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Summary 

Condition specific and time dependent transcriptional networks underly the coordinated expression 

of genes involved in biological processes. Insight into gene regulatory networks is crucial for the 

understanding of biological systems under normal and pathological conditions. An important step in 

the analysis of gene networks is the prediction of functional transcription factor binding sites within 

gene regulatory sequences. In this thesis we develop computational statistical methods that can be 

used to identify regulatory interactions between transcription factors and target genes. In the first 

chapter we introduce the relevant biological theory on transcriptional regulation of gene expression. 

We discuss the different types of data that we analyze in later chapters and give examples of gene 

networks. We introduce biological models of neuronal regeneration that play a special role in this 

thesis.  

In Chapter 2 we present a novel method (LLM3D) that uses log-linear modeling of three-

dimensional contingency tables to predict transcriptional regulators of functionally homogeneous 

and condition-specific sets of target genes from genome-wide expression data. LLM3D combines 

gene expression data, gene ontology annotation and computationally predicted transcription factor 

binding sites in a single statistical analysis, and offers a methodological improvement over existing 

enrichment-based methods. LLM3D successfully predicts transcriptional regulators in cellular 

systems with different levels of regulatory complexity; it allowed us to identify potential novel 

transcriptional regulators of genes in the yeast metabolic cycle, and to correctly predict key 

regulators of mouse embryonic stem cell self-renewal more accurately than existing enrichment-

based methods. Moreover, in a clinically relevant in vivo injury model of mammalian neurons, LLM3D 

identified peroxisome proliferator-activated receptor gamma (PPARγ) as a novel neuron-intrinsic 

transcriptional regulator of regenerative axon growth. In the third chapter we study regression 

approaches to modeling of gene expression data. Regression models can be used to quantify the 

amount of variation in gene expression that can be explained by biologically relevant covariates such 

as predicted binding affinity of TFs. These models can also be used to identify combinatorial 

regulation by modeling the joint effect of multiple TFs on gene expression through interactions. We 

propose GEMULA, a strategy based on linear models that is fast, considers a wide range of 

biologically plausible models and selects parsimonious and interpretable models from experimental 

data. We show that models inferred with GEMULA are able to explain roughly 70% of observed 

variation in yeast heat shock gene expression. We validate GEMULA on mammalian data by analyzing 

gene expression profiles of mouse embryonic stem cells and demonstrate that we are able to identify 

several crucial transcriptional ESC regulators. Moreover, by applying our novel algorithm to data 

from an in vitro model of neuronal regeneration, we identify different sets of transcription factors 

that are associated to early and late changes in regeneration associated gene expression and gain 

important insights into the temporal dynamics of the regulatory network underlying neuronal 

outgrowth. 

In Chapter 4 we develop a statistical approach to the estimation of individual marginal effects 

of predictors on gene expression when a model in which multiple predictors are present is given. The 

goal is to obtain a sensible ranking of the predictors that reflects the relative contribution of 

predictors in explaining variation in gene expression. We use a statistical framework for variable 

importance estimation to define the marginal importance of predictors as a parameter and show 



that this parameter has an intuitive and interesting biological interpretation. We conclude in Chapter 

5 by presenting graphical representations of the network of transcription factors and genes that are 

involved in neuronal outgrowth. This network is found by applying the techniques we developed in 

Chapter 2, 3 and 4 and shows how the methods we develop in this thesis can lead to novel biological 

insights. 


