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Abstract — An improved genetic algorithm (IGA) is
proposed to achieve S-system gene network modeling of
Xenopus frog egg. Via the time-courses training datasets
from Michaelis-Menten model, the optimal parameters are
learned. The S-system can clearly describe activative and
inhibitory interaction between genes as generating and
consuming process. We concern the mitotic control in
cell-cycle of Xenopus frog egg to realize cyclin-Cdc2 and
Cdc25 for MPF activity. The proposed IGA can achieve
global search with migration and keep the best chromosome
with elitism operation. The generated gene regulatory
networks can provide biological researchers for further
experiments in Xenopus frog egg cell cycle control.

Keywords: IGA, Michaelis-Menten model, S-system, Xenopus
frog egg cell cycle

1. Introduction

As the rapid development in c¢cDNA microarray
technologies, the time-course gene data becomes available
day by day. And hence, the construction of gene networks
and signal transduction cascades for complicated biological
systems has come of age. With the mathematical model, we
can realize the genes-genes interaction, simulate the gene
network without experiment and hence predict the gene
behavior.

Numerous models are proposed to describe the gene
network such as Boolean network, Bayesian network,
Michaelis-Menten model, and S-system. Boolean network is
to reconstruct gene regulatory network via Boolean function
and express gene relationship in graphical way [1, 2], which
distinguish gene states to be INPUT and OUTPUT. At any
time points, the state values of chosen INPUT genes are set
to be 1 and 0 for non-chosen genes; the states values are
given in the similar way as OUTPUT. Further, Bayesian
network can also the probabilistic relationships of genes [2,
3]; joint probability distributions among genes are calculated
to construct the graphical model. Michaelis-Menten
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model is nonlinear differential equations to describe the
metabolic concentration in the biological system. S-system is
another nonlinear differential type expressed in power-law
formalism [4, 5]. S-system describes gene regulation not
only in mathematical description but also can further express
into graphical form to show the activatory and inhibitory
operation directly. Each equation is composed by synthesis
and degradation flux; and the activation and inhibition
relationship are shown in positive and negative kinetic order,
respectively.

In these years, some researchers are devoted to infer
gene regulatory network with various intelligent computation
technologies such as hybrid differential evolution, genetic
algorithm, genetic programming, ..., etc. Wang use Hybrid
differential evolution and genetic algorithm to obtain the
global optimal solution for highly nonlinear system and
various biochemical system [6, 7, 8]. Kikuchi and coauthors
use a genetic algorithm to transform parameters into
individuals first and solve optimal parameters via evolution
procedure [9]. Sakamoto and coauthors use genetic
programming to develop the gene regulatory network in a
tree form [10]. In this work, we shall adopt improved
genetic algorithm (IGA) to infer the gene regulatory network
of the Xenopus frog egg cell cycle in S-system. Improved
evolutionary direction operator (IEDO), migration operation
and elitism are combined into genetic program for global
optimal, fast and best-optional searching. The input/output
datasets, generated from Michaelis-Menten model of mitotic
control in Xenopus frog eggs [11], is used to train the genetic
network for searching the optimal parameters of the
corresponding S-system model.

This paper is organized as follows. IGA algorithm is
shown in Section 2. Section 3 is the construction of the cell
cycle control model of the Xenopus frog egg. Section 4 is the
conclusion.

2. IGA Learning Algorithm

Based on general genetic algorithm, IGA includes improved
evolutionary direction operator to speed the searching;
migration operator to escape from bogging down into local
solution and elitism to keeping the best to be passed down
always. The follows are the main procedures.

Step 1. Initialize a population.

Step 2. Individuals fitness

Step 3. IEDO

Step 4. Crossover operation

Step 5. Probability mutation and Elitism operations
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Step 7. Migration operation
Step 8. Repeat to Step 3.

