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The problem
The Human Genome Project (HGP) is under way. The
initial 5 year period has been devoted to establishing
both a genomic and physical map of the human
genome and to improve current methodologies of
sequencing. The next phase is to undertake the total
sequence of all human genes (as many as 100 000) and
the intervening 'non-informational' evolutionary
debris (?), which appears to comprise up to 90% of the
three billion base pairs. The debate over the value
and the wisdom of the HGP has been rigorous. The
economic, moral and professional interests circulating
about the HGP make this a hotly contested political
issue. There are the competing biomedical interests,
apprehensive of dividing a potentially smaller govern-
ment research budget, and broader social concerns
about the ethical implications of establishing, even
defining, a normative genome. Further, economical
complications have surfaced in recent months. The
extent to which HGP will be unravelled as a co-
operative international search-for-truth venture is
threatened by competitive interests eg the recent
patent application of the NIH to protect over 2000
unidentified gene fragments, the British MRC decision
to charge user fees for what they regard as proprietary
information generated by its mapping group, and
more simply, sequestering potentially interesting
sequences, are matters provoking great interest, and
alarm1. The entire debate concerning public sponsor-
ship of the HGP may soon become moot if recent
commercialization ventures mature and effectively
replace the academic-based sequence laboratory with
their entrepreneurial zeal.
Our objections to the project derive from both con-

cerns over its scientific rationale and the underlying
philosophical basis from which it originates. In
our view, the HGP is driven by an opportunistic
technology, an avaricious lobby, and misguided goals.
Ultimately, we suspect the debate is over the
imperialistic agenda of a particular programme of
biological research. There are at least two divergent
visions of biomedicine, emanating from different
research traditions that polarize the scientific
arguments concerning the HGP. Walter Gilbert sees
these traditions as (simply) the search for the
universal amongst the bewildering complexity of
organic life; diversity and heterogeneity must be
reduced to base phenomena, by which unity will
be discerned2. In this view, the HGP is the motor
that drives the question of assigning the priorities of
genetic controls and the appropriate strategies towards

defining and understanding development and growth.
We reject such a dichotomy which bespeaks a hidden
agenda: the genetic code is the organism, and
represents the essential, or universal, key of life. The
rest is confusion that can only be meaningful once
reduced to a more basic formulation - that is, how the
gene rules.
Regulation, as a biological concept, need not be

hierarchical, but may be better viewed as inter-
actional. Any level of biological organization may, by
self-regulatory feedback mechanisms, interact with
levels above or below it. By itself, no isolated level
determines everything that happens at any other
level. Add the complexity of epigenetic events, ie those
determined by factors in the organism's environment,
and the impossibility of defining organismal devel-
opment or function from an exclusively genetic
perspective is self-evident. Some molecular and
evolutionary biologists, however, may not appreciate
such relationships and have extended the early
twentieth century geneticist's bias of looking at the
organism through the nucleus to deoxyribonucleic
acid (DNA). For instance, Richard Dawkins argues
that the organism is but an entity for perpetuating
and spreading DNA around the countryside3, and
David Baltimore views the controlling nucleus as an
executive function secured in the boardroom4. HGP
closely follows this model of our genes doing all our
thinking for us.
Early criticism of the HGP focused upon the obvious

concern that the project is far more expensive than
any other concerted effort in the biological sciences,
and therefore its priority must be carefully weighed.
Further, there are obvious and less evident sociological
effects of such 'big science' on the organization of
biomedical research, not to speak of the ethical and
political dilemmas5 6. Our chief complaint however
resides in the implicit endorsement and credence the
HGP gives to a blind and radically reductionist
research strategy. Of all the direct and indirect effects,
the intellectual orthodoxy of this approach is probably
most deleterious and will induce the most long-
standing damage. Obviously reductionist strategies
are employed when occasion demands, but more
inclusive approaches acknowledge that different
biological questions may require diverse scientific
methods of inquiry. It is at this conceptual level
that broad research commitments are being made,
priorities established, resources allocated. Are we in
fact dealing with the Holy Grail ofbiology that (if not
in absolute dollar amount, at least as an ideal)
represents the primary (and uncontested) goal of the
life sciences? To a large extent the argument is
ideological, self-serving to the particular interests of
molecular biologists and aggrandizing for the purview
of their discipline.
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Scientific critique
First, let us acknowledge what to us are obvious
benefits of the HGP and which are in fact already
being pursued as part of the initial consensus
programme: (i) a comprehensive linkage mapping pro-
gramme to locate genes precisely on chromosomes;
and (ii) linked to this first endeavour, the charting of
a physical genetic map. The linkage map is expected
to identify and locate genes that are now recognized
only by their phenotypic (ie expressed) effects7'8. In
addition, assembly of the physical map appears to
require the linkage studies, although the strategic
order of pursuit is still in debate as the mapping
techniques continue to evolve. These first two goals
are likely to have immediate benefit for molecular
studies of human genetic disease, especially for
diagnosis at the prenatal, preclinical or carrier state.
Coupled to these diagnostic goals are a commendable
effort to improve the methodology for nucleotide
sequencing and, finally, a significant commitment to
explore the social and ethical issues related to gene
therapy.
We have already published our scientific criticism of

