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ABSTRACT: The idea of The Selfish Gene, first
published in 1976, grew out of the Modern Syn-
thesis of evolutionary biology formulated by
Julian Huxley in 1942, and more specifically
from George Williams” Adaptation and Natu-
ral Selection in 1966. It presents a severely nar-
rowed down version of Huxley’s synthesis,
which developed in the 1960s following the for-
mulation of the Central Dogma of molecular
biology by Francis Crick. The idea rests on three
assumptions: the isolation of the genome from

any influences by the soma and its development
in interaction with the environment (the Weis-
mann Barrier), one-way causation from DNA
to proteins (The Central Dogma), and the auto-
replication of DNA (Schrodinger’s aperiodic
crystal). All three of these assumptions have
now been shown to be incorrect. The ‘replicator’
(DNA) is not independent of the “vehicle’, the
organism itself, so that The Selfish Gene can
no longer be regarded as a valid scientific hy-
pothesis.

1. INTRODUCTION: THE FIRST DEBATE

WHEN his book The Selfish Gene appeared in 1976 (1), Richard Dawkins took
part in a debate at the Graduate Centre of Balliol College in Oxford Univer-
sity. One of us (DN) had arranged the event in the charming 16th century Manor
House at the core of the Graduate Centre. The other author (RN) travelled from
Edinburgh, where he worked on the somatosensory system. There was a specific
reason for our keen interest in what Richard Dawkins would say. Both of us had
studied Zoology and Comparative Anatomy as undergraduates. DN had been a
medical science student at UCL in the 1950s under ] Z Young, the renowned anat-
omist and comparative zoologist (2, 3). RN was a Zoology student at Manchester
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University in the 1970s, where one of his tutors was the gene-centred behaviour-
ist Robin Baker, author of Sperm Wars: Infidelity, Sexual Conflict and Other Bedroom
Battles (4).

The two-decade difference is significant because, as our article will show, it spans
the period when standard evolutionary biology hardened into the Selfish Gene ver-
sion. Moreover, RN recalls opposing his zoology tutors on the genetic basis of be-
haviour, particularly its fixed algorithmic nature. Thus, we both encountered and
argued about the selfish gene idea before Dawkins’ book appeared.

That is not surprising since gene-centrism entered biological research well before
The Selfish Gene. Julian Huxley’s Evolution. The Modern Synthesis (5, 6), first published
in 1942, provided the general neo-Darwinist background, which rapidly became the
standard school teaching of evolution (7). George Williams in 1966 (9) then clearly
laid out the specific ideas of Selfish Gene theory in his book, Adaptation and Natural
Selection.

Williams described a form of mechanistic duality,' a clear separation between a
replicator (genes) and its vehicle (organism), in Williams” words, “genic selection
and organic adaptation” (9, p. 124).” The selection acted entirely on genes as the rep-
licator, thus stripping the organism of agency in its evolutionary destiny. Organisms
became seen as passive bystanders to the results of blind natural selection in devel-
oping their structure and function. Crucially, no adaptations created by the organ-
ism could pass to the next generation, as if by some principle of prohibition. Thus,
while Dawkins did not invent this dualist idea, his The Selfish Gene gave it a powerful
voice through his colourful writing.

The 1976 Holywell Manor debate involved Dawkins and two philosophers, An-
thony Kenny, author of The Metaphysics of Mind (10)) and Charles Taylor, author of
The Explanation of Behaviour (11). Kenny questioned the dualism by putting the ques-
tion what interprets the replicator: “if all  knew about the English language was its
alphabet, surely I would not be able to understand Shakespeare?” Dawkins did not
even attempt to address the problem. He replied: “I am not a philosopher. I am a
scientist,  am only interested in truth”, a mantra he has used to sidestep philosophi-
cal questions repeatedly over many years.?

2. THE DUALITY OF WILLIAMS AND DAWKINS
1S A PHILOSOPHICAL IDEA

Yet, the duality of Williams and Dawkins is primarily a philosophical idea, just as was
the ‘ghost in the machine’ dualism of Descartes. Thus, it requires justification. The

! 'We have followed Gould (8, p. 615), in using the term “duality” to distinguish mechanistic duality
from Cartesian “dualism”, but, as our article shows, mechanistic duality shares some problems with
Cartesian dualism.

