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with Gamow's description of the four-digital system of the DNA 
molecule as "the number of the beast," the writing of the ge
nome as code and finally as "Book" makes Revelation possible. 
It also promises the possibility of an ending, a closure, an an
swer if not a complete or final solution. The metaphor of the 
book of life promises us that we can, after all, "understand what 
life is," if only we have the patience to read through till the last 
page. Unless of course we find that it reads, a la Finnegans Wake, 
"See page one." 

Chapter 4 

Tools for Talking 
Human Nature, Weismannism, and the 
Interpretation of Genetic Information 

JAMES R. GRIESEMER 

Too much has been taken for granted in the framework for de
scribing biological "facts," and this makes it difficult to see 
clearly the implications of the Human Genome Initiative (HGI). 
The history of biology has much to teach about the social, ethi
cal, political, and philosophical controversies raised by this ini
tiative in biotechnology. The following are the main points I 
shall address: (1) the historical division of biology into sciences 
answering "how" or "why" questions lends the false impression 
that only one or the other kind of solution to a given problem is 
needed; (2) one root of this division is reflected in the distinction 
between germ and soma, leading to the false conception of re
production as a flow of information; and (3) a significant social 
danger of the HGI is that it may slight further the role of organis
mal and population biology in interpreting molecular mecha
nisms whose control offers hope with respect to problems of 
human health. 

I 

Insofar as it has a biological basis, human "nature" has been 
interpreted in two fundamentally different ways: according to 
our (presumed) common underlying form and function, or ac
cording to our (presumed) common origin and subsequent di
versification. Ernst Mayr has aptly sorted these two biological 
perspectives in accordance with two kinds of explanation: proxi
mate and ultimate. 1 Proximate explanations answer "how" and 
"what" questions: how we as organisms function on the basis of 
what kind of material and organization. Ultimate explanations 
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answer "why" questions: why we are as we are and for what 
historical reasons. In biology, proximate explanations are the 
province of sciences like embryology, anatomy, physiology, and 
genetics. Ultimate explanations are the province of evolutionary 
biology. 

Explanations of human nature in biological terms tend to
ward either the proximate (how) or the ultimate (why) to the 
extent that they rely on one of two conflicting insights: that 
we are all essentially the same or that we are all essentially dif
ferent. Identification of our nature in our biological similarity 
focuses attention on mechanisms (genetic, developmental, 
physological) that explain how similarities are generated. Identi
fication of our nature in our biological differences focuses on the 
history of the origin and fate of variation in evolution. Because 
different biological sciences address the similarities and the dif
ferences, conflict can arise between scientists attempting to in
terpret biological research projects from differing perspectives. 

Some controversial interpretations of the implications of the 
Human Genome Initiative depend on such conflict. Most of the 
scientists contributing to the HGI are molecular biologists who 
ask "how" questions about "the" genetic system in humans. For 
them, differences between people are anomalies or defects. For 
an evolutionary biologist, differences are the variation that fuels 
evolution. By linking arguments for pursuing the HGI to its "ap
plications" (consequences for human health, understanding of 
ourselves as human beings), biologists have brought the conflict 
of perspectives on human nature to the center of the justification 
of the HGI. Where the molecular biologist finds a basis for the 
essence of human nature in the complete description of "the" 
human genome, the evolutionary biologist finds a basis (or, bet
ter, the lack of a basis) in the discovery of variation wherever one 
looks into human genomes. 

Society and life have become increasingly "medicalized" 
and "reduced" to biology; and for all practical purposes, that 
means biology in response to "how" questions. While the HGI 
may result in new evolutionary insights, its avowed purpose 
and basis for federal support is its promise for medicine and 
society. Medicalization and reductionist thinking go hand in 
hand with the new prospects for manipulating our biological 
makeup and environmental conditions, medical diagnosis and 
therapeutic treatment. 2 But it is important to examine the HGI 
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for all of its intended as well as unintended consequences, and 
not treat the consequences as spin-offs or side effects of a project 
in "basic" or fundamental biology. 

Full examination requires consideration of the conflict be
tween proximate and ultimate biological perspectives on the na
ture of human nature. To treat the HGI's implications for 
medicine, society, and our understanding of ourselves as spin
offs, as the Teflon of a government program to explore inner 
space, is to accept reductionism as a moral or political position. 
To argue this way one must assume that social problems have 
biotechnological solutions. 3 Philosophers try to minimize the 
number of assumptions lacking arguments, and this is one rea
son the HGI is of more than passing philosophical interest. 

Compartmentalization of thinking into "how" versus "why" 
explanations, promoted by the historical division of labor in the 
biological sciences, exacerbates the problem of resolving contro
versy over genetic technologies. Compartmentalization sug
gests that the formulation of social problems in biological terms 
is relatively easy, while the solutions are complex and nearly 
intractable unless these are sought in terms of the lowest-level, 
proximate biological sciences. Disease? Eradicate it. How? Find 
a vaccine. 

