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Probablistic models are becoming increasingly important in analyzing the huge amount of data

being produced by large-scale DNA-sequencing efforts such as the Human Genome Project. For

example, hidden Markov models are used for analyzing biological sequences,

linguistic-grammar-based probabilistic models for identifying RNA secondary structure, and

probabilistic evolutionary models for inferring phylogenies of sequences from different organisms.

This book gives a unified, up-to-date and self-contained account, with a Bayesian slant, of such

methods, and more generally to probabilistic methods of sequence analysis. Written by an

interdisciplinary team of authors, it is accessible to molecular biologists, computer scientists, and

mathematicians with no formal knowledge of the other fields, and at the same time presents the

state of the art in this new and important field.
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This book is a very well written overview to hidden Markov models and context-free grammar

methods in computational biology. The authors have written a book that is useful to both biologists

and mathematicians. Biologists with a background in probability theory equivalent to a senior-level

course should be able to follow along without any trouble. The approach the author's take in the

book is very intuitive and they motivate the concepts with elementary examples before moving on to

the more abstract definitions. Exercises also abound in the book, and they are straightforward

enough to work out, and should be if one desires an in-depth understanding of the main text. In



addition, there is a software package called HMMER, developed by one of the authors (Eddy) that is

in the public domain and can be downloaded from the Internet. The package specifically uses

hidden Markov models to perform sequence analysis using the methods outlined in the book.

Probabilistic modeling has been applied to many different areas, including speech recognition,

network performance analysis, and computational radiology. An overview of probabilistic modeling

is given in the first chapter, and the authors effectively introduce the concepts without heavy

abstract formalism, which for completeness they delegate to the last chapter of the book. Bayesian

parameter estimation is introduced as well as maximum likelihood estimation. The authors take a

pragmatic attitude in the utility of these different approaches, with both being developed in the book.

This is followed by a treatment of pairwise alignment in Chapter Two, which begins with substitution

matrices. They point out, via some exercises, the role of physics in influencing particular alignments

(hydrophobicity for example).

I picked up this book at the recommendation of a number of colleagues in computational linguistics

and speech processing as a way to find out what's going on in biological sequence analysis. I was

hoping to learn about applications of the kinds of algorithms I know for handling speech and

language, such as HMM decoding and context-free grammar parsing, to biological sequences. This

book delivered, as recommended.As the title implies, "Biological Sequence Analysis" focuses

almost exlusively on sequence analysis. After a brief overview of statistics (more a reminder than an

introduction), the first half of the book is devoted to alignment algorithms. These algorithms take

pairs of sequences of bases making up DNA or sequences of amino acids making up proteins and

provide optimal alignments of the sequences or of subsequences according to various statistical

models of match likelihoods. Methods analyzed include edit distances with various substitution and

gapping penalties (penalties for sections that don't match), Hidden Markov Models (HMMs) for

alignment and also for classification against families, and finally, multiple sequence alignment,

where alignment is generalized from pairs to sets of sequences. I found the section on building

phylogenetic trees by means of hierarchical clustering to be the most fascinating section of the book

(especially given its practical application to classifying wine varietals!). The remainder of the book is

devoted to higher-order grammars such as context-free grammars, and their stochastic

generalization. Stochastic context-free grammars are applied to the analysis of RNA secondary

structure (folding).
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