2 The full quote is “We must always bear in mind that group selection and biotic adaptation are more
onerous principles than genic selection and organic adaptation.”

* Precisely that statement was repeated in the debate between Rowan Williams (then Archbishop of
Canterbury) and Richard Dawkins, chaired by Anthony Kenny in Oxford in 2012: https://www.you-
tube.com/watch?v=bow4nnh1Wvo0.
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question this article addresses is how such a successful book, selling in millions,
could have been allowed to sidestep the central philosophical question about any
form of dualism: why. Just as Descartes” soul-body separation is unnecessary, so too
is that of the vehicle-replicator. There is no need for an organiser (director) within
the organiser (enterprise).

The problematic philosophical questions about the mechanistic duality of The
Selfish Gene were either missed or appeared to be irrelevant. The extraordinary
achievements in molecular biology, not least the structure of DNA, gave the sense
of solid ground: the ‘code’ or ‘secret’ of life appeared to be laid bare. All that was
necessary was to unravel it, to open its pages like a book. But three other ideas were
erroneously taken as established scientific facts: the one-way causation interpre-
tation of the Central Dogma of molecular biology, the Weismann Barrier, and DNA
replicating like a crystal. The first contended that the DNA was read-only and un-
changeable by the organism. Thus, it was “sealed off from the outside world”, as
Dawkins expressed it (1, p. 21). The second was assumed to protect the germ-line
cells from carrying any information from the soma in addition to the genes, while
the third made it appear that DNA could alone “create us body and mind” (1) and
so be the “secret of life” (12). None of this had any empirical foundation. All of it
was assumption. It simply had to be so for the gene-centric view to hold.

So, the duality of The Selfish Gene is the complete separation between the rep-
licator and its vehicle, with strict one-way causation from replicator to vehicle, pres-
ented as scientific truth, almost beyond question. It was, of course, still important
to know how organisms can interpret their DNA for their development and physio-
logical function. The new discipline of genomics took off, slowly at first, but with
the idea that somehow science could unravel the ‘genetic blueprint’, decipher and
understand it. By the turn of the century, this had become a political strategy for
health. It is the prevailing viewpoint. Yet, this is another fallacy. It isn’t how the cell
or organism interacts with the genome. Cells use and control the genome; they
don’t simply wait for instructions from it. Without the cell, the genome can issue
no instructions. It is functionally an integral part of the cell and subservient to its
needs. The genome is a slave to the cell, not its master. That was the point of
Kenny’s question about the alphabet, words and Shakespeare, but this question
could not be relevant to a gene-centred view of evolution. Thus, science reduced
organisms to the transient disposable “vehicles’ for their ‘immortal” genes. Physiol-
ogy became mainly irrelevant in evolutionary theory. This viewpoint differed from
Charles Darwin’s, an honorary member of The Physiological Society at its founda-
tion in 1876, while T H Huxley was a leading light in its early days.

So, what of the other pillar of the central dogma, the Weismann barrier? It, too,
has fallen in the light of empirical evidence. Physiologists are always sceptical about
barriers. They tend to be mutable, like the Blood-Brain barrier, which has selective
and changeable permeability. Boundaries in physiology are functional and rarely
fixed. So it is for the limitations on transmission to the germ cells. They do not
isolate the germ-line cells from RNAs, DNAs, proteins, and many other molecules
passing across the ‘barrier’ from the soma. If a barrier exists, it is functional and se-
lective. The assumptions required for the dualistic separation of replicator and or-
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ganism are incorrect. So how was such an edifice created, and how did it gain hold
of the science? To answer that, we need to consider its history.

3. THE ORIGINAL MODERN SYNTHESIS
WAS MORE OPEN THAN ITS CURRENT POPULARIZATIONS

Julian Huxley’s 1942 book (5) pulled together the early 20™-century work on evol-
utionary biology, creating the Modern Synthesis viewpoint. It was an extraordinary
work of scholarship, providing in almost 600 pages a valuable resource for early 20*
century discoveries in evolutionary biology. Compared to the rigid Selfish Gene
viewpoint, it was also a remarkably open view of evolutionary biology. Shapiro &
Noble (13) have documented many discoveries neglected or downplayed in widely
used modern textbooks and popularisations, creating a closed view of biological sys-
tems and closing down a much-needed dialogue and further study. Ideas that
science should have rigorously tested empirically became a corpus of self-evident
beliefs. Yet 80 years ago, Huxley was open to many of those discoveries. We will list
just a few he anticipated:

1. He was critical of Weismann’s reliance entirely on natural selection since “mu-
tation alone has been shown to be incapable of producing directional change.”
(6, p. 29).

