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1 Introduction

Recently, a variety of experimental techniques for biological field have been developed. These technolo-
gies have made it possible to observe the expression of many genes simultaneously and to accumulate a
vast amount data. One of the challenging research areas is to extract the genetic networks from these
large data. A lot of methods for this problem proposed; quantitative model [2], statistic model [3],
hybrid model [7], and Boolean model [3]. However, a lot of these papers analyzed only artificial data
[5] and deletion strain data [6]. In this paper, we applied Boolean algorithm for extraction genetic
network from experimental time series data. Using binary data that was made from real data, our
system was achieved to categorize genes to some equivalence classes and discover genetic interactions.

2 Method and Results

2.1 Data Processing
In this study, we used expression data from the study of Chu et al. [4]. Saccharomyces cerevisiae was
synchronized by transferred them to sporulation medium (SPM) at t = 0 to maximize the synchrony
of sporulation. RNA was harvested at time t = 0, 0.5, 2, 5, 7, 9 and 11.5 hours after transfer to SPM.
Polyadenylated RNA was prepared by purification with oligo(dT) cellulose column. Each gene’s
mRNA expression level just before transfer to SPM was used as control. About 6100 genes of expression
profiles are included in their data. Using them, we followed the same method [4] to extract 512 genes
that showed significant increase of mRNA levels during sporulation. Twenty one [1] genes of which
function had been well known biologically were used for the following analysis.

2.2 Extraction of Gene Interactions
Boolean model can only use binary data so experimental data was needed data preprocessing to convert
to the binary data. We combine our data preprocessing methods that were used differential value and
quantified value of gene expression data with Boolean model. At first Boolean algorithm extracts
reflexive transitive closure from binary data, and then it makes some equivalence classes from reflexive
transitive closure, at last it searches interaction in the equivalence classes by means of depth first
searching algorithm. Using this result, network was drawn. Figures show the flow chart of network
extraction from time series data using Boolean algorithm. The following sentences also show the way
of extracting genetic network from time series data.

1. Convert time course data (Fig. 1) to differential data and quantified data (Fig. 2)
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2. Binary data made from differentiation data using threshold and quantified data (Fig. 3)
3. Categorize binary data into some equivalence class and search equivalence interaction.
4. Drawing interaction into graph (Fig. 4)

3 Result and Discussions
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(b) Extracted network using late time stage data.
(a) Extracted network using early time stage data.
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(b) quantified data.
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The results of extracting genetic net-
works using 21 genes by the Boolean
Network model are given in Figure 4.
These genes were categorized in 21
equivalence classes. This result shows
each of equivalence classes has only one
gene in the class. And this suggests
that each gene is under individual reg-
ulation.

Figure 4 (a) shows the extracted
network using early time stage data.
And this network contains some genes
that were known to express in the early
phase. Figure 4 (b) shows the ex-
tracted network using late time stage
data. And this network contains some
equivalence classes that were expressed
in the late phase. These two networks
are reasonable from the point of view of
biological knowledge. This result sug-
gests that our combination of data preprocessing methods with Boolean algorithm is able to extract
genetic network from experimental time series data.
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