm

In Membrane nm

(ONONONONC)}

Errors, 0 Warnings) | ) Database File Info|

, reaction, simulation) to view/edit properties.

2. Create the new species in

compartment Nuc.
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% Rule-Based_Ran_Transport
=} Physiology
- ¥ Reaction Diagram
- Reactions (0)
- Structures (5)
B Species (1)
- Molecules (3)
- Observables (7)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway

AV

v

| #7 Reaction Diagram | ™ Reactions | © Structures| © Species | ) Molecules | (> Observables

VCell DB | BMDB | Pathway Comm | 5250 |

BioModels | MathModels | Geometries|

1+ Search

Structure

Depiction

Link BioNetGen Definition

1. Rename the species to
Ran_C_Nuc by either double
clicking in the name column, or
typing it in the Species Name box
in the Object Properties tab.

_| Biological Models
[F-__1 My BioModels (2018nathans751) (19)
[ Shared BioModels (1)
[ Public BioModels (602)
[ Tutorials (8)
FH-_) Education (34)

Search \

AV

Z
New Species ¥ Duplicate ¥ y Delete ] [ Pathway Links ¥ ]

Object Properties | Problems (0 Efrs, 0 Warnings) I

Species Name |Ran_C_Nuc

Linked Pathway Object(s)

2. To assign a molecule to the ]
blank species, right click on the
green ball, and click Specify
Molecule. Assign the blank

_—7
— /7
Annotation i
species to the Ran molecule.
— /
&
q Specify Molecule D> Ran
| RCC1

S C
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E Rule-Based_Ran_Transport
=+ Physiology
- i Reaction Diagram

@ Molecules (3)
“-( Observables (7)
- Applications (0)
--Parameters, Functions and Units
[+ Pathway

AY

VCell DB | BMDB | Pathway Comm | =-11c |

BioModels | MathModels | Geometries|

Search

_1 Biological Models
[H-__] My BioModels (2018nathans751) (19)
[+ Shared BioModels (1)
[ Public BioModels (602)
[H-_] Tutorials (8)
[ Education (34)

’] #+ Reaction Diagram | 2 Reactions | © Structures| © Species | © Molecules | © Observables|

Link

BioNetGen Definition

Ran(cargo)

: : 1. To add another molecule into
e speces” | [ owlete~ | [ vete | 40 qhecie, right click on the white |

Object Properties | Problems (0 Errors, 0 Warning| Space next to the molecule, and

Species Name |Ran_C_Nuc select Specify Molecule. Select |
the C molecule.

__—

_— /

y A

Linked Pathway Object(s)

Annotation

Ran

(Ran ) Specify Molecule <&
- (_cargo ) o)
LIC c

RCC1
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% Rule-Based_Ran_Transport a] 3+ Reaction Diagram | (2 Reactions | ( Structures| © Spedies | © Molecules | © Observables|
[=}-Physiology : - . ' .
- i Reaction Diagram BioNetGen Definition

-~ © Reactions (0) £ Ran € Nac ~OXO0TD Ran(cargo).C(site, Y1~u,Y2~u,Y3~u)

----- 2 Structures (5)

M) Species (1))

- Molecules (3)

[+-Pathway

AV

VCell DB | BMDB | Pathway Comm | 5=b1c |

BiOMOde|S|MathModeIsIGeometries| [ New Species v ] [ Duplicate ¥ ] [ Delete ] [ Pathway Links ¥ ] Search ‘
-+ Search 222

1 Biological Models Object Properties | Problems (1 Errors, 0 Warnings)|
FH-__1 My BioModels (2018nathans751) (19)
[#__] Shared BioModels (1)

[#-__1 Public BioModels (602) Linked Pathway Object(s)
(- Tutorials (8)

[ Education (34)

Species Name [Ran_C_Nuc \

Annotation

(o
= Site is unbound

Site bond specified ' “@BTZP Ran(cargo!l).C(site!l)
Ran(cargo!1).C(Y1!1l)
Ran(cargo!l).C(Y2!1)
Ran(cargot1) C(Y3tL)

Nuc
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TIP: A yellow site with no line out the bottom is an unbound site.

File Server Window Tools Help
ﬁ Rule-Based_Ran_Transport al 3+ Reaction Diagram | ( Reactions | (2 Structures| © Species |  Molecules | {2 Observables|

= Physiology — - _ —
- #» Reaction Diagram Name Structure Depiction Link BioNetGen Definition

..... . Reactions (0) Ran_C_Nuc QTEED Ran(cargo!1).C(site!1,Y1~u,Y2~u,Y3

..... Ostructures (5) e [ [eaGty)
----- RS Species ()]
----- ) Moleculm (3)
~~~~~ - observables (7)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway

1. Create new species RCC1 in
the Nuc compartment.

AV

VCell DB | BMDB | Pathway Comm | <=0 |

BioModels | MathModeIs[ Geometriesl New Species ¥ \ Duplicate ¥ | [ Delete ] [ Pathway Links ¥ ] Search \
r. + Search . :

1 Biological Models Object Properties | Problems (0 Errors, 0 Warnings) |

+-__1 My BioModels (2018nathans751) (19) Species Name ERCCI \
+-_] Shared BioModels (1)

[#+] Public BioModels (602) Linked Pathway Object(s)

[+ Tutorials (8)

[+ Education (34)

Annotation 2. SpeCIfy the molecule to
o
T

Nuc
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1. Select the Reactions tab.

30

[ My BioModels (2018nathans751) (19)
[#__] Shared BioModels (1)

[ Public BioModels (602)

[ Tutorials (8)

[+ Education (34)

27 Kinetics |  Ed

Reversible [ @

In Compartment Nuc
In Membrane pm
In Membrane nm

.@ :ule Based_Ran_Transport :I 3+ Reaction Diagram | © Reactions | (2 Structures | © Species | © Molecules | 2 Observables|
g Py:’no lllt:::::tlon Diagram Reaction Name -~ | Structure Depiction Kinetics Link BioNetGen Definition
----- - Structures (5)
~~~~~ - Species (2)
----- - Molecules (3)
,,,,, _""90"5‘*“’?}1‘9—" ™ 2. To create a new reaction rule,
""" 3. Rename the reaction rule by Cl'zk on thfe Nﬁ‘_"hR‘f[le t?[utto?r,]
double clicking in the Name an ?pemg Wldlc’i kS rulc urel ©
column. Name this rule C_p1. reaction should take piace. in-
this case, create the new rule in
the Cyt compartment.
AV
VCell DB I BMDBI Pathway Comml Sa L‘:e[:l
BiOMOdGﬂSIMathModelsIGeometries| [ New Reaction ¥ ] [ New [ Duplicat _] [ Delete ] [ Pathway Links v ] Search
[t Search In Compartment Cyt
_1 Biological Models Ob]ect Eropetties IE In Compartment EC

[ Add Reactant

SRS ONONONIN)

| Add Product

[ single Row Viewer
Show Molecule Color

Show Non-trivial

[] show Differe...
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TIP: To make the reaction larger or smaller, use the respectively green and red plus and minus button. Checking
the Single Row Viewer box aligns the entire reaction in one row. You can not edit the reaction in this mode.

File Server Window Tools Help

E Rule-Based_Ran_Transport
[=}-Physiology

- i Reaction Diagram

..... D Reactions (1)

- Structures (5)

- © Species (2)

- Molecules (3)

- Observables (7)
----- Applications (0)
---- Parameters, Functions and Units
[+-Pathway

WV

| 3 Reaction Diagram | © Reactions | (™ Structures | © Species | © Molecules | © observables|

Reaction

|kinetics | wLink | BioNetGen Definition

X Reaction Rule

AV

vCell DB | gMDB | Pathway Comm | 5201 |

1. Like in the observables tab,
you add molecules by right
clicking on the dashed blank
molecule, and select Specify
Molecule. Specify to the C
molecule.

2. You will see that there is an

BioModels | MathModels | Geometries|

[+ Search

_1 Biological Models

[H-__1 My BioModels (2018nathans751) (19)
[#__] Shared BioModels (1)

[+ Public BioModels (602)

[+ Tutorials (8)

[ Education (34)

.\ 4

y A
New Reaction ¥ ] [ New Rule ¥ ] [ Du/g&fcatev ] [ Delete ] [ Pa arrow. This arrow Separates the

Object Properties | Problems (1 Errors, 1 Wg{nings)l

products from the reactants.

" Kinetics | | Editor

You have already specified the

molecule of the reactant as C.

Reversible [ @ Q

[ Add Reactant ]

| AddProduct |

Delete
[ single Row Viewer

Show Molecule Color

Now specify the product as C as
well.