2. Nor was he fully convinced of the validity of the Weismann Barrier: “the distinc-
tion between soma and germplasm is not always so sharp as Weismann sup-
posed.” (6, p. 29).

3. He anticipated Gould (14) on punctuated evolution: “abrupt changes of large
extent do play a part in certain kinds of evolution in certain kinds of plants.” (6,
p. 38).

4. He acknowledged the role of hybridization in species evolution (6, p. 147).

5. He acknowledged that the “mutation rate is increased by sudden environmental
changes.” (6, p. 137)

6. He anticipated the work of Barbara McClintock (15, 16) and James Shapiro (17,
18) in acknowledging chromosome rearrangement in response to environmental
stress (6, p. 137).

7. Remarkably, he anticipated the relative failure of genome-wide sequence studies,
in showing very small correlations, even to the extent of formulating the poly-
genic theory of genomics — phenotype correlations when he wrote “every char-
acter is dependent on a very large (possible all) of the genes in the hereditary con-
stitution: but some of these genes exert marked differential effects upon the
visible appearance.” (6, p. 19)

This range of openness to multiple processes in evolution is extraordinary. But
there were two key areas where Huxley’s mind appeared closed. The first was that
inexplicably perhaps, he did not follow up on his doubts about Weismann. The sec-
ond was that he followed Wallace in rejecting Darwin’s interpretation of sexual and
other forms of social selection. Any purpose was to be rigorously excluded from
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scientific explanations of evolution, so expunging agency or any direction in evol-
utionary change.

4. THE HARDENING OF 20™ CENTURY VIEWS
ON THE CENTRAL DOGMA AND THE WEISMANN BARRIER

In retrospect, there could have been a progressive and constructive development
of the Modern Synthesis towards a resolution of the conflict between purposive
and non-purposive interpretations of evolution. Had Huxley followed his instincts
on Weismann and sided with Darwin against Wallace on sexual selection, the late
20" century moves in the opposite direction might never have happened. So, what
prevented Huxley from leading the way on such a progressive and constructive
development?

The answer to that question is relevant to the date of the appearance of The Selfish
Gene in 1976. By then, the interpretations of the significant discoveries of molecular
biology had merged into what became viewed as a robust empirical vindication of
George Williams’ ideas in his 1966 book.

Huxley himself provides the historical clue in his Introduction to the second edi-
tion of his 1942 book, published in 1963, just 5 years after Crick (19) had formulated
the Central Dogma of Molecular Biology as the one-way process DNA — RNA —
protein.

No doubt enthused by Crick’s formulation, Huxley wrote:

I have left to the end the most important scientific event of our times — the discovery by
Watson and Crick that the deoxyribonucleic acids — DNA for short — are the true physical
basis for life, and provide the mechanism of heredity and evolution. Their chemical struc-
ture, combining two elongated linear sequences in a linked double spiral or bihelix, makes
them self-reproducing, and ensures that they can act as a code, providing an immense amount
of genetical “information,” together with occasional variations of information (mutations)
which also reproduce themselves. Linear constructions of DNA are, of course, the primary
structures in the genetic organelles we call chromosomes. (6, p. 614)

Just three years later, Williams (9) published Adaptation and Natural Selection, which
by his (Dawkins’) own account was the most significant influence on his writing of
The Selfish Gene.

