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Abstract - Computational intelligent approaches is 
adopted to construct the S-system of eukaryotic cell cycle 
for further analysis of genetic regulatory networks. A 
highly nonlinear power-law differential equation is 
constructed to describe the transcriptional regulation of 
gene network from the time-courses dataset. Global 
artificial algorithm, based on hybrid differential evolution, 
can achieve global optimization for the highly nonlinear 
differential gene network modeling. The constructed  
gene regulatory networks will be a reference for 
researchers to realize the inhibitory and activatory 
operator for genes synthesis and decomposition in 
Eukaryotic cell  cycle . 

Index terms: cell cycle, S system, parameter estimation, 
hybrid differential evolution. 

1 Introduction
As well known, cancer is regarded to be from 

abnormal cell propagation. Therefore, the research in cell 
cycle is critical for realizing and further controlling the 
cell’s growth and generation. Cell cycle includes four 
phases (G1--S--G2--M): G1 (Gap1) phase is the cell 
growth and protein synthesis;  DNA molecules are 
duplicated in S (Synthesis) phase; cell keeps growing, and 
protein synthesizes and prepares for mitosis in G2 (Gap2) 
phase; cell cycle enters into M (Mitosis) phase as DNA 
replication is completed, and thereafter, mother cell 
divides to produce two daughter cells.

Cyclin-dependent protein kinases (Cdks) is the 
central molecules in cell cycle network [1, 2, 3]. During 
the whole cell cycle, Cdk molecules keeps constant 
concentration but have different activation as combined 
with various cyclins. In G1 state, Cdk activity is low due 
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 to cyclin partners missing. At Start, it’s activity rises 
dramatically since cyclin synthesis induces. This 
phenomena keeps for throughout S, G2 and M phases. At 
Finish, APC (anaphase-promoting complex) is activated; 
cdc20 and cdh1 included in APC are to recognize specific 
target proteins. Cyclin/Cdk can activate Cdc20 and inhibit 
Cdh1. In G1 state, Cdh1/APC activity is high but  
Cyclin/Cdk activity is low. In S-G2-M state, cyclin/Cdk 
activity is high but Cdh1/APC activity is low. 

 Recently, researches in inferring gene regulatory 
network via various intelligent computation approaches 
have come of age. Kikuchi and the coauthors propose a 
genetic algorithm [4] to transform parameters into 
chromosomes and resolve the optimal parameters through 
evolution procedure. Sakamoto and coauthors use genetic 
programming to develop the gene regulatory network into 
a tree form [5]. Kimura and coauthors adopt a cooperative 
co-evolutionary algorithm to model the genetic network 
[6]. Genetic programming and least mean square were 
combined to identify the gene network by Ando and other 
authors [7]. Noman and Iba use gradual optimization 
strategy implemented by differential evolution to infer the 
modelling [8].  Wang use hybrid differential evolution 
(HDE) to obtain global optimal solution of highly 
nonlinear problems [9, 10], and further, apply to solve the 
optimization problems of biochemical systems.  HDE 
evolution method can compensate the general evolution 
method by migration and speeding-up operation. We here 
adopt this technology to infer the synthesis and degration 
flux of genes in eukaryotic cell cycle. 

   This paper is organized as follows: Section 2 
describe the biochemical system of cell cycle, and the 
constructed S-system raw model, which is written in non-
linear parameterized power-law differential equation to 
denote transcription regulation of gene network. Section 3 
is the adopted global optimization technology. Section 4 
is the conclusion and future work. 

2 Eukaryotic Cell-Cycle 
 We now consider the following biochemical 
pathway of an eukaryotic cell cycle.
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Fig.~1.  Eukaryotic cell cycle [3]. 

 This pathway can be described as  
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average concentrations of cyclin B/Cdk dimmers; [Cdh1] 
is the average concentrations of active Cdh1/APC 
complexes; [

[ ] 1Mad * 10 .10thresholdCycB

20ACdc ] is the concentration of “active” 
Cdc20; [ ] is the total concentration of both active 
and inactive forms; k’

20TCdc
i are rate constants, J’ i are Michaelis 

constants, m denotes cell  mass and A= [ 20ACdc ]. Notice 
that cell divides, m  m/2, as [ CycB ] drops below 0.1 
[3]. S-system is well-known for describing biochemical 
networks due to its easily generation for increasing genes 
numbers and the ability for analysis and construction [11, 

12, 13]. General, the system is written into synthesis and 
degration flux as follows. 

