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About D-VASIm

About D-VASIm

Conventions

D-VASIm stands for Dynamic Virtual Analyzer and Simulator. It
developedo analyze and simulate the genetic logic circuit mo
developed in theSystems Biology Markup Langua@®BML) [1].
Practically, DVASIm can be used to simulate any{nndel available
in SBML L3v1(Level 3 version 1ore however, it is solely designe
for the simulatios of genetic logic circuits, where user can ap
external signals on the model during runtime.

D-VASIm is developed on graphical programming language plati
called LabVIEW (Laboratory Virtual Instrument Engineerir
Workbench) 2]. Besideggraphical programming, textual programmi
language, like JAVA, is also used to integrate JSBB]Uiprary in it.

In this short document, you will learn how to use/BSim (v1.3) to
perform virtual laboratory experiments. This requires you to have
synthesized bienodel, in the form of SBML file, you want to tes
This SBML can be obtained by creating a-biodel using any othe
bio-tool and generating its SBMIL3v1 format.

Stochastic simulation algorithnfSSA) has been implemented
perform stochastic simulations of SBML models. Furthermore,
VASIm is also capable of simulating the deterministic behavior
bio model by solving ordinary differential equations.

Latest version of DVASIim can be downloaded fror
http://bda.compute.dtu.dk/downloadsThe sample SBML models
included in the download package, are developatieatniversity of
Ut ah by My4 rThevideg dema gf BVASIm canalsobe
seen athttp://bda.compute.dtu.dk/useranuals/ which demonstrate
the analysis of upper threshold value only. D-VASIim v1.3, the
ability to analyze the upper atalver threshold valiemore accurately
and robusts included

N
<
-

=
¥

-

bold

italic

bold and italic

The following conventions appear in this document:

This icon denotes a tip, whictotifiesyou to advisory information.
This icon denotes an alert, which notifies youniportantinformation.

Bold text denotes items that you must select or dici&nter the value
in the software, such as open file opt@mmunning the simulation
buttonor entering the value of simulation spesd

Italic text denotes the name of a folder or a file path.

Bold and italic text denotes timame of a file
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Analyzing the SBML model using D-VASIm

1. Analyzing the SBML model using D-VASIm

In this section, you will learn how to import and analyze tB&M&
modelof a genetic circuit in B/ASIim. In this document, we will us
the SBML model of a genetic AND gate enclosed in
Sample_SBML_Modefslder in the download package.

1.1. Launching D-VASIim

The front interface of B/ASim, shown in Figure 1, will appear whe
you doubleclick on D-VASim.app (for MAC OS) or D-VASim.exe
(for Windows OS).

‘@ [ ] D-VASim (Dynamic Virtual Analyzer and Simulator)
D-NASIim | D-VASIim: Dynamic Virtual Analyzer and Simulator Technical University of Denmark 1%

Select SBML Model (.xml)

(] | ’—
Generate S5A VI
Model Information

ID Substance Units Length Units Extent Units Conversion Factor Model Components

Name Time Units Volume Units  Area Units Generate ODE VI

Species Parameters | Reactions | Events | Functions | Units | Compartments | Initial Assignments | Rules | Constraints

Total Species 0

1D Name | Compartment Initial Amount Initial Concentration | Units Only k Units B dary Cond C C

[«

Figure 1. Front interface of D-VASIm.

Complete the following steps to import the SBML model of a ger
AND gate circuit.

1. Click open file buttonon the optionfiSelect SBML Model
(.xml)o.
2. Navigate to the file and_RB.xml placed under the
application directory/D-VASIim/Sample_SBML_Models/

This will run the JSBML library and display the SBML component:
shown in Figure 2
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Analyzing the SBML model using D-VASIm

DNASim | D-VASim: Dynamic Virtual Analyzer and Simulator Technical University of Denmark Sig

D-VASim (Dynamic Virtual Analyzer and Simulator)

TU

Select SBML Model (xml)

% Macintosh HD:Users:hasan:Documents:Genetic Circuits by Myers:and_RB.xml Bl Obtain parameters from Cello UCF I—
Generate S5A VI
Model Information

ID Substance Units Length Units  Extent Units Conversion Factor Model Components
and mole listOfUnitDefinitions
Name Time Units Volume Units  Area Units :::g;g:g:i‘;ﬂme"“ Generate ODE VI
Created by iBioSim flatten routine litre listDfParametars
Species Parameters I Reactions I Events [ Functions I Units F Compartments [ Initial Assignments r Rules I Constraints |
Total Species 9
D Name | Comp Initial A Initial C ation  Units Only Susb Units | Boundary Condition | Constant =Conversio{ |
Cl Cell 0.0 NaN true false false null
GFP Cell 0.0 NaN true false false null
Lacl Cell 0.0 NaN true true false null
Pl Cell 4.0 NaN true false false null
P2 Cell 2.0 NaN true false false null
P3 Cell 2.0 NaN true false false null
P3_mRNA Cell 0.0 NaN true false false null
Promoter_GFP Cell 2.0 NaN true false false null
TetR Cell 0.0 NaN true true false null
[=] R O

Figure 2. D-VASiIm showing the SBML components of a genetic AND gate model.

