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Abstract

We have recently developed a computational capability for (a) inference of individual response networks and (b)
global transcription regulation networks in Synechococcus sp. WH8102. The overall framework for inference of response
networks can be summarized as follows. The framework employs a template-based network inference strategy. Under this
framework, we first identify organisms that are known to have similar response systems to Synechococcus sp for a par-
ticular stimulus, and that have a large quantity of experimental data available, particularly microarray gene expression
data. For each such “template” organism, we first build network models, and then map these template network models to
Synechococcus sp. Through literature search and database search, we build a conceptual framework first for a specific
response network in each template organism. The detailed network models will be then built through a series of predic-
tions of gene functions, operon and regulon structures, transcription regulatory binding sites, protein-protein interactions
and protein-DNA interactions, and incorporate these prediction results into the conceptual model. After the template net-
work models are built, we map these models to Synechococcus sp through a constrained orthologous gene mapping
scheme. The basic idea is to map genes of a network model to their predicted homologous genes under the constraints that
these genes should belong to a group of co-regulated operons, which is predicted based on operon structure prediction
and prediction of transcriptional regulatory binding sites. The mapped network models will then be refined and expanded
through application of a genome-scale protein-protein interaction network, which is predicted through a series of compu-
tational prediction tools. We have applied this capability to derive a number of response networks in Synechococcus sp,
such as phosphorus assimilation pathway, carbon fixation pathway, nitrogen assimilation pathway. Experiments are cur-
rently under way to validate these predictions. A major challenge remains in automated mining of literature to extract
useful information to build the initial conceptual network to collect information about gene functions and interactions.

Prediction of global transcription regulatory network is done through prediction of (a) transcription factors (TF) at ge-
nome scale, (b) operon predictions, (c) prediction of TF binding sites for each predicted operon, and (d) prediction of in-
teractions between predicted TFs and TF binding sites. The key techniques we have used for many of these predictions
include (i) comparative genome analysis and (ii) computational inference of co-evolution relationships through applica-
tions of methods such as phylogenetic profile analysis. Through these predictions, we have identified a number of global
transcription regulators and a sequence of transcription regulators responsive to particular stimuli. Interaction relationship
between these TFs and the predicted TF binding sites is predicted based on predicted co-evolution relationships of TFs
and genes in each predicted operon. A preliminary global network of transcription regulation is predicted.
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