i i iX V V

       =
1 1

,ij ij
n m n m

g h
i j j

j j

X X  for i = 1,2,…,n, 

where iV  denotes net influx rate and iV  denotes net 
efflux rate; n is the number of dependent variables, m is 
the number of independent variables;  i  and i  are rate 
constants, ijg  and  are kinetic orders. ijh

 Based on the M-M model in Eqs.~(1) to (6), the 
corresponding S-system for eukaryotic cell cycle is 
constructed as the following nonlinear equation with 36 
parameters. 
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where 1X  denotes [ CycB ], 2X  denotes [Cdh1], 3X
denotes [ ], 20TCdc 4X  denotes [ 20ACdc ], 5X  denotes 
[ IEP ], 6X  denotes m.  

3 Global Optimal Search 
We shall use HDE computation intelligent 

technology to global research the 36 parameters of S-
system in Section 2. HDE is a parallel direct search 
algorithm for solving global optimal problem. It can be 
described as the following operation. 

(1) Time series data  

The gene expression time-courses dataset are generated 
from the evolution of M-M with regards to different initial 
conditions.

(2) Initialization

Lower- and up-bound for each decision parameter are 
defined to achieve uniformly random initial populations to 
cover the entire search space,

0
min max min( ), 1,...,i rP P I P P i np ,

where rI  is the randomly uniform distributed number.   

(3) Mutation operation  

Four population individuals are selected randomly in G-th 
generation and combined into a difference vector rF ,
which denotes search direction in the solving space. 
Mutation factor is randomly set to be valued in 0 and 1 for 
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each generation, and hence, perturbed individual, based 
on parent individual, is generated as 

^
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n

.
(4) Crossover operation

For generating mutation operation on the basis of its 
parent individual, the candidate individuals can converge 
rapidly; but the population diversity is small. The 
crossover operation is hence to increase the local 
population diversity. We shall generate high quality 
individuals from perturbed individuals and parent 
individuals by binomial crossover with crossover factor 

 setting as value between 0 and 1, rC
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(5) Selection and evaluation

Two selection steps are included: first step is one-to-one 
competition between parent and its offspring; second step 
is to choice the best individual in the population. 
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(6) Acceleration operation

Acceleration operation starts to search for better solution 
as crossover and mutation operations can not improve   
optimization anymore. If the best fitness does not 
descends continuously from one generation to next 
generation, a descend method is applied to improve the 
convergence speed,
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, the step size between 0 and 1, is determined according 
to the descent property;  is the gradient of the 
objective function.

f

 (7) Migration operation  

This operation is a wide search exploration to balance the 
diversity decrease from acceleration operation and hence 
to avoid local or premature solution. A new population 
based on the best individual is generated,  G
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where 1,..., , 1,...,j m i n ; a lower-bound and upper-
bound of the decision parameters for the j-th gene are 

used; ji  and 
~

ji  are uniformly distributed random 
number between 0 and 1. Migration operation is 
performed only if the degree of population diversity 
satisfies

1
1 1

/ 1
n m

ji
i j
i b

m n ,

20, ; 1,..., ; 1,..., ,

1,

G G
ji jb

G
ji jb

P P
if j m i n

P

otherwise
where  is the ratio of the total diversified genes to 
overall genes, except for the best individual; 
tolerance 1 and 2  is set to be value  between 0 and 1. 

 The performance index is defined as the fitness of test 
datasets as follows. Figure 2 shows the simulation results 
for Eukaryotic cell cycle.  The fitness value is 
3.7411301E-06.

2
i i

i

(model - exp )
Fitness =

points of  exercise 
.

The simulation results for the generated s-system of the 
Eukaryotic cell are show in Figure 2. Based on the 
constructed model, the related biochemical reactions can 
be realized. For the change of concentration of cyclin 
B/Cdk dimmers, Cyclin B/Cdk dimmers is synthesized by 
cyclin B and Cdk, and the increasing in concentrations of 
Cdh1/APC will bring increasing degradation influence in 
concentration of Cycin B/Cdk. 

4 Conclusion
S-system is a good candidate for gene network 

model due to its easier generation as gene numbers 
increase. However, the construction of S-system is a 
tough work. We here use an computation intelligent 
method, HDE, to infer the gene regulator network of 
Eukaryotic cell cycle. HDE can resolve high dimensional 
problem with global and diverse research direction. The 
inferred genetic network can provide readers to figure out 
the gene activatory and inhibitory relationship in cell 
cycle control. 
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