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Abstract : Genetic networks can be represented by a system of ordinary differential equations. These 
representations give the opportunity for researchers to simulate the behaviour of its gene numerically. In this 
paper, we apply two fourth order methods, namely Adam-Bashforth-Moultan (an implicit method which 
produce a very high accuracy solution) and fourth order Runge-Kutta (an explicit method which also produce 
a very high accuracy solution) using a free open source software named Scilab. We use both methods to 
simulate problem in toggle switch and biological clock of Neurospora Crassa. Finding shows that both 
methods perform well in simulating toggle switch and biological clock problem. Simplistic approach but 
outstanding solution (output) gathered via Scilab was the main attractive characteristic for using the software. 
Choosing Scilab was very relevant and beneficial for solving problem numerically. Usage of the software will 
reduce organization budget in teaching and learning. 
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Introduction 

Neurospora Crassa is a fungus (which known as bread mole) was examined 
computationally. It is easier to analyse this fungus since it has only 11,000 genes with 2,400 genes 
have circadian rhythm compare to others. However, biologists still study how many of these genes 
were controlled by clock functions. This clock function was known as biological clock. The 
important of these biological clocks in living cells help them to determine time to eat, time to sleep 
and also avoiding to be captured by predators. In human, the function of brain, most of the time, 
override the biological clock rule. However, the biological clock function sometimes appear when 
they are exhausted, such as when they just come back from a long journey. In plants, the biological 
clocks were used to optimize its production. The clock controls the plats to deploy their leaves in 
the day and fold them in the night. This will increase their efficiency on collecting sunlight and 
doing photosynthesis. Thus, create maximum food for the plants. In rats, the clock triggers time to 
eat. 

Recently, the studies on behaviour of genetic networks were done computationally. They 
use mathematical approach to approximate this behaviour. Al-Omari et al. (2013) for instant apply 
Galerkin finite element method to analyse the behaviour of a genetic network of a toggle switch and 
a genetic network of the biological clock of Neurospora Crassa. The Galerkin finite element method 
was known for its highly complex, compared to finite difference scheme which is easier to be used 
to solve any problem. 

In this paper, we explore the potential of two fourth order finite difference scheme to 
simulate the behaviour of both genetic networks of a toggle switch (Gardner et al. 2000) and the 
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biological clock of Neurospora Crassa (Yu 2007) using Scilab software. The software is open 
source software, which is free for used. The software is a high level programming language which 
apply matrix as its data structure. The capability of Scilab is at par with MATLAB, the only 
difference between them is MATLAB is very costly licensed software, but Scilab is a free licensed 
software. Thus reduce organization yearly burden in term of budget. 

 
Genetic Network Problems 

Mathematics becomes an alternative approach in learning behaviours in life sciences and 
biomedical sciences. Studying behaviours or interaction of organism or genetics required high 
impact on research budget, in addition to its dangerous activity. Numerical mathematics offers an 
alternative to researchers.  
In this paper we numerically approximate two genetics network models in the form of ordinary 
differential equations. The first model was given by a mathematical model of biological switches 

      (1) 

      (2) 

 denotes the concentrations of proteins from gene  and  denotes the concentrations of proteins 
from gene  in Eq. (1) and (2). This system of ordinary differential equation model was proposed 
by Gardner et al. (2000). The system represents two mutually inhibiting genes as given in Figure 1. 
 

 
Figure 1. Genetic Toggle by Gardner et al. (2000) 

(source: Chong (2015) ) 
 

The first term in Eqs. (1) and (2) represent the inhibition of gene  (or  ) by protein  (or ). The 
second term represents the degradation of protein  (or ) with a constant rate. 
 

The second model was given by a system of genetic network of biological clock from a 
Neurospora Crassa.  There are several research were done to understand the behaviour of 
circadian clock using mathematical model (Dong et al. 2008; Dovzhenok et al. 2014; Henson 2015; 
Yu et al. 2007). 

