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GeneticNetworks is a package that simulates the dynamics of the concentra-
tions of genes and proteins of a genetic regulatory network. The starting point
is the double-graph of activations and repressions. The input are two strings,
activations and repressions, that record the network of interactions. The same
symbol is used to denote both a gene and the protein that it produces. For
example,

activations = {A — B,A— R}

repressions = {R — B} (1)
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Figure 1: Graph of interactions for the network (1).

In this double-graph, protein A activates the genes B and R, and protein R
represses gene B (see figure 1). The proteins whose corresponding gene is lacking,
can be considered as constant proteins, adding the symbol $ to their name (e.g.
in order to consider protein A as a constant protein during time, it is necessary
to write A$).

The following functions are defined in the GeneticNetworks package:

e NetworkGraph, ManipulateGraph
e Reactions, ReactionsOneSite, ReactionGraph

e SubstanceNames, SubstanceVariables,
Substancelnitial Conditions

e ParameterNames, ParameterInput
e Equations
e ConservationLaws

e EmptyGenes, EmptyGenesPosition, NotEmptyGenes



e WriteDataC, CEquations

NetworkGraph|activations, repressions|

returns the graph of the activations (green arrows) and repressions (red edges).
The structure of the first graph is chosen by default by the Mathematica function
GraphPlot and can not be changed.

ManipulateGraph[activations, repressions, dimension of the graph|
returns the graph of the activations and repressions. The graph can be manipu-
lated to the desired form.

In Fig. 2, we represent the graph of the activations in the gap-genes network of
Drosophila using both functions.
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Figure 2: Graph of the activations in Drosophila gap-genes network. On the
top we see the output of NetworkGraph, on the bottom we have the same graph
obtained by ManipulateGraph.

Reactions|activations, repressions|
prints the names of the proteins of the graph; the number of activations, repres-
sions and total sites of the corresponding gene; the name of the proteins which



have no binding sites; and the proteins that have been chosen to be considered
constant. This function also returns two tables, reactions and parameters, con-
taining all the reactions and the parameters of the network. Genes are denoted
by the name of the protein they produce and with subscripts and overscripts in-
dicating their binding sites. The subscripts are reserved to proteins which repress
the gene, while the overscripts to proteins which activate it. The interactions can
be divided into three different species, each stored in a global table:

ReactionGeneProtein, ReactionProduction and ReactionDegradation.
The first table holds the double bimolecular reactions of the binding, e.g.

By, + A« Bg
The second table holds the productions of proteins, e.g.
Bily — By + B
The third table holds the degradations of proteins (if any), e.g.
B —

Correspondingly, the following global tables for the parameters are defined:

ParameterFw, Parameter Bw, ParameterProduction, ParameterDegradation.
ParameterFw and ParameterBw hold the parameters related to ReactionGene-
Protein. The parameters are denoted by the small letter of the gene involved
in the reaction and, in the indexes, the binding sites of the gene and the small
letter of the protein reacting with the gene. For the backward reaction the index
is preceded by a minus sign.



For example,

for the forward reaction
By p+A— By

the corresponding parameter is
(b0.7)as
for the backward reaction
Byg — Bop + A
the corresponding parameter is

(Bo,) ~a-

ParameterProduction holds the parameters related to ReactionProduction de-
noted by the letter p and, in the indexes, the binding sites of the gene, and the
name of the protein involved in the reaction. For example,

for the reaction
Bily — By + B

the corresponding parameter is

ParameterDegradation holds the parameters related to ReactionDegradation de-
noted by the letter d and, in the index, the name of the protein involved in the
reaction. For example,

for the reaction
B —

the corresponding parameter is
dp

ReactionsOneSite|activations, repressions] returns the same prints and tables as
Reactions, but counting only one binding site per gene. The proteins have to
compete in order to bind to the gene.

ReactionGraph[reactions, parameters) displays the reactions with the correspond-
ing parameters. An example of the kinetic mechanisms associated to the input
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Figure 3: Reactions of the genetic network defined in (1)

in (1) is shown in figure 3.

SubstanceNames|reactions|, SubstanceVariable|reactions],
SubstancelnitialConditions|reactions]

return, respectively, a table with the name of the variables in reactions, the same
table with the explicit temporal dependence (if any), the table with the substance
variables taken at time t=0 and a set of global variables in order to assign exter-
nally initial conditions.

ParameterNames|[parameters|, ParameterInput|parameters]

compute, respectively, a table with the name of the parameters in reactions in-
dependently of the graph of the activations and repressions, and the same table
with a set of global variables in order to assign parameters values.

FEquations|reactions, parameters]

calculates the differential equations describing the time evolution of the concen-
trations of the chemical substances involved in the set of reactions. The differen-
tial equations are obtained by the mass action law, and returned in a table. An
example for input (1) is shown in figure 4.

ConservationLaws|reactions|
returns a table with the conservation laws of the full set of reactions. An example
for input (1) is shown in figure 5.
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Figure 4: Equations of the genetic network defined in (1).
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Figure 5: Conservation laws of the genetic network defined in (1)

EmptyGenes|real value], NotEmptyGenes|real value]
assign the value in input to the initial conditions of every empty, or not empty,
gene.

EmptyGenesPosition|substancelnitial Conditions, emptyGenes]
returns the positions of the empty genes in the table substancelnitialConditions.

WriteDataC1 |
generates the output file data.txt with the parameters and the initial conditions
used in the current network.



CEquations|equations, substanceVariables, parameters]
generates the output file equations.h where the equations of the system are trans-
lated into a C function.

The functions listed above have been taken from a previous package, Kinetics,
and adapted to evaluate the input of a genetic network. This package has been
subsequently introduced in GeneticNetworks. Its aim is to compute the differ-
ential equations and the conservation laws of a general table of reactions, not
necessarily related to a genetic network. In order to distinguish its functions
from the ones described above, we gave them a name ending in Kinetics:

ReactionGraphKinetics

SubstanceNamesKinetics, SubstanceVariablesKinetics,
Substancelnitial ConditionsKinetics

ParameterNamesKinetics, ParameterInputKinetics

EquationsKinetics

ConservationLawsKinetics

The input is a table holding all the reactions of the analyzed mechanism, and the
parameters are automatically computed without a relation with a graph. Their
structure is very similar to the ones previously described, and is accounted in the
help of the package.
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GeneticNetworks

Commands

<< Geneti cNet works. m

? Genet i cNet wor ks

GeneticNetworks.m is a package that models a gene regulatory network.

The following functions are defined in the GeneticNetworks package:

NetworkGraph

Reactions
SubstanceNames
SubstanceVariables
SubstancelnitialConditions
ParameterNames
Parameterinput
ReactionGraph

Equations

ConservationLaws

The first functions to run are NetworkGraph[activation, repression] and Reactions[activation, repression].
The input are two tables that indicate the activations and repressions of proteins on genes.
For example,
activation={A -» B, B -» C}
repression={B —» A}.
This means that the protein A activates the gene B, the protein
B activates the gene C, and the protein B represses the gene A (please note that

the same symbol is used to denote both a gene and the corresponding protein).
NetworkGraph[activation, repression] returns the graph of the activations (green arrow) and repressions (red edge).

Reactions[activation, repression] prints the names of the
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proteins of the graph; the number of activation, repression and total sites of the
corresponding gene; the name of the proteins which have no sites and that, by default, will be considered constant.
This function also returns two tables, reactions and parameters,
containing all the reactions and the parameters of the graph accounting of the
potential production and degradation of the proteins.
Genes are denoted by the name of the protein they produce
and with subscripts and overscripts indicating their regulator binding sites.

The subscripts are reserved to proteins which repress the gene, while the overscripts to proteins which activate it.

SubstanceNames[reactions], SubstanceVariable[reactions],
SubstancelnitialConditions[reactions] return, respectively, a table with the name of

the variables in the table reactions, the same table with the explicit temporal
dependence (if any), the table with the substance variables

taken at time t=0 and a set of global variables in order to assign externally initial conditions.

ParameterNames[reactions], Parameterinput[parameters]
compute, respectively, a table with the name of the parameters in the reactions
independently of the graph of activations and repressions, and the same table

with a set of global variables in order to assign parameter values.

ReactionGraph[reactions, parameters] displays the reactions with the corresponding parameters.

Equations[reactions, parameters] calculates the differential

equations describing the time evolution of the concentrations of genes and proteins
of the genetic network.
The differential equations are obtained by the mass action

law, and the command Equations[reactions, parameters] returns a table with the

differential equations.

ConservationLaws[reactions] returns a table with the conservation laws of the full set of reactions.
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? Net wor kGr aph

NetworkGraph[activation, repression] returns the graph of a genetic regulatory network.
The input are two tables that indicate the activations and repressions of proteins on genes.
For example,
activation={A - B, B » C}
repression={B - A}.
This means that the protein A activates the gene B, the protein
B activates the gene C, and the protein B represses the gene A (please note that
the same symbol is used to denote both a gene and the corresponding protein).

The activation are drawn with a green arrow, while the repressions are drawn with a red edge.

? Mani pul at eGr aph

ManipulateGraph[activation, repression] returns the graph of a genetic regulatory network in a form that can be

manipulated. The input is the same of the function NetworkGraph

? Reacti ons
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Reactions[activation, repression] returns the reactions

and the parameters involved in a genetic network. It also prints the
names of the proteins and the numbers of the regulatory sites of the genes in the network.
The input are two tables that indicate the activations and repressions of proteins on genes.
For example,
activation={A - B, B » C}
repression={B - A}.
This means that the protein A activates the gene B, the protein

B activates the gene C, and the protein B represses the gene A (please note that
the same symbol is used to denote both a gene and the corresponding protein).
Reactions prints the names of the proteins of the graph; the

number of activation, of repression and of the total sites of the corresponding gene;
the name of the proteins which have no sites and that, by default, will be considered constant.
This function then returns two tables, reactions and parameters,

containing all the reactions and the parameters of the graph accounting of the
potential production and degradation of the proteins.
Genes are denoted by the name of the protein they produce

and with subscripts and overscripts indicating their regulator binding sites.
The subscripts are reserved to proteins which repress the gene, the overscripts to proteins which activate it.
The network of interactions can be divided into three different species, each stored in a global table:
ReactionGeneProtein, ReactionProduction, ReactionDegradation.
The first table holds the double bimolecular

reactions between a gene and a protein activating or repressing it, i.e.
B%0 + A & B
The second table holds the reactions of production of a protein by an activated gene, i.e.
B0 = B%00 + B.
The third table holds the degradations of proteins (if any), i.e. B - .
Correspondingly, the following global tables for parameters are

defined: ParameterFw, ParameterBw, ParameterProduction, ParameterDegradation.
ParameterFw and ParameterBw hold the parameters related to ReactionGeneProtein.

The parameters are denoted by the small letter of the gene
involved in the reaction and, in the index, the small letter of the protein reacting with the gene.
For the backward reaction the index is preceded by a minus sign. For example,
for the forward reaction Boo,o +A > BAO‘O the corresponding parameter is by,
for the backward reaction BAOYO - BOO,O +A the corresponding parameter is b_j,.
ParameterProduction holds the parameters related to

ReactionProduction denoted by the letter p and, in the index, the name of the protein
involved in the reaction. For example,
for the reaction BAOYO - BAOYO + B the corresponding parameter is pg.
ParameterDegradation holds the parameters related to

ReactionDegradation denoted by the letter d and, in the index, the name of the protein
involved in the reaction. For example,

for the reaction B — the corresponding parameter is dg.
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? ReactionsOneSite

ReactionOneSite[activation, repression] returns
the same prints and tables of Reactions, but counting only one binding

site per gene. The proteins have to compete to bind the gene.

? Reacti onG aph

ReactionGraph[reactions] displays the reactions with the corresponding rate constants.

? Subst anceNanes

SubstanceNames|[reactions] returns a table with the name of the variables in the table reactions.

? Subst anceVari abl es

SubstanceVariables[reactions] returns a table with the name of the variables in the table reactions, with the explicit

temporal dependence ——— Name([t].

? Subst ancel niti al Conditi ons

SubstancelnitialConditions[reactions] returns a table with the substance variables taken at time t=0, and a

set of global variables in order to assign externally initial conditions. The global variables are InitCond([i].