The proximate biological sciences have succeeded in no 
small measure because they have identified problems that con
cern relatively simple phenomena and require relatively simple 
solutions. "How" questions are formulated most simply if com
plexities are relegated to "context." One makes a mess of the 
question "How does the heart pump blood?" by starting with 
facts about human social structures critical for food production 
sufficient to nourish functioning human hearts. But these are 
nonetheless factors in a complete explanation of the pumping of 
blood. Biological "systems" are simple only if their environ
ments are not included in the description. "Why" questions in 
biology are always comparative and can never avoid descrip
tions of context or environment for long. 

Genetics is commonly offered as an example of a successful 
proximate science. Early in the twentieth century, the relatively 
simple problem of explaining how genes are transmitted from 
parents to offspring was distinguished from the vastly more 
complex problem of explaining how transmitted genes con
tribute to the developing organism and why they exist in the 
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combinations produced by evolution. Thomas Hunt Morgan 
won a Nobel Prize in 1933 for his solution to the transmission 
problem-his "physical" theory of the genes as beads arranged 
on linear chromosomal threads-but the main problem of gene 
expression and distribution is with us still. 

Similarly, the complexity of ecological, developmental, and 
evolutionary systems sometimes leads biologists to look with 
envy on the successes of physicists who are able to put their 
explanations in tractable, mathematical order. In both the devel
opment of organismal form and the dynamics of ecological sys
tems, it seems clear what the problems are, but satisfactory 
solutions are lacking because of their descriptive complexity. 
These problems are even greater in humans, where the com
plexity of organismal interaction is compounded by extreme so
ciality. 

The success of geneticists in simply describing the process of 
gene transmission by extracting a "doable" problem from the 
many interesting, but intransigent, ones is a tempting model for 
the treatment of social problems, especially those for which 
genetic technology has been developed: for example, cure or 
prevention of disease, protection of the species from the repro
duction of the unfit, identification of criminals by DNA "finger
printing," and a host of other "eugenic" measures that have 
fallen in and out of favor in this century as well as the last. The 
trouble with this strategy is that what counts as doable at any 
given time itself depends on the very social processes and prob
lems the genetic technologist purports to engineer. For example, 
in order for a simple screening test for a genetic disease to be an 
effective means of reducing the incidence of that disease in a 
population, most of the population must be screened, those 
identified as having a predisposition to the disease or as carry
ing a certain gene must be counseled, and they must make the 
"right" decisions with regard to reproduction. But for this elabo
rate and complex social process to occur on a populational scale 
requires a substantial amount of social engineering: develop
ment of the biotechnology infrastructure to produce affordable 
screening kits, establishment of social and cultural institutions 
and norms that support screening and counseling, education in 
support of the "right" reproductive decisions, and so forth. 
Thus, genetic technological "fixes" do not circumvent the social 
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solution of social problems; they serve only to focus our atten
tion elsewhere in our description of the solution. 

Numerous recent anthologies and symposia outline abun
dant ethical, moral, legal, medical, economic, and social prob
lems raised by the Human Genome Initiative. 4 Unfortunately, 
the wealth of question-raising exercises has not been accom
panied by sufficient challenging of assumptions to give much 
hope of progress. Too much is taken for granted in the frame
work of biological "facts" to see clearly the implications of the 
Human Genome Initiative. 

The crucial insight underlying "how" explanations of our 
biological nature is that there is a common genetic system 
through which our heritage is passed to us as individual organ
isms, through which that heritage is displayed in development, 
and by means of which we pass it on to our children. Put differ
ently, what is common to us all, what is native or innate, is 
genetic. 5 One sort of interpretation of human nature thus tends 
to focus on the possibility of a biological universal for humans: 
we all are caused by the same kind of genetic machinery. 

The central insight of "why" explanations of our biological 
nature is that we are all different. The crucial ingredient of evo
lutionary change is variability. Whenever organisms are studied 
carefully variation is found, raising doubts that any essential 
similarity-even in our genes-can be found in our biology. 
Evolutionary explanations of human "nature" focus on our dif
ferences and lead to a view of our nature as inherently social and 
historical, rather than individual and mechanical: our nature is 
bound up in our participation in a certain sort of historical popu
lation as contributing parts. But this idea also leads evolutionists 
toward "population thinking" and rejection of the quest for es
sential properties: biological species are not the sorts of things 
that have essences. 6 

This conflict of perspectives on human nature seems built 
into biology itself. Evolutionary change can occur only if there is 
variation, and yet for the change to result in adaptation it must 
be heritable. Organisms must differ from, and yet resemble, 
their parents if evolution is to work. The opposition between 
"how" and "why" explanations also seems to bear this tension; 
yet they must work together, since they explain the same en
tities. 
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The opposition is illusory, however, and the illusion seems 
to grant authority to whichever perspective holds sway at any 
given moment in history. The nineteenth century after Darwin 
was a time of great interest in "why" questions and ultimate, 
evolutionary explanations. The twentieth century records the 
technologization and mechanization of biology and a shift to
ward "how" questions and the control of mechanisms, both as a 
method for investigating biological processes and as a way to 
improve the human condition. 

