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Reviewed by Michael Bradie

In the late 1950°s and early 1960’s, at the
dawn of the computer age, there was great ex-
citement among some researchers about the
prospects of being able to use fast and powerful
computers to model and understand human in-
telligence. Some hard line defenders of what
came to be known as the ‘strong program’ in Al
brashly predicted that within a few years ma-
chines would be built that not only simulated
human intelligence but were, in fact, really in-
telligent. The idea, simply put, was that think-
ing and intelligence, in general, was merely a
matter of symbol manipulation. The difference
between a desk top calculator and a machine
capable of understanding and appreciating a
Shakespearean play or a Wagnerian opera was
merely a matter of degree. The programs and
manipulations involved in the latter activities
were merely more sophisticated and compli-
cated extensions of the former. This was a re-
ductionist program with a vengeance. As the
years passed and it became clear that construct-
ing an artificially intelligent machine was going
to be more difficult than some had initially
thought, some critics began to reassess some of

the explicit and implicit philosophical assump-
tions of the ‘strong program.” One of the earli-
est critiques was by Hubert Dreyfus in his 1972
book What Computers Can’t Do: a critique of
artificial reason. Dreyfus rejected the view that
thinking could be realized (as opposed to simu-
lated) by computations and he rejected the re-
ductionistic view that general purpose under-
standing can be modeled by rules and algo-
rithms. It was time to try something new.
Lenny Moss’s new book, What Genes Can'’t
Do, is consciously modeled on Dreyfus’s cri-
tique. Like Dreyfus, Moss’s target is a strong
reductionist program that sees genes as the
“master molecules” that will enable us to ex-
plain and understand everything of interest in
the living world. In its place, Moss hopes “to
provide a platform upon which new naturalistic
lines of thought can interweave biological and
sociocultural threads at a very fundamental
level.” (xiii) His approach is to challenge the
guiding and, on Moss’s account, misleading
metaphors of the contemporary discussion of
the role of genes in organismic development:
‘gene as blueprint,” ‘genetic determinism,” and
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‘environmentalism.”  The result is a complex
and provocative historical, philosophical and
scientific analysis of the rhetorical and meta-
phorical structure of contemporary genetics and
developmental biology.

This is a challenging book both in its de-
mands on the reader and its critique of the con-
temporary ‘gene-centric’ view of life. The ba-
sic idea is this. Long before we knew anything
about the physical basis of heredity, factors or
genes were identified in terms of their func-
tional or phenotypic effects. The discovery of
the molecular foundation of inheritance — the
structure of DNA — invites an easy identifica-
tion of genes as functional units with stretches
of DNA. However, the fit is uneasy at best and
disastrous at worst. The linguistic metaphors of
‘coding’ and ‘information’ conspire to obfus-
cate the conceptual gaps between two distinct
concepts of ‘gene’ - gene-P and gene-D. The
result is the promotion of a ‘gene-centric’ view
of biological processes that is empirically sus-
pect and heuristically at a dead end. Moss fore-
sees the development of biology in the 21* cen-
tury as guided by a rejection of the predominant
view of the 20" century that genetic explana-
tions of life processes are fundamental. In its
place, he sees the development of a more nu-
anced approach that takes into account the con-
tingencies of the environments within which
DNA operates. The day of the ‘master mole-
cule’ approach is coming to an end.

Genes are the focal units of evolutionary
theory and developmental biology. But, what
exactly are they? In the first chapter, “Genesis
of the gene,” Moss traces the emergence of the
modern conception of the gene back to the 18"
century debate between preformationists and
epigeneticists. This is not an easy read. Moss’s
treatment presupposes a good deal of under-
standing of embryology and genetics and a
willingness to take much of the historical de-
velopment on faith. The historical development
involves a shift from embryological models of
character development to phylogenetic models
of character development.

The idea of gene as ‘blueprint’ deploys an
information metaphor that Moss argues con-
flates two distinct concepts of “gene.” One,
which he traces back to a preformationist line-
age and labels “gene-P”, is a predictor of phe-
notypic characters. For example, one talks of
genes for blue eyes or brown eyes. But, Moss
argues, the gene-P for blue eyes is the absence
of the gene-P for brown eyes. The second con-
cept of ‘gene’, which Moss labels “gene-D”,
stands for genes understood as developmental
factors and are identified with molecular se-
quences. They are the elements of what he
calls “the new epigenetics.” (52)

In Chapter 2, “The Rhetoric of Life and the
Life of Rhetoric,” Moss develops the differ-
ences between the two gene concepts he has
identified. P-genes have an instrumental utility
for predicting outcomes without any under-
standing of the physical, chemical or biological
processes involved (p. 51). Gene-D’s, on the
other hand, can be identified with DNA seg-
ments but have no clear relationship to pheno-
typic characters (p. 52). They constitute the
core elements of what Moss calls ‘the new epi-
genetics’: gene-D + developmental context +
environmental milieu --> phenotype.