? Par anet er | nput

Parameterinput[parameters] returns a table with
the name of the parameters in the reactions, and a set of global variables

in order to assign parameter values. The global variables are ParlnputVarfi].
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? Equati ons

Equations[reactions, parameters] calculates the

differential equations describing the time evolution of the concentrations of
the chemical substances involved in the set of chemical reactions of a genetic network.
The differential equations are obtained by the mass action

law, and the command Equations[reactions, parameters] returns a table with the
differential equations.
The input to Equations[reactions, parameters] are the tables

of the reactions and of the corresponding parameters obtained by the function
Reactions[activation, repression].
The proteins with a constant concentration in the output of

Reactions will be considered, by default, constant. Thus, for such proteins, there
will be no differential equation.
Another feature of this package is the introduction of ‘garbage' variables, denoted by Gj(i=1,...,n), to compute
also the degradations with the mass action law. For example,
the reaction B —» will be substituted by B -

G;. The equations with these garbage variables must not be considered.

? Conservati onLaws

ConservationLaws[reactions] returns a table with the conservation laws of the full set of reactions.

The proteins with a constant concentration in the output of Reactions will be considered, by default, constant.
Thus, such proteins should appear among the conservation laws.

Another feature of this package is the introduction of 'garbage’ variables, denoted by G;(i=1,...,n), to compute
also the degradations with the mass action law. For example,

the reaction B —» will be substituted by B — G;. The conservation laws with these garbage variables must not be

considered.
? Enpt yGenes

EmptyGenes[value] assigns the value in input to the initial conditions of every empty gene.

2 Not Enpt yGenes

NotEmptyGenes[value] assigns the value in input to the initial conditions of every not empty gene.

? Enpt yGenesPosi ti on

EmptyGenesPosition[substancelnitialConditions, emptyGenes]

returns the positions of the empty genes in the table 'substancelnitialConditions'

?WiteDataC

WriteDataC[] generates the output file ‘data.txt’

with the parameters and the initial conditions used in the current network.
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? CEquat i ons

CEquations[equations, substanceVariables, parameters] generates the output

file 'equations.h' where the equations of the system are translated into a C function.

?Eul erlntegration

Eulerintegration[equations_, parameters_, initialConditions_, variables_,

iterations_, step_]| returns a table with the temporal evolution of the equations in input.

? Eul er Poi nts

EulerPoints[equations_, parameters_, initialConditions_, variables_, iterations_,

step_] returns the final points of the variables after the evolution of the equations

input.

Network 1: one activator and one repressor

activations = {A- B};
repressions = {R- B};
Net wor kGr aph[acti vati ons, repressions]

A by B | br R
Reacti ons[activations, repressions];

Print ["\n\nG aph of reactions"];
Reacti onGraph[reactions, paraneters];

Print ["\ n\ nSubst ances" ];

nanes = SubstanceNanes[reactions];

vari abl es = SubstanceVari abl es[reacti ons];

initial Conditions = Substancelnitial Conditions[reactions];
Print [names]; Print [variables]; Print[initial Conditions];

Print ["\ n\ nPar aneters"];
paranet er sl nput = Paramet er | nput [paranet ers];
Pri nt [par armet er sl nput J;

Print ["\n\nTi ne evol uti on equations"];
eqs = Equati ons[reactions, paraneters];
Print [egs // Col um]

Print ["\n\nConservation | aws"];
cons = Conservati onLaws[reactions];
Print [cons // Col um];
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Proteins = {A B, R}

Activation Sites per Cene

Repression Sites per Gene

Total Sites per CGene

Protei ns Wthout Genes

Constant Proteins = {}

Graph of reactions
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Subst ances

{A, B, R Bj, B, B BR}

{Alt], B[t], R[t], B3[t], BS[t], BR[t], BRIt]}

{A[0] = I nitCond[1]

= {0, 1, 0}

= {0, 1, 0}

{0, 2, 0}

{A R}

B[0] = 1nitCond[2], R[0] = InitCond[3],

B3 (0] = I nitCond[4], B§[O] == I nitCond[5], BX[0] = InitCond[6], BR[O] = InitCond[7]}
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Ti me evol ution equations
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(+% PARAVETER | NPUT #%)

(» Forward =)
par anet er sFwval ue = Tabl e[1., {i, Lengt heParanetersFw}];
(% (b8)al %) Par | nput Var [1] = par aret er sFwval ue[[1]1;

(* ( 8) %) Par | nput Var [2]
( (bg), =) ParlnputVar [3]
(» (bR), =*) ParlnputVar [4]

par anet er sFwal ue[[2]];

par anet er sFwal ue[[3]];

par anet er sFwval ue[[4]1];

(** Productions xx)
par anet er sProducti onVal ue = Tabl e[1, {i, Lengt heParanet ersProduction}];
(* (po’*)B %) Par | nput Var [5] = par anet er sProducti onVal ue[[1]1;

(% (p‘R\)B %) Par | nput Var [6] = par anmet er sProduct i onVal ue[[2]];

(*% Degradations xx)
par anmet er sDegr adat i onVal ue = Tabl e[1., {i, Lengt heParanet er sDegr adati on}];
(* dg =) Parl nputVar [7] = par anet er sDegr adati onVal ue[[1]];

(» Backward =)

par anet er sBwal ue = Tabl e[0. 1, {i, LengtheParanet ersBw}];
(» (b§)_, *) ParlnputVar[8] = paranetersBwal ue[[1]];

(» (b§)_ =) ParlnputVar[9] = paranetersBwal ue[[2]];

(* (b{j)_r *) Par | nput Var [10] = par anet er sBwal ue[[3]1];

(» (bR)_, =) ParlnputVar[11] = paramet er sBwal ue[[4]];

(x% | NI TI AL CONDI TI ONS | NPUT *x)
(* A %) InitCond[1] 1;

(* B %) InitCond[2] 0;

(* R %) InitCond[3] = 1;

Enpt yGenesPosi ti on[substancel niti al Conditions, enptyGenes];
Enmpt yGenes[1. ]
Not Enpt yGenes[0. ]

Print["Initial conditions"];
Print [initial Conditions];
Print ["\ n\nParaneters"];

Pri nt [par armet er sl nput J;

Initial conditions

{A[0] =1, B[0] = 0., R[0] =0., BJ[0] =1., By[0] =0., Bg[0] = 0., BR[0] = 0. }

Par aneters

{(bg)ael., (bg)rel., (bé)ral., (b%)aal., (pé‘)B%l,
(PR)g > 1, ds > 1., (bg)faao. 1, (bg)fr -0.1, (bg) , -0.1, (b%)iaao.l}
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Time = 100;
equations = Drop[equations, {8, 8}];
sol = Flatten@NDSol ve[Joi n[equations /. paraneterslnput, substancelnitial Conditions],

subst anceNanes, {t, 0, Tine}];
gl = Pl ot [Eval uat e[substanceVariables /. sol], {t, 0, Tine}, PlotRange -> All]

10

081

0.6

0.4

0.2

20 40 60 80 100

(» Proportionality Constants =)
par anet er sPropConst = Table[l., {i, LengtheConpl enent [El, ConstantProteins]}]

(1., 1., 1.}
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(» Wite data file for C program )
Wi teDataC[]

Vectors Lengths Vari abl es Paranet er sRNA Par anet er sEnpt yGenes Par anet er sFw Par anet er sProduct i on
0142143

~N H#

# al a2 a3 a4 L1 L2 L3 L4

Enpty Genes B Val ue Position

SRR

b OO0Oab OOr b AOr bORa
1. 1. 1.

= 3

= 3

pB_A O pB_A R
1
#dB

abOO-r b AO-r bOR-a

# b_0 O - _
.10.10.10.1

# Proportionality Constants A B R
1. 1. 1.

# Tinme
100.

(» Wite equations for C program x)
CEquati ons[equati ons, substanceVari abl es, paraneters]

voi d Equati ons(doubl e *v, double *p, double *F)

{
F[O] = -(p[O]*Vv[O]*v[3]) + p[7]*v[4] - p[3]*v[O]*Vv[5] + p[10]*v[6];
F[1] = -(p[6]*v[1]) + p[4]*v[4] + p[5]*Vv[6];
F[2] = -(p[1]*v[2]*v[3]) - p[2]*v[2]*v[4] + p[8]*v[5] + p[9]*v[6];
F[3] = -(p[0]*Vv[O]*v[3]) - p[1]*v[2]*v[3] + p[7]*v[4] + p[8]*v[5];
F[4] = p[O]*v[O]*v[3] - p[7]*v[4] - p[2]*v[2]*v[4] + p[9]*Vv[6];
F[5] = p[1]*v[2]*v[3] - p[8]*v[5] - p[3]*v[0]*Vv[5] + p[10]*v[6];

} F[6] = p[2]*v[2]*v[4] + p[3]*Vv[0]*Vv[5] - p[9]*v[6] - p[10]*Vv[6];

(*» Quit Kernel =)

<< Geneti cNet wor ksV280709/ Genet i cNet wor ks. i



Network 2: one constant activator and one constant repressor

activations = {A$ -> B};
repressions = {R$ -> B};
Net wor kGr aph[acti vati ons, repressions]

AS bes B | brs RS
Reacti ons[activations, repressions];

Print ["\n\nG aph of reactions"];
Reacti onGraph[reactions, paraneters];

Print ["\ n\ nSubst ances" ];

nanes = SubstanceNanes[reactions];

vari abl es = SubstanceVari abl es[reacti ons];

initial Conditions = Substancelnitial Conditions[reactions];
Print [names]; Print [variables]; Print[initial Conditions];

Print ["\ n\ nPar aneters"];
paranet er sl nput = Paramet er | nput [paranet ers];
Pri nt [par anmet er sl nput ];

Print ["\n\nTi ne evol uti on equations"];
eqs = Equati ons[reactions, paraneters];
Print [egs // Col um]

Print ["\n\nConservation | aws"];
cons = Conservati onLaws[reacti ons];
Print [cons // Col um];

Proteins = {A$, B, RS}

Activation Sites per CGene = {0, 1, 0}

Repression Sites per Gene = {0, 1, 0}

Tot al

Sites per Gene = {0, 2, 0}

Proteins Wthout Genes = {A$, R$}

Constant Proteins = {A$, R$}

GeneticNetworksTest.nb |13
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Graph of reactions

(Pg) o9 AS
A$ + B} ——
0 (b8 BO

A$|
(b0
(A8
R
(b )
(Prs
0 o A
A$ +Byg =—— B
(0% )
RS/ as

[,AS)
\Po “B

E— B+B§$

[,AS)
[Prs)
B — BBy

Subst ances
(B B, BO® B B
[Brey, Brvy, BEP [ty Bty BRI}

{B[O} — InitCond[1], BY[0] = I nitCond[2],
B6® (0] ~ I ni tCond (3], BR[0] - InitCond(4], B (0] = InitCond(5]}

Par aneters

r$eParInputVar (2], (b§$)r$eParlnputVar[3},
8‘*) - Par | nput Var [5], (pgﬁ)B»ParlnputVar[m, dg - Par | nput Var [7],

B

- Par | nput Var bg)

-r$ or

(

<b%$)a$ - Par | nput Var [4], (p
( (81, ( - Par | nput Var [9], (b&“) SI;eParInputVar[lo],
(

b(F)&),ass - Par I nput Var [11], A$ - Parl nput Var [12], R$ - Par | nput Var [13]}
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Ti me evol ution equations

( L BT+ (Bg) Bt ]
(B8°) (1] = AS (b3)  BYLt] - (b§) o BE (1] - R (b8°) BE*(t)+ (bE°) BRIt
(BRg) [t] = RS (b§) (BYIt] - (bG) ¢ BiIt] -AS (bE) B It]+ (b)) o B [t
(BR2) [t = Rs (b§®) BE%(t)+AS (b)) (BRG] (bGP) BEZIt) - (bY) BRI
(G1)'[t] =B[t]dg

Conservation | ans
BY[t]+Bp°[t] + B [t] +Bhglt]

R$
A$
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(+% PARAVETER | NPUT #%)

(» Forward =)
par anet er sFwval ue = Tabl e[1., {i, Lengt heParanetersFw}];
(% (b8)al %) Par | nput Var [1] = par aret er sFwval ue[[1]1;

