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Summary

The face of biology has changed tremendously with the emergence of technologies
that allow for the parallel measurement of thousands of biological sequences (such as
DNA, RNA or protein sequences). These technologies (such as microarrays and next-
generation sequencing) have produced massive amounts of data that have proven in-
valuable to researchers in the understanding of (the causes of) complex diseases such
as cancer. The surge of ‘Big Data’ has raised questions regarding their organization
and utilization and, hence, has spurred substantive interest in fields such as computer
science and statistics.

In this thesis statistical models and inference procedures are developed that ad-
dress biological questions arising from the analysis of microarray and sequencing data.
We particularly treat the subjects of integration of DNA copy number and gene expres-
sion data (Chapters 2 and 3), differential gene expression analysis (Chapters 4 and 5),
and gene network reconstruction (Chapter 6). Chapter 1 introduces some aspects of
molecular biology and experimental molecular data generation in order to aid under-
standing of the remaining chapters.

In Chapter 2 piecewise linear regression splines is presented as a flexible class of
models to decipher how DNA copy number abnormalities in cancer cells alter messen-
ger RNA (mRNA) gene expression levels. This class of models aims to reflect the bio-
logical mechanism operating between these two molecular levels and helps in identi-
fying relevant disease markers. We thus utilize piecewise linear regression splines with
biologically-motivated parameter constraints to model associations. A novelty in this
model is the combined use of copy number data from various (standard) preprocess-
ing steps, namely the continuous segmented and discrete called data. Because model
estimation and selection is difficult in this context, the chapter provides methodology
for testing the effect of DNA on mRNA, identifying the appropriate model and ob-
taining uniform confidence bands that incorporate model uncertainty. Using two real
data sets, it is illustrated that flexible models may bring more insight in the interaction
between the two molecular levels.

In Chapter 3 the R package PLRS is presented, which implements the statistical
framework introduced in Chapter 2. The package is illustrated with an additional
data set from The Cancer Genome Atlas (TCGA). For these data, the need for flexible
models is particularly pronounced.

Chapter 4 presents a Bayesian approach to differential gene expression analysis us-
ing sequencing (count) data. The method is particularly useful for its large flexibility
of the likelihood count model and its ability to handle complex designs. It also accom-
modates multi-parameter shrinkage for the borrowing of strength in high-dimension.



An novel empirical Bayes procedure for estimating parameters of priors is introduced
and different types of (non-)parametric priors are discussed along with Bayesian cor-
rections for multiplicity. The chapter and its appendix present various model- and
data-based simulations that validate the performance of the approach in detecting
true differences. In particular, compared to other methods, results are shown to be
more reproducible on real data.

In Chapter 5 we study differences in gene expression between brain regions in el-
derly humans. In this work, our contribution lies in the differential expression analysis
of cap analysis gene expression (CAGE) data.

Finally, Chapter 6 introduces a computationally attractive Bayesian structural equa-
tion model (SEM) for gene network reconstruction. We argue that regularization by
means of Gaussian priors coupled with a posteriori edge selection is a simple and at-
tractive alternative to sparse priors. A novelty of this work is the use of shrinkage priors
that allow the borrowing of strength across regression equations. In simulations, it is
demonstrated that the empirical Bayes procedure of Chapter 4 is appropriate in this
context and that shrinkage priors can substantially improve graph structure recovery.
The Bayesian SEM is also shown to outperform popular sparse methods in various
settings.