1]

Specify Molecule »<@
Specify structure |

@

Show Non-trivial
[] show Differe...

Ran
RCC1

> ¢ |
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TIP: With no boxes checked, the reaction is shown in black and white, with only the site specific bonds indicated
in color. Checking the Show Molecule Color box adds an ordered color to the molecule to help with visual
differentiation. The specific color can not be changed.
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E Rule-Based_Ran_Transport
=} Physiology
- ¥* Reaction Diagram

B Reactions (1)|

,,,,, ) Structures (5)

@ Species (2)
- Molecules (3)

[+ Pathway

AV

VA

| 3+ Reaction Diagram | © Reactions | (™ Structures | © Species | T Molecules | © Observables|

Reaction Name ~ | Structure Depiction

Kinetics Link

BioNetGen Definition

| Reaction Rule C_pl Cyt

VCell DB | BMDB | Pathway Comm | =200

MassAction | @Cyt:C(Y3~ul?) -> @Cyt:C(Y3~p!?)

BioModels | MathModels | Geometries|

New Reaction ¥ ] [ New Rule ¥ ] [ Duplicate ¥ ] | Delete |

[+ Search

_1 Biological Models
[ My BioModels (2018nathans751) (19)
[+ Shared BioModels (1)
[#+__1 Public BioModels (602)
[+ Tutorials (8)
[#__] Education (34)

.\ 4

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

1. This reaction rule is for

phosphorylation, so set the Y3
site as u in the reactants, and p

in the products.

Z7 Kinetics | ./ Editor

Reversible || @ e

[ Add Reactant ]

l Add Product ]

[ single Row Viewer
Show Molecule Color

Show Non-trivial
|| show Differe...
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and the products.

TIP: Checking the Show Non-trivial box highlights assigned sites and states in yellow. Checking
the Show Differe... box highlights in orange the differences in bonds, sites, and states between the reactants

File Server Window Tools Help

Rule-Based_Ran_Transport
=+ Physiology

- #» Reaction Diagram

8 Reactions (2) |

- Structures (5)

- Molecules (3)

[+ Pathway

:l 3 Reaction Diagram| © Reactions | (2 Structures | © Species | © Molecules | © observables|
Reaction Name - | Structure Depiction Kinetics Link BioletGen Definition
Reaction Rule [C_p1 Cyt CEED -> oD MassAction @Cyt:C(Y3~u!?) -> @Cyt:C(Y3~p!?)

| Reaction Rule | . p2 Cyt CXC) XX MassAction I @

1. Create a duplicate reaction
rule by pressing Duplicate.

2. Rename the rule C_p2. Specify the location as being in
the Cyt compartment.

AV

vCell DB | gMDB | Pathway Comm | <=0 |

BioModels | MathModels | Geometries|

-+ Search

_1 Biological Models

[#+_1 My BioModels (2018nathans751) (19)
[#__] Shared BioModels (1)

[ Public BioModels (602)

[ Tutorials (8)

() Education (34)

3. Change the Y3 sites to a

—
New Reaction ¥ ] [ New Rule v ] [ Duplicate 'q’[ Delete ] E
v
Object Properties | Problems (0 Errors, 0 Warnings) | ’/

non-specified state.

% Kinetics | | # Editor /

Cyt:C(Y2~ut?) -> @Cyt:C(Y2~p!?)

Reversible [ @ e

[ Add Reactant ]

[ Add Product ]

[ single Row Viewer

4. Switch the Y2 site in the

reactants to a u state, and in the

products to a p state.

Show Molecule Color
Show Non-trivial
[] show Differe...
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ﬁ Rule-Based_Ran_Transport
= Physiology

- Reaction Diagram

B eocions )

- Structures (5)

- Species (2)
- Molecules ( .
D observables 1. Select the reaction rule
----- Applications (0) p1

----- Parameters, Fun —_ -

[+-Pathway

ﬂ‘l 3+ Reaction Diagram | © Reactions | (2 Structures | © Species | © Molecules |  Observables|

BioNetGen Definition
[, Reaction Rule C pl Cyt MassAction @Cyt:C(Y3~u!?) <-> @Cyt:C(Y3~p!?)

Reaction Rule|C_p2 MassAction @Cyt:C(Y2~ul?) -> @Cyt:C(Y2~p!?)

2. Select the Kinetics tab.

N\ |
AV X, .
[ VCell 05 |.aMDa ] pathway Comm[ 5]\ 7 4. Enter t_he value 10.0 in the s
. . N\ : : Expression column for Kf, and
BioModels | MathModels | Geometries| | NewReacton~v | | NewRulew || Duplicate ~ |
7] Search el las 1.0 for Kr (Forward and reverse
__1 Biological Models Object Properties | Problems (0 Errors, 0 Warnings) | | rate Constants)_
(-1 My BioModels (2018nathans751) (19) = —
[+ Shared BioModels (1) 2~ Kinetics ’ 7 Editorl 7
[#-__] Public BioModels (602) _ ‘ / .
[H-_ ) Tutorials (8) Reaction Name |C_p1 / .‘

(] Education (34)

VJ \ Convert units [

I Name Description Global / Expression Units
/ ruleRate |rate of reactions generated by rule = Variable  / pM.s-1

= 1

y A
Reversible Kinetic Type |Mass Action ( for each reaction: Kf-F resctants - y’-n products )
7

Kf microscopic forward rate ] 10.0

3. Check the Reversible oscopic reverse rate ,
box to allow for a
bidirectional reaction rule T —_—m
(NOt a" rUIeS are Linked Pathway 0bject(s):|
reversible).
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E Rule-Based_Ran_Transport : | 3 Reaction Diagram| © Reactions | (™ Structures |  Species | © Molecules | observables)
i Phy; i ,:::Lﬁon Dhsgiais Reaction Name |Structure Depiction Kinetics Link BiolletGen Definition
s Reactions (2)] Reaction Rule|C_p1 Cyt O <-> D MassAction @Cyt:C(Y3~u!?) <-> @Cyt:C(Y3~p!?
@ Structures (5) Reaction Rule|C_p Actio g g p
- Molecules (3)
~ () Observables (7)
- Applications (0) 1. Select the reaction rule
----- Parameters, Functions and Units c p2
[+ Pathway — :
3. Set forward and reverse
2 Click on Kinetics rates Kf to be 10.0 and a
and check Reversible. Kr to be 1.0
AV /
VCell DB | BMDB | Pathway Comm | <=0 | < I >
BioModels l MathModeIs| Geometries| [ New Reaction ] [ N}‘v Rule » ] [ Duplicate ¥ ] [ Delete ] [ Pathway Links ¥ ] Search i
Search /
_1 Biological Models Object Properties | B/oblems (0 Errors, 0 Warnings) | \
[H-__1 My BioModels (2018nathans751) (19) p— =7 1
(] Shared BioModels (1) # Kinetics / Editor ‘ \
[ 1 Public BioModels (602) ! f 1 .
[+ Tutorials (8) Reaction Na[;ﬂc_pz \‘ }
(-] Education (34) Reversible Kinetic Type [Mass Action ( for each reaction: Kf-I resctants - Kr-Tl products ) * vJ | Convert units
Name Description Global Expression Units
ruleRate |rate of reactions generated by rule [El Variable pM.s1
Kf microscopic forward rate ] 10.0 51
Kr microscopic reverse rate [El 1.0 51
Annotation and Pathway Links
Linked Pathway Object(s): |
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Finish inputting the rest of the reactions pictured
below. (You already did the first two)

36

(Ran. ) + (RCCL ) <> B e L L ]
? ?
Nuc Nuc Nuc 1

Ran_RCC1_Bind

F <> F
e | eargo ) o (_cargo )

Transfer

C D) et 0 et 0 R 1 s
N -51 Ceargo)

Nuc

+

o et (7159 e (77 et )

Nuc

rdl 2 rH
£ ] 20 £ ]

Ran_C_Bind_Nuc

Ran_C_Bind_Cyt
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Reaction

Ran_C_Bind_Cyt

Ran_C_Bind_Nuc
Ran_RCC1_Bind

Transport

Finish inputting the rest of the
Kinetics shown below (you
already did the first two).