These systems of equations provide a prototypical example of gene regulatory elements 
interaction. Equations (3)-(9) were translated from Figure 2.  Yu et al (2007) used 

 and  to represents 

 and  in the original 16 species genetic network. The 16-species model was reduced to 7-
species by several simplifications. The capital letter notation used to represent protein complex, 
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while small letter notation used to represent genes. The  and  can be dropped from the 
equations since they are entirely driven by  and .  can be eliminate since 

, while  and  can be treated as constant. These simplified to a model with 7 
equation in a system of ordinary differential equation. The system of ordinary differential equation 
is given by Equations (3)-(9). 
 

 
Figure 2. A genetic network for a biological clock of Neurospora Crassa. WC-1 represent 
White-Colar-1, WC-2 represent White-Colar-2, WCC represent White Colar Complex, 
FRQ represent frequency protein, frq represent frequency gene, CCG represent clock-

controlled genes. 
(Source: Yu et al. (2007)) 

 
The model consists of seven ordinary differential equations as given below. 

      (3)  

      (4)  

       (5)  

  (6)  

      (7)  

       (8)  

      (9) 
 

Methods 
In this paper we apply two fourth order finite difference schemes namely, Adam-Bashforth-

Moultan and Runge-Kutta methods. We describe the application of both of these methods to solve 
the toggle switch and biological clock problems. 

The Adams-Bashforth-Moulton method is a multi-step method and predictor-corrector scheme. The method 
uses  and   to calculate the value of .  This method do not apply self-starting; value for 

four points must be given; i.e.  ,  ,   and    in advance in order to generate the 

points .  A desirable feature of a multistep method is that the local truncation error can be determined 

and a correction term can be included, which improves the accuracy of the answer at each step.  Beside 
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taking small step size to generate an accurate value for , yet large enough so that time-consuming 

calculations are prevent (Suescún-Díaz et al. 2016). The method apply fourth order Adam-Bashforth method 
as the predictor,  

 
and third order Adam-Moultan as the Corrector.  

 
For the toggle switch problem, Eq. (1) the Adam-Bashforth-Moultan predictor-corrector equations are 

, 

and, 

, 

where  is the estimated value of  and . While for Eq. (2), the Adam-Bashforth-

Moultan predictor-corrector equations are 

, 

and, 

, 

where  is the estimated value of  and . 

The fourth order Runge-Kutta method was the most widely known member of the Runge–
Kutta family. The method is normally referred to as RK4. In RK4, to update value at  from , 

four equations are used, which are given by  

 

 

 

 

for n = 0, 1, 2, 3, . . . , The four equations was linked together with 

. 
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To solve the toggle switch network, for Eq. (1), we take , and 

, while Eq. (2),  and 

. 

For the second problem, we apply both Adam-Bashforth-Moultan and fourth order Runge-Kutta methods 

on Eq. (3)-(9). The application will not be shown here since the writing will consumed a lot of spaces. 

 
Numerical Experiments 
To examine the performance of both methods, we first analyse toggle switch problem. We use the 
initialized parameter  given in Gardner et al. (2000) and Al-Omari et al. (2013). The values 
are . The results were 
displayed in Figure 3. 
For the second problem, we apply parameter values from Yu (2006) and Al-Omari et al. (2013). 
The initial and parameter values are given in Table 1 and Table 2, respectively. 

Table 1. Initial value for biological clock model. 
Species Initial value 

 0.00400782 

 0.181388 

 1.37307 

 0.0000663227 

 0.0000362815 

 0.212505 

 0.0000000252030 
 

Table 2. Parameter value for biological clock model. 
Parameter value Parameter value 

 0.0000462010  0.00285475 

 0.566108  1.66501 

 9.22739  3.55829 

 0.00353803  5.57336 

 0.000000136553  1.82043 

 9.07295  0.0149985 

 1.35911  0.0111332 

 2.77832  0.268920 

 0.223231  0.269409 

 0.0545178  0.120699 

 59.7062  0.0124268 

 35.3755  0.692213 

 0.798222  4 

 0.00000947792  4 

 0.00000179706   
 0.159737   
 0.192918   
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Result and Discussions 
Simulation result for toggle switch problem was depicted in Figure 3. The figure show that both 
Adam-Bashforth-Moultan and fourth order Runge-Kutta methods produce very similar results to 
each other. Their difference was only in the power of negative eight for both variables. The 
difference was given in Figure 4 and Table 3. However, Adam-Bashforth-Moultan show superiority 
in computing time compared to fourth order Runge-Kutta. 

