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the basic physics of incompressible
fluid turbulence. He is careful, if
somewhat repetitive, in emphasizing
the many places where our knowledge
about the field is far from certain. For
someone who wants to understand
the fundamentals of turbulence, this
book is a good start. But for those who
want to learn the accepted wisdom on
turbulence and then use it, Pope’s
book is the better choice.

Mark Nelkin
New York University 
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How are biological-sequence data or-
ganized? What is the probability that
two sequences in a database—such as
GenBank, the NIH genetic-sequence
database—are related? And if they

are related, how
long ago did they
diverge? How can
the evolutionary
history of a family
of related proteins
be reconstructed
from observations
today? What is the
prote in- fo ld ing
problem, and how
can it be solved? 

In Introduction to Mathematical
Methods in Bioinformatics, Alexander
Isaev describes the mathematical
foundations of bioinformatics—the
field that addresses these questions.
The science started as a practical sub-
field of molecular biology, grew as a
discipline in computer science, and
now benefits from contributions from
mathematics, statistics, engineering,
and physics. At the same time, inter-
est in bioinformatics among under-
graduate and graduate students ma-
joring in all of those fields is growing.  

Going beyond algorithms and their
implementation in software, Isaev
discusses broadly the fundamental
mathematical, statistical, and physi-
cal theories that are used today in
bioinformatics and computational bi-
ology. As a mathematician, he is well
positioned to detail the mathematical
principles on which the analyses of
DNA, RNA, and protein-sequence
data are based. 

The book succeeds in describing the
fundamental mathematics behind com-
putational sequence analysis, and in
giving a taste of typical applied bioin-
formatics. For example, Isaev presents
exact methods of dynamic program-
ming for sequence alignment to moti-
vate the description of heuristic align-
ment algorithms used in practice. The
statistical significance of the resulting
alignment is related to extreme-value
statistics of random walks. The author
details the theory of Markov models
and hidden Markov models used to find
genes; he then discusses the practical
aspect of training such models. His
discussion of the theory of continuous-
time Markov processes and the con-
vergence of a Markov chain to a unique
probability distribution complements
his treatment of the molecular-clock
hypothesis, phylogenetic trees, evolu-
tionary models, and construction of
substitution matrices.

The historical trend of bioinformat-
ics to focus mostly on computational
sequence analysis and less on protein
structure and function is apparent in
the book, although Isaev does devote a
chapter to protein folding. The discus-
sion of protein folding, and computa-
tional biology in general, is less com-
plete than the rather thorough
discussions of sequence analysis in the
other eight chapters of the book. The
author’s relatively light discussion of
protein structure and function limits,
to some extent, the apparent connec-
tion of bioinformatics with physics.

Isaev’s book may be difficult to use
as a standalone text for an advanced
undergraduate course in biological
physics. The motivated instructor
might reduce the emphasis on se-
quence analysis and increase the cov-
erage of more general aspects of com-
putational biology. For example, I
would establish the connection be-
tween statistical physics and the cal-
culation of protein structure and func-
tion, and then calculate some examples
of partition functions. Much of the ma-
terial in the second half of the text is,
on the one hand, too formal for typical
advanced undergraduate and gradu-
ate physics students and, on the other,
too restrictive in assumptions. For in-
stance, the book excludes Dirac delta
functions from probability distribu-
tions and ignores the problem of slow
convergence of distribution tails to the
Gaussian central limit.

The number of examples presented
in the book is excellent, and instructors
may use a selected set of them to re-
balance the rather formal discussions
in the second half of the text. In addi-
tion, tools from mathematical physics
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might be used to simplify some of the
topics covered. For example, one could
use Fourier-transform techniques and
Gaussian statistics to provide an al-
ternative derivation for the signifi-
cance of sequence-alignment scores from
random-walk models. One could also
use cumulant expansions or steepest-
descent methods and the Cramèr func-
tion in a discussion of the rare events
that lead to nonuniform convergence of
a sum of random variables to the cen-
tral limit. The discussion of maximum-
likelihood estimation might be simpli-
fied to introduce readers to estimation
theory and its importance as a statis-
tical tool.

Introduction to Mathematical
Methods in Bioinformatics is a strong
description of the theory behind the
standard methods of computational
sequence analysis. The book serves as
a springboard for considering current
bioinformatics research problems—
such as the analysis of gene chip
data—whose solutions entail a mix-
ture of mathematics, statistics, engi-
neering, and physics. With some ad-
ditional work on the reader’s or
instructor’s part, the text may also
serve as an introduction to computa-
tional biology in general. 

Michael W. Deem
Rice University
Houston, Texas 
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The subject of granular matter is a
relatively new and expanding field of
physics that has a longer history in
the chemical and mechanical engi-
neering communities. It deals with
the structure and flow of mesoscopic
to macroscopic particles—for exam-
ple, dust, sand, beans, pills. Under-
standing the flow and packing of such
objects is of great practical impor-
tance to the pharmaceutical and agri-
cultural industries, for instance, and
most recently to NASA’s planned
Moon and Mars programs. A collection
of granular objects is also an intrigu-
ing physical system, with properties
and mechanisms that are often coun-
terintuitive and poorly understood
beyond the phenomenological level.
Recent intense theoretical and exper-
imental activities have centered on
identifying universal features and un-
derstanding, on some fundamental
basis, the underlying physical laws.
Researchers have distinguished two

classes of states: static systems, for
which inherent structures and force
distributions are a primary issue; and
wet- or dry-activated systems, for
which fluid-like descriptions are rele-
vant and pose an important problem.  

Kinetic Theory of Granular Gases,
by Nikolai V. Brilliantov and Thorsten
Pöschel, addresses only dry-activated
flows and is restricted to gases at low
density. The low-density focus ex-
cludes many experimental conditions
of current interest. However, it has the
compensating advantage of admitting
a more detailed and controlled analy-
sis based on the Boltzmann kinetic
equation as the presumed fundamen-
tal description. Significant advances
have been made over the past decade
for unfolding the content of the kinetic
theory and comparing results with
computer simulation and experiment.
The theoretical tools and physical in-
terpretation of that analysis are
chronicled in Brilliantov and Pöschel’s
graduate text, which has an extensive
list of references and is the first that I
know of that specifically covers kinetic
theory of granular gases.

The authors, who are among the
leaders in the recent developments for
rapid granular flow, have made a wide
range of contributions using both
theory and computer simulation. They
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