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Abstract

Genomic data describe biological systems on the molecular level and are, due to
the immense diversity of life, high-dimensional. Network modeling and integrative
analysis are powerful methods to interpret genomic data. However, network
modeling is limited by the requirement to select model complexity and due to
a bias towards biologically unrealistic network structures. Furthermore, there
is a need to be able to integratively analyze data sets describing a wider range
of different biological aspects, studies and groups of subjects. This thesis aims
to address these challenges by using resampling to control the false discovery
rate (FDR) of edges, by combining resampling-based network modeling with a
biologically realistic assumption on the structure and by increasing the richness
of data sets that can be accommodated in integrative analysis, while facilitating
the interpretation of results. In paper I, a statistical model for the number of
times each edge is included in network estimates across resamples is proposed,
to allow for estimation of how the FDR is affected by sparsity. Accuracy is
improved compared to state-of-the-art methods, and in a network estimated for
cancer data all hub genes have documented cancer-related functions. In paper
II, a new method for integrative analysis is proposed. The method, based on
matrix factorization, introduces a versatile objective function that allows for the
study of more complex data sets and easier interpretation of results. The power
of the method as an explorative tool is demonstrated on a set of genomic data.
In paper III, network estimation across resamples is combined with repeated
community detection to compensate for the structural bias inherent in common
network estimation methods. For estimation of the regulatory network in human
cancer, this compensation leads to an increased overlap with a database of gene
interactions. Software implementations of the presented methods have been
published. The contributed methods further the understanding that can be
gained from high-dimensional genomic data, and may thus help to devise new
treatments and diagnostics for cancer and other diseases.
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