the HGP5. Our concerns fall into the broad categories
of the true utility of the information, priority of goals,
and general orientation of meaningful biological
research objectives. Our first doubts originate with
the ostensible purpose ofHGP, that is the notion that
the human genome will be sequenced. There is
no comprehensive way in which a single genomic
sequence can 'represent' the 'genome of the species',
because of nucleotide polymorphism and hypervariable
regions. That it can be used for mapping the genes
is not contested, but the sequences from different
individuals consist of highly irregular information
that cannot be 'represented' by any average; attempts
to deal with these DNA sequence statistical variances
are now being addressed, but have as yet to be
solved9.
Once mapped, deviant genes may be identified and

definition of the nucleotide lesion will then follow.
This is the most directly relevant medical strategy
and in fact represents the consensus of current efforts
ofthe HGP. But this effort must be distinguished from
unravelling the Gordian knot of gene replacement
therapy, which although linked, is a separate issue.
From a therapeutic point of view, to replace a
defective gene with a normal one is the penultimate
bioengineering feat. Eleven trials are currently
underway and their promise has elicited enormous
enthusiasm10"'1. The HGP agenda of identifying genes
by mapping is obviously relevant to this therapy, for
locating genes is the first step (from a molecular
biological perspective) of defining an aberrant or
missing protein that causes disease. Mapping is
distinctive from total (and blind) sequencing, and the
latter need not follow the former.
Our second major concern is to define what in fact

the HGP cannot promise, despite its advocates' most
enthusiastic endorsements. According to Gilbert, once
the sequence of any organism is available, its biology
can emerge from being a purely experimental field
to a theory-based science12. He claims ostensibly,
from the stored sequence, the entire corresponding
amino acid sequences ofproteins will allow theoretical
analysis: in principle, control mechanisms may be
obtained from this information, and the interaction of
genes calculated, with the hope of predicting organ-
ismal behaviour. We have reviewed the illegitimacy

of this argument elsewhere5, and suffice it to note
that we as yet cannot even predict polypeptide folding
of small proteins, and thus cannot define functional
mechanisms from primary amino acid structure,
which is the most that a DNA sequence alone can
provide. Aside from this fundamental concern, the
biology (ie, functional role of proteins) arises in a
temporal dimension.
Typical biological processes are dependent on the

time of action of genes. This information is at least
partly in the environment, not in the genome, and to
what extent it is in the genome is still unknown. Thus,
the epigenetic control of DNA transcription and
related problems of developmental and regenerative
phenomena cannot be approached with sequence
data. Further, organizational explanation of complex
systems such as the immune and neuronal networks,
programmed cell death, and many other poorly under-
stood temporally sequenced events, are but other
examples of complex biological function and behaviour
which might ultimately utilize DNA sequence data,
but whose systematic exploration must first exploit
other experimental strategies. The design ofcomplex
integrative models of these phenomena cannot rely
on the HGP to offer practical or even theoretical
solutions to questions arising at these other levels of
biological organization. The relentless, but blind,
quest for DNA sequences must be placed in its proper
biomedical context. The interactions ofthe genes will
have to be studied as they are conventionally done,
using phenotypic properties; knowing the sequence
of all but the relevant genes in a few coding regions
is largely irrelevant to this process.
These then are the principal scientific limitations

