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nevitably, this ambiguity permits all of us a certain latitude in 
mr hopes expectations for a "eugenics of normalcy." In 
Nays to spell out, it also clears a large field for the 
Jperation of distinctly nongenetic, ideological forces. Where so 
nuch is at stake, it behooves us to think more seriously, and 
nore carefully, about the social and individual bodies on which 
he very meaning of health and disease, normal and abnormal 
lepends. ' 
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Certain issues involving science are widely regarded as ethical 
or social-the appropriate moral and medical responses to ab-
normal fetuses, for example. The "concept of abnormality" itself 
is not usually one of these social or ethical issues. It is assumed 
that science tells us what is normal or abnormal, diseased or 
healthy, and that the social and moral issues begin where the 
science leaves off. 

For many purposes, such an rmderstanding of science is ap-
propriate. In this chapter, however, I would like to challenge the 
"givenness" of the categories of normality, health, and disease. 
By understanding the differences among various biological the-
ories and the distinguishing features of their respective goals 
and approaches to explanation, we can analyze the way in 
which scientifically and socially controversial views are some-
times hidden inside apparently pure scientific judgments. 

I am not suggesting that the misleading nature of some of 
the scientific conclusions I discuss implie.s some unsavory inten-
tion on the part of the scientists involved. On the contrary, my 
point is that there are sincere scientists working among different 
theories and subfields, each with their own standards of expla-
nation and evidence. The diversity of theories and models in-
volved in implementing the Human Genome Project provides a 
unique challenge both to the producers and the consumers of 
the DNA-sequencing information. I contend that the problems 
arising from this diversity have not been recoonized or ad-
dressed. 

In drawing attention to some important differences among 
the biological theories involved in the Human Genome Project, I 
will explore several possible misunderstandings that may be 
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arising viewing biology as a monolithic and completely in-
tegrated saence. Further, I raise some concerns about the risks 
inherent in biological and medical reasoning about genetics. 

Health and Disease 

concerning health and disease inevitably involve 
questions ?f "Health" encompasses the thriving, 
fully functioning, or normal states of the organism, while "dis-
ease" includes states of malfunction, disturbance, and abnor-
mality. States of organisms do not announce themselves as 
desirable or undesirable, healthy or diseased, normal or abnor-
mal; such classifications are inevitably applied by comparing the 
state of the organism to some ideal which serves a normative 
function. Where does this ideal come from? 
. Rou?hlY speaking, our notions of the ideaLstate of an organ-
ISm a:e by our understanding of the "proper" or ap-
propnate funetions of various parts. The function of the kidneys 
IS to clean the blood; if the blood is not cleaned thoroughly, and 
the loses the benefits of the "proper functioning" of 
the kidneys, then the kidneys are "diseased. " Overall, the or-

does not function as well as it once did. But suppose 
instead that an organism with badly functioning kidneys never 
had kidneys that effectively cleaned the blood? Then the com-
parison must be made not to the prior state of that individual, ?ut to a more abstract notion of "proper functioning" of kidneys 
m people. In other words, the ideal is nonnal kidney function-
ing, where "normal" signifies the function in a thriving person. 

The difficulties of classifying diseases are well known, hav-
ing been faced by every theory of medicine in human history. 
The range of definitions of "normal functioning" -from proper 
balance of the four humors, to clear flow along the chi merid-
ians, to freedom from cohabitation with microorganisms-has 
also received a great deal of attention. It seems, therefore, that it 
would be a major scientific advance, and a significant relief, to 
be able to understand disease and proper function on the mo-
lecular level, and it is just this that is promised by many propo-
nents of the Human Genome Project. 

