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Accurate phenotypic predictions in novel environmets is a
challenging endeavor. Here, we present an integrag modeling
methodology that unifies under a common framework lie
various biological processes and their interactionsacross
multiple layers. For its training, we created a nomalized
compendium for the bacterium Escherichia coli, which
incorporates gene expression, regulatory interactits, signal
transduction and metabolic pathways, as well as gwath
measurements. Comparison with measured data demomates
the enhanced ability of the integrative model to pedict
phenotypic outcomes in various environmental and getic
conditions. This work paves the way towards integrave
techniques for the prediction and redesign of biolgical systems.
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. INTRODUCTION

Biological networks pose a formidable challenge uddy
understand and control due to the complexity dfitz
organization, partial knowledge of the
mechanisms, noisy data collection and scarcity igh-h
throughput techniques for targeted investigation kefy
functional layers. Over the years, several advanice

environmental perturbations [1]. We then created an
integrative model that contains three sub-modeds bhidge
the transcriptional, signal transduction and meltabayers.
This model covers 3704 regulatory interactions,
instances of signal transduction systems and 22&8abulic
reactions. Parameters in the transcriptional subiehnwere
determined by fitting the gene expression level 3@B
transcription factors over four sets of constraints
(phenomenological, capacity, environmental and ftene
constraints). To reconstruct the regulatory networ& used
a consensus method that resulted in better preelicti
performance than previous attempts [2], mainly bseaof
the larger, integrated dataset. Application of gdidearning
algorithms for role discovery to the resulting rodational
network, resulted in a data-driven gene ontolog®)Y@nd
discrepancies to the manually curated E. coli GO gaide
experimentation and future model enrichment [3].

The integrated model was evaluated by performingser
validation on the various datasets for growth areheg
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underlyingexpression prediction, as well as predicting de onov

experimentally measured data on the growth ratel®f
single-gene knock-outs for E. coli strains overfedént
environments (28 genotype-phenotype combinations in

regulatory network inference and in network analysitotal). Results show that our model can predictwgnorates

technigues that specifically target molecular neksochave
helped to elucidate biological processes and orgon.
Still, when it comes to predictive modeling, thepawt of
network biology is very limited as the former is sty
focused on local, well-studied pathways as an natéeg
genome-scale model would require a wealth of gersrae

with 0.6 to 0.8 Pearson correlation coefficientwestn the
experimentally measured and computationally-derived
predictions, which is significantly higher than Models and
on par to other ME models so far [4]. Furthermaiee
constructed model can sense environmental changds a
translated them to changes in gene expression awtly

data and the methods to link them under one umjfyinwhich is a significant step forward for synthetiolbgy tools

framework.

Il. APPROACH

[5] and the targeted bioengineering of microbiedisis.
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