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We propose a system named AIGNET (Algorithms for Inference of Genetic Networks),
and introduce two top-down approaches for the inference of interrelated mechanism
among genesin genetic network that is based on the steady state and temporal analyses of
gene expression patterns against some kinds of gene perturbations such as disruption or
overexpression. The former analysis is performed by a static Boolean network model
based on multi-level digraph, and the latter one is by S-system modd. By integrating
these two analyses, we show our strategy is flexible and rich in structure to treat gene
expression patterns; we applied our strategy to the inference of a genetic network that is
composed of 30 genes as a case study. Given the gene expression time-course data set
under the conditions of wild-type and the deletion of one gene, our system enabled us to
reconstruct the same network architecture as original one.

1. Introduction

Powerful new technologies, such as DNA microarrays, provide simple and
economical ways to explore gene expression patterns on a genomic scale™.
Using observed gene expression data, recent advances of technology in
bioinformatics have made gene expression comprehensive and severd
approaches have been proposed to infer the genetic networks™”.

We previously introduced two top-down approaches for the inference of
interrelated mechanism among genes in genetic network that is based on the
steady state and temporal analyses of gene expression patterns against some
kinds of gene perturbations such as disruption or over expression. The former
analysisis performed by a static Boolean network model based on a multi-level
digraph approach’ that can treat a large number of expression data. The latter
one is by a dynamic network model such as S-system’ that can infer the
interrelated mechanism in genetic network including even loop structure
(interdependent structure) among genes. We show our strategy is flexible and
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rich in structure to treat gene expression patterns. We have aready
demonstrated that these models can infer a simple but large scale genetic
network architecture®’, however, the reliability of these models obviously

depends on the structure of the data given to the system. Estimation of the
interrelated mechanism among genes by using experimentally observed
expression datais generally referred to as “inverse problem” and the expression

data correspond to the restricted conditions for solving inverse préblem
Since observed gene expression patterns at steady-state (or stationary-state) are
given as restricted conditions to a static Boolean network model based on a
multi-level digraph approach and observed time-course data of gene expression
are to a dynamic network model such as an S-system, it is highly expected that
these two models should work in a supplementary manner to cover the
disadvantage and the limitation of individual models. Thus in this study, in
order to improve the reliability and efficiency of the inference of genetic
networks, we introduce the revised strategy which is integrated these two
network models. We shall demonstrate that this strategy is useful and powerful
to infer a large scale genetic network.

2. Methods

Here, we briefly describe two network models. One is a static Boolean network
model based on a multi-level digraph appréagrhich mainly relies on the
analysis of state changes of gene expression patterns at steady-state (or
stationary state) resulting from deletion or forcible expression of one gene. The
other one is a dynamic network model such as an S-system’nwadieh relies

on the analysis of temporal responses (time-courses) of gene expression patterns
against perturbations (e.g., heat shock, hormone stimulus) or internal changes
(e.g., development).

2.1 Static Boolean network model based on the multi-level digraph

A static Boolean network model based on the multi-level digraph approach
treats the data representing binary relations of gene expressions. These relations
describe the effects of one gene on the expression of the other genes and are
mainly provided by the changes of the state of gene expression patterns.
Systematical analysis of the binary relations between pairs of genes enables us
to reconstruct a possible minimum architecture of the genetic network that is
consistent for all of the data.

2.1.1 Identification problem

We assume that genetic network is expressed by a directed graph and that each
symbol of gene and a relation between two-paired genes represent a ‘node’ and
an ‘arc’ in a directed graph, respectively. A set of genes is defined as
S={ab,c,...}. We assume here the experiments of deletion or forcible expression
of one gene and that the measurements of intensities for many genes are
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performed simultaneously. Examine the intensity of each resulting from the
deletion or forcible expression of one target gene and check that it gets higher,

lower or stays than its intensity at normal condition (wild-type of genes). A

gene expression matrix E is created from a set of gene disruption experiments,

in which each matrix element represents the real-valued intensity of gene
expression. For instance, the value of matrix element E(a,b) indicates the
relative change in intensity of gene ‘b’ to the normal condition, which is caused

by the deletion of genea” Thus theE is defined asE={(a,b),...}. The
inference procedures of this network model are as follows:

(0)Obtain the gene expression matx using several sets of the gene
expression patterns resulting from disruption or forcible expression of one gene.
(1)Using the gene expression matéxfor instance, if the intensity of geng *

is changed higher than a given threshold v@@eore tharg-times higher than

the normal), or is changed lower than a given threshdéldldss than ¥ -times

lower than the normal) resulting from the disruption of geaigeit is defined

that gene & affects genely in directly or indirectly (see Fig.1 (A)) and the
value of elementgb) in the binary matribR is set to 1R(a,b)=1. Thus the
binary matrixR is created by cutting the value of each element in the gene
expression matrik at the thresholdqor 1/6).

(2)In the binary matrix R, if there is the relation that gehand ‘b’ affect each
other, that isR(a,b)=R(b,a)=1, we cannot decide which gene is located at the
upper stream. This is the limitation or disadvantage of this method, however,
we introduce arquivalence set, which makes a set of group consisting of genes
affecting each other and the group is assumed to be one gene. The procedure
for finding equivalence sets in the binary maRiis as follows:

(2)-1 To make partition genes into equivalence sets, we use accessibility matrix
R (see Fig. 1(B)). This matriR is a reflective transitive closure of binary
relation matrix.
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where, matrixR (a,b) means that genea” finally affects gene by or not. If
R (a,b)=1 andR (b,a)=1 , genesd and ‘b’ consist a closed-loop.
(2)-2 Definition of equivalence relatidiR and equivalence sed][..;
R =10R =1
erfa.)< [} (2.0)=10R (b.2) @
. R(ab)z10R(b,a)#1

[a]x, ={b| ER{a.t) =1
Make partition genes into equivalence set. All genes are included in only one
group.
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