Gene-P’s are useful for predicting suscepti-
bility to disease, for example, but the biochem-
istry is missing. The biochemistry of Gene-D’s
is known but they are not useful predictors of
phenotypic traits.

The following chart diagrams their relationship:

Discrete Sequents | Causally Privileged
Gene-D | Yes No
Gene-P | No Yes

The appeal to textual metaphors of ‘coding’
and ‘information’, Moss argues, leads to a con-
flation of these two different ideas into a “gene”
as understood as being identified with a discrete
DNA sequence (a gene-D property) and a caus-
ally privileged role in predicting and explaining
phenotypic expressions (a gene-P property) (p.
52).
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Moss traces the misleading implications of
the ‘information’ or ‘coding’ metaphors for
genes back to the influence of Schrodinger’s
What is Life? and the notion of a ‘hereditary
code-script’ that has come to be understood as
both ‘architect’s plan’ and ‘builder’s craft” (p.
56). Moss argues that Schrodinger’s concept is
intelligible only within a framework of thermo-
dynamical and physical assumptions that may
or may not characterize the conditions under
which biological development takes place. To
the extent that these conditions are not satisfied,
the application of the ‘code script’ metaphor to
organic development is not warranted (p. 62).

Moss is not arguing for the possibility of a
metaphor free biology. Rather his point is that
we must be careful to remember the contexts in
which the metaphors arise and be cautious in
our appeal to them when they are used in other
contexts.

Chapter 3, “A Critique of Pure (Genetic) In-
formation,” is concerned to establish that “Nei-
ther DNA nor any other aperiodic crystal con-
stitutes a unique repository of heritable stability
in the cell; in addition, the chemistry of the
solid state does not constitute either a unique or
even an ontologically or causally privileged ba-
sis for explaining the existence and continuity
of order in the living world” (p. 76)

The central thesis is that “[t]he standard ra-
tionale for speaking of genes in the conflation-
ary style — as the “information,” “blueprint,”
“Program,” “Instructions,” and so forth for
building an organism — is that DNA provides
the template for synthesizing proteins and that
proteins, as enzymes, regulate all of the chemi-
cal reactions of the cell. For this rationale to
hold up it must be the case that either (1) spatial
arrangements of enzymes in the cell are of no
great consequence or (2) that spatial arrange-
ment is somehow prefigured by the one-
dimensional array of nucleic acids in the genes”
(p- 94). Moss argues that both claims are false.
They are, he argues, overly reductionistic.
Moss discusses the approach by Stuart Kauf-
mann and his associates that attempts to model

biological processes in terms of non-
equilibrium dynamical systems but he worries
that the fit between the models and the biology
of cell processes is not yet secure. In the end,
he leans towards the Developmental Systems
Theory (or DST) approach favored by Susan
Oyama, Paul Griffiths and Russell Gray. They
argue that “ontogeny is best viewed as contin-
gent cycles of interaction amongst a heteroge-
neous set of developmental resources, no one of
which ‘controls’ or ‘programs’ the process.
The resources range from DNA to cellular and
organismic structure and to social and ecologi-
cal interactions. Many of these resources, both
inside and outside the organism, can be reliably
reconstructed down evolutionary lineages.
Evolution is change in these developmental cy-
cles. The changes in gene frequency often used
to define evolution are but one aspect of the
richer complex of stabilities and changes cap-
tured by the developmental systems approach
“(Oyama, Griffiths & Gray 2001; quoted in
Moss, p. 115).

Chapter 4, “Dialectics of Disorder: Normali-
zation and Pathology as Process,” is a historical
analysis of the evolution of our understanding
of cancer. Moss distinguishes three key peri-
ods: [1] The ancient Greeks held a ‘humor’
theory of disease. Disease is viewed as the re-
sult of an imbalance of systematic elements —
the humors. [2] The second period arose in the
late 18" century as a corollary to the develop-
ment of “modern cell theory, histology and em-
bryology. [3] The third period commences with
the advent at the beginning of the 20™ century
of the modern genetic viewpoint.

The moral is the same: current research
strategies focus too narrowly on the genetic fac-
tors and ignore the contextual, intercellular,
biochemical and sociological factors that con-
tribute to the onset of the disease.

This is an important and interesting book.
Moss challenges the empirical adequacy, the
theoretical utility and the philosophical respect-
ability of the current gene-centered approach in
developmental biology. His critique is an invi-
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tation to construct a better understanding that
promises to have important implications not
only for the future direction of scientific re-
search but also for the wider socio-political dis-
cussion of issues connected with health, disease
and development.

Michael Bradie, Professor, Department of Phi-
losophy, Bowling Green State University,
Bowling Green, OH 43403, USA. Email:
mbradie@bgnet.bgsu.edu.
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