The emphasis in the quoted passage is ours since it is the smoking gun in this
story. There are three critical problems, not least of which is the assumption that
DNA is a ‘code’ containing information. This assumption is now engrained in
mythology and rarely challenged. So, let’s consider what it means. A code is a sys-
tem of words, letters, figures, or symbols used to represent others, especially se-
crets. Or, it might be like a code in computing, a set of assembly code, or instruc-
tions. DNA is none of this. Remarkable as it is, it is a tool enabling cells to make and
do things. It is not a set of instructions. Of course, when we represent DNA or the
genome on our pages or a screen, we use letters of the alphabet. In that sense, we
are representing DNA in a code. But the DNA itself is not a code. It is not a repre-
sentation of something, and it certainly is not an instruction manual. The metaphor
of DNA as a code or blueprint feeds into the ‘ghost” in the machine duality, some-
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thing unique that controls and directs life. Yet, life itself is definitively that special
something, with an agency to make and do things, for which it uses DNA. Life, as
we know it on earth, depends on much that doesn’t require DNA.

The point about DNA as a code might be regarded as semantic or a linguistic con-
venience, but Huxley’s passage contains another fundamental problem: a matter of
empirical observation; the concept of DNA as a replicator. Whilst DNAs are rep-
licated most wonderfully, they do not do so without help from the cell. They are
not self-replicators. A sufficiently exact replication would be impossible with an
error rate of around 1 in 10,000 base pairs. Only small RNA viruses can survive that
copying error rate, and even then, they rapidly mutate, as we observe during viral
pandemics. We now know that cells use an army of proof-correcting troops to re-
duce the error rate to just 1 in 10 billion. Such a faithful replication is dependent on
this error correction (20, 21). Huxley could not have known in 1963 that genomes
the length of the human genome would not work without the activity of the living
cell. Nor could Schrédinger when he first proposed that the genetic molecule could
be a self-replicating crystal in his 1942 book What is Life? (22). But the idea of DNA
as the self-replicator persisted and became the key to the replicator-vehicle separ-
ation, the mechanistic duality.

It is packaged as information in a code that gets passed on in the germ cells.

Another significant push toward the gene-centred view also appeared in Huxley’s
introduction to the 2nd edition of the Modern Synthesis:

I must, however, draw attention to the outstanding event in this field, namely the dethrone-
ment of the proteins from their biological pre-eminence. It used to be held that life was
based on proteins. Today, we know that DNA is the basis of life and its evolution, and that
proteins, though essential for its operation, owe their production to the activities of DNA.

(6, p. 607)

This interpretation did not merely ‘“dethrone’ proteins; it left the organism bereft of
agency, for proteins are how such agents do things; how we move, talk, feel, and
think. DNA does none of this.

But since highly accurate DNA replication depends on the organised activity of
the cellular error-correcting proteins, there has to be a two-way interaction be-
tween the ‘replicator’ and its “vehicle’. Furthermore, the cell controls gene ex-
pression. This interaction or integrative function removes the duality. Causation
runs both ways, not one-way. That is the real thrust of Kenny’s question to Daw-
kins. We can only ascribe meaning, purpose, and other social attributes at the level
of organisation at which such ascription makes sense. A letter is significant in a
word; a word has meaning in a sentence, a paragraph, an idea, or a view. Life can
be selfish; DNA cannot. This fact is fundamental to understanding the misuse of
“selfish” as a metaphor in The Selfish Gene. It is precisely when a metaphor can easily
elide into the literal sense from which it derives that care must be taken not to con-
fuse the metaphorical and literal uses. Dawkins regularly confuses them with state-
ments like “we are born selfish” Dawkins (1, p. 3). Dawkins (23) defends his usage
of the word as being technical in biology, rather like the use of “spin” and “charm”
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in particle physics. But that technical usage in physics is so far from common lan-
guage that the likelihood of elision into thinking that a particle can really have
charm is utterly remote. By contrast, the idea that genes cause selfish behaviour is
now so embedded in our culture that it has become the modern version of the theo-
logical concept of original sin.

It is the physiological organisation of the living cell, which is a higher-level activ-
ity of life, which is necessary for faithful replication. It is also the Trojan Horse at the
heart of the Central Dogma. Vehicle and replicator are one. DNA does not ‘swarm’
within us, controlling us; we use it and maintain it. We can be selfish or selfless in
different instances using the same genes or using the same genes to create a piece
of music or paint a picture. Nor is a gene selfish because it persists in a ‘gene pool’; it
might just as readily stay because we are capable of selflessness. The ‘gene pool’is us.

