
One consequence of evolution is the similarity of biological organisms from
different species. This similarity allows for the use of model organisms and for the
critical transfer of insights gained from one cell type to other cell types. Applications
include, e.g., prediction of protein function from similarity, prediction of network
properties from optimality principles, reconstruction of phylogenetic trees, or the
identification of regulatory DNA sequences through cross-species comparisons. But
the evolutionary process also leads to genetic variations within species. Therefore,
personalized medicine and research is an important new challenge for biomedical
research.

1.2
Models and Modeling

If we observe biological processes, we are confronted with various complex processes
that cannot be explained from first principles and the outcome of which cannot
reliably be foreseen from intuition. Even if general biochemical principles are well
established (e.g., the central dogma of transcription and translation, the biochemistry
of enzyme-catalyzed reactions), the biochemistry of individual molecules and
systems is often unknown and can vary considerably between species. Experiments
lead to biological hypotheses about individual processes, but it often remains unclear
if these hypotheses can be combined into a larger coherent picture because it is often
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Figure 1.1 Length and time scales in biology. Data from the
BioNumbers database http://bionumbers.hms.harvard.edu.
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