 
Figure 3. Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for toggle switch 

problem for . 

 
Figure 4. Result differences between Adam-Bashforth-Moultan and Runge-Kutta 4 methods for 

toggle switch problem for . 
 

Table 3. Computing time in second and Max absolute difference for toggle switch problem. 

 
Computing time (s) Max Absolute 

Difference ABM RK4 
0.001 0.007 5.027 8.293E-08 
0.01 0.005 0.85 8.302E-08 
0.1 0.005 0.119 8.25E-08 
1 0.005 0.048 8.237E-08 

Figure 5 to figure 18 demonstrate results and the differences for both methods on Neurospora 
Crassa biological clock problem. All figures show that both Adam-Bashforth-Moultan and fourth 
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order Runge-Kutta methods produce very similar results to each other. Their difference was only at 
most in the power of negative four for all variables. The difference was clearly given in Table 4. 
However, Adam-Bashforth-Moultan has shown once again it’s superiority in computing time 
compared to fourth order Runge-Kutta. 

 
(a)  

(b) 
 

Figure 5. (a)Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for variable   for biological clock 
problem for . (b) Difference between Adam-Bashforth-Moultan and Runge-Kutta 4 methods 

 
(a) 

 
(b) 

Figure 6. (a)Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for variable  for biological clock 
problem for . (b) Difference between Adam-Bashforth-Moultan and Runge-Kutta 4 methods 

 
(a) 

 
(b) 

Figure 7. (a)Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for variable   for biological clock 

problem for . (b) Difference between Adam-Bashforth-Moultan and Runge-Kutta 4 methods 

 
(a) 

 
(b) 

Figure 8. (a)Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for variable  for biological clock 
problem for . (b) Difference between Adam-Bashforth-Moultan and Runge-Kutta 4 methods 
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(a) 

 
(b) 

Figure 9. (a)Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for variable  for biological clock 
problem for . (b) Difference between Adam-Bashforth-Moultan and Runge-Kutta 4 methods 

 
(a) 

 
(b) 

Figure 9. (a)Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for variable  for biological clock 
problem for . (b) Difference between Adam-Bashforth-Moultan and Runge-Kutta 4 methods 

 
(a) 

 
(b) 

Figure 10. (a)Results of Adam-Bashforth-Moultan and Runge-Kutta 4 methods for variable   for biological 
clock problem for . (b) Difference between Adam-Bashforth-Moultan and Runge-Kutta 4 methods 

 
 
 

Table 4. Computing time in second and Max absolute difference for biological clock problem. 

 ABM RK4 Max Absolute Difference 
0.001 0.244   348.433  6E-

07  
9.8E-
06   

1.53E-
05 

1.78E-
04   

2.43E-
05   

1E-
07 

4.55E-
08   

0.01 0.214   60.092   5E-
07 

8.3E-
06 

1.30E-
05 

1.55E-
04 

1.89E-
05 

1E-
07 

3.84E-
08 

0.1 0.214   11.073 6E-
07 

9.2E-
06   

1.40E-
05 

1.71E-
04   

2.02E-
05 

1E-
07 

4.12E-
08 

1 0.224   6.384   8E-
07 

1.3E-
05 

1.98E-
05 

2.40E-
04 

2.75E-
05 

2E-
07 

5.94E-
08 
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Scilab coding for both  problem is given in Code 1 and 2 below. 
//function genatic network of the toggle switch 
function f=SistemODE1(t, y); 
      f = zeros (2,1); 
     f(1) = (a1/(1+y(2)^B))-y(1); 
     f(2) = (a2/(1+y(1)^C))-y(2); 
endfunction 
 
a1=2.0;a2=4; B=2.0; C=2.0; 
t0=0; 
y0=[0;0];t=0:0.1:10; 
 
y=ode ("adam",y0,t0,t,SistemODE1); 
y2=ode ("rk4",y0,t0,t,SistemODE1); 
 
subplot (221) 
 
plot2d(t,y(1,:),1); 
plot2d(t,y2(1,:),-1); 
xtitle ('(a) Species u(t)) for toggle switch problem'); 
legends(['ABM';'RK4'],[1,-1],opt="ur") 
xlabel ('Time (t)'); 
ylabel ('u(t)'); 