Ren_ato Dulbecco, for example, argued that significant ad-
vances m cancer research would be made possible by knowl-
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edge of the exact human DNA sequences.1 Similarly, Nobel 
laureate Jean Dausset has defended the Human Genome Project 
by arguing that it will allow us to predict when a person will 
develop an illness, or at least when he or she will have a predis-
position to that illness. Early diagnosis and preventive measures 
are also emphasized. Dr. Jerome Rotter, director of the Cedars-
Sinai Disease Genetic Risk Assessment Center in Los Angeles, 
says, "[I]t's more than just knowing you're at risk. You can take 
steps to prevent coming down with the disease o.r be able to cure 
it at an early stage."2 

The descriptions of disease promised by the Human Ge-
nome Project are intended to be on the biochemical and, some-
times even the molecular level. James Watson, codiscoverer of 
the of DNA, and later director of the National Insti-
tutes of Health segment of the Human Genome Project, asserted 
that genetic messages in DNA "will not only help _us 
how we function as healthy human beings, but will also explain, 
at the chemical level, the role of genetic factors in a multitude of 
diseases, such as cancer, Alzheimer's disease, and schizo-
phrenia."3 The geneticist Theodore Friedmann has proclaimed 
that, "molecular genetics is providing tools for an unprece-
dented new approach to disease treatment through _an a_ttack 
directly on mutant genes."'- Once diseases have been 
on the molecular level, treatment can begin: "inherited diseases 
can be identified with biochemical as well as genetic precision, 
often detected in utero, and, in some cases, they can be treated 
effectively. "5 

• • 
The promise is that diseases will finally be subject _to truly 

scientific classification, analysis, and treatment. Detailed 
scriptions of the molecular causes of disease will enable 
researchers to develop more precise preventive and 
techniques. Once the human genome is seque:iced, we will 
have a library of genes with which any abnormal 
gen.e can be compared. Abnormal .isolated, altered, 
replaced or, in case they are present m unplantable embryos, 
simply discarded. . . . 

In many ways, this picture of medical prorruse and. possi-
bility is undoubtedly positive. It is also nuslead-
ing. The primary problem is that the picture of disease. 
often presented in discussions of the Genome is 
oversimplified. Specifically, the presentation of genetic disease 
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and abnormal gene-function as self-announcing is unjustified, 
except in the most trivial sense. General physiological notions of 
normality, health, and disease are defined according to a differ-
ent set of standards that go beyond molecular-level descriptions. 
Describing genes as "causing" diseases is, on a basic scientific 
level, to confuse at least two distinct levels of theory and de-
scription. While a genetic classification of disease may indeed be 
desirable and useful, it also involves a series of judgments about 
the ideal forms of human life. Moving the level of diagnosis 
down to the molecular level does not succeed in avoiding the 
fundamental value judgments involved in defining health and 
disease, contrary to the suggestions of the genome researchers. 6 

So while molecular techniques will certainly aid in the diag-
nosis, identification, and analysis of disease processes, they can-
not replace the profoundly evaluative and essentially social 
decisions made in medicine about standards of health and dis-
ease. In fact, molecular techniques should be understood as 
offering an unprecedented amount of social power to label per-
sons as diseased. Hence, it is more important than ever to gain 
insight into the normative components of judgments about 
health. The potential submersion of normative judgments under 
seas of DNA-sequence data should not persuade anyone that 
conclusions concerning health and disease have now, finally, 
become scientific. Any appearance to the contrary is a result, I 
will argue, of some rapid and illegitimate shifting between bio-
logical subtheories. Once the structure of the theories involved 
has become clear, it will be easier to see how and where evalua-
tive decisions are being made. 

Molecular Descriptions 

Let us begin by taking a closer look at the description and expla-
nation of disease at the DNA level. The typical form of the 
model used in explanation is described by T. H. Jukes: "[I]nher-
ited defects would be caused by changes in the sequence of 
DNA, perhaps a change in a single nucleotide. Such change 
might result in the replacement of one amino acid by another in 
a protein at a critical location, making the protein biologically 
useless. "1 

A paradigmatic case of genetic disease, sickle-cell anemia, 
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fits this general model well and is an early, compelling, and 
fairly complete case of medical genetics. The original mystery 
was why certain populations had a high incidence of a type of 
red blood cell that seems to cause health problems. The red-cell 
abnormality stemmed from a difference in the hemoglobin mol-
ecule which impeded its ability to carry oxygen, hence damag-
ing the bodily capacities of a person with these cells. An analysis 
of the biochemical causal pathway revealed that the genes that 
code for the hemoglobin molecule in these people were different 
from other people's hemoglobin genes in a particular way, thus 
affecting the ability of the hemoglobin to pick up oxygen. The 
differences in genes contributed to a difference in the proteins 
made according to the pattern on those genes, and these protein 
(hemoglobin) differences had systemic and detrimental effects 
on health. 