All the SBML components of a model can be analyzed here in a
tabular form. For example, TH&pecietab shown in Figure 2 depic
the total number o$pecieused in the genetic AND gate model alc
with their corresponding detailSimilarly, theReadions tab shown in
Figure 3 contains the information related to the reaction kinetics
model.D-VASIm also generates the ordinary differahquations of
a model,which can be seen in Figure Bhese equations are used
simulate the deterministiccbhavior of SBML model.

[ Species T Parameters I Reactions l Events T Functions I Units T Compartments T Initial Assignments I Rules T Constraints ]

Total Reactions 7
Reaction Info

Reaction ID Name | Reversible| Fast | C R Count | R R-Stoich | Constant | Products Count | Produ[a]

Degradation_GFP false false | Cell 1 GFP 1.0 true 0

Degradation_Cl false false | Cell 1 c 1.0 true 0 B

Degradation_TetR false false | Cell 1 TeR 1.0 rue 0

Degradation_Lacl false false | Cell 1 Lacl 1.0 true 0 oA
[I =
Reaction Math

Reaction 1D Math [a]

Degradation_GFP kd*GFP

Degradation_Cl kd*Cl s

Degradation_TetR kd*TetR

Degradation_Lacl kd*Lacl z|
[=I I ]
Ordinary Differential Equations
" ~(kd*Cl)+10.0"(ko_P17ng_P1*Ko__P1"RNAP/(1+Ko_P1"RNAP+(Kr_Lacl_P1*Lac)Anc_Lacl_P1))+10.0*(ko_P2"ng_P2*Ko_P2*RNAP/(1+Ko_P2*RNAP+(Kr_TetR_P[ ]

-(kd*GFP)+10.0*(ko__Promoter_GFP*ng__Promoter_GFP*Ko__Promoter_GFP*RNAP/(1+Ko__Promoter_GFP*RNAP+(Kr__CI_Promoter_GFP*ClAnc__CI_Promoter_GFP))

[«

| »

Figure 3. Reactions tab showing the reaction kinetics of a genetic AND gate model.
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Analyzing the SBML model using D-VASIm

1.2. Generating a Virtual Laboratory Instrument

b @ Virtual Laboratory Instrument for Stochastic Simulations

®

Once the components of SBML model are analyzed, a vi
environment for the interactive simulation can be generated simp
clicking on any of the two optiong$;enerate SSA Vlor Generate
ODE VI shown at the top right corner aftool. Now click Generate
SSA M button to generate a virtual instrumef(i¥l) for stochastic
simulations of a genetic AND gate model. Thislwiiing up a virtual
instrumentshown in Figure 4.
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ety D-NASIM @)

30
20<

) e, 70
> 2
3 < 80
% WA o0
s £
A 100
9 0
7,

10

a

\
3 Z 80

- 4 E | np | stoichiorme ] 10.0 | kd | 0.0075
&, F 2 {kr_r |Reverse  []1.0 | kd |0.0075

D;', o | ka_f |Forward  ]0.0033 | RNAP |30.0

c cre L n r2 s Settings
+H R [ T t
55 Continous Simulation
52.5- Yes JM No
50~ 100
47.5- Threshold Value Analysis
451 Manual Ji)  Auto
~ Modifier Degradation
40~
Simulate SBML Events
37.5-]
=
8 32.5-
=
=
€
@ 27.5-
=
=]
o
22.5-
17.5-
: _
i i | i | ! i i
0 5 10 15 20 25 30 35 40 45 50 55
Time
External Modifiers Model Parameters Runtime Simulation
- = Global Parameters Local Parameters Options
Ao L D Name Value ID Value Simulation Speed (ms) 30
40 30 60 40 30 60
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Figure 4. Virtual Instrument specifically for a genetic AND gate model.

Any instrumentfor stochastic simulatiogenerated by EVASim for
the first time does @ither reveal the names of graph legemor the
modifier controls but only theparameters informatiorPressingthe
RUN button (* shown & the top left corner) starthe simulation and
makesthe graph legendandmodifiersvisible.
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Virtual Laboratory Experimentation

2. Virtual Experimentation for Stochastic Simulations

The virtual instrument (shown in Figure 4) looks similar to a phys
instrument, whiclcan be used tmteract with the model by tuning tr
input concentrations with the control knobs and observing the el
graphically.

Once the simulation is startedter pessing the[> button, ser can
increase or decrease the concentration of input (or external mot
specieand observe its effects on the model during run time.
runtime interaction with the model gives user an insight of being it
lab performing wetab experiments

Figure 5 shows thscreenshoof the stochastic simulation of a gene
AND gate takenrandomly after~3050 time units has lapsed.his

figure showsthat unlike SBML events, which are predefined in

SBML file, user can interact with the model and change

concentration of inpuspecieto any level and at any instant of tine.
case ifthe concentration of inppecieare required to be triggered

any specific level instantly, the numeric displays located beneat
control knobs can be usefls same as the user interact with the mc
by varying the input concentration using control knobs, the pararr
can also be variedndtheir effectscan be observegraphicallyduring
runtime.

When aSTOP button @ located besides the run button at the top
corne) is pressedscreenshobf a graphical window is captured al
savedinside Sim_Resultsfolder located in thedefault application
directory.

Figure 5. Screen capture of the stochastic simulation of a genetic AND gate.
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