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Summary

To model complex systems accurately is a key challenge in the study of contem-

porary data. The thesis takes on this challenge and hereto considers several data

examples from the real-world. Each example involves various complex modelling

issues that could not or insufficiently be addressed by existing approaches. This

thesis aims to resolve the shortcomings of these approaches. The first example

is concerned with the reconstruction of gene-gene interaction networks that de-

scribe molecular mechanisms underlying cellular (dys)regulation. Reconstruction

of these networks improves by incorporation of additional co-data that are—in one

way or another—linked to the main data. In the second example the evolutionary

behaviour of aforementioned networks over the course of a disease like prostate

cancer is studied. This makes use of cross-sectional prostate cancer studies that

have generated data from multiple stages of disease. Reconstruction of the evo-

lution of these networks is complicated when individuals, that form the sample

from a particular disease stage, need not form a homogeneous group. The thesis

proposes a stage-wise as well as a joint—over the stages— method to learn the

networks. Both methods take into account the patients’ heterogeneity. The latter

method, in which information is borrowed across stages, is most beneficial. Fi-

nally, an example of Twitter data is treated. The thesis proposes an alternative

way to draw insights from textual data by distilling the information in tweets into

networks of words. These networks can signify important events and their possible

changes over the time.

Issues commonplace in the real-world examples discussed above mainly orig-

inate from the intrinsic heterogeneity of the population under study, the high-

dimensionality of the data, and the limited possibility of integration of additional

data into conventional statistical methods. This leaves a big part of the infor-
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mation stored in the available data linking to the problem at hand unused. This

limited information usage may result in larger than necessary prediction errors, the

selection of a suboptimal model, and an inferior clustering of individuals. Full(er)

information usage, however, may pose computational problems. This thesis pro-

poses new approaches and efficient algorithms to overcome the commonplace issues

and make optimal use of available data and related sources of information.

This dissertation presents three main contributions to the statistical analy-

sis of data from complex real-world phenomena. First, a data integration based

method for the estimation of a mixture of regression models with an unknown

number of components is developed. It exploits accompanying co-data sources

to better unravel the heterogeneity in the data. In the presented approach data

integration is accomplished by introducing a new data allocation scheme that sum-

marizes additional data in the form of an informative prior on latent variables. To

cope with high dimensionality, a shrinkage-type prior is assumed on the regression

parameters, and a posteriori variable selection is conducted based on Bayesian

credible intervals. Using this method gene regulatory networks are reconstructed

and analyzed. Second, attention is shifted to the estimation of multiple Gaussian

graphical networks from data from a cross-sectional oncogenomic study. Here,

the problem is approached as the estimation of stage-wise mixtures of Gaussian

graphical models (GGMs) from high-dimensional data. These mixtures are fitted

by a (fused) ridge penalized EM algorithm. The proposed method is illustrated

by the reconstruction of the evolution of a gene-gene interaction network from a

normal stage to a cancerous stage in prostate cancer.

Third, a Bayesian alternative to the joint estimation of multiple graphical net-

works is proposed. The method allows for common characteristics of the networks

across time periods and each period can comprise multiple unknown sub-networks.

The networks are described by Gaussian graphical models and their parameter val-

ues are estimated through a Bayesian approach with a fused lasso-type prior on

the precision matrices of the underlying mixtures of the sub-models. A flexible

data allocation scheme is at the heart of an MCMC algorithm to recover mean and

covariance parameters of the mixture components. With this method highlighted

topics and their evolution from a complex and high-dimensional textual data set
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are identified. All proposed methods are evaluated thoroughly in extensive simu-

lation studies.

163