Still, the gene-centric view was not fully closed. In 1963, Huxley would not have
known what we now know about the process of DNA replication, nor that the way
the cell controls its expression and maintains it also provides a way for the cell to
alter it. Nevertheless, he was on the right track about Lamarckian forms of inherit-
ance, for he also acknowledged the significant work of Conrad Waddington (24) in
showing how genetic assimilation (incorporation) could form the basis of a La-
marckian form of inheritance:

Meanwhile in Britain, Waddington (1957, 1960) has made a notable contribution to evol-
utionary theory by his discovery that Lamarckian inheritance may be simulated by a purely
neo-Darwinian mechanism. This is called genetic assimilation. It operates through the natu-
ral selection of genes which dispose the developing organism to become modified in reac-
tion to some environmental stimulus. (6, p. 580)

It is worth noting that Huxley was not entirely correct. Waddington did not simulate
the Lamarckian process; he experimentally reproduced it since he did the equivalent
of the social selection of variants showing the inheritable variation by actively choos-
ing the variants to breed from in each generation. It was a strictly Lamarckian pro-
cess since it was the inheritance of a characteristic acquired through artificial (i.e.
human) selection. Therefore, it was a model for what animals do through sexual
and other forms of social selection (choice). Organisms are active in the natural se-
lection process.

Nevertheless, the quotation shows just how open Huxley was to what came later.
It is a historical tragedy that, just when Huxley could have extended his synthesis
even more openly, he was thrown off course by what seemed to be irrefutable evi-
dence for the more rigid and closed version of his 1942 Synthesis. This is what led
to the frequently quoted mantra that “the Weismann Barrier is now buttressed by
the Central Dogma of Molecular Biology”." Sadly, Waddington for his sin was ex-
cluded from the modern synthesis circle (25).

! see e.g “The dogma is a modern version of the Weismann barrier (after August Weismann). This is

the principle that hereditary information moves only from genes to body cells, and never in reverse. Her-
editary information moves only from germline cells to somatic cells” https: //simple.wikipedia.org/ wiki/
Central_dogma_of_molecular_biology (accessed 18 August 2021).
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Before we leave the analysis of why the hardening of the synthesis happened dur-
ing the 1960s and 1970s, it is important to note two other developments that in-
fluenced Huxley in 1963 and greatly encouraged rigidity.

First, many leading scientists still thought that eugenics was a natural con-
sequence of the Modern Synthesis. Huxley wrote:

It is also clear that, in so far as immediate threats to human progress are overcome, such as
over-population, atomic war, and over-exploitation of natural resources, eugenic improve-
ment will become an increasingly important goal of evolving man. 6, p. 587)

Supporters of the Modern Synthesis now avoid reference to how it led to eugenics
in the 1930s and 1940s. Sadly, some of the originators of the synthesis were its advo-
cates, however much the holocaust was later denounced. Nevertheless, ethical
problems persist in proposals for editing the human germ-line and concepts of
‘good’ or ‘bad’ genes. We will return to this question later.

The second development also relates to an outcome of the Second World War.
The Soviet Union became the champion of a complete travesty of Lamarck’s ideas
by generously supporting the work of Lysenko. Huxley makes this clear:

Only in the U.S.S.R has Lamarckism found favour. Here, under the influence of Lysenko,
the peculiar brand of Lamarckism called Michurism was given official sanction, and extrava-
gant and ill-founded claims were made on its behalf, while neo-Mendelian genetics, which
everywhere else was advancing in a spectacular way, was officially condemned as bourgeois
or capitalist “Morganist-Mendelist” and Soviet geneticists were exiled or lost their jobs.

(6, p. 580)

No wonder then that Waddington did not describe himself as a Lamarckian in 1957.
It took until 1972-3, when Waddington gave some of the Gifford Lectures in Edin-
burgh (26, p. 127), for him to admit that his 1957 work demonstrated a Lamarckian
process.

This history demonstrates just how much political philosophy influences thought
and scholarship. It is not enough to ascribe ‘truth’ to ideas under a carapace of
science.