Genetics and evolutionary explanations in biology appear to 
be autonomous only until the details of each are probed. The 
apparently universal genetic system, operating according to 
Mendel's laws and the principles of molecular genetics, seems 
to be a fixed basement upon which our explanations of particu
lar human behaviors, physiologies, and morphologies must be 
built. But this system must itself have evolved: it is inconceiv
able that it sprang into existence fully formed. Its form and exis
tence must be explained in evolutionary terms, probably in the 
context of no-longer-existing variants. 7 

By the same token, evolutionary theory depends upon the 
momentarily fixed facts of proximate biology, including ge
netics. While Theodosius Dobzhansky's famous adage is true, 
"Nothing in biology makes sense except in the light of evolu
tion," it is also true that evolution does not make sense except in 
the light of the rest of biology.8 Without stable concepts of ge
netic system and ecological context, evolutionary explanation of 
lineages of organisms related by descent would be meaningless. 
Put generally, evolutionary explanation occurs against a field of 
fixed proximate explanations; genetic, embryological, physio
logical, and morphological explanation occurs against a field of 
fixed ultimate explanations. That the two are intertwined should 
not surprise us, but the implications of this hybrid character of 
biological explanation for our reasoning about human nature are 
both profound and hard to discern in the specialized and com
partmentalized discussions of professional biologists. 

II 

Let us turn to strategies of reasoning about human nature in 
terms of current biological theories and the background of bio-
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logical "facts" used to trace the implications of the Human Ge
nome Initiative. This is one place where philosophers have an 
important role to play: interpreting the impact of biological theo
ries underpinning such major technological programs as the 
HGI. The elements of this ambitious international project have 
been well described elsewhere. 9 

It is worth reflecting on the history of biological theory be
cause the perception is strong that the combination of theories 
and concepts we have today grew coherently from one con
certed techno-scientific effort to increase biological knowledge; 
this perception reflects a belief that scientists know and accept 
biological theory as a single whole. Our image of the body of 
scientific knowledge and its implications for society, murky 
though it is, is a good deal clearer than our image of the scien
tific work that went to make it up. Clarification of history and its 
philosophical interpretation is one antidote to facile conceptions 
of scientific knowledge and is therefore an important first step 
toward properly tracing the wider implications of the develop
ment and possession of that knowledge. 

Our scientific image supposes that evolutionary theory de
scribes how natural selection favors individuals with certain 
genes over those with other genes. It further supposes that mo
lecular genetics describes the common system by which genes 
act as their own agents, copying themselves in the process of 
DNA replication as well as coding for those proteiins which 
make the bodies that act on the genes' behalf in the Darwinian 
struggle. Genes make more genes, and genes make the body. 
This dual causal role lends support to the metaphorical descrip
tion of genes as "master molecules" governing all the significant 
events in the body, which passively abides. 10 The body is slave 
to its molecular masters, and the fields of science describing the 
body are also slaves (i.e., derivative, reducible) to the master 
field, genetics. The impression that genes are master molecules 
is strengthened by their apparent theoretical robustness: they 
must be important if they are central players in the "how" expla
nations of molecular genetics and in the "why" explanations of 
evolutionary biology. Historically, though, genes were not al
ways the central players, and the route by which they have be
come so depends not only on the development of biological theory 
per se, but also on the guiding metaphors used to express theory 
in a manner useful to proximate and ultimate biologists alike. 
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One of the most important guiding metaphors of late-nine
teenth-century biology is "Weismannism." This is the doctrine 
of the continuity of the germ cells and discontinuity of the body 
cells, or somata. 11 August Weismann, like many of his contem
poraries, sought a unified theory of heredity to explain how or
ganismal characters and form are generated as well as how such 
features are transmitted from one generation to the next. 

Weismann thought of the cell as containing a hierarchy of 
determining units, with simple molecules at the lowest level. He 
thought that different genetic determinants would be se
questered in different daughter cells when each parent cell di
vides during development. To explain genetic transmission 
Weismann postulated that, unlike the somatic cells that form the 
bulk of the body, those destined to form germ cells (sperm or 
eggs) would carry an entire complement of genetic determinants 
and so pass on the total hereditary legacy of the parent to the 
offspring. Since only the germ cells, not the body-or somatic
cells, contain the entire complement of genetic material and 
since only they pass on their genetic material to offspring, only 
alterations to the germ cells (mutations) can produce hereditary 
modifications in offspring. Thus, according to Weismannism, 
the continuity of germ cells from generation to generation is re
quired to explain the phenomena of heredity. 

Weismannism is the basis for much of our causal talk in the
oretical and applied biology, but the history of Weismannism as 
a guiding metaphor suggests a gradual impoverishment of the 
conceptual tools available for expressing the cause-effect rela
tions investigated by modern science. Some of this impoverish
ment traces to a reliance on certain visual representations of 
Weismann's ideas. The substitution of a simple, abstract visual 
representation for a complex theory is commonplace in science, 
but the consequences of such substitutions are rarely examined. 