2.1 IEDO

Three preferred fitness value and its associated
individuals are chosen to decide the evolutionary direction in
the population. IEDO has the ability for both local and global
search synchronously. We can use the IEDO operator to
search quickly and converge toward the global optimal
solution. Besides, the IEDO operator can avoid bogging
down in the local optimal solution, which conventional GA is
usually stuck into.

After completing all fitness values of individuals, we
choose preferred fitness values denote F, Fy, F, and its
associated individuals denote [, I, I,, And then, the new
individual denote 7,4, is calculated as

[iedo :Ib+r}*D1*([b_]s)
tn*D*( 1, -1, ), Q)
]i@a'v :max(min(liedo’Imax)’[min)’ (2)

where r, and r, are two random numbers, |, r, €[0, 1]; D,
and D, are the magnitude of two evolutionary directions to be
1; Inax and I, are the upper and lower bound, respectively.
The new fitness value F,,,, of the 1, is calculated; if the F,.,,
is better than one of the three preferred fitness values, it
would be replaced that.

2.2 Reproduction

The probability of reproduction directly depends on the
fitness of the individuals. The individual with better fitness
has high probability of reproduction. In contrast, the
individual with worse fitness has low probability of
reproduction.

2.3 Crossover

Two-point crossover operation is adopted and operates
according to crossover probability, which involves selection
of two crossover cut-points randomly and then exchanges the
chosen two cut-points genes of parent individuals to generate
two child individuals. And further, randomly select one of
the new child to replace father or mother individuals.

2.4 Probability Mutation and Elitism

Different from the conventional GA to choose only one
gene in individual randomly for mutation operation, all genes
in individuals are chosen and their mutation probability are
assigned by the designer for exchanging their original values
in IGA. This will bring excessive diversity in population and
hence may fail to converge to temperately optimal solution.
Therefore, we adopt elitism operator to decrease this effect.
Elitism operator is to keep the best individual to survive for
each generation and hence to ensure good characteristic to
pass down always.

2.5 Migration

To wider the search space, a migration operator is done
to get a new and diverse population. The degree of

population diversity 1 is to check if the migration should be
performed.

X~ Xy

0, if| > <é&

temp,; = xbj R 3)

1, otherwise

NP-1Dim_I temp.
n=2 2 %im_lx(NP—l)’ @

=l j=1
where &, € [0,1] is the tolerance of the real-valued gene
diversity; x; and x;; are respectively the j-th chromosome in
the i-th individual and the best individual; NP is the number
of individual; Dim_I is the dimension of individual;nis in the
range between 0 and 1. g, €[0,1] is a tolerance-threshold of
population diversity for migration; if mis small than g,
migration operate to generate a new chromosome as follows.
—x,

X, — X, .
. bj Jj,min
)c,y.+r2><(xl.1min ,j), if —/———=——>rp
X. = xj,max - xj,min N (5)
Xy, + 1 % (x/.’max - xbj),
where x;max and x;min are the upper and lower bound of the

J-th chromosome, respectively. The », and », are two random
numbers, ry, r, € [0, 1].

ortherwise

2.6 Fitness

Every individual is evaluated by its fitness value,
which keeps the better individuals and eliminates the worse

individuals. The fitness of a individual is defined as
Dim 1 N-1

3N (X, (1 + jAY)- X, (1, + jAr))

itness = —= 17! s 6
fi Dim IxN ©

where N is the number of time-points; X,; and X; are the
experiment value and the estimated value of i-th reactant,
respectively.