(* ( 8) %) Par | nput Var [2]
( (bg), =) ParlnputVar [3]
(» (bR), =*) ParlnputVar [4]

par anet er sFwal ue[[2]];

par anet er sFwal ue[[3]];

par anet er sFwval ue[[4]1];

(** Productions xx)
par anet er sProducti onVal ue = Tabl e[1, {i, Lengt heParanet ersProduction}];
(* (po’*)B %) Par | nput Var [5] = par anet er sProducti onVal ue[[1]1;

(% (p‘R\)B %) Par | nput Var [6] = par anmet er sProduct i onVal ue[[2]];

(*% Degradations xx)
par anmet er sDegr adat i onVal ue = Tabl e[1., {i, Lengt heParanet er sDegr adati on}];
(* dg =) Parl nputVar [7] = par anet er sDegr adati onVal ue[[1]];

(» Backward =)

par anet er sBwal ue = Tabl e[0. 1, {i, LengtheParanet ersBw}];
(» (b§)_, *) ParlnputVar[8] = paranetersBwal ue[[1]];

(» (b§)_ =) ParlnputVar[9] = paranetersBwal ue[[2]];

(* (b{j)_r *) Par | nput Var [10] = par anet er sBwal ue[[3]1];

(» (bR)_, =) ParlnputVar[11] = paramet er sBwal ue[[4]];
(»% Constant Proteins %)
(* A %) ParlnputVar [12] = 1;
(* R %) Parl nputVar [13] = 1;
(» Initial Conditions x)

(* B %) InitCond[1l] = 1;

Enpt yGenesPosi ti on[substancel niti al Conditions, enptyGenes];
Enmpt yGenes[1. ]
Not Enpt yGenes[0. ]

Print["Initial conditions"];
Print [initial Conditions];
Print ["\ n\nParaneters"];

Pri nt [par armet er sl nput J;

Initial conditions

Par anmet er s
[(08) g > 10 (8),5 > 10 (8] 1., (b), 1. (p6) -1 [pf), -1,

dg > 1., (bg)_a$—>0.l, (b8)_r$90.1, (b?)_meo.l, (bg$> $90.l, A$ - 1, R$el}

-a

r$
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Time = 100;
equations = Drop[equations, {6, 6}];
sol = Flatten@NDSol ve[Joi n[equations /. paraneterslnput, substancelnitial Conditions],

subst anceNanes, {t, 0, Tine}];
gl = Pl ot [Eval uat e[substanceVariables /. sol], {t, 0, Tine}, PlotRange -> All]

10

08}

0.4

0.2

20 40 60 80 100

(* Proportionality Constants =)
par anet er sPropConst = Table[l., {i, LengtheConpl enent [El, ConstantProteins]}]

{1.}
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(» Wite data file for C program )
Wi teDataC[]

Vectors Lengths Vari abl es Paranet er sRNA Par anet er sEnpt yGenes Par anet er sFw Par anet er sProduct i on
0142141

a1 H#F

# al a2 a3 a4 L1 L2 L3 L4

# Enpty Genes B Val ue Position

1.

2

#b_ O00a$ b OO0Or$ b _A$5 Or$ b_ORS$_a$
1. 1. 1. 1.

# pB_A$_O pB_A$_R$

1. 1.

# d_B

1.

#b_ O00-a$ b O0-r$b A5 O-r$ b _ORS_-a$
0.10.1210.1210.1

# Proportionality Constants B
1.

# Tinme
100.

(» Wite equations file for C program =)
CEquati ons[equati ons, substanceVari abl es, paraneters]

voi d Equati ons(doubl e *v, double *p, double *F)

{
F[O] = -(p[6]*Vv[O]) + p[4]*v[2] + p[5]*Vv[4];
F[1] = -(p[O]*p[11]*v[1]) - p[1]*p[12]*v[1] + p[7]*v[2] + p[8]*V[3];
F[2] = p[O]*p[11]*v[1] - p[7]*v[2] - p[2]*p[12]*v[2] + p[9]*v[4];
F[3] = p[1]*p[12]*v[1] - p[8]*v[3] - p[3]*p[11]*Vv[3] + p[10]*v[4];
} F[4] = p[2]*p[12]*v[2] + p[3]*p[11]*Vv[3] - p[9]*v[4] - p[10]*v[4];

(*»» All sites - one site: Spatial Conparison xx)
(*» Quit Kernel =)

<< Geneti cNet wor ksV280709/ Genet i cNet wor ks. nks



Network 3:
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spatial comparison for anetwork with and without competition of proteins

activations {A$ -> B};
repressions = {R$ -> B, S$ -> B};
Net wor kGr aph[acti vati ons, repressions]

AS$ S$

D

R$

Reacti ons[activations, repressions];

Print ["\n\nG aph of reactions"];
Reacti onGraph[reactions, paraneters];

Print ["\ n\ nSubst ances" ];

nanes = SubstanceNanes[reactions];

vari abl es = SubstanceVari abl es[reacti ons];

initial Conditions = Substancelnitial Conditions[reactions];
Print [names]; Print [variables]; Print[initial Conditions];

Print ["\ n\ nParaneters"];
par anet er sl nput = Paranet er | nput [par anet ers];
Pri nt [par anmet er sl nput ];

Print ["\n\nTi ne evol uti on equations"];
eqs = Equations[reactions, paraneters];
Print [egs // Col um]

Print ["\n\nConservation | aws"];
cons = Conservati onLaws[reactions];
Print [cons // Col um];
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Proteins = {A$, B, R$, S$}

Activation Sites per Gene = {0, 1, 0, 0}

Repression Sites per Gene = {0, 2, 0, 0}

Total Sites per Gene = {0, 3, 0, 0}

Proteins Wthout Genes = {A$, R$, S$}

Constant Proteins = {A$, R$, S$}



Graph of
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0
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C
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Subst ances

{B' B0, Bo'o: BS s Bo'ssr BRs o B or Bl ser BQ;%}

[Brty, B olt, BEo[t], BY slt], B (t], Bl olt], B o(t], Bl sslt], By oslt]}
{B[O} =InitCond[1], 88'0[0] = InitCond[2], BOA?O[O] = I nitCond[3],

BS s [0] = InitCond[4], B{*,[0] = InitCond[5], BY (0] = I nitCond(6],
B o (0] = I nitCond(7], Bl &[0] = InitCond(8], B (0] = 1InitCond (9]}

Par aneters

. ~ ParlnputVvar (7], (b8’5$>a$ - Par | nput Var [8],

A$
. - Par | nput Var (107, (b0»5$)r$ - Par | nput Var [11],

‘F)e$vs$)a$eParlnputVar[12], (pOA:sO)BaParlnputVar[IB}, (p%o)B»ParlnputVar[M},
pﬁf‘sS$ 5 - Par I nput Var [15]7, (pg’%)B - Par | nput Var [16], dg — Par | nput Var [17],
b8 o) . —» ParinputVar[18], (b§ ) ¢ - ParlnputVar[19], (b§,) . — ParlnputVar[20],
AS AS 0
b0~0),r$ - Par | nput Var [21], (bovo),w - Par | nput Var [22], (bm’0>7a$ - Par | nput Var [23],
b, o) s » ParlnputVar[24], (b ) .o~ ParlnputVar[25], (bf ) ¢~ ParlnputVar[26],

AS AS 0
(bRﬂi,O),ss - Par | nput Var [27], (bo,sss)ﬂ; - Par | nput Var [28], (bl <) ¢ ~ Parlnput Var [29],

-a

A$ - Par | nput Var [30], R$ — Parl nput Var [31], S$ - Par | nput Var [32}}
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Ti me evol ution equations

(B o) [t] = -A$ (b o), BB olt] - RS (bf
]

(B3] [t = AS (b8 o) g B8 0t ] - (b80) . B0It] -

m(bé?so)mBomo[t]—%(bo%o) $Bé?o[t]+(bo o) $BOA$S$U]+ b6\$o) $B§‘0[t]
(BY,ss) [t] = S$ (b8 o). BBolt]- (b o) 4B sslt] -

AS (b s5) 6 BD ss (1] ~ RS (bF s5) ¢ BY ss[t] + (D o) $BQ$S$“]* (09, s5) ¢ Bls, ss ]

(BiPss) (1] =S8 (bE%)  BEolt] «AS (b o)  BE sslt] -
(bé?O)% Borss [t ]~ (D5 s5) 45 Boss[t] - RS (bé%%)r$ By

"[t] =R (b o), ¢BBolt] - (b8 o) ¢BRsolt]-

b[F)~Z$,0)a$ Bgs,o[t} - S$ (bgs,o>s$ B[F)zss,o[” + (bg$,0>_a$ Bg,o[t] + (b[F)e$,0)_S$ Bgss,sss[u

(B’Pgo),[t] = R$ (bg‘f“o)r$B§§0 [t] +A$ (b o) g Bl olt] -

S A5
b0,5$)7r$ Brs, s [1]

S$[t]+

A$

E

(bé?o)w Bre o[t ] - (b3 o) .o Breolt] -S$ (bg,o)% B ]+
(BRs,ss) [t] = RS (DY s5), ¢ BY ss[t] +S$ (DRg o) g BRs olt] -

(08, s5) ¢ Bl ss[t] ~ (bRs o) g B sslt] - AS (DB sq) 6 BRe ss[t] + (DRs ss) 6 Brs, ss [t ]
(B{g’%)’[t] ~ R$ (bg\?%)w B [1] +S$ (bél,:;())s$ B [t +

AS (DB, s5) oq Bl ss (1]~ (D0ss) ( BR s (t] - (DRo)  BRsslt] ~ (BB ss) o Bl ss[t]

(G)'[t] =B[t]ds

A A5
bn&,o)fS$ Brs, ss (1]

Conservation | ans

BY ol[t] +BoSo[t] +BY glt] + B g [t] + B o[t] +Brg o[t] +BY g5t +Brg gglt]
S$
R$
A$
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(» Paraneters =)
Do [Par | nput Var [i ]
Do [Par | nput Var [i ]

1., (i, 1, 1231,
0.1, {i, 18, Length[paraneterslnput] - 3}1;

Par | nput Var [13] = 10.;
Par | nput Var [14] = O.;
Par | nput Var [15] = O.;
Par | nput Var [16] = O.;

Par | nput Var [17] = 0. 1;

Par | nput Var [30] = 1.;
Par | nput Var [31] = 0. 1;
Par | nput Var [32] = 0. 1;

(*» Initial Conditions )

(*» B[O] %) InitCond[1] = O.;
Enpt yGenes[1. ]

Not Enpt yGenes[0. ]

Print["Initial conditions"];
Print [initial Conditions];
Print ["\ n\ nParaneters"];

Pri nt [par anmet er sl nput J;

Initial conditions

[Blo) = 0., B8 4(0) = 1., BF% (0] = 0., B} &[0) = 0.,
B (0] = 0., Bl o[0] = 0., B (0] == 0., Bl (0] = 0., B (0] o.}

Par anet ers

{bg,o)aﬁl., (030), > 1., (B80o) g1, (bé‘?o)wel., (bé‘?o)s$—>l., (6% 0),6 > 1+ (D% 0)es ~ 1o

s 1 (sl h (PR, Le (B L (Bl 1 (o), = 0.
o) =0 (Poss) 200 (PR ss) 20+ da>0.1, (o) ,o>0.1, (bdo) 0.1,
b8.0) o5 0- 1 (b6o) 0.1, (B3]  >0.1 (bl o) 501 (bl o) o0 1. (b ) 401,

b8 ss) 15201 (b o) 01 (BGs) 0.1 (bl ss) ;0.1 A1, RE-0.1 S§-0.1]

-S
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Time = 100;
equations = Drop[equations, -17;
sol = Flatten@NDSol ve[Joi n[equations /. paraneterslnput, substancelnitial Conditions],

subst anceNanes, {t, 0, Tine}];
gl = Pl ot [Eval uat e[substanceVariables /. sol], {t, 0, Tine}, PlotRange -> All]

25F
20f
15F

10F

20 40 60 80 100
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(» Spatial Integration x)

Tfin =100; step =0.01;
table = {}; tablel = {}; table2 = {}; table3 = {};
For [sl =0, s1 <1, sl +=step,

(» A, RL, R2 x)