Structure Reversible? Kf
Cyt yes
Cyt yes
Cyt yes
Cyt yes
Nuc yes
Nuc yes

nm yes (2.0~

Kr
10.0
10.0
10.0

1.0

1.0
1.0

602.0)

37

1.0

1.0

1.0

100.0

100.0

100.0

0.0
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?p:“"?' ‘::ed—“a n_Transpost \ Name Math Type Annotation
—-Physiology
- ¥ Reaction Diagram
- Reactions (7)
- Structures (5) : : . .
- © Spedes (2) 1. Right Click on Applications.
@ Molecules (3)
----- Parameters, Fu New Application * Deterministic
[+-Pathway Expanﬁ'\ Stochastic
Collapse All N Network-Free
~{ Q
2. Select New Application>Deterministic. A
Deterministic application uses the BioNetGen
Ay engine to generate a reaction network that is
VCell DB Pat: g g
BioModels | Mathied solved as a system of ODEs.
ioModels | MathMod : :
Search I
| Biological Models [ New Application ¥ ] | Delete | [ More CopyActionsv | | Compare.. | Search |
[+-_1 My BioModels (2018nathans751) (19) : : e b
[+ Shared BioModels (1) = -
F1 Public BioModels (602) Object Properties | Problems (0 Errors, 0 Warnings) | £ Database File Info
[+ ] Tutorials (8)

(-] Education (34)

Select only one object (e.g. species, reaction, simulation) to view/edit properties.
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E Rule-Based_Ran_Transport
=+ Physiology

- i Reaction Diagram
- Reactions (7)
- Structures (5)
- © species (2)
- Molecules (3)

----- > Observables (7)
=4 Applications (1))

[+ 44 = Non-Spatial Deterministic
--Parameters, Functions and Units
[+-Pathway

AV

VCell DB | BMDB | Pathway Comm | =0 |

BioModels | MathModels | Geometries|

Search

_| Biological Models
[H-__) My BioModels (2018nathans751) (19)
[#__] Shared BioModels (1)
[ Public BioModels (602)
[+ Tutorials (8)
(-] Education (34)

Name Math Type

Non-Spatial Deterministic explicit network model, compartmental, determi...

1. Rename the application to
Non-Spatial Deterministic by
double clicking in the name
box.

Annotation

New Application ¥ l [ Delete ] [ More Copy Actions ¥ ] l Compare...

\ Search

AV

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

Application Name

Annotation

Summary

LAppIicationO

# Deterministic
4 Compartmental
# math not generated
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TIP: The size values for this geometry are taken from the size of a real cell model that you will use later on. For deterministic
applications the sizes are not that important. However, for stochastic applications, where values of species are specifided
with particle numbers, these sizes will be very important. They will be used to convert concentrations into particle numbers

in a particular 3D geometry.

File Server Window Tools Help

) Dasla Dacad _Dan Teancna =%

" Species (2)
-2 Molecules (3)
2 Observables (7)
= Applications (1)
EE ion-Spatial Deterministic|
- Parameters, Functions and Units
[+}-Pathway

1. Click on the Non-Spatial
Deterministic application.

AV

VCell DB l BMDB[ Pathway Comml

4 Geometry l & Speciﬂcationsl Protocolsl 7 Simulations] I~ Parameter Estimation|

Structure Mapping fGeometry Definition

Ny
/

2. Select Geometry ->

Structure Mapping. Change
the size of the structure by

double clicking on the old

value, and typing in the new

one in the Size Column.

BioModels l MathModeIsl Geometries}

i+ Search

Physiology (structures)

Geometry (sude <

Compartment]

Biological Models
[+_1 My BioModels (2018nathans751) (19)
[+__] Shared BioModels (1)
[+ Public BioModels (602)
[+ Tutorials (8)
[+}-__] Education (34)

D Volume/Surface Calculator

Structure I

Size

h4891.899581611733

ceecd 3. Change EC to 14891.9, Nuc to 124712.1, Cyt to 3697.0137, pm to
4738.6406, and nm to 1406.7734.

Nuc 124712.1 [pm3 ]
Cyt 3697.0137 [ 1M ]
pm 4738.6406 [ pm= ]
nm 1406.7734 [ pm2 ]
L
AV >
Object Pyt L. i ‘
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.ﬁ Rule-Based_Ran_Transport
=} Physiology
- ¥* Reaction Diagram

----- 2 Reactions (7)

----- @ Structures (5)

e @ Species (2)

= Applications (1)
= 44 Non-Spatial Deterministic
B specifcations
. ..... Protocols
- 7¢ Simulations
£ Parameter Estimation
- Parameters, Functions and Units
[+ Pathway

41

h &N

1. Click on the Specifications
tab, then make sure you are in

the Species section.

AV

VCell DB | BMDB | Pathway Comm | =251 |

BioModels | MathModels | Geometries|

Search

4 Geometry| & Specifications |~ Protocols | £ Simulations | <> Parameter Estimation|
Species | Reactionl Nebtwork
\gpecies / Structure Depiction Clamped Tnitial Condition
Ran_CNuc Nuc DT 4.493165893949507E-4 [yM]

2. Change the initial
concentration for both species
to 4.5E-4

_| Biological Models
[#+__) My BioModels (2018nathans751) (19)
(] Shared BioModels (1)
[#+__] Public BioModels (602)
[+ Tutorials (8)
[#-__] Education (34)

Search ’

\ 4

Object Properties l Problems (0 Errors, 0 Warnings) | ) Database File Info | Network Generation Status

Description

Parameter

Expression

Units

initial concentration for RCC1

initConc

4.493185893949507E-4

UM

()

RCC1

Nuc
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TIP: Creating a reaction network lets the computer do find all the possible permutations of reactions and species
that are allowed by the reaction rules.
File Server Window Tools Help

VA

B - ansPort ?‘Gemlletly W Spedﬁcations Protocols ..ﬁ Simulatior | . SeIeCt the Networl( tab.
Reaction Dlaglam “ SpeCieSI Reactlonl Network

----- O Reactions (7)

----- - Structures (5)

----- - Species (2) Name Type Value
- Molecules (3)

----- - Observables (7)

=} Applications (1)

= 44 : Non-Spatial Deterministic

|~ Geometry. Note the constraints on the network

Protocols
- 7 Simulations
----- £ Parameter Estimation
- Parameters, Functions and Units

- Network Constraints -

Max Iterations value 3
Max Molecules / Species value 10

i Pathway Generated ”v"ngdit/Test Constraints

1l H

Species: ur| View Edit / Test Constraints
AV :
VCell DB | BMDB | Pathway Comm | “=01c | Reactions: | Max. Tterations El | | View Create new VCell[BioModel from Network
- Max. Molecules / Species 10
BioModels | MathModels | Geometries| Warning: n

[t/ Search — | Test/Run | Apply : ]
_| Biological Models Search | | 7 I
1

_l My BioModels (2018nathans751) (19)

:ll gﬂsﬂiﬂmgﬂiéﬁ) ObIECt PFODer‘tleS/r Problems (0 Errors. 0 Warninas) | ) Database File Infol Nel
[ Tutorials (8
B Eﬁucéuon((s)@ 3. To test if the current constraints  tion) to view/edit propertie

2. Click on Edit/Test Constraints.

are adequate for the reaction
simulation, click on Test/Run
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% Rule-Based_Ran_Transport
=+ Physiology
- » Reaction Diagram

----- 2 Reactions (7)

[=-Applications (1)
=) %4 Non-Spatial Deterministic

Protocols

- 72 Simulations

£ Parameter Estimation
--Parameters, Functions and Units
[+-Pathway

x4 Geometry| #° Specifications |

VA

Protocolsl Vi Simulationsl [ Parameter Estimation

“ Speciesl Reactionl Networkl

AV

VCell DB | BMDB | Pathway Comm | =5 |

BioModels | MathModels | Geometries|

|

[+ Search
_1 Biological Models

[H-__1 My BioModels (2018nathans751) (19)
[#__) Shared BioModels (1)

[ Public BioModels (602)

[+ Tutorials (8)

[H-] Education (34)

- Network Constraints

Name

Type

Value

Max Iterations value

Max Molecules / Species value

10

- Generated Network

Species: 21

Reactions: 30

Warning: Max Iterations number may be insufficient.

View Edit / Test Constraints

)

[Lview ] |
[ View ] [ Create new VCell BioModel from Network ]

Search

AV

Object Propertiesl Problems (0 Errors, 1 Warnings)l ) Database File Inf

/

Running BioNetGen ...

Iteration O: 2 species
Iteration 1: 5 species
Iteration 2: 11 species
Iteration 3: 21 species

Creating BNG cutput spec ...
Return BicNetGen cutput tc requester...
Total run time: 2.7 s.

The Network constraints are unchanged.

Warning: Max Iterations number may be insufficient.

If the network is too small, after
running BioNetGen, a red
warning text will appear and
specify the possible problems
with the network constraints. In
this case, the max number of
iterations is too small.

