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Summary

In this thesis, we address several problems related to modeling complex systems. Fields
such as systems genetics, systems biology, epidemiology, and bioinformatics often involve
large-scale models in which thousands of components are linked in complex ways. What
is perhaps most distinctive about the graphical model approach is its suitability in for-
mulating probabilistic models of complex phenomena in applied fields, while maintaining
control over the computational cost associated with these models. In real world, not all
datasets are continuous. Discrete data ormixed discrete-and-continuous datasets routinely
arise in above-mentioned fields.
In Chapter 2 we introduce a method for reconstructing a conditional independence net-
work from non-Gaussian data, in particular for ordinal and for mixed ordinal-and-continu-
ous data. Such data are common in systems genetics, where themain focus is to understand
the flow of biological information that underlies complex traits. In this chapter, we focus
on the trait “survival”: we aim to find loci – locations on a genome – that do not segre-
gate independently conditional on other loci. The network estimation relies on penalized
Gaussian copula graphical models; this accounts for a large number of markers p and a
small number of individuals n.
In Chapter 3 we extend the sparse copula graphical model, as proposed in Chapter 2, for
constructing high-quality linkage maps for any biparental diploid and polyploid species. A
linkage map contains important genetic information such as the number of chromosomes
of a species, the number of markers inside each chromosome, and the order of markers
within each chromosome. In the proposed map construction method we discover linkage
groups, typically chromosomes, and the order of markers in each linkage group by infer-
ring the conditional independence relationships among large numbers of markers in the
genome in genotyping studies, such as genome-wide association studies.
In Chapter 4, we introduce an R package netgwas which efficiently applies the meth-
ods proposed in chapters 2 and 3. This package contains a set of tools based on undi-
rected graphical models to accomplish three important and interrelated goals in genetics
and genomics: linkage map construction, intra– and inter–chromosomal interactions, and
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high-dimensional genotype-phenotype (and genotype-phenotype-environment) interac-
tions network.
In Chapter 5 we introduce sparse dynamic chain graph models for network inference in
high-dimensional non-Gaussian time series data. The proposed method is parametrized
by a precision matrix that encodes intra time-slice conditional independences among vari-
ables at a fixed time point, and an autoregressive coefficient that contains dynamic condi-
tional independence interactions among time series components across consecutive time
steps. We apply our method to a Netherlands Study of Depression and Anxiety (NESDA)
dataset to determine the psychological factors that influence the development and long-
term prognosis of anxiety and depression.
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