3. Gene regulatory network modeling

Michaelis-Menten model [11] are concerned to describe
the mitotic control in cell-cycle of Xenopus frog egg,

X =k —kx —kx, (7

x :k x (kwee +kcak +k )x2 +k 5x3 +k3xl7 (8)
= koo Xy = (kys + Ky + k) ) X3+ K, )
= koo s = (K, +heas Ky )3y + Koy, (10)

X5 =KX, _(kpp K +k2)x5 +ky5xy, (11

Xg = k"x5 (l_xﬁ) _ kbxé , (12)
I+K,-x;, K, +x;

% = kexs(l—x7) B k,x, , (13)
I+K,-x, K, +x,

8:l’chs(l—xg)_ k,x, , (14)
1+K,—-x, K, +x

9:kcxg(l—xg)_ k,x, ’ (15)
1+K, —-x, K, +x,
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with
ky =V)+x, (Vzn_ Vz/):

ke =V 42, (Vi —=V0,),

kys = Vs +x (V2,; =V )a

where x;, i =1, 2, -+, 9, are the concentrations or activities of
cyclin, unphosphorylated cyclin-Cdc2, Tyr-15
phosphorylated  cyclin-Cdc2, doubly  phosphorylated
cyclin-Cdc2, Thr-161 phosphorylated cyclin-Cdc2 activated
by MPF, Cdc25 enzyme, Weel enzyme, IE enzyme and APC
enzyme, respectively. Eqs. (8) ~ (11) describe four
phosphorylation states of the cyclin-Cdc2 dimer.

We shall generate the training dataset from the above
equations to generate the corresponding S-system model of
the frog cell cycle to further realize the gene-gene inhibitory
and activatory operation for gene and enzyme synthesis and
decomposition. S-system use power-law flux to describe the
synergism and saturation of the biological system,

n n

. j h, .

G=a [ [« -] ] fori=1,2,...n, (16)
j=1 j=1

where x; is the state variable or reactant;  is the number of x;.
0; is the production rate-constant and f; is the degradation
rate- constant; both can be positive or zero. g; and Ay, are
kinetic orders; their values can be positive to indicate
activating influences or negative to denote inhibition. We
now construct our S-system structure for Xenopus frog egg
as

X =X Xy _:lelh”x;lm >

by = X X g — el

)-C3 — a3x§’32 xés’:»s xf.m xé@’so x7837 xég’so _ ﬁ}xé'sz x;’;a xé’ze X;'” x;’.w s

o 843 1-844 1-845 1-846 1-847 1.849 _ g (o Pus g hag e
Xy = QX5 X XSO X TT X — XX XX X

-o— 852 1-854 1-855 1-856 1857 -850 __ hsy L hss _hsg hsy | hsg
X5 = 00Xy X055 XG0T G — X X X6 X0 X

Xg = QX5 x§* _ﬂax:“ x:bb >

X, = o xP X7 _137355,175)5577 >

= o - e,

Xy = QX X5 _ﬁox:%x;lw > 17)
Note that since concentrations of x;, x, x3 x; and x; are too
small as compared to other variables. The scale-up operation
is adopted to normalize all states variables to a computation
reasonable range to improve the computation error. Another
test data from Michaelis-Menten model is used to
demonstrate the performance of the IGA program, Figure 1 is
the simulation results with the estimated fitness
3.0766122E-08 for N=80,000, Dim I=83. The low fitness
value ensures the good fitting of the simulation results with
the datasets and also guarantees the reliability of the
generated S-system. From the constructed S model, we can
realize the interaction between various genes in Xenopus frog
egg. For instance, the concentration of x, increases rapidly as
concentrations of x;, x; and x5 increase; the concentration of
x, decreases rapidly as concentrations of x; and x, increase.

Conclusion

IGA technique is to construct S-system model for
Xenopus frog egg cell cycle. The time-course training and
test dataset are generated from Michaelis-Menten metabolic
model of mitotic cell-cycle control of Xenopus frog egg. The
proposed gene regulatory network reveals activatory and
inhibitory operations for gene/enzyme synthesis and
decomposition. Hence, the network can provide biological
researchers for further experiments in Xenopus frog egg cell
cycle control.
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Figure 1. State concentrations of Xenopus frog egg cell

cycle. Test data is denoted by “X”’; estimated values

are shown with dash line.
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