Par | nput Var [30] = 10.;
Par | nput Var [31] = 10 E¢-8sD);
Par | nput Var [32] = 10 E(-8 2-sD);

sol = NDSol ve[Joi n[equati ons, substancel nitial Conditions] /. paraneterslnput,
subst anceNanes, {t, 0, Tfin}];
tabl e = Append[tabl e, {sl, Evaluate[B[t] /. sol 1[[1]] /. t - Tfin}];
t abl el = Append[t abl el, {s1, ParlnputVar [32]}];
t abl e2 = Append[t abl e2, {s1, Parl nputVar [31]}];
t abl e3 = Append[t abl e3, {s1, Parl nputVar [30]}];
I:
Act Rep = Li st Pl ot [{tabl el, tabl e2, tabl e3}, Pl ot Range » Al |l 1;
ListFit =table;
t =ListPlot[ListFit, PlotStyle - Bl ue];
(»g4=Li st Pl ot [{tabl e, tabl el, t abl e2, t abl e3}, Pl ot Range-Al | ]x)
gl = Show[ActRep, t, Graphics[Text ["A(x)", {0.15, 11},
Text Style -> {FontFamly -> "Tines", FontSize -> 20, FontWight -> "Bold"}]],
Graphi cs[Text ["R(x)", {0.15, 7}, TextStyle ->
{FontFam |y -> "Times", FontSize -> 20, FontWight -> "Bold"}]1,
Graphi cs[Text ["S(x)", {0.85, 7}, TextStyle ->
{FontFam |y -> "Times", FontSize -> 20, FontWight -> "Bold"}]1,
Graphi cs[Text ["B(x)", {0.5, 11}, TextStyle ->
{FontFam |y -> "Times", FontSize -> 20, FontWight -> "Bold"}]1,
FranmeLabel -> {"t", ""3}, D splayFunction -> $Di spl ayFuncti on,
| mageSi ze -> 500, PlotRange -> {{0, 1}, {0, 133}}]

A(X) B(x)
LR S LS

(» Steady state for the systemw th one binding site x)
A[x_] :=Piecewise[{{a, 0 <x=1.}}]
R[x_] :=r E(slorex)
S[x_] : =r E(-stope (1-x)
c A[x]

Bsteady[x_] : = ;
(1 +A[Xx] +R[Xx] +S[x])

parlnput2 = {a » ParProteins[1], r » ParProteins[2], sl ope -» ParProteins[3], ¢ » 100. };
(* Best parameters found by an optim zation algorithm %)
Best Found = {0.825512, 83.8082, 7.19769};
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(* Conparison of the spatial distributions x)
Li st Best Found = {};
Par Protei ns[1] = BestFound[[1]1];
Par Prot ei ns[2] = BestFound[[2]];
Par Prot ei ns[3] = BestFound[[3]];
AppendTo[Li st Best Found, Tabl e[{x, Bsteady[x] /. parlnput2}, {x, 0, 1, step}l];
Li st Best Found = Fl atten[Li st Best Found, 17;
fit = ListPlot[ListBestFound, PlotStyle -> Bluel;
dataplot = ListPlot[ListFit, PlotStyle -> G een];
g2 = Show[fit, dataplot, G aphics[Text["One Site", {0.5, 7}, TextStyle ->
{FontFam |y -> "Times", FontSize -> 20, FontWight -> "Bold", Geen}]l],
Graphics[Text ["All Sites", {0.2, 10}, TextStyle ->
{FontFam |y -> "Times", FontSize -> 20, FontWight -> "Bold", Blue}ll,
Graphi cs[Text ["B(x)", {0.5, 11}, TextStyle ->
{FontFam |y -> "Tinmes", FontSize -> 20, FontWight -> "Bold"}]],
FranmeLabel -> {"t", ""}, D splayFunction -> $Di spl ayFuncti on,
| mageSi ze -> 500, PlotRange -> {{0, 1}, {0, 13}}]

12

_ B
All Sites “

10

T
Y
>

0.0 0.2 0.4 0.6 0.8 1.0

(* Quit Kernel =)

<< Geneti cNet wor ksV280709/ Genet i cNet wor ks.

| 27
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Network 4 : Threshold phenomenon

activations = {A$ -> R A$ -> S};
repressions = {R -> S, S -> R};
Net wor kGr aph[acti vati ons, repressions]

A$

Reacti ons[activations, repressions];

Print ["\n\nG aph of reactions"];
Reacti onGraph[reactions, paraneters];

Print ["\ n\ nSubst ances" ];

nanes = SubstanceNanes[reactions];

vari abl es = SubstanceVari abl es[reacti ons];

initial Conditions = Substancelnitial Conditions[reactions];
Print [names]; Print [variables]; Print[initial Conditions];

Print ["\ n\ nParaneters"];
paranet er sl nput = Paramet er | nput [paranet ers];
Pri nt [par anmet er sl nput J;

Print ["\n\nTi ne evol uti on equations"];
eqs = Equati ons[reactions, paraneters];
Print [egs // Col um]

Print ["\n\nConservation | aws"];
cons = Conservati onLaws[reactions];
Print [cons // Col um];
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Proteins = {A$, R S}

Activation Sites per Gene = {0, 1, 1}
Repression Sites per Gene = {0, 1, 1}
Total Sites per Gene = {0, 2, 2}
Proteins Wthout Genes = {A$}

Constant Proteins = {A$}

Graph of reactions

(r9)
\"0/as
A$+ R ——
(r9)
1"0) _as

(r8)
V0s
S+ — R
(v

3)
0/.s

S+|%$ —_—

% %
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Subst ances

[R s R R R R 5, s° s s
[Rity, sitr, Rty R°(t), RBrty, REP(t), Sty s6°(t), SRitl, SsPitl)

{R[O} = I nitCond[1], S[0] = InitCond[2], R3[0] == I nitCond[3],

RE°[0] = InitCond[4], RR[0] = InitCond[5], RE*[0] = I nitCond[6], S3[0] = InitCond[7],
SE% 0] == I nitCond[8], SZ[(0] == I nitCond[9], SE¥[0] :lnitOond[lO}}

Par anet ers

{(rg) - Par | nputVar [1], (rg)_ - ParlnputVar[2], (r“) —~ Par I nput Var [3], (rg)_. - ParlnputVar [4],
a$ S s a$

(58)a$ - Par | nput Var [5], (s§) - ParlnputVar [6], (s§$)r - Par | nput Var [7],

(s%)as; - Par | nput Var [8], (p )R - Par | nput Var [9], (péﬁs) - Par | nput Var [10],

(pé*)s - Par | nput Var [11] (p )s - Par |l nput Var [12], dr - Par | nput Var [13], ds - Par| nput Var [14],

(r8)7a$eParInputVar . (r8)  » ParlnputVar[16], (ram)is - Par | nput Var [17],

(r%)ﬂ,1l$ - Par | nput Var [18], (s) . — ParinputVvar [19], (s§) , - ParlnputVar [20],

(s§$) - Par | nput Var [21], (s%) . ~ ParinputVar [22], A$ - Parlnput Var [23]}

-r

RIt] =
-Rt) dr+ (p8®) REP[t]+ (p8°) REP[t]-RIt] (s§), S§It]-RIt] (s6®) Se®(t]+(s§)  SRit]+(sg®) SRIt)
St =
~S[t1ds-S[t] (r8) Rt -Sit] (rg®) RPIt]+ (r§) (RIt]+ (rg®) REP[t]+(p6®) S6°1t) « [pR] SRIt)

Conservation | ans

S3rt] +SeP[t] + SRt + SRt ]

ROt] +R°It] +Rat] + R[]
A$



(+% PARAVETER | NPUT #%)

(»* Reactions Genes-Proteins xx)

(» Forward =)

par anet er sFwval ue

Par I nput Var [1]
Par | nput Var [2]
Par | nput Var [3]
Par | nput Var [4]
Par I nput Var [5]
Par | nput Var [6]
Par I nput Var [7]
Par | nput Var [8]

= Table[l., {i, LengtheParanetersFw];

par anet er sFwval ue[[1]];
par anet er sFwval ue[[2]];
par anet er sFwval ue[[3]];
par anet er sFwval ue[[4]];
par anet er sFwval ue[[5]1;
par anet er sFwVal ue[[6]];
par anet er sFwval ue[[7]];
par anet er sFwval ue[[8]1;

(*% Productions xx)

par anet er sProduct i onVal ue = Tabl e[0., {i,

Par | nput Var [9] = par anet er sProducti onVal ue[[1]] =

Par | nput Var [10]
Par | nput Var [11]
Par | nput Var [12]

par anet er sProduct i onVal ue[[2]]
par anet er sProduct i onVal ue[[3]]
par anet er sProduct i onVal ue[[4]]

"
eno

(»% Degradations x)

par anet er sDegr adat i onVal ue = Table[l., {i,

Par | nput Var [13]
Par | nput Var [14]

(» Backward =)

par anet er sBwal ue

Par | nput Var [15]
Par | nput Var [16]
Par | nput Var [17]
Par | nput Var [18]
Par | nput Var [19]
Par | nput Var [20]
Par | nput Var [21]
Par | nput Var [22]

par anet er sDegr adat i onVal ue[[1]1];
par anet er sDegr adat i onVal ue[[2]1];

par anet er sBwal ue[[1]];
par anet er sBwal ue[[2]];
par anet er sBwal ue[[3]];
par anet er sBwal ue[[4]];
par anet er sBwal ue[[5]1];
par anet er sBwal ue[[6]];
par anet er sBwal ue[[7]];
par anet er sBwal ue[[8]];

(»* Constant Proteins xx)

sl = 0.1;

(*» A %) ParlnputVar [23] = 70.;

(*% | NI TI AL CONDI TI ONS | NPUT *=%)
(»%» Not Constant Proteins xx)
Rinitial D stribution[x_] := 70 - 70x;

(* R %) InitCond[1] = Rinitial D stribution[sl];

(* S *) InitCond[2] = O.;

Enpt yGenes [100. ]

Not Enpt yGenes[0. ]

Print["Initial

condi tions"];

Print [initial Conditions];
Print ["\ n\ nParaneters"];
Pri nt [par anmet er sl nput ];

= Tabl e[0., {i, LengtheParanetersBw}];

w
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Lengt hePar anmet er sProducti on}];

Lengt hePar anet er sDegr adat i on}];
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Initial conditions

{R[O} =63., S[0] =0., R3[0] =100., R°[0] =0., RR[0] = 0.,
RE*[0] == 0., S3[0] == 100., $$°[0] = 0., S}[0] = 0., SR’ [0] = o.}

Par anet er s

{(rg)awl, (r§)  » 1., (rﬁ’s)sel, (rg) -1 (s8)g>1 (s8), - 1., (s?)ral., (SR) a

(péﬂs)Rel, (p?)Reo., (pés)SAZ.S, (pé“‘*)s»o., dr-> 1., dgs—> 1., (r8>7a$90., (rg)isao.