Plezse go to the Specifications / Network panel and adjust the number of Iterations.
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E Rule-Based_Ran_Transport
(=} Physiology
- Reaction Diagram
- Reactions (7)
- @ Structures (5)
..... O Species (2)
-~ Molecules (3)
-2 Observables (7)
(=} Applications (1)
= 444 Non-Spatial Deterministic
%4 Geometry
. ..... @ speciﬁcaﬁons
Protocols
i 7 Simulations
£ Parameter Estimation
--Parameters, Functions and Units
[+-Pathway

AV

VCell DB | BMDB | Pathway Comm | =00

L I 1

VA

4 Geometry| #° Specifications |

Protocolsl 2 Simulationsl [ Parameter Estimation

“ Speciesl Reactionl Network|

BioModel
[t Searc
_1 Biologi
B My
(- Shg

new network.

2. Click Test/Run to test the

~ Network Constraints
Name Type Value
Max Iterations value 3
Max Molecules / Species value 10
% Edit/ Test Constraints 5|
Generated Network —
Species: unavailablg . — 1 [ Edit / Test Constraints
Max. Iterations |10 |
Reactions: unavailal Max. Molecules / Species 110 Create new VCRII BioModel from Network
ne
,; Test / Run ] [ Apply ] [ Cancel ] \
!
A . .
\ 1. Change the max iterations to

e Public BioModels (602)
G- Tutorials (8)
[++_] Education (34)

I uuj'é'ct'PrUp'ertiesl Problems (0 Errors, 0 Warnings) I (%] Databé@e File Info| Network

ten by clicking on Edit/Test

\

Iteration O:
Iteration
Iteration
Iteraticon
Iteration
Iteration

L T L S VI S T

Iteration

-

Iteration

Creating BNG output spec ...
Return BioNetGen cutput to reguester. ..

Running BioNetGen ...

2 species
5 species
11 species
21 species
31 species
3& species
37 species
37 species

Constraints, and replacing the
current Max Ilterations value
with ten.

3. If there is no error shown
after generating the network,

Tetal run time: 5.7 s.

then it is of adequate size. After
this, click Apply to apply the
new network constraints.
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E Rule-Based_Ran_Transport
= Physiology

- Reaction Diagram
- Reactions (7)

- Structures (5)
?uq:) S;nacies (2)

----- Protocols
- # Simulations

[+ Pathway

AV

vCell DB | gMDB | Pathway Comm | == |

BioModels | MathModels | Geometries|

Search

_| Biological Models

[#-__] My BioModels (2018nathans751) (19)
[ Shared BioModels (1)

F#+L_] Public BioModels (602)

(-] Tutorials (8)

(-1 Education (34)
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: 4 Geometry| & Specifications | Protocols | 42 Simulations | | Parameter Estimation
[ Species [ Reaction| Network |
~ Network Constraints
Name Type Value
Max Iterations value 10
Max Molecules / Species value 10
- Generated Network
Species: 37 1. Click to see all species / view | | Edit / Test Constraints ]
Reactions: 100 Inasepa rate POP-up View ] [ Create new VCell BioModel from Network l
- window. k
Warning: none
] \
2 I \ =
Search | I \ ‘
av T i

| Object Propertiesl Problems (0 Errors, 0 Warnings) | ) Database File InfoI NEthr k Generation Status|

\

v

|

\

Iteration O:
Iteraticon
Iteraticn
Iteraticn
Iteraticn
Iteraticn

Y (LR O R S

Iteraticon
Iteratien 7:

Return BicNetGen

Running BioNetGen ...

2 species

5 species
11 species
21 species
31 species
3& species
37 species
37 species

Creating BNG output spec ...

cutput to requester...

Total run time: 5.7 s.
Updating the network constraints with the test values.

I

2. Click to see all
reactions in a
separate pop-up
window.

3. See a reaction
network in a
separate window
(may take a long
time).
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TIP: Filtering is very useful to verify the model. If you see that names of Molecules and Sites are too generic for

efficient filtering — go back and change them. This is an easy and safe procedure, but you will need to rerun network

generation. After the network is verified, it can be simulated.

E @Nuc:C(Y 1~u, Y2, Y3 ite! 1), ... Kol

2 [Rcc1 Nuc D @Nuc:RCC1(site)

3|s2 Nuc (~oY @Nuc:Ran(cargo)

4|s3 Nuc (Yo T T @Nuc:C(Y 1o, Y2, Y3~ site)

5|s4 Cyt D @Cyt:C(Y1~u,Y2ru,Y3~u,sitel 1).Ran(c...

6 [s5 Cyt @Cyt:C(Y1~u,Y2u,Y3~p,site! 1).Ran(c...

7 |s6 Cyt CTED @Cyt:C(Y1~u,Y2~p,Y3~u,sitel 1).Ran(c...

8|s7 Cyt D @Cyt:C(Y 1~p,Y2ru,Y3~u,sitel 1).Ran(C. ..

9 |s8 Cyt D @Cyt:Ran(cargo)

10 |s9 Cyt T @Cyt:C(Y 1~u,Y2u,Y 3o, site)

11 [s10 Nuc D @Nuc:RCC1(site! 1).Ran(cargo! 1)

12 [s11 Cyt COEEONDY @Cyt:C(Y 1~u,Y2~p,Y3~p,site! 1).Ran(c...

13 |s12 Cyt D @Cyt:C(Y1~p,Y2ru,Y3~p,sitel 1).Ran(c...

14 |s13 Cyt @Cyt:C(Y 1~u,Y2~u,Y 3~p,site)

15 |s14 Cyt D @Cyt:C(Y1~p,Y2~p,Y3~u,sitel 1).RaN(C...

16 |s15 Cyt & @Cyt:C{Y 1~mu,Y2~p,Y 3~ site)

17 |s16 Cyt CEED @Cyt:C(Y 1~p,Y2ru,Y3~u, site) v
Search | - \

\

Species and reactions can be filtered by
entering a string, e.g. Molecule or Site name,
in the Search box.

Different bonds are shown in different colors.

: Close ‘
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Use this button if a reaction is too long and
does not fit on the screen.

1|c_p1 Cyt -> D @Cyt:C(Y 1~u,Y2n~u,Y3~u,site! 1).Ran{cargo! 1) -> @Cyt:C(Y1~u,Y...

2|Cp1 Cyt COOOOADY -> WOOEOADY @Cyt:C(Y1~u,Y2~p,Y3~u,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~u,Y...

3|C_p1 Cyt LOOOONADY -> WOOEOADY @Cyt:C(Y1~p,Y2r~u,Y3~u,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~p,Y...
a|cp1 Cyt CEED -> CEED @Cyt:C(Y 1nu,Y2u, Y300, site) -> @Cyt:C(Y 1nu,Y2ou, Y 3~p,site)
5|C_p1 Cyt LOOOONDY -> QOEEOADY @Cyt:C(Y1~p,Y2r~p,Y3~u,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~p,Y...

6 |C_p1 Cyt CEED -> CEED @CYt:C(Y 1nu,Y2np, Y 3o, site) -> @CYLC(Y1nu,Y2np, Y3~p,site)

7lcp1 Cyt CEED -> OEED @Cyt:C{Y 1vp,Y2mu, Y 3o, site) -> @Cyt:C(Y 1np,Y2ru, Y3~p, site)

8 |c_p1 Cyt CEED -> T @Cyt:C{Y1~p,Y2~p,Y3nu,site) -> @Cyt:C(Y1op,Y2np,Y3np,site)