It is often observed that technical advance frequently out
paces our ability to comprehend its consequences. 12 Genetic en
gineering provokes predictions of dire ethical, social, and 
political ills in addition to promises of new basic knowledge and 
medical treatments. Some fears expressed in the recombinant
DNA debates of the 1970s already reveal such a "comprehension 
gap." The reason given is usually the failure of old scientific, 
moral, political, legal, medical, and social concepts to encom
pass the new developments. But this is only a partial truth. An 
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important additional cause is a gap that arises when the rep
resentational repertoire of technologists is not sufficiently de
veloped alongside the techniques, skills, and practices that 
contribute to new technology. In other words, the lagging 
means to express concepts may cause comprehension (and dis
semination) to lag behind innovation. 

The rate of progress in molecular biology since the 194C:: ~s 
great enough to have caused a comprehension gap between bi
ologists' experimental procedures, technical capacities, and un
derstanding of basic biological mechanisms, on the one hand, 
and the relatively outmoded language and visual representa
tions used to describe and interpret their advances, on the 
other. The most commonly used language of cause and effect is 
inadequate to describe and analyze the conduct and results of 
empirical biological research, much less to present interpreta
tions of its social, ethical, and policy implications to the public. 
As the technology required to complete the Human Genome Ini
tiative becomes more sophisticated, this gap will widen and 
increase the difficulty of translating technological capacity into 
sound-and just-social policy. Examining the historical de
velopment of tools for talking about causality is a step toward 
narrowing the gap between technological capability and under
standing. 

Weismannism's most influential form of expression is 
cause-effect diagrams. The great historical influence of dia
grams produced by Weismann's commentators depends on a 
number of factors. One is that diagrams (and visual displays 
generally) are typically treated as representations rather than 
hypotheses. 13 Visual representations in science substitute a fixed 
structure in place of a dynamic process of argumentation and 
evaluation of evidence; they concentrate power, in the sense 
that the roles of many elements of a network of ideas, people, 
places, and phenomena are attributed to the few elements ap
pearing in the visual display. 14 Insofar as diagrams of Weisman
nism are taken to represent Weismann's ideas, they can be 
treated as surrogates for those views and the arguments that led 
to them. More important, the biological phenomena to which 
Weismann directed his attention are then also taken to be repre
sented by the structures depicted in the diagrams. So, the his
torical circumstances in which diagrams of Weismannism came 
to be accepted as representative of Weismann's ideas are critical 
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for understanding those diagrams' power. One aspect of the ac
cumulation of power by a diagram is the degree of simplification 
it offers in comparison to the things it represents. 

In its diagram form, Weismannism has become standard for 
describing biological causality and for attributing causal agency 
and responsibility in biological explanations. With the decline of 
Lamarckism, the Weismannian core of neo-Darwinism (the 
combination of Darwinism, Mendelism, and Weismannism) is 
rarely challenged. The core of neo-Darwinism is in need of reex
amination and most probably in need of revision: Weismannism 
is a guiding metaphor that both gives a false picture of the the
ory it is supposed to depict and straitjackets modern talk about 
biological causation and agency. 15 

The current weight placed on genes in the interpretation of 
biological causation, and hence the weight placed on genetic 
technology in future solutions to human health problems, de
pends on two historical facts: the separation of problems of he
redity and development at the turn of the century, and the role 
of W eismannism in rejecting the inheritance of acquired charac
teristics. 16 There is little doubt that genetics made progress as a 
science owing to the idealization of genetic transmission as au
tonomous from development, and that Weismannism secured 
the separation of these problems in the domain of evolutionary 
biology. This separation is maintained in part because of the 
convenient but misleading visual logic of biological causation in
herent in diagrams of Weismannism drawn by geneticists. 

The noninheritance of acquired somatic characteristics is an 
implication of Weismann's theory of the continuity of the germ
plasm and the discontinuity of the soma. 11 This theory has been 
"summarized" in a famous diagram in E. B. Wilson's widely 
used textbook. 18 Wilson's diagram is a vast simplification and 
idealization of Weismann's theory. It depicts causal arrows from 
germ cell to germ cell in a continuous causal history, causal ar
rows from germ cells (zygotes) to somatic cells, but no causal 
arrows from somatic cells back to germ cells. Somata form a dis
continuous "line of succession," and the two modes of causa
tion, autocatalysis and heterocatalysis, both emanate from germ 
cells. In such a scheme, it only makes sense to attribute respon
sibility for control of both gene transmission and development 
to germ cells: they are the only causal agents depicted. Even if 
somatic cells are altered during the course of development, 
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Figure 4.1. Weismannism in Diagrams. A. Structure of E. B. Wilson's 
representation of Weismannism, after Wilson (1896, p. 13, fig. 5; see 
note 18). S = soma; G = germ cell. B. A simplification of Wilson's 
diagram. C. A modern molecular representation of the central dogma of 
molecular biology, showing isomorphism with diagram B. Diagrams B 
and Care after Maynard Smith (1965, p. 67, fig. 8; see note 20) . D. The 
central dogma, after Francis Crick (1970, p. 561, fig. 2; see note 19). E. 
Representation of the continuity of the germ plasm and discontinuity of 
the soma, reproduced from August Weismann (1893, p . 196, fig. 16; see 
note 17), showing a zygote (bottom) dividing into the cells of the three 
germ layers, continuity from zygote through cell generation 12 (top), 
and differentiation of germ cells in generation 9 (at arrows). 

there is no causal propagation of such alterations beyond that 
particular individual (see Fig. 4. lA). 