(r6%) (=00 (r8) 440, (s8) =0.. (s§), »0., (s —0.. (sB) ,4~0., AS-70.}
Time = 100;

equations = Drop[equations, {3, 4}];

sol = Flatten@NDSol ve[Joi n[equati ons /. paraneterslnput, substancelnitial Conditions],

subst anceNanes, {t, 0, Tine}];
gl = Pl ot [Eval uat e[substanceVariables /. sol], {t, 0, Tine}, PlotRange -> All]

100

80|

60

20

20 40 60 80 100



(» Threshol d effect x)

0
oRrkRr

APr opConst
RPr opConst
SPr opConst
Time = 100;
tablel = {}; table2 = {}; table3 = {}; tabled4 = {};
For[sl = 0, sl1 <=1, s1 += 0.01,

5;

(» BCD =*) Parl nput Var [23] = 70.;
(* HB %) InitCond[1l] = RinitialDistribution[sl];

sol = FlatteneNDSol ve[Joi n[equati ons /. paraneterslnput,
subst anceNanes, {t, 0, Tine}l;

tabl el = Append[tablel, {s1, APropConst ParlnputVar[23]}];

tabl e2 = Append[tabl e2, {sl1, RPropConst I nitCond[1]}];

tabl e3 = Append[tabl e3, {s1, RPropConst Evaluate[R[t] /. sol] /. t
tabl e4 = Append[tabl e4, {s1, SPropConst Evaluate[S[t] /. sol] /. t
1

Agraph =

Li st Pl ot [tabl el, Joined -> True, PlotStyle -> {Black, Thick},

Ri ngraph = ListPlot[table2, Joined -> True,
PlotStyle -> {Cyan, Thick}, PlotRange -> Al J];

GeneticNetworksTest.nb |33

subst ancel niti al Condi tions],

-> Tine}l;
-> Tine}l;

Pl ot Range -> Al 1;

Rgraph = ListPlot[table3, Joined -> True, PlotStyle -> {Blue, Thick}, PlotRange -> Al J;

Sgraph = ListPlot[table4, Joined -> True, PlotStyle -> {Red, Thick},

Pl ot Range -> Al 1;

dash = G aphics[{Dashi ng[{0.01}], Line[{{0.4925, 0}, {0.4925, 36}}1}1;

threshol d = Show[Agraph, Ri ngraph, Rgraph, Sgraph, dash,
G aphi cs[Text ["A(x,t)", {0.5, 80}, TextStyle ->

{FontFam |y -> "Times", FontSize -> 20, FontWight ->

G aphi cs[Text ["R(x,t)", {0.4, 60}, TextStyle ->

{FontFam |y -> "Times", FontSize -> 20, FontWight ->

G aphi cs[Text ["S(x,t)", {0.65, 60}, TextStyle ->

{FontFam |y -> "Times", FontSize -> 20, FontWight ->

G aphi cs[Text ["R(x,0)", {0.2, 40}, TextStyle ->

{FontFam |y -> "Times", FontSize -> 20, FontWight ->

Frame -> True]

N AKX P
R(x,t)  S(x.t) ]

(*» Quit Kernel =)

<< Geneti cNet wor ksV280709/ Genet i cNet wor ks. i

"Bol d",

"Bol d",

"Bol d",

"Bol d",

Bl ack}]],

Blue}ll,

Red}11,

Cyan}ll,
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Network 5: Fit of Hunchback and Knirps
Needs["ErrorBarPlots "]

BCDConpl et eDat a = ReadLi st ["C:\\ Users\\ Dani el e
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\\i nput\\gap_data\\bcd. t xt",
{Nunber, Real, Real, Real }7;

BCDx = BCDConpl eteData[[All, 2]1;
BCDrean = BCDConpl eteData[[All, 311;
BCDst dev = BCDConpl eteData[[All, 4]11;

BCDgr aph = ErrorListPlot[
Tabl e[ {{BCDx[[i 1], BCDmean[[i]]}, ErrorBar [BCDstdev[[i]]]}, {i, LengtheBCDx}],
PlotStyle -> {PointSize[0.01], RGBColor[0, O, 0]}, PlotRange -> All,
Joi ned -> Fal se];

CADConpl et eDat a = ReadLi st ["C:\\ Users\\Dani el e
Mur ar o\ \ Docunent s\ \ Manual \\ hb_kni _tI 1 exp\\i nput\\gap_data\\cad.txt",
{Nunber, Real, Real, Real }7;

CADx = CADConpl eteData[[Al, 2]11;
CADnean = CADConpl eteData[[All, 3]1;
CADst dev = CADConpl eteData[[All, 4]1;

CADgr aph = ErrorListPlot[
Tabl e[ {{CADx[[i 1], CADmean[[i]]}, ErrorBar [CADstdev[[i]]]}, {i, LengtheCADx}],
PlotStyle -> {PointSize[0.01], RGBColor[0, O, 0]}, PlotRange -> All,
Joi ned -> Fal se];

BCDCADFit = ReadLi st ["C. \\Users\\Daniele
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\\i nput\\initial _distributions\\bcd_cad
_fit.txt", {Real, Real, Real }];

BCDFi t
CADFi t

BCDCADFi t [[AIl, 1 ;; 2;; 111;
BCDCADFit [[AIl, 1 ;; 3 ;; 211;

BCDFi t graph = ListPlot [BCOFit, Joined -> True, PlotStyle -> {Purple, Thick}];
CADFi t graph = ListPlot [CADFit, Joined -> True, PlotStyle -> {Geen, Thick}];

HB13Cycl eConpl et eDat a = ReadLi st ["C.\\ Users\\Dani el e
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\\i nput\\gap_data\\hb_13.txt",
{Nunber, Nunber, Real, Real, Real }1;
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HB13Cycl ex = HB13Cycl eConpl eteData[[Al |, 3]1;
HB13Cycl enean = HB13Cycl eConpl eteData[[Al |, 4]11;
HB13Cycl est dev = HB13Cycl eConpl eteData[[Al |, 5]11;

HB13Cycl egraph = ErrorListPlot[
Tabl e[ {{HB13Cycl ex[[i 1], HB13Cyclenean[[i]]}, ErrorBar [HB13Cyclestdev[[i]1]]},
{i, LengtheHB13Cycl ex}], PlotStyle -> {PointSize[0.01], RGBCol or [0, O, 0]},
Pl ot Range -> All, Joined -> Fal se];

HB13Cycl eFit = ReadLi st ["C:\\Users\\Daniele
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\\i nput\\initial _distributions\\hb_fit.
txt", {Real, Real }7;

HB13Cycl eFi t graph = Li st Pl ot [HB13CycleFit, Joined -> True, PlotStyle -> {Blue, Thick}];

TLLConpl et eData = ReadLi st ["C:\\ Users\\Dani el e
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\ \ i nput\\gap_data\\tlIl.txt",
{Nunber, Nunber, Real, Real, Real }1;

TLLX = TLLConpl eteData[[All, 317;
TLLmean = TLLConpl eteData[[All, 4]];
TLLstdev = TLLConpl eteData[[All, 511;

TLLgraph = ErrorlListPlot[
Tabl e[ {{TLLx[[i 1], TLLnean[[i]]}, ErrorBar [TLLstdev[[i]]]}, {i, LengtheTLLx}],
PlotStyle -> {PointSize[0.01], Black}, PlotRange -> All, Joined -> False];

TLLFit = ReadList["C \\Users\\Daniele
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\ \i nput\\initial _distributions\\tll _fit
.txt", {Real, Real}];

TLLFitgraph = ListPlot [TLLFit, Joined -> True, PlotStyle -> {Brown, Thick}];
Show[BCDgr aph, BCDFi t graph, CADgraph, CADFitgraph]

250

200 i
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glnit = Show[BCDgraph, BCDFitgraph,
HB13Cycl egraph, HB13Cycl eFi t graph, TLLgraph, TLLFitgraph,

Graphi cs[Text ["HB", {50, 90}, TextStyle ->

{FontFam |y -> "Tinmes", FontSize -> 14, FontWight -> "Bold", Blue}ll,
G aphi cs[Text ["TLL", {80, 160}, TextStyle ->

{FontFam |y -> "Times", FontSize -> 14, FontWight -> "Bold", Brown}]l],
Graphi cs[Text ["BCD', {20, 220}, TextStyle ->

{FontFam |y -> "Times", FontSize -> 14, FontWight -> "Bold", Purple}]ll],
Pl ot Range -> {{0, 100}, {0, 260}},
Frame -> True, FrameStyle -> Thick]

ol . . . . .
BCD

200} |

it TLL I | .
ii% | ;

10 i || ||i|:il||- HB |

s0f

ﬁun

AL

80 100

(» Read Data =)

test = OpenRead[
"C:\\Users\\Dani el e Muraro\\ Docunent s\ \ Genet i cNet wor ksV280709\ \i nput\\ best _found. txt"]
| nput St ream|
C:.\ User s\ Dani el e Murar o\ Docunent s\ Genet i cNet wor ksV280709\ i nput\ best _found. t xt, 51]

data = {};
text = {};
tenp = O;

VWi le[!t MatchQ[tenp, EndOFile], tenp = Read[test, Wrd];

temp2 = ToExpression[tenp];

I f [MatchQ[tenmp2, _Integer] || MatchQ[tenp2, _Real ], AppendTo[data, tenp2]];
If[! MatchQ[tenmp2, _Integer] & ! MatchQ[tenp2, _Real ], AppendTo[text, tenp2]];]
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Lengt hVari ables = data[[1]];

Lengt hPar anet er sRNA = data[[2]];

Lengt hPar anet er sEnpt yGenes = data[[3]];

Lengt hPar anet ersFw = data[[4]];

Lengt hPar anet er sProducti on = data[[5]];

Lengt hPar anet er sDegr adati on = data[[6]];

Lengt hPar anet ersBw = data[[7]]; LengthProportionalityConstants = data[[8]];

LengthL = O;

a = Table[0, {i, LengthL}J;

start = 8; (xVector of Lengthsx)

Do[a[[i]] = data[[i + start]], {i, LengthL}7;
L = Table[O, {i, LengthL}];

start += LengthlL;

Do[L[[i]] = data[[i + start]], {i, LengthL}7;

enpt yGenesVal ue = Tabl e[0, {i, LengthParanetersEnptyGenes}];
start += LengthlL;
Do[enpt yGenesVal ue[[i ]] = data[[i + start]], {i, LengthParanetersEnptyGenes}];

enpt yCGenesPosi ti onData = Tabl e[0, {i, LengthParanetersEnptyGenes}];
start += Lengt hPar anet er senpt yCGenes;
Do[enpt yGenesPositionData[[i ]] = data[[i + start]], {i, LengthParanetersEnptyGenes}];

par anet er sFwVal ue = Tabl e[0., {i, LengthParanetersFw];
start += Lengt hPar anet er senpt yCGenes;
Do [par amet er sFwVal ue[[i ]1 = data[[i + start]], {i, LengthParanetersFw];

par anet er sProducti onVal ue = Tabl e[1, {i, LengthParanetersProduction}];
start += Lengt hPar anmet er sFw
Do [par anmet er sProductionVal ue[[i ]] = data[[i + start]],

{i, LengthParanet ersProduction}];

par anet er sDegr adat i onVal ue = Tabl e[1., {i, LengthParanetersDegradation}];
start += Lengt hPar anet er sProducti on;
Do [par anmet er sDegr adat i onVal ue[[i ]] = data[[i + start]],

{i, LengthParanet er sDegradation}];

par anet er sBwal ue = Tabl e[0., {i, LengthParanetersBw];
start += Lengt hPar anmet er sDegr adat i on;
Do [par amet er sBwVal ue[[i ]]1 = data[[i + start]], {i, LengthParanetersBw];

par anet er sPropConst = Tabl e[0., {i, LengthProportionalityConstants}];
start += Lengt hPar anmet er sBw
Do [par amet er sPropConst [[i ]] = data[[i + start]], {i, LengthProportionalityConstants}];

start += Lengt hProportionalityConstants;
Tine = data[[l + start]];
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a

L

enpt yGenesVal ue

enpt yCGenesPosi ti onDat a

par anet er sFwval ue

par anet er sPr oduct i onVal ue

par anet er sDegr adat i onVal ue

par anet er sBwal ue

par amet er sPr opConst

Ti me

{}

{}

{282. 042, 299. 528}

{3, 7}

{0.911508, 1.99037, 0.694221, 1.13994, 1.99477}
{15. 1128, 0., 16.5423, 0.024902, 16. 1644, 0.021352}
{0. 900265, 0.955021}

{0. 199906, 0.050465, 0.050144, 0.053843, 0.118673}
{0.117246, 1.91264, 0.135616, 1.2691}

7.7962



(* HB-KNI Network =)

activations = {BCD$ -> HB, BCD$ -> KNI };
repressions = {HB -> KNI, KNI -> HB, TLL$ -> KNI };
Net wor kGr aph[acti vations, repressions]

HB
/
.
/
hbycds KNI ks TLL$
kl’libcd$
BCDS

Reactions[activations, repressions];

Print ["\n\nG aph of reactions"];
Reacti onG aph[reactions, paraneters];

Print ["\ n\ nSubst ances" ];

names = SubstanceNanes[reactions];

vari abl es = SubstanceVari abl es[reacti ons];

initial Conditions = Substancelnitial Conditions[reactions];
Print [names]; Print [variables]; Print[initial Conditions];

Print ["\n\nParaneters"];
par anet er sl nput = Paranet er | nput [par anet ers];
Print [paranet er sl nput ];

Print ["\n\nTi me evol uti on equations"];
egs = Equations[reactions, paraneters];
Print [eqs // Col um]