This biochemical causal-pathway model traces an isolated chain 
of events that yields the effect of interest. In the standard ge-
netic/biochemical model for the production of hemoglobin, the 
hemoglobin gene codes for a protein that is included into the red 
blood cells, cells that, in tum, serve the function of carrying oxy-
gen to the cells of the body. The model presents, in detail, a 
picture of "normal or proper functioning." 

There is not much room for simple variation in this explana-
tory scheme using the standard model. 8 But why should there 
be? The purpose of the basic explanation is to explain how it could 
be that hemoglobin is produced and operates effectively in the 
body. The goal of the explanatory theory is to delineate at least 
one causal chain that could proceed from the initial state-DNA 
arranged on chromosomes in a zygote- to the final state-iron 
arranged in hemoglobin molecules carrying oxygen around the 
body. The final model of hemoglobin abnormality in sickle-cell 
anemia represents an astonishing piece of detective work, since 
it assumes an understanding of each chemical reaction involved 
in the "normal" causal chain. The abnormality itself is explained 
through isolating the points in the sickle-cell causal chain that 
are different from the model of normal functioning. 

Watson, in motivating the genome projects, presents a simi-
lar picture: "The working out of a bacterial genome will let us 
know for the first time the total set of proteins needed for a 
single cell to grow and multiply."9 Such a goal is perfect for a 
biochemical causal model: what is desired is some complete set 
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of causal steps yielding a living organism. But variation plays 
no role in this model. It is an uninteresting, and even distract-
ing, feature of the processes on which the explanatory theory is 
focused. 

In other words, under a biochemical causal model, there is 
no obvious approach to dealing with variation. One could clas-
sify all variations on this main scheme as "abnormal." Owsei 
Temkin, in ridiculing a definition of disease based on genetic 
origins, teased that "there should also be as many hereditary 
diseases as there are different genes representing abnormal sub-
molecular chemical structures."10 Temkin argues against classi-
fying diseases on causative principles in general, "lest specific 
diseases be postulated which have no clinical reality. "11 More 
sensibly, we would prefer to define a variant as abnormal or 
diseased only if it interfered with "proper function." Proper 
function, however, cannot be defined within the molecular ge-
netic model itself: it must be defined in terms of the physiologi-
cal functions of the resultant protein. 12 Here, proper function 
could involve simply the presence of an effective hemoglobin for 
carrying oxygen around. But there could be (and are) different 
degrees of effectiveness. How should we divide these up into 
abnormal and normal?13 Simple variations and undesirable vari-
ations? Some differences in DNA lead to large changes in func-
tion, while other differences are imperceptible with regard to 
oxygen delivery in a normal person. 

A friend was exposed to this problem personally. Having 
gone to a physician who was up-to-date on all the most recent 
screening techniques, my friend's slightly red eyes prompted 
the doctor to run a blood test. The results of this test were posi-
tive, and my friend was informed by his doctor that he had "ab-
normal" hemoglobin and liver functioning, something called 
"Gilbert's disease." When my friend.asked about the health con-
sequences of this abnormality involving an essential protein in 
his body, he was told that the disease was "nonfunctional," and 
the only known effect was a reddening of the whites of the eyes. 

The point is this. If normality is defined at the level of the 
biochemical causal model, all variation in the DNA of the hemo-
globin genes is abnormal. As such, however, the genetic abnor-
mality tells us nothing about its effects on physiological function 
in the larger organism. 

Another example emerges from recent research on human 
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breast tissue. "Fibrocystic breast disease" exists in approx-
imately 45 percent of the female population over age thirty-five. 
In one sense, the relevant phenomena are called "fibrocystic dis-
ease" because they involve the process of encystation, which is 
additional to the usual physiological functions of breast tissue, 
such as milk production. On the medical and physiological 
level, however, it seems that the fibrocystic condition is com-
pletely "normal" for the average adult woman; furthermore, the 
condition does not impede or alter the usual physiological func-
tions of the breasts. In what sense, then, is the fibrocystic condi-
tion a "disease"? This is a case in which refined understanding 
at the cellular level leads to the classification of a condition as an 
"abnormality" or "disease," while at the functional, medical, or 
physiological level it is unclear what sense can be made of label-
ing nearly half the women over the age of thirty-five "diseased." 