The theory expressed in Wilson's diagram was given mod
ern form in Crick's "central dogma" of molecular biology. 19 Ge
netic information flows from nucleic acids to proteins; once it 
flows into proteins, it cannot get out again (see Fig. 4. lD). May
nard Smith has compared Weismannism to the central dogma, 
making the historical connection between the two explicit. 20 The 
central dogma forms the basis for many of our current attribu
tions of biological causality, agency, and even responsibility. 
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While it was originally characterized in terms of information flow, 
the central dogma is now widely read as a statement about ma
terial agency, reflecting its visual isomorphism to Weisman
nism: DNA makes more copies of itself and also makes protein. 
This reading attributes the same causal asymmetry to genes and 
proteins that Wilson's version of Weismannism attributed to 
germ cells and somatic cells (cf. Fig. 4.lB, C). Nucleic acids are 
the only causal agents depicted in Crick's and Maynard Smith's 
diagrams. 

Wilson's original diagram, however, distorts Weismann's 
theory in important ways and, by simplifying, Wilson has inad
vertently impoverished the language of biological causality. In 
his later publications, Weismann expressed his theory as the 
continuity of the germ plasm and the discontinuity of the soma, 
not as the continuity of the germ cells. The germ plasm is the 
molecular material (later found to be genes on chromosomes) 
that is carried inside the nuclei of germ cells. Its continuity is 
ensured by the normal process of cell division. 21 Weismann took 
great pains to distinguish his theory from the one Wilson's dia
gram depicts. 22 Germ plasm may be continuous even while germ 
cells are not if the cells carrying germ plasm undergo differentia
tion in development. Weismann's own depiction of his theory is 
quite different from Wilson's. 23 It shows only an idealized part of 
a single organism's development. Moreover, it shows that the 
first germ cells arise as products of somatic differentiation in a given 
cell generation. There is a hiatus of some number of cell genera
tions between the germ cells of the parents and the germ cells of 
the offspring. In contrast to the discontinuity of germ cells in 
Weismann's view, his diagram shows that the germ plasm is 
continuous in its passage from zygote to primordial germ cells 
(UrKeimzellen) through somatic intermediates, while the so
matoplasm is a discontinuous product of germinal plasm (see 
Fig. 4.lE). 

Acceptance of the causal structure of Wilson's diagram or 
its modern molecular counterpart has spread widely and influ
enced the thinking of most bi9logists. Because of its simplic
ity and portability, Wilson's diagram is likely to exert strong 
social influence through its representation of our deepest under
standing of biological causation and the need to simplify when 
biologists interpret their work for the public. Weismannism is 
entrenched in our thought in part because its diagrammatic rep-
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resentation is clear, simple, easily expressed, and portable. But 
Weismann's original argument, using diagrams to illustrate 
ideas previously formulated has been inverted. Now we use lan
guage to formulate a theory on the basis of the abstraction previ
ously expressed visually in Wilson's diagram. Because the 
diagram Wilson produced is wrong, its entrenchment in biolog
ical thinking has led to strange contortions as developmental 
biologists try to express what is wrong with Weismannism while 
relying on the very causal framework it expresses. Developmen
tal processes are often much more complex than the simple pic
ture given by Weismannism, but expressing such relations is 
made more difficult by the entrenched language assigning a 
dual causal role to germ plasm (genes) and no causal role to the 
soma (body). The difficulty is compounded in the Crick-May
nard Smith equation of flow of genetic information and flow of 
genetic matter, for it permits interpretation of the purely ab
stract information relation as causal. 

In the end, biologists trying to bring development and ge
netics together in a more adequate picture of proximate biology 
are reinventing aspects of Weismann's theory, but they (and the 
public) are hobbled by Weismannism, which girds the frame
work of our biological thought and language. As it has receded 
from view in the wake of interest in molecular phenomena, and 
therefore from explicit discussion, Weismannian assumptions 
have become difficult even to detect and therefore to, question. 

Emerging from the contrast between Weismannism and 
Weismann are several critical facts with implications for the in
terpretation of the Human Genome Initiative, whose goal is to 
increase the quantity of genetic information. First and foremost, 
Weismann's theory implies that heredity is a problem of devel
opment, not an autonomous problem. This is familiar ground 
for biologists, but it is difficult to express using the language of 
Weismannian diagrams. The continuity of the germ plasm but 
not of the germ cells is a fact that can be understood in terms of 
the developmental process of somatic differentiation, as Weis
mann saw. It is also a fact that must be explained evolutionarily, 
since the point at which germ cells differentiate in the soma is an 
evolved property critical in the evolution of individuality itself: 
Weismannism is true only in those rare cases where germ cells 
differentiate in the first cell generation of development. 24 Thus, 
the truth or falsity of Weismannism, like the truth or falsity of 
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Mendelism, is a consequence of evolution, not its cause. As a re
sult, proximate explanations of genetic information make no 
sense except in the light of evolution. 