5. 21T CENTURY DECONSTRUCTION
OoF THE CENTRAL DOGMA AND THE WEISMANN BARRIER

There were philosophical challenges to The Selfish Gene during the 20™ century, and
those are well-documented in Gould’s last magnum opus The Structure of Evolution-
ary Theory (27, chapter 8). These were significant challenges as the extensive in-
fluence of the selfish-gene concept in many fields is attributed to the colourful lan-
guage and use of metaphors for which there has been an assumption of truth. In
this section, we will focus on factual errors.

The Music of Life (28) began this process by demonstrating the lack of factual con-
tent in the central statement of The Selfish Gene:

Now they swarm in huge colonies, safe inside gigantic lumbering robots, sealed off from
the outside world, communicating with it by tortuous indirect routes, manipulating it by

Per uso strettamente personale dell’autore. E proibita la riproduzione e la pubblicazione in open access.

For author’s personal use only. Any copy or publication in open access is forbidden.



© COPYRIGHT BY FABRIZIO SERRA EDITORE, PISA - ROMA

ORIGINS AND DEMISE OF SELFISH GENE THEORY 37

remote control. They are in you and me; they created us body and mind; and their preser-
vation is the ultimate rationale for our existence. @, p. 21)

The absence of factual content was shown by simply reversing the meaning of each
sub-clause to read:

Now they are trapped in huge colonies, locked inside highly intelligent beings, molded by
the outside world, communicating with it by complex processes, through which, blindly, as
if by magic, function emerges. They are in you and me; we are the system that allows their
code to be read; and their preservation is totally dependent on the joy we experience in re-
producing ourselves. We are the ultimate rationale for their existence. (28, p. 12)
Except for the trivially true factual statement “they are in you and me”, which is the
same, no experimental test could distinguish between the diametrically opposing
phrases. Dawkins admitted as much in The Extended Phenotype (23) when he wrote
“I doubt that there is any experiment that could prove my claim”. Yet, we can trace
a dogmatic gene-centric position back to Weismann, who made the same claim of
certainty for his Barrier concept. He wrote, “We accept it....simply because we
must, because it is the only plausible explanation that we can conceive.” Remark-
ably, he also admitted that it was not possible to observe the process in detail, so
there could be no experimental proof, but continued:

It does not matter whether I am able to do so or not, or whether I could do it well or ill;
once it is established that natural selection is the only principle which has to be considered,
it necessarily follows that the facts can be correctly explained by natural selection. 29)
Huxley was not alone in criticising Weismann. One of the strong supporters of The
Modern Synthesis, John Maynard Smith, wrote in 1998:

it is not clear why he thought it [Weismann’s claim that the germ line is independent of the
soma] was true. (30)
The absence of empirical evidence is also in Julian Huxley’s work. Noble (28) shows
that the selfish gene idea is not a physiologically testable hypothesis since the char-
acterisation of the central entity in The Selfish Gene as what persists is not indepen-
dent of the only test of the theory, which is the frequency of occurrence in the gene
pool. As Dawkins says “Genes can be counted and their frequency is the measure
of their success.” (31, p. 346). How else could persistence be measured other than
by measuring such frequencies?
In 2011 one of us also noted that

accurate replication of DNA is itself a system property of the cell as a whole, not just of
DNA. DNA on its own is an extremely poor replicator. (32, p. 1012)
Speculation about necessary, dogmatic positions, independent of factual evidence,
is a philosophical position requiring justification. Claims by scientists to deny being
philosophers are then self-defeating.
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6. THE 40™ ANNIVERSARY EDITION OF THE SELFISH GENE:
THE LAST STAND?

2016 was the 40™ anniversary of the original publication of The Selfish Gene in 1976.
As a result, a reprint (31) was issued together with an extensive Epilogue. There are
several highly significant facts about this reprint.

First, the original 1976 version is reprinted in its entirety with no revisions. As
Dawkins himself comments

So many exciting things are fast happening in the world of genomics, it would seem almost
inevitable — even tantalizing — that a book with the word ‘gene’ in it would, forty years on,
need drastic revision if not outright discarding. (31, p. 345)

Indeed so. So why are there no revisions? Dawkins’ answer is

This might indeed be so, were it not that ‘gene’ in this book is used in a special sense, tailored
to evolution rather than embryology. (31, p. 345)

Precisely so. Dawkins’ ‘gene’ is constructed in such a way that, as we have shown,
his thesis apparently has no empirical content.