Print ["\n\nConservation | aws"1];
cons = Conservati onLaws[reactions];
Print [cons // Col um];
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Proteins = {BCD$, HB, KNI, TLL$}
Activation Sites per Gene = (0, 1, 1, 0}
Repression Sites per Gene = {0, 1, 2, 0}
Total Sites per Gene = {0, 2, 3, 0}
Proteins Wthout Genes = {BCD$, TLL$}

Constant Proteins = {BCD$, TLLS$)}

Graph of reactions

‘:’hbg:‘bcd$
BCD$ + HB] ——— HBE®
‘:\hbg:‘—bcﬁ

(b3
\ kni
RERLUN

KNI -+ HBJ HBY,

(hbg)
(MPQ) i

soos "0 e eops
KNI + HBy ——— HB
(8

~kni

[Mo%n Jpeas
0 . ° BCD$
BCD$ + HByy =———= HBy

(hbQy |
(PR ) peas

(fri 8, D\“bcd$
BCD$ + KNI § ¢ KNI 8G®
(kni §.0) ~bcds$
(kni § o)
HB + KNI § o 2 KNI 25 o
[kni 8 o)
0 knigo)ins 0
TLL$ + KNIG o KNI 1u0s
(kni Q o)
0.0/ 11
Boos 00 BCDS
HB + KNI 59 KNI 50
(kni BCO®)
7700 ) hp
(... BCDS|
Boos 00 s BCDS
TLLS + KNI 5% KNI EDS
(0 8%7) 11

[k Pg, 0 beas
BCD$ + KNI g ¢ ———— KNI ESTS

noo
[kni Bg,0) peas

o [kniPg o) 0
TLLS + KNI % 0 ——"" KNI 1uts

(kni % o)
Mreo) yirs

[kni 8, LS peas BCDS
KNI

0
BCDS + KNI § 114 B8

(kni 0 )
(K10, TLLs ) pegs



0 [kni § 1ies )y 0
HB+ KNl g 1 3 =———= KN 15

[kni §, L)
(kni BED%)

\ Ol s BCDS$
KNI g TiLs

TLL$ + KNI P50
{\kniﬁ:\ ths

(kni B8 )
BODS L 0TS BODS
HB + KNIBODS o N B8

[y BODS )
| kni
(knio, Tis | py

0
BCDS + KNI g 115

(kni E«B, TLL$\J beds
[l
HBEC® ' B HRE®
Bops PN e BCDS
HByw —— HB+ HByy
{Po,o “
KNIERP % KNI + KNI 555°
[, BCDS |
|Pre,0)

KNIESTS ——% KNI + KNI 58
Boos %07ty BCDS
KNI 0TS KNI+ KNI 0, TLLS
BCD$ {pm“ﬂm\ BCD$
KNI e s > KNI+ KNI g™ (g
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KNI 2

[kni g, LS peas BCDS
KNI HB, TLL$
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Subst ances

{HB, KNI, HB3, HBEC™, HBDy, HBE®, KNIS o, KNI S,

KNIQ 1 g KNIGEP o KNIPg o, KNIFETS, KNI Pg 115, KNI ﬁgﬁm}

[HBIt ), KNIt), HBJIt], HBS® (], HBRy (1], HBRG™ (L], KNI o[t KNI [t ),

KNI 8’TLL$[t], KNI §°$fL$[tJ, KNI Pg o [t ], KNIESS [t ], KNI %g riiglt], KNI Eﬁm[t]}

{HB[O} =1InitCond[1], KNI [0] ==1nitCond[2], HB0 = |l nitCond[3], HBECD‘B ] =InitCond[4],

HBZ%y [0] = I nitCond[5], HBES®[07] = I nitCond[6], KNI 8‘0[01 = lnitCond[7], KNI§E®[0] = I nitCond[8],

KNI 10 [0] = InitCond[9], KNIED® (0] = InitCond[10], KNIfg (0] = I nitCond[11],

KNI PS5 [0] = I ni t Cond[12], KNI Pg 1,,4[0] = I ni tCond[13], KNI 5™ ¢ [0] ::InitCond[14]}

Par anet ers

{ hbg)bcd$ ~ Par I nput Var (1], (hbg), . - ParlnputVar [2], (hbgm)km - Par | nput Var [3],

) beas > P2T I nput Var (41, (kni g o), . -~ ParlnputVar (5], (knig o), - ParlnputVar (6],

.0)¢11s > Parinputvar (7], (kni E%‘B)hb - Par | nput Var [8], (kni 5’%’&5)““3 - Par | nput Var [9],

kni E'B 0) begs = Par I nput var (107, (kni %, o)1~ Parinputvar (117, (kni gvTLL$>bcd$ - Par | nput Var [12],

kni o,nus)hb - Par | nput Var [13], (knl B, 0) - Par | nput Var [14], (kni g;ﬁw)hb - Par | nput Var [15],

ths
kni E,B’TLL$)bcd$eParlnputVar[16], (po )HBeParInputVar[lﬂ, (pEﬁ)HBeParlnputVar[lm,

w Par | nput Var [22], dus —» Par | nput Var [23], dxn — Par | nput Var [24],

- Par | nput Var [25], (hbg) > Par | nput Var [26], (hbgcm) > Par | nput Var [27],
-Kni

) -bcd$ ~kni

RN ) pegs — ParinputVar (28], (knig o) .. > ParlnputVar [29], (knig ) - ParlnputVar [30],

o) 11~ Parlnputvar [31], (kni 3?3‘5) ., = ParlnputVar [32], (kni 3??) s~ Parinput var [33],

B,0) peas > PAr I NPUt Var (347, (kni E'Bvo)—tll$ - Par | nput Var [35], (kni g TLLs) peas — P@T 1 NpUt Var [36],

kni § 1) ,, — ParlnputVar [37], (kni Eg%) > Par | nput Var [38], (knl g?w) ., ~ Parinputvar [39],

(

(

(

(

(

(

(pgcgas)KNl - Par | nput Var [19], (pE%)KNl - Par | nput Var [20], (pg;ﬁu‘;)m\u - Par | nput Var [21],
[

(

(

(

(

( s
(

kni Pg TLLs) _peag ~ ParlnputVar [40], BCD$ - Parlnput Var [41], TLL$ - Parl nput Var [42]}
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Ti me evol ution equations

HB' [t ] = -HB[t ] dyg +

P ) HBEP (1] + (PR ), HBRG® [t ~HBIt] (knig o), KNI o[t] -

HBIt | (kni EFOD“‘)hb KNISSR® [t ]~ HB[t ] (knid ), KNID 1 g[t] - HBIt] (kni gf’ifw)hb KNIESDS [t +
(kNi 8 o) yy KNI P o[t ]+ (kni §F°) KNUEER (] + (kni§ qiis) p, KNP ruis (1] + (kni §50) KNSR g1t ]

KNE“[t] = ~KNI [t ] dwn - KNI [t (hbS), . HBS[t] - KNI [t] (hbg“m)k CHBEE ) 4
() i HBR [t + [ME™®)  HBRE® [t ]+ (p3D°)  KNIGEot] +

-kni -kn

CD$ CD$ CD$ CD$ CD$ CDS$
(pg, TLL$)KN| KNI Ls [t] + (pEB'O)KNI KNS [t + (pﬁB, TLL$) w N e, s (1]
G)'[t] = HB[t] dg
G) [t] = KNI [t] dkn
0 ’

[t] = -BCD$ (hbY), . HBY[t] - KNI [t] (hbg), ~HBJ[t] + (hbG) | .o HBE™® [t ] + (hbJ) |, . HBRy [t]

HBY [t ] — (hbY) , s HBECS [t ] ~ KNI [t ] (hb(E)‘C'3$)I(ni HBSC™S [t ] + (hbgm) L HBREIt ]

(HBRw ) [t] == KNI [t ] (hbd), ~HBI[t] - (hb§) = HBRy [t] -BCDS (hbRy ), . HBW [t] + (hbRy ) HBRG ™ [t ]

bcd$ -bcd$

KNIt ] (hbE™®)  HBE™® [t ] + BCDS (hbRu ) g HBR (1] = (NDEP®) HBRTS (1] - (hbRu ) yog HBRS (1 ]

kni bcd$ _kn -bcd$
(KNIG o) [t] = -BCD$ (kniJ o) KNI o[t ] -HB[t] (knig o), KNIG o[t ] -

TLLS (kni g o)

bcd$

s KN 8.0t + (knig o) KNIGBP [t ] + (kni 8'0)7”|$KNI 0. muLs [t] + (knig o) o KNIPg o [t]

(KNI E?g'*)'[t] = BCDS (kni § o)

TLLS$ (kni 65°)

-bcd$

KNS ot ] - (kni $ o) KNIECE® [t ] - HBJ[t ] (kni 5‘9(?)% KNI BB [t ] -

bcd$ -bcd$

ars N 85 [t] + (kni 308&;) _ ooris[t] + (kni gcgs) oo N P ot ]

(KNIQ 7iis) [t = TLLS$ (kni g o)

-t
s KNS ot ] = (knig o) 1 g KNIG rig[t] ~BCDS (KNig riig)y 4o KNG riglt] -
HB[t ] (kni§ TLLS )y KNI 0 s [t ]+ (knig ) _beas <N (E);,Cgl_;l_ss [t]+ (knig ) o KNI ve, s [t ]

(KNSTPL) 1t = TLLS [kni Ef?)“m KNIGG® [t ]+ BCDS (KNi § 11s) pogg KNS s [t~ (Kni 893‘5)4”15 KNIEED® t ] -

‘0 BODS . BCDS BODS  BCDS BCDS
(kni 0, iis ) peas KNV o, TiLs (1] = HBIE (kn' 0, TLL$)hb KN s [T + (kn' 0, TLL$) o KN g s [T

(KNIPg o) [t ] = HB[t] (knig o), KNG o[t] - (kni§ o) , KNIPgo[t]-BCDS (knig o)
TLLS$ (kniPg o), 4 KNIPg o [t ] + (KniPg o)

bcd$ KNI E|B, 0 [t ] -

s “bods KNI Foo [t ]+ (kni g o) s KN s (U]

(KNIEETS) [t = HBLE ] (kni 0B°)  KNIGE® [t ] + BCDS (Kni fl o) o KN f, o[t ] - (kni §5°)  KNIEEX (1] -

bcd$
(kni %,0) pous KNI RSO [T ] - TLLS (kni E.%) KNIESDS [t ] + (kni Egjg)imssKNl BODS [t

s re, TLLs [
<KN| EiB, TLL$) ' [t] =
HBt ] (KNi g riis)y, KNG mius [t] + TLLS (kni g o)\ KNI o [t ] - (KNiQ riis) yp KNI Pg muis [t ] -
(kni Pg o) g KNI P8 TLLs [t ] - BCDS (kni Jg TLLs) peas KNI Pe, s [t ]+ (Kni Pg 1) _peag KNI EB, Ties [T

(KNSR ) 1t =

. BCDS BCD$ . BCDS BCD$ )
HB[t ] (kni gs) KNIGRE Gt ] + TLLS (kni m’°)t||$ KNIEE [t ]+ BCDS (Kni % 11i0s) pogs KNI P, s [t ] -

; BCDS BCDS . BCD$ BCDS i 0 BCDS
(kn' 0, TLL$) _hb KNI s [T - (kn' HB,O) s KNI g s [T - (kn| HB, TLL$> ~bcd$ KNI g ris (1]

thl
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Conservation | ans

KNEQ o[t ] + KNISEP [t ] + KNIS 1 gt ] + KNI (1t ] + KNI Qg o[t ] + KNI [t ] + KNI P s [t ]

0, TLL$

HBY [t ] + HBEC™® [t ] + HBYy [t ] + HBEG® [t ]

TLLS$
BCD$

(*% PARAVETER | NPUT %)

(»* Reactions Genes-Proteins )
(» Forward =)
(xpar amet er skwVal ue=Tabl e[1., {i, Lengt hepar anet er sSFWW t hout Repetiti ons}]; =)

(* (hb8)

beds *) Par | nput Var [1] = par anmet er sFwVal ue[[1]11];

(% (hbﬁNI )bcd$ %) Par | nput Var [4] = par anet er sFwval ue[[1]1;

