in the biological problems addressed and in
the Al approaches taken. Five chapters
review applications in various stages of de-
velopment, with four (by Steeg, Holbrook
et al., Edwards et al., and Glasgow et al.)
describing symbolic or neural-network ap-
proaches to RNA or protein-structure anal-
ysis and prediction and the fifth (by Mavro-
vouniotis) outlining a qualitative simula-
tion system for metabolic pathways. Two
chapters (one by Hunter, the other by
Karp) exemplify the use of molecular biol-
ogy as a model system to investigate general
issues in planning and learning. The remain-
ing four chapters (by Searls, Zhang and
Waltz, Lathrop et al., and Galper et al.) fall
in between these extremes, raising general
issues of problem and data representation in
the context of biological applications.

This book is written for computer scien-
tists. It begins with a
broad survey (by

solution. Every chapter of Artificial Intelli-
gence and Molecular Biology addresses this
issue; however, none focuses on it or at-
tempts a comparative analysis of different
representation methods for a single prob-
lem. It is an interesting synthetic exercise
for the reader to compare, for example, the
variety of representation methods employed
in the five chapters on protein-structure
prediction and to see how these methods
influence the additional assumptions that
are made and the algorithms and computing
architectures that are chosen to attack the
problem. No approach appears, at this
stage, to be a clear winner, and only small
advances are made beyond the performance
obtainable with traditional statistical meth-
ods. The optimal representation for posing
and solving the structure-prediction prob-
lem is still unknown; the work represented

in this book may shed

some light on why this

Hunter) of basic mo-
lecular biology for the
novice and ends with
an admonition (by Le-
derberg) to the Al
programmer not to ac-
cept all claims made
by biological “ex-
perts” as unchallenge-
able truths. The vol-
ume is clearly meant
as an invitation to Al
researchers to join a
new, multidisciplinary
field, and is likely to
succeed as such. Biol-
ogists interested in en-
tering this area of re-
search are not so
lucky: there is no in-
troductory survey of
Al, and the introduc-
tory sections of the
chapters are unlikely
to be comprehensible
to a biologist as naive
about Al as the Al audience is assumed to
be about biology. The book is worthy read-
ing, however, for theoretically inclined and
computationally reasonably sophisticated
biologists, both as a window onto new
computing techniques and for what it re-
veals about many computational scientists’
view of biology.

One of the defining themes of Al re-
search is that the ways in which data,
information, or knowledge is represented
have a profound influence on the course
and success of problem solving. This is
hardly a novel observation; what Al pro-
vides, for the first time, are tools that allow
a systematic study of how the representa-
tion of problems and data affect the effi-
ciency or even the possibility of finding a

ular Biology]

1592

“The structure of the basic network used for
RNA secondary structure prediction. W, is
the inhibitory signal between elements of a
row; W, is the inhibitory signal between ge
elements of a column; W, is the inhibitory
signal that prevents knotting; W, is the ex-
citatory signal between elements of possi-
ble secondary structures.” [From Steeg's
chapter in Artificial Intelligence and Molec-

is so.

Defining a problem
inevitably involves ab-
straction. The evident
parallels between the
process of constructing
problem and data rep-
resentations for an ex-
pert system and the
process of identifying
the key abstractions
with which to build a
theoretical ~ explana-
tion gave rise to the
mid-1970s Al slogan
“Programs Are Theo-
ries.” The chapter by
Searls describing the
of grammatical
structures and proce-
dures in DNA and
protein-sequence anal-
ysis epitomizes this
way of thinking: here
computational linguis-
tics is proposed as lit-
erally a theory of molecular structure and
function. Searls’s chapter is the longest in
the book, and by far the most ambitious;
apparently alluding to Kant, he describes it
as “a prolegomenon to a formally-based com-
putational linguistics of biological se-
quences” (p. 48). Searls proposes that DNA
is a language, that gene expression is pars-
ing, and that “gene products (i.e. proteins)
and their biological activities may be
thought of as the meaning of the information
in genes, and perhaps entire organisms as the
meaning of genomes” (p. 97). Evolution
itself is presented as a formally specifiable
linguistic process acting on sequences. This
is heady stuff and belies strongly nativist
assumptions. Structures outside the genome,
the subtleties of cell-environment interac-
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tion, and population-level selection appear
to play no role in Searls’s vision of molecular
biology. The abstraction—the sequence of
characters—has hidden these from view.
The power of the sequence abstraction
to illuminate and obscure is one of the
lessons of Artificial Intelligence and Molecular
Biology. In his introductory overview of
molecular biology Hunter states: “All of an
organism’s inherited characteristics are con-
tained in a single messenger molecule: de-
oxyribonucleic acid, or DNA. The charac-
teristics are represented in a simple, linear,
four-element code” (p. 3). These are attrac-
tive myths, and their seductive power is
reinforced by the results flowing from the
genome projects. Their power to obscure,
to hide the information contained in cyto-
skeletal and membrane organization or in
chromosomal structure and the essential
role this information plays in the life of the
cell, is seldom explicitly noted. Lederberg
warns in the foreword that “we will have to
face up to making real sense of [sequences]
in the context of a broader frame of biolog-
ical facts and theory” (p. x). Anyone pur-
suing the development of cross-disciplinary
theory in biology would be well advised to
heed this warning.
Chris Fields
Institute for Genomic Research,
932 Clopper Road,
Gaithersburg, MD 20878
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