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Systems biology is an area of research that has emerged in
the wake of genomics and bioinformatics. While genomics and
bioinformatics have focused on an effort to identify and cata-
logue the components that make up the cell, the signal- and
systems-oriented perspective of systems biology focuses on the
dynamics of intra and intercellular processes. This shift of fo-
cus generates a renewed interest in mathematical modeling at
the molecular and cellular level. The majority of models for
intracellular processes published to this day are encoded with
(ordinary) differential equations—why is that? Are rate equa-
tion models more realistic, easier to derive from experimental
data, or more powerful in terms of the formal analysis that
can be done?

In the preface to his book, Wilkinson writes that his in-
terest in systems biology emerged from an observation about
recent experiments in cell biology: “that the kinetics of biolog-
ical processes at the intracellular level are stochastic [...] cel-
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lular function cannot be properly understood without build-
ing that stochasticity into in silico models.” The first chap-
ter of Wilkinson’s book is devoted to further arguments why
stochastic modeling is important in systems biology. Unfortu-
nately, these very interesting discussions are not further pur-
sued, leaving the reader with shallow statements that “current
scientific wisdom views biological systems as essentially deter-
ministic in character” or “In some sense differential equation
models are too low level a description...” In fact, I believe
that such an argument strongly depends on what process is
looked at, the chosen level of description, what technologies
are available and what the purpose of the model is. In sys-
tems biology, mathematical modeling is the art of making ap-
propriate assumptions; a process by which we represent one
thing by another because understanding consists of reducing
one type of reality to another. But even if “wrong” in this
sense, a model can be useful by guiding the wet-lab scientist
in the design of his experiments, helping him to decide which
variables to measure and when and how. The complexity of in-
tracellular dynamics forces us to ignore numerous details and
relevant interactions. The motivation for stochastic models
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derives, therefore, in most cases from uncertainty induced as
a consequence of these reduced representations. An important
aspect of systems biology is, therefore, a discussion of alterna-
tive conceptual frameworks that could be applied to a given
circumstance, helping the student, modeler, or experimental-
ist to choose an appropriate modeling formalism and develop
confidence in the assumptions involved. Although several rate
equation models are included, the book obviously focuses on
stochastic models.

Wilkinson’s book covers in only 238 pages an introduction
to biochemical reaction networks, Petri nets, probability the-
ory, stochastic simulation, Markov processes, Bayesian infer-
ence and MCMC, as well as computational tools such as R
and the Systems Biology Markup Language (SBML). SBML
is introduced over 12 pages in the second chapter and the
Appendix supplies three simple SBML models, including the
“obligatory” Lotka—Volterra system and a rather simple bio-
chemical reaction. Over 45 pages, Chapter 3 deals with ba-
sic material from probability theory without any reference
to systems biology or the examples introduced earlier. Un-
der the heading “Stochastic Simulation,” Chapter 4 intro-
duces random number generation and the use of R. Chapters
5 to 8 form the central part of the book, covering Markov
processes (30 pages), chemical and biochemical kinetics (24
pages), case studies (18 pages), and computational issues re-
lated to stochastic simulation. The development of Markov
processes is based on a discrete state space rather than devel-
oping the discrete model in analogy to the continuous case.
Since biochemical reactions are inherently discrete, this ap-
proach is intuitive and a positive attribute of this book.

Other key references to stochastic modeling that have been
used in molecular biology and chemistry are the books by
van Kampen (1992), Gillespie (1992), and Gardiner (2004).
While these books are comprehensive mathematical treat-
ments, they lack examples relevant to modern cell biology.
Textbooks for the classroom (e.g., Allen, 2003) suffer from
a similar problem in that examples are typically about pop-
ulation dynamics rather than gene networks and pathways.
Wilkinson has chosen an example for a genetic network
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(Chapter 1); the Lotka—Volterra system (Chapter 6), which is
not really related to molecular biology; dimerization and the
enzyme kinetic reaction (in mass action form, incorrectly de-
scribed by Wilkinson as Michaelis-Menten kinetics), all Chap-
ter 7. This selection of examples could be criticized but the
problem any book on systems biology faces is the shortage
of practical examples that are sufficiently general. One case
study that is notably missing is the MAPK signaling cascade,
which is emerging as the systems biologist’s equivalent to the
Lotka—Volterra system in mathematical biology.

Although the author states that the book is “written with
self-study in mind,” the text could be used in the classroom
(although relatively high prices for such books do not help this
cause). The particular selection of topics and examples is not
going to match every lecturer’s idea for a course in systems
biology. It seems impossible, however, to write a book that
matches everyone’s interest in a field that is rapidly evolv-
ing and integrates various disciplines. The likely readership
is students in computer science, the engineering, and physical
sciences but the material would also be accessible to advanced
undergraduates and graduate students in the life sciences.
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