(*
(*

(%
(%
(*
(%

(*
(*
(*
(*

(%
(%
(%
(%

(hb8)kni *) Par | nput Var [2] = par anet er sFwVal ue[[2]];

(hb(E)’CD‘B)k %) Par |l nput Var [3] = par anet er sFwal ue[[2]];
ni

kn

8,O)bcd$ *) Par | nput Var [5] = par anet er sFwVal ue[[3]11];
gB-O)bcd$ %) Par | nput Var [10] = par anet er sFwVal ue[[3]11];

o TLL$)bcd$ %) Par | nput Var [12] = par anet er sFwval ue[[3]];

26, TLL$)bcd$ *) Par | nput Var [16] = par anet er sFwval ue[[3]];

0.0),, *) ParlnputVar[6] = paraneter sFwval ue[[4]];

BCD$

0.0 )hb x) Par | nput Var [8] = par anet er sFwVal ue[[4]];
8' TLL$)hb %) Par | nput Var [13] = par anet er sFwVal ue[[4]1];
S'Cﬁw)hb %) Par | nput Var [15] = par anet er sFwal ue[[4]];

8'0)m$ *) Par | nput Var [7] = par anet er sFwVal ue[[5]1];

gf’gﬂ*)“m %) Par | nput Var [9] = par anet er sFwVal ue[ [5]11;

as,o)mg; %) Par | nput Var [11] = par anet er sFwVal ue[ [5]11;

E(B:Dg) s %) Par | nput Var [14] = par anet er sFwVal ue[[5]11;
' t

(» Backward =)
(*par anmet er sBwal ue=Tabl e[0. 1, {i, Lengt hepar anet er sSBWN\ t hout Repeti ti ons}]; %)

(* (hbg)

—bods *) Par | nput Var [25] = par anet er sBwval ue[[1]1];

(* (hb&NI )_bcd$ %) Par | nput Var [28] = par anet er sBwal ue[[1]];

BCDS
+ KNI HB, TLL$

[t]
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(* (hbg)_,; *) ParlnputVar[26] = paramet er sBwal ue[[2]];
(* (hbgm) i x) Par | nput Var [27] = par amet er sBwal ue[[2]];
ni

knig o)

0
0
Y

kni P6,0) _yoas

( *) Par | nput Var [29] = par anet er sBwVal ue[[3]11];
(x (kni o TLL$)—bcd$ %) Par | nput Var [36] = par anet er sBwal ue[[3]];

-bcd$
%) Par | nput Var [34] = par anet er sBwval ue[[3]1];

kni %8 7i1s) peas *) PArlnputVar [40] = par anet er sBwval ue[[3]1;

kni 8'0)_hb %) Par | nput Var [30] = par anet er sBwal ue[[4]];

(% (kni (E,‘Com) ., *) ParinputVar [32] = par anet er sBwal ue[ [4]];
(x (kni o TLs) _yp *) ParlnputVar [37] = par anet er sBwval ue[[4]1;
(* (kni S’Cﬁu‘)_hb *) Par | nput Var [39] = par anet er sBwVal ue[[4]];

kni § o

(*

( x) Par | nput Var [31] = par anet er sBwal ue[[5]1];
(* (kni 593“*) s *) Par | nput Var [33] = par anet er sBwVal ue[[5]11;
(

)i

kn

(*
(*

anO)_tIIEB *) Par | nput Var [35] = par anet er sBwVal ue[ [5]11];
kn

E.‘BDS) s %) Par | nput Var [38] = par anet er sBwval ue[[5]11;
"]t

(*% Productions xx)
(*par anmet er sProduct i onVal ue=

Tabl e[1, {i, Lengt hepar amet er sProducti onW t hout Repetitions}]; *)

(* (pgm)HB %) Par | nput Var [17] = par anet er sProducti onVal ue[[1]1];

pKﬁP“*)HB *) Par | nput Var [18] = par anet er sProducti onVal ue[[2]];

=) Par | nput Var [19] = par anet er sProducti onVal ue[[3]];

pg‘ TLL$)KNI %) Par | nput Var [21] = par anet er sProducti onVal ue[ [5]1;

BCD$

(* (pHB O)KNI *) Par | nput Var [20] = par anet er sProducti onVal ue[[4]];
(pHB‘ TLL$)KNI *) Par | nput Var [22] = par anet er sProducti onVal ue[[6]1;

(»% Degradations xx)
(xpar anmet er sDegr adat i onVal ue=
Tabl e[1., {i, Lengt hepar anet er sDegr adati onW t hout Repetiti ons}]; *)
(* dpg *) Parl nput Var [23] = par anet er sDegr adati onVal ue[[1]];
(* dgn *) Parl nput Var [24] = par anet er sDegr adat i onVal ue[[2]];
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(*% Interpolation data =x)
BCDInitial = Table[0, {i, 100}7;
BCDInitial [[1]] = BCDFit [[1, 2]1;
For[i =2, i <= 100, i ++,
BCDInitial [[i]1] = BCOFit [[i - 1, 2]] + mO0.5]
HB13Cycl elnitial = Table[0, {i, 100}7;
HB13Cycl el nitial [[1]] = HB13CycleFit[[1, 2]171;
HB13Cycl el nitial [[2]] = HB13CycleFit[[1, 2]71;

m = BCDFit [[i, 2]] - BCOFit [[i - 1, 2]1;

i = 3;
For[j = 2, j <= 50, j++, m= (HB13CycleFit[[j, 2]] - HB13CycleFit[[j] -1, 2]1)/2;
HB13Cyclelnitial [[i]] = HB13CycleFit[[j] -1, 2]] + m
HB13Cyclelnitial [[i + 1]] = HB13CycleFit[[j] -1, 2]1] +2m
i += 2]
TLLInitial = Table[O, {i, 100}1;
TLLInitial [[11] = TLLFit [[1, 2]1;
For[i =2, i <= 100, i++, m= TLLFit[[i, 2]] - TLLRit[[i -1, 2]1;
TLLInitial [[i]] = TLLFit[[i - 1, 2]] + mO.5]
BCDI nt er pol ati onTest = Table[{i - 1, BCDInitial [[i]1}, (i, 1, 100}1;
HBI nt er pol ati onTest = Table[{i - 1, HB13Cyclelnitial [[i]11}, {i, 1, 100}];
TLLI nterpol ati onTest = Table[{i - 1, TLLInitial [[i]]}, {i, 1, 100}7;
Li st Pl ot [{BCDFi t, BCDI nterpol ati onTest,
TLLI nterpol ati onTest, TLLFit}]

HB13Cycl eFit, HBI nterpol ati onTest,

150
, o
P .
° .
I
100 o .
L]
L .
.
50 -, .
’ :
S
100
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(»*» Constant Proteins xx)

i = 50;

(*» BCD %) ParlnputVar[41] = BCDInitial [[i]];
(* TLL %) ParlnputVar[42] = TLLInitial [[i]];

(*%= | NI TI AL CONDI TI ONS | NPUT %)

(*»%» Not Constant Proteins xx)

Do[lnitCond[j] =0., {j, 1, Lengthesubstancelnitial Conditions}]
(* HB %) InitCond[1] = HB13Cyclelnitial [[i]];

(»* Enpty Genes =x)

(»enpt yGenesVal ue=Tabl e[100, {i, 2}]; %)

(+ HB3[0] %) InitCond[3] = enptyGenesVal ue[[1]];

(* KNI§ o[0]1 %) InitCond[7] = enptyGenesVal ue[[2]];

Print["Initial conditions"];
Print [initial Conditions];
Print ["\ n\ nParaneters"];
Print [par anet er sl nput];

Initial conditions

{HB[O} == 30. 9341, KNI [0] = 0., HBJ[0] = 282. 042, HBE®®[0] = 0.,
HBRy [0] = 0., HBRG®[0] == 0., KNI o[0] = 299.528, KNI§G°[0] = 0., KNI 1, 4[0] = 0.,

KNISDP o [0] == 0., KNI g o[0] = 0., KNIFE%[0] = 0., KNIPg r,5[0] = 0., KNIFSH (0] = 0.}

Par anet ers

[ (nB3) yegs 0 911508, (hbY), - - 1.99037, (hbGT®) - 1.99037, (hbRy ),.qq - O. 911508,
ni

KNi §,0) pegs = O- 694221, (kni§ o), —1.13994, (kni§ o), ¢~ 1.99477, (kni 5‘9(?)% > 1.13994,
o 51.99477, (knid 1i1s) .4 0 694221,

kni 50 ) ”sel. 99477, (kni E.B,O)bm%o. 694221, (kni EB,O)“I$

kni § iis)p, = 1. 13994, (km B 0) - 1. 99477, (km 5 1.13994, (kni % 1i15),0qs ~ O- 694221,

s OTLL$)

) > 15,1128, (pKNI )HBeo., (pg‘??)m - 16. 5423, (p,ﬁ())KNI - 0. 024902,
BCDS
J o = 161644, (PR%s) = 0. 021352, dig - 0. 900265, di — 0. 955021,

- 0.199906, (hb])

) -bcd$ -kni

- 0. 050465, (hbgm) . —0.050465, (hbly ) . > 0. 199906,
-Kni n

kni > 0.050144, (kni,) , —0.053843, (kni§,) ¢~ 0.118673, (kni gégs) . 0.053843,

0)bd$

0
0,
kni 5“?) > 0.118673, (Knifg o) g > 0- 050144, (knifg o) ¢~ 0. 118673,

kni §, TLL$) peas > O+ 050144, (kni§ ryg) ) — 0.053843, (kni E.‘;F’g)im 0. 118673,

<
(
(
(
(
(P5
(hb
(
(
(
[

kni > 0.053843, (kni % 1i15) .4 > O- 050144, BCD$ - 13.0709, TLLS$ - 0. 00118}

0, TLL$) _hb
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equations = Drop[equations, {3, 4}];
sol = Flatten@NDSol ve[Joi n[equations /. paraneterslnput, substancelnitial Conditions],

subst anceNanes, {t, 0, Tine}];
gl = Pl ot [Eval uat e[substanceVariables /. sol], {t, 0, Tine}, PlotRange -> All]
1000}
800/

600

200/

tablel = {}; table2 = {}; table3 = {}; tabled4 = {}; table5 = {};
For[i =1, i <= 100, i ++,

(» BCD =*) Parl nput Var [41] BCDInitial [[i]1];
(* TLL %) ParlnputVar[42] = TLLInitial [[i]];

(* HB %) InitCond[1] = HB13Cyclelnitial [[i]];

sol = FlatteneNDSol ve[Joi n[equations /. paraneterslnput, substancelnitial Conditions],
subst anceNanes, {t, 0, Tine}l;

tabl el = Append[tablel, {i - 1, paranetersPropConst[[1]]|nitCond[1]}];
tabl e2 = Append[tabl e2,
{i -1, paranmetersPropConst[[1]] Evaluate[HB[t] /. sol] /. t -> Tine}l;
tabl e3 = Append[table3, {i - 1, paranetersPropConst[[2]]
Evaluate[KNI [t] /. sol] /. t -> Tinme}l;
tabl e4 = Append[table4, {i - 1, paranmetersPropConst[[3]] ParlnputVar [41]}];
tabl e5 = Append[table5, {i - 1, paranetersPropConst[[4]] ParlnputVar [42]}];

1
(*gNDSol ve = ListPlot [{tablel, table2, table3, table4, table5}, PlotRange -> All]; *)

HBFi t graph = ListPlot [table2, Joined -> True, PlotStyle -> {Blue, Thick}];
KNI Fit graph = ListPlot[table3, Joined -> True, PlotStyle -> {Red, Thick}];

HBConpl et eDat a = ReadLi st ["C. \\Users\\Daniel e
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\\i nput\\ gap_dat a\\ hb14A-4-FRDWI. t xt ",
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{Nunber, Nunmber, Real, Real, Real }];

HBx = HBConpl eteData[[All, 3]11;
HBrmrean = HBConpl eteData[[Al |, 4]11;
HBst dev = HBConpl eteData[[Al |, 5]11;

HBgr aph = ErrorListPlot[
Tabl e[ {{HBx[[i 1], HBnean[[i]]}, ErrorBar[HBstdev[[i]]]}, {i, LengtheHBx}],
Pl ot Style -> {PointSize[0.01], Black}, PlotRange -> All, Joined -> Fal se];