of HGP, essentially derived from its intellectual
orientation. It is a powerful strategem to answer only
certain peculiar questions relevant to its narrow
purview. In summary, our critique is based on the
following assessment: (i) going to the lowest level of
organization does not necessarily yield any insight
of interest; (ii) reductionist explanation, even when
possible, is not cost-effective in terms of effort
expended; (iii) mapping is justified, blind sequencing
is not; and (iv) the sheer complexity of a system might
make reductionist explanation impossible. For complex
disease processes, involving critical environmental
triggers, poorly understood multiple factors or disease
susceptibility, both the involvement of multiple
genes13 and the relevant epistatic interactions and
pleiotropic effects of the participating genes must be
characterized. Extra-genetic factors are critical to the
aetiology ofthe disease (eg the highly variable clinical
course of sickle cell disease) and there is no reason
to believe that all such environmental components are
in general due to the epistatic effects of genes at
other loci. Sequence information is of little value in
these cases, since what has to be understood is the
interactions with the environment which, at least to
a first approximation, consists of, or is mediated by,
biological entities at higher levels of organization
than the DNA sequence. This is not to argue that the
identification of disease caused by single gene
aberrations is not an important and potentially
exciting venue of medical progress, only that at
present it has restricted relevance to most problems
of medical concern. We do not argue against the HGP
in its entirety, but rather seek to place its promise
in proper perspective. To have a human genetic map
ofhigh resolution will be ofenormous aid in localizing
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genes for sequencing and definition of mutation or
deletion, but such information should not be sold to
an unsophisticated public or a cowering scientific
community as offering more than it can deliver.

Reductionism as ideology
The scientific limitations of the HGP arise from the
assumptions underlying its research strategy, which
are flawed and, we argue, flawed for ideological
reasons. There is no agreement on what 'ideology'
means. We limit our use of the term to a description
of scientific methodology. Such a methodology might
better be called 'imperialistic' not only when it is
attempted to extend a scientific strategy beyond its
acknowledged domain of application, but also when
it is invoked to exclude other modes of inquiry. The
exclusionary aspect of such programmes deserves
emphasis because it is precisely what makes a
programme ideological: any robust methodology is
routinely pressed into service beyond its known
domain. That is standard scientific practice and
hardly questionable - it, alone, does not make a
programme tendentious. The ideology in question is
reductionism, with the connotation of 'reduce', which
entails an attempt to explain all phenomena univocally
on the basis of a single set ofparameters that is taken
to be fundamental. Two types of reductionism converge
to generate what we call the ideology of the HGP. The
first is physical reductionism: the attempt to explain
all properties of a complex entity entirely in terms
of its constituent parts and their physical and
chemical interactions. As such explanation proceeds,
it goes to lower and lower levels of organization. The
second is genetic reductionism: the claim that all
biological properties of an organism can be explained,
and are determined, solely by its genes.
Physical reductionism has its roots in the mechanical

philosophy of the seventeenth century according to
which the physical properties of bodies were to be
explained by, or reduced to, mechanical 'push-pull'
contact interactions of their parts'4. In biology, this
kind ofthinking goes back equally far, but only begins
to dominate research from the mid-nineteenth century
with the work of Hermann Helmholtz and others
who attempted to purge vitalism from biology by
emphasizing chemistry in physiological phenomena.
For Helmholtz and his collaborators, explanation was
always the prediction of the behaviour of a whole in
terms of its parts. The properties of a tissue are to be
explained in terms of the properties of its constituent
cells. Further explanation involves smaller parts.
The properties of a cell are to be explained by the
properties of its organelles. Moreover, all interactions
between these parts have to be chemical or physical.
In reductionist explanations there is neither any
reference to teleology or purpose, the forte of their
nineteenth century 'organicist' opponents, nor any
invocation of special living forces like those invented
by eighteenth-century vitalists. In adopting this
strategy, however, severe reductionists abandoned the
goal of integrating dissected phenomena into the
larger whole. The development of nineteenth and
twentieth century biomedicine may be viewed as the
growing ascendency of a research program based upon
this physical reductionism ideal.
Arguably, this kind of research reached its pinnacle

with the early successes of molecular biology, the
DNA double helix and operon models, which were
intrinsically reductionist. Properties of DNA, such

as coding for genes or replicating itself during
reproduction, were explained by reference to its
structural details. The interactions between parts of
the DNA helices were sometimes subtle (involving
very weak mechanisms such as the hydrogen bond),
but nevertheless physical. The operon model exhibits
a similar pattern. Regulation is controlled by a protein
attached to DNA and expression triggered by a
molecule in the environment. The DNA double helix
model, by elucidating coding, replication, and the
possibility of expression, and the operon model,
by giving an account of regulation were, indeed,
remarkable successes of reductionism in molecular
biology. However, there are two points that should
not be forgotten even here. (i) This sort ofreductionism
has no necessary commitment to DNA and DNA only.
It can invoke proteins, lipids, solvent molecules or
metallic ions - whatever the situation might demand.
(ii) Explanations of this sort, after the initial
spectacular successes have run into formidable
difflculties: witness the difficulty of constructing a
model of regulation of eukaryotic gene expression by
extending the operon model. The Brittin-Davidson
model, the most plausible such extension, has limped
into oblivion for all its initial promise. This is not
to suggest that ultimately, such explanations of
complicated phenomena are not possible. Rather, it
is to point out that they are not at hand and their
pursuit is independent of the knowledge of mere
nucleotide sequence. They will involve theoretical
elaboration and experimental investigation at many
different levels as in the case of the 'lock-and-key'
model of protein-protein interactions.
By ignoring these two points, the first by assigning