Again, if normality is defined according to some model of 
physiological function, molecular information alone cannot de-
cide whether a certain person is normal or abnormal. The DNA 
information itself is potentially revealing about the functional 
state, but only potentially. 14 Abnormality in the DNA or in the 
causal chain may or may not have health consequences that we 
would consider significant. Carl Cranor, in his discussion of ge-
netic causation and Hartnup disorder, emphasizes the contin-
gency of the emergence of disease on other factors. 15 He also 
reviews the various types of confusion that can arise regarding 
genetic causation. I offer here a diagnosis of the underlying 
mechanism that produces the kinds of confusion discussed by 
Cranor. 

Proper Function 

The second type of biological model involves reference to proper 
function on an organismic level. This level of model is usually 
considered most appropriate to·medicine, and it could be called 
a medical model. Generally speaking, the medical model tends to 
be on the level of the whole oroanism, rather than on the cellular 
or molecular level. Take the example of the common cold. While 
part of the explanation of how a person contracts a cold is that 
they were exposed to a cold virus, the rest of the explanation 
requires taking account of the body as a whole: one does not get 
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a cold simply from exposure to the virus; failure of the immune 
system to fight the virus invasion effectively is necessary, as is 
multiplication of the virus within the cells. Similarly, cancer cells 
are recognized as such on the microscopic level, but their unde-
sirability is because of the damage they do to organ function. 
The presence of cells simply growing in the wrong place may 
not impair function-witness the innumerable cases of benign 
tumors that lie undetected until death occurs from other causes. 

The first important aspect of the medical model, then, is its 
organismic basis. A second feature, one that has far-reaching so-
cial and policy implications, is that the medical model must rely 
on socially negotiated standards of what counts as the proper func-
tioning of a human being. 16 What range of functional perform-
ance is normal? Any answer involves a picture of what a human 
body should be like. 17 Probably the clearest recent demonstra-
tion of the social negotiation of categories of health and disease 
is the battle, in the past two decades, over the medical classifica-
tion of homosexuality. 18 Peter Sedgwick, for example, argued 
persuasively that classifying homosexuality as a disease is 
clearly not just an empirical assessment of biological function. 19 

To see the force of this argument, take the claims made in 
1991 concerning differences in brain structure between homo-
sexual and heterosexual men.20 Suppose, for the sake of argu-
ment, that these anatomical differences arise (in this environment) 
from genetic differences. (There is no evidence for this; the dif-
ferences could just as well be caused by homosexual activity as 
be the causes of it.) Suppose, further, that we were able to iso-
late some genes whose functions included structuring this part 
of the brain, and that people with a particular sort of brain struc-
ture were more likely to be homosexual. Should this genetic 
character be considered an "abnormality"? 

To answer the question, we would need to assume some 
"proper functioning" of the brain structure, and we must also 
align this proper function with a particular environment. (It 
could be that the same genes produce a different brain structure 
in a different environment, and that this brain structure is not 
correlated with a tendency to practice homosexuality.) What can 
we conclude about these genes? Only that they yield particular 
results in particular environments. But is this normal function-
ing? Clearly, the answer depends on something outside the ge-
netic causal story: it depends on whether we think homosexual 
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behavior should count as normal functioning in human beings. 
In other words, this distinction between normality and disease 
depends on how we envision human life ought to be. This story 
introduces a further problem. If homosexuality is not seen as 
normal functioning, it is unclear which approach would most 
successfully move the population toward a higher incidence of 
normal functioning-changing the environment in which this 
gene is expressed, or doing something on the genetic level to 
select out or replace this gene. 21 

The example of homosexuality brings out the profound 
value decisions involved in labeling certain functions as normal 
or abnormal. Without such evaluations, genes cannot be labeled 
as normal or abnormal in any but the most trivial respect-that 
is, insofar as they differ from the paradigmatic biochemical 
causal pathway currently accepted for that gene. 22 And such a 
weak classification system cannot do the work in medical ge-
netics that has been advertised for the Human Genome Project.23 

The issue of defining the standard of health and disease is as 
open as it has ever been. Indeed, there is now the additional 
challenge of applying it to unimaginably fine biological differ-
ences. 