Second, since the continuity of germ plasm is a function of 
somatic differentiation, the Wilson diagram of Weismannism is 
fundamentally wrong: there should be causal arrows from soma 
to soma. The body is a cause in inheritance, a fact that is funda
mental to evolutionary biology. Proteins and other cell compo
nents are causally responsible for the events of cell division and 
DNA replication. The problem of interpreting genetic informa
tion is thus more subtle than either Weismannism-stated in 
terms of cells and protoplasm-or the central dogma-stated in 
terms of informational macromolecules-can express. The prob
lem is to explain how the causal path from soma to soma influ
ences the flow of genetic information without violating the facts 
of molecular biology. While the abstract heredity relation may 
be aptly described in molecular terms as a flow of genetic infor
mation, reproduction-the process that causes inheritance-is 
not a flow of information but, rather, a flow of information-bear
ing matter. This flow has to do with both populational change in 
the distribution of genes and developmental control of gene ex
pression. Understanding the flow of genetic information should 
therefore be a joint concern of proximate and ultimate biology, 
not the exclusive province of one sort of science or scientist 
vested with sole authority for interpretation. Pronouncements 
by molecular biologists on the topic of "human nature" must be 
tempered by responses of evolutionary biologists on the signifi
cance of molecular information and variation. 

Part of the fear that attends support for the Human Genome 
Initiative is that as we push toward molecular-technological 
solutions to health problems, we will cede further authority to 
specialized scientists who are ill-equipped to trace the conse
quences of their technologies out of the laboratories and into the 
complex world of a modern society. Scientific reductionism 
seems to lead to changes in the social, moral, and political bal
ance of power. But to evaluate the consequences of putting trust 
and faith in molecular biotechnologists, consider the problem 
structures and discipline structures described in the present es
say. "How biologists" (a.k.a. mechanism or proximate biolo
gists) formulate solvable problems by dividing the world into a 
relatively simple "system" and a relatively complex, but ignor-
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able, "environment." "Why biologists" (a.k.a. comparative or 
ultimate biologists) formulate solvable problems by comparison 
among multiple entities, whether simple or complex. For the so
cial, biological, and health problems served by the HGI, the ge
nome is treated as a simple system in a complex context (the 
body, the population, the society, the world). 

III 

When it comes to anticipating the future consequences of the 
HGI, we tend to examine claims made about the "systems" con
structed by the advocates and to assess how these systems will 
be received in the somatic, populational, or social context as de
fined by the molecular technologist. But such contexts can change in 
ways that make anticipated outcomes meaningless. The real is
sue in evaluating the HGI is not whether the sequence data will 
be produced (which seems inevitable) or whether it will be put 
to use in any particular way or to any particular end. Rather, the 
issue is whether authority to define the parameters of the eval
uation-specifically, what assumptions to make about the social 
contexts in which the sequence data will be interpreted-should 
rest with the technologists or with others in society. Put baldly, 
should Walter Gilbert, or James Watson, or Leroy Hood be per
mitted to characterize the relation between gene and body, or 
gene and population, or gene and society that will form the 
basis of public assessment regarding whether or how the HGI 
should go forward or not? 

The risk in accepting molecular technologists' predictions 
rather than taking into account evaluations of other scientists (in 
particular, population and evolutionary biologists, let alone 
nonscientists), can be seen by building upon some recently dis
cussed examples. 25 The naivete of eugenicists early in this cen
tury, who thought that genetic defects could be removed by 
selective-breeding programs, has long been dismissed as the 
mistake of an era in which scientists failed to take into account 
the complexities of their subject and the limitations of their theo
ries. The fact that most genetically caused diseases are recessive 
means that there are always many more carriers of apparently 
normal health in a population than there are afflicted individ
uals. Selection against the afflicted can at best reduce the 
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freq~ency of such genes to that found in carriers. Selection against 
earners based on molecular detection of recessive genes (pres
sure not to reproduce, selective abortion, sterilization) can at 
best reduce the frequency of such genes to that produced by 
new. mutation, not eliminate such genes altogether. The greater 
caution of modern geneticists, owing to their historical loss of 
innocence as a result of the disasters of eugenic social policy, 
would seem to warrant greater confidence in their current pro
nouncements about the likely health benefits of the new genetic 
technologies. 