DNA a disproportionate role, the second by glossing
over difficulties with explanations, (physical) reduc-
tionism as a research strategy has been transformed
into ideology by the proponents ofHGP. Of course, in
their defence they can argue that DNA is fundamental:
DNA makes protein and (indirectly) the other
components of cells. Unfortunately, this argument
does not stand up to scrutiny. DNA makes DNA only
in the presence of protein and our inability to escape
from this 'chicken-and-egg problem' is exactly what
befuddles theories of the origin of life. Ifthe first cell
contained DNA (or RNA) as the carrier of hereditary
information, one is faced with the problem of their
synthesis, because nucleic acid synthesis, as performed
in living cells today, is catalysed by a large array of
proteins. But, if the first cells also contained proteins,
one is now left with the problem of their origin since
proteins are coded for by nucleic acid! All that can
be said, reasonably, is that DNA codes for protein in
a sense that protein does not code for DNA. To say
more is to deify the code as if no other mode of
information transfer is possible. As embryologists well
know, cytoplasmic determinants and environmental
triggers are critical for development and knowledge
of DNA sequence alone is of little use for under-
standing these processes. Once again, we have left the
realm of science for that of ideology.
Genetic reductionism, which partly explains why

this domination ofDNA has taken place, claims that
everything of biological interest is determined by the
gene. As Dawkins likes to put it, an organism is
merely a gene's way of making another gene. As
research strategy, genetic reductionism enjoyed its
greatest successes in the first two decades of this
century, while biologists deciphered the mechanisms
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of Mendelian inheritance. This achievement was as
important as the discovery of the double helix, but
even here, genetic reductionism was used as a tool
rather than as an end-in-itself. The identification of
phenotypic traits, such as eye-colour or wing shape
of Drosophila, which had an unequivocal genetic
basis, permitted the location of genes on chromosomes
(relative to each other), that is, gene mapping. The
identification of these traits as 'genetic' in this sense
had no other implication, covert or overt, since there
never was any doubt, since Mendel's pioneering
experiments, that some physical characteristics were
under the immediate control of specific genes. Genetic
reductionism, in this research, was not pursued for
its own sake; it was a tool for the immensely exciting
programme of elucidating the organization of genes
on chromosomes.
This is not to deny that there are traits that are

clearly genetic in the sense that they are controlled at
a few loci with high expressivity and whose products
directly provide the chemical basis for that trait. The
point, however, is that genetic reductionism goes well
beyond such (relatively) uncontroversial cases. It
consists of a claim that all traits are genetic. These
traits include complex behavioural ones even in
humans and, finally, all those traits that are
customarily considered mental. Thus, alcoholism,
homosexuality and schizophrenia, for example, are
claimed to be genetic. Leaving aside the controversial
question of the sense in which complex mental
behaviour can properly be termed 'biological', prop-
onents ofthe HGP invoke such examples to sell their
case'5. With remarkable ease a transition is first
made from the biological to the inherited (if there is
a biological basis for 'insanity', it must be inherited)
and, then, from the 'inherited' to the 'genetic' (hence
the relevance of the HGP). In this view, the environ-
ment is passive, though necessary background, as
genes alone act. The ideological roots of this claim
are much more shoddy than in the case of physical
reductionism. These roots go back to the unresolved
nature-nurture dispute, sometimes seen as the
heredity-environment debate, and opts simply for
heredity, ignoring the complexity of the interaction
of heredity and environment and the difficulty of
separating out the relative contributions of each.
According to the genetic reductionist, individuals
afflicted with psychological problems are not to be

treated by social interventions: the appropriate level
of intervention is the gene. Not only are social
problems to be biologized, biology seems to get
univocally reduced to genetics. Once the ideological
nature ofthe project is realized, its structure becomes
transparent: since the gene is physically coded for by
the DNA in the genome, when physical reductionism
converges with genetic reductionism, research need
do nothing other than physically sequence DNA.
That, really, is what the HGP is about.
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