9 |C_p1(rev) Cyt LOOOONADY -> WOOEOADY @Cyt:C(Y1~u,Y2~u,Y3~p,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~u,Y...
10 (C_p1 (rev) Cyt LOOGOONDY -> QOOEOADY @Cyt:C(Y1~u,Y2~p,Y3~p,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~u,Y...
11|C_p1 (rev) Cyt LOCOONDY -> WOEOORD/ @Cyt:C(Y1~p,Y2~u,Y3~p,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~p,Y...
12 |C_p1 (rev) Cyt CEED -> CEED @CYt:C(Y 1nu,Y2u, Y 30p, site) -> @CYtC(Y 1nu,Y2ou, Y 3~ site)
13 [C_p1 (rev) Cyt LOOCOONADY -> WOEEOADY @Cyt:C(Y1~p,Y2~p,Y3~p,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~p,Y...
14 |C_p1 (rev) Cyt CEED -> ST @Cyt:C(Y1~u,Y2np,Y3~p,site) -> @Cyt:C(Y 1nu,Y20p, Y3~ site)
15 |C_p1 (rev) Cyt D -> O @Cyt:C(Y1~p,Y2nu,Y3np,site) -> @Cyt:C(Y 1~p,Y2nu,Y3~u, site)
16 |C_p1 (rev) Cyt CEED -> CEED @Cyt:C(Y 1~p,Y2~p,Y3np, site) -> @Cyt:C(Y 1~p,Y2op, Y 3~ site)
17 |C_p2 Cyt LOOUONADY -> WOOEOADY @Cyt:C(Y1~u,Y2~u,Y3~u,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~u,Y...
18 |C_p2 Cyt LOOGOONDY -> WOOEOADY @Cyt:C(Y1~u,Y2~u,Y3~p,sitel 1).Ran(cargo! 1) -> @Cyt:C(Y1~u,Y...
19 |C_p2 Cyt LOOOONDY -> WOEEOADY @Cyt:C(Y1~p,Y2ru,Y3~u,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~p,Y...
20 [C_p2 Cyt EEED -> D @Cyt:C(Y 1ou, Y2, Y3~ site) -> @Cyt:CY 1nu,Y2np, Y 3~ site)
21|C_p2 Cyt -> QOGS @Cyt:C{Y1~p,Y2~u,Y3~p,site! 1).Ran(cargo! 1) -> @Cyt:C(Y1~p,Y...
22|C_p2 Cyt CEED -> T @Cyt:C{Y 1nu, Y2, Y3np, site) -3 @Cyt:C(Y1nu,Y2np,Y3np,site)
23 |C_p2 Cyt CEED -> T @Cyt:C(Y1~p,Y2ru, Y3~y site) -> @Cyt:C(Y 1~p,Y2~p,Y3~u,site)
24|C_p2 Cyt CEED -> CTED @Cyt:C(Y1~p,Y2~u,Y3np, site) -> @Cyt:C(Y1np,Y2np,Y3np,site)

Search |
@

47
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File Server Window Tools Help

E Rule-Based_Ran_Transport A

=) Physiology

... 37 Reaction Diagram

Y

4 Geometry & Spedifications

Protocols ¢ Simulations [, Parameter Estimation

Simulations

Qutput Functions Generated Math

O Reactions (7) el s IS
~©stu 1 Click on @ 2 > = B0
O s . ) /" Name Time Qutput Option Solver Running Status Results
----- @ Mole SImU|at|0nS. / OD 0.0 pe amp omb d IDA oD ot saved 0
&) Applications (1) 2. Click to add
s New Simulation.
LIl
3. Rename the 4. Set end
: : . : 6. Click blue button
| Parameter Estimation simulation to ODE by time. In this > F_Or adf’a”;‘?f? to run locally (on
""" Pawtisnetiers, Tanctions sed sits double clicking its case it is 10 opltlons, "Z' Iterent user’s com ther)
AT , name to edit. seconds. SOIVETS an U P
VCell DB BMDB Pathway Comm S2bio click Edit. You can also click the

BioModels MathModels Geometries

] Search

| Biological Models

(-] Shared BioModels (1)
(-] Public BioModels (602)
-] Tutorials (8)

(-] Education (34)

____] My BioModels (2018nathans751) (19)

green arrow to run
on a VCell server

AY

(will store simulation

Object Properties  Problems (0 Errors, 0 Warnings) Network Generation Status results).
Annotation: o |
v
o Max timestep Output Rel tol | Abs tol | Sensitivity Analysis
ttings:
1.0s keep every 1sample, at most 1000 | 1.0E-9 | 1.0E-9 no
~=| Parameters with values changed from defaults
Parameter Name Default J New Value/Expression l Scan
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Check to view species
generated by BioNetGen.

49

TIP1: Generated species are listed by
index (s10, s11, ...). The molecular

Observables
[] other
[] Reactions
Species

Cargo_Cyt

Ran_Bound_Cyt
Ran_C_Nuc
Ran_cyt

RCC1
RCC1_Nuc

3.0E-4 —

2.0E-4 —

Ctrl + left click to see
several species at the same

time.

OE-4 —

Check to see
Species specified
in Physiology.

0.0

0.0

10.0

composition of species can be seen

Ee s under Specification > Network >

"Cargo_Cyt [uM] View Species.

 Cargo_Nuc [uiM] TIP2: Reactions show fluxes

~Cargo_Phosp_Cyt [M] through individual reactions
e S generated by each rule.

Note the correlation between
the changes in population of
Cargo_Nuc and Cargo_Cyt over
time due to the CytTransport
reaction.

Click to see numerical values.

L
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E Rule-Based_Ran_Transport Nli c el 3P Crorificatione | Dectocale | £ ciolotionc 1o o fox Cobicaation]
E}"p"y.f”:gy TIP: Clamped means that the value of species is kept constant during the simulation.
* Reaction Diagram
8 ::zxc:t':::s(g)  Network Constraints
- Spedies (2) Name Type Value
@ Molecules (3) Max Iterations value 10
- © Ol;fservables &) Max Molecules / Species value 10
= Applications (1)
L Hon-Spatial Deterministicl
--Parameters, Functions and Units Rename
[+-Pathway Delete
Copy
Copy As 4 Deterministic
New BioModel From App } Stochastic
Expand All ’ Network-Free
Collapse All J | view | | Edit / Test Constraints ]
AV 'I
VCell DB | BMDB | Pathway Comp( [sabic] Reactions: 100 [ View ] [ Create new VCell BioModel from Network ]

BioModels | MathModels | Geyﬁ'letnes}

[l Search

1. To create a stochastic
application from existing
deterministic, Right click on
the Non-Spatial
Deterministic app, and
select Copy As > Stochastic.

Warning: none

Search

AY
Objec

Sele

2. To rename the new
application, right click on it
and select Rename. Change
the name to Non-Spatial
Stochastic.

Database File Infol Network Generation Status

to view/edit properties.
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File Server Window Tools Help

.@ Rule-Based_Ran_Transport

- Physiology

> Reaction Diagram

- Reactions (7)

- Structures (5)

O Species (2)

- Molecules (3)

- Observables (7)

- Applications (2)

.A d7. = Non-Spatial Deterministic

x4, Geometry #&#® Spedfications

Protocols ,ﬁ Simulations

1. Switch to Species tab

>
va

S Reaction Network

Initial Condition: () Concentration

®) Number of Particles

[[] Randomize Initial Condition

Species Structure Depiction Initial Condition Force Continuous
Ran_C_Nuc Nuc OB [ 1000.0 [molecules] O
RCC1 Nuc > O 1000.0 [molecules] W O

£~ - Non-Spatial Stochastic
i %% Geometry
(B 4 Specifications

Protocols

__ﬁ Simulations

2. Select the Non-Spatial
Stochastic application, and
go to Specifications.

3. Set the initial condition
to Number Of Particles.

4. Change the initial
condition to one thousand

----- Parameters, Functions and Units

5 sk
N 4

»

VCell DB BMDB Pathway Comm Szbio

BioModels MathModels Geometries
—{+| Search

molecules for both species.

|| Biological Models

[-__] My BioModels (2018nathans751) (19)
G- ] Shared BioModels (1)

G- ] Public BioModels (602)

-] Tutorials (8)

(-] Education (34)

Search

AV

Object Properties

Problems (0 Errors, 0 Warnings) Network Generation Status

Select only one object (e.q. species, reaction, simulation) to view/edit properties.
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E Rule-Based_Ran_Transport
= Physiology

- i Reaction Diagram
@ Reactions (7)
- Structures (5)

- © Species (2)

@ Molecules (3)

- observables (7)
—-Applications (2)

.....

.....

.....

.....

ﬂ| 4 Geometry | & Specifications| ~ Protocols| 2 Simulations

Simulations | Qutput Functions | Generated Math|

& % |

End Time Output Option Solver

every 0.1 s Gibson never ran

Running Status

[#- 4/4 - Non-Spatial Dete
(= i, = Non-Spatial Stocha

1. Create a new simulation
entitled SSA.

3. Run the 5|mulat|on.

iif Specifications

- Protocols

. {5matons
Parameters, Functions and Units
t-Pathway

H

AY

2. Set end time to 10 seconds, and
an output option of every 0.1
seconds.

VCell DB | BMDB | Pathway Comm | =510

BioModels | MathModels | Geometries|
rl i+ Search
_] Biological Models
[+ My BioModels (2018nathans751) (19)
[#+__1 Shared BioModels (1)

[£+__] Public BioModels (602)
[+ Tutorials (8)
FH_] Education (34)

AY

Object Properties I Problems (0 Errors, 0 Warnings) I ) Database File Info | Network Generation Status

Annotation: [

Timestep Output

every 0.1 sec

Settings:

=] Parameters with values changed from defaults

Parameter Name Default

New Value/Expression

Scan
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Select to list

Species defined

£/ Results fo injtially.