Population Genetics Models 

Very different types of description and are used in 
populati.on genetics, where the emphasis is on the analysis and 
maintenance of variation in populations. Population geneticists 
have posed persistent challenges to the grander claims made for 
the Human Genome Project, urging that a biological account of 
variation in human populations must accompany the DNA-se-
quence information that was originally targeted.24 On average, 
any two human beings differ from each ot11er in approxin1ate1y 
10 percent of their nucleotides. Critics argue that any complete 
understanding of the functions of human DNA must be able to 
describe and account for this variation. 25 

Consider the meanings of "normal and abnonnal" in the 
context of population genetics theory. Since the state of a popu-
lation at a given time is given in terms of the distribution of 
different types of genes, a great deal of information is needed to 
delineate what is normal and abnormal, including (1) the range 
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of the types of genes, (2) the range of phenotypes and functions 
associated with these genes, (3) and the range of environments 
and the related norms of reaction. Finally, some decision about 
what _will count as adequate functioning in a specific environ-

is also needed; only then can a specific type be categorized 
as diseased. Oearly, such information is not going to be provided 
by the biochemical causal models that are prominent in molecu-
lar genetics. 

Development and Embryology 

A fourth type of biological theory is needed to understand ge-
netically based disease. The models of embryology, epigenesis, 
and developmental biology, though often confused with bio-

causal-chain models, are distinct from them, since they 
are designed to describe different things and to answer different 
questions. Specifically, epigenetic models describe the process 
of what actually happens with genes in environments; ideally, 
the end result is a description of the emergence of a phenotype 
in an environment. In this context, "normal" usually means that 
you get, at the end of the process of development, what is ex-
pected given those genes in that environment. Something is la-
beled as "abnormal" if it is not what is expected.26 

The fundamental importance of environmental considera-
tions in interpreting traits as normal or abnormal can be seen in 
the case of New Guinea highlanders, who often have urinary 
potassium/sodium ratios 400 to 1,000 times the "normal" West-
ern ratio. Daniel Carleton Gajdusek argues that this difference is 
a metabolic response to a sodium-scarce, water-poor environ-
ment. 27 Notions of proper physiological function, then, depend 
fundamentally on the related environment. 28 

Genetics and Disease 

considered these four types of biological theories, with 
their corresponding notions of normal and abnormal, we are 
ready to return to the specific issues surrounding the Human 
Genome Project. In the genome project, certain genes are la-
beled as abnormal, and the decision to do so is made by using as 
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a comparison the DNA sequence of a gene that appears in an 
accepted model of the biochemical causal chain. What is abnor-
mal under the biochemical model is not necessarily abnormal 
under a medical model. Nonetheless, researchers interested in 
the genome project routinely slip from a DNA level of descrip-
tion to a medical usage of "abnormal." 

P. A. Baird, for example, promises that the genome project 
will yield a "new model for disease," in which we will be able to 
diagnose on the basis of causes, and not simply treat symptoms. 29 

Carl Cranor points out that Baird's view exaggerates the role of 
genetic causes in disease. 30 I would add that Baird is assuming 
the appropriateness of applying the biochemical causal-chain 
model to all people carrying the gene; the implication is that the 
gene will produce disease 100 percent of the time, which, as 
Cranor emphasizes, is very rarely true for genetic disease. 

Victor McKusick, former head of the international Human 
Genome Organization, also tends to overstate the case for ge-
netic causation: "Mapping has proved that cancer is a somatic 
cell genetic disease. With the assignment of small cell lung can-
cer to chromosome 3, we know that a specific gene is as inti-
mately connected to one form of the disease as are cigarettes."31 

Showing the genetic basis for one cancer, is, of course, not the 
same as showing that every cancer is best understood as a ge-
netic disease. 