Likewise, it is well appreciated that the health benefits of the 
anticipated increase in knowledge about genetic disease will de
pend on the extent to which information can be communicated 
to consumers and translated into "correct" reproductive deci
sions. Until the day of mandatory universal gene therapy has 
come, the main mechanisms for prevention and "cure" of ge
netic disease will remain counseling of prospective parents and 
elective abortion. The predictions of technologists as to the fu
tur~ health benefits of the HGI rest on the assumptions that ge
netic counseling will be effective and that abortion will be 
a~ailable. That thes~ as~umptions are well known and widely 
discussed seems to Justify further confidence in the prognostic 
abilities of technologists: whether such assumptions are true or 
not, the technologists at least seem to be taking the right (i.e., 
familiar) kind of assumptions into account. 
. If the perspectives of organismal and population biology are 
ignored, however, other kinds of issues regarding the social 
context in which genetic information is received are not so clear. 
A molecular technologist might predict that genetic diseases will 
increase over time owing to an increase in mutation rates associ
ated .with the fact that mothers (in most Western countries) are 
tending to have children later in life. Since older mothers are 
more ~ikel.y to have children with genetic defects than younger 
ones, it might be expected that the rate of mutation-and with it 
the rate of genetic defects in a population-would go up. But 
this is a case where simple extrapolation from the individual 
case to the population misleads. Delaying reproduction till later 
in life certainly increases the risk to a given fetus, but one must 
also consider the whole reproductive span of mothers in order 
to extrapolate to the population. It appears that not only are 
mothers having children later, but having children is becoming 
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more concentrated in the middle of the period of fertility. Thus, 
average age at reproduction (and with it, possibly, the average 
rate of genetic damage) is declining. 26 The details of this demo
graphic story are complex, but the lesson is simple., The conse
quences of the molecular technologist's story about genetic 
damage increasing with the age of the mother cannot be extrap
olated to society without considering the whole demographic 
pattern of reproduction. The issue has as much to do with the 
distribution of reproduction within and among parents in a 
population as it does with the molecular mechanisms by which 
genetic damage increases with the age of the mother. One 
wonders whether gene sequencers know any more demography 
than the ordinary nonscientist knows genetics. 

Another population consideration in predicting the inci
dence of genetic disease concerns patterns of mating. Since most 
genetic diseases are caused by recessive genes, "outbreeding" -
mating with a genetically unrelated individual-can decrease 
disease incidence while increasing the total number of genes for a 
disease in a population. Partly this is because outbreeding 
lowers the chance of two carriers from the same population mat
ing and producing an afflicted offspring. Consideration of only a 
single population might lead to the inference that if measures 
such as genetic testing and counseling and elective abortion are 
not taken to reduce the number of carriers, then the number of 
afflicted cannot be reduced. But the problem clearly concerns 
patterns of migration and interpopulation marriage as much as 
it does the molecular mechanisms behind "recessive-caused" 
disease. Who in the mid-1980s, when the HGI was initiated, 
would have predicted the fall of the Soviet Union, or the conse
quent changes in global migration rates and patterns, or the pos
sible increase in the ratio of outbreeding to inbreeding this 
might cause? How often is migration of peoples considered in 
arguments for or against the health benefits of HGI? 

The lesson of these examples is clear. While genetic research 
advances by dividing the world into simple systems and com
plex environments, social problems are not solved merely by the 
control and manipulation of such isolated systems. One must 
take into account, explicitly or implicitly, both system and con
text; and molecular biologists have not the expertise, nor should 
they have the authority, to impose their beliefs and assumptions 
about context in a social evaluation of the HGI. 
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The articulation of joint concern is important for interpreting 
our biological nature(s) precisely because it will (and should) 
shape how we understand biological causation and will thus 
constrain how we attribute biological agency and responsibility 
to various entities. If the soma causes the continuity of the germ 
plasm by causing a flow of genetic material in reproduction, it 
seems implausible to think of genes as master molecules and 
implausible to attribute causal responsibility-for behavior, in
telligence, or disease-to them alone rather than to the network 
of interacting parts. 

The Human Genome Initiative promises a revolution in the 
quality and quantity of our information about human genes. 
Much is already known about which genes are where and what 
a few of them do, but the revolution in quality that the HGI may 
bring will be owing to its promise of completeness. A complete 
map of the human genome will revolutionize two spheres. Sci
entifically, complete genetic information will enable basic, ap
plied, and clinical research in a degree of detail and precision 
not possible with incomplete information. Socially, the idea of 
the information, of a complete book of human "nature," will 
transform our conception of ourselves as we discover what sci
entists, clinicians, corporations, and governments do with the 
information. 

The Human Genome Initiative's "book of human nature" 
will mean different things to scientists and to the rest of the 
public, just as other books mean different things to writers and 
readers. For scholars, books afford starting points for fresh in
vestigation. The main impact of the HGI for scientists will lie in 
its role as a tool in the construction of new knowledge about 
genome organization, gene expression, development, and dis
ease. For all but the biotechnologists whose research is to im
prove the tools, the work of DNA sequencing and mapping is 
tedious and scientifically uninteresting, its results being only in
termediate steps on the way to interesting and important ques
tions about fundamental biology and human health. For the 
public, books embody the state of knowledge of the experts. 
Their significance lies in the sense of completeness they afford, 
in their summation of worldly knowledge as a "body." The HGI 
will index what scientists know about us as genetic beings and 
will guide how we think about ourselves. 