X Axis:
~t

Y Axis:
(= Display Options:
|| GepératedSpecies
Sbservables

|| other

|| Reactions

] Species

Cargo_Cyt

Cargo_Nuc
Cargo_Nuc_Count
Cargo_Phosp_Cyt

Cargo_Phosp_Cyt_Tot

Ran_Bound_Cyt

Ran_C_Nuc_Count

Cargo_Cyt_Count

Cargo_Phosp_Cyt_Count
Cargo_Phosp_Cyt_Tot_Count

Ran_Bound_Cyt_Count

1 4.0ES
v

S0E: S

Z0E=S5

BE=S

Ran_cyt

Ran_cyt_Count
RCC1
RCC1_Count
RCC1_Nuc

Ctrl + left click to

RCC1_Nuc_Count | see several species

at once.

[illgjl%l

Plot Legend:
Cargo_Cyt [uM]
Cargo_Nuc [pM]
Ran_Bound_Cyt [puM]

' Ran_C_Nuc [pM]

TIP: Take into account the scale of the
graph. These graphs can sometimes be
misleading and make certain plots look
much more significant than they are.
Additionally, when two or more plots
are selected, one may look like a flat
line due to scaling. Hover over the plot
and check the x and y values to make
sure.

B

Click to see numerical values
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E Rule-Based_Ran_Transport : Name Math Type Annotation
=} Physiology ” e = .
L% Raaction Diagram Non-Spatial Deterministic explicit network model, compartmental, determi...
- p— 0 patia 0cha exp 0 ode ompa enta 0CNa opied ro 0 patial Dete
1. Click on Applications NFSim Agent-based model, compartmental, stochastic ... |(copied from Non-Spatial Stochastic) (copied fro...
v =y
- Molecules (3) \
. . ) 2. Select Non-Spatial
+ @ : NFSim Stochastic.
(- 44 Non-Spatial Deterministic
[ .  Non-Spatial Stochastic . .
--Parameters, Functions and Units 3. Click on More Copy Actions >
[+ Path
+} Pathway Copy As > Network-Free.

4. Rename the application
av to NFSim.

VCell DB | BMDB | Pathway Comm | =5 |

BioModels | MathModels | Geometries|

[+ Search —
-Ej)lfngy“l:;;::ggeell:(2018nathans751) (19) [ News Application ¥ ] [ Delete ] [ More Copy Actionsv/[ | Compare... | Search
(] Shared BioModels (1) A . Copy
&1 Public BioModels (602) Object Properties | Problems (0 Error i e
x —_— Copy As * Deterministic
i &8 Tutorials (5) Application Name |Non-Spatial Stoch
-0 Education (34) pplication Name |Non-Spatial Stochasuc Stochastic
Annotation | (copied from Non-Spatial D Network-Free

5. Using NFSim, create and run a new
simulation with an end time of 10.0,
and and 0.05 output option.
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Select to list
Species defined

=/ Display/Options:
[¥] obsentables

Cargo_Cyt

Cargo_Nuc
Cargo_Nuc_Count
Cargo_Phosp_Cyt
Cargo_Phosp_Cyt_Count
Cargo_Phosp_Cyt Tot
Cargo_Phosp_C|¢_Tot_Count
Ran_Bound_Cyt
Ran_Bound_Cyt__Count
Ran_C_Nuc
Ran_C_Nuc_Cdunt
Ran_cyt

Ran_cyt_Cou

RCC1

RCC1_Count
RCC1_Nuc
RCC1_Nuc_Count

Ctrl + left click to

4.0E-4 —

EHE = e

1.0E-4 —

Cargo_Phosp_Cyt_Tot [pM]

0.0 -
0.0

1.000E01, 2.399E-04

Plot Legend:
Cargo_Cyt [uM]
Cargo_Nuc [pM]

Cargo_Phosp_Cyt [uM]

L1

see several species
at once.

S~

Click to see numerical values

95
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E Ruk_a-Based_Ran_Transport : Nataa Math Type Aot
B--Phy;’lo'l;g;yc&on Diagram Non-Spatial Deterministic explicit network model, compartmental, determi...
Non-Spatial Stochastic explicit network model, compartmental, stochast...|(copied from Non-Spatial Deterministic)
| 1. Click on App“cations. NFSim Agent-based model, compartmental, stochastic ... |(copied from Non-Spatial Stochastic) (copied fro...
pecies (2) PDE_3D explicit network model, compartmental, determi...
 Molecules (3)
() Observables(7)

=8 Applications (4)
~4/4 < PDE_3D
(- @ = NFSim

/4= Non-Spatial Deterministic

[+ 4 = Non-Spatial Stochastic

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

2. Rename the application
to PDE_3D.

AY
VCell DB | BMDB | Pathway Comm | ==11c |

BioModels | MathModels | Geometries|
Search
_1 Biological Models

[H-__] My BioModels (2018nathans751) (19)
[#+__] Shared BioModels (1)

[ Public BioModels (602) . q
&) Tutorials (8) 3. Select New Application >

[ Education (34) Deterministic

/

New Application v ][ )éete ] [ More Copy Actions v ] I Compare... ‘ Search ‘
Deterministic

Jlems (0 Errors, 0 Warnings) I 3 Database File Infol

Stochastic

Network-Free
Annotation | l

cation0 [

Summary |# Deterministic
=4 Compartmental
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1.Goto
http://vcell.org/support-2, and
click (3D Images for Tutorial) to
download the necessary
geometry for this application.

Tutorial Guides (pdf) for VCell

Muitiple Application of a Nuclear Transport Part 1 (3D images for Tutorial) (ver 6.1)

Multiple Application of a Nuclear Transport Part 2 (see image link above for the 3D images) (ver 6.1)
Rule-Based Modeling (single compartment) EGFR model (ver 6.0)

simple FRAP (ver 6.0)

FRAP with binding (ver 6.0) 2. Save the file wherever is

easiest for you to remember

and access.
N

PH-GFP Translocation (ver 6.0)

Using Pathway Commmons (ver 6.0)

3. Use this tutorial to create a spatial
geometry. Don’t worry if your
numbers for volumes and
membrane sizes will be a bit off.
Alternatively, use the existing
Geometry (see the next slide).



http://vcell.org/support-2
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TIP: If not interested in creating
image-based geometry, save time by

58

@ Rule-Based_Ran_Transport
u Physiology
¥ Reaction Diagram
- Reactions (7)
(D Structures (5)
@ Species (2)

1. Select the Structure

Mapping tab.
H L L L D'Jdl.lﬂl Twuvnasuo
= A,E PDE_3D
e
- Specifications
Protocols

i = # Simulations
i Parameters, Functions and Units
[+ Pathway

7 4 Geometry | & Speciﬁcationsl Protocolsl 7 Simulationsf uploading the geometry to PDE_3D by

AV

VCell DB | BMDB I Pathway Comm | ‘

BioModels [ MathModelsl Geometries‘

[+l Search

Biological Models
(-] My BioModels (2018nathans751) (19
[ Shared BioModels (1)
[H-__] Public BioModels (602)
[H+-_) Tutorials (8)
[H-_] Education (34)

pructure Mapping | Geometry Defintion clicking Geometry Definition -> New

“; All structures and subdomains must be mapped to run a sim Geometry N open From and navigating
/ to MultiApp_Tutorial model.

4

I e
U oyt

Geometry (subdomains)

-. background

. Cyt_background_membrane]
‘lﬂ Cyt_Nuc_membrane

Membrane boundary conditions are chosen alphabetically amongithe adjacent subdomains.