A similar problem arises in the study of a gene region linked 
to liver cancer. This study found a region of the DNA where the 
gene is especially sensitive to exposures to toxins; the toxins in-
duce mutations in that spot, which then prevent the gene from 
performing its usual physiological role. 32 This is a significant ad-
vance, especially since this gene has been implicated in many 
types of human cancer, including tumors of the breast, brain, 
bladder, and colon. This case seems to support Friedmann's 
claim that "human cancer should be considered a genetic dis-
ease" because "it is likely that most human cancer is caused by, 
or is associated with, aberrant gene expression. "33 But the toxins 
appear to be a necessary condition here, in addition to the pres-
ence of the sensitive gene region. So in one sense, the disease is 
genetic; in another, it arises from environmental causes. 

The differences in biological models I outlined above can 
help with this case. Under a biochemical causal model, the mu-
tant gene is a necessary link in the biochemical causal chain of 
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this liver cancer. Hence, the liver cancer has a genetic cause.34 

Under a physiological model, the usual presence of particular 
proteins is interrupted through the exposure to toxins in the cel-
lular environment. Hence, the abnormal functioning of the body 
is dependent on the interaction of environment and cells. 

The implication in discussions of genetic bases of diseases is 
that an abnormal gene leads to abnormal functioning which is 
itself deficient. But this, of course, is not shown from the strict 
biochemical description. Both a developmental and functional 
model are necessary to support the identification of the genetic 
difference with what we traditionally identify as disease. One 
problem is that entities on the medical level, such as alcoholism, 
may be very difficult to pin down genetically. While a gene be-
lieved to be implicated in some severe cases of alcoholism has 
been found, researchers are more convinced than ever that (1) 
many genes are involved in the disease and (2) they are different 
genes in different groups of individuals.35 As Vicedo has argued, 
"all the meaningful questions will start when all the sequencing 
is done. "36 

What about the presumption of genetic bases? Many re-
searchers will cite Huntington's disease, or cystic fibrosis, or 
Down's syndrome, as clear-cut cases of disease versus nor-
mality. But there are more than a hundred mutations cataloged 
that will produce cystic fibrosis as a clinical entity; and Down's 
syndrome is diagnosed as trisomy 21, although such a chromo-
somal arrangement can yield people with a very wide range of 
abilities. While some researchers are quick to cite the clear, de-
terministic cases, out of the total number of genetic screening 
tests available now, nearly all are for gray areas, where the ge-
netic difference is a risk factor, or provides a vulnerability, to 
develop a specific physiological disease. How is this vul-
nerability to be understood? 

Developmental models are crucial. Gene expression de-
pends inextricably on environment, and environmental re-
sponses to knowledge of genetic predispositions can guide 
development away from dangerous outcomes.37 Suppose that a 
person learns she has "the gene for arteriosclerosis" and mod-
ifies her diet and exercise regime as a result. We cannot say she 
will develop arteriosclerosis; in fact, having changed her envi-
ronmental circumstances, she may well have a reduced proba-
bility of developing arteriosclerosis in comparison to the 
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population at large. The point is that having a gene for some-
thing does not imply having that phenotype. "Abnormal" genes 
may or may not yield "abnormal" or "diseased" organisms. Dr. 
Henry Lynch, director of a cancer genetics program in Ne-
braska, is worried that genetics programs will emphasize ge-
netics over simply life-style factors that are much more causally 
influential. 38 

Professor Bernard Davis and his colleagues in the Depart-
ment of Microbiology and Molecular Genetics at Harvard Medi-
cal School have been visible critics of the Human Genome 
Project. They argue that studies of specific physiological and 
biochemical functions and their abnormalities will be much 
more useful medically than the sequencing of the human ge-
nome. 39 Furthermore, only through the refinement and applica-
tion of developmental biology and population genetics studies 
of gene distributions can susceptibility be studied and interpreted 
scientifically. Public and scientific misperceptions of suscep-
tibility are probably one of the most prominent problems facing 
those interested in the development of genetic medicine. 

There is a tempting and widespread error in reasoning 
which is exacerbated by the slippage back and forth between 
distinct biological meanings of "normal." Under a biochemical 
causal model, let us suppose a person in whom arteriosclerosis 
is damaging their health and whose phenotype is clearly "ab-
normal" and "diseased" according to the medical model. The 
desired biological explanation traces a causal chain from the 
genes through the expression and development processes to the 
resulting pathological state. When asked, "How does arterio-
sclerosis happen?" the answer is given: "There's a gene for this, 
which, under these environmental circumstances, takes part in 
such-and-such a causal chain, resulting in buildup on the arte-
rial walls." 