 

 
 
subplot (222) 
plot2d(t,y(2,:),1); 
plot2d(t,y(2,:),-1); 
xtitle ('(b) Species v(t)for toggle switch problem'); 
legends(['ABM';'RK4'],[1,-1],opt="ul") 
xlabel ('Time (t)'); 
ylabel ('v (t)'); 
 
subplot (223) 
plot2d(y(2,:),y(1,:),5); 
xtitle ('(c) u(t) vs v(t) (ABM method)'); 
xlabel('v(t)'); 
ylabel('u(t)') 
subplot (224) 
plot2d(y2(2,:),y2(1,:),5); 
xtitle ('(c)u(t) vs v(t) (RK4 method)'); 
xlabel('v(t)'); 
ylabel('u(t)') 

 

Code 1. Scilab coding for toggle switch problem 
 

//function for genetic network of biological clock of Neurospora crassa 
function f=SistemODE2(t, y); 
       f = zeros (7,1); 
       f(1) = (A*(fG-y(1))*(y(4)^n))-(Ap*y(1));                                  //for f'1 
       f(2) = (S3*(fG-y(1)))+(S4*y(1))-(D3*y(2));                               //for f'r 
       f(3) = (L3*y(2))-(D6*y(3));                                            //for f'p 
       f(4) = (E2*y(5))-(D8*y(4))-(n*A*(fG-y(1))*(y(4)^n))+(n*Ap*y(1))-(P*y(4)*(y(3)^m))   //for w' 
       f(5) = (L1*y(6))-(D4*y(5))-(E2*y(5))                                    //for u'p 
       f(6) = (C1*y(7)*y(3))-(D7*y(6))                                        //for u'r1 
       f(7) = v1-(D1*y(7))-(C1*y(7)*y(3))                                     //for u'r0 
 endfunction 
// ;   f1     ;  fr    ;   fp  ;     w      ;     up     ;   ur1  ;    ur0        ; 
y0=[0.00400782;0.181388;1.37307;0.0000663227;0.0000362815;0.212505;0.0000000252030]; 
t0=0; 
t=0:0.001:200; 
A=0.0000462010;Ap=0.566108;S1=9.22739;S3=0.000000136553;S4=9.07295;D1=1.35911; 
D3=0.223231;C1=0.0545178;L1=59.7062;L3=0.798222;D4=0.00000947792;D6=0.159737; 
D7=0.192918;D8=0.00285475;P=3.55829;vp=0.120699;u1=0.0124268;f0=0.692213;n=4; 
C2=1.66501;m=4;E2=(vp*C2);fG=0.69622082;v1=(S1*u1); 
 
y=ode ("Adam",y0,t0,t,SistemODE2); 
y2=ode ("rk4",y0,t0,t,SistemODE2); 
scf(1) 
…<<Plot>> 

Code 2. Scilab coding for Neurospora Crassa biological clock problem. 
 
Result shows in all figures give insight on how biomolecular reactions involving white-

colar-1, white-collar-2, white collar complex and freguency genes in Neuspora crassa. The result is 
similar with result produced using Galerkin Finite Element method (Al-Omari et al. 2013). The 
coding represented in Code 1 and Code 2 show that solving these problems via Scilab was very 
easy and pleasing. We could produce results with high quality graphics via Scilab. Even though, 
solving via Scilab is almost similar to MATLAB in term of easiness, using Scilab will decrease the 
burden of paying yearly license fee for at least students and organization. Example, if we are paying 
for the lab with 40 PC, at least RM40,000 will be used for yearly MATLAB license (if 
RM1,000/license). Student will have to go to the lab for doing his/her programming. If 50 students 
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employed in the course, that mean they have to que to do their programming. With Scilab, they can 
download and install it in their own notebook (regardless of how many notebook they have and 
without thinking of any cost burden them) and the organization can provide Scilab software in the 
whole lab without costing them any prices. This will reduce the organization yearly budget. 

 
Conclusion 

Scilab has shown a tremendous performance to solve various scientific problems. In this paper, we 
have shown its capability on solving genetics network problem easily. The software is becoming an 
alternative to Matlab software. It has advantage over Matlab for its open source characteristic. 
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