It is a clever and beguiling tale. It comes equipped with a central character, the
gene, selfishly enslaving the organism for its end to maintain its existence. Its objec-
tive is a fairy-tale land called the gene pool. But what is this gene? It is whatever it is
that makes the story definitively true. It is whatever is inherited, both cause and ef-
fect. Butitis founded on an illusion. Regardless of the definition of a gene, it all depends
critically on whether the Weismann Barrier exists, whether DNA self-replicates
“like a crystal”, and whether the Central Dogma keeps the genome isolated. All
three of those assumptions are false. The organism awakes and can make decisions.
It can even write a book called “The Selfish Gene™.

As a prelude to the quotations above, Dawkins muses

In some ways I would quite like to find ways to recant the central message of The Selfish

Gene. (31, p. 345)

We conclude that Richard Dawkins can now rest in peace: the way to recant is to
acknowledge that the three foundation stones of the book have gone. They are pre-
sumed rules that are now seen to be broken. Furthermore, the facts that have re-
moved those cornerstones inevitably present ethical problems since we can no
longer assume that the germ-line is “sealed off from the outside world.” Dawkins

a, p. 21).
7. THE ETHICS OF GERM-LINE MODIFICATION

The ideas of the modern synthesis have been adopted and taken for granted in a
wide variety of fields, ranging from economics (33) to sociology (34), and, notably,
the implications for clinical medicine.

The gene-centred view insidiously affects dialogue in ethics. It has entered our
culture as ‘truth’, a given, and it invades our language. Phrases such as “It is in our
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DNA” are now loosely used, often without question of its real meaning or signifi-
cance. We speak of genetics as a golden bullet for health and well-being (35). Gov-
ernments provide considerable resources to unravelling its mystery; for several dec-
ades study of organisms suffered from this approach. Systems physiology was
relatively starved of the resources it needed unless it fitted the modern synthesis.

Had the germ-line really been “sealed off from the outside world” in a way that
prevents changing the genome through the actions of organisms or through the de-
liberate editing of germ-line genomes by clinical intervention, then the ethical
problems created by Selfish Gene theory would have at least have been limited in
scope in clinical practice. The demise of the theory creates at least three sets of ethi-
cal issues arising from the fact that genomes can be edited both by organisms them-
selves and by us as humans with genetic engineering of the germ-line and diagnos-
ing potential genetic influences in embryos.

7.1. Gene Therapy

One of us has already highlighted the ethical dilemma for germ-line gene therapy
in humans:

The major concern with germ-line therapy remains the potential unseen and long- term
consequences. We know very little of the way in which mutations might produce both
harms and benefits. Genes that might be harmful in one set of circumstances might confer
an advantage in another. The classic example is the higher resistance to malaria for heterozy-
gote carriers of the sickle-cell gene mutation. Balanced selection maintains more than one
variant of a gene in the population as a result of both the harms and benefits they confer in
different circumstances. Another classic example of this in biology would be Biston betularia,
the peppered moth, which has both dark and white polymorphic states that confer selective
advantage or disadvantage in relation to the background. To manipulate the germ-line with
insufficient knowledge of long- term consequences would be a high-risk strategy (36).

The possibility of germ-line therapy is still a high-risk strategy and we suspect it will
remain so. The polygenic or even omnigenic nature of most diseases makes it im-
possible to predict all the possible consequences of editing the germ-line since this
would involve indefinitely long trans-generational effects. We still know only a mod-
estamount about the many factors involved in the environmental and social impacts
on health and disease (37, 38), any of which could also influence the germ-line since
it is not protected by a fixed barrier but by a functional and selective process.