So far, so good. The problem arises when we attempt to 
understand what it means if a person tests positive for that 
gene. It is tempting to think that this means they either have or 
will have arteriosclerosis. But this would be to mistake a contrib-
uting cause for a sufficient condition. 40 Exposure to a cold virus 
is a contributing cause for coming down with a cold, but it is not 
sufficient; the immune system must also fail to control the spread 
of that virus in the body. Similarly, having a certain gene might 
contribute to getting arteriosclerosis, but it is not sufficient; the 
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environmental conditions must also be right in order for arte-
riosclerosis to become a health problem. 41 

So, take persons with "the arteriosclerosis gene." Aie they 
abnormal? If we define the standard biochemical causal model 
of fat metabolism as "normal," then they are "abnormal," and 
the cause of that abnormality is genetic. Are they abnormal on 
the phenotypic level? Are they diseased? Not necessarily, if we 
are using the medical model. Inferences that slip from a discov-
ery of genetic abnormality to conclusions of medical abnormality 
or disease are fundamentally mistaken and unjustified. It is not 
that the two levels are unrelated or irrelevant to each other; it is 
just that slipping from "abnormal" in one to "abnormal" in an-
other without evidence is not defensible scientifically. 

Conclusion 

Claims that the Human Genome Project will give us "the recipe 
to construct human beings" or the keys to understanding "hu-
man nature" are misleading at best. 42 The usefulness of molecu-
lar- or DNA-level descriptions by themselves is extremely 
limited. Genes whose descriptions on the DNA level differ from 
an accepted paradigm of the biochemical causal model may or 
may not be physiologically significant. Regarding the medical 
uses of the Human Genome Project, then, the only relevant 
form of variation is determined by a medical or physiological 
model. It is important to understand that the medical model of 
health and disease is just as subject to value judgments as it ever 
was. Its necessity has not diminished, it has simply gained a 
wider scope for use. Deciding how human beings ought to func-
tion is still a negotiated social decision. Proponents of the medi-
cal uses of the Human Genome Project have ignored the 
problems arising from the social nature of disease, but these will 
not disappear. On the contrary, biotechnology has new powers 
to implement and enforce codes of normality. Molecular biology 
cannot provide an objective and scientific code of health and 
normality. The scientific ability to make fine discriminations of 
variation and the technological power to act on them makes it 
imperative that variation itself be the focus of a searching public 
debate and educational effort. 

Chapter 7 

Errare Humanum Est 
Do Genetic Errors Have a Future? 

CAMILLE LIMOGES 

, Proponents of the Human Genome Project (HGP) have repeat-
edly emphasized the relevance of its projected results and 
achievements for medical practice and therapeutics,1 and they 
C;ontinue to do so: "Mapping and sequencing the human ge-
nome will not in itself provide a complete biologic understand-
ing of life .... But the medical benefits of the mapping and 
sequencing we do in the 1990s and the first decade of the 
twenty-first century will be profound and immediate."2 Indeed, 
in the discourses directed to decisionmakers, and to other audi-
ences as well, in view of promoting and explaining the program, 
medicine is providing most of the rhetorical justification. 

The connection between molecular biology and medicine, of 
course, is hardly new. For instance, even before the benchmark 
1953 papers on the helical structure of DNA, Linus Pauling had 
identified sickle-cell anemia as a "molecular disease.":i Another 
instance was George Beadle putting forth the British physician 
Aichibald Garrod as the privileged forerunner on the path he 
had himself followed with Edward Tatum: Beadle credited Gar-
rod' s work on the "inborn errors of metabolism" as "represent-
ing the beginning of biochemical genetics"4 and also attributed 
to him the then-controversial idea conveyed by the dictum "one 
gene, one enzyme. "5 

This chapter will explore some historical relationships be-
tween molecular biology and medicine, as well as their purport 
for the future. It will also examine some issues, hinging on the 
notion of "genetic error," that bear upon the genetic makeup of 
individuals in relation to the normal and the abnormal in medi-
cal contexts. Finally, it will sugge_st that some matters of "ethi-
cal" significance might already have been given shape in actual 
scientific processes. 








