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Abstract 95 5 g i
The availability of large-scale expression microarray data allows the inference of
underlying gene regulatory network of organisms. Various computational techniques
developed for this task often infer the circuits directly from the expression data without
taking into consideration of biological information in priori. Here, we present a
constraint-based Boolean approach that integrates biological constraints into a Boolean
algorithm to formulate a genetic circuit of Saccharomyces cerevisiae during the diauxic
shift in a glucose-limited culture from time-series expression data. This approach
includes three main steps. First, the gene expression data was discretized to either ‘0’
or ‘1’ based on three discretization methods, Max-x%Max, Mean, and Sign of log ratio. A
similarity score was used as a criterion for selecting a suitable discretization method.
Second, the discretized data was employed to determine gene relationships using a
developed constraint-based Boolean algorithm. This algorithm implemented by o
programming considers all possibility of gene circuits and then specifically selects the
circuits that correspond with both the expression data and a set of pre-defined
biological constraints, so called “constraint-based Boolean network”. Last, the gene
regulatory network was depicted as a directed graph model describing activation and
inhibition among genes. The evaluating result from inferred network between constraint
and non-constraint-based algorithm shows that our developed algorithm can reduce

false prediction and gain 25% increase of accuracy over non-constraint-based algorithm.

Moreover, we demonstrated the validity of the technique by employing it to infer the
gene regulatory network of starch metabolism from time series expression data of
Arabidopsis thaliana taken diurnally. Inferred network showed that two transcription
factors, Atd¢39780 and At2¢43010, co-regulate three enzymes in starch degradation, a
cytosolic disproportionating enzyme like protein (At2¢40840; DPE2), alpha-amylase like 3
(At1g69830;, AMY3), and a plastidic alpha-glucan phosphorylase (At3¢29320; PHSI).
There is only one transcription factor, At2¢28200, regulates transcription of five enzymes
in starch metabolism, phosphoglucomutase (At5¢51820; PGMI1) Starch synthase |l
(At3901180; STS2) Starch branching enzyme il (At2¢36390; SBE3) Glucan water dikinase
1 (At1¢10760; GWD1/SEX1) war Glucanotransferase (At5¢64860; DPE1) The results show
constraint-based Boolean network shall enable the better gene regulatory network from

large-scale gene expression data which is corresponding to biological data.

Keywords: Microarray / gene regulatory network / constraint-based Boolean network
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