7.2. Diagnosis and Informed Consent

This is true not only for Germ-line therapy. Even just pre-implantation genetic di-
agnosis on embryos, which could be used to advise parents of potential genetic
risks, opens a Pandora’s box of problems, largely concerning the fact that in most
cases even the clinical practitioner would not know how best to advise parents:

The extension of preimplantation genetic diagnosis raises practical ethical issues involving
relative burdens, duty of care, freedom of choice, distributive justice, and informed consent.
This paper argues for caution in advocating reproductive methods that are costly, have li-
mited chances of success, and for which the long-term outcome is unknown (39).
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7.3. The Non-dualistic Nature of Organisms
and Their Interactions with the Environment

Organisms are necessarily open systems. They mesh with their environment, in-
cluding other organisms with which they interact, in a multitude of ways. It is
strictly impossible to unravel the multitude of interactions between nature and nur-
ture, or indeed any other dualist approach. When causality takes the form of If X
and Y then Z we cannot assume that the effects of X & Y can be added linearly.
Physiological regulatory networks (often called gene regulatory networks) are
adept at managing even when major genetic components are missing. In this sense
organisms are robust. This is another reason why it is difficult to predict the out-
come of gene therapy.

8. THE END OF UNNECESSARY DUALISM IN BIOLOGY

Dualism is a repeating problem in the history of biology. Descartes famously
adopted this approach by inventing the ‘ghost in the machine’, a separate imma-
terial soul that was thought to be responsible for agency and will in humans. Ani-
mals were not thought to be anything more than automata.

The Williams-Dawkins duality is not itself immaterial. It is formulated in a ma-
terial sense by hiving off a small part of the physical properties of an organism as
the centre of organisation from which the whole organism develops. Descartes had
the same idea, as he made clear in his Treatise on the Fetus:

If one had a proper knowledge of all the parts of the semen of some species of animal in
particular, for example of man, one might be able to deduce the whole form and configur-
ation of each of its members from this alone, by means of entirely mathematical and certain
arguments, the complete figure and the conformation of its members.!

Furthermore, by making the duality material, the Williams-Dawkins duality leads
yet again to a form of Cartesian immaterial soul restricted to human beings:

Let us understand what our selfish genes are up to, because we may then at least have the
chance to upset their designs, something which no other species has ever aspired to. A p.3)
> p-

There is no explanation of how this upsetting of physical processes could happen
through the immaterial will of humans, nor why the ability is ascribed only to one
species. The muddle becomes even worse when immaterial attributes such as “self-
ish” and ‘immortal’ become ascribed to bits of DNA. All such attributions are simply
meaningless if interpreted literally; and very misleading when interpreted meta-
phorically, because the metaphorical and literal meanings are so close as to be easily
confused.

! The French text reads «Si on connoissoit quelles sont toutes les parties de la semence de quelque
espéce d’Animal en particulier, par exemple de ’homme, on pourroit déduire de la seul, par des raisons
entierement Mathematiques et certaines, toute la figure et conformation de ses membres;» (de la for-
mation du feetus, para LXVI p. 146; https://archive.org/stream/lhommeetlaformat00desc#page/146/
mode/2up).
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There are immaterial factors that influence the behaviour of organisms. But
those immaterial factors are necessarily social properties of whole organisms in
their interactions with other organisms. The ways in which that happens require a
multi-level analysis of biological organisation (40, 41). Meaning and purpose, in-
cluding selfishness, can only be ascribed at levels of organisation at which they are
appropriate.

9. CONCLUSION

The Selfish Gene is the best selling science book of the 20" century. But as this paper
has shown, The Selfish Gene got cause and effect backwards, assigning agency to
natural selection instead of the organism itself (41, 42, 43, 44). It embraced the
greatest errors of the Modern Synthesis (20, 21) while downplaying much of what
it got right (5). It crowned the gene king of biology, even though genes are only ser-
vants of the cell (28). Gene-centric duality caused genomics to promise (45, 46)" far
more than it could or ever can deliver since it cannot distinguish between correla-
tion and functional causation (47). That failure has been at great cost to health care
by promising miracle genetic cures that have not met the greatest challenge to
health services for ageing populations caused by complex multi-factorial diseases
that cannot be reduced to genetic causation (48).

Thus did The Selfish Gene turn Neo-Darwinism into a pop religion with its own
dogmas, dressed up as science, but without the gold standard of a scientific hypoth-
esis: an empirical test independent of the central assumption of the theory (32). To
challenge its rigid dogmas was considered heresy, so that many science careers were
lost by those who questioned it. Their discoveries were ignored or, at best, sidelined
(49). These misunderstandings have set back treatments in cancer and infectious dis-
eases by many decades (13, 49, 50). This is why The Selfish Gene is one of the greatest
mistakes in the history of science.
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