Nonscientists must be careful, however, not to let the per-
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ceived causal role of genes and the consequent authority of ge
neticists over other biological specialists be interpreted as 
justifying a moral or political authority on the part of geneticists 
over public consumers of the products of genetic research. The 
triple analogy-gene is to body as geneticist is to biologist as 
genetic knowledge is to the body politic-fails in each of its 
terms. The dual role of genes depicted in Weismannian dia
grams is a misreading of Weismann's theory relating heredity, 
development, and evolution. The modern gloss of reproduction 
as a flow of genetic information shields genetic explanations 
from significant complexities of development and, through its 
prevarication on causality, simultaneously shields arguments 
for biotechnological solutions to social problems of human 
health from complexities of social engineering. The authority of 
geneticists as both producers and interpreters of genetic infor
mation-the heritage of the Wilsonian reading of Weismann
is challenged by the facts of development. These facts have so 
far defied "reduction" to molecular biology, and they give pause 
to most scientists about the enthusiastic rhetoric of HGI zealots. 
The conception of science as serving two distinct roles-as 
autonomous, objective producer of knowledge and also as inter
ested solver of social problems-is challenged by the observa
tion that the former is an interacting, integral part of the latter, 
not an autonomous agent: genetic engineering is social engineer
ing by other means, and it is up to society to determine whether 
the biotechnological approach is acceptable. 

Weismannism's pivotal role in reshaping the perceived so
cial implications of biology in the nineteenth century may, if it 
continues to guide interpretation of biological causation, play a 
continuing role in shaping our scientific and public perceptions 
of the importance of genetic information. By the same token, 
reform of the guiding metaphor could be an instrument for so
cial change: a new metaphor, diagram, or analysis of biological 
causation could reinterpret the triple analogy, allowing us to en
vision different roles for the public, scientists, and other would
be users of biological information, genetic or otherwise. 

The concept of genetic information must be deeply embed
ded within an evolutionary framework if the errors of Weisman
nism are to be corrected. If Weismannism is wrong because it 
attributes causal efficacy in genetics and development to genes 
and not to the soma, an alternative causal picture may displace 
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genes from their status as master molecules and raise anew 
questions about how "genetic" information "flows." This dis
placement in turn might help to empower individuals as biolog
ical agents whose autonomy is threatened by a reductionist view 
of organisms at the mercy of their genes. 

The acceptance of Weismannism is one critical step along 
the way toward accepting the triple analogy, which in turn is a 
step toward allowing scientists to speak for us by virtue of their 
authority to interpret causality. But the basis for their authority 
in the first place is their success in establishing the asymmetrical 
causal relation between gene and body and the consequent suc
cess of the analogy between gene and body, on the one hand, 
and analyzer of gene (geneticist) and analyzer of body (other 
biologists, social scientists, citizens, etc.) on the other. If the 
analogy fails because geneticists have failed to establish the 
causal asymmetry between gene and body, then there is no rea
son to accept their claim to political, social, or moral authority on 
that basis. Empowerment of the nonscientist follows from a de
nial that the scientist has sufficient knowledge to decide social 
questions. 

The implications of substantial changes in ways of talking 
about biological causes for how the public (and, probably, scien
tists as well) would interpret the significance of the Human Ge
nome Initiative are potentially enormous. If the body or the 
social group (rather than the genome alone) is causally responsi
ble for our nature, then the book of human nature is far from 
being written just by virtue of the complete specification of hu
man genetic information in the Weismannian sense. Many pro
ponents of the Human Genome Initiative believe its value lies in 
the advances in developmental genetics research it will afford. 
Reshaping the guiding metaphors used to interpret the ge
nome's causal significance will supply this enlightened perspec
tive to the rest of society. 

Chapter 5 

Master Molecules 

EVELYN FOX KELLER 

The idea that organisms, even human organisms, are reducible 
to-and hence representable by-their genes surely goes back 
to the early days of genetics. But with the successes of modern 
molecular biology and its identification of DNA as the molecular 
constituent of genes, the concept of the DNA as a "master mole
cule," controlling the structure, behavior, and development of 
living organisms, has earned the status of the "master concept" 
of biology. For the past three and a half decades, this concept 
has controlled the development of biological science as force
fully as genes themselves have been presumed to control the 
subjects of that science. The emergence of the Human Genome 
Initiative in the late twentieth century is surely a manifestation 
of the success of this concept; at the same time, its advocacy has 
served to further that success dramatically, promising, as it 
does, that the sequence of our DNA can reveal to us who and 
what we are-that is, "what it means to be human." · 

The current success of genetic determinism, rampant today 
not only in biology but in the culture at large, suggests a need to 
reexamine both the logical and the empirical content of this very 
notion of genes as master molecules . Accordingly, I want first to 
review briefly some elementary considerations about what 
genes can and cannot do (even in principle) and about what 
genetics can and cannot, even in principle, study. In this con
text, I then want to look at what modern molecular genetics has 
actually taught us about how genes function in practice; and, 
finally, at the end of my essay, I want, also very briefly, to con
sider some of the implications of these observations for the role 
of molecular genetics in medicine and human health. 
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This essay was written as a "talk piece" for the conference "Genes R 
Us," sponsored by the Humanities Research Institute at the University 
of California-Irvine, June 1991. Its intended function was to stimulate 
discussion. Although I still hold by the main arguments presented 
here, I would write a rather different essay today-one more clearly 
reflecting the work I have been doing since then on the history of devel
opmental biology and reflecting the ways in which my thinking has 
been influenced by that work. I have accordingly borrowed extensively 
from my recent Tanner Lecture, "Rethinking the Meaning of Genetic 
Determinism," delivered at the University of Utah, February 1993, and 
to be published by The Tanner Lectures on Human Values. 
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