KNI Conpl et eDat a = ReadLi st [*C:\\ Users\\Dani el e
Mur ar o\ \ Docunent s\ \ Genet i cNet wor ksV280709\\ i nput\\ gap_dat a\ \ kni 14A-4-FRDWI. t xt ",
{Nunber, Nunber, Real, Real, Real }1;

KNI x = KNI Conpl eteData[[All, 311;
KNI nrean = KNI Conpl eteData[[All, 4]11;
KNI stdev = KNI Conpl eteData[[All, 5]1;

KNI graph = ErrorListPlot]
Tabl e[ {{KNI x[[i 1], KNInean[[i]]}, ErrorBar [KNIstdev[[i]]]}, {i, LengtheKN x}],
PlotStyle -> {PointSize[0.01], Black}, PlotRange -> All, Joined -> False];

gl = Show[HBgraph, HBFitgraph, KNI graph, KN Fitgraph,
Graphi cs[Text ["HB", {10, 240},
TextStyle -> {FontFamly -> "Times", FontSize -> 14, FontWight -> "Bold", Blue}]],
Graphi cs[Text ["KNI", {77, 180}, TextStyle ->
{FontFam |y -> "Times", FontSize -> 14, FontWight -> "Bold", Red}]l],
Pl ot Range -> {{0, 100}, {0, 300}},
Frame -> True, FraneStyle -> Thick]

300 T T T T
250 o
_ |!||||II 1 .
200 | ||i [l KNI
150 / o
U | |
i \ ]
P,
I X

20 40 60
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Example 6: Running Kinetics inside GeneticNetworks

reactions = {Z1 -» B, Z2-H B+G- GB, B-» B+G B-> GB+KN KN- Gl
H+G-»> GH GH->H+G B+H->GBH GBH-EB+H GH+B-> GH GBH- CH+B};

React i onGr aphKi neti cs[reacti ons]

z1 4 B

22 ¥ H

B+Gg B

@3 BiG
@B X @@L kN
KN X% a1

G+H X% H

&H % GaH

@B+H X eBH

GBH “2 &B+H

B+GH % GBH

[SP)

GBH = B+&

Print ["Substances with 'Kinetics':"]

subst ancenanesl = Subst anceNanesKi neti cs[reacti ons]

subst ancevari abl esl = Subst anceVari abl esKi neti cs[reacti ons]

subst ancei ni t condl = Subst ancel ni ti al Condi ti onsKi neti cs[reactions]

Print ["Substances with ' Geneti cNetworks':"]

subst ancenanesl = Subst anceNanes[reacti ons]

subst ancevari abl esl = Subst anceVari abl es[reacti ons]

subst ancei ni t condl = Subst ancel niti al Condi ti ons[reacti ons]

Print ["Paranmeters:"]
par 1 = Par anmet er NamesKi neti cs[reacti ons]
par | nput 1 = Paranet er | nput Ki neti cs[reacti ons]

Print ["Ti me evol ution Equations:"]
equati onsl = Equati onsKi neti cs[reactions]; equationsl // Col um

Print ["Conservation Laws:"1;
consl = Conservati onLawsKi neti cs[reacti ons]; consl // Col um

Substances with 'Kinetics':
{B, G Gl, GB, GBH, G4, H, KN, 7Z1, 72}
{B[t], G[t], GL[t], GB[t], GBH[t], GH[t], H[t], KN[t], Z1[t], Z2[t]}

{B[O] =1nitCond[1l], G[O] =InitCond[2], GL[O] == I nitCond[3],
GB[0] =InitCond[4], GBH[0] =InitCond[5], GH[O] =InitCond[6],
H[0] == InitCond[7], KN[O] ==1InitCond[8], Z1[0] =InitCond[9], Z2[0] == I nitCond[10]}
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Subst ances with ' Geneti cNet works':
(B, G Gl, GB, GBH, GH, H, KN, 71, 72}
{B[t], G[t], GL[t], GB[t], GBH[t], GH[t], H[t], KN[t], Z1[t], Z2[t]}

{B[O] =1nitCond[1l], G[O] =InitCond[2], GL[O] == InitCond[3],
GB[0] =InitCond[4], GBH[0] =InitCond[5], GH[O] =InitCond[6],
H[0] == InitCond[7], KN[O] ==1InitCond[8], Z1[0] =InitCond[9], Z2[0] == I nitCond[10]}

Par anet er s:
{k1, k2, k3, ks, ks, Ke, k7, Kg, Ko, K10, K11, K12}

{ky - Parl nput Var [1], k, - Par | nput Var [2], ks - Parl nput Var [3], k4 - Par | nput Var [4],
ks - Par | nput Var [5], ke - Par | nput Var [6], k7 - Par | nputVar [7], kg —» Par | nput Var [8],
kg —» Par | nput Var [9], kip —» Par | nput Var [10], ki3 —» Parl nputVar [11], ki, - Par | nput Var [12]}

Ti me evol ution Equati ons:
B[t Bit] G[t] ks +GB[t]ksg-B[t]GH[t] kg + GBBH[t] kg2 + k1 Z1[t ]

1=
Glt] :-B[t] Glt] ks +GB[t]ks-G[t]H[t]ky+GH[t]Ks
Gl'[t] = KN[t ] ke
t

GB'[t] =B[t] G[t] ks-GB[t] ks-GB[t] H[t] ke +GBH[t] ki

GBH [t ] = GB[t ] H[t] ke - GBH[t ] kyo + B[t ] GH[t ] kq1 - GBH[t ] K12
GH[t] =Gt ] H[t]ky-CH[t] kg -B[t] CGH[t] Ky +CBH[t] Ky2

H[t] = -G[t]H[t]Kky+CGH[t] Kke-GB[t] H[t] kg +GBH[t] Ko +kzZ2[t ]

t
]
KN [t ] = GB[t] ks - KN[t ] ke
t
t

Conservation Laws:

“G[t] -GB[t] +H[t] +Z2[t]
Bit] +GB[t] +GBH[t] +Z1[t]
G[t] +GB[t] + GBH[t ] + GH[t ]

equati onsl

{(B'[t] == -B[t] G[t] ks +GB[t] ks -B[t] GH[t] kg1 + GBH[t ] kqp + kg Z1[t ],
Gt] =-B[t]G[t] ks +@B[t]ks-G[t]H[t]k;+CH[t] kg, GL'[t] = KN[t ] kg,
GB[t] = B[t] G[t]ks-GB[t]ks-GB[t]H[t]Kkg+GBH[t] Kio,

GBH [t] == GB[t] H[t] Ko - GBH[t ] kio + B[t ] GH[t ] kq1 - GBHI[t ] K12,

GH[t] = G[t ] H[t] ks -GH[t ] kg - B[t ] GH[t ] kaz + GBH[t ] K12,

H[t] = -G[t] H[t] ks +CH[t] kg -CB [t] H[t ]kg+(BH[t}k10+k222[ 1,

KN [t] = GB[t] ks -KN[t] ke, Z1'[t] = -ky Z1[t], Z2'[t] = -k, Z2[t ]}

equations2 = equationsl /. k1 -0 /. ko -0

{B'[t] =-B[t]G[t]ks+CB[t]ks-B[t] GH[t] ks +GBH[t] K2,

G[t] =-B[t]G[t]ks+GB[t]ks-G[t]H[t]ks+CH[t]ks, GL'[t] = KN[t]Ks,
GB'[t] =B[t] G[t]ks-GB[t]ks-CB[t]H[t]ke+GBH[t] ki,

GBH [t] == GB[t] H[t] ke - GBH[t ] kyo + B[t ] GH[t ] k13 - GBH[t ] ka2,

GH[t] = G[t] H[t] ky - GH[t] kg - B[t ] GH[t ] kg1 + GBH[t ] k2,

Ht] = -G[t]H[t] ks +CGH[t] ks -GB[t]H[t] ke +GBH[t] ki,

KN [t] = GB[t] ks - KN[t ] ke, Z1'[t] == 0, Z2"[t] =0}
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equations2 = Drop[equati ons2, {9, 10}7;
equations2 = Drop[equati ons2, {3}]; equations2 // Col um

B'[t] =-B[t]G[t]ks+CB[t]Kks-B[t]CH[t] ki +CBH[t] kiz
G[t] =-Blt]G[t]ks+GB[t]ks-G[t]H[t]ks+CH[t] ks
GB[t] =B[t] G[t] ks-GB[t]ks-GB[t]H[t]ke+GBH[t] ki
GBH [t ] = GB[t ] H[t] ko - GBH[t ] kio + B[t ] GH[t ] kq1 - GBH[t ] K12
GH[t] = G[t] H[t] ks -CGH[t] Kg-B[t] GH[t] kyy + GBH[t ] ki
Ht] = -G[t]H[t]ks+CH[t] ks -GB[t]H[t]ky+CGBH[t] Kio

KN [t] = GB[t] ks - KN[t ] Ke

parlnputl

{ky - Parl nput Var [1], k, - Par | nput Var [2], ks - Parl nput Var [3], kg4 - Par | nput Var [4],
ks - Par | nput Var [5], ke - Par | nput Var [6], k7 - Par | nputVar [7], kg —» Par | nput Var [8],
kg — Par | nput Var [9], kio —» Parl nputVar [10], ki; - ParlnputVar [11], ki, - ParlnputVar [12]}

par | nput2 = parlnputl;, parlnput2=Drop[parlnput2, 2];
par | nput 2

{ks - Par | nput Var [3], k4 - Par | nput Var [4], ks - Parl nput Var [5],
ke — Par | nput Var [6], k7 — Par | nput Var [7], kg — Par | nput Var [8], kg - Par | nput Var [9],
k1o —» Par |l nput Var [10], kji - ParlnputVar [11], ki, - Parl nput Var [12]}

subst ancei ni t cond2 = Drop [Dr op[subst ancei ni t condl, {9, 10}], {3}]

{B[O] == 1nitCond[1l], G[0] =InitCond[2], GB[0] ==InitCond[4],
GBH[0] == I nitCond[5], GH[0] = I nitCond[6], H[O] == InitCond[7], KN[O] = I nitCond[8]}

subst ancenanes2 = Drop[Dr op[subst ancenanesl, {9, 10}], {3}]

{B, G GB, GBH GH H KN}

par | nput Var [1] = O; Parl nput Var [2] = O;

(» degradation rate of KNI ) ParlnputVar [6] = 0. 1,
Par | nput Var [3] = 1. 0; Parl nput Var [4] = 0. 1;

(* production of KN =) Parl nputVar [5] = 1. 0;

(*r epressi onx)

Par | nput Var [7] = 1. 0; Parl nput Var [8] = 0. 1;

Par | nput Var [9] = 0. 1; Parl nput Var [10] = 0. 1;

Par | nput Var [11] = 0. 1; Parl nput Var [12] = 0. 1;

InitCond[2] =1.0; InitCond[4] =0.0; InitCond[5] =0; InitCond[6] =0; InitCond[8] = O0;
(*BCD«) 1 ni t Cond[1] = 2.0; (*HBx) InitCond[7] =0.5;

fb[x_]1:=2-x; fh[x_]1:=1.6-4 (x-0.5)%;
Bl = {}; Hl = {}; KN1 = {};
For [x =0, x <1.0, x += 0. 01,

InitCond[2] =1.0; InitCond[4] =0.0; InitCond[5] =0; InitCond[6] =0; InitCond[8] = 0;

(*BCD%) 1 ni t Cond[1] = fb[x]; (*HBx) InitCond[7] =fh[x];

sol = NDSol ve[

Joi n[equations2 /. parlnput 2, substancei nitcond2], substancenanes2, {t, 0, 100}];

Bl = Append[B1, {x, B[100.0] /. sol [[1]1]1}];

Hl = Append[H1, {x, H[100.0] /. sol [[1]1]1}];

KN1 = Append[KN1, {x, KN[100.07] /. sol [[1]11}];

I



gl = Li st Pl ot [{B1, Hl, KNL}]

Show[ {g1, g3}, Pl ot Range » {0, 7}]
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Pl ot [Eval uate[{B[t], H[t], KN[t]} /. sol], {t, O, 200}, Pl ot Range -» {0, 10}]
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g3 =Plot [{fb[x], fh[x]}, {x, 0, 1}, PlotRange » {0, 2}]
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