Structure Subdomain Size Ratio X- X+ Y- Y+ Vi Z+
EC M background 1[1] _FilX Flux Flux Flux Flux Flux
Nuc [ Nuc et - = ==K Flux Flux Flux
Cyt M Oyt H H ( Flux Flux Flux
= we | 2- Usethe que Tool to drag a line L
nm Hoyt | from the PhySlOIOgy you Created tO n M from W from W from W

the color that represents that structure

‘ot roperis rsbems @ i the picture. After the lines are
selectonly one object (=0 species - drawn, they should correspond to the
above image.
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E Bule-Hased Ran: Transpost ’ 4 Geometry| #° Specifications | Protocols | & Simulations|
[=}-Physiology =
- #» Reaction Diagram Species | Reaction | Network|
8 ey ST ER Structure Depiction Clamped Tnitial Condition Well Mixed Diffusion Constant
Structures (5) - !
= Ran_C_Nuc Nuc 4.5E-4 [uM 10.0 [pm2.s71
© Species (2) S O [uM] 0 [pm?.573]
 Molecules (3)
“- (2 Observables (7)
=} Applications (4)
t- @ NFSim

t- 4/4 = Non-Spatial Deterministic
t- i = Non-Spatial Stochastic
= 44 PDE_3D
- %4 Geometry
£ _{ Specifications |
: Protocols

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

AY

vcell DB | BMDB | Pathway Comm | =251 |

BioModels | MathModels | Geometries|

Search

_1 Biological Models

[H-__] My BioModels (2018nathans751) (19
[F+__1 Shared BioModels (1)

{1 Public BioModels (602)

£ Tutorials (8)

[ Education (34)

1. Go to the
Specifications tab,
click on Species, and
change the initial
condition for both
species to 4.5E-4.

Search |

AY

Object Properties I Problems (3 Errors, 0 Warnings)l ) Database File Info | Network Generation Statusl

Description Parameter Expression Units
initial concentration for RCC1 initConc 4.56-4 pM -
diffusion constant for RCC1 diff 0.0 pmzst [
Boundary Condition X- for RCC1 BC_Xm <zero flux> pM.pm.st =
Boundary Condition X+ for RCC1 BC_Xp <zero flux=> pPM.pm.st
Boundary Condition Y- for RCC1 BC_Ym <zero flux> pM.pm.s-1
Boundary Condition Y+ for RCC1 BC_Yp <zero flux=> pPM.pm.s -t
Boundary Condition Z- for RCC1 BC_Zm <zero flux> pM.pm.st | ¥
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~ ] Rule-Based_Ran_Transport

VA

| 34 Geometry | & Specifications |

Protoco|s| JF Simulations li

= Physiology
. ¥ Reaction Diagram

imulations [ Output Functionsl Generated Math|

3. Click on the Edit

Wi o) EE1EE Simulation button. >»uE|O
Name End Time Output Op Running Status Results

1. Make sure your e IR e Select the/ Solver tab. = .

reaction network is big e —rr—

enough. Then, go to -

the Simulations tab

- %% Geometry ||
& Specifications H

| _ﬁp':?to,co'.s, /

- Parameter:

: 2. Create a new
simulation entitled

- Simulation_PDE.

[+-Pathway
VCell DB | gMDB | Pathway Comm | =07 |

BioModels | MathModels | Geometries|
[+ Search — ]
_1 Biological Models
FH-__] My BioModels (2018nathans751) (19
[ Shared BioModels (1)
FH-__) Public BioModels (602)
G- Tutorials (8)
(-] Education (34)

AV
Object Properties E

Annotation:

Max tim)
0.1

Settings:

Mesh: 71x71x29

~=| Parameters witl
Param|

/
| Parameters | Mesh| SOIVE*

Choose solver algorithm and fine-tune time conditions:

(@) output Interval [0.1

[t Miscellaneous

Integr.... |Fully-Implicit Finite Volume, Regular Grid (Variable Time Step) v [ws 4. Change the
= General parameters so that
T RO Mmim;’"e‘ e eror Toerance the _simulation has an
Starting |0.0 1 et ‘7 Absolute %;177.95-9 \ endmg at 10.0 .
Ending [10.0 <@— o 4_@&7:7 seconds a maximum
: — of 0.1, and an output
7[?;::::;::”“5 \ time sam at most time samples interval Of 01 ' CIICk
OK to save the

ﬁ changes.

0) microns

| Scan
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— Rule- Based_Ran_Transport
=} Physiology
. ¥’ Reaction Diagram

4

N | =4 Geometry | & Specifications |

Protocols| .ﬁ Simulations

Simulations | Qutput Functions | Generated Math|

==y HYIE > =m0
ame End Time Output Option Solver Running Status Results
1. Re-open the ation_PD 0 every 0.0 " ot saved a
Simulation Editor, % Edit: Simulation_PDE =l
and go to the Mesh | . =
tab. Parametem Mesh | solver
: P Specn':f?lc;ytions (=l Mesh Size
- Protocols
| parametars Fancdbns and Uiis
gy A 2. Make sure that t_he Lock
Aspect Ratio box is
Geometry Size (um) 1:(74.24, 74.24, 26.0) CheCked’ and Change the X
VvCell DB | BMDBl Pathway Comm‘ Sabia | Mesh Size (elements) Loif aspect ratio Value to 1 01 - The Y and Z
BioModels | MathModels | Geometries| X 101 values should also
[ Search Y 101 automatically change to
_| Biological Models ‘ g
&1 My BioModels (2018nathans751) (19 Z |36 preserve the aspect ratio.
(L] Shared BioModels (1) Total Size (elements)  |101 x 101 x 36 = 367236
[+-__1 Public BioModels (602) ‘
_] Tutorials (8) Spatial Step (um) Ax |0.7424
(-] Education (34) o 0’7424
Az |0.7428571428571429 —
Object Properties E’
Annotation: :J
Max tim|
Settings: .
= 3. Hit OK to save
Mesh: 71x71x23 th h
=l Parameters witl| oK Cancel esecC anges'
l Param . [ Scan
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% Rule-Based_Ran_Transport
=} Physiology
- > Reaction Diagram

----- @ Molecules (3)

- Observables (7)
[=1-Applications (4)
[+ @ NFSim
|- 44 = Non-Spatial Deterministic
£l /i, = Non-Spatial Stochastic
= 44E PDE_3D

--Parameters, Functions and Units
[+ Pathway

AY
vCell DB | BMDB | Pathway Comm [ 52010
BioModels | MathModels | Geometries|

Search
_| Biological Models

4

» | 4 Geometry | & Specifications |

Protocolsl ,ﬁ Simulations

Simulations | Qutput Functions | Generated Math|

|@%[§f§‘s

End Time Output Option Solver Running Status Resuts |
Simulation_PDE every0.1s Fully-Implicit not saved

2. Run the simulation.
Be patient, it may take
a while.

- My BioMof_e]s_Lzm_&nmhanysn (19
(-] Shared Bi

@ Jpubicso 41 An warning

(-] Tutorials

[ Education message W|” appear
Just click OK.

are:

Warnings from Simulation: 'Simulation_PDE"!
The simulation has large result dataset (10870MB), suggested size limits

5 MB for compartmental ODE simulations
200 MB for spatial simulations
100 MB for compartmental stochastic simulations
Try saving fewer timepoints or using a coarser mesh if spatial.

Do you want to continue anyway?

Cancel

.@

T Problems (0 Errors, 0 Warnings) I ) Database File Infol Network Generation Statusl

J L
Annotation: | ] l
. Max timestep Output Rel tol | Abs tol
Settings:
0.1s every 0.1 sec | 1.0E-7 | 1.0E-9

Mesh: 71x71x25 = 126025 elements
~=| Parameters with values changed from defaults

Geometry size: (74.24,74.24,26.0) microns

Parameter Name

Default I New Value/Expression I Scan
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|= | Results for Simulation Simulation_PDE v -3 ]
3| Export Data | Post Processing Stats Data | Post Processing Image Data
Time Slice View E ) ‘
3.2 0 22,272 44.544 74.24 Data Range (Min-Max)
: 31324 A H V| Auto range
The t|me Sl|de 14,848 Q) at time all times (approx)
allows you to Bl pH Max:  9.911217465284432E-5
o 2369 QQ 217 ,1131'0* f'fl—_;
Change the i 9.911217465284432E-5
SpeCIfIC point in 44544 Min: 0.0
time that you are .
. . 59,392
observing in the 66816 Color
Slmulatlon 10 i AM ('R ND LNR
| All Variables v Gray
= = Q) BlueRed . 0
;gargo_ﬁvt « | This Z-Slider allows
|Cargo_Nuc = .
Cargo_Phosp_Cyt Y R you to change which
2. oz 2l I rale slice of the cell you are
1_C_p1_birectHalf Here, you can select 1B :
J_C_p1_DirectHalf_1 ‘ ) : ‘ looking at.
ﬂJ_C_pl_DirectHaIf_Z | Wthh Varlable yOU are Slice [0-35]
3J_C_p1_D?rectHalf_3 ObserVing in the z [,1"] =10.4
|)_C_p1_DirectHalf_4 . i l 1 I
)_C_p1_DirectHalf_5 simulation. You can . : : :
[J_C_p1_DirectHalf_6 : Axis: (@) XY XZ YZ
et 2 ||L| Click on the dropdovyp v
1_cptmerseralf. || Inf t0 select more specific
[1_C_p1_InverseHalf . .
Chimvererai < ||| Variable categories. v | (wBORx
‘ 4 I b || Location of simulation data log file: C:\Users\vcguest\.vcell\simdata\user\SimID_892439201_0_.log
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=T PIIYSI00gY

