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1 Introduction.

In the post-genome era, systems biology is an emergent field for understanding of biological
systems at whole system-level instead of single gene or protein. There are numbers of exciting and
profound issues that are actively investigated such as the gene regulation and biochemical network.
In this study, we focus on the transcriptional networks. The traditional clustering algorithm is
applied to the gene expression data to acquire some groups of genes. The signature algorithm [2]
can be used to refine and extend these groups of genes generated by clustering algorithm. When a
group of genes with common cis-regulatory binding motif in promoter region, and we can assume
these genes are co-regulated by the same trans-regulatory factor. Not only the binding motif
information is investigated but also known pathway, protein interactions and cellular component of
Gene Ontology information are referred [3]. We performed this idea and approach to find the most
upstream regulators.  Appling this approach to cancer research, these genes may be novel
oncogenes. We integrated some biological databases and also provided some bioinformatics tools
as web service for biologists to predict the transcriptional networks in silico. By this approach, we
found some important transcriptional module and transcription factors, and we will exam it by
RNAI experiment in vitro or in vivo. Besides, the more details of our result can be found on our
website (http://insilico.csie.ntu.edu.tw:9999/RECOMB2004/).

2 Method.

In order to obtain more precise transcriptional networks, we integrated the some well-know
biological databases locally, updated periodically and developed some bioinformatics software
packages as followings:

(1) MotifFinder: This package can accept a list of genes of interest as input. The upstream
promoter sequences of these genes are extracted from DBTSS database. The range of promoter
sequences takes as parameter from -3000 to +1000. It will also process the retrieved result from
TRANSFAC and find the common cis-regulatory elements and corresponding trans-regulatory
factors as output.

(2) GOFinder: The given input is a list of genes of interest. The biological process, cellular
component, and molecular function categories of Gene Ontology is shown. Besides, the biologists
can search the gene ontology information with different ontology level from 1 to 5.
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(3) PathwayFinder: The pathway package can accept a list of genes of interest as input. All the
BioCarta and KEGG pathways containing these genes will be reported in a descendant order
according to the number of input genes in a pathway.

(4) ProteininteractionFinder: The interaction tool can take a list of genes of interest as input. The
protein-protein interactions information from DIP and the annotations of these interacting proteins
retrieved from SWISS-PROT will be shown.

We use the bottom-up approach to construct the transcriptional networks from small transcriptional
modules. The rectangle box stands for a transcriptional module. The gene or protein represented as
white ellipse, and the black ellipse is the protein with interactions (Figure 1). The detail processes
described as following:

Stepl. As a first step for further analysis, we applied the k-means clustering algorithm to gene
expression data. The genes in the same cluster ¢ are possibly and potentially co-regulated.

Step2. After generating the k clusters, we applied the signature algorithm to each cluster ¢ to obtain
a new cluster ¢’ as ‘transcriptional module’ initially. The signature algorithm can be used to extend
and refine partial knowledge about a pathway module. The genes in the same module c’, therefore,
are more potentially co-regulated.

Step3. Some useful bioinformatics tools are provided to analyze these modules and more
annotations are extracted from GeneCards, GO, SWISS-PROT, NCBI for biologists. Genomics
information such as binding motif and Gene Ontology are provided. Proteomics information such
as pathway and protein-protein interactions is provided. Combining the biological information, the
biologists can infer the regulators and construct transcriptional networks more precisely.

Step4. Take the regulating genes or proteins as newer transcriptional module, and apply Step3 to
these modules recursively.

Figure 1: Construct transcriptional network from transcriptional module iteratively.

3 Results.

HCC microarray dataset, obtained from Stanford Microarray Database, contains 1648 differentially
expressed genes in HCC vs. nontumor liver samples as analyzed by Chen et al. [1]. By our
approach, we found some important transcription modules and some regulators can regulate these
modules. From further literature review, we also found the regulators involve in hepatocyte
regeneration upon partial hepatectomy. Besides, we will exam it by RNAi experiment in vitro or in
vivo. This approach may provide novel targets involved in the carcinogenesis of HCC.
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