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Summary

We consider several problems in computational biology. To resolve these, we ap-
ply combinatorial optimization techniques using the following scheme. The starting
point is to formulate the biological problem as a combinatorial optimization problem
by defining the space of feasible solutions together with an objective function that op-
erates on this space—assigning an objective value to each feasible solution. The aim
is, thus, to find a solution whose objective value is optimal. To do so, we analyze the
complexity and combinatorial structure of the formulation. These analyses give us
insights that we use in designing a practically e�cient algorithm. Finally, we assess
the biological quality of the identified solutions of practical problem instances.

This thesis is split up in three parts: Networks, modules and breeding schedules.
The first part starts with a biological problem rooted in comparative network anal-
ysis. Here, the goal is to identify commonalities between biological networks from
di�erent strains or species, or derived from di�erent conditions. We solve this prob-
lem using Lagrangian relaxation. Next, we focus on the prediction of protein-protein
interactions using the notion of coevolution: Evidence of coevolution of the protein
families of two proteins may indicate an evolutionary preserved interaction between
the two proteins. For solving this problem, we reuse the combinatorial problem for-
mulation for network alignment.

The problems we consider in the second part concern the extraction of smaller con-
nected subnetworks from a larger network. We start by considering the maximum-
weight connected subgraph problem, which is a combinatorial formulation of the ac-
tive module problem: Given di�erential expression data and a protein-protein in-
teraction network, find a connected subnetwork that is significantly di�erentially
expressed. For solving this problem, we use integer linear programming by apply-
ing a branch-and-cut scheme. To interpret identified active modules, we introduce a
set-based visualization technique. In follow-up work, we generalize the active mod-
ule problem across species. Another problem we consider is the partitioning of a
molecule into charge groups. This problem occurs in the automated parameteriza-
tion of molecular compounds for use in molecular dynamics simulations. We exploit
properties of practical input data, including bounded treewidth, and develop a dy-
namic programming based method.

In the final part, we introduce the crossing schedule optimization problem, which,
given a set of parental genotypes, asks for an e�cient way of crossing these and their
o�spring with the goal of arriving at a specified desired genotype. We introduce a
mixed integer linear programming formulation for solving it.
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