. 3» Reaction Diagram & : =4 Geometry| #° Specifications | Protocols | 42 Simulations

~© Reactions (7) —1 || Species | Reactionl Network|

- Structures (5)
Species Structure

Initial Condition

Well Mixed

Diffusion Constant

- © Spedies (2) Depiction Clamped
- Molecules (3) Ran_C_Nuc Nuc ST [

4.5E-4 [uM]

10.0 [pm2.571]

- Observables (7) RCC1 Nuc o) ]

4.5E-4 [uM]

10.0 [pm2.s-1]

(=1 Applications (4)

= @ NFSIm

- %% Geometry

& Specifications

; Protocols

JF Simulations

[+ 44  Non-Spatial Deterministic
[ /i 5 Non-Spatial Stochastic
B d_/‘l D

111

Rename
Delete

Copy

----- Parameters, Fu Copy As *  Non-Spatial ’l
[+-Pathway

> ’7” New BioModel From App ‘ Spatial 4
AV Expand All

VCell DB [BMDB|Pe  (ojapse Al

BioModels | MathModels | Geometries| ‘ [l] /

[+l Search |
_1 Biological Models q .

FH-__) My BioModels (20 1. R|ght click on PDE_3D
[ Shared BioModels q
© ruicsomoceis. Select Copy As > Spatial >

__1Tutorials (8) StOChastic

(] Education (34)

Deterministic
Stochastic

AV

Object Properties | Problems (0 Errors, 0 Warnings) I ) Database File Info | Network Generation Status

Select only one object (e.g. species, reaction, simulation) to view/edit properties.
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New BioModel From App

Expand All
Collapse All

AY
VCell DB | MDB | Pathway Comm [ =201

BioModels | MathModels | Geometries|

Search
_1 Biological Models

[ My BioModels (2018nathans751) (19
__1 Shared BioModels (1)

__1 Public BioModels (602)

__1 Tutorials (8)

[H-__] Education (34)

< I »

the name to Stoch Spatial.

.ﬁ Rule-Based_Ran_Transport : x4 Geometry & Specifications | Protocolsl 4‘9 Simulations
=8 Physnology =
... ¥ Reaction Diagram Species | Reaction | Network|
O Reactions (7) = i : = :
O g res (5) Initial Condition: (@) Concentration 6 -) Number of Particles
© Species (2) Species Structure Depiction Clamped Initial Condition Well Mixed Diffusion Constant Force Continuous
8 z:stc"le;g)u) Ran_C_Nuc Nuc TTED ] 4.5E-4 [uM] ] 10.0 [pm2.5-1] ]
rva — 1 % Tl
=+ Applications (5) e Nuc <@ O 4.5E-4 [pM] ] 10.0 [pmz.572] ]
lm“l Op O PD D
l @ - NEsim Rename “' 
[ 4/4 - Non-Spatial Det Delete
& i, Non-Spatial Sto . .
' 48 PDE_3D Copy 1. Right click on the copy,
----- Parameters, Functions Copy As >
) Pathway and select Rename. Change

Search 1

AV

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

Select only one object (e.g. species, reaction, simulation) to view/edit properties.
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and geometry are already
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= k) Geometry| & Speciﬁcations| Protocols| & Simulations )
1. GO to the Simulations | Output Functions | Generated Math| InDUt'
Simulations tab and ||l&: & B & »e B[O
Create a new Name End Time Output Option Solver Running Status Results
simulation. > - 0. old T
'-:-‘"JJF Stoch Spatial % Edit: 100 Particles ‘
%4 Geometry =
é--WSpec‘rﬁcations
© - Protocols | Parameters| Mesh | solver]
0¥ Sinuotions )
H- @ ~=| Mesh Size i
oY% | 2. Rename the new
= % simulation 100 Particles. 3. Open the Simulation
L Editor, and select the Mesh
+-Pathwa

AV
VCell DB | BMDB l Pathway COmmI Sabio |

BioModels | MathModels | Geometries|
[+ Search
_1 Biological Models
[H-__] My BioModels (2018nathans751) (19
[#__) Shared BioModels (1)

) Public BioModels (602)
{1 Tutorials (8)
1 Education (34)

AV

Geometry Size (um)

Mesh Size (elements)

Total Size (elements)

Spatial Step (um)

Object Properties | Problems

Settings:

Annotation:

Timestep

1.0E-4s

evel

Mesh: 71x71x25 = 126(
-=| Parameters with value|

(74.24, 74.24, 26.0) /

Lock as| 0

X 101

Y 101

tab. Make sure that the Lock
Aspect Ratio box is
checked, and change the X

value to 101.

Z |36
101 x 101 x 36 = 367236

Ax |0.7424

by |0.7424

0z [0.7428571428571429

>

Parameter Na

4. Hit OK to save
these changes.

||

Scan




Rule Based Ran Transport VCell Tutorial (7.0): Stoch Spatial

File Server Window Tools Help

67

[+ @z NFSim

[+- 44  Non-Spatial Deterministic
[ i £ Non-Spatial Stochastic
[+ 44E PDE_3D

--Parameters, Functions and Units

[+ Pathway

1. Re-open the
Simulation Editor,
and go to the Mesh
tab.

% Rule-Based_Ran_Transport =| 4 Geometry | &° Specifications|  Protocols| 4 Simulations
[=-Physiology - :
- #» Reaction Diagram Simulations | Qutput Functions | Generated Math|
- Reactions (7) I@%‘*J 3 > m .Blo
- © Structures (5) ] — ‘
... Snecies (2) 8 Edit: 100 Particles (3 Running Status Results

Parameters | Mesh | Solve

AV

BioModels | MathModels | Geometries|
[+l Search

VCell DB | BMDB | Pathway Comm | 5=010

_| Biological Models

[H-__] My BioModels (2018nathans751) (19
[+{_] Shared BioModels (1)

[+__] Public BioModels (602)

{1 Tutorials (8)

[ Education (34)

AV

Choose solver algorithm and fine-tune time

Integrator | Smoldyn (Spatial Stochastic Simulator) v | | 2

2. Click on the Edit
Simulation button.

L

-=1 General

Time Bounds

Time Step

Minimum |

Starting 0.0

Default |1.0E-4

Ending |10.0 ‘ : :

Error Tolerance

. Absolute |

Relative ‘

Select the Solver tab.

3. Change the

=/ Output Options
(@) Output Interval

["] sequence seed 2] |

V =

parameters so that
the simulation has an

=] Advanced Solver Options —
accuracy@] 1 10.0 |
\ fast mesh sampling || save particle files

gauss table size

(2] 4096

| 1 ending at 10.0

seconds and an

= Miscellaneous
[|pata Processing Script

output interval of 0.1.

—

Object Propertig

Annotation: |:

T
Settings: E

>

Mesh: 71x71x25 = 126025 elements

[ =/ Parameters with values changed from defaults

wtn
~

Parameter Name

Default

) »

4. Hit OK to save
these changes.

Scan
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.ﬁ Rule-Based_Ran_Transport
[=}-Physiology

- #» Reaction Diagram

- Reactions (7)

- Structures (5)

-~ Species (2)

- Molecules (3)

- Observables (7)

=2 Appicahons (5)

-
[+ 44 : Non-Spatial Deterministic
[+- 7, : Non-Spatial Stochastic
[+ 44E PDE_3D

Parameters, Functions and Units
[+-Pathway

o

i

ﬂﬁ Geometry | @ Specifications| ~ Protocols| # Simulations

Simulations I Output Functions | Generated Math|

9

bnlﬁ

te

End Time Output Option Solver Running Status

100 Particles every 0.1 s Smoldyn not saved

1. Run the simulation

AV

VCell DB | BMDB | Pathway Comm | =212 |

BioModels | MathModels | Geometries|
r. i+l Search
_1 Biological Models
[+ My BioModels (2018nathans751) (19
[+ Shared BioModels (1)

_I Public BioModels (602)

[ Education (34)

I »

AV

| Object Properties| Problems (0 Errors, 0 Warnings) | € Database File Info| Network Generation Status
Iteration O: 2 species A
Iteration 1: 5 species
Iteration 2: 11 species
Iteration 3: 21 species
Iteration 4: 31 species
Iteration 5: 3& species
Iteration &: 37 species
Iteration 7: 